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Abstract: A pot experiment was conducted in the experimental farm station of plant pathology research institute 
during 2015 season at three application times for biotic and a biotic elicitors, to evaluate the efficient antagonistic 
bacterial strains Bacillus subtilis, Serratia marcescens, Cyanobacterial strain Spirulina platensis and silver 
nanoparticles (AgNPs) against root-knot nematode Meloidogyne incognita on tomato plants. Second stage 
juveniles/250 g soil, Females/1 g root, and Developmental stages/1 g root, Photosynthetic pigments and 
phytochemicals as response to induction of SAR in tomato plants were recorded. The results demonstrated that root-
knot nematode Meloidogyne incognita challenged plants emerged from B. subtilis, S. marcescens, S. platensis and 
AgNPs showed reduction in the level of second stage juveniles in soil, female and developmental stages of 
Meloidogyne incognita. Application of B. subtilis at the same time of inoculation of M. incognita recorded 90.48% 
reduction of average number of females.  Significant improvements in tomato plants were obtained due to the used 
B. subtilis, S. marcescens, S. platensis and AgNPs. On contrary, considerable reductions in all tested parameters 
were occurred as a result of the M. incognita infection. Application of S. platensis one week before infection gave 
the most potent effect as regard the chlorophyll (a) as well as total chlorophyll (a+b) when being compared with 
other treatments as being compared with healthy ones. While, application of AgNPs (especially at the same time of 
infection or one week after infection) was more effective in increasing the contents of chlorophyll (a), (b) as well as 
total chlorophyll (a+b). The beneficial effects of the used treatments were extended to increase not only total phenol 
and free proline but also the activities of peroxidase and polyphenoloxidase enzymes in comparison with control 
plants. On the other hand, the results appeared that tomato plants treated with inducers show variability in number of 
polypeptide peroxidase and polyphenol oxidase isozymes in the leaves especially one week before infection or one 
week after infection according to the type of used elicitors. 
[Sharaf AMA, Kailla AM, Attia MS and Nofal MM. Evaluation of biotic and abiotic elicitors to control 
Meloidogyne incognita infecting tomato plants. Nat Sci 2016;14(11):125-137]. ISSN 1545-0740 (print); ISSN 
2375-7167 (online). http://www.sciencepub.net/nature. 19. doi:10.7537/marsnsj141116.19. 
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1. Introduction 

Root-knot nematodes are serious pathogens that 
severe damage to major crops. They damage plant 
root system which caused significant yield losses. 
Moreover, the predisposition of nematode-infected 
plants is secondary infection from fungal plant 
pathogen that additional adverse effects on plant 
growth (Ruanpanun et al., 2010). They cause serious 
damage to many crops worldwide. Abou-Aly et al. 
(2015) reported that root-knot nematodes are serious 
pathogens that severe damage to major crops. Some 
specific bio-inoculants of Bacillus spp. and 
Pseudomonas spp. eliciting significant inhibition in 
the incidence or severity of various diseases on a 
diversity of hosts through plant defense activation 
(Chandra et al., 2007). The induction of plant 
resistance using non-pathogenic or incompatible 
microorganisms is also a form of biological control 
(Schouten et al., 2004). Plant treatments with various 
biotic and abiotic agents can induce resistance against 
subsequent pathogen attack (Walters et al., 2005). The 
bacterial strains Paenibacillus polymyxa, Bacillus 

megaterium and Bacillus circulans showed the highest 
protease, chitinase and gelatinase activities which 
might help to explain the way how the bacteria could 
act against the root-knot nematodes. It should be 
stated that the highest nematicidal activity exhibited 
by their strains against the second stage juveniles of 
Meloidogyne incognita. These strains proved to be the 
most efficient isolates as biofertilizers and nematicidal 
agents (El-Hadad et al., 2010). Nanoparticles usually 
have better or different qualities than the bulk material 
of the same element. In the case of silver 
nanoparticles the antibacterial effect is greatly 
enhanced and because of their tiny size. Nanoparticles 
have immense surface area relative to volume. 
Therefore minuscule amounts of Silver Nanoparticles 
can lend antimicrobial effects to hundreds of square 
meters of its host material (Theivasanthi and Alagar, 
2011). 

The aims of this work to study the impact role of 
bacterial strains Bacillus subtilis, Serratia 
marcescens, Cyanobacterial strain Spirulina platensis 
and silver nanoparticles (AgNPs) against root-knot 
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nematodes, (M. incognita), which considered among 
the most difficult crop pests to control. 
 
2. Material and Methods 
2.1. Plant material 

Four weeks-Tomato seedlings (Solanum 
Lycopersicon L. cv. Castle rock II PVP) were 
obtained from agricultural research center (ARC), 
ministry of agriculture, Giza, Egypt. 
2.2. Root-knot nematodes (Meloidogyne incognita) 

The nematode population used in this research 
originated from green house culture maintained at the 
plant pathology research, were Meloidogyne incognita 
chitwood was reared in a green house on tomato 
plants. Eggs of M. incognita were extracted from roots 
in 0.5 % sodium hypochlorite (Hussey and Barker, 
1973) and caught on a 25 µm sieve. Second stage 
Juveniles (J2) were hatched from these eggs on 
Baermann funnels and only (J2) less than 2 days old 
were used for experimentation. 
2.3. Source and application methods of inducers 

Tow bacterial strains namely Bacillus subtilis 
and Serratia marcescens which recorded the highest 
values for nematicidal activities as well as maximum 
hydrolysis zone values of gelatinase, protease and 
chitinase (Bahloul, 2013) were selected. Bacterial 
inocula were prepared using poly broth medium 
(Bourgouin et al., 1984). B. subtilis strain was isolated 
from Egyptian Soils and identified by Bio log 
Technique at Biofertelizer production unit, Soil, 
Water and Environment Research institute, 
Agricultural Research Center (ARC) Giza Egypt. The 
concentration of B. subtilis in suspension was counted 
by most probable number (MPN). Serratia 
marcescens strain isolated from Egyptian Soils. It was 
produced by Soils, Water and Environ. Res. Inst. 
Agriculture research center, and distributed on a 
commercial scale (trade name, Nemaless). The 
concentration of B. subtilis or S. marcescens in 
suspension was counted by most probable number 
(MPN). The inocula suspension was approximately 
adjusted to 109 CFU/ml culture (colony formation 
unit). 
2.4. Alga strain source and growth conditions 

Cyanobacterial strain Spirulina platensis was 
obtained from the Microbiology Department; Soils, 
Water and Environment Research Institute (SWERI), 
Agricultural Research, Center (ARC). The alga was 
grown on Zarrouk medium (Zarrouk, 1966) and was 
incubated in growth chamber under continuous 
illumination (2000 lux) at 35˚C± 2˚C for 30 days. The 
inocula suspension was approximately adjusted to 109 
CFU/ml culture (colony formation unit). 
2.5. Silver nanoparticles (AgNPs) 

Biosynthesis of silver nanoparticles (AgNPs) of 
the Streptomyces cyanoalbus, (100ppm) was carried 

out according to method described by (Kalishwaralal 
et al., 2008; El-Batal et al., 2013) with slight 
modification. 
2.6. Greenhouse experiment 

Tomato seedlings were transplanted to 20 cm 
dian plastic pots filled with autoclaved sandy loam 
soil (1:1,V:V) each pot contained one tomato plant. 
Biotic and biotic elicitors (Bacillus subtilis, Serratia 
marcescens, Spirulina platensis and silver 
nanoparticles (AgNPs) were added at three times. The 
first  treatment applied 7 days before inoculation with 
2000 second stage juveniles of  M. incognita, the 
second treatment applied at the same time of 
inoculation with 2000 M. incognita second stage 
juveniles and the third treatment applied 7 days after 
inoculation with 2000 second stage juveniles of  M. 
incognita. Five plastic pots with tomato seedlings 
inoculated with 2000 second stage juveniles of M. 
incognita and left untreated with elicitors. Also, five 
plastic pots with tomato seedlings each left untreated 
with elicitors and uninoculated with nematode that 
served as control. Each treatment was replicated five 
times and all treatments were arranged in a complete 
randomized block design. Pots were kept in the 
greenhouse at 25+5 receiving water and ordinary 
nutrient solution as required. Tomato plants were 
harvested 60 days after nematode inoculation. Plants 
were removed from pots and roots were washed free 
of soil. Roots were stained in lactic acid fuchsin (Byrd 
et al., 1983) and examined for the number of 
developmental stages and females in 1 g of root. 
Number of juveniles of M. incognita in 250 g of soil 
were extracted by sieves and Baermann funnels and 
counted. Reduction percentages of root knot nematode 
developmental stages, females and second stage 
juveniles number in comparison with nematode only. 
2.7. Determination of pigments 

The method used for the quantitative 
determination of pigments was that of Vernon and 
Selly (1966). 
2.8. Determination of phytochemicals 

Determination of phenolic compounds (mg/100g 
of fresh w.t.) was carried out according to that method 
described by Daniel and George (1972). Contents of 
free proline (mg/100g of dry w.t.) were determined 
according to the method described by Bates et al. 
(1973). 

Peroxidase activity was assayed using solution 
containing 5.8 ml of 50 mM phosphate buffer pH 7.0, 
0.2 ml of the enzyme extract and 2 ml of 20 mM H2O2 
after addition of 2 ml of 20 mM pyrogallol, the rate of 
increase in absorbance as pyrogallol was determined 
spectrophotometric all by UV spectrophotometer 
(Jenway) within 60 second at 470 nm and 25ᴼC 
(Srivastava, 1987). The activity of polyphenol oxidase 
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enzyme was determined according to the method 
adopted by Matta and Dimond (1963). 
2.9. Statistical analyses 

Experimental data were subjected to one way 
analysis of variance (ANOVA) and the differences 
between means were separated by the least significant 
difference (L.S.D) at 5% level of probability using M 
state software (Snedecor and Cochran, 1982). 
 
3. Results 
3.1. Effect of tested elicitors and time of application 
on, Second stage juveniles/250 g soil, Females and 
Developmental stages/1 g root in infested tomato 
with M. incognita 

The obtained results in table (1) revealed that the 
average numbers of Second stage juveniles/250 g soil 
were decreased according to the application of AgNPs 
or S. marcescens one week after the inoculation of M. 

incognita recording 86.66% and 120 average numbers 
of second stage juveniles, respectively. While, the 
application of AgNPs or S. platensis one week before 
the inoculation of M. incognita recording 113.33 
average numbers of second stage juveniles. Also, 
application of B. subtilis at the same time with the 
inoculation of M. incognita recorded 100 average 
numbers of second stage juveniles. 

Results in table (1) revealed that average 
numbers of females and development stages in 1g.root 
were decreased according the application of B. subtilis 
at the same time with inoculation of M. incognita 
recording 8 average numbers of females and 
development stages. While, the application of S. 
platensis one week before the inoculation of M. 
incognita recorded 15 and 11 average numbers of 
females and development stage, respectively. 

 
Table 1. Impact of biotic and a biotic elicitors and time of application on second stage juveniles in soil, female and 
developmental stages of Meloidogyne incognita infecting tomato plants under greenhouse conditions 

Treatment 
Second stage juveniles/250 

g soil 
Females/1 g root 

Developmental stages/1 
g root 

Average number 
Red 
(%) 

Average 
number 

Red 
(%) 

Average 
number 

Red 
(%) Time of application Material Dose/pot 

 
One week 

before infection 

B. subtilis 2 ml 353.33 a 10.18 25.00 ef 70.24 28.00 c 50.00 
S. marcescens 2 ml 140.00 cd 64.38 48.00 c 42.86 41.00 b 26.79 

S. platensis 4 ml 113.33 d 71.25 15.00 gh 82.14 11.00 de 80.36 
AgNPs 2 ml 113.33 d 71.25 35.00 d 58.33 6.00 ef 89.29 

At the same time of 
infection 

B. subtilis 2 ml 100.00 d 74.55 8.00 hi 90.48 8.00 def 85.71 
S. marcescens 2 ml 240.00 b 38.93 21.00 efg 75.00 8.00 def 85.71 

S. platensis 4 ml 160.00 cd 59.29 17.00 fgh 79.76 9.00 def 83.93 
AgNPs 2 ml 133.33 cd 66.16 62.00 b 26.19 16.00 d 71.43 

One week 
after infection 

B. subtilis 2 ml 153.33 cd 61.07 30.00 de 64.29 11.00 de 80.36 
S.marcescens 2 ml 120.00 d 69.47 38.00 d 54.76 34.00 bc 39.29 
S. platensis 4 ml 206.66 bc 47.33 4.00 i 95.24 12.00 de 78.57 

AgNPs 2 ml 86.66 d 77.86 55.00 bc 34.52 11.00 de 80.36 
Nematode only 393.33 a 0.00 84.00 a 0.00 56.00 a 0.00 

L.S.D 67.208  9.995  9.051  

 
Results illustrated in Fig (1) show that using 

AgNPs one week after the inoculation of Meloidogyne 
incognita recorded 77.86% reduction of second stages 
juveniles. While, using B. subtilis at the same time 
inoculation of Meloidogyne incognita recorded 
74.55% reduction of second stages juveniles. Also, 
application of S. platensis or AgNPs one week before 
the inoculation of Meloidogyne incognita recorded 
71.25% reduction of second stages juveniles. 

Data in Fig. (2) show that the application of B. 
subtilis at the same time inoculation of M. incognita 
recorded 90.48% reduction of average number of 
females. While, using S. platensis application one 
week before the inoculation of M. incognita recorded 
82.14% reduction of number of females. 

Data in Fig (3) show that the application of 
AgNPs one week before the inoculation of M. 
incognita recorded 89.29% reduction of average 

numbers of development stage. While, using B. 
subtilis or S. marcescens at the same time inoculation 
of M. incognita recorded 85.71% reduction of average 
numbers of development stage. 

 
 

 
 
 
 
 
 
 
 
 
 
Figure 1. Effect of biotic and a biotic elicitors on 
percentage reduction of second stages juveniles 
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Figure 2. Effect of biotic and a biotic elicitors on 
percentage reduction of reduction of number of 
females 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Effect of biotic and a biotic elicitors on 
percentage reduction of reduction of developmental 
stages 
 
3.2. Photosynthetic pigments 

 
Table 2. Effect of some elicitors and time of application and their interactions on chlorophyll (a), chlorophyll (b), 
total chlorophyll (a+b) and carotenoids of tomato plants, infected with Meloidogyne javanica under greenhouse 
conditions 

Treatment 
Chlorophyll (a) 

mg/g fresh 
weight 

Chlorophyll (b) 
mg/g fresh 

weight 

Chlorophyll 
(a+b) 

mg/g fresh 
weight 

Carotenoids 
mg/g fresh 

weigh 
Time of application Material Dose/pot 

One week 
before infection 

B. subtilis 2 ml 9.82 i 4.23 g 14.05 h 2.92 h 
S. marcescens 2 ml 11.42 e 4.66 e 16.08 e 3.26 e 

S. platensis 4 ml 15.35 b 6.69 b 22.05 b 4.06 b 
AgNPs 2 ml 11.24 g 4.73 d 15.97 f 3.12 f 

At the same time of 
infection 

B. subtilis 2 ml 10.92 h 4.53 f 15.46 g 3.12 f 
S. marcescens 2 ml 6.75 l 2.73 k 9.48 k 2.12 j 

S. platensis 4 ml 8.24 j 3.74 h 11.99 i 2.32 i 
AgNPs 2 ml 11.34 f 4.76 d 16.1 e 3.05 g 

One week 
After infection 

B. subtilis 2 ml 13.81 d 5.64 c 19.45 d 3.7 d 
S.marcescens 2 ml 7.75 k 3.09 i 10.84 j 2.35 i 
S. platensis 4 ml 13.86 c 5.65 c 19.52 c 3.94 c 

AgNPs 2 ml 17.42 a 7.51 a 24.94 a 4.73 a 
Nematode only 5.76 n 2.4 l 8.16 m 1.66 l 
Control 6.33 m 2.9 j 9.24 l 1.85 k 
LSD 5% 0.0426 0.0419 0.05388 0.04072 

 
Results shown in table (2) revealed that contents 

of chlorophyll a, b as well as total chlorophyll a+b 
were highly significantly decreased in nematode-
infected plants than that of healthy ones. At the same 
time, marked increases in the contents of carotenoids 
were observed in infected plants as being compared 
with healthy ones. On the other hand, the obtained 
results (Table 2) showed different responses as 
regards the photosynthetic pigments due to the 
application of different used elicitors. These results 
can be demonstrated as follows: 

One week before infection  it was noticed that 
(Table 2) application of  S. platensis  gave the most 
potent effect as regard the ch a as well as total 
chlorophyll a+b  (15.35 & 22.05) in comparison with 
plants treated with S. marcescens (11.42 & 16.08), 

then followed by AgNPs (11.24 & 15.97) and B. 
subtilis (9.82 & 14.05), respectively. Also, it was 
found that nematode-infected plants pretreated with S. 
platensis gave the most potent effect as regard the ch b  
(6.69) in comparison with plants treated with AgNPs 
(4.73), then followed by S. marcescens  (4.66) and B. 
subtilis (4 & 23), respectively. At the same time 
results in table (2) showed that application S. platensis 
gave the most potent effect as regard the contents of 
carotenoids (4.06) in comparison with plants treated 
with S. marcescens (3.26), then followed by AgNPs 
(3.12) and B. subtilis (2.92), respectively. Also, at the 
same time infection results in table (2) showed that 
application of AgNPs was more effective in increasing 
the contents of chlorophyll a, b as well as total 
chlorophyll a+b. Also, significant increases in the 
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contents of chlorophyll a, b as well as total 
chlorophyll a+b of nematode-infected plants were 
resulted in response to the treated with B. subtilis 
followed by S. platensis, then S. marcescens. Also, it 
was noticed that treatment with (AgNPs, S. platensis, 
B. subtilis and S. marcescens), respectively gave the 
most potent effect as regard the contents of 
carotenoids in nematode-infected plants as being 
compared with corresponding controls. While, one 
week after infection the obtained results (Table 2) 
revealed that treatment with AgNPs resulted in 
significant increase in the contents of chlorophyll a, b 
as well as total chlorophyll a+b of nematode-infected 
plants followed by treated with (S. platensis, B. 
subtilis and S. marcescens), respectively. At the same 
time results in table (2) showed that application 
AgNPs gave the most potent effect as regard the 
contents of carotenoids in comparison with plants 
treated with S. platensis, then followed by B. subtilis 
and S. marcescens, respectively. 
3.3. Physiological and metabolic changes 

Results in table (3) revealed that the changes in 
the activities of oxidative enzymes (POD, PPO), free 
proline content and total phenols in nematode-infected 
plants were significantly increased than that of non-
infected ones (control). On the other hand, treatment 
with tested elicitors resulted in different responses as 
regards the oxidative enzyme activities, free proline 
content and total phenols of nematode-infected plants. 
These responses were varied according to the type of 
used elicitor and also to the time of application as 
follows:- 

One week before infection it was noticed that 
(Table 3) application of AgNPs was more effective in 
stimulating POD activity before challenge followed by 
B. subtilis then S. platensis and S. marcescens. This 
stimulation was observed when compared with that of 
healthy (non-infected) plants. Also, at the same time 
infection results in table (3) showed that application of 
AgNPs was more effective in increasing POD activity 
followed by treated with (B. subtilis, S. marcescens 

and S. platensis), respectively. As being compared 
with healthy control. While, one week after infection 
the obtained results (Table 3) revealed that application 
of AgNPs was more effective in stimulating POD 
activity after challenge followed by B. subtilis then S. 
platensis and S. marcescens. This stimulation was 
observed when compared with that of healthy 
(control) plants. 

For polyphenoloxidase (PPO) activities, one 
week before infection data describing increasing of 
PPO activity of all treatments in relative to controls 
(Table 3). It is quite evidence that, the greatest 
activities were achieved by using B. subtilis on the 
infected plants followed by AgNPs, then S. 
marcescens and S. platensis more than on the healthy 
plants, indicating induction of systemic acquire 
resistant (SAR). Also, at the same time infection data 
generated in table (3) showed the changes in the 
activities of PPO enzyme in tomato shoots in response 
to M. incognita, and tested elicitors. Treatment 
nematode infected plants with S. platensis gave the 
highest activities of PPO followed by (S. marcescens, 
B. subtilis and AgNPs), respectively. As being 
compared with healthy control. While, one week after 
infection data describing increasing of PPO activity of 
all treatments in relative to controls (Table 3). It is 
quite evidence that, the greatest activities were 
achieved by using B. subtilis on the infected plants  
followed by AgNPs, then S. marcescens and S. 
platensis more than on the healthy plants, indicating 
induction of systemic acquire resistant (SAR). 

Concerning the effect of tested elicitors on the 
challenged plants with nematode, it was found that 
application of B. subtilis one week before inoculation 
of M. incognita show significant increase in free 
proline content of tomato shoots compared to S. 
marcescens, AgNPs and S. platensis, respectively. As 
being compared with corresponding controls. While, 
application of AgNPs one week before inoculation of 
M. incognita show significant increase in total phenols 
of tomato shoots compared to S. marcescens, B. 

subtilis and S. platensis, respectively. As being 
compared with corresponding controls. 

Also, at the same time infection with M. 
incognita data describing increasing of free proline 
content of all treatments in relative to controls 
(Table3). It is quite evidence that, the greatest value  
was achieved by using B. subtilis on the infected 
plants  followed by S. marcescens  then AgNPs and S. 
platensis, respectively, more than on the healthy 
plants, indicating induction of systemic acquire 
resistant (SAR). Data generated in table (3) showed 
that treatment nematode infected plants with S. 
marcescens gave the highest amount of total phenol 
followed by (AgNPs, S. platensis and B. subtilis), 
respectively, more than on the healthy plants, 

indicating induction of systemic acquire resistant 
(SAR). 

While, application of tested elicitors one week 
after infection data generated in table (3) showed that 
treatment nematode infected plants with S. platensis 
gave the highest amount of free proline content 
followed by (S. marcescens, B. subtilis and AgNPs), 
respectively, more than on the healthy plants, 
indicating induction of systemic acquire resistant 
(SAR). One week after infection application of S. 
platensis was more effective in increasing amount of 
total phenol followed by (S. marcescens, AgNPs and 
B. subtilis), respectively. This stimulation was 
observed when compared with that of healthy (non-
infected) plants. 
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Table 3. Effect of some elicitors and time of application and their interactions on activity of peroxidase, 
polyphenoloxidase, shoots proline and Shoot phenols in tomato plants, infected with Meloidogyne javanica under 
greenhouse conditions 

Treatment 
Peroxidase 

(unit/g fresh 
wt/hour) 

Polyphenol-
oxidase (unit/g 
fresh wt/hour) 

Shoot prolin 
(mg/g dry 
weight) 

Shoot 
phenols 

(mg/100g dry 
weight) 

Time of 
application 

Material Dose/pot 

One week 
before 

infection 

B. subtilis 2 ml 3.46 gh 1.31 bcd 1.15 f 0.36 f 
S. marcescens 2 ml 2.08 i 0.85 ef 1.34 ef 0.39 ef 

S. platensis 4 ml 3.21 h 0.63 f 1.51 ef 0.36 f 
AgNPs 2 ml 4.1 fg 0.9 ef 1.73 e 0.45 cde 

At the same 
time of 

infection 

B. subtilis 2 ml 5.91 bc 1.51 ab 2.75 c 0.51 bc 
S. marcescens 2 ml 5.36 cd 1.6 ab 2.55 cd 0.59 a 

S. platensis 4 ml 4.99 de 1.77 a 3.2 b 0.55 ab 
AgNPs 2 ml 6.41 b 1.36 bc 3.25 b 0.57 ab 

One week 
After 

infection 

B. subtilis 2 ml 5.57 cd 1.49 ab 3.37 b 0.36 f 
S. marcescens 2 ml 4.85 de 1.07 cde 2.76 c 0.50 ab 

S. platensis 4 ml 5.43 cd 1.04 cde 3.82 a 0.55 ab 
AgNPs 2 ml 7.51 a 1.45 ab 3.25b 0.47 cd 

Nematode only 4.48 ef 0.99 de 2.27 d 0.41 def 
Free of nematode 0.51 j 0.13 g 0.53 g 0.09 g 

LSD 5% 0.7285 0.3398 0.3985 
 
3.4. Oxidative isozymes 

Tomato plants treated with inducers show 
variability in number, relative mobility of polypeptide 
peroxidase and polyphenol oxidase isozymes in the 

leaves. These responses were varied according to the 
type of used elicitor and also to the time of application 
as follows:- 
3.4.1. Peroxidase isozyme 

 
Table 4. Disc-PAGE banding patterns of peroxidase isozymes in infected tomato plants and treated with inducers 
one week before infection 

RF B. subtilis S. marcescens S. platensis AgNPs control 
Nematode 

only 
Polymorphism 

0.228 + + + + + + Monomorphic 
0.269 + - + + - - Polymorphic 
0.427 + + + + + + Monomorphic 
0.558 + + + + + + Monomorphic 
0.610 + - + + + + Polymorphic 
0.716 - - - - + - Unique 
0.728 + + + - - + Polymorphic 
0.784 + + + + + + Monomorphic 
0.863 + + + + + + Monomorphic 
0.892 - - - - - + Unique 
0.937 + - + + + + Polymorphic 

Total bands 9 6 9 8 8 9 
 

 
One week before the inoculation of Meloidogyne 

javanica data revealed that total numbers of 
peroxidase isozymes were 9 bands appeared in tomato 
healthy in table (4) and Fig. (4). The inducers and 
nematode-infection treatments showed variation in 
number polypeptide bands compared with healthy 
ones. Nematode only gave 8 Isozymes, while B. 
subtilis increased the number of isozymes (9 
isozymes), S. marcescens gave (6 isozymes) and S. 

platensis gave (9 isozymes) as well as AgNPs gave (8 
isozymes). 

Also, at the same time the inoculation of 
Meloidogyne javanica results showed that total 
numbers of peroxidase isozymes were 6 bands 
appeared in tomato healthy in table (5) and Fig. (4). 
The inducers and nematode-infection treatments 
showed variation in number polypeptide bands 
compared with healthy ones. Nematode only gave 3 
Isozymes, while B. subtilis increased the number of 
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isozymes (6 isozymes), S. marcescens gave (8 
isozymes) and S. platensis gave (8 isozymes) as well 
as AgNPs gave (5 isozymes). 

While, one week after the inoculation of 
Meloidogyne javanica data generated in table (6) 
showed that total numbers of peroxidase isozymes 
were 2 bands appeared in tomato healthy. The 

inducers and nematode-infection treatments showed 
variation in number polypeptide bands compared with 
healthy ones. Nematode only gave 2 Isozymes, while 
B. subtilis increased the number of isozymes (3 
isozymes), S. marcescens gave (3 isozymes) and S. 
platensis gave (1 isozyme), while AgNPs gave (0 
isozyme). 

 
Table 5. Disc-PAGE banding patterns of peroxidase isozymes in infected tomato plants and treated with inducers at 
the same time of infection 

RF B. subtilis S. marcescens S. platensis AgNPs control Nematode only Polymorphism 
0.217 + + + + - + Polymorphic 
0.401 + + + + + + Monomorphic 
0.529 + + + + + + Monomorphic 
0.577 + + + - - + Polymorphic 
0.730 + + + + + + Monomorphic 
0.795 + + + + - + Polymorphic 
0.837 - + + - - - Polymorphic 
0.881 - + + - - - Polymorphic 

Total bands 6 8 8 5 3 6 
 

 
Table 6. Disc-PAGE banding patterns of peroxidase isozymes in infected tomato plants and treated with inducers 
one week after infection 

RF B. subtilis S. marcescens S. platensis AgNPs Control Nematode only Polymorphism 
0.449 + + - - - - Polymorphic 
0.600 + + + - + + Polymorphic 
0.781 + + - - + + Polymorphic 

Total bands 3 3 1 0 2 2 
 

 
3.4.2. Polyphenol oxidase isozyme  

One week before the inoculation of Meloidogyne 
javanica data revealed that total numbers of 
polyphenol oxidase isozymes were 3 bands appeared 
in tomato healthy in table (7) and Fig. (5). The 
inducers and nematode-infection treatments showed 
variation in number polypeptide bands compared with 
healthy ones. Nematode only gave 1 Isozyme, while 
B. subtilis increased the number of isozymes (4 
isozymes), S. marcescens gave (4 isozymes) and S. 
platensis gave (4 isozymes) as well as AgNPs gave (3 
isozymes). 

Also, at the same time the inoculation of 
Meloidogyne javanica results showed that total 
numbers of polyphenol oxidase isozymes were 4 
bands appeared in tomato healthy in table (8) and Fig. 

(5). The inducers and nematode-infection treatments 
showed no variation in number polypeptide bands 
compared with healthy ones. While, one week after 
the inoculation of Meloidogyne javanica data 
generated in table (9) and Fig. (5) show that total 
numbers of polyphenol oxidase isozymes were 6 
bands appeared in tomato healthy (control). The 
inducers and nematode-infection treatments showed 
variation in number polypeptide bands compared with 
healthy ones. Nematode only gave 5 Isozymes, while 
B. subtilis increased the number of isozymes (6 
isozymes), S. marcescens gave (7 isozymes) and S. 
platensis gave (4 isozymes) as well as AgNPs gave (3 
isozymes).

 
Table 7. Disc-PAGE banding patterns of PPO isozymes in infected tomato plants and treated with inducers one 
week before infection 

RF B. subtilis S. marcescens S. platensis AgNPs Control Nematode only Polymorphism 
0.415 + + + + - + Polymorphic 
0.549 + + + + - + Polymorphic 
0.761 + + + + + + Monomorphic 
0.824 + + + - - - Polymorphic 

Total bands 4 4 4 3 1 3 
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Table 8. Disc-PAGE banding patterns of PPO isozymes in infected tomato plants and treated with inducers at the 
same time of infection 

RF B. subtilis S. marcescens S. platensis AgNPs Control Nematode only Polymorphism 

0.402 + + + + + + Monomorphic 
0.548 + + + + + + Monomorphic 
0.774 + + + + + + Monomorphic 
0.839 + + + + + + Monomorphic 

Total bands 4 4 4 4 4 4 
 

 
 

Table 9. Disc-PAGE banding patterns of PPO isozymes in infected tomato plants and treated with inducers One 
week after infection 

RF B. subtilis S. marcescens S. platensis AgNPs Control Nematode only Polymorphism 
0.160 - + - - + + Polymorphic 
0.238 + + - - - - Polymorphic 
0.456 + + + + + + Monomorphic 
0.588 + + + + + + Monomorphic 
0.776 + + + + + + Monomorphic 
0.892 + + - - - + Polymorphic 
0.821 + + + - + + Polymorphic 

Total bands 6 7 4 3 5 6 
 

 
 
 

 
Figure 4. Native acrylamide gel (10%) electrophoresis of POD isozymes produced in infected tomato plants treated 
with inducers. 1: B. subtilis. 2: S. marcescens. 3: S. platensis. 4: AgNPs. 5: Nematode only. 6: control 
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Figure 5. Native acrylamide gel (10%) electrophoresis of PPO isozymes produced in infected tomato plants treated 
with inducers. 1: B. subtilis. 2: S. marcescens. 3: S. platensis. 4: AgNPs. 5: Nematode only. 6: control 

 
4. Discussion 

The objectives of this study were induction of 
systemic resistance in tomato plants against root-knot 
nematode (M. incognita) infection. The first criterion 
to judge the occurrence of SAR in tomato plants 
treated with biotic or a biotic inducers. The reduction 
percentage of infection, tested inducers were able to 
reduction of second stages juveniles, reduction of 
number of females and reduction of average numbers 
of development stage infected tomato plants. The 
obtained results showed that biotic inducers or AgNPs 
reduce the level of second stages juveniles, number of 
females and reduction of average numbers of 
development stage of root-knot nematode (M. 
incognita) infection. Our results showed different 
abilities of PGPR (B. subtilis & S. marcescens), 
cyanpbacterial strain (S. platensis) and silver 
nanoparticle AgNPs according to the type of used 
elicitors and also the time of application in controlling 
the plant parasite nematodes M. incognita, which 
infect tomato plants. 

The bacterial strains Paenibacillus polymyxa, 
Bacillus megaterium, Bacillus circulans, Bacillus 
subtilis, Serratia marcescens showed the highest 
protease, chitinase and gelatinase activities which 
might help to explain the way how the bacteria could 
act against the root-knot nematodes. It should be 
stated that the highest nematicidal activity exhibited 
by their strains against the second stage juveniles of 
Meloidogyne incognita. These strains proved to be the 
most efficient isolates as biofertilizers and nematicidal 
agents (El-Hadad et al., 2010; Bahloul, 2013). The 

obtained results showed that all tested elicitors 
application at (One week before infection, at the same 
time infection and one week after infection) recorded 
significant reduction number of females and 
developmental stages/g of roots as well as second 
stage/250g of soil. Kloepper and Ryu (2006) showed 
that damage of root knot nematode was reduced by 
using PGPR, a single strain or two strains or complex 
mixtures of PGPR. The plant growth promoting 
rhizobacteria significantly reduced number of females 
and developmental stage of roots by root-knot 
nematodes in tomato crops and resulted in increased 
yield (Kokalis-Burelle and Dickson, 2003). Under 
greenhouse conditions, cell suspensions of different 
Pseudomonas fluorescens and Serratia spp strains 
have been found to be effective in suppressing 
populations of Meloidogyne incognita (Ashoub and 
Amara, 2010). Whereas, Vagelas et al. (2003) stated 
that PGPR has been reported acting as a biological 
agent against plant-parasitic nematodes. Our results 
demonstrated that using S. platensis application one 
week before the inoculation of M. incognita recorded 
82.14% reduction of number of females. It Microalgal 
metabolites have attracted attention, because they are 
a resource for toxins, and potential new drugs 
(Shimizu, 2003). Data obtained in table (1) raveled 
that application of AgNPs or S. marcescens one week 
after the inoculation of M. incognita recording 
86.66% and 120 average numbers of second stage 
juveniles, respectively. While, the application of 
AgNPs or S. platensis one week before the inoculation 
of M. incognita recording 113.33 average numbers of 
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second stage juveniles. Biosynthesis of silver 
nanoparticles (AgNPs), a new class of material with 
remarkably different physicochemical and biological 
characteristics from convenient silver-containing 
substances, has been shown to have antibacterial, 
antifungal, antiviral and nematicidal effects and it can 
reduce damage and losses caused by diseases (Choi et 
al., 2009; Eo and Lee, 2009). 

Data in table (2) showed that application of 
AgNPs, either (one week before infection or one week 
after infection) was more effective in increasing the 
contents of chlorophyll a, b as well as total 
chlorophyll a+b. Enhanced photosynthetic pigment 
contents were recorded in leaves of Pelargonium 
zonale treated with silver nanoparticles when 
compared to the control (Hatami, et al., 2013). 

Photosynthetic pigments content were positive 
markedly affected as result to using the bacterial 
strains (Bacillus subtilis, Serratia marcescens), 
Cyanobacterial strain (Spirulina platensis) as biotic 
elicitors specially one week before infection and 
became one of visible evidence of sufficient of 
treatments. In this study, chlorophyll degradation was 
produced in nematode-infected plants than that of 
healthy ones (Table 2). The decrease in chlorophyll is 
considered to be a symptom of oxidative stress 
condition this decrease after infection might be due to 
the generation of reactive oxygen species (ROS) 
causing damage to chlorophyll a that is mean the plant 
failed to capture the light and so photosynthesis will 
decrease or stopped (Ali et al., 2006). This reduction 
may be due to chlorophyll degradation, reduced 
chlorophyll synthesis and stability of thylakoid 
membrane. In addition, it may be associated with the 
increased activity of chlorophyll degrading enzyme, 
chlorophyllase (El-Shanhory et al., 2014). 

At the same time, marked increases in the 
contents of carotenoids were observed in infected 
plants as being compared with healthy ones. On the 
other hand, the obtained results (Table 2) showed 
different responses as regards the Photosynthetic 
pigments due to the application of different used 
elicitors. So, results obtained indicate that the harmful 
effect of root-knot nematode (M. incognita) infection 
on photosynthetic pigments could be reduced via 
exploiting the role of Bacillus subtilis, Serratia 
marcescens and Spirulina platensis inoculation that 
can enrich the plant and soil with N2 element. 
According to our results, S. platensis reduced the 
harmful effect of nematode on leaf chlorophyll 
content and these findings are supported by Belnap et 
al. (2003) who reported that biological soil crust 
likely affects nematodes in several ways. First, the 
increased nitrogen fixation, primary production, and 
chelation of metals of cyanobacteria, lichens, and 
mosses in a well developed, late stage crust increases 

the amount and availability of nutrient sources that 
can support secondary and tertiary consumers. 
Second, the greater biomass and diversity of late-stage 
crust organisms directly provide more abundant and 
more diverse food for nematodes. Third, soil moisture 
retention can be greater in well-developed crusts 
(George et al., 2003), which may increase the period 
of time in which nematodes can be active and feeding. 
Finally, the crust forms a boundary between the 
atmosphere and mineral soil (Belnap et al., 2003) that 
increases the stability of the soil environment and may 
allow the persistence of more nematodes that are 
sensitive to disturbance. Similar results were reported 
by Abd El-Baky et al. (2010) who mentioned that 
chlorophylls in photosynthetic membranes could be 
protected the photosynthetic apparatus from excessive 
ROS by quenching of single toxygen and other 
radicals. Application of algal extracts increased the 
levels of phenolic compounds, ascorbic acid and α-
tocopherol, in plants irrigated sea water to protect the 
membrane by preventing or reducing oxidative 
damage by ROS. However, it is hypothesized a cycle 
where H2O2 scavenged by phenolic compounds to 
produce phenoxyl radicals, this radical reduces the 
ascorbic acid into mono (OH)-dehydroascorbate 
(Mostafa et al., 2013). Application of algal extracts 
increased the levels of phenolic compounds and 
ascorbic acid in plants irrigated sea water to protect 
the membrane by preventing or reducing oxidative 
damage by ROS.  Plants have endogenous defense 
mechanisms that can be induced in response to attack 
by plant parasitic nematodes. It is well known that the 
defense genes are inducible genes and appropriate 
stimuli or signals are needed to activate them. 
Inducing the plant’s own defense mechanisms by 
prior application of a biological inducer is thought to 
be a novel plant protection strategy (Ramamoorthy et 
al., 2001). The amino acid proline may act as a potent 
scavenger of ROS and this property of proline might 
prevent the induction of programmed cell death by 
ROS (Chen and Dickman, 2005). The data shown in 
table (3) appeared that application of B. subtilis one 
week before inoculation of M. incognita show 
significant increase in free proline content of tomato 
shoots compared to S. marcescens, AgNPs and S. 
platensis, respectively. As being compared with 
corresponding controls. The highest accumulation was 
observed in plants treated by B. subtilis on the 
infected plants followed by S. marcescens, and then 
AgNPs and S. platensis, respectively, more than on 
the healthy plants, indicating induction of systemic 
acquire resistant (SAR). Phenolic compounds are 
known to play a major role in the defense mechanism 
of plants against various external infectious agents. 
Pseudomonas fluorescens releases antimicrobial 
factors including lytic enzymes which lead to the 
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accumulation of phenolics (Meena et al., 2000) by 
secretion of indole acetic acid that induced phenol 
metabolism in plants (Shabaev et al., 1999; Patricia et 
al., 2009). In addition to some species of 
Pseudomonas, Bacillus reported to induce systemic 
resistance in plants against invading pathogens and 
antagonists to root-knot nematodes of Meloidogyne 
spp. (Kloepper and Ryu, 2006). Zaghloul et al. (2007) 
reported that the values of total phenols increased in 
tomato plants treated with Bacillus subtilis. Also, 
Gamil (1995) proved that the inoculation with 
Bacillus polymyxa (Paenbacillus polymyxa) increased 
peroxidase and polyphenol oxidase activities of 
squash leaves. Moreover, biocontrol agents via 
Pseudomonas sp. and Bacillus sp. have been used for 
induced systematic resistance such as phenolic 
compounds and peroxidase activity in plants against 
plant diseases (Saravanakumar et al., 2007). 

Results in table (3) revealed that the changes in 
the activities of oxidative enzymes (POD, PPO) in 
nematode-infected plants were significantly increased 
than that of non-infected ones (healthy plants). On the 
other hand, treatment with tested elicitors resulted in 
different responses as regards the oxidative enzyme 
activities of nematode-infected plants, indicating 
induction of systemic acquire resistant (SAR). These 
are in accordance with Saravanakumar et al. (2007), 
who stated that induction of peroxidase activity was 
significantly higher of about two-fold increase in 
enzyme activity in tea plants treated with 
Pseudomonas fluorescens Pf1 compared to the 
untreated control. It was noticed that (Table3) 
application of AgNPs was more effective in 
stimulating POD activity before challenge followed 
by B. subtilis, then S. platensis and S. marcescens. 
This stimulation was observed when compared with 
that of healthy (control) plants. SAR in cucumber is 
correlated with increasing in peroxidase activity, as 
well as polyphenol oxidase (PPO) in N. glutinosa (Ali 
et al., 2006). In addition, proteins and isozymes 
polymorphisms are good indicators of response to 
biotic and abiotic stresses (Doebley, 1989; Sofy et al., 
2013; 2014; El-Dougdoug et al., 2014). Variation in 
isozyme reveals the information in biochemistry entity 
of resistant genes to physiological changes, genetic 
characteristics and development of different 
organisms (Sosa and Garcia-Reina, 1992; Wang, 
1998; Sofy et al., 2014; El-Dougdoug et al., 2014). 
Moreover, their relative contents and activities could 
be used as biochemical indicator to identify whether a 
strain had resistant ability to an external stress (Luo et 
al, 1999). In this study, clear differences existed not 
only in enzymatic activity but also in enzymatic 
composition between challenged plants without tested 
inducers and challenged plants treated with tested 
inducers. In general, activities of tested isozymes in 

challenged plants treated with all tested inducers were 
higher than that in challenged plants without inducers, 
which might be the potential factor for induction of 
SAR against nematode according to previous findings. 
Also, biotic inducers increased many PR-proteins 
such as isozymes of peroxidase, β-1, 3 glucanase and 
chitinase, (Neetu et al., 2008 and Anand et al., 2009). 

Recently, chitinase and peroxidase activities in 
leaves of tomato plants was significantly increased by 
inoculation of tomato plants with bioagents (Serratia 
marcescens, and Trichoderma harzianum) compared 
with nematicide may play either a direct or indirect 
role in the suppression of root-knot nematode M. 
incognita (Abd-Elgawad and Kabeil, 2010). 

Finally, this study demonstrated that all tested 
elicitors significantly reduced root-knot nematode 
numbers. Specially, application of B. subtilis  or  
AgNPs  one week before infection  or one week after 
infection was the best elicitors  that showed the 
highest antagonistic effect on the root-knot nematode 
infecting tomato  plants and also the best treatment to 
enhance plants health than the other used of tested 
plants which are toxic to root-knot nematode. 
Therefore, the results imply that it should focus on 
using biological agents and nanotechnology as a 
safety method for human and environment to 
management the root-knot nematode in Egypt. 
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