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ABSTRACT 
 
 Tomato Fusarium wilt disease caused by Fusarium oxysporum f. sp. Lycopercisi (FOL) is considered 
one of the most destructive diseases in Egypt. Effect of some biotic inducers such as Bacillus megaterium var. 
phosphaticum, Glomus intraradices and Glomus macrocarpum at seven different mixed treatments, was tested 
for their ability to induce resistance in tomato plants against the disease. According to pathogenicity tests, all the 
tested isolates of FOL showed wilt symptoms on both of the tested cultivars; however, they considerably varied 
in percentages of disease incidence (DI) and disease severity (DS). Castle Rock was more susceptible than Peto 
86, which was relatively resistant. Pretreatment of both cultivars, under greenhouse conditions, with the tested 
biotic inducers alone or in combination with each other's, significantly increased the induction of chitinase, β-
1,3 -glucanase, peroxidase and polyphenol oxidase and reduced disease incidence and severity, compared with 
untreated noninoculated (C1) and untreated inoculated (C2) controls. Application of combination of BMP, with 
GI, and GM was the most effective in increasing the induction rated of the tested enzymes, compared with the 
other treatments. Induction of enzymes in most of the tested bioinducers treatments gradually increased, 
attaining maximum values after 48 or/and 72hrs  after challenging with FOL, then gradually declined. GI was 
the least effective bioinducer.   
 
Kew words: F. oxysporum f. sp. lycopersici, defense enzymes, induced systemic resistance (ISR), B. 

megaterium, G. macrocarpum and G. intraradices. 

Introduction 
 

 Tomato fruits (Solanum lycopersicum) were considered as one of the most popular and widely 
consumed vegetables in Egypt and other countries. Tomato plants are subjected to infection with different 
fungal diseases. Fusarium wilt caused by F. oxysporum f. sp. lycopersici is a serious problem for tomato 
production in Egypt, which cause yield reduction of up to 25% (Abdel-Monaim, 2012).Several procedures have 
been attempted to control Fusarium wilt in greenhouse and in field, including the uses of resistant varieties, 
cultural practices, pesticides, and fumigant but losses are still substantial. The difficulties in controlling F. 
oxysporum f. sp. lycopersici have promoted scientists to search for other alternative that are efficient (Hibar et 
al., 2007). Induced resistance as a technique of phyto-immunity has received great attention for management of 
plant diseases. Induction of systemic resistance in host plants through microbes and their bioactive metabolites 
are attaining popularity in modern agricultural practices (Mishra et al., 2014).   

Various types of biological agents, virulent or a virulent strains of pathogens, plant extracts, crude 
extracts and chemicals which are not considered as fungicides are used for induction of resistance in various 
crops (Metraux et al., 1991; Cohen, 1994; Van Loon et al., 1998; Attitalla et al., 1998; De Cal and Melgarejo, 
2001; Rajik et al., 2012). The pre-application of some biotic inducers provided induced resistance in plants 
against many pathogens (Rajik et al., 2012; Biswas et al., 2003; Kuc, 1995). Inoculation of tomato seedlings 
with Glomus macrocarpum (GM) or Glomus fasciculatum (GF), 20 days after infection with Fusarium 
oxysporum f. sp. Lycopersici reduced pathogen spread and disease severity by 75 and 78 %, respectively 
(Kapoor, 2008). Moreover, Application of Bacillus megaterium var. phosphaticum, a biofertilizer agent, 
significantly enhanced the plant growth and controlled root rot and stem canker disease in faba bean (Farfour 
and Al-Saman, 2014). 

Extensive application of Agrochemicals in most of the developing countries to control this pathogen is 
relatively expensive and subjected to various environmental constraints (Horinouchi et al., 2007). These 
observations imply that certain biotic agents are effective in inducing resistance against diseases in various crops 
and provide an alternative environmentally friendly mean of disease control. Therefore, the present investigation 
was undertaken on this aspect. 

Thus, the aim of this work is to study the efficacy of some biotic inducers either single or in 
combination applications on tomato plants to induce some major resistance related enzymes and, subsequently 
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reducing tomato Fusarium wilt incidence and severity, and hence provide new strategies to control the wilt 
disease of tomatoes. 
 
Materials and Methods 
 
Pathogenicity experiments 
 Sources of fungal isolates 
 

Isolates of the tomato wilt pathogen F. oxysporum f. sp. lycopersici (FOL) were isolated from wilted 
tomato plants in two different locations; Hebron governorate, Palestine (isolate A), the second from El-Beheira 
governorate (isolate B), Egypt. Moreover, 5 isolates of the tomato wilt pathogen F. oxysporum f. sp. lycopersici 
(FOL) were brought from Plant Pathology Institute, Agricultural Research Center, Ministry of Agriculture, 
Cairo. These fungal isolates were collected from governorates of Al-Fayoum (isolate C), El-Menoufia (isolate 
D), El-Gharbiah (isolate E), Al-Beheira2 (isolate F), and Al-Giza (isolate G).  

 
Isolation, purification and identification of FOL 
 

Isolation was carried out from fresh tomato plants, showing Fusarium wilt symptoms. Diseased stems 
were carefully washed in running tap water to remove the adhering particles, then surface sterilized with 95% 
ethyl alcohol. The infected parts were cut into small pieces by using sterilized scalpel at the zone of infection. 
The stem pieces were washed several times in sterile distilled water and dried between two sterilized filter 
papers, then transferred to the surface of plain agar medium in Petri dishes and incubated at 25 ˚C for 4-7 days. 
The developed mycelium was carefully transferred to slant potato dextrose agar (PDA) medium. The growing 
fungus was kept for subsequent purification and identification. 

Purification of FOL was carried out, using both single spore and hyphal tip techniques (Hansen, 1926). 
Pure cultures of the obtained isolates were identified in laboratory on the basis of cultural and microscopic 
characteristics according to Booth (1971), Alexopoulos and Mims (1979), Ellis (1971) and Barnett and Hunter 
(1987). Pure cultures of the obtained fungal isolates were then transferred to PDA medium slants and kept at 
5°C for further studies. 

 
Pathogenicity test 
 

FOL was subcultured on potato dextrose agar at 27± 1C°. Each sterilized pot was inoculated with 10 ml 
of FOL culture suspension (107 cfu/ ml) after two weeks from transplanting time, under greenhouse conditions 
(El-Khallal, 2007). After the onset of root wilt in case of Fusarium infection, Koch's postulates were applied to 
confirm the pathogenicity of the applied isolates of FOL.  

Commercial tomato cultivars; i.e. Castle Rock, UC-97, Super strain B, Peto 86, were obtained from 
Bakos and Al-hadara seed market, whereas Baladi cultivar seeds were obtained from Palestine Seed Bank, 
Hebron governorate, Palestine. Tomato seeds of Castle Rock, UC-97, Super strain B, Peto 86 , and Baladi 
cultivars were surface sterilized with 2% sodium hypochlorite solution for 2 min., rinsed in sterile distilled 
water, dried between folds of  sterilized filter paper and then sowed in trays containing sterilized peat: sand: clay 
(1:1:1) for three weeks. Nursery was irrigated when needed. Seedlings were then transferred to 14 cm diameter 
pots. Pots were sterilized by sub-immersing in 7% formaldehyde solution for few hours and then left to aerate. 
The soil was autoclaved and left to aerate. Pots were filled with the mixture of 1:2:1 sand: clay: peatmoss. 
Seedlings were then planted at the rate of 3 seedlings per pot and were placed in the greenhouse at 12:12 hours 
light: dark cycle, at 24-26 ˚C: 16-18 ˚C days: night temperature and 65% relative humidity. 

Inoculation of FOL isolates were prepared by growing the fungus for 2 weeks at 28˚C on PDA medium. 
FOL was subcultured on potato dextrose agar at 27± 1C°. Each pot was inoculated with 10 ml of Fusarium 
culture suspension (107cfu/ ml) after two weeks from transplanting time (El- Khallal, 2007). 

 
Assessment of disease severity 
 

According to Marlatt et al. (1996), disease severity was assessed weekly (visual observation), starting 
two weeks after inoculation and up to six weeks, where the final estimation was recorded and rated according to 
1-5 scale as follows: 1=No symptoms; 2=Slight chlorosis, wilting or stunting of plant; 3=Moderate chlorosis, 
wilting or stunting of plant; 4=Severe chlorosis, wilting or stunting of plant; 5=Dead plant. Percentages of 
disease severity were then calculated according to Tarabulsi et al. (1998) as follows:  
%DS=Σ (n × r) × / 5N*100 
Where: DS = disease severity; n = number of seedlings of a given disease rating; r = disease severity rating; and 
N = total number of seedlings rated. 
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Induced Systemic Resistance 
 

Certain antagonistic microorganisms, Bacteria; Bacillus megaterium var. phosphaticum (BMP) and two 
fungi; G. intraradices (GI) and G. macrocarpum (GM) were used in greenhouse experiments to induce their 
effectiveness in inducing resistance against the highly pathogenic isolate of FOL. 

Pot experiment was carried out in a greenhouse at the faculty of agriculture, Saba-Basha, Alexandria 
University in order to evaluate the effect of two species of Glomus species (GI and GM) and one species of 
bacteria BMP as biotic inducers of resistance against FW of tomato. 

 
Source and preparation of inoculate 
Preparation of pathogen isolates 
 

Virulent Isolates of FOL were selected from pathogenicity tests. Spore suspension was prepared by 
growing isolate in PDA medium and incubated at 25-28˚C for 15 days. 

 
Biotic inducers 
 

The bacterial isolate BMP used was obtained from Agricultural Research Center, Ministry of 
Agriculture, Egypt. The applied fungal species of GI and GM throughout this experiment were obtained from 
Germany and activated in the soil microbiology laboratory, Soil and Agriculture Chemistry Department, Faculty 
of Agriculture, Saba-Basha, Alexandria University, Alexandria, Egypt. 

 
Soil preparation 
 

The soil was prepared as 1:1:1 of sand, clay and peatmos and sieved through a 2 mm sieve to 
homogenize. Soil samples each weighing 650 g were separately filled into plastic pots (Ø=12cm) and 
compacted to the bulk density of about 1.5 gm/ cm-3. The weight of 650 g soil in each pot corresponded to a 
volume about 430 cm3.  

Four seeds of tomato were sown in each hill on 15 April, 2014. The nitrogen fertilizer was added at two 
equal doses (20 day and 34 day after sowing) at rate 92 mg N/ 50 ml water for each pot. The biotic inducers (GI, 
GM and BMP) were applied throughout this experiment. Before planting, seeds were mixed with mycorrhiza 
and bacteria in each hill as: 
Untreated non-inoculated tomato plants (1); untreated inoculated control (2). 10g GI (3); 10g GM (4); 5g GI+5g 
GM (5); 10g BMP (6):10g GI +BMP (7); 10g GM + BMP (8); and 5g GI + 5g GM +10g BMP (9). 

The pots filled with soil were placed in a greenhouse. One week before adding the FOL Isolate, the soil 
in each pot was watered to volumetric moisture content 0.20 cm3. FOL isolate, grown in PDA media for two 
weeks were added to the pots on 11 May 2014. The tomato plants were harvested 45 days after sowing for the 
purpose of analysis tests. 

 
Determination of enzymes activities 
 

Molecular weight of the enzymes; i.e. peroxidase, polyphenoloxidase, chitinase and β-1,3-glucanase, 
were determined using SDS-PAGE according to Laemmli (1970). Samples were prepared by treating with 
acetone 1: 4 (v/v) and kept at - 20 ˚C overnight. These samples were centrifuged (18000 Xg) at – 1˚C for 15 
min. The supernatant was then dried at room temperature and suspended in the sample buffer. 

 
Enzymes assay 
 

For chitinase assay, the substrate colloidal chitin was prepared from chitin powder according to the 
method described by Ried and Ogrud-Ziak (1981). Total β-1,3-glucanase activity was colorimetrically assayed 
by the laminaria-dinitrosalicyclate method described by Saikia et al. (2005). Peroxidase activity was determined 
spectrophotometrically using guaiacol as a common substrate for peroxidases as described by Putter (1974). In 
order to assay polyphenoloxidase (PPO) activity, Half ml homogenate, used for determination of enzymatic 
activities, was incubated with 2 ml 50 mM Sorensen phosphate buffer (pH 6.5) and 0.5 ml substrate 
Brenzcatechol (Merck Co. 1.59614.0005) at 37˚C for 2 hrs and measured at 410 nm optical density (Batra and 
Kuhn, 1975). 
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Statistical analysis 
 

The collected data were arranged in a randomized complete block design and replicated four times. Data 
were statistically analyzed for ANOVA and means compares to fulfill the significance to Steel and Torrie 
(1982). Significance level of α=0.05 was used in all analysis. 

 
Results and Discussion 
 
Pathogenicity experiments 
 

Identification of fungal cultures, isolated from Hebron and El-Beheira governorates was carried out 
according to cultural and microscopical characteristics, described by Booth (1971), Alexopoulos and Mims 
(1979), Ellis (1971), and Barnett and Hunter (1987), the isolated fungi were identified as Fusarium oxysporum f. 
sp. Lycopercisi (FOL). Identification was carried out in laboratories of Agricultural Botany Dept., Faculty of 
Agriculture (Saba- Basha), Alexandria University. Data presented in Table (1) showed that all the inoculated 
tested cultivars exhibited wilt symptoms. However, they considerably varied in disease severity. The highest DI 
values were occurred by both of isolate B (from Al-Fayoum) and isolate C (from and El-Beheira), compared 
with the other tested isolates. Arie (2010) and Inami et al. (2014) concluded that definition of FOL pathogenic 
races is based on the possession of different combinations of SIX (secreted in xylem) protein genes, SIX4, 
SIX3, and SIX1 (Houterman et al., 2009) and determined by their specificities to particular tomato cultivars. 
These SIX genes are recognized to be pathogenic determinants and can be useful tools for race determination 
(Inami et al., 2010).  

Data in Table (1) showed the highest DI values were detected in both of Castle Rock and Baladi cvs (92 
% and 87 %, respectively). On the other hand, Peto 86 cv. realized the lowest DI values compared with the other 
tested cultivars. Accordingly, it could be concluded that isolate B and C were the most virulent among the tested 
FOL isolates. Moreover, Castle Rock and Baladi were the most susceptible, exhibiting the highest DS mean 
values (81.2 and 72 %, respectively). In addition, Peto 86 was relatively the most resistant against the tested 
FOL isolates, showing the least DS mean value (7%).   

These results are in harmony with those reported by Abdel-Monaim et al. (2012) where indicated that the 
tomatoes Castle Rock and Super strain B were susceptible to FW disease compared to other cultivars. Similar 
results were also obtained by Khorsandi et al. (2009), who evaluated relative resistance of some common 
tomato cultivars, originated from U.S.A, Italy, Denmark and Iran and found that Super strain B was the most 
resistant among the tested cultivars.  Pathogenicity tests proved that all the applied FOL isolates were 
pathogenic to the tested cultivars. The same conclusion was confirmed by Abd El-Hak and Abdalla (2007), who 
tested the pathogenic capabilities of 20 FOL isolates on some commercial tomato cultivars and found that all the 
tested FOL isolates had the ability to cause Fusarium wilt symptoms. However, our present study showed 
variations in the virulence among the tested FOL isolates. It is obvious that the genetic factors play an important 
role in the compatibility between the pathogen and its distinctive host. Accordingly, a cultivar susceptible to a 
particular pathogen does not have the genetic potential to initiate an HR in response; however, this same cultivar 
may be resistant to a different pathogen (Smith, 2002). 
 
Table 1. Responses of the tested tomato cultivars to inoculation with the tested FOL isolates: 

Isolate 
Disease severity (DS) (%) 

Cultivar 
Castle Rock Baladi Super strain B UC-97 Peto 86 

Isolate A (Hebron) 81.5ab 63.25c 46.5bcd 9.75b 6.5bc 
Isolate B (El-Beheira1) 95.0a 85.0a 65.0a 16.25a 13.0a 
Isolate C (Fayoum) 90.0ab 80.0ab 55.0b 13.0ab 9.75ab 
Isolate D (El-Menoufia) 86.5ab 78.0b 53.25bc 13.0ab 6.5bc 
Isolate E (Al-Gharbiah) 71.5b 63.0c 44.75cd 9.75b 3.25c 
Isolate F (El-Beheira2) 81.5ab 76.5b 50.0bc 13.0ab 6.5bc 
Isolate G (Al-Giza) 63.0c 56.25d 39.75d 3.25c 3.25c 
Means 81.2 72.0 51.0 12.0 7.0 
LSD0.05 16.9 6.63 9.03 3.45 4.23 

Means followed by the same letter(s) in each column didn’t differ significantly according to LSD test (P≤0.05). 

Effect of bio-inducers on disease incidence and disease severity 
 

In order to check the efficacy of the tested inducers on controlling plant wilt disease of tomato, resistant 
Peto 86 and susceptible Castle Rock tomato cultivars were pretreated with GI, GM and BMP before inoculation 
with FOL isolate B. Disease severity was determined in both cultivars at the end of experiments. Results were 
statistically analyzed and presented in Table (2). 
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Obtained data revealed that inoculated untreated control tomato plants exhibited the highest disease 
severity (DS) values, compared with the other tested treatments. Moreover, DS values were higher in 
susceptible Castle Rock cv. control (77.5 %) than those of resistant Peto 86 cv. control (18.3 %). In addition, 
pretreatment of tomato plant roots of both tested cultivars with the biological inducers; GI, GM and BMP one 
week before inoculation with FOL significantly reduced disease severity, compared with control. However, 
reduction rate in DS values significantly differed according to the host tolerance and the tested biological 
inducers. The highest reduction % in DS values in resistant and susceptible cultivars were induced by mixture of 
GI and BMP (85.8 and 82.5 %, respectively), compared with control, followed by mixture of GM and BMP 
(81.9 and 74.8 %, respectively). 
 
Table 2. Disease incidence and severity in susceptible (Castle Rock) and resistant (Peto 86) tomato cultivars pretreated with the tested 

biological inducers and inoculated with FOL. 

Disease severity 
(DS %)  

  

Disease incidence 
(DI %) 

  
Biological control agents  Cultivar  

a77.50 a85.50 Control 

Castle Rock 

bc.0030 c25.50  GI 
b37.50 bc28.50 GM  
cd27.00 c23.50 GI+GM 
b39.00 b31.10  BMP 
de17.75 d16.10 BMP+GI 
e14.00 de12.75 BMP+GM  
e11.00 e8.85 BMP+GI+GM 

9.45  4.10 0.05LSD 
a18.3 a10.95  Control  

Peto 86 

ab15.75  c7.15  GI 
b12.85 c6.95 GM  

c9.35  cd5.95  GI+GM 
a17.00 b9.20 BMP 

cd6.55 de5.30 BMP+GI 
de4.60 e4.00 BMP+GM  
e3.20 f1.35  BMP+GI+GM 

3.09  1.30 0.05LSD  
C1= Untreated non-inoculated tomato plants, C2= Untreated inoculated control, GI= Glomus intraradices, GM=Glomus macrocarpum, 

BMP= Bacillus megaterium var. phosphaticum.  

Reduction of disease severity (DS) and incidence (DI) 
 

Data presented in Table (3) showed that inoculated untreated control exhibited the highest DI values, 
compared with those of inducer treatments. This was true for both resistant Peto 86 and susceptible Castle 
Rockcvs. However, DI value was relatively higher in Castle Rock (85%), compared with that of Peto 86 cv. 
(10.95 %). Generally, pretreatment of both resistant and susceptible cvs., with each of GI, GM and BMP before 
inoculation resulted in significant reduction in DI, compared with control. However, pretreatment with 
combination of BMP+GM and BMP+GI resulted in the highest DI reduction rates in both resistant and 
susceptible cv. In contrast to that, differences in DI values between GI and GM in Castel Rock cv. were 
insignificant. In addition, differences in DI values between GI+BMP and GM+BMP combinations in each of 
Castel Rock susceptible cv. and Peto 86 resistant cv. were insignificant. 

Data presented in Table (3) also showed that DS values in untreated inoculated control were significantly 
higher than those of other treatments. Moreover, DS value in untreated inoculated control in susceptible Castle 
Rock (77.5 %) was higher than that of resistant Peto 86 cv. (18.3%).Treatment of both resistant and susceptible 
cvs. with a mixture of GI with BMP inducers before inoculation with FOL, significantly reduced DS values 
compared with control. Treatment of both resistant and susceptible cultivars with a mixture of GM and BMP, 
before inoculation, resulted in significant reduction in DS values, compared with control. Moreover, 
pretreatment with each of GI, GM and BMP inducers before inoculation resulted in the least disease severity 
values in both resistant and susceptible cv. (3.2% and 11%, respectively).   

Our results were in agreement with Choudhary et al. (2007) and Chandanie et al. (2006), who found that 
selected strains of plant growth-promoting rhizobacteria (PGPR) could suppress both root and foliar pathogens 
by inducing a systemic resistance, rendering them more resistant. A wide variety of bioagents were tested on 
different varieties of plants; however, the beneficial effects of these bioagents on different plants and their 
applied mechanisms are varied (Zahra et al., 2011). Arbuscular mycorrhizae (AM) colonization was found to 
induce resistance by different means; e.g.  exploitation of soil mineral resources, acting as  bioprotective agent 
against many soil pathogens (Turk et al., 2006), and by  increasing organic and inorganic phosphorus uptake 
which plays an important role in the higher tolerance of mycorrhizal plants to pathogens (Jia et al., 2004) by 
production of antifungal or oxidative enzymes (Pozo and Azcon-Aguilar, 2007), or by a strong reaction of the 



1095 
Middle East j. Agric. Res., 3(4): 1090-1103, 2014 

host cell characterized by the massive accumulation of phenolic- like compounds and the production of 
hydrolytic enzymes induction of defense related enzymes (Vivekananthan et al., 2004), such as chitinase (El-
Khallal, 2007). Application of PGPR for plant disease management is gaining importance to control fungal 
diseases caused by soil borne and leaf spot pathogens in wide range of crops (Wei et al., 1996; Viswanathan and 
Samiyappan, 2001; Ramamoorthy et al., 2002). In the present work, successful application of representable 
members of plant growth-promoting rhizobacteria (Bacillus megaterium var. phosphaticum) and Arbuscular 
mycorrhizal fungi (Glomus intraradices and Glomus macrocarpum) as resistance inducers confirmed previous 
results on the role of these groups of inducers in inducing resistance in many plant hosts against their pathogens. 
These inducers were successfully applied on many host-pathogen systems; e.g. Bacillus subtilis FZB24 on 
strawberry against both Colletotrichum acutatum (Tortora et al., 2012) and Sphaerotheca macularis (Lowe et 
al., 2012), in addition to Glomus intraradices on rice against Magnaporthe oryzae (Campos-Soriano et al., 
2012). 

 
Table 3. DI and DS of susceptible (Castle Rock) and resistant (Peto 86) tomato cultivars pretreated with the tested biological inducers and 

inoculated with FOL 
Disease severity  

(DS) 
Disease incidence  

(DI) 
Biological control 

agents   
Cultivar  

Reduction %  %  Reduction %  %  
 -  a77.50  - a85.50 Control 

Castle Rock 

61.00 c30.00 70.10 d25.50  GI 
51.60 b37.50 66.60 c28.50 GM 
65.10 d27.00 72.50 d23.50 GI+GM 
49.60 b39.00 63.30 b31.10 BMP 
77.00 e17.75  81.10 d16.10 BMP+GI 
81.90 f14.00 85.00 e12.75 BMP+GM 
85.80 gh11.00 89.60 gh8.85 BMP+GI+GM 

 - e18.30 - fg10.95 Control 

Peto 86 

13.90 ef15.75 34.70 hi7.15 GI 
29.70 gh.8512 36.50 hi6.95 GM 
48.90 hi9.35 45.60  ij5.95 GI+GM 
7.10 e17.00 15.90 gh9.2 BMP 

64.20 ij6.55 51.50 ij5.30 BMP+GI 
74.80 jk4.60 63.40 j4.00 BMP+GM 
82.50 k3.20 87.00 k1.35 BMP+GI+GM 
 ---- 2.84 ----- 2.17  0.05LSD  

C1= Untreated non-inoculated tomato plants with FOL, C2= Untreated inoculated control, GI= Glomus intraradices, GM= Glomus 

macrocarpum, BMP= Bacillus megaterium var. phosphaticum. Capital letter= LSD as 5 different times, small letter= LSD as 18 different 

biotic inducers treatment. 

 

Pathogenesis related proteins (PRs) activities 
 

The aim of this experiment was to determine the activities of some pathogensis-related proteins, i.e. 
chitinases (PR-3, 4, 8, and 11), β-1,3-glucanase (PR-2), peroxidases (PR-9), in addition topolyphenoloxidases, 
in both resistant and susceptible cv. (Castle Rock cv.) and resistant cv. (Peto 86) to FOL. Determinations were 
carried out in inoculated tomato plants, pretreated with the biological inducers (GI, GM and BMP). Activities of 
the tested enzymes were determined 3, 24, 48, 72 and 96 hrs after inoculation. 

 
Chitinase activity 
 

Data presented in Table (4) showed that untreated non-inoculated tomato plants (C1) showed little and 
unstable chitinase values during the experiment in both resistant Peto 86, and susceptible Castle Rock cv. 
Significant increase in enzyme content in C1 control was detected 96 hrs after inoculation, compared with those 
of 3 hrs treatments, in both susceptible (0.816 and 0.215 Mg/ml/g-1 FW, respectively) and resistant cv. (1.417 
and 0.526 Mg/ml/g-1 FW, respectively). Throughout the experiment, untreated inoculated control (C2) showed 
significant increase in chitinase induction in both resistant Peto 86 (1.667 to 1.85 Mg/ml/g-1 FW) and susceptible  

Castle Rock (0.223 to 1.084 Mg/ml/g-1 FW), compared with control (C1).In susceptible Castle Rock cv., 
the activity of chitinase, induced by BMP, and by BMP+GM or BMP+GI mixtures showed significant 
increasing rates, compared with C2, 48 and 96 hrs after inoculation. The highest increasing rate in Castle Rock 
cv. was attained by GI+BMP, GM+BMP and GI+GM+BMP. Induction rates by GI and GM gradually 
increased, attaining maximum values after 48 hrs after inoculation. Differences in chitinase induction between 
GI and GM were insignificant until the 48 hr period. However, GI realized significant increase than GM during 
the 72 and 96 hr. intervals, suggesting that GM was more active in inducing chitinase, compared with GI. 

In case of resistant Peto 86 cultivar, the activity of chitinase, induced by BMP, and BMP+GI+GM 
showed significant increasing rates, compared with C2 after 48 hrs following inoculation. The highest induction 
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of chitinase was realized by GI+BMP, GM+BMP and GI+GM+BMP combinations. Induction rates by GI and 
GM gradually increased, attaining maximum values after 24 and 48 hrs after inoculation. In contrast to Castle 
Rock cv., GM was more active in inducing chitinase in the other tested intervas. The highest values of enzyme 
induction was obtained by BMP+GM and BMP+GI combinations at 72 hrs following inoculation in both 
resistant and susceptible cultivar (15.573 and 9.416 Mg/ml/g-1 FW, respectively). 
 
Table 4. Changes in chitinase activities in susceptible (Castle Rock) and resistant (Peto 86) tomato cultivars, pretreated with the tested 

biological inducers before inoculation with FOL, at different periods 

LSD0.05 
Total chitinase activity (Mg/ml/g-1 FW) 

Time after inoculation (hrs) 
Treatment 

Cultivar 
 96 72 48 24 3 

0.021 0.816oA 0.436lB 0.324oD 0.381kC 0.215hE C1 

Castle 
Rock 

0.172 1.084nAB 1.232kA 0.963nB 0.732jC 0.223hD C2 
0.221 2.083jkC 2.395iB 2.664kA 1.541iD 0.333gE GI 
0.215 1.678lB 1.787jB 2.056lA 1.445iC 0.347ghD GM 
0.392 2.594iB 3.033hA 3.170jA 1.682hiC 0.421ghD GI+GM 
0.175 5.134gB 4.255gC 6.613gA 1.674hiD 1.560deD BMP 
0.353 6.015eC 8.109eA 7.668eB 2.450efD 1.378eE BMP+GI 
0.351 5.236gC 6.139fB 7.084fA 2.174fgD 1.490deE BMP+GM 
0.328 6.457dC 9.416dA 8.087dB 2.598eD 1.671dE BMP+GI+GM 
0.430 1.417mA 0.678lB 0.546oB 0.666jkB 0.526gB C1 

Peto 86 

0.351 1.850klA 1.667jA 1.700mA 1.969ghA 1.169fB C2 
0.482 3.996hA 3.029hB 3.561iA 3.610dA 2.227cC GI 
1.654 2.110jE 2.499iC 3.422iB 3.448dA 2.195cD GM 
0.175 4.080hC 4.496gB 5.439hA 4.400cB 2.323bcD GI+GM 
0.182 5.648fD 5.974fC 10.437cA 8.114bB 2.686aE BMP 
0.350 9.401bC 13.698bA 11.135bB 7.982bD 2.455bE BMP+GI 
0.353 6.986cD 12.661cA 10.617cB 7.898bC 2.669aE BMP+GM 
0.511 10.133aC 15.573aA 12.448aB 9.934aC 2.841aD BMP+GI+GM 

 0.234 0.292 0.229 0.303 0.196 LSD0.05 

C1= Untreated non-inoculated tomato plants with FOL, C2= Untreated inoculated control, GI= Glomus intraradices, GM= Glomus 
macrocarpum, BMP= Bacillus megaterium var. phosphaticum. Capital letter= LSD as 5 different times, small letter= LSD as 18 different 
biotic inducers treatment. 

β-1,3-glucanase 
 

Data presented in Table (5) showed limited and unstable β-1,3-glucanase content in untreated non-
inoculated plants (C1), in both resistant Peto 86 and susceptible Castle Rock cvs. Untreated control inoculated 
with FOL (C2) showed significant increase in β-1,3-glucanase induction in both resistant Peto 86 and 
susceptible Castle Rock compared to control (C1).Generally, pretreatment with each of the tested bioinducers or 
their combinations resulted in significant increase in β-1,3-glucanase in both susceptible and resistant cvs., 
compared with C1 and C2 controls; however, increasing rates varied according to the tested bioinducer and host 
resistance. Although both resistant and susceptible cvs. showed the same trend in induction of β-1,3-glucanase; 
however, induction rates were higher in resistant cv., compared with those of susceptible cv. This was true for 
all the tested treatments. In susceptible Castle Rock cv., of β-1,3-glucanase content, induced by BMP, and BMP 
+ GI, and BMP + GM combinations showed significant increase, in enzyme induction, compared with control 
(C2), 48 hrs following inoculation. The highest increasing rate was realized by GI + BMP, GM + BMP, and GI 
+ GM + BMP combinations. Enzyme Induction rates increased gradually in plants pretreated with GI and GM, 
attaining maximum values 48 hrs after inoculation. Besides, GM was more active in inducing β-1,3-glucanase 
than GI bioinducer. In resistant Peto 86 cv., β-1,3-glucanase content, induced by BMP alone, BMP + GI and 
BMP + GM combinations showed significant increase, compared with control (C2), 48 hrs after inoculation. 
Similar to the susceptible cv., the highest induction rates were realized by GI + BMP, GM + BMP, and GI + 
GM + BMP combinations.  Induction rates by GI and GM gradually increased, attaining maximum values 48 
hrs after inoculation. Moreover, GM was more active in inducing β-1,3-glucanase than GI bioinducer. 
Generally, obtained data indicated that higher β-1,3-glucanase activity values were induced by the combination 
of BMP each with GI and GM in both resistant and susceptible cultivars (9.320 and 5.462 μmol/g-1 FW, 
respectively), 48 hrs after inoculation. 

According to the obtained data in both Table (4) and (5), pretreatment of tomato plants with the tested 
bioinducers significantly increase induction rates of bothchitinase and β-1, 3-glucanase, attaing maximum 
values 48 and 72 hrs after challenging with FOL. Moreover, this increase was positively correlatedwith parallel 
decrease in disease severity. These findings provide us a basis to suggest that these enzymes have an important 
role in the activation of defense mechanisms against the tested pathogen; however, according to Harman (2006), 
High activity of these enzymes may due to the capability of mycorrhizal fungi to produce a rich mixture of 
antifungal enzymes, including chitinases and β-1,3-glucanases, which are synergistic with each other, with other 
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antifungal enzymes, and with other materials. Intensive production of chitinase and β-1,3-glucanasethroughout 
the experiment, correlated with parallel decrease in disease severity confirmed the role of these hydrolytic 
enzymes in weakening and decomposing of fungal cell walls, containing glucans, chitin (Bühler, 2007 and 
Astroverde, 2010).Induction of chitinase and β-1,3-glucanase in tomato plants pretreated with the testes 
bioinducers confirmed similar studies on different host -pathogen systems pretreated with different elicitors 
(Nielsen et al., 1993;Lawrence et al., 2000; Pozoet al., 2002; Anguelova-Methar et al., 2001; Schultheiss et al., 
2003; Nazeem et al. 2008; Wan et al. 2008; Tavares, 2009).  
 According to the present study, untreated uninoculated control (C1) showed limited chitinase and β-
1,3-glucanase content, which increased upon inoculation of untreated plants (C2). However, plants pretreated 
with the tested bioinducers always exhibited higher content of these enzymes. These results confirmed previous 
studies that PR proteins are constitutive, which may explain the occurrence of these amount of PR proteins in 
C1 and C2 controls. Similar conclusion was pointed out by Oliveira and Nishijima (2014). These findings were 
in agreement with Brunner et al. (1998), who concluded that these enzymes are constitutively present in plants. 
As a result, they can only be enhanced, rather than specifically induced, by pathogen infection, and often are 
increased also under other stress conditions. Induction mechanism of chitinases by invaded plants was 
introduced by Wan et al. (2008) and Nazeem et al. (2008),who reported that during fungal infection, plant cells 
secrete chitinases that release chitin fragments from fungal cell walls that can act as an elicitor to induce plant 
innate immunity against the invading pathogen. Thus, overexpression of chitinase in plants enhances resistance 
to fungal pathogens. In the present study, the biotic inducers were applied one week before inoculation for the 
development of induced resistance; plants need a period before being challenged with a pathogen. This was in 
line with Oliveira and Nishijima (2014), who reported that this interval was between 1 and 7 days in most cases; 
however, 3-day-period was satisfactory to induce resistance under their experimental conditions. 
 
Table 5. Changes in β-1,3-glucanase activities in susceptible (Castle Rock) and resistant (Peto 86) tomato cultivars, pretreated with the 

tested biological inducers before inoculation with FOL, at different periods: 

 
LSD 

0.05 

Total β-1,3-glucanase activity (μmol/g-1 FW)  
Time after inoculation (hours) 

Treatment  Cultivar 
96 72 48  24 3  

0.035 0.191kC 0.423kA 0.341mB 0.318lB 0.179hC C1 

Castle Rock 

0.021 0.463jC 0.809jA 0.596lB 0.610jkB 0.186hD C2 
0.225 1.310fC 2.013ghB 2.313ijA 0.639jkD 0.394hE GI 
0.216 1.180fgC 1.564iB 2.142jA 0.511jklD 0.290hE GM 
0.430 0.689ijC 2.120ghB 2.709hA 0.710jC 0.352hC GI+GM 
0.201 0.975ghD 2.324fgB 2.942gA 2.451gB 1.185fC BMP 
0.216 2.039dD 2.685deC 4.984eA 4.068eB 1.536deE BMP+GI 
0.279 1.916dD 2.476efC 3.976fA 2.962fB 1.553deE BMP+GM 
0.364 2.496cC 2.811dC 5.462dA 4.712dB 1.661dD BMP+GI+GM 
0.351 0.823hiA 0.620jkAB 0.548lAB 0.416klB 0.328hB C1 

Peto 86 

0.193 1.021ghB 0.911jBC 1.221kA 1.232iA 0.732gC C2 
0.183 1.922dC 2.270fghB 2.919gA 2.260gB 1.394deD GI 
0.355 1.580eC 1.959hB 2.411iA 2.158ghAB 1.373efC GM 
0.328 2.048dC 2.531defB 4.035fA 2.754fB 1.454deD GI+GM 
0.175 2.306cD 6.216cB 6.567cA 4.165eC 1.681dE BMP 
0.351 4.464bC 6.679bB 7.117bA 6.726bB 3.491aD BMP+GI 
0.351 4.289bC 6.514bcB 7.303bA 6.494cB 2.413cD BMP+GM 
0.430 5.185aA 7.215aA 9.320aA 8.136aA 2.682bA BMP+GI+GM 

 0.230 0.305 0.202 0.229 0.224 0.05LSD  
C1= Untreated non-inoculated tomato plants with FOL, C2= Untreated inoculated control, GI=Glomus Glomus intraradices, GM=Glomus 

macrocarpum, BMP= Bacillus megaterium var. phosphaticum. Capital letter= LSD as 5 different times, small letter= LSD as 18 different 

biotic inducers treatment. 

Peroxidase activity 
 

Data presented in Table (6) showed that untreated non-inoculated tomato plants (C1) had limited 
peroxidase in both resistant Peto 86 and susceptible Castle Rock cvs..Untreated control inoculated (C2) showed 
stable increase in peroxides content, attaining maximum levels in both cultivars 48 and 72 hrs after inoculation. 
In both susceptible Castle Rock and resistant Peto 86 cvs., significant increase in peroxidase content was 
induced by treatment plants with BMP, and BMP+GM and BMP + GIand BMP+GM+GL combiations, 
compared with C2, 48 hrs after inoculation. The highest increasing rate was realized by a mixture of the three 
tested bioinducers. Maximum induction was mostly attained after 48 hrs. of inoculation. In addition, enzyme 
induction by GM was higher than that of GI. Although both resistant and susceptible cvs., showed the same 
trend in induction of perxidase; however, induction rates were higher in resistant cv., compared with those of 
susceptible cv. This was true for all the tested treatments. 
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Polyphenoloxidase (PPO) activity 
 

According to data presented in Table (7) PPO content in both C1 and C2 controls in both resistant and 
susceptible cvs., showed similar pattern to that reported for PO enzyme; however, enzyme content was higher in 
controls of resistant than susceptible cv. Pretreatment of both Castle Rock and Peto 86 cvs., with the tested 
bioinducers or their mixtures before challenging with FOL, resulted in significant induction of PPO enzyme, 
copared with C1 and C2. The highest increasing levels of PPO were induced by the mixture of the three tested 
bioinducers (BMP + GI + GM), attaing maximum levels 48 and 72 hrs after inoculation, then gradually 
declined. GI was, relatively, more effective in inducing PPO than GM.In spite of the similarity in the response 
of the two tested cultivars to bioinducers; however, PPO induction rates were higher in resistant than the 
susceptible cultivar.cv. According to the obtained results, reduction of disease severity values was positively 
correlated with the induction of peroxidase and polyphenoloxidase.  This was in line with the findings of Harrier 
and Watson (2004). Pretreatment with many biological control agents lead to induced systemic resistance (ISR) 
(Pozo et al., 2002; Hammerschmidt, 1999; Mohammadi and Kazemi, 2002; Thangavelu et al., 2003; Falahianet 
al., 2007). 
 
Table 6. Changes in peroxidase activities in susceptible (Castle Rock) and resistant (Peto 86) tomato cultivars, pretreated with the tested 

biological inducers before inoculation with FOL, at different periods: 
 

LSD 

0.05  

Total peroxidase activity (units/mg protien)  

Time after inoculation (hours) 
Treatment  Cultivar 

96 72 48  24 3  
0.187 0.267gA hiA 0.254 gA0.170  hiA0.200 lA0.123  C1   

 
 
 

Castle Rock 

0.035 hA0.137  iA0.153 gA0.153  iA0.167 klA0.136 C2 
0.048 0.260gB 0.370efgA 0.403efA 0.306ghB 0.274gB GI 
0.032 0.287gC 0.350ghB 0.397fA 0.297ghC 0.229hD GM 
0.037 0.304fgC 0.363fghB 0.429efA 0.238hiD 0.192jE GI+GM 
0.034 0.433deB 0.429cdefgB 0.490defA 0.403defgB 0.274gC BMP 
0.043 0.549abcA 0.580bA 0.592cdeA 0.474cdeB 0.435dB BMP+GI 
0.059 0.457cdB 0.481bcdefAB 0.538cdefA 0.510bcdAB 0.348fC BMP+GM 
0.023 0.577abB 0.584bB 0.706abA 0.513bcC 0.405eD BMP+GI+GM 
0.023 fgA0.300 iD0.160 gC0.190 hiB0.23 ijC0.203 C1 Peto 86 
0.048 hA0.147 iA0.173 0.189gA iA0.173 kA0.160 C2 
0.035 0.335efgC 0.444cdefgA 0.452defA 0.388efgB 0.327fC GI 
0.040 0.310fgC 0.379defgAB 0.406efA 0.355fgB 0.223hiD GM 
0.044 0.451cdAB 0.483bcdeA 0.483defA 0.445cdefAB 0.409eB GI+GM 
0.049 0.405defC 0.526bcB 0.653bcA 0.551abcB 0.405eC BMP 
0.043 0.440cdeD 0.492bcdC 0.668bcA 0.610abB 0.534bC BMP+GI 
0.052 0.469bcdB 0.474bcdefB 0.558bcdeA 0.493cdeB 0.464cB BMP+GM 
0.021 0.610aC 0.765aB 0.841aA 0.627aC 0.579aD BMP+GI+GM  

 0.102 0.105 0.140 0.097 0.024 0.05LSD  
C1= Untreated non-inoculated tomato plants with FOL, C2= Untreated inoculated control, GI= Glomus intraradices, GM= Glomus 

Glomusm acrocarpum, BMP= Bacillus megateriumvar. phosphaticum. Capital letter= LSD as 5 different times, small letter= LSD as 18 

different biotic inducers treatment. 

Results showed that pretreatment of tomato with B. megateriumvar. phosphaticum, a PGPR strain of 
Bacillus megaterium, before challenging with FOL wilt pathogen, significantly increased PO and PPO and 
decrease disease incidence and severity. This was in agreement with Guerra-Cantera and Raymundo (2005), 
who concluded that some antagonistic Bacillus species involves in the induction of plant resistance. Similar 
increases in PO and PPO was recorded by Sun et al. (2011) on inoculation of banana plants with Bacillus strain 
before inoculation with wilt pathogen. Moreover, pretreatment with Bacillus subtilis induced defense related 
enzymes such as PO and PPO, which was positively correlated with reduction in wilt disease in banana (Akila et 
al., 2011 and Sukhada et al., 2004). In addition, it was found that B. megateriumvar. phosphaticum play an 
important role in controlling several faba bean diseases i.e. R. solani root rot and stem canker disease (Farfour 
and Al-Saman, 2014). 
 Pretreatment of tomato plants with the mycorrhizal fungi, i.e. Glomus intraradices (GI) and Glomusm 
acrocarpum (GM) before inoculation with FOL wilt pathogen significantly decreased disease incidence and 
severity and enhanced the accumulation of defence-related enzyme PO and also PPO.  

These findings supported previous findings about the effective role of arbuscular mycorrhizal fungi 
(AMF) in induction of PO and PPO and enhanced defensive capacity to infection by reducing diseases caused 
by many pathogens such as Cylindrocladium, Fusarium, Macrophomina, Phytophthora, Pythium, Rhizoctonia, 
Sclerotinium and Verticillium (Berta et al., 2005; Zahra et al., 2011; Akila et al., 2011; Al-Askar and Rashad, 
2010; Abohatem et al., 2011; Duncan et al., 2013).These enzymes are capable of enhancing induced systemic 
resistance (ISR) in tomato plants against wilt pathogen under the influence of these mycorrhizal fungi (Akram et 
al., 2013). Increases in PPO activities was also associated with different host-pathogen interactions, i.e. potato 
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against different isolates of A. solani (Shahbazi et al., 2010), pearl millet against Sclerospora graminicola 
(Kumar et al., 2010) and bacterial wilt of tomato (Vanithaand Umesha, 2011).Increases in PO activities are 
correlated with resistance due to its role in lignin biosynthesis, leading to disease resistance (Ozgonen et al., 
2009). Moreover, catalase-peroxidase gene CPXB plays a role in fungal defense against H₂O₂ accumulated in 
epidermal cells of plants against pathogens (Tanabe et al., 2011) and might stimulate the interaction of Ca2+ 
signals required for induction of defense responses (Nandakumar et al., 2001). 

PPO is involved in the oxidation of polyphenols into quinines (antimicrobial compounds) and 
lignifications of plant cells during microbial invasion (Melo et al., 2006; Raju et al., 2008; Al-Amri et al., 
2012), forming brown pigments during the necrotic reactions (El-Modafar and El Boustani, 2005). This necrotic 
process was considered as a defense mechanism associated with the hypersensitive reaction (Wang et al., 2007). 
Moreover, PPO may also participate in the responding defense reaction and hypersensitivity by inducing plant 
resistance against fungi (Mayer, 2006). It could be concluded that pretreatment of tomato with the mycorrhizal 
fungi Glomus intraradices, G. macrocarpum and PGPR Bacillus megaterium var. phosphaticum, resulted in 
significant increase in the activity of the major defense related enzymes chitinase, β-1, 3-glucanase, PO and the 
activity of PPO. These increases were correlated with parallel decrease in disease incidence and severity, 
suggesting that application of the tested AMF and PGPR could play an important role in inducing partial 
resistance and exhibit greater potential to protect tomato plants against wilt. Therefore, along with conventional 
fungicides, inoculation with the recommended AMF and PGPR may provide the farmer a new option for disease 
control. However, further research is necessary to establish a general recommendation. Induction rates of 
Enzyme activity (chitinase, β-1,3-glucanas, peroxidase and polyphenoloxidase) was increased gradually in each 
susceptible and resistance cultivars, but Our results showed that, significant increase of  enzyme activities in 
resistance cv. (Peto 86) compared with susceptible cv. (Castle Rock).   
 
Table 7. Changes in polyphenoloxidase (PPO) activities in susceptible (Castle Rock) and resistant tomato cultivars (Peto 86), pretreated 

with the tested biological inducers before inoculation with FOL, at different periods 

 
LSD 

0.05  

Total polyphenoloxidase activity (units/mg protein)  

Time after inoculation (hours) 
Treatment  Cultivars  

96 72 48  24 3  
0.002  gA0.001 iA0.002 gA0.002 eA0.001  fA0.003 C1 

Castle Rock 

0.018 gA0.026 hiA0.035 gB0.007 eB0.006 fB0.002  C2 
0.038 fB0.115   fA0.224 eBC0.077 eCD0.045 fD0.020 GI 
0.027 fA0.120  hiC0.036 eB0.066 eC 0.028 fC0.017 GM 
0.051 eBC0.203 fAB0.242  dA0.286 dCD0.159  eD0.128 GI+GM 
0.021 cdB0.289 eB0.286 cA0.327 cB0.269 dC0.183 BMP 
0.043 bA0.366 bcA0.395 bB3870. bB0.316 bB0.290 BMP+GI 
0.029 cdB0.305 cdA0.359 cB0.329 bcB0.309 cC0.243 BMP+GM 
0.058 abAB0.385 bAB0.401 bA0.404 bB0.342 bcC0.270 BMP+GI+GM 
0.017 gB0.010 hiA0.030 gB0.006  eB0.010 fB0.008 C1 

Peto 86 

0.027 gB0.019 hA0.056 fgB0.023 eB0.002 fB0.006  C2 
0.032 cdA0.307 gB0.133 efgC0.040 eC0.037 fC0.037 GI 
0.051 eA0.220 gB0.137 efC0.059 eC0.025  fC0.039 GM 
0.052 Acd0.301  deA0.322 cdA0.322 bcA0.297 bcA0.273 GI+GM 
0.035 dB0.270 dA0.351 bA0.369 bcB0.301 bcB0.270 BMP 
0.065 bB0.360 bA0.435 bAB0.399 bB0.340 aA0.356 BMP+GI 
0.094 cA0.313 bA0.400 bA0.372 bA0.340 cB0.232 BMP+GM 

0.044 aC0.407 aB0.510 aA0.561 aC0.418 aC0.386 BMP+GI+GM 

 0.034  0.038 0.036 0.039 0.042 0.05LSD 
C1= Untreated non-inoculated tomato plants with FOL, C2= Untreated inoculated control, GI= Glomusintraradices, GM=Glomusm 

acrocarpum, BMP= Bacillus megateriumvar.phosphaticum. Capital letter= LSD as 5 different times, small letter= LSD as 18 different 

biotic inducers treatment. 

References 
 
Abd El-Hak, O., and M. Abdalla, 2007. Integrated control of tomato wilt disease caused by Fusarium 

oxysporum f. sp. lycopersici. M.Sc. thesis, Plant Pathology Department, Faculty of Agriculture, 
Assiut Univ. 2007.   

Abdel-Monaim, M. F., 2012. Induced systemic resistance in tomato plants against Fusarium wilt disease. 
International Research Journal of Microbiology, 3(1): 014-023. 

Abdel-Monaim, M. F., M. A. W. Abdel-Gaidand, H. A. H. Armanious, 2012.Effect of chemical inducers on 
root rot and wilt diseases, yield and quality of tomato. International Journal of Agricultural 
Sciences, 2 (7): 2011-220. 



1100 
Middle East j. Agric. Res., 3(4): 1090-1103, 2014 

Abohatem, M., F. Chakrafi,  F. Jaiti,  A. Dihazi and M. Baaziz, 2011. Arbuscular mycorrhizal fungi limit 
incidence of Fusarium oxysporum f. sp. albedinis on date palm seedlings by increasing nutrient 
contents, total phenols and peroxidase Activities. The Open Horticulture J., 4:10-16. 

Akila, R., L. Rajendran,  S. Harish, K. Saveetha, , T. Raguchander and R. Samiyappan, 2011. Combined 
application of botanical formulations and biocontrol agents for the management of Fusarium 
oxysporum f. sp. cubense (Foc) causing Fusarium wilt in banana. Biol. Control, 57: 175-83. 

Akram, W., T. Anjum, B. Ali, and A. Ahmad, 2013. Screening of native Bacillus strains to induce systemic 
resistance in tomato plants against Fusarium wilt in split root system and its field applications. Int. 
J. Agric. Biol., 15:1289–1294. 

Al-Amri, S., M. Hashem and S. Y. Mostafa, 2012.In-vitro and In-vivo biocontrol of soil borne phytopathogenic 
fungi by certain bioagents and their possible mode of action. Biocontrol Sci. 17:155-167. 

Al-Askar, A. A., and Y. M. Rashad, 2010.ArbuscularMycorrhizal Fungi: A biocontrol agent against common 
bean fusarium root rotdisease. Plant Pathology J., 9: 31-38. 

Alexopoulos, C. J., and C. W. Mims, 1979.Introductory Mycology. John Willy and Sons. Inc., New York, 
Chichester Brisbance, Toronto, Third Edition, 632. 

Anguelova-Methar, V. S., Van Der, A. J. W., and Pretorius, Z. A. 2001.β-1,3-Glucanase and chitinase activities 
and the resistance response of wheat to leaf rust. J. Phytopathol. 149, 381–384. 

Arie, T. 2010. Phylogeny and phytopathogenicity mechanisms of soilborne Fusarium oxysporum. J. Gen. Plant 
Pathol., 76:403–405. 

Astroverde, C. D., 2010. Defence gene expression in the tomato-Verticillium pathosystem. Ph.D. thesis. The 
Faculty of Graduate Studies of The University of Guelph.148 pp.  

Attitalla, I. H., S. Brishammar and C. Camyon, 1998.Effect of soil moisture and temperature on incidence of 
Fusarium wilt of tomato. J. Mycol. Plant Pathol., 28:308. 

Barnett, H. L., and Hunter, B. B. 1987.Illustrated genera of imperfect fungi.4th Edition. Burgess Publishing 
Company, Minneapolis, MN, 218 pp 

Batra, G. K., and Kuhn, C. W. 1975. Polyphenol oxidase activities associated with acquired resistance and its 
inhibition by 2-thiouracil in virus-infected soybean. Physiol., plant pathol. 5, 239-248. 

Berta, G., S. Sampo, E. Gamalero, N. Massa, and P.Lemanceau, 2005. Suppression of Rhizoctonia root-rot of 
tomato by Glomus mosseae BEG12 and Pseudomonas fluorescens A6RI is associated with their 
effect on the pathogen growth and on the root morphogenesis. Eur. J. Plant Pathol., 111: 279-88. 

Biswas, S. K., Srivastava, K. D., Aggarwal, R., Shelly, P., and Singh, D. V. 2003.Biochemical changes in wheat 
induced by Chaetomium globosum against spot blotch pathogen. Indian Phytopath., 54(4):374-379. 

Booth, C., 1971. The genus Fusarium. The Commonwealth Mycological Institute Kew, Surrey, England, 237pp. 
Brunner, F., Stintzi, A., Fritig, B., and Legrand, M. 1998.Substrate specificities of tobacco chitinases. Plant J., 

14:225–34. 
Bühler, N. F. 2007. Gene induction during plant-microbe interactions: The role of chitinases during fungal 

infection and the investigation of mycorrhiza-induced genes in the model plant M. truncatula. Ph.D. 
Thesis Univ. Basel.181pp.  

Campos-Soriano, L., J. García Martínez and B. San Segundo, 2012. The arbuscular mycorrhizal symbiosis 
promotes the systemic induction of regulatory defence-related genes in rice leaves and confers 
resistance to pathogen infection. Molecular Plant Pathology, 13: 579–592. 

Chandanie, W. A., I. Kubota and M. M. Hyakumachi, 2006. Interaction between arbuscularmycorrhizal fungus 
Glomus mosseae and plant growth promoting fungus Phoma sp. on their root colonization and 
disease suppression of cucumber (Cucumis sativus L.). Annu Rep Int Res Inst Environ Sci., 24: 91-
102. 

Choudhary, K. D., A. Prakash, and B. N. Johri, 2007. Induced systemic resistance (ISR) in plants: mechanism 
of action. Indian J. Microbiol., 47(4):  289-297. 

Cohen, Y., 1994. Amino butyric acid induces systemic resistance against Perenospora tabacina. Physiol. Mol. 
Plant Pathol., 44:273-288. 

De Cal, A., and P. Y. Melgarejo, 2001. Repeated application of Penicillium oxallicum prolongs bio-control of 
fusarium wilt of tomato plants. Eur. J. Plant Pathol., 107:805-811. 

Duncan, D., L. Cameron Andrew, C. M. Neal Saskia and J. T. Van Wees, 2013. Mycorrhiza-induced resistance: 
more than the sum of its parts.Trends in plant science.18 (10): 539–545. 

El-Khallal, S. M., 2007. Induction and modulation of resistance in tomato plants against Fusarium wilt disease 
by bioagent fungi (Arbuscular mycorrhiza) and/or hormonal elicitors (jasmonic acid & salicylic 
acid): 1- Changes in growth, some metabolic activities and endogenous hormones related to defence 
mechanism. Australian Journal of Basic and Applied Sciences, 1(4): 691-705. 

Ellis, M. B. 1971. Dematiaceous Hyphomycetes. Commonwealth Mycological Institute, Kew, England.608 pp. 

http://www.cell.com/trends/plant-science/issue?pii=S1360-1385%2813%29X0010-X


1101 
Middle East j. Agric. Res., 3(4): 1090-1103, 2014 

El-Modafar, C., and El Boustani, E. 2005.The role of phenolics in plant defense mechanisms. In: Regnault-
Roger, C., B.J.R. Philogene and C. Vincent (eds), Biopesticides of Plant Origin, pp: 157–172. 
Intercept, Andover, Springer-Verlag, U.K.  

Falahian, F., OraghiArdebili, Z., and Fahimi, H. 2007. Effect of mycorrhizal fungi on some defence enzymes 
against Gaeumannomyces graminis in Wheat. Pak J Biol Sci.,10(14): 2257-66. 

Farfour, S. A., and Al-Saman, M. A. 2014. Root-rot and stem-canker control in faba bean plants by using some 
biofertilizers agents. Journal Plant PatholMicrob., 5:1. 

Guerra-Cantera, M. A. R. V., and Raymundo, A. K. 2005. Utilization of a polyphasic approach in the 
taxonomic reassessment of antibiotic and enzyme-producing Bacillus sp. isolated from the 
Philippines. World. J. Microb. Biot., 21: 635-644. 

Hammerschmidt, R. 1999. Induced disease resistance: How do induced plants stop pathogens. Physiol. 
Molecular Pl. Pathol., 55: 77-84. 

Hansen, H. N. 1926. A simple method of obtaining single spore culture. Science, 64: 384.  
Harman, G. E. 2006. Overview of mechanisms and uses of Trichoderma spp. Phytopathology, 96:190‐194.  
Harrier, L. A., and Watson, C. A. 2004.The potential role of arbuscular mycorrhizal (AM) fungi in the 

bioprotection of plants against soil borne pathogens in organic and/or other sustainable farming 
systems. Pest Manag. Sci., 60(2): 149-57. 

Hibar, K., Daami-Remadi, M., and El Mahjoub, M. 2007.Induction of resistance in tomato plants against 
Fusarium oxysporum f. sp. Radicis- lycopersici by Trichoderma spp., Tunisian Plant Protection, 2: 
47-58. 

Horinouchi, H., Muslim, A., Suzuki, T., and Hyakumachi, M. 2007. Fusarium equiseti GF191 as an effective 
biocontrol agent against Fusarium crown and root rot of tomato in rock wool systems. Crop Prot., 
25:121-129. 

Houterman, P. M., Ma, L., Van Ooijen, G., de Vroomen, M. J., Cornelissen, B. J. C., Takken, F. L. W., and 
Rep, M. 2009. The effector protein Avr2 of the xylem colonizing fungus Fusarium 
oxysporum activates the tomato resistance protein I-2 intracellularly. Plant J. 58: 970–978.  

Inami, K., Kashiwa, T., and Arie, T. 2014. The Tomato Wilt Fungus Fusarium oxysporum f. sp. 
lycopersici shares Common Ancestors with Nonpathogenic F. oxysporum isolated from wild 
tomatoes in the Peruvian Andes. Microbes environ, 29(2): 200-210 

Inami, K., Yoshioka, C., Hirano, Y., Kawabe, M., Tsushima, S., Teraoka, T., and Arie, T. 2010. Real-time PCR 
for differential determination of the tomato wilt fungus, Fusarium oxysporum f. sp. lycopersici, and 
its races. J Gen Plant Pathol. ; 76:116–121. 

Jia, Y., Gray, V. M., and Straker, C. J. 2004.The influence of rhizobium and arbuscular mycorrhizal fungi on 
nitrogen and phosphorus accumulation by Vicia faba. Ann. Bot. 94:251–258. 

Kapoor, R. 2008. Induced resistance in mycorrhizal tomato is correlated to concentration of jasmonic acid. On 
Line Journal of Biological Sciences, 8(3): 49-56. 

Khorsandi, S., Babaeiahari, A. A., Razayi, S., and Mohammadi Poor, M. 2009. Evaluation of resistance of some 
common tomato cultivars to fusarium wilts disease in the east azerbaijan province. Journal of 
research in crop sciences,   2(5): 85-92. 

Kuc, J. 1995. Induced systemic resistance an overview. In: Induced resistance to disease in plants (Eds. 
Raymond hammerschmidt and Joseph Kuc), p. 182.  

Kumar, A., Mali P. C., and Manga, V. K. 2010. Pearl millet caused by Sclerospora graminicola. International J. 
Plant Physiol. Bioch., 2(1): 6-10.  

Laemmli, U. 1970 .Cleavage of structural proteins during the assembly of the head of bacteriophage T4. Nature, 
227: 680-685.  

Lawrence, C. B., Singh, N. P., Qiu, J., Gardner, R. G., and Tuzun, S. 2000. Constitutive hydrolytic enzymes are 
associated with polygenic resistance of tomato to Alternaria solani and may function as an elicitor 
release mechanism. Physiol. Mol. Plant Pathol., 57: 211- 220.  

Lowe, A., S. Raffery- McArdle and A. C. Cassells, 2012. Effects of AMF and PGPR root inoculation and a 
foliar chitosan spray in single and combined treatments on powdery mildew disease in strawberry. 
Agricultural and Food Science 21, 28–38. 

Marlatt, M. L., J. C. Correll, P. Kaufmann and P. E. Cooper, 1996. Two genetically distinct populations 
of Fusarium oxysporum f. sp. Lycopersici race 3 in the United States. Plant Dis., 80: 1336-1342. 

Mayer, A. M., 2006. Polyphenol oxidases in plants and fungi: Going places? A review. Phytochem., 67: 2318-
31. 

Melo, G. A., M. M.Shimizu and P. Mazzafera, 2006.Polyphenoloxidase activity in coffee leaves and its role in 
resistance against the coffee leaf miner and coffee leaf rust. Phytochemistry, 67: 277–285.  

Metraux, J. P., H.Singer, J. Rayals, E. Ward and M. Wyss-Benz, 1991. Increase in SA at the onset of SAR in 
cucumber. Sci., 250:1004-1006. 

http://en.journals.sid.ir/SearchPaper.aspx?writer=12029
http://en.journals.sid.ir/SearchPaper.aspx?writer=301808
http://en.journals.sid.ir/SearchPaper.aspx?writer=301810


1102 
Middle East j. Agric. Res., 3(4): 1090-1103, 2014 

Mishra, A. K., Morang, P., Deka, M., Kumar, N. S., and Kumar, D. B. S. 2014. Plant growth-promoting 
rhizobacterial strain-mediated induced systemic resistance in tea (Camellia sinensis (L.) O. Kuntze) 
through defense-related enzymes against brown root rot and charcoal stump rot.Appl. Biochem. 
Biotechnol., 174(2): 506-21. 

Mohammadi, M., and H. Kazemi, 2002. Changes in peroxidase and polyphenoloxidase activities in susceptible 
and resistant wheat heads inoculated with Fusarium graminearum and induced resistance. Plant Sci. 
162: 491-498.  

Nandakumar, R., S. Babu, R. Viswanathn, , J. Sheela, , and T. Raghuchander, 2001. The management of Sheath 
blight and enhanced grain yield in rice. Biocontrol, 46: 493-510.  

Nazeem, P. A., C. R.Achuthan, , T. D. Babu, G. V. Parab, D. Girija, R. Keshavachandran, , and R. Samiyappan, 
2008. Expression of pathogenesis related proteins in black pepper (Piper nigrum L.) in relation to 
Phytophthora foot rot disease. J. Tropical Agric., 46 (1-2): 45–51.  

Nielsen, B. L., Z. Lu,  and K. K. Tewari, 1993. Characterization of the pea chloroplast DNA OriA region. 
Plasmid, 30, 197-211. 

Oliveira, A. A. R.,  and W. Nishijima, 2014.Induction of resistance to papaya black spot elicited by acibenzolar-
s-methyl. Plant Pathology Journal, 13: 120-124.  

Ozgonen, H., N. Yardimci and H. C. Kilic, 2009.Induction of phenolic compounds and pathogenesis-related 
proteins by mycorrhizal fungal inoculations against Phytophthora capsici Leonian in 
pepper.Pakistan J. Biolo. Sci., 12(17): 1181-1187.  

Pozo, M. J. and C. Azcon-Aguilar, 2007. Unraveling mycorrhiza induced resistance. Curr. Opin. Plant Biol., 10: 
393–398. 

Pozo, M. J., C. Cordier,, E. Dumas-Gaudot, S. Gianinazzi, J. M. Barea and C. Azcon-Aguilar, 2002. Localized 
versus systemic effect of arbuscular mycorrhizal fungi on defence responses 
to Phytophthora infection in tomato plants. J. Exp. Bot., 53: 525-534. 

Putter, J. 1974.Methods of enzymatic analysis (EcBergmeyer) (New York, Academic Press) p 685. 
Rajik, M., S. K. Biswas and S. Shakti, 2012. Biochemical basis of defense response in plant against fusarium 

wilt through bio-agents as inducers. African Journal of Agricultural Research, 7(43): 5849-5857. 
Raju, S., S. K. Jayalakshmi, and K. Sreeramulu, 2008. Comparative study on the induction of defense related 

enzymes in two different cultivars of chickpea (Cicer arietinum L) genotypes by salicylic acid, 
spermine and Fusarium oxysporum f. sp. ciceri. Aus. J. Crop Sci., 2(3):121-140.  

Ramamoorthy, V., T.B Raguchanderb and R. B. Samiyappan, 2002. Induction of defense-related proteins in 
tomato roots treated with Pseudomonas fluorescens Pf1 and Fusarium boxysporum f. sp. 
Lycopersici. Plant and Soil 239: 55–68, 2002. 

Ried, J. D., and D. M. Ogryd- Ziak, 1981.Chitinase over producing mutant of Serratia marcescens. Appl. 
Environ. Microbiolo., 41: 664-669.  

Saikia, R., B. P. Singh, R. Kumar, and D. K. Arora, 2005. Detection of pathogenesis-related proteins–chitinase 
and β-1,3-glucanase in induced chickpea. Curr. Sci., 89(4): 659-663. 

Schultheiss, H., Dechert, C., Kiraly, L., Fodor, J., Michel, K., Kogel, K. H., and Huckelhoven, R. 2003. 
Functional assessment of the pathogenesis-related protein PR-1b in barley. Plant Sci., 165: 1275-
1280.  

Shahbazi, H., Aminian, H., Sahebani, N., and Halterman, D. A. 2010.Biochemical evaluation of resistance 
responses of potato to different isolates of Alternaria solani. Phytopathology, 100 (5): 454-459.  

Smith, L. J. 2002. Intercropping with resistant cultivars reduces early blight and root knot disease on susceptible 
cultivars of tomato (Lycopersicon esculentum). M.Sc. Thesis, West Virginia University, USA.98 
pp. 

Steel, R. G. D., and Torrie, J. H. 1982.Principles and procedures of Statistics.2nd Ed., McGraw Hill Book Co., 
Tokyo, Japan. 

Sukhada, M., Manamohan, M., Rawal, R. D., Chakraborty, S., Sreekantappa, H., Manjula, R., and 
Lakshmikantha, H. C. 2004. Interaction of Fusarium oxysporum f. sp. cubense with Pseudomonas 
fluorescens precolonized to banana roots. World Journal of Microbiology & Biotechnology, 20: 
651–655. 

Sun, J. B., M.Peng, Y. G.Wang, P. J. Zhao, and Q. Y. Xia, 2011. Isolation and characterization of antagonistic 
bacteria against Fusarium wilt and induction of defense related enzymes in banana. African Journal 
of Microbiology Research, 5: 509-515. 

Tanabe, S., N.Ishii-Minami, K.Saitoh, Y.Otake, H.Kaku, N.Shibuya, Y.Nishizawa and E.Minami, 2011. The 
role of catalase-peroxidase secreted by Magnaporthe oryzae during early infection of rice cells. 
Mol. Plant-Micr. Interact., 24(2): 163-171.  

Tarabulsi, I. Y., S. M.Al-Kherb and M. Al-Fehaid, 1998. Anastomosis groups and pathogenicity of Rhizoctonia 
solani isolated from vegetable crops grown in greenhouses in Riyadh, Saudi Arabia. Saudi. J. Bio. 
Sci., 5(1): 21-29.  

http://www.ncbi.nlm.nih.gov/pubmed?term=Mishra%20AK%5BAuthor%5D&cauthor=true&cauthor_uid=25082766
http://www.ncbi.nlm.nih.gov/pubmed?term=Morang%20P%5BAuthor%5D&cauthor=true&cauthor_uid=25082766
http://www.ncbi.nlm.nih.gov/pubmed?term=Deka%20M%5BAuthor%5D&cauthor=true&cauthor_uid=25082766
http://www.ncbi.nlm.nih.gov/pubmed?term=Nishanth%20Kumar%20S%5BAuthor%5D&cauthor=true&cauthor_uid=25082766
http://www.ncbi.nlm.nih.gov/pubmed?term=Dileep%20Kumar%20BS%5BAuthor%5D&cauthor=true&cauthor_uid=25082766
http://www.ncbi.nlm.nih.gov/pubmed/25082766
http://www.ncbi.nlm.nih.gov/pubmed/25082766
http://ascidatabase.com/author.php?author=A.A.R.&last=Oliveira
http://ascidatabase.com/author.php?author=W.&last=Nishijima


1103 
Middle East j. Agric. Res., 3(4): 1090-1103, 2014 

Tavares, G. M., 2009. Foot rot of papaya: Infestation in soil cultivation, alternative control with resistance 
inducers and Trichoderma and evaluation of defense mechanisms involved. Ph.D. Thesis, 
Universidade Federal Rural de Pernambuco, Brazil. 

Thangavelu, R., A.Palaniswami, ,S.Doraiswamy, , and R.Velazhahan, 2003. The effect of Pseudomonas 
fluorescens and Fusarium oxysporum f. sp. Cubense on induction of defence enzymes and 
phenolics in banana. BiolPlantarum . 46(1):107-112. 

Tortora, M. L., J. C.Díaz-Ricci, and R. O. Pedraza, 2012. Protection of strawberry plants (Fragaria ananassa 
Duch.) against anthracnose disease induced by Azospirillum brasilense. Plant and Soil, 356: 279–
290. 

Turk, M. A., T. A.Assaf,  K. M. Hameed, and A. M. Al-Tawaha, 2006. Significance of mycorrhizae. World 
Journal of Agricultural Sciences 2 (1): 16-20. 

Van Loon, L. C., Bakker, P. A. H. M., and Beterse, C. M. J. 1998. Systemic resistance induced by rhizosphere 
bacteria. Ann. Rev. Phytopathol., 36:453-483. 

Vanitha, S. C., and S. Umesha, 2011. Pseudomonas fluorescens mediated systemic resistance in tomato is 
driven through an elevated synthesis of defense enzymes. Biologiaplantarum, 55 (2): 317-322.  

Viswanathan, R., and R. Samiyappan, 2001. Antifungal activity of chitinase produced by some fluorescent 
pseudomonas against Colletotrichum falcatum went causing red rot disease in sugarcane. Microbiol. 
Res., 155: 309-314.  

Vivekananthan, R., M.Ravi, A., Ramanathan, and R. Samiyappan, 2004. Lytic enzymes induced by 
Pseudomonas fluorescens and other biocontrol organisms mediate defence against the anthracnose 
pathogen in mango. World J. Microbiol. Biotechnol., 20: 235-244. 

Wan, J., X. C.Zhang, and G.Stacey, 2008.Chitin signaling and plant disease resistance. Plant Signaling & 
Behavior, 3(10): 831-833.  

Wang, C. F., L. L., Huang, H. Buchenauer, Han Q. M.,H. C. Zhang and Z. S. Kang ,2007. Histochemical 
studies on the accumulation of reactive oxygen species (O2- & H2O2) in the incompatible and 
compatible interaction of wheat-Puccinia striiformis f. sp. tritici. Physiol. Mol. Plant Pathol., 17: 
230–239. 

Wei, G., J., W. Kloepper and S. Tuzun, 1996. Induced systemic resistance to cucumber diseases and increased 
plant growth by plant growth promoting rhizobacteria under field conditions. Phytopathol., 86: 221-
224. 

Zahra, O. A., O. A. Nargesand M. M Seyed, 2011. Physiological effects of Pseudomonas fluorescens CHA0 on 
tomato (Lycopersicon esculentum Mill.) plants and its possible impact on Fusarium oxysporum f. 
sp. Lycopersici. AJCS, 5(12):1631-1638. 

 




