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ABSTRACT 
 

The present pot experiment is concerned with evaluation the long survival and activity of bio-agents 
against the root rot pathogenic fungi when introduced to cultivation soil. The incidence of pre-, and post-
emergence root rot show that the previously bio-agent applied treatments caused a significant effect on root rot 
incidence at both plant growth stages of grown vegetables comparing with control. At the first cultivation 
season, pre-, and post-emergence stages treatment with the bio-agent, T. harzianum caused the highest 
protection for seeds germination against the invasion by soil-borne pathogenic fungi followed by the others, T. 
viride, B. subtilis and P. fluorescence, respectively in descending order. The yeast, S. serevisiae showed the 
lowest protection in this concern. Similar trend was observed at the second cultivation growing season. 
Regarding the obtained results in the second cultivation season and comparing them with results obtained in the 
previous cultivation season, it could be observed that survival of both pathogenic and antagonistic 
microorganisms was proved. Although, the percentage of root rot incidence in control check treatment was 
lower in second cultivation season than the first one, the bio-agent treatments also showed lesser disease 
incidence. This phenomenon could be explained as the count of introduced microorganisms into soil, either 
pathogenic or antagonistic, facing the environmental conditions which reflecting on their counts but not activity 
to reach their establishment stage which called soil equilibrium community. Therefore, the introduced bio-
agents continue keeping their antagonistic effect against pathogenic fungi for over one cultivation season 
resulted in minimize the incidence of root rot disease at both pre-, and post-emergence plant growth stages.  
 
Key words: Antagonistic activity, Biological control, Cucumber, Cantaloupe, Pepper, Root rot pathogens, 

Tomato, Survival. 
 
Introduction 
 

Biological control of soil-borne plant diseases is growing in importance as the demand for more 
environmental friendly management strategies for plant pests increases. The application of biological control 
using antagonistic microorganisms proved to be successful for controlling various plant diseases in many 
countries (Sivan, 1987). Fungi in the genus Trichoderma are among the most widely commercialized bio-
control agents for soil-borne diseases of crops (Papavizas, 1985; Chet, 1987; Samuels, 1996). Species of 
Trichoderma are present in nearly all soils and other diverse habitats (McCray, 2002; Harman, 2005).  

The ability of several Trichoderma spp. isolates to control various plant pathogens, such as Pythium spp., 
Fusarium spp., Rhizoctonia solani, Verticillium spp., Sclerotium rolfsii, Botrytis cinerea, Armillaria spp., 
Botryoshaeria spp. and others, has been demonstrated (Sivan and Chet, 1986, Harman, 2000, Whipps and 
Lumsden, 2001, Bernal et al., 2001; De Paula Júnior, 2002, McLean et al., 2004). As for antagonistic bacteria, 
Kim et al., (1997) found that seed treatment with Bacillus spp. was actively controlled three fungal root diseases 
of wheat. Also, Pseudomonas cepacia or Pseudomonas fluorescens applied to pea seeds act as biological control 
agent against Pythium damping-off and Aphanomyces root rot and was able to reduce diseases incidence (Parke 
et al.1991 and King and Parke, 1993). Sunick et al., (1997) recorded that, Bacillus sp. gave a highly antagonistic 
effect against some pathogenic fungi including Fusarium solani. 

It is critical that artificially introduced inoculum is able to colonize, establish, compete and survive in the 
complex soil environment. Satisfactory bio-control by Trichoderma spp. is apparently dependent on the 
attainment of some minimum threshold populations in the soil (Kok et al., 1996) and the continued presence of 
living cells of the antagonist, as well as a food base (Elad et al., 1980). Artificial antagonist inoculum tends to 
decline in natural soils, and could degenerate to undetectable levels within a relatively short time (Kok et al., 
1996). Degeneration of active biomass may be accelerated by edaphic factors, such as soil drying (Orr and 
Knudsen, 2004) or nutrient depletion. Failure of antagonist inoculum to survive and accord long term disease 
control is a major hindrance to the adoption of biocontrol strategies in the management of soil-borne plant 
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diseases (Hoitink and Boehm, 1999). Conversely, indigenous populations of phytopathogens are often well 
established and adapted, and may persist in the soil for long periods, from where they could multiply and cause 
disease. In practice, booster applications of antagonists are often necessary to prolong the biocontrol effect. 
Repeated applications could significantly raise production costs. 

The objective of the present study was designed to evaluate survival and activity of introduced bio-agents 
against some vegetables root diseases under greenhouse conditions.  

 
Materials and Methods 

 
Pot experiment was carried out in the open greenhouse of Plant Pathology Dept., National Research Centre, 

Egypt for evaluating the survival and activity of bio-control agents which previously introduced to the soil, as 
soil treatments, one season before comparing with fresh ones against root rot disease incidence. Cucumber, 
Cantaloupe, Tomato and pepper plants were used in this experiment as a model of widespread vegetable crops 
mainly grown under protected cultivation system in Egypt and showed susceptibility to attack with root rot 
pathogens (El-Mougy et al., 2011).  

 
Experiment 1: 

 
The selected aggressive isolates of Alternaria solani, Fusarium solani, F. oxysporum, Rhizoctonia solani, 

Sclerotium rolfsii, Sclerotinia sclerotiorum, S. minor, Macrophomina phaseolina and Pythium sp. which 
isolated from vegetables throughout Egypt (El-Mougy et al., 2011) were used.  

Loamy soil was artificially infested individually (at the rate of 5% w:w) with a mixture inoculums, equal 
share of each, of pathogenic fungi which was previously grown individually for two weeks on sand barley 
medium (1:1, w:w and 40% water) at 25 ± 2ºC, then mixed thoroughly with the soil, then filled in plastic pots 
(20 cm in diameter). The treated soils were then infested individually with inocula of bio-agents either fungi 
(Trichoderma harzianum, T. viride) or bacteria (Bacillus subtilis, Pseudomonas fluorescence, Saccharomyces 
cerevisiae) relevant to the specific treatment. The fungal inocula were added to the soil at the ratio of 5% of soil 
weight, while bacterial inocula as liquid cultures (3x106 cfu/ml) at the ratio of 100 ml/cubic foot of soil. 
Another set of varied infested soils only with the mixture of pathogens was filled in plastic pots (20 cm in 
diameter), and used for comparison check treatment. Five disinfested seeds (immerged in 3% hypochlorite 
solution for 2 min., then air dried) of each of Cucumber, Cantaloupe, Tomato and Pepper were planted in each 
pot and six replicated pots were used for each particular treatment. The average percentage of root rot incidence 
at pre-emergence growth stage was recorded after two weeks from sowing date. Meanwhile, percentage of root 
rot incidence at post-emergence stage was calculated 45 days after emergence. This experiment was repeated 
twice in order to confirm the obtained results. 

 
Experiment 2: 

 
After removing the remaining plants and their debris from cultivated soils, all pots were left without 

cultivation for three months with continuously irrigation (with seven days intervals) to keep the soil moisture 
suitable for microorganisms survival and avoid the soil dryness.  

The pot experiment, in the present work was carried out to evaluate the survival of bio-control agents and 
determine their long antagonistic activity against root rot pathogens over than one cultivation season. Pots (20 
cm in diameter) containing artificially infested soils with above mentioned both pathogenic fungi and 
antagonistic fungi and bacteria as well as infested with pathogenic fungi individually in the previous cultivation 
season were used in this evaluation.  

Five disinfested seeds (immerged in 3% hypochlorite solution for 2 min., then air dried) of each of 
Cucumber, Cantaloupe, Tomato and Pepper were planted in each pot and six replicated pots were used for each 
particular treatment. The average percentage of root rot incidence at pre-emergence growth stage was recorded 
after two weeks from sowing date. Meanwhile, percentage of root rot incidence at post-emergence stage was 
calculated 45 days after emergence. This experiment was repeated twice in order to confirm the obtained 
results. 

Percentage of root rot incidence at the pre-emergence stage was calculated as the number of absent 
seedlings relative to the number of sown seeds. Meanwhile, the percentage of root rot incidence at the post-
emergence stage was calculated as the number of diseased plants relative to the number of emerged seedlings. 
At the end of the experiment, survived plants were carefully pulled out from pots after being flooded with water 
in order to leave the root system undamaged. Plant roots showing rot lesions in addition to the visual root rot 
symptoms on the shoot system were considered diseased plants. Isolation from infected germinated seeds at the 
pre-emergence stage and infected plants at the post-emergence stage was carried out. Undeveloped, germinated 
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seeds which were picked up from the soil, and the diseased plants were both washed and sterilized with 3% 
sodium hypochlorite, then subjected to re-isolation in order to identify the causal pathogens. 

 
Statistical Analysis: 

 
All experiments were set up in a complete randomized design. One-way ANOVA was used to analyze 

differences between antagonistic inhibitor effect and linear growth of pathogenic fungi in vitro. A general linear 
model option of the analysis system SAS (SAS Institute Inc. 1996) was used to perform the ANOVA. Duncan’s 
multiple range test at P < 0.05 level was used for means separation (Winer 1971). 

 
Results and Discussion 
 
Experiment 1: 

 
The incidence of pre-, and post-emergence root rot are presented in Tables (1 and 2) for seed treatment. 

Presented data show that the applied treatments caused a significant effect on root rot incidence at plant growth 
stages of grown vegetables comparing with control.  

Regarding root rot incidence at pre-emergence stage (Table 1 and Fig 1), a significant effect was observed 
in bio-agents treatments. The recorded percentage of root rot incidence ranged between 16.6-46.6%, 20.0-
50.0%, 23.3-46.6% and 20.0-46.6% comparing with control treatment as 46.6-53.3%, 43.3-60.0%, 46.6-60.0% 
and 46.6-53.3 for grown vegetables in respective order. 

Bio-agent treatment showed more efficacies for reducing root rot incidence at post-emergence growth stage 
of tested vegetables. In this concern, presented data in Table (2) and Fig (2) revealed that percentage of root rot 
incidence ranged between 0.0-50.0% in soil drenched with T. harzianum. Similar observations were also 
recorded in treatment with T. viride, B. subtilis, P. fluorescens and S. serevisiae. Moreover, data in Table (1, 2) 
also showed that T. harzianum caused the lowest significant records in root rot incidence followed by T. viride, 
B. subtilis, P. fluorescens and S. serevisiae, respectively.   

 
Table 1: Effect of applying with antagonistic bio-agents against vegetables root diseases at pre-emergence growth stage under greenhouse  
                conditions 
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T. harzianum 16.6 gh 20.0 g 26.6 f 30.0 ef 30.0 ef 26.6 f 33.3 e 33.3 e 33.3 e 
T. viride 36.6 de 40.0 d 33.3 e 36.6 de 40.0 d 30.0 ef 33.3 e 36.6 de 40.0 d 

B. subtilis 26.6 f 33.3 e 30.0 ef 26.6 f 33.3 e 23.3 fg 33.3 e 30.0 ef 26.6 f 
P. fluorescence 40.0 d 46.6 c 40.0 d 26.6 f 36.6 de 43.3 c 43.3 c 46.6 c 33.3 e 

S. serivisae 46.6 c 50.0 bc 46.6 c 50.0 bc 46.6 c 46.6 c 43.3 c 43.3 c 40.0  d 
Control 53.3 b 50.0 bc 50.0 bc 53.3 b 46.6 c 46.6 c 50.0 bc 56.6 b 50.0 bc 

C
an

ta
lo

up
e 

T. harzianum 20.0 g 20.0 g 26.6 f 23.3 fg 30.0 ef 26.6 f 23.3 fg 26.6 f 30.0 ef 
T. viride 33.3 e 36.6 de 33.3 e 43.3 c 40.0 d 33.3 e 36.6 de 30.0 ef 26.6 f 

B. subtilis 23.3 fg 30.0 ef 26.6 f 30.0 ef 26.6 f 33.3 e 30.0 ef 33.3 e 30.0 ef 
P. fluorescence 36.6 de 40.0 d 46.6 c 33.3 e 40.0 d 43.3 c 46.6 c 40.0 d 33.3 e 

S. serivisae 50.0 bc 40.0 d 46.6 c 50.0 bc 36.6 de 40.0 d 46.6 c 40.0 d 36.6 de 
Control 60.0 a 53.3 b 50.0 bc 50.0 bc 43.3 c 50.0 bc 50.0 bc 53.3 b 43.3 c 

T
om

at
o 

T. harzianum 23.3 fg 23.3 fg 26.6 f 30.0 ef 26.6 f 23.3 fg 20.0 g 26.6 f 23.3 fg 
T. viride 36.6 de 33.3 e 33.3 e 40.0 d 43.3 c 36.6 de 40.0 d 33.3 e 33.3 e 

B. subtilis 26.6 f 30.0 ef 23.3 fg 26.6 f 23.3 fg 33.3 e 26.6 f 33.3 e 23.3 fg 
P. fluorescence 40.0 d 43.3 c 50.0 bc 33.3 e 40.0 d 40.0 d 43.3 c 43.3 c 23.3 fg 

S. serivisae 46.6 c 46.6 c 43.3 c 46.6 c 50.0 bc 43.3 c 40.0 d 43.3 c 40.0 d 
Control 50.0 bc 53.3 b 60.0 a 46.6 c 50.0 bc 53.3 b 46.6 c 60.0 a 50.0 bc 

Pe
pp

er
 T. harzianum 20.0 g 23.3 fg 26.6 f 23.3 fg 20.0 g 23.3 fg 26.6 f 30.0 ef 33.3 e 

T. viride 40.0 d 43.3 c 36.6 de 40.0 d 40.0 d 36.6 de 33.3 e 36.6 de 36.6 de 
B. subtilis 23.3 fg 26.6 f 23.3 fg 26.6 f 23.3 fg 20.0 g 23.3 fg 26.6 f 46.6 c 

P. fluorescence 40.0 d 43.3 c 40.0 d 33.3 e 46.6 c 40.0 d 43.3 c 46.6 c 30.0 ef 
S. serivisae 43.3 c 43.3 c 43.3 c 40.0 d 46.6 c 43.3 c 46.6 c 46.6 c 40.0 d 

Control 53.3 b 46.6 c 46.6 c 50.0 bc 50.0 bc 53.3 b 50.0 bc 50.0 bc 50.0 bc 
 Mean values within columns followed by the same letter are not significantly different (P ≤ 0.05). 

 
In this regard, T. harzianum and B. subtilis showed interested results against root rot pathogens that 

complete reduction (100%) in disease incidence was recorded for Cucumber and Cantaloupe in infested soil 
with pathogenic fungi comparing with 62.5-100% infection recorded in control check treatment (Table 2). 
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The incidence of pre-, and post-emergence root rot are presented in Tables (3, 4 & Figs. 3, 4), in respective 
order. Presented data show that the previously bio-agent applied treatments caused a significant effect on root 
rot incidence at plant growth stages of grown vegetables comparing with control.  

The obtained results in Table (1) and Fig (3) showed that at pre-emergence stage treatment with the bio-
agent, T. harzianum caused the highest protection for seeds germination against the invasion by soil-borne 
pathogenic fungi followed by the others, T. viride, B. subtilis and P. fluorescence, respectively in descending 
order. The yeast, S. serevisiae showed the lowest protection in this concern. This observation was true with all 
tested vegetables. In this regards, the antagonistic fungi were more actively than the two antagonistic bacteria 
for reducing root rot incidence at pre-emergence stage of plant growth. Furthermore, data also showed that the 
root rot incidence had lower records with Cantaloupe and cucumber followed by Tomato and Pepper plants. 

 

 
Fig. 1: Reduction in vegetables root diseases at pre-emergence growth stage caused by soil-borne pathogenic 

fungi in response to applying with antagonistic bio-agents as soil treatment under open greenhouse 
conditions 

 
Data also revealed that the pathogenic fungi, S. rolfsii, R. solani, F. solani, F. oxysporum, M. phaseolina, S. 

minor and S. sclerotiorum showed more response to antagonistic fungi (T. harzianum and T. viride) which 
reflected in recorded minimization of the root rot incidence ranged between 16.6 –26.6%. Meanwhile, this 
observed response was lower concerning antagonistic bacteria (B. subtilis and P. fluorescence) where the root 
rot incidence ranged between 26.6-36.6% comparing with the control check treatment (30.3-50.0%). Applied S. 
serevisiae as antagonistic agent resulted in a weak reduction in root rot incidence ranged between 20.0-36.6% 
for Cucumber and Pepper plants and 26.6-36.6% Cantaloupe and Tomato plants, in respective order. 

Similar trend was observed regarding the root rot incidence at post-emergence growth stage. Data in Table 
(2) and Fig (4) revealed that treatment with T. harzianum caused reduction in disease incidence calculated as 
(14.6-20.0%), (10.0-23.3%), (17.7-21.8%) and (16.0-20.0%), respectively for Cucumber, Cantaloupe, Tomato 
and Pepper plants. Parallel records were also noticed with T. viride, B. subtilis and P. fluorescence, 
respectively. 

The percentage of root rot incidence at post-emergence growth stage recorded as a range of 10.0-28.3% 
and 24.0-48.7% for fungal and bacterial bio-agents treatments comparing with 43.7-70.5% in control check 
treatment. Meanwhile, S. serevisiae treatment reached the range of 32.0-58.7% disease incidence. It is also 
interesting to note that Pythium sp., and A. solani showed lesser pathogenic effect on germinated seeds and 
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growing plants (Tables 1& 2) that their recorded percentage of pre-, and post-emergence root rot ranged 
between 16.6-26.6% and 16.0-52.4% in previously applied bio-agent treatments comparing with control check 
treatment which recorded as 30.0-33.3% and 43.7-57.8%, in respective order. 

 
Table 2: Effect of applying with antagonistic bio-agents against vegetables root diseases at post-emergence growth stage under  
                greenhouse conditions 
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Bio-agent 

Post-emergence root diseases incidence (%) 
Soil-borne pathogenic fungi 
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T. harzianum 0.0 j 0.0 j 27.7 i 0.0 j 0.0 j 0.0 j 0.0 j 0.0 j 0.0 j 

T. viride 36.6 h 55.5 ef 40.0 g 47.3 g 44.4 g 33.3 h 40.0 g 42.1 g 44.4 g 

B. subtilis 31.8 h 0.0 j 0.0 j 0.0 j 0.0 j 0.0 j 0.0 j 0.0 j 0.0 j 

P. fluorescence 55.5 ef 62.5 e 61.1 e 60.0 e 68.7 e 47.0 g 64.7 e 78.7 d 73.3 d 

S. serivisae 68.7 e 73.3 d 53.3 f 81.8  c 62.5 e 52.5 f 53.3 f 52.9 f 50.0 f 

Control 100 a 100 a 62.5 e 100 a 89.4 c 93.7 b 100 a 84.6 c 80.0 c 

C
an

ta
lo

up
e T. harzianum 33.3 h 37.5 h 31.8 h 0.0 j 0.0 j 0.0 j 0.0 j 0.0 j 0.0 j 

T. viride 45.6 g 42.1 g 35.0 h 52.9 f 44.4 g 40.0 g 52.6 f 38.0 h 36.3 h 
B. subtilis 30.4 h 0.0 j 27.2 i 38.0 h 0.0 j 0.0 j 0.0 j 0.0 j 0.0 j 

P. fluorescence 52.6 f 55.5 ef 62.5 e 60.0 e 61.1 e 52.9 f 60.0 e 50.0 f 52.9 f 
S. serivisae 66.6 e 78.5 d 62.5 e 53.3 f 52.9 f 61.1 e 68.7 e 61.1 e 52.6 f 

Control 83.3 c 94.4 b 73.3 d 90.0 b 94.7 b 100 a 93.7 b 92.8 b 80.0 c 

T
om

at
o 

T. harzianum 34.7 h 39.1 h 27.7 i 33.3 h 31.8 h 39.1 h 37.5 h 36.3 h 34.7 h 
T. viride 36.8 h 45.0 g 40.0 g 44.4 g 47.0 g 52.6 f 55.5 ef 45.0 g 50.0 f 

B. subtilis 27.2 i 33.3 h 30.4 h 36.3 h 34.7 h 35.0 h 31.8 h 35.0 h 26.0 i 
P. fluorescence 55.5 ef 58.8 ef 60.0 e 68.7 e 53.7 f 55.5 ef 64.7 e 52.9 f 60.0 e 

S. serivisae 60.0 e 64.2 e 58.8 ef 62.5 e 60.0 e 70.5 d 75.0 d 58.8 ef 50.0 f 
Control 62.5 e 68.7 e 91.6 b 85.0 c 94.4 b 100 a 100 a 91.6 b 86.9 c 

P
ep

pe
r 

T. harzianum 25.0 i 34.7 h 31.8 h 34.7 h 37.5 h 34.7 h 31.8 h 38.0 h 50.0 f 
T. viride 44.4 g 47.0 g 47.3 g 44.4 g 44.4 g 52.6 f 35.0 h 36.8 h 36.8 h 

B. subtilis 34.7 h 36.3 h 34.7 h 31.8 34.7 h 37.5 h 34.7 h 27.2 i 50.0 f 
P. fluorescence 44.4 g 47.0 g 50.0 f 66.6 e 66.6 e 64.2 e 47.0 g 50.0 f 66.6 e 

S. serivisae 58.8 ef 62.5 e 52.9 f 50.0 f 62.5 e 58.8 ef 56.2 ef 60.0 e 55.5 ef
Control 78.5 d 88.2 c 72.2 d 75.0 d 100 a 94.4 b 93.3 b 93.7 b 76.1 d 

 Mean values within columns followed by the same letter are not significantly different (P ≤ 0.05). 

 
In this concern, it was reported that biological control agents have achieved success under field conditions. 

Among the hundreds of organisms identified as potential biological disease control agent, only few have 
resulted in proving commercially acceptable control of these diseases (Warrior et al., 2002). A fungal biocontrol 
preparation for control or prevention of plant fungal diseases comprises sporulated fungal biomass and a carrier 
preferably is vermiculite. Different formulations have been used in control soil borne pathogens, these are, 
fungal spores (Harman et al., 1980), and powdery preparations of fungal mycelium (Latunde-Dada, 1993). A 
biocontrol formulation with agricultural potential should possess several desirable characteristics such as: easy 
preparation and application, stability, adequate shelf life, abundant viable propagules, and low cost (Churchill, 
1982). The formulation should be amenable for application to both phylloplane and rhizosphere, depending on 
the pathogens and plants to be controlled. Also, it is evident that antagonistic bio-agent can affect plant 
resistance to a pathogen either by inducing the basal level of defense reactions immediately after treatment or by 
enhancing a capacity for rapid and effective activation of cellular defense responses, which are induced only 
after contact with a challenging pathogen, a process known as “sensitization” or “priming” (Conrath et al., 
2002). Also, Jensen et al., (2004) reported that based on microscopic evaluation of the growth a distribution of 
the antagonist during priming, Clonostachys rosea colonized the whole surface of the pericarp, including the 
apex of carrot seed where the primary root emerges. These reports are in agreements with the obtained results in 
the present study. 

 
Experiment 2: 

 
The obtained results in Tables (3 & 4) and Figs (3 & 4) proved that the survival fungal bio-agents (T. 

harzianum and T. viride) introduced into soil were more actively for reducing root rot incidence than bacterial 
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bio-agents (B. subtilis and P. fluorescence) over one growing cultivation season at both pre-, and post-
emergence plant growth stages. 

 

 
Fig. 2: Reduction in vegetables root diseases at post-emergence growth stage caused by soil-borne pathogenic 

fungi in response to applying with antagonistic bio-agents as soil treatment under open greenhouse 
conditions 

 
Data in Table (3) and Fig (3) which showed the efficacy of survival introduced different bio-agent as soil 

drench (previous cultivation season), it could observed the percentage of pre-emergence root rot recorded as a 
range of 16.6-46.6%, 16.6-36.6%, 16.6-36.6% and 16.6-36.6% comparing with control treatment as 30.3-
46.6%, 30.0-50.0%, 30.0-50.0% and 30.0-50.0% for cultivated vegetables, Cucumber, Cantaloupe, Tomato and 
Pepper, in respective order. 

Also, at the same conditions the percentage of post-emergence root rot (Table 4 and Fig 4) was recorded as 
a range of 14.6-58.7%, 10.0-42.6%, 17.7-45.5% and 16.0-52.8% comparing with control treatment as 52.2-
70.5%, 50.0-64.4%, 40.0-52.5% and 43.7-68.5% for cultivated vegetables, Cucumber, Cantaloupe, Tomato and 
Pepper, in respective order. 

Biological control of plant pathogens is becoming an important component of plant disease management 
practices. In the present study the used fungal and bacterial antagonists proved their highly inhibitor effect 
against root rot pathogens under in vivo conditions over one cultivation season. These results are also confirmed 
by several researchers (Bell et al., 1982; Abdel-Kader, 1997 and El-Mougy, 2001). Biological control of 
seedling diseases using antagonistic fungi and bacteria has received increasing attention. 

There are several methods for introducing and delivering bio-agent to the cultivation soil. In this regards, 
antagonists applied to seeds prior to planting colonize the rhizosphere of seedlings and thus are present at or 
near the pathogen’ infection court, where they act by producing antifungal or antibiotic compounds, through 
hyperparasitism, or by competitively colonizing spermosphere and rhizosphere substrates (Taylor and Harman, 
1990). Seed treatment is an attractive delivery system either fungal or bacterial bioprotectants (Wright et al. 
2003). Bio-protectants applied to seeds may not only protect seeds (Sivan and Chet, 1986) but also may colonize 
and protect roots (Chao, et al., 1986). On the other hand, Callan et al (1990) added a suspension of the 
bacterium Pseudomonas fluorescens to 1.5% methyl cellulose coated, surface sterilized sweet corn seed prior to 
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hydrating the seeds between moistened paper towels. The two methods were used to protect tomato and sweet 
corn against Pythium damping-off. 
 
Table 3: Long term activity of applying with antagonistic bio-agents against vegetables root diseases at pre-emergence growth stage 

under greenhouse conditions 
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Soil-borne pathogenic fungi 
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T. harzianum 16.6 e 16.6 e 16.6 e 16.6 e 20.0 d 26.6 c 20.0 d 16.6 e 16.6 e
T. viride 16.6 e 20.0 d 20.0 d 26.6 c 20.0 d 26.6 c 20.0 d 20.0 d 16.6 e

B. subtilis 20.0 d 26.6 c 20.0 d 30.0 bc 26.6 c 30.0 bc 26.6 c 20.0 d 16.6 e
P. fluorescence 26.6 c 30.0 bc 26.6 c 33.3 b 26.6 c 36.6 b 30.0 bc 26.6 c 20.0 d

S. cerevisiae 36.6 b 36.6 b 30.0 bc 36.6 b 36.6 b 36.6 b 36.6 b 26.6 c 20.0 d
Control 46.6 a 46.6 a 40.0 ab 40.0 ab 46.6 a 46.6 a 46.6 a 33.3 b 30.0 bc

C
an

ta
lo

up
e 

T. harzianum 16.6 e 20.0 d 16.6 e 20.0 d 16.6 e 20.0 d 26.6 c 16.6 e 16.6 e

T. viride 20.0 d 20.0 d 16.6 e 20.0 d 20.0 d 26.6 c 26.6 c 16.6 e 16.6 e

B. subtilis 20.0 d 26.6 c 20.0 d 26.6 c 20.0 d 30.0 bc 30.0 bc 20.0 d 20.0 d

P. fluorescence 26.6 c 33.3 b 30.0 bc 33.3 b 20.0 d 36.6 b 33.3 b 26.6 c 26.6 c

S. cerevisiae 33.3 b 36.6 b 36.6 b 36.6 b 30.0 bc 36.6  b 36.6 b 26.6 c 26.6 c

Control 50.0 a 50.0 a 46.6 a 40.0 ab 50.0 a 50.0 a 50.0 a 33.3 b 30.0 bc

T
om

at
o T. harzianum 20.0 d 20.0 d 16.6 e 16.6 e 20.0 d 20.0 d 20.0 d 16.6 e 16.6 e

T. viride 20.0 d 20.0 d 16.6 e 20.0 d 26.6 c 20.0 d 26.6 c 16.6 e 16.6 e
B. subtilis 26.6 c 30.0 d 20.0 d 26.6 c 26.6 c 26.6 c 26.6 c 16.6 e 20.0 d

P. fluorescence 30.0 bc 30.0 bc 30.0 bc 26.6 c 26.6 c 26.6 c 33.3 b 20.0 d 20.0 d
S. cerevisiae 36.6 b 36.6 b 36.6 b 30.0 bc 33.3 b 33.3 b 36.6 b 26.6 c 26.6 c

Control 46.6 a 50.0 a 40.0 ab 40.0 ab 46.6 a 46.6 a 50.0 a 30.0 bc 30.0 bc

P
ep

pe
r T. harzianum 20.0 d 20.0 d 16.6 e 16.6 e 20.0 d 20.0 d 20.0 d 16.6 e 16.6 e

T. viride 16.6 e 20.0 d 20.0 d 20.0 d 20.0 d 26.6 c 20.0 d 16.6 e 16.6 e
B. subtilis 20.0 d 26.6 c 20.0 d 20.0 d 26.6 c 26.6 c 30.0 bc 16.6 e 16.6 e

P. fluorescence 26.6 c 30.0 bc 30.0 bc 26.6 c 33.3 b 30.0 bc 33.3 b 20.0 d 20.0 d
S. cerevisiae 33.3 b 36.6 b 36.6 b 33.3 b 36.6 b 36.6 b 33.3 b 26.6 c 20.0 d
Control 46.6 a 50.0 a 50.0 a 40.0 ab 50.0 a 50.0 a 46.6 a 30.0 bc 30.0 bc

 Mean values within columns followed by the same letter are not significantly different (P ≤ 0.05). 
 
In the present study the obtained results revealed long term antagonistic ability against soil borne pathogens 

for over one cultivation season through mixing bio-agents with cultivation soil.  
In this concern it was reported that temporal population dynamics and survival of antagonists are relevant 

for the management of disease epidemic cycles arising from amplification of pathogen inoculum. Facultative 
parasites are capable of saprophytic multiplication, even in the absence of a crop, hence increasing the amount 
of primary inoculum, which may aggravate disease epidemics in future crops (Bailey et al., 2004). In this 
concern, Papavizas, (1982) reported that infusion of pea seed with the fungicide metalaxyl before coating it with 
conidia of T. harzianum improved survival of conidia in the rhizosphere compared with the survival in the 
rhizosphere from seed that received conidia only. Also, Longa et al., (2009) studied the introduced Trichoderma 
atroviride SC1 was into soil in two consecutive years. They conclude that one year after soil inoculation, T. 
atroviride SC1 could still be recovered in the treated areas. Moreover, Van Elsas et al., (1986) studied the 
survival of two bacterial strains in two soils of different texture cropped with wheat. They found that B. subtilis 
populations declined rapidly in both soils and then stabilized at the levels of added spores. P. fluorescens 
showed a slow, steady decline in both soils; survival was better in the finer-textured soil, a silt loam, than in the 
coarser loamy sand. For both bacteria, some translocation to deeper soil layers was observed. No significant 
rhizosphere effects were detected in either of the two soils. Also, Tokuda, et al., (1993) reported that the 
survival of B. subtilis NB22-1, was investigated in four different soils. After a gradual decline, the bacterial 
viable cell number stabilized at a level of 104–105 colony forming units/g-dry soil irrespective of soil 
differences. The best survival of B. subtilis MBI 600 occurred as spores in sterilised soil, and spore applications 
to pasteurised soil in an integrated control strategy may allow sufficient establishment of the bio-control agent to 
target pathogens causing damping-off (Bennett, et al., 2003). 
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Fig. 3: Reduction in vegetables root diseases at pre-emergence growth stage caused by soil-borne pathogenic 
fungi in response to long term activity of applying antagonistic bio-agents as soil treatment under open 
greenhouse conditions. 

 

 
Fig. 4: Reduction in vegetables root diseases at post-emergence growth stage caused by soil-borne pathogenic 

fungi in response to long term activity of applying antagonistic bio-agents as soil treatment under open 
greenhouse conditions. 
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Table 4: Long term activity of applying with antagonistic bio-agents against vegetables root diseases at post-emergence growth stage 
under greenhouse conditions 

pl
an

t  
 
 

Bio-agent 

Post-emergence root diseases incidence (%) 
Soil-borne pathogenic fungi 
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i 
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M
.p
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P
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um

 s
p.

 

A
.s

ol
an

i 

C
uc

um
be

r 
 

T. harzianum 17.3e 20.0d 17.7e 14.6e 23.4d 17.8e 20.0d 16.4e 18.2e 
T. viride 26.6c 25.5c 20.0d 27.3c 28.6c 23.3d 26.0c 22.1d 24.4c 

B. subtilis 31.8b 30.0b 27.6c 32.4b 30.0b 33.3b 32.0b 28.0c 30.0b 
P. fluorescence 45.5ab 32.5b 31.1b 43.4ab 48.7a 42.0ab 44.7ab 38.7b 43.3ab 

S. cerevisiae 58.7 a 53.3 a 43.3ab 51.8 a 57.5 a 52.5 a 50.3 a 42.9 ab 52.2 a 
Control 70.5 a 65.3 a 62.5 a 68.3 a 66.6 a 67.4 a 52.2 a 52.4 a 57.8 a 

C
an

ta
lo

up
e T. harzianum 23.3d 17.5e 13.8e 10.0e 14.4e 18.6e 20.0d 21.2d 18.2e 

T. viride 25.6c 22.1d 23.0d 15.9 20.4d 20.0d 22.6d 22.4c 22.2d 
B. subtilis 30.4b 30.0b 27.2bc 18.0 24.0c 25.4c 26.6bc 28.4bc 28.8bc 

P. fluorescence 42.6ab 35.5b 32.5b 26.0bc 31.1b 32.9b 30.0b 35.0b 35.2b 
S. cerevisiae 56.6 a 48.5 a 42.5 ab 33.3 b 42.9 ab 41.1 ab 48.7 ab 41.1 ab 45.6 ab 

Control 63.3 a 64.4 a 63.3 a 50.0 a 54.7 a 60.1a 63.7 a 52.8 a 50.0 a 

T
om

at
o T. harzianum 18.7e 19.1e 17.7e 18.3e 21.8c 19.1e 18.5e 19.3e 20.7c 

T. viride 23.8c 24.0c 24.0c 26.4c 27.0c 22.6c 21.5c 25.0c 24.0c 
B. subtilis 37.2b 33.3b 30.4b 32.3b 34.7b 31.0b 26.8c 32.0b 36.0b 

P. fluorescence 45.5ab 38.8b 40.0b 40.7b 43.7b 45.5ab 34.7b 42.9ab 40.0b 
S. cerevisiae 50.0 a 44.2 ab 48.8 a 52.5a 50.0a 50.5a 45.0ab 48.8a 40.0ab 

Control 62.5 a 58.7a 61.6a 65.0a 64.4a 60.6a 62.4a 51.6a 56.9a 

Pe
pp

er
 T. harzianum 20.0d 19.7e 20.8d 18.7e 21.5e 17.7e 18.8e 16.0e 18.0e 

T. viride 24.4c 27.0c 28.3c 24.4c 28.4c 22.6d 25.0c 20.8d 20.8d 
B. subtilis 34.7b 32.3b 36.7b 31.8b 34.7b 30.5b 34.7b 22.2d 28.0c 

P. fluorescence 44.4ab 41.0b 43.0ab 37.6b 41.6b 44.2ab 47.0ab 28.0c 33.6b 
S. cerevisiae 52.8 a 52.5a 50.9a 43.0ab 48.5a 50.8a 52.2a 32.0b 36.5b 

Control 68.5 a 60.2a 62.2a 65.0a 60.4a 64.4a 63.3a 43.7ab 46.1ab 
Mean values within columns followed by the same letter are not significantly different (P ≤ 0.05). 

 
Regarding the obtained results in the second cultivation season (Tables 3 & 4 and Figs 3 & 4) and 

comparing them with results obtained in the previous cultivation season (Tables 1 & 2 and Figs 1 & 2), it could 
be observed that survival of both pathogenic and antagonistic microorganisms was proved. Although, the 
percentage of root rot incidence in control check treatment was lower in second cultivation season than the first 
one, the bio-agent treatments also showed lesser disease incidence. This phenomenon could be explained as the 
count of introduced microorganisms into soil, either pathogenic or antagonistic, facing the environmental 
conditions which reflecting on their counts but not activity to reach their establishment stage which called soil 
equilibrium community. Therefore, the introduced bio-agents continue keeping their antagonistic effect against 
pathogenic fungi for over one cultivation season resulted in minimize the incidence of root rot disease at both 
pre-, and post-emergence plant growth stages.  
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