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Abstract: Eight bacterial and fungal isolates as well as four induced resistance chemicals (IRCs) were assessed in vitro and 

in vivo against Uromyces viciae – fabae (Pers.) Schroet, the causal of faba bean rust. The inhibitory effect of Bacillus spp. was 

ranged between 35.2-50.4%, Trichoderma spp. between 39.0-59.0%. and IRCs between 34.3- 57.7%. In addition, the highest 

inhibitory effect on the germinated urediospores of the causal fungus was obtained by B. subtilis, T. viride and bion (BTH). 

Under greenhouse conditions, spraying faba bean plants with any of the tested bioagents significantly reduced disease severity 

and increased the produced pod yield compared with the control treatment. Also, spraying plants grown from soaked seeds for 

12 hrs before sowing in any of the IRCs or soaking in water only with any of these inducers significantly reduced disease 

severity and increased the produced pod yield compared with the control treatment. Field experiments during two successive 

seasons under the natural infection by faba bean rust at Behera governorate revealed that spraying B. subtilis and T. viride, 

each alone or in combination, on plants grown from soaked seeds in BTH at beginning of the incidence of the disease 

significantly reduced disease severity and increased the produced seed yield compared with the control. On the other hand, 

plants sprayed with the mixture of both bioagents were of the lowest infection and produced the highest dry seeds/plot 

compared with the other treatments and the control. However, the fungicide Topas was the superior treatment for lowering 

disease severity and increasing the produced seeds yield. Considerable increase in the activity of three oxidative- reductive 

enzymes, i.e phenyl alanine ammonia lyase (PAL), peroxidase (PO) and polyphenoloxidase (PPO) in the leaves of all 

treatments compared with both control treatments. Furthermore, plants grown from seeds soaked in BTH showed the highest 

activity of the three enzymes followed by those sprayed with B.subtilis then with T.viride. 

Keywords: Faba-Bean, Bioagents, Disease Management, Induced Resistance Chemicals, Oxidative-Reductive Enzymes, 

Uromyces Viciae-Fabae, Topas 

 

1. Introduction 

Faba-bean (Vicia faba L.) is considered one of the most 

important food legume crops in Egypt. It´s economic 

importance is greatly increased in the world due to its high 

nutritional value of vitamins, protein, carbohydrates and 

some other compounds. Thus, it is a rich available source of 

food for both human and animals [43]. In addition, it is used 

to improve the soil fertility through nitrogen fixation. 

Faba-bean is liable to attack by many bacterial, fungal, 

viral and nematode diseases in addition to physiological 

disorder [47]. However, fungal diseases, especially rust 

caused by Uromyces viciae-fabae (Pers.) Schroet is 

considered one of the major destructive diseases affecting the 

crop yield, especially in the north and middle parts of the 

Delta in Egypt and several countries in the world [1, 37, 47]. 

Fungicides usually give adequate manage to plant pathogens. 

but, the continuous use of the fungicides mostly resulted in 

environmental pollution, disasters all-over the world and the 
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causal pathogen become resist to the fungicides. Therefore, 

in order to overcome these difficulties, it is urgent to use 

alternative safe materials against such diseases. 

Recently, biological control is considered an important 

approach of agricultural biotechnology for managing many 

fungal plant pathogens [14, 2, 50, 6, 3, 4]. Trichoderma spp. 

are the most promising and effective bioagents against many 

plant pathogenic fungi [6, 18]. Trichoderma spp. as antagonist 

for controlling wide range of microbes were well documented 

and demonstrated fore more than seven decades ago but it´s 

use under field conditions came very later [19], [12]. Their 

mechanism of mycoparasitism is very complex, it includes 

nutrient competition, hyperparasitism, antibiosis, and or cell 

wall degrading enzymes [5]. It was also found that there is a 

large variety of volatile secondary metabolites produced by 

Trichoderma spp. such as ethylene, carbon dioxide, hydrogen 

cyanide, aldehydes and ketones which play an important role 

in managing many plant pathogens [50, 6]. Biological control 

as an effective method for controlling Faba-bean rust to reduce 

the use of fungicides. Gram-positive Bacillus species [18], 

however, possess several advantages that make them good 

candidates for use as plant growth promoting bacteria (PGPB). 

Firstly, they have also the ability to produce different kinds of 

antimicrobial compounds, such as (bacilysin, iturin and 

mycosubtilin), in addition to sidero-phores [45]. Secondly, 

they are able to induce growth and defence responses in the 

host plant [41]. In addition, genus Bacillus is able to produce 

spores resistant to UV light and desiccation, which allows 

them to resist adverse environmental conditions, and permits 

easy formulation for commercial purposes [26]. 

The mechanism of systemic acquired resistance is 

apparently multifunction, likely resulting in stable broad 

spectrum disease control and they could be used 

preventatively to bolster general plant health, resulting in 

long lasting protection [27]. 

(Bion) BTH is a systemic acquired resistance elicitor, 

which reduces many fungal diseases. It has been previously 

shown that pea rust infection can be reduced by exogenous 

applications of systemic acquired resistance elicitors such as 

BTH [7]. This protection is known to be related with the 

induction of the phenol pathway but the particular 

metabolites involved have not been determined yet. This 

suggests fungal growth impairment by both direct toxic effect 

as well as plant cell wall reinforcement.  

This work aimed to the evaluate the inhibitory effect of some 

Bacillus and Trichoderma spp. on the germination of Uromyces 

viciae-fabae urediospores in vitro as well as managing faba-

bean rust under greenhouse and field conditions. In addition to, 

estimation the activity of three oxidative-reductive enzymes, i.e. 

PAL, PO and PPO in the treated plants with B. subtilis, T. 

harzianum, BTH and the fungicide Topas.  

2. Materials and Methods 

2.1. Fungal Pathogen 

Faba-bean leaves bearing the uredial sori of Uromyces 

viciae-fabae (a virulent isolate) were frequently collected 

from Nubaria district, Behera governorate, and were used in 

this study as the fungus Urediospores source. 

2.2. Isolation, Purification and Identification of the 

Antagonists  

Bacterial and fungal microflora naturally grown on faba-

bean phylloplane were isolated from healthy leaf plants, 

collected from Nubaria district, Behera governorate using 

dilution plate technique. Isolates belonging to Bacillus spp. 

and Trichoderma spp. were selected. Serial dilution plate 

technique was used to isolate native antagonistics, where 

Trichoderma spp. were isolated on PDA medium and 

Bacillus spp. on nutrient agar medium [38].  

All the isolated Bacillus spp. were purified and identified 

as described by [39] and [24], while fungal cultures of 

Trichoderma spp. were isolated and purified by hyphal tip 

technique and then identified on the basis of cultural and 

microscopic morphological characters and using the 

description of [42, 8]. 

2.3. Effect of the Tested Bioagents and the IRCs on the 

Germination of the Urediospores of the Causal Fungus 

in Vitro 

Flasks (250 ml.) containing nutrient medium were 

inoculated with a loop-full of the desired bacterial bioagent 

taken from a two day-old culture. Inoculated flasks were 

incubated on a rotary shaker at 2000 rpm for 2 days at 

28±1°C. The culture filtrate was sterilized using a 0.25µm 

syringe filter.  

Also, Trichoderma spp. were grown on gliotoxin 

fermentation medium (GFM) as described by [10] for 10 

days. The culture filtrate was sterilized using a 0.25µm 

syringe filter. The concentrations of 20, 40 and 60% from the 

culture filtrate of each of the isolated bioagents were 

prepared. 

The concentrations of 0.0, 10, 20 and 40 mM of the IRCs, 

i.e. Bion (benzothiadiazole; BTH), chitosan (cellulose with 

the hydroxyl at position C2 substituted with an acetamido 

group), saccharin (benzoic sulfimide) as a crystalline com-

pound (C7H5NO3S) and salicylic acid (mono hydroxy 

benzoic acid were prepared depending on their molecular 

weight. The urediospores of U.viciae-fabae were brushed 

from freshly infected faba bean leaves by rust using 

sterilized camel brush and added to each concentration of the 

culture filtrate of the tested bioagents and the IRCs. 

One m1. of urediospore suspension (1x10
2
 urediospore/ ml 

water) was placed on two sterilized slides, put on two glass 

rods in a sterilized Petri-dish containing a wetted cotton piece 

by sterilized distilled water to provide high relative humidity. 

Also, a spore suspension put in distilled sterilized water only 

was prepared as control. Preparations were incubated in 

darkness at 25±1°C for 48 hour. Three Petri-dishes for each 

treatment were used as replicates. The germinated uredio-

spores were counted in a total of 100 urediospores and the 

averages of the percentages of germination were calculated 
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and recorded for each treatment. 

2.4. Effect of the Isolated Bioagents and IRCs on the 

Severity of Faba-bean Rust under Greenhouse 

Conditions 

The antagonistic activity of four isolated species of 

Bacillus (B.chitiosporus, B.megaterium, B.pumilus and 

B.subtilis) and Trichoderma (T. album, T. hamatum, T. 

harzianum, and T. viride) as well as the IRCs bion (BTH), 

chitosan, saccharin and salicylic acid, in addition to the 

fungicide Topas (penconazole), as check were evaluated for 

their efficiency in managing faba-bean rust caused by U. 

viciae-fabae (collected from Nubaria district) in pots using 

artificial inoculation under greenhouse conditions. Two 

experiments were carried out. 

2.4.1. Effect of the Bioagents 

Five faba-bean seeds (cv. Giza 3) soaked in water for 12 

hrs. were sown in each plastic pot (30 cm in diameter). The 

emerged seedlings were thinned into three plants in each pot 

three weeks after sowing. Plants of two months old were 

sprayed with suspension of the tested bioagents, i.e. Bacillus 

spp. (2x10
6 

cfu / ml water) and Trichoderma spp. (2x10
3
 

spore suspension/ ml water) as well as the fungicide Topas 

EC (tubaconazole) at the rate of 35 ml/100 l. water. After 72 

hrs. the plants were artificially inoculated with U. viciae-

fabae urediospores suspension (2x10
6
 spore/ml. water) using 

sterilized atomizer for each treatment. Control plants, 

previously sprayed with water only, were sprayed with 

urediospores suspension of the causal fungus only. Five 

replicates were prepared for each treatment. All pots were 

covered with polyethylene bags for 48 h in a moist chamber 

at 12 - 24±2°C in a greenhouse. The bioagents and the 

fungicide were re-sprayed on the grown plants at the 

previous rates two weeks after the first spray. The treated 

plants were examined for disease severity 10 days after each 

spray with the bioagents and the fungicides and the averages 

were recorded using the devised scale (0-6) according to 

[23]. 

2.4.2. Effect of the IRCs 

A lot of faba-bean seeds of c.v. Giza-3 was soaked in the 

tested IRCs (40 mM) for 12 hrs before sowing. Another lot of 

faba-bean seeds was soaked in water only for the same 

period. Five seeds from any of the soaked seeds in the IRCs 

or in water were sown separately in each plastic pot (30 cm 

in diameter). The emerged seedlings were thinned into three 

plants in each pot three weeks after sowing. The grown 

plants (two months old) from the soaked seeds in BTH and 

water were sprayed with the tested IRCs (40 mM) as well as 

the fungicide Topas (35ml./l. water) one week before 

artificial inoculation with U. viciae-fabae urediospores 

suspension (2x106 spore/ml. water). Control plants were 

sprayed with urediospores suspension of the causal fungus 

only. Five replicates were prepared for each treatment. All 

pots were covered with polyethylene bags for 48 h in a moist 

chamber at 12 - 24±2°C in a greenhouse. The IRCs and the 

fungicide Topas were re-sprayed on the grown plants at the 

previous same rates two weeks after the first spray. The 

treated plants were examined for disease severity 10 days 

after each spray with the IRCs and the fungicide and the 

averages were recorded as mentioned before. 

2.5. Field Experiments 

Field experiments were carried out in Nubaria district, 

Behera governorate, under flood irrigation system, where 

severe infection by faba-bean rust is common. The filed was 

prepared for sowing faba bean (cv. Giza-3) using Herati 

sowing method during end of October of 2016 and 2017. The 

filed was divided into plots (6 x 7 m) with rows of 70 cm 

wide. A lot of faba-bean seeds was soaked in the tested BTH 

(40 mM) for 12hrs before sowing. Another lot of faba-bean 

seeds was soaked in water for the same period. Two seeds 

from any of the soaked in BTH or in water were sown in 

each hill at 25 cm between two hills. All agricultural 

practices were performed as recommended by Min. of Agric. 

and Land Recl. The grown plants were left to natural 

infection by faba-bean rust. The grown plants from seeds 

soaked in BTH or in water were sprayed with B.subtilis 

(2x10
6 

cfu / ml water and T.viride (2x10
3
 spore suspension/ 

ml water), each alone or in combination in comparison with 

the fungicide Topas at the first appearance of the disease 

symptoms. The spray with the tested bioagents and the 

fungicide Topas was carried out three times with ten days 

interval.  

The treated plants were examined for disease severity 10 

days after each treatment using the devised scale by [23] and 

the averages were recorded. Also, the produced dry pods of 

each treatment were harvested, threshed, weighted and the 

average of the dry seeds / plot was recorded.  

2.6. Assessment Disease Severity 

The infected faba-bean plants were carefully examined to 

assess the severity of the infection by rust depending on the 

devised scale (0-6) by [23] using the following formula: 

% Disease severity =
∑(�×�)

�	
× 100 

Where:  

n = Number of infected leaves in each category. 

v = Numerical values of each category. 

N= Total number of the infected leaves. 

2.7. Statistical Analysis 

Data were statistically analyzed using the standard 

procedures of complete randomized block, split and split split 

designs [46]. The averages were compared at 5% level using 

least significant differences (L. S. D) according to [21]. 

2.8. The Activity of Oxidative-Reductive Enzymes 

Infected faba-bean leaves by rust and uninfected ones were 

collected from the field of the experiment and used for 

estimating the activity of the oxidative-reductive enzymes. 
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The activity of phenylalanine ammonia lyase (PAL), 

peroxidase (PO) and polyphenol oxidase (PPO) was 

measured in leaves of un- infected and infected plants with 

the causal as well as sprayed with B.subtilis, T. viride, Bion 

and the fungicide Topas. Samples were collected after one 

month from the first spray with the different treatments and 

control plants for enzymes assay. One gram of faba-bean 

leaves sample was homogenized with 2 ml of 0.1 M sodium 

phosphate buffer (pH 7.0) in ice bath for enzymes assay. The 

homogenates were then centrifuged at 10.000 rpm for 10 

minutes. Supernatants were used to estimate the activity of 

defense-related enzymes, i.e. PAL, PO, and PPO. 

2.8.1. Activity of PAL 

The activity of phenylalanine ammonia lyase (PAL) was 

determined according to the method of [11]. The reaction 

mixture contained 0.03 M L-phenylalanine and 0.2 ml 

enzyme extract in a total 2.5 ml of sodium borate buffer (pH 

8.8). The mixture was kept in a water bath at 37°C for 1 h, 

and 0.5 ml of 1 M (trichloroacetic acid) TCA was added. The 

amount of trans-cinnamic acid formed from L-phenylalanine 

was measured spectrophotometrically at 290 nm. Enzyme 

activity was expressed as microgram of trans-cinnamic acid 

h
−1

mg
−1

 protein. 

2.8.2. Activity of PO 

To estimate peroxidase activity (PO), 50 µl of enzyme 

extract was added to 2.85 ml of 0.1 M phosphate buffer (pH 

7.0) and mixed with 0.05 ml of 20 mM guaiaco reagent [22]. 

The reaction was started by the addition of 0.02 ml of 40 mM 

hydrogen peroxide to the mixture. Rate of increase in 

absorbance at 470 nm was measured over 1 min. One unit of 

enzyme activity was defined by the change in absorbance of 

0.01 for 1 g fresh weight. 

2.8.3. Activity of PPO 

The activity of polyphenol oxidase (PPO) was deter-mined 

according to the method proposed by [32]. The reaction 

mixture was containing 200 µl enzyme extract and 1.5 ml of 

0.01 M catechol. Activity was expressed as changes in 

absorbance at 495 nm·min
−1

mg
−1

protein. 

3. Results 

3.1. Effect of the Tested Bioagents on the Germination of 

the Urediospores of the Causal Fungus in Vitro 

The effect of the antagonistic bioagents on the germinated 

urediospores of U. vicice-fabae is shown in Tables (1 and 2). 

Results reveal that all the tested bioagents caused significant 

reduction to the germinated urediospores of the causal fungus 

compared with the control. In addition, this decrease was 

gradually increased by increasing the concentration of the 

tested treatments. 

Data presented in (Table 1) show that the inhibitory effect 

of Bacillus spp. against U. viciae- fabae was in the range of 

35.2 -51.7% Urediospores germination, on the average. 

Moreover, B.subtilis was the most efficient in this respect 

followed by B.pumilus, where the urediospores failed to 

germinated at the concentration of 60%. Both B. megaterium 

and B. chitinosporus recorded 20.0 and 21.6% urediospore 

germination, on the average, at the same concentration, 

respectively.  

The inhibitory effect of Trichoderma spp. against U. 

viciae-fabae was in the range of 39.0- 59.0% urediospore 

germination, on the average (Table, 2). The fungus T.viride 

recorded the highest effect, where the urediospores failed to 

germinated at the concentration of 60%. T. harzianum then 

T.album and T. Hamatum recorded 4.8, 30.0 and 32.6% 

urediospore germination at the same concentration, on the 

average, respectively. 

Table 1. Effect off four Bacillus spp. On the germinated urediospores of 

U.viciae-fabae (Nubaria isolate),48h after incubation at25±2°C. 

Bacillus 

bioagents 

% Uredial germination*at conc. 
Mean 

20 40 60 

B.chitinosporus 81.8 49.4 20.0 50.4 

B.megaterium 83.4 50.2 21.6 51.7 

B.pumilus 77.2 39.8 0.0 42.3 

B.subtilis 73.0 32.6 0.0 35.2 

Control 93.0 93.0 93.0 93.0 

Mean 81.7 34.3 8.9 ------- 

* Initial germination percentage of urediospores was 1.8%. 
L.S.D.at5%for: Bacillus bioagents(BB)=2.2, Conc.(C)=3.9andBBxC=4.2. 

Table 2. Effect of fourTrichoderma spp.on the germinated urediospores of 

U.viciae-fabae (Nubaria isolate), 48h after incubation at25±2°C. 

Trichoderma 

bioagents 

%Uredial germination at conc. 
Mean 

20 40 60 

T.album 84.6 56.4 30.0 57.0 

T.hamatum 86.4 58.0 32.6 59.0 

T.harzianum 80.8 45.4 4.8 43.7 

T.viride 78.2 40.4 0.0 39.0 

Control 91.6 91.6 91.6 91.6 

Mean 83.0 50.4 31.8 ----- 

Initial germination percentage of urediospores was 1.4%. 
L.S.D.at5%for:Trichoderma bioagents (TB)=2.8, Conc. (C)=3.1 and TBxC = 

4.3. 

3.2. Effect of Four IRCs on the Germination of 

Urediospores of the Causal Fungus in Vitro 

Results (Table 3) reveal that the tested IRCs resulted in 

significant reduction to the germinated urediospores of the 

causal fungus in the range of 34.3-62.7% uredial 

germination, on the average, compared with to the control 

(92.6%, on the average). 

In addition, BTH was the most efficient one in this regard, 

where the urediospores failed to germinate at the 

concentration of 40mM. It recorded 34.3% uredial 

germination, on the average followed by salicylic acid then 

chitosan, being 37.2 and 40.9% uredial germination, on the 

average, respectively. Meanwhile, saccharin was the lowest 

efficient one, being 62.7% uredial germination, on the 

average. The inhibitory effect of the tested IRCs was 

gradually increased by increasing the concentration. 
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Table 3. Effect of different IRCs on the germination of urediospores of 

U.viciae-fabae (Nubaria isolate), 48h after incubation at 25±2°C. 

IRCs 
%Uredial germination at conc. of (mM) 

Mean 
20 40 60 

Bion(BTH) 64.4 38.4 0.0 34.3 

Chitosan 69.4 43.8 9.6 40.9 

Saccharin 85.0 64.4 38.8 62.7 

Salicylic acid 66.4 40.2 5.0 37.2 

Control 92.6 92.6 92.6 92.6 

Mean 75.6 55.9 29.2 ----- 

Initial germination percentage of urediospores was 1.6%. 

L.S.D.at 5%for: IRCs (I)=2.7, Concentrations(C)=3.3and Ex C=3.1. 

3.3. Effect of the Tested Bioagents and IRCs on the Severity 

of Faba-bean Rust under Greenhouse Conditions 

3.3.1. Effect of the Bioagents 

Spraying faba bean plants of two months old with any of 

the tested bioagents 72 hrs before inoculation with the 

urediospores of U.viciae-fabae significantly reduced rust 

severity under greenhouse conditions (Table, 4). The severity 

of the disease after inoculation with Bacillus spp. was in the 

range of 9.1 -11.1%, Trichoderma spp. in the range of 10.2-

12.0% and the fungicide Topas 2.4% compared with the 

control treatment (31.6%). 

Also, all the tested bioagents and the fungicide Topas 

resulted in significant increase to the number of pod and their 

weight/plant compared with the control treatment. The 

fungicide Topas resulted in the highest values of number of 

pods and their dry seeds weight/plant. In addition, Bacillus 

spp. were most efficient in this regard than Trichoderma spp. 

Table 4. Effect of spraying different antagonistic biagents on the severity of 

faba-bean rust (cv.Giza3) as well as number of pods and dry seeds 

weight/plant under greenhouse condition. 

Bacterial and 

Fungal bioagents 

%Disease 

severity 

No. of 

pods/plant 

Dry seeds 

yield(g)/plant 

B.chitinosporus 11.1 22.8 119.0 

B.megaterium 10.6 23.0 121.2 

B.pumilus 10.0 24.0 122.8 

B.subtilis 9.1 26.4 128.8 

T.album 12.0 25.0 110.0 

T.hamatum 11.7 23.8 117.8 

T.harzianum 11.3 22.0 120.2 

T.viride 10.2 22.3 123.8 

Topas 2.4 31.0 151.2 

Control 31.6 18.4 54.1 

L.S.D.at5% 2.7 2.9 3.3 

3.3.2. Effect of the IRCs 

Data presented in Table (5) show the effect of spraying the 

tested IRCs, i.e. BTH, chitosan, saccharin and salicylic acid 

on faba-bean plants grow from seeds soaked in BTH or 

water on the severity of the infection by the tested pathogen 

and the produced pods and their dry seeds yield. 

Table 5. Effect of soaking faba bean seeds in different IRCs or spraying them on the plants on the grown plants on the severity of rust(cv.Giza3) as well as 

number of pods and dry seeds weight/plant under greenhouse condition. 

Treatments 
%Disease severity of No. of pods/plant of Dry seed yield(g)/plant of 

Soaking Spraying Mean Soaking Spraying Mean Soaking Spraying Mean 

Bion 6.2 12.4 9.3 30.8 24.8 27.8 129.0 121.4 125.2 

Chitosan 8.1 12.7 10.9 25.8 21.6 23.7 113.2 119.0 116.1 

Saccharin 9.4 14.5 12.0 25.0 22.8 23.9 112.2 118.2 115.2 

Salicylic acid 7.6 12.4 10.0 31.4 25.4 28.4 120.2 119.6 119.7 

Topas 1.2 2.1 1.7 34.0 27.0 30.5 159.8 141.8 140.5 

Control 20.8 31.6 26.2 23.4 18.4 20.9 128.8 54.1 91.5 

Mean 8.9 14.3 ---- 28.4 23.2 ------ 127.2 112.4 ---- 

L.S.D.at5%:    

Treatment(T)= 2.6 2.9 3.5 

Soak.&Spra. (S)= 3.2 3.6 2.3 

TXS= 4.0 3.9 4.7 

 

Results indicate that the tested IRCs resulted in significant 

reduction to the infection by the causal fungus with 

considerable increase in the produced pods and the weight of 

their dry seeds yield compared with the control. In addition, 

the lowest values of the infection by the causal fungus and 

the highest values of the No. of pods and their dry seeds 

yield/ plant were recorded for plants grown from seeds 

soaked in the tested IRCs and sprayed with these inducers 

(8.9% disease severity,28.4 pod and 127.2 g. dry seeds / 

plant, on the average, respectively) compared with those 

grown from seeds soaked in water only and sprayed with 

these inducers (14.3% disease severity, 23.2 pod and 112.4 g. 

dry seeds / plant, on the average, respectively). However, the 

fungicide Topas was the superior treatment for reducing the 

infection and increasing No. of pods and their dry seeds 

yield/ plant, being 1.7% disease severity, 30.5 pod and 140.5 

g dry seeds / plant, on the average.  

3.4. Field Experiments 

Results (Tables 6 and 7) indicate that field experiments 

revealed that spraying B.subtilis and T.viride, each alone or in 

combination on faba bean plants grown from soaked seeds in 

BTH and un-soaked (soaked in water only) at beginning of 

the incidence of the disease symptoms significantly reduced 

the severity of the disease with significant increase to the 

produced dry seeds yield compared with the control. In 

addition, plants sprayed with the mixture of both bioagents 

were of the lowest infection by rust (5.9%) and produced the 

highest dry seeds / plot (10.0 kg.) compared with the control 

(41.8% infection and 6.7 kg. dry seeds / plot), as well as 

spraying each of them alone. However, the fungicide Topas 
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was the superior treatment for lowering the severity of the 

disease (3.6%) and increasing the produced seed yield (11.1 

Kg./plot). 

Table 6. Effect of spraying the antagonistic biagents B.subtilis and T.viride, each alone or in combinations, on faba-bean plants grown from seeds soaked in 

BTH or in water compared with the fungicide Topas on the severity of rust (cv.Giza-3) under field conditions during 2016/2017 and 2017 / 2018 growing 

seasons at Nubaria district, Behera governorate. 

Treatments 

%Disease severity of plants grown(during)from seeds 
Mean General 

mean 
2016/2017 2017/2018 

Soaked in BTH Soaked in water Soaked in BTH Soaked in water Soaked in BTH Soaked in Water 

B.subtilis (BS) 5.2 15.1 5.8 15.4 5.5 15.3 10.4 

T.viride(TV) 5.4 16.2 6.1 16.8 5.8 16.5 11.2 

BS+TV 3.1 8.3 3.4 8.7 3.3 8.5 5.9 

Topas 1.7 5.1 1.8 5.4 1.8 5.3 3.6 

Control(infected) 25.0 57.2 26.4 58.4 25.7 57.8 41.8 

Mean 8.1 20.4 8.7 20.9 8.4 20.7 ---- 

General mean 14.3 14.8 ---- ----- ------ 

L.S.D.at 5% for: Treatments (T)=2.3, Soaking(S)=4.7, Year(Y)=n.s., TxS=3.1, TxY=2.8, SxY=3.6andTxSxY=4.5. 

Table 7. Effect of spraying the antagonistic biagents B.subtilis and T.viride, each alone or in combinations, on faba-bean plants grown from seeds soaked in 

BTH or in water compared with the fungicide Topas on the produced seeds yield under field conditions during 2016/2017 and 2017 / 2018 growing seasons at 

Nubaria district, Behera governorate. 

Treatments 

Average of dry seeds yield kg/plot(42m2)of seeds 
Mean General 

mean 
2016/2017 2017/2018 

Soaked in BTH Soaked in water Soaked in BTH Soaked in water Soaked in BTH Soaked in Water 

B.subtilis (BS) 10.2 8.3 10.1 8.2 10.2 8.2 9.2 

T.viride (TV) 9.9 8.5 9.8 8.3 9.7 8.4 9.0 

BS+TV 10.7 9.2 10.6 9.1 10.6 9.2 9.9 

Topas 11.9 10.4 11.6 10.3 11.8 10.3 11.1 

Control(infected) 7.8 5.7 7.6 5.6 7.7 5.6 6.7 

Mean 10.1 8.4 9.9 8.3 10.0.3 8.3 ----- 

General mean 9.2 9. 7 ----- ----- ----- 

L.S.D. at 5% for: Treatments (T) = 3.4, Soaking (S)= 5.3, Year (Y)= n.s., TxS= 3.7, TxY= 3.1, SxY= 4.2 and T x S xY = 4.8. 

3.5. Activity of Three Oxidative-Reductive Enzymes 

Table 8 shows the changes in the activity of oxidative- 

reductive enzymes, i.e. phenylalanine ammonialyase (PAL), 

peroxidase(PO) and polyphenoloxidase (PPO) in faba-bean 

leaves due to spraying the plants with two bioagents, i.e. 

B.subtilis and T.viride as well as the IRC BTH and the 

fungicide Topas compared with the untreated two controls 

(infected and un-infected). 

Data reveal that, in general, the three enzymes, i.e. PAL, 

PO and PPO were greatly increased in the leaves of all 

sprayed treatments compared with both control treatments. In 

addition, plants sprayed with BTH signalized the highest 

activity of the three enzymes, being 0.589,0.482 and 0.712, 

respectively followed by those sprayed with B.subtilis, being 

0.591,0.454 and 0.670. respectively then by T.viride, being 

0.583,0.450 and 0.665, respectively. Meanwhile, untreated 

plant leaves of un-infected plants and infected plants 

recorded the lowest activity, being 0.538,0.394 and for un-

infected plants and 0.545 and 0.558, 0.409 and 0.587, for 

infected plants, respectively followed by those sprayed with 

the fungicide Topas, being 0.579,0.443and 0.628, 

respectively. 

Table 8. Effect of spraying faba bean plants with two bioagents and BTH in comparison with the fungicide Topas on the activity of oxidative-reductive 

enzymes. 

Treatments 
Activity of* 

Phenylalanine ammonialyase (PAL) Peroxidase(PO)  Polyphenol-oxidase(PPO) 

B.subtilis 0.591 0.454 0.670 

T.viride 0.583 0.450 0.665 

BTH 0.609 0.482 0.712 

Topas 0.579 0.443 0.628 

Control(Uninfected) 0.538 0.394 0.545 

Control(Infected) 0.558 0.409 0.587 

*Expressed as absorption after 30 sec. at appropriate wave length and the activity of PAL, PO and PPO at zero time were 0.220,0.244 and 0.350, respectively. 

4. Discussion 

With increasing public awareness of the environmental 

implications of the use of large quantities of fungicides in 

agricultural practices, alternative strategies for the control of 

plant disease are being sought as integrated control [30], 

[17]. Nowadays, biological control using antagonistic 

microbes alone, or in combination with another supplements 
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to minimize the use of chemicals in a system of integrated 

plant disease management, has become more important. 

Protection of plants from the diseases by induction of 

systemic acquired resistance is a new approach. This is much 

less harmful to the environment as compared to deadly 

agrochemicals applied to control plant diseases [28]. It has 

been mentioned that Bacillus-based biological control agents 

(BCAs) have great potential in integrated pest management 

(IPM) systems [26]; however, relatively little work has been 

published on integration with other IPM management tools 

[30]. Unfortunately, most researches have focused on BCAs 

as alternatives to synthetic chemical fungicides or 

bactericides and not as part of an integrated management 

system. In addition, induced systemic resistance was 

observed in tomato against late blight, caused by 

Phytophthora infestans (Mont.) with B. pumilus strain SE34n 

that was incorporated into the potting medium [49].  

The antagonistic isolates of both Bacillus spp. and 

Trichoderma spp. inhibited the germinated urediospores of 

U. viciae-fabae in the range of 35.2 - 51.7% and 39.0-59.0%, 

respectively. In addition, both B.subtilis and T. viride gave 

the highest inhibition. This may be due to the release of toxic 

metabolites into the medium [15], [50],[6]. The antagonistic 

nature may be due to antibiosis, nutrient competition and cell 

wall degrading enzymes. 

Trichoderma spp. are known to control pathogens either 

indirectly by competing for nutrients and space, modifying 

the environmental conditions, or promoting plant growth and 

enhancing plant defensive mechanisms and antibiosis, or 

directly by inhibition of growth and sporulation of the 

pathogen mechanisms such as mycoparasitism and enzyme 

production [51], [9]. The obtained data revealed in vitro that 

non-volatile secondary metabolites of Trichoderma species 

were effective in suppressing the germinated urediospores of 

U.viciae-fabae. In addition, T. viride exhibited the highest 

effect in this regard followed by T. harzianum after 48 hrs. of 

confrontation. 

Greenhouse experiments indicated that, spraying faba- 

bean plants (two months old), grown from seeds soaked in 

BTH or in water,72 hrs before inoculation with the tested 

pathogen with any of the tested species of genera Bacillus 

and Trichoderma significantly reduced rust severity 

compared with the control. Both B.subtilis and T.viride were 

the highest antagonistic bioagents in reducing the infection 

by the causal fungus and increasing No. of pods and dry 

seeds yield/ plant compared with the other bioagents and the 

control. This may be due to their effect on germ-tube 

elongation and to a lesser extension of germination rate [51]. 

The obtained results showed that both B.subtilis and T. 

viride exhibited maximum inhibition to the germinated 

urediospores of the causal fungus. It appears that despite the 

absence of direct contact between Trichoderma spp. and 

U.viciae- fabae, the first may have an inhibitory activity on 

the germination process of the pathogen. This could be 

explained by the ability of Trichoderma spp. to produce 

volatile and non-volatile substances that are able to limit and 

even stop the germinated urediospores of the pathogen. Also, 

it is found that there is large variety of volatile secondary 

metabolites produced by Trichoderma spp. such as ethylene, 

carbon dioxide, hydrogen cyanide, aldehydes and ketones, 

which play an important role in managing the plant 

pathogens [48, 40, 50, 6]. 

It is worth to mention that the basic principle for the 

success of a biological control program is a good adaptation 

of a given bioagent to the local environmental conditions in 

which it is supposed to work. The obtained data revealed that 

there was a promising antagonistic species of Bacillus spp. 

and Trichoderma spp. prevalent on faba-bean leaves, which 

could be exploited for the control of rust. 

Field experiments revealed that spraying B.subtilis and 

T.viride. each alone or in combination, on faba-bean plants 

grown from soaked seeds in BTH at beginning of the 

incidence of the disease symptoms significantly reduced the 

severity of the disease with significant increase to the 

produced yield of dry seeds compared with the control. In 

addition, the fungicide Topas was the superior treatment for 

lowering the severity of the disease and increasing the 

produced seed yield followed by spraying the mixture of both 

bioagents. 

BTH was used to induce resistance in bean against rust 

caused by Uromyces appendiculatus. Histochemical and 

cytochemical investigations showed that BTH causes 

hydrogen peroxide (H2O2) accumulation in the treated 

tissues. H2O2 deposits were localized in situ for the first time 

in the apoplast of the leaf epidermis. No cell death was 

detected at BTH concentrations below the phytotoxicity 

threshold, suggesting that acquired resistance against bean 

rust is mainly related to the enhanced activity of anionic 

peroxidases, promoted by H2O2 accumulation, thereby 

leading to cell wall strengthening. This hypothesis is also 

supported by the long induction phase required to establish 

complete resistance [25].  

Significant reduction in rust incidence and severity of 

faba-bean under field trials was achieved using integrated 

treatment application of chemical inducers with the bioagent 

T. harzianum [18]. However, unlike elicitors of phyto-

alexines accumulations, which are elicited at the site of 

application may be responsible for localized protection and 

induces systemic acquired resistance that sensitizes the plant 

response rapidly after infection[31]. These responses induced 

phytoalexines accumulation and lignifications and induce 

enhance activities of chitinase and β-glucanase [13], [34. [16] 

mentioned that induced acquired resistance is persistent and 

generally is pathogen nonspecific. Furthermore, various 

chemicals have been considered for their potential to induce 

defense responses in plants, such as, 6-dichloroisonicotinic 

acid (INA), β-aminobutyric acid (Bion) and salicylic acid 

[36].  

Pathogenicity-related proteins are usually quantified to 

assess the activation of defense system of plants. Plants 

treated with the two bioagents, BTH and the fungicide Topas 

showed an increase in PAL, PO and PPO activity compared 

with control treatment. It is well known that PPO is a copper 

containing enzyme, which is responsible for oxidization of 
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phenolics to highly toxic quinines. This enzyme is also 

involved in terminal oxidation of diseased plant tissue, and 

this role of this enzyme is attributed in disease resistance [29] 

On the other hand, PAL is the main enzyme in phenyl 

propanoid pathway and flavonoid pathway [44] and 

peroxidase enzyme is related with more than one function in 

plants. In addition, plants sprayed with BTH recorded the 

highest activity of the three enzymes followed by those 

treated with T.viride and B.subtilis. It has been found that the 

reduction in disease severity was attributed to the increased 

levels of PAL, PO and PPO enzymes. 

Peroxidase enzyme oxidizes the phenols to more fungal 

toxic compounds such as quinines, which inhibit both spore 

germination and fungal growth. Also, peroxidase was found 

to be participate in the synthesis of lignin [20], [35]. 

Moreover, the participation of an endogenous supply of 

phenolic compound in the plant disease resistance is 

dependent upon active phenol oxidase system [33]. 

5. Conclusion 

This study showed that there are promising antagonistic 

species of bacteria and fungi prevalent on faba-bean leaves, 

which could be exploited for management of rust. The genera 

Bacillus and Trichoderma comprise a great number of 

bacterial and fungal strains that act as bioagents for the 

control of plant diseases and for their ability to increase plant 

growth, the antagonistic properties of which are based on the 

activation of multiple mechanisms. The present study clearly 

showed the effect of the two antagonistic strains of Bacillus 

and Trichoderma isolates against the germinated 

urediospores of the causal fungus. The non-volatile 

compounds produced by the selected Bacillus and 

Trichoderma spp. drastically reduced the germinated 

urediospores of the causal fungus in vitro and resulted in 

great reduction to faba-bean rust with considerable increase 

to the produced seed yield. Based on the present investigation 

a new strategy will be developed for managing rust disease 

on faba bean in vivo. 
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