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ABSTRACT 

                  This study was initiated to assess the efficacy of some biological materials 

separately or mixed to control Rhizoctonia root rot disease caused by the fungus 

Rhizoctonia solani. In vitro efficacy assessment showed; glutathione could inhabit fungal 

growth up to 100% at concentration 3000 mg/L. Whereas, the bacterium Azospirillum 

brasilense scored 78.63% inhibitory at 10
-5 

concentration. The fungal bio-agent 

Trichoderma viride scored 1.33 highest antagonistic activity 5 days of inoculation on PDA 

medium. Under greenhouse conditions, (Tr + Az + G+ R. solani) and (Tr + G+ R. solani) 

combination treatments could decrease R.solani infectivity and disease severity up to 

0.00% compared to 73.33 and 68.33% for control treatment, respectively. Similarly, these 

two treatments could induce systemic acquired resistance (SAR) when scored the highest 

polyphenol oxidase (PPO) activity 6 and 12d of pathogenic fungus inoculation compared 

to healthy control. They scored 82.14 and 67.07, 78.12 and 65.33 absorbance increase rate 

(AIR)/min/g fresh leaf weight, respectively, compared to 41.67, 40.08 for AIR/min/g fresh 

leaf weight, respectively, for healthy control. Amongst other treatments, (Az + R.solani) 

scored 11.553% highest protein content compared to 9.433% for healthy control.  
Keywords: Pell pepper, A. brasilense, Glutathione, R. solani, T.  viride  

 

 Rhizoctoni solaniاسخحثاد انًماويت انجهاصَت انًكخسبت فٍ َباث انفهفم ظذ انفطش 
  2, الاء خعُش حساٌ 1الاء سعذ يىسً
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 انخلاصت

اجشَج هزِ انذساست نخمُى كفاءة بعط انًىاد الاحُائُت بصىسة يفشدة او بانخهػ فًُا بُُها فٍ انحذ يٍ يشض       

 . Rhizoctonia solaniانشاَضوكخىٍَ فٍ بادساث انفهفم انًخسبب عٍ انفطش  حعفٍ انجزوس

,  Glutathione ,brasilense Azospirillumاظهشث َخائج دساست انخمُُى انًخخبشٌ نكفاءة انًسخحثاث )  

Trichoderma  virideن( فٍ حثبُػ انًُى انشعاعٍ نهفطش انًًشض ار حمك  اGlutathione    َسبت  حثبُػ بهغج

% عُذ 78.63اعطج َسبت حثبُػ بهغج  A.brasilense/ نخش, فٍ حٍُ اٌ انبكخشَا يهغى 3000% عُذ انخشكُض 100

10انخخفُف
-5 

حسب انسهى انًعخًذ وهٍ اعهً لًُت فٍ  1.33اعطً َسبت حعاد بهغج  .viride  T , ايا انفطش الاحُائٍ

 .  PDAانسهى بعذ خًست اَاو يٍ انخهمُح فٍ انىسػ انضسعٍ 

انخهػ  ويعايهت(, Tr + Az + G+  R.solani) ٍ فمذ حممج يعايهت انخهػ بٍُايا فٍ ظشوف انبُج انبلاسخُك

ارا بهغج َسبت الاصابت وانشذة  R.solaniخفط َسبت الاصابت وشذة الاصابت بانفطش  ( فTr + G + R.solaniٍبٍُ )

لُاسا انً َسبت وشذة الاصابت فٍ يعايهت انًماسَت وانخٍ  نكهُهًا عهً انخخابع حهُها بمُت انًعايلاث, % 0.00و  0.00 فُها

فعلا عٍ حسببها فٍ صَادة انىصٌ انطشٌ وانجاف نهُباث يعُىَا عهً بالٍ  % عهً انخخابع 68.33و  73.33بهغج 

بىنٍ  (PPO) كًا اثبخج انعىايم كفاءحها فٍ اسخحثاد انًماويت انجهاصَت يٍ خلال صَادة فعانُت اَضَى انًعايلاث الاخشي,

فمذ حممج  (يٍ دوٌ فطش يًشض)َىياً يٍ اظافت انفطش انًًشض لُاساً بًعايهت انًماسَت  12و  6فُُىل اوكسذَُض بعذ 

( اعهً َسبت بانًحخىي (G + Tr + R.solani(, ويعايهت انخهػ بٍُ Az Tr +G  +R.solani+) بٍُ  يعايهت انخهػ

انخغُش بالايخصاص انعىئٍ/ دلُمت/ غى وصٌ غشٌ  يعذل  65.33و  78.12 , 67.07 و  82.14فمذ بهغج الاَضًٍَ 

 لاوساق انُباث عهً انخخابع فٍ حٍُ بهغ يعذل انخغُُش بالاَضَى بًعايهت انًماسَت )يٍ دوٌ فطش يًشض( وانخٍ بهغج
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انًعايلاث  حهخها بمُت يعذل انخغُش بالايخصاص انعىئٍ/ دلُمت/ غى وصٌ غشٌ لاوساق انُباث عهً انخخابع 40.08, 41.67

, فٍ حٍُ  11.553%اعهً يحخىي نهبشوحٍُ بهغ (Az + R.solani)ايا انًحخىي انبشوحٍُُ فمذ حممج يعايهت  الاخشي.

 % حهُها بمُت انًعايلاث الاخشي. 9.433 بًعايهت انًماسَت )يٍ دوٌ فطش يًشض( بهغ يعذل انًحخىي انبشوحٍُُ
 .الفطر الاحيائي الترايكى فيرادي، رايسوكتىنيا سىلاني، الكلىتاثيىن، بكتريا الازوسبرلنالفلفل، انكهًاث انًفخاحُت: 

 

INTRODUCTION 

Bell pepper Capsicum annuum L. is cultivated worldwide due to its nutritional values, 

as it has a high content of vitamins and antioxidants (Parisi et al., 2020). Based on Central 

Agency for Statistics and Information Technology recent statistics, bell pepper production area 

was 21189 dunam (1 dunam= 2,500 m
2
) with a total 45498 tons production in Iraq. Damping 

off disease is one of the major threat to bell pepper production worldwide (Hyder et al., 2020). 

It can be caused by several pathogens including R. solani (Abbas et al., 2019).  The use of 

some microorganisms to induce plant systemic resistance has recently been introduced 

(Mhlongo et al., 2018). The plant resistance can be activated through biological and non-

biological factors. Accordingly, a group of natural and chemical plant defenses are formed 

which increase the plant resistance against pathogens (Zechmann et al., 2020 ; Hassan, 2021). 

The bio-agent Trichoderma spp. can induce resistance through many mechanisms including the 

increase in the formation of some compounds, including terpenoids and phenols, highly toxic 

to pathogens (Hassan, 2021). Moreover, it increases the activity of defiance enzymes including 

chitinase and polyphenol oxidase in addition to defense hormones in plant (Contreras-

Cornejo et al., 2016). The bacterium Azospirillum was applied to induced systemic resistance 

in plants through soil and root treatment, as this bacterium could increase cell wall thickness of 

plants, activate some genes involved in the expression of pathogenic related protein and 

increase the activity of the defense enzymes in plant (Zechmann et al., 2020). Due to the 

importance of induced systemic resistance (ISR) as an alternative approach to chemical 

fungicides, this study was aimed at investigating some ISR mechanisms in bell pepper plant 

using Trichoderma viride and Azosprillum brasilens against the pathogenic fungus R.solani  

under greenhouse condition.    

 

MATERIALS AND METHODS  

Pathogenicity test of R.solani  

  An isolate of R.solani, provided by Plant Pathology Laboratory/ Departments of Plant 

Protection /Agriculture Research Directorate, was grown on Potato Dextrose Agar (PDA) 

medium in Petri dishes kept inverted at 25±2 °C. The inoculum of pathogenic fungus was 

prepared following (Dewan,1989) by growing the fungus on local millet seeds Panicum 

miliaceum. Koch’s postulates were performed to confirm the fungus pathogenicity by adding 

fungal inoculum grown on millet seeds to 2 kg pots filled with sterilized soil mixture (1 soil:1 

peat-moss) at 1% (w/w). A sterilized millet seed treatment was included as a control. All pots 

were watered and sealed with polyethylene bags for three days then pots were unsealed and 

pepper seeds (surface sterilized with 2% sodium hypochlorite for 2 min) were sown at rate 10 

seeds/treatment with 3 replicates. Ten days after sewing, infectivity percent was calculated, in 

every 5d interval for 3 weeks until the complete germination of seeds in control treatment, 

following equation: 

Infectivity (%) = 
                     

                  
 × 100 
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Efficacy assessment of T. viride to inhabit R.solani on PDA medium  

  An isolate of T. viride was provided by Plant Pathology Laboratory/ Agriculture 

Research Directorate /Iraqi Ministry of Science and Technology. The antagonistic activity of T. 

viride against R.solani was tested using dual culture assay. The 9 cm diameter Petri plates, 

containing PDA was divided into two equal sectors. One sector was inoculated with a 0.5 disc 

sliced from 5d growth R.solani culture. Whereas, the opposite sector was inoculated with a 0.5 

disc taken from 7 d growth T. viride culture. Three replicates were used and a non-biological 

agent control treatment was included. Plates were incubated for 5d at 25±2 °C and the 

antagonistic activity based on Bell et al., )1982) method using the following 1-5 scale: 

Class    Description 

1 Antagonistic fungus growth covers the entire plate area 

2 Antagonistic fungus growth covers 2/3 of plate area while the pathogenic 

fungus covers the remaining area 

3 Antagonistic fungus growth covers half of the plate area while the 

pathogenic fungus covers the another half 

4 Antagonistic fungus growth covers 1/3 of plate area while the pathogenic 

fungus covers the remaining 2/3 area 

5 Pathogenic fungus growth covers the entire plate area 

The biological agent has an antagonistic activity against the pathogenic fungus when scores 2 

or less. 

 

In vitro efficacy assessment of A. brasilense to inhibit R.solani and T. viride bio-agent  

A local isolate of the bacterium A. brasilense was kindly provided by Central laboratory 

Department of Soil and Water Resources, College of Agricultural Engineering Sciences/ 

University of Baghdad. The provided bacterium was isolated from soil and confirmed by 
CHB50 biochemistry tests. A. brasilense isolate was grown on Nutriant Broth (NB) medium 

for 48 h at 25 °C ±2, then ten-fold serial dilutions up to 10
−9

 were prepared. About 1 mL of 

each bacterial concentration was mixed with 15 -20 mL unsolidified PDA medium in a petri-

plate through plate rotating. When solidified, 0.5 cm discs from the edge of 5d growth stage R. 

solani culture were placed in the middle of plates. Three replicates for each treatment were 

made. One Ml of sterilized NB medium was used as a bacterial free control treatment. All 

plates were incubated for 5d at 25 °C ±2 then inhibition percent was calculated as follows: 

Inhibition (%) = 
   

 
 ×100 

Where C = The average of colony diameter in control. 

T = The average of colony diameter in treatments. 

  

The inhibitory effect of the About 1 mL of the concentration scored the best inhibition 

against the pathogenic fungus was added to plate containing PDA medium, then 0.5 disc from 

T. viride was placed in the middle of plate. Three replicates were used and 1 mL of PDA 

medium was added as a bacterial free control. Plates were incubated for 7d at 25 °C ±2 and 

inhibition percent was calculated.  
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In vitro efficacy assessment of glutathione to inhibit the pathogenic fungus R.solani and 

the bio-agents T.viride and A. brasilense  

  To select the best glutathione concentration and identify its effect on the bio-agents, the 

poisoned food technique was performed to test the inhibitory effect of glutathione against R. 

solani,  T. viride and A, brasilense. Three concentrations 1000, 2000 and 3000 mg/L were 

prepared in flasks containing PDA, well shaken before medium solidification and poured into 9 

cm Petri-plates. Plate of each concentration was inoculated with 0.5 cm disc, taken from the 

edge of 5 and 7d growth stage R. solani  and  T. viride culturesm respectively. For A. 

brasilense   treatment, the 3 concentrations were prepared in NA medium , poured into the 

plates and 1mL/plate of the bacterial suspension at 10
-5

 concentration was spread. Glutathione 

free PDA and NB media inoculated with R. solani,  T. viride and A. brasilense , respectively 

were included as control treatments. All treatments were incubated for 5, 7 and 1d at 25 °C ±2 

for R. solani,  T. viride and A. brasilense , respectively. Inhibition percent was calculated based 

on measuring two perpendicular diameters of the fungal growth for R. solani and  T. viride. For 

A. brasilense the inhibitory percent was calculated based on counting the number of colonies. 

All treatments were performed in 3 replicates.  

 

Fungicidal activity assessment of Beltanol against R.solani on PDA medium  

Fungicidal activity of the pesticide Beltanol (Chinosol 50%), produced by (Probelte, 

Spain), against R. solani was tested, using poisoned food technique. The concentrations 500, 

1000, 1500 and 2000 mg/L were tested based on the active ingredient. Thee 4 concentrations 

were prepared in PDA medium and poured in 9 cm Petri-plates. Plates of each treatment were 

inoculated with 0.5 cm disc taken from 5d growth stage of R. solani at the middle. Three 

replicates of each treatment were prepared and Beltanol free PDA control was included. All 

treatments were incubated for 5d at 25 °C ±2. Inhibition percent was calculated based on by 

measuring two perpendicular diameters of the fungal growth. 

 

Inducing systemic resistance of bell pepper seedlings against R.solani  using some bio-

agents in pots under greenhouse conditions  

  This experiment was performed in a greenhouse at Department of Plant Protection/ 

College of Agricultural Engineering Sciences/ University of Baghdad for the spring 

agricultural season of 2021-2022 . Soil mixed with peat-moss and autoclaved for 20 min at 121 

°C and a pressure of 1.5 kg/cm
3
, left to cool and the sterilization repeated twice in every 24 h 

interval. Sterilized mixture was distributed in plastic pots at 4 kg/pot rate. The following 

treatments were applied  

1. Soil only 

2. Soil + R. solani 

3. Soil + Glutathione (G) 

4. Soil + A. brasilense (A) 

5. Soil +   T. viride (T) 

6. Soil + R. solani + Glutathione  

7. Soil + R. solani + A. brasilense 

8. Soil + R. solani + T. viride 

9. Soil + R. solani + Glutathione + A. brasilense 

10. Soil + R. solani + Glutathione + T. viride  

11. Soil + R. solani + A. brasilense+ T. viride 

12.  Soil + Glutathione + A. brasilense 
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13. Soil + Glutathione + T. Viride 

14.  Soil + A. brasilense+ T. viride 

15. Soil + R. solani + Glutathione+ A. brasilense + T. viride  

16. Soil + Glutathione+ A. brasilense + T. Viride 

17. Soil + R. solani + Beltanol 

Each pot was sewed with 5 bell pepper seeds from a local variety, surface sterilized 

with 2% sodium hypochlorite for 2 min, then washed with distilled water. About 100 mL of 

glutathione was added to soil in pots at 3000 mg/L concentration. Around 100 mL /pot of 

bacterial inoculum was added at 7×10
6 

Cfu/mL concentration. T.viride was loaded on millet 

seeds and 40 g/pot was used. Beltanol pesticide was applied based on the by dose 

recommended by manufacturer which was 100/pot at 1 mL/L concentration. The pathogenic g 

was added 15d of sewing through contaminating the soil with 40 g/pot of fungal inoculum 

loaded on local millet seeds. The control treatment included sterilized soil and 40 g/pot of 

millet seeds but without fungal inoculum. Similar steps were followed with glutathione, 

A.brasilense  and T.viride  for  control treatment but without fungal inoculum. About 

combination treatments, each factor was added at half concentration. A completely randomized 

design (CRD) for 17 treatments in 3 replicates was used. Leaf yellowing and seedling wilt 

symptoms were noticed 6d of adding fungal inoculum. Infectivity percent was calculated 

following the equation :  

Infectivity (%) = 
                        

                  
      

Plant samples were collected two months of cultivation, and disease severity was 

calculated based on 0-4 scales (Alwan, 2014) as follows: 

0= Not infected plants 

1=1-25% of root is rotten 

2= More than 25-50% of root is rotten 

3= More than 50-75% of root is rotten 

4= More than 75-100% of root is rotten or plant death 

 

Disease severity percent was calculated based on Mckinney (1923) as follows: highest  

  

Disease severity )%( = 
                        (   )                         (   ) 

                                              
     

 

The infection of pathogenic fungus was confirmed by microscopic examination. Plant 

roots were collected, surface sterilized, cultured on PDA and examined under light microscope. 

Fresh and dry weights were estimated in plant samples following the estimation of disease 

severity percent. Plant samples were dried in electric oven for 2d at 50 °C to ensure the 

stability of the weight. Some biochemical parameters were tested to identify induced systemic 

resistance in seedlings against the pathogenic fungus. Leaf samples were collected from plants 

treated with previously mentioned bio-agents, inoculated with R. solani and thought to be 

systemically resistance induced against the disease 6 to12d of inoculation. Polyphenol oxidase 

(PPO) was estimated following the method priviouslly described Ojha & Chatterjee (2012). 

Protein content was estimated in leaf samples collected 30 d after inoculation using 

Microkeldahl apparatus to estimate total nitrogen content (Black,1965) through multiplying 

nitrogen percent by 6.25 factor to obtain the total leaf protein percent (Scheffelen et al., 1961).  
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RESULTS AND DISCUSSION  

Pathogenicity test of R. solani  

Pathogenicity test showed R. solani significantly decreased seed germination of bell 

pepper up to 3.3% under greenhouse conditions, compared to 100% in control treatment 

(without pathogenic fungus) (Table 1) (Figure,1). The high pathogenicity may be related to the 

enzyme activity produced by the fungus that degrade pectin and cellulose at the first stages of 

plant growth. These enzymes including pectinase, pectin methyl esterase and pectinlyase, can 

be involved in host penetration and disease initiation (Toghueo, 2019).   

 

 

Table (1): Pathogenicity test of R. solani in pots. 

Treatments * )%( Germination 

Control 100 

R.solani 3.3 

L.S.D0.05 9.25 

 

 

 

 

Figure (1): Pathogenicity of R. solani on pepper seeds. 

 A: Seeds without the pathogenic fungus (control). 

B: Seeds with the pathogenic fungus. 

 

Efficacy assessment of T. viride to inhibit R. solani on PDA medium  

  In vitro tests confirmed the high antagonistic activity of the bio-agent fungus T. viride 

against R. solani when score 1.33 highest antagonistic percent based on the scale used, 5d of 

*Each number represents an average of 3 replicates.    

B 

seeds Infected 

Rh15 

 

seeds germination of pepper 

B A 
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inoculation o PDA. T. viride could inhibit the R. solani growth a direct contact between the 

bio-agent and pathogen colonies was noted. The growth of the pathogenic fungus was 

restricted to the plate edge due to T. viride (Figure. 2). It was noticed that the hyphae of T. 

viride were covering R. solani, indicating the bio-agent fungus activity against pathogenic 

fungi. This feature of is characteristic to the bio-agent as its tiny hyphae are smaller in diameter 

enables twisting around those in the pathogenic fungi. Besides, some enzymes produced by 

bio-agent hyphae, including chitinase and cellulose, enable breaking through the cell walls of 

the pathogenic fungus resulting in penetration and parasitism. Other features of antagonism are 

the competition on nutrients, production of some organic volatiles, including, ethyl 

hexadecanoate, azetidine and 2- phenyl ethanol, and/or enzymes, including chitinase and β-1,3-

glucanase, that may be involved in inhibiting the pathogenic fungi and limit their spread 

(Phoka et al., 2020).  

         

 

Figure (2): Antagonistic activity of T. viride against R.  solani on PDA medium. 

                                                    A:  R.  solani only. 

B: T. viride against R.  solani. 

 

Efficacy assessment of A. brasilense to inhibit R. solani and T. viride under laboratory 

conditions  

In vitro tests of the bacterium A. brasilense as a biological agent could inhibit R. solani 

growth up to 78.63%, while the inhibition against T. viride was 9.99% (Table 2 and Figure 3). 

The inhibition activity of this bacterium may be due to the production of metabolites, organic 

compounds, indole lactic acid, some enzymes and antibiotics, gibberellins and cytokinins 

(Pedraza et al., 2020). In addition, A. brasilense roles involve in increasing nitrogen, phosphor 

and potassium enables the plant to resist pathogens (Nia,2015). Due to its inhibition activity A. 

brasilense was used against several plant pathogens, including R. solani (Santos et al., 2019). 
 

  

B A T.viride 

 

Rh15 
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Table (2): Test the antagonistic activity of A. brasilense against R. solani and T. viride in 

laboratory conditions. 
)%Inhibition( Mean of colony diameter (cm) Treatments * 

0.00 9.00 Control Tr. 

9.99 8.10 Tr. + Az. 

0.00 9.00 Control R.solani 

78.63 1.92 R.solani + Az. 

4.74 0.43 L.S.D0.05 **  

*Each number represents an average of 3 replicates 

**There are significant differences at the L.S.D0.05 level of the treatments 

 

 

 

Figure ( 3): the antagonistic activity of A. brasilense against R. solani. 

A  :  R. solani. 

B : A. brasilense against R. solani. 
 

Efficacy assessment of glutathione to inhibit R. solani and the biological agents T. viride 

and A. brasilense under laboratory conditions  

In vitro tests confirmed glutathione added to PDA medium could decrease R. solani 

growth up to 6.46, 1.83 and 0.0 cm at 1000, 200 and 3000 mg/mL concentrations, respectively, 

scoring inhibition 28.15, 79.63 and 100.00 % compared to 9.0 cm and 0.00% in control 

treatment, respectively (Table 3). Whereas, in T. viride, the diameters of colonies treated with 

glutathione were 8.9, 8.43 and 7.7, at the same concentrations, scoring inhibition 1.11, 6.29 and 

14.44, respectively. For A. brasilense treated with glutathione at the same concentrations on 

NA medium, the averages of colony numbers were 39.33, 40.00 and 40.00 colonies scoring 

1.66, 0.00 and 0.00% inhibition, respectively, compared to 40.00 colonies and 0.00% in control 

treatment, respectively (Table 4). Glutathione inhibition efficacy can be attributed to its 

activities to produce metabolites, decrease the effect of reactive oxygen and role as an 

antioxidant. It damages the fungal mycelia and new growth preventing the fungal spread. 

Glutathione is involved in plant stress resistance, preventing or decreasing roots interaction 

with pathogens, as it comprises amino acids (Balint-kurti etal., 2019). Similarly, Bittsanszky 

et al., (2012) used glutathione to control Rhizoctonia infecting okra. 

  

Rh15 
medium containing 

bacteria A .brasilense 

 

B A A 
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Table (3): Efficacy assessment of glutathione to inhibit R. solani and the biological agents T. 

viride under laboratory conditions. 

Fungi * 
concentrations  

(mg/L) 
Average of colony 

diameter (cm) 
)%( Inhibition 

R.solani 0 

1000 

2000 

3000 

9.00 

6.463 

1.833 

0.00 

0.00 

28.150 

79.630 

100.00 

T.viride 0 

1000 

2000 

3000 

9.00 

8.900 

8.433 

7.700 

0.00 

1.110 

6.3000 

14.440 

L.S.D0.05 Concentrations 

Treatments 

Interactions 

0.335 

0.237 

0.474 

3.741 

2.645 

5.291 

*Each number represents an average of 3 replicates.  

Table (4): Efficacy assessment of glutathione against A. brasilense on NA medium. 

Inhibition(%) No. of bacterial colonies 
Concentrations * 

(mg/L) 

1.667 39.333 1000 

0.000 40.000 2000 

0.000 40.000 3000 

0.000 40.000 Control 

ns * ns * L.S.D0.05 

*Each number represents an average of 3 replicates.  

*ns  There are no  significant differences at the L.S.D0.05 level of the treatments. 

 

 

Figure ( 4): Glutathione efficacy to inhibit R. solani. 

A : R. solani only .              

B : R. solani treated with glutathione . 

Fungicidal activity assessment of  Beltanol against R. solani on PDA 

Beltanol pesticide inhabited R. solani  growth up to 100% at 2000 mg/L compared to 

control treatment (Table 5 and Figure, 5). Whereas, it scored 26.03, 64.07 and 93.70 inhibitory 
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percent at concentrations 500, 1000 and 1500 mg/L, respectively. Beltanol active ingredient, 8-

hydroxyquinoline neutral sulphate can control R. solani through forming chelating agents with 

copper element inside host tissues which enables penetration of the active ingredient into the 

pathogen cells then eliminate it or decrease the infection Al-Mayahi ( 2020) . 

Table (5): Fungicidal activity assessment of Beltanol against R. solani on PDA medium. 

Inhibition(%) Mean of colony diameter (cm) 
Concentrations * 

(mg/L) 

26.03 6.66 500 

64.07 3.23 1000 

93.70 0.57 1500 

100.00 0.00 2000 

0.00 9.00 Control 

8.83 0.80 L.S.D0.05 ** 

 *Each number represents an average of 3 replicates. 
**There are significant differences at the L.S.D0.05 level of the treatments.   

 

 

Figure (5): Fungicidal activity assessment of Beltanol against R. solani. 

   A: Beltanol concentration (2000 mg/L) against R. solani. 

    B: R. solani only. 

Inducing systemic resistance of bell pepper seedlings against R. solani using some bio-

agents in pots under greenhouse conditions  

  All treatment could decrease infectivity and disease severity percentages of R. solani 

compared to pathogen control (Table 6). The combination (R.solani+Az+T + G) scored the 

lowest  infectivity and disease severity percentages that were 0.00 and 0.00% compared to 

pathogen control with 73.33  and 68.33 %, respectively. Whereas, both (R. solani + Tr + G) 

and (R. solani + Az + G) combination treatments scored 0.00 and 0.00% infectivity disease 

severity, respectively followed by other treatments. The absence of infectivity and disease 

severity in these combinations may be related glutathione efficiency to produce metabolites 

and reduce reactive oxygen, its role as an antioxidant and in plant stress resistance. Besides, 

glutathione has a proteinaceous composition including many active amino acids that have a 

role to construct an environment unsuitable for fungal growth and boost root growth of pepper 

plants, so they can be much active against pathogens (Gong et al., 2017). 

B A 
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Table (6): Inducing systemic resistance of bell pepper seedlings against R. solani using some 

bio-agents in pots. 
Disease severity(%) Infectivity(%) Treatments * 

0.00 0.00 Control 

68.33 73.33 R.solani  

0.00 0.00 Glutathione (G) 

0.00 0.00 A.brasilens (Az) 

0.00 0.00 T.viride (Tr) 

3.33 6.67 G + R.solani 

26.67 33.33 Az + R.solani 

21.67 26.67 Tr + R.solani 

0.00 0.00 Az + G + R.solani 

0.00 0.00 Tr + G + R.solani 

1.67 6.67 Tr + Az + R.solani 

0.00 0.00 G + Az 

0.00 0.00 G + Tr 

0.00 0.00 Tr + Az 

0.00 0.00 Tr + Az + G + R.solani 

0.00 0.00 Tr + Az + G 

16.67 20.00 Beltanol + R.solani 

12.75 15.88 L.S.D0.05 ** 

 
*Each number represents an average of 3 replicates.                   

*There are significant differences at the L.S.D0.05 level of the treatments.                 

 

The highest polyphenol oxidase (PPO) content was in the combination (R.solani + G + 

Az + Tr) after 6 and 12d when scored 82.14 and 67.07, the rate of change in light 

absorption/min/gm fresh weight of plant leaves respectively, followed by the (R.solani + G + 

Tr) which scored 78.12 and 65.33, respectively (Table 7). Whereas, (R.solani + Az) scored the 

highest protein content which was 11.553%, followed by other treatments (Figure. 6).  
 

Table (7): The effectivity of inducing factors tested on the increase of PPO content after 6 and 

12d of inoculation with R. solani in pots. 

*Treatments 
Average measurement ppo after 

6d in pots 

Average measurement ppo 

after 12d in pots 

Control 41.67 40.08 

Glutathione ( G) 64.90 54.53 

A.brasilense (Az) 55.26 47.20 

T.viride (Tr) 53.18 45.12 

Az + G 71.12 61.32 

G + Tr 73.42 62.14 

Tr + Az 74.14 62.66 

Az + Tr + G 78.32 66.14 

R. solani (Rh15) 60.28 44.63 

G + Rh15 73.42 62.17 

Tr + Rh15 66.12 54.18 

Az + Rh15 68.12 57.33 
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Tr + G + Rh15 78.12 65.33 

Az + G + Rh15 76.19 64.13 

Az + Tr  + Rh15 70.80 60.18 

Az + Tr + G + Rh15 82.14 67.07 

Beltanol + Rh15 0.00 0.00 

**L.S.D0.05 2.85 2.11 

*Each number represents an average of 3 replicates.                   

*There are significant differences at the L.S.D0.05 level of the treatments.   

 

 

Figure (6): Effect of treatments of some biological factors on protein activity in potted pepper 

plants under greenhouse conditions.  

L.S.D0.05 = 0.256 There are significant differences of the treatments.   ** 
 

The combination (Az.  + Tr.   + G   + R.solani)  could improve plant growth when scored 

the highest fresh and dried weights which were 8.30 and 3.90 g/plant, respectively (Table 8) 

Whereas, plant fresh and dry weight scored 4,80 and 1.20 g/plant, respectively, in pathogen 

control treatment. The combinations treatment may improve growth parameters through 

increasing the nutrient availability in bell pepper leaves which may result in a positive 

improvement of growth indicators (Al-Aboudi, 2019). 
   

Table (8): The effectivity of bio-agents on plant fresh and dry weights in pots.    
Dry weight 

g/plant 

Fresh weight 

g/plant 
Treatments * 

3.23 7.10 Control 

3.87 8.50 Glutathione ( G) 

3.40 8.10 A.brasilense (Az) 

4.70 9.80 T.viride (Tr) 

4.30 9.50 Az + G 

4.10 9.27 G + Tr 

4.03 8.90 Tr + Az 

4.90 10.00 Az + Tr + G 

1.20 4.80 R. solani 

2.77 7.00 G + R.solani 

2.20 5.80 Tr + R.solani 

1.97 5.30 Az + R.solani 
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3.37 7.50 Tr + G + R.solani 

3.80 8.10 Az + G + R.solani 

3.97 8.10 Az + Tr + R.solani 

3.90 8.30 Az + Tr + G + R.solani 

2.53 6.20 Beltanol + R.solani 

0.28 0.48 L.S.D0.05 ** 

*Each number represents an average of 3 replicates.              

**There are significant differences at the L.S.D0.05 level of the treatments.             

 

CONCLUSION 

Glutathione, T.viride and  A. brasilense have high antagonistic ability against the 

pathogenic fungus R.solani on PDA medium. The use of the biostimulant Glutathione alone or 

in combination with Azospirillum brasilense provided protection for pepper plants from 

pathogenic fungi and increased plant growth parameters under greenhouse conditions. 
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