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Abstract 

 

The efficiency of plant resistance inducers (PRIs) i.e. chitosan (CH), salicylic acid (SA) and humic acid (HA) in controlling 

Fusarium solani and Rhizoctonia solani the causal agents of root rot diseases under in vitro and on growth and yield of green bean 

cv. Giza 3 were evaluated. In vitro treatments of CH 1.0 g/l, CH 1.0 g/l + HA 5.0%  and CH 0.5 g/l + SA 2.5%, as sterilized PDA 

medium addition, caused the highest reduction in mycelia growth and spore germination of F. solani and R. solani on incubated 

plates compared to control plates (medium free of inducers). Under greenhouse conditions, combined treatments of PRIs were 

superior than single treatments, while, CH 1.0 g/l + SA 5% or HA 5.0% treatments were more effective than single treatments in 

controlling of Rhizoctonia root rot. These treatments caused disease reduction reached to 70.4 and 67.4% of pre-emergence stage 

after 10 days of seed sowing, and 62.8 and 60.4% of post-emergence stage after 40 days of seed sowing. Meanwhile, the highest 

values of survival plants 79.4 and 77.8% were recorded with the same treatments. Under field conditions, the obtained results 

indicated that soaking bean seeds in CH 1.0 g/l + SA 5% followed by foliar application with half of this concentrations CH 0.5 g/l + 

SA 2.5%, (for 3 times in 7 days interval starting from the second true leaf stage), resulted in the higher percentages of reduction of 

damping-off and root rot incidence 68.2, 63.8, 70.0% and 67.4, 63.3, 69.6% after 10, 40 and 60 days during both seasons, 

respectively, compared with other treatments. Furthermore, such treatment was superior than commercial fungicide seed treatment in 

controlling of green bean root rot, where, fungicide treatment reduced damping-off and root rot incidence after 10, 40 and 60 days up 

to 64.6, 60.4, 64.0% and 64.0, 59.6, 63.4% during both seasons. Combined treatments of PRIs and commercial fungicide treatment 

resulted in increasing of vegetative growth characters, yield and quality of green bean pods compared to other treatments during two 

successive seasons. It could be suggested that using plant resistance inducers in comparison with fungicides, might be considered as 

an eco-friendly, safe, cheap and easily applied method for controlling such soil-borne plant pathogens considering the avoidance of 

environmental pollution and the side effects of fungicides application. 
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Abbreviations: PRIs_Plant resistance inducers, CH_chitosan, SA_salicylic acid and HA_humic acid. 

 

Introduction 

 

Green bean (Phaseolus vulgaris L.) is one of the most 

important vegetable food legumes in Egypt. It is consumed 

either as green pods or dry seeds. It represents a cheap source 

of calcium, proteins and some amino acids especially lysine 

in human diets. Recently, it is highly demanded for exporting 

to the European market, the exported amount reached to 

15000 tons in 2015 according to agriculture statistics. 

Green bean diseases are the major constraints to 

production, reducing yield and seed quality. Bean is attacked 

by certain soil borne fungi causing root rot diseases. The 

main pathogens responsible for root rot disease are Fusarium 

solani and Rhizoctonia solani, it is a serious disease for green 

bean plants (Abdel-Kader, 1997; El-Mougy et al., 2007).  

Lately, a considerable concern to reach or develop alternative 

applications of fungicidal seed treatments for controlling such 

plant diseases has been paid. Systemic acquired resistance 

(SAR) or induction of plants resistance against pathogen is a 

promising approach for controlling plant diseases. Therefore, 

induction of plant resistance to overcome pathogen infection 

is an effective way for controlling plant diseases. The 

phenomenon of plant  resistance to pathogens can be 

enhanced by the application of various abiotic agent 

(chemical inducers or elicitors), caused an induction of 

systemic resistance in plants (El-Khallal, 2007; Akram and 

Anjum, 2011; Abdel-Monaim et al., 2012). Conversely, 

application of such inducer resistance chemicals under field 

conditions have been proved to increase vegetative growth, 

yield and quality of many vegetable crops (El-Mougy et al., 

2007; Abdel-Mawgoud et al., 2010; Shehata et al., 2012; 

Bakeer, 2014; Abd El-Gawad and Bondok, 2015; El-

Mohamedy et al., 2015). 
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Chitosan (CH) is a natural carbohydrate polymer derived 

from crustaceous shells such as crabs and shrimps. It is an 

eco-friendly, nontoxic, bioactive agent has become a useful 

appreciated compound due to its fungicidal effects and 

elicitation of natural defense mechanisms in plant tissues 

(Terry and Joyce, 2004). In addition, chitosan treatment has 

been shown to stimulate plant growth (Kim, 2005). Shehata 

et al. (2012) concluded that foliar application with chitosan at 

rate of 4 ml/l gave the highest vegetative growth, yield and 

quality of cucumber plants. 

Salicylic acid (SA) is a phenolic compound that acts as a 

key regulator of the endogenous signaling network in plants 

under abiotic and biotic stresses. It plays a key role in the 

plant resistance to pathogens by inducing the production 

of pathogenesis-related proteins (PRPs). Also salicylic acid 

was responsible for the accumulation of phyto-alexins in 

viable plant tissues (Anderson, 1988).  

Soaking sesame seeds in salicylic acid at rate of 5 mM for 

24 h before sowing followed by foliar application after 15 

days from sowing resulted in the best control against F. 

oxysporum compared to fungicide Benlate (Abdou et al., 

2001). Shahda (2000) stated that using benzoic acid, salicylic 

acid and ascorbic acid significantly reduced damping-off, the 

reduction in disease incidence ranged from 36-74% and 

exhibited growth promoting effect. The antioxidants used 

were superior to fungicide Rizolex-T either in controlling the 

disease or in promoting the plant growth. Abd El-Gawad and 

Bondok (2015) suggested that foliar application of CH plus 

SA could be used to reduce the negative effect of viral 

infection of TMV and improve the growth, mineral contents 

and yield of tomato plants grown under open field conditions. 

Humic acid (HA) is a principal component of humic 

substances, which are the major organic constituents of soil 

(humus). It is a complex mixture of many different acids 

containing carboxyl and phenolate groups. Humic acids can 

form complexes with ions that are commonly found in the 

environment creating humic colloids. It could be applied 

successfully in many areas of plant production as a plant 

growth stimulant or soil conditioner or inducing natural 

resistance against plant diseases, whereas, several reports 

indicated the efficiency of HA in reducing some plant dis-

eases (Scheuerell and Mahaffee, 2004), stimulation plant 

growth through increased cell division, as well as optimized 

uptake of nutrients and water and stimulated the soil micro-

organisms (Chen et al., 2004).  

Application of humic acid enhances plant growth, nutrient 

uptake, plant yield and quality in a number of plant species 

(Zaky et al., 2006; Yildirim, 2007; Karakurt et al., 2009). In 

the same respect, application of humic acid at rate of 4 g/l, 

led significantly to increase vegetative growth as well as total 

yield. Moreover, increasing the percentage of nitrogen and 

protein contents as well as Fe content in broad bean seeds 

(Shafeek et al., 2013). Also, Abdel-Monaim et al. (2011) 

noted that combined treatment between benzothiadiazole and 

humic acid might be used commercially as a safety method 

for controlling soybean diseases under open field conditions. 

Several reports indicated the efficiency of inducer resistance 

chemicals in reducing some plant diseases. The use of such 

chemicals inducers, would permit a reduction in the use of 

agrochemicals such fungicides (Abdel-Kareem, 2007; Yigit 

and Dikilitas, 2008; El-Mohamedy and Ahmed, 2009; 

Bakeer, 2014).   

The objective of the current study was to evaluate the 

efficiency of seed soaking and foliar applications of some 

chemicals for plant resistance inducer as an alternative 

applications of fungicidal in comparison with commercial 

fungicide (Rizolex-T) against root rot diseases and on 

vegetative growth, yield and quality of green bean grown 

under open field conditions.  

 

Results and Discussion  

 

Effect of plant resistance inducers (PRIs) on linear growth 

of F. solani and R. solani 

 

Plant resistance inducers (PRIs) i.e. chitosan (CH), salicylic 

acid (SA) and humic acid (HA) alone or in combined 

treatments at different concentrations were tested for their 

inhibitory effect on linear growth of F. solani and R. solani in 

vitro. Results in Table (1) indicated that all tested PRIs had 

an inhibitor effect on linear growth of  F. solani and R. solani 

in varying degrees, except salicylic acid treatment at rate of 

1.25% and humic acid at all tested rates as well as control 

treatment. The inhibitory effect increased by increasing PRIs 

concentrations or in another means, the minimum linear 

growth was recorded at the maximum concentrations of PRIs. 

Meanwhile, complete reduction in linear growth was 

observed with chitosan at 2.0 g/l and CH + SA at 1.0 g/l + 

5.0% treatments as shown in Fig. 1. In general, the highest 

reduction in mycelia growth of both fungus was recorded at 

concentrations of 2.0g/l, 1.0 g/l + 5.0% and 1.0 g/l + 5% of 

chitosan, chitosan + salicylic acid and chitosan + humic acid 

treatments, respectively. They reduced the fungal linear 

growth down to 100, 100 and 90 % for F. solani and 100, 100 

and 88.9% for R. solani. 

Results are in agreement with finding of many authors, they 

mentioned that many chemical plant resistance inducers 

recorded the highest inhibition of growth of many pathogenic 

fungi (Abdel-Monaim, 2013; Bakeer, 2014). The inhibitory 

effect produced by SA in the present study almost agreed 

with that found by Hilal et al. (2006) who found that salicylic 

acid completely prevented the mycelia growth of Sclerotinia 

sclerotiorum. Also Abdel-Monaim et al. (2012) showed that 

SA at 200 ppm decreased liner growth of F. oxysorum, F. 

solani and R. solani from 90 mm in check treatment to 54.93, 

48.60 and 65.45 mm, respectively. 

 

Control of root rot disease of green bean under greenhouse 

conditions 

  

Efficiency of some chemical plant resistance inducers i.e. 

chitosan (CH), salicylic acid (SA) and humic acid  (HA) 

alone or in combined treatments at different concentrations 

and seed dressing with commercial fungicide (Rizolex-T) as 

a comparison treatment were applied to control the main root 

rot pathogens Fusarium solani and Rhizoctonia solani of 

green bean plants under artificially infested soil in 

greenhouse.  

Data in Table 2 visibly showed that all applied PRIs 

treatments significantly decreased Rhizoctonia root rot at pre 

and post-emergence stages if compared with control 

treatment. Combined treatments of chitosan 1.0g/l + SA or 

HA at rate of 5.0% were more effective than single 

treatments for controlling of Rhizoctonia root rot. As, these 

treatments caused disease reduction percentages reached to 

70.4 and 67.4% of pre-emergence after 10 days of seeding 

and 62.8 and 60.4% of post- emergence stage after 40 days of 

seeding, as well as the highest percentages of survival plants 

79.4 and 77.8% were recorded with the same treatments. 

Meanwhile, combination treatments between chitosan 1.0g/l 

+ SA or HA at rate of 2.5% caused a considerable effect, they 

reduced root rot incidence by 60.2 and 59.2% at pre-

emergence and by 59.8 and 58.2% at post-emergence and 

gave 76.1 and 76.2% for the percentage of survival plants.  

https://en.wikipedia.org/wiki/Natural_phenol
https://en.wikipedia.org/wiki/Phytohormone
https://en.wikipedia.org/wiki/Endogenous
https://en.wikipedia.org/wiki/Organic_compound
https://en.wikipedia.org/wiki/Carboxyl
https://en.wikipedia.org/wiki/Coordination_complex
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Table 1. Linear growth and percentage of linear growth reduction of Fusarium solani and Rhizoctonia solani in vitro as affected by 

different concentrations of plant resistance inducers. 

          Means followed by the same letter within each column are not significantly different according to  Duncan’s Multiple Range test at P ≤ 0.05. 

 

 
Fig 1. Linear growth of Fusarium solani (A) and Rhizoctonia solani (B) as affected by different concentration of formulated plant 

resistance inducers. 

  

 

Table 2. Effect of chitosan, salicylic acid and humic acid as chemical plant resistance inducers in single or combined treatments on 

damping-off and root rot disease incidence of green bean plants grown in infested soil with Rhizoctonia solani under greenhouse 

conditions. 

Plant resistance 

inducers 

Treatments/concentrations 
Pre-emergence damping 

off after 10 days 

Pre-emergence damping off 

after 40 days 
Survival 

plants 

% 
Seed 

soaking 

Foliar 

spraying 
Infection 

Disease 

reduction % 
Infection 

Disease 

reduction % 
Chitosan (CH) 1.0 g/l 0.5 g/l 7.4 d 58.8 17.8 b 54.4 76.7 

Salicylic acid 

(SA) 

2.5% 1.25% 16.4 b 41.6 19.2 b 40.4 64.6 

5% 2.5% 12.6 c 55.1 15.8 c 51.2 71.6 

Humic acid 

(HA) 

2.5% 1.25% 16.8 b 40.2 19.2 b 40.8 64.6 

5% 2.5% 13.8 c 50.4 17.4 b 45.4 68.4 

CH + SA 1.0 g/l + 2.5% 0.5 g/l + 1.25% 11.2 c 60.2 13.0 d 59.8 76.1 

CH + SA 1.0 g/l + 5% 0.5 g/l + 2.5% 8.2 d 70.4 12.0 d 62.8 79.4 

CH + HA 1.0 g/l + 2.5% 0.5 g/l + 1.25% 11.4 c 59.2 13.4 d 58.2 76.2 

CH + HA 1.0 g/l + 5% 0.5 g/l + 2.5% 9.2 d 67.4 12.8 d 60.4 77.8 

SA +  HA 2.5 + 2.5% 1.25 + 1.25% 12.0 c 56.8 17.8 b 54.2 70.2 

SA +  HA 5 + 5% 2.5 + 2.5% 12.6 c 55.2 15.4 c 51.0 72.0 

Fungicide (Rhizolex-T 3g/kg seeds) 8.2 d 70.8 11.4 d 64.8 80.3 

Control 28.0 a 0.0 32.4 a 0.0 27.6 

Means followed by the same letter within each column are not significantly different according to  Duncan’s Multiple Range test at P ≤ 0.05. 

 

 

 

 

Plant   

resistance 

inducers 

Treatments/ 

concentrations 

F. solani R. solani 

Linear 

growth 

(mm) 

Reduction 

of  linear 

growth% 

Linear growth 

(mm) 

Reduction 

of  linear 

growth% 

Chitosan 

(CH) 

0.25 g/l 64 a 28.9 70 a 22.2 

0.5 g/l 35 c 61.1 38 c 57.8 

1.0 g/l 10 d 88.9 12 d 86.7 

2.0 g/l 0.0 d 100 0.0 d 100 

Salicylic acid 

(SA) 

1.25% 90 a 0.0 90 a 0.0 

2.5% 62 a 31.1 66 a 26.7 

5.0% 40 b 44.4 50 b 44.4 

Humic acid 

(HA) 

1.25% 90 a 0.0 90 a 0.0 

2.5% 90 a 0.0 90 a 0.0 

5.0% 90 a 0.0 90 a 0.0 

CH + SA 0.5 g/l + 2.5% 17 d 81.1 26 d 71.1 

CH + SA 1.0 g/l + 5.0% 0.0 d 100 0.0 d 100 

CH + HA 0.5 g/l + 2.5% 30 c 66.7 30 c 66.7 

CH + HA 1.0 g/l + 5.0% 9.0 d 90.0 10 d 88.9 

SA +  HA  2.5% + 2.5% 55 b 38.9 56 b 37.8 

SA + HA 5.0% + 5.0% 26 c 71.1 34 c 62.2 

Control 90.0 a 0.0 90.0 a 0.0 
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Table 3. Effect of chitosan, salicylic acid and humic acid as chemical plant resistance inducers in single or combined treatments on 

damping-off and root rot disease incidence of green bean plants grown in infested soil with Fusarium solani under greenhouse 

conditions. 

Plant resistance 

inducers 

Treatments/concentrations 
Pre-emergence damping 

off after 10 days 

Pre-emergence damping 

off after 40 days 
Survival 

plants 

% 
Seed 

soaking 

Foliar 

spraying 
Infection 

Disease 

reduction % 
Infection 

Disease 

reduction % 
Chitosan (CH) 1.0 g/l 0.5 g/l 11.4 c 57.0 18.8 d 52.6 67.7 

Salicylic acid 

(SA) 

2.5% 1.25% 13.8 b 39.8 24.0 b 34.8 55.2 

5% 2.5% 12.0 bc 48.1 19.8 c 46.4 62.5 

Humic acid 

(HA) 

2.5% 1.25% 14.4 b 37.8 23.2 b 36.6 55.3 

5% 2.5% 12.2 c 47.2 20.0 c 45.2 61.7 

CH + SA 1.0 g/l + 2.5% 0.5 g/l + 1.25% 9.0 d 61.2 16.8 d 54.4 69.7 

CH + SA 1.0 g/l + 5% 0.5 g/l + 2.5% 8.0 d 65.4 14.4 e 60.7 73.5 

CH + HA 1.0 g/l + 2.5% 0.5 g/l + 1.25% 9.4 d 59.6 17.8 d 52.2 68.2 

CH + HA 1.0 g/l + 5% 0.5 g/l + 2.5% 8.4 d 63.5 15.4 e 57.8 71.7 

SA +  HA 2.5 + 2.5% 1.25 + 1.25% 10.2 c 56.4 17.2 d 53.0 72.6 

SA +  HA 5 + 5% 2.5 + 2.5% 10.4 c 53.4 17.8 d 51.8 71.8 

Fungicide (Rhizolex-T 3g/kg seeds) 8.0 d 65.6 13.2 e 64.2 75.0 

Control 23.2 a 0.0 36.8 a 0.0 28.9 

Means followed by the same letter within each column are not significantly different according to  Duncan’s Multiple Range test at P ≤ 0.05. 

 

 

Commercial fungicide treatment reduced disease incidence 

by 70.8 and 64.8% at pre and post-emergence stages, 

respectively. Single treatments of CH, SA and HA at the 

highest concentrations resulted in disease reduction up to 

50% at both pre and post-emergence stages. Meanwhile at the 

lowest concentrations of these single treatments showed less 

effect in controlling of root rot at pre and post-emergence 

stages.   

In the same regard, results in Table (3) followed the same 

trends as in Table (2). All seed soaking treatments 

significantly reduce Fusarium root rot disease incidence on 

bean plants at pre and post-emergence stages when compared 

with control treatment. Combined treatments as well as 

commercial fungicide seed dressing treatment were the most 

effective in decreasing Fusarium root rot incidence compared 

with single or control treatments. The highest percentages of 

disease reduction were recorded with commercial fungicide 

and combined treatments of CH 1.0g/l + SA or HA at rate of 

5.0%, the reduction percentages reached to 65.6 and 64.2%, 

65.4 and 60.7% and 63.5 and 57.8% for pre and post-

emergence stages, respectively. While, the percentages of 

plant survival were recorded by commercial fungicide (75%) 

and combined treatments of CH 1.0g/l + SA 5.0% (73.5) 

followed by SA 2.5% + HA 2.5% (72.6). The lowest 

concentrations of combined and single treatments showed 

less effect in controlling of root rot at pre and post-emergence 

stages.   

These results are in agreement with those reported by many 

researchers, they used chemical resistance inducers for 

controlling root rot and wilt diseases under greenhouse and 

open field conditions (Abdel-Kareem, 1998). They have been 

demonstrated the potential of plant resistance inducers in 

controlling of damping-off and root rot diseases caused by R. 

solani and F. spp of many crops (Lewis and Lumsden, 2001; 

Abdel-Kareem, 2007; Yigit and Dikilitas, 2008; El-

Mohamedy and Ahmed, 2009; Bakeer, 2014). Plant chemical 

inducers might be stimulated some defense mechanisms such 

as phenolic compounds, oxidative enzymes and other 

metabolites (Amel et al., 2010; Abdel-Monaim et al., 2011; 

El-Mohamedy et al., 2013). In additions, some chemical 

inducers may also have a direct antimicrobial effect and are 

consequently involved in cross linking in cell walls, induction  

of gene expression, phyto-alexin production and induction of 

systemic resistance against plant diseases (El-Khallal, 2007; 

Akram and Anjum, 2011).  Plants respond to chemical 

elicitor treatments by activating a wide variety of protective 

mechanisms  designed  to prevent  pathogen  replication  and  

 

spreading (Terry and Joyce, 2004). The defense mechanisms 

include the fast production of reactive oxygen species  (De-

Gara et al., 2003), alterations in the cell wall constitution; 

accumulation of antimicrobial secondary metabolites known 

as phyto-alexins (Anderson, 1988) and activation and/or 

synthesis of defense peptides and proteins, pathogenesis-

related proteins (Castro and Fontes, 2005). 

 

Control of root rot disease of green bean under open field 

conditions 

 

The efficacy of seed soaking followed by foliar application of 

plant resistance inducers (PRIs) as single or combined 

treatments against the incidence of damping-off and root rot 

diseases of green bean plants at pre (10 days) and post (40 

and 60 days after sowing) emergence stages were evaluated 

under open field conditions during seasons of 2014/2015 and 

2015/2016. Data presented in Table (4) clearly demonstrated 

that all applied treatments significantly reduced damping-off 

and root rot diseases in bean plants if compared with control 

treatment. Combined treatments of CH + SA or HA were 

more effective in reducing  damping-off and root rot diseases 

than single treatments and control treatment. These combined 

treatments resulted in the highest percentages of reduction in 

damping-off and root rot in both seasons. Soaking green bean 

seeds in CH at rate of  1 g/l + SA at 5% followed by spraying 

plants with half of this concentrations (CH 0.5 g/l + SA 

2.5%) resulted in the lowest values of infection and the 

highest percentages of reduction of damping-off and root rot 

incidence at all sampling dates (10, 40 and 60 days after 

emergence), followed by a combined treatment of CH at rate 

of  1 g/l + HA at 5% and then sprayed plants with half of this 

concentrations (CH 0.5 g/l + HA 2.5%). Furthermore, the 

combined treatments CH + SA or HA gave the highest 

percentages of plant survival when compared with other 

treatments during both seasons. It is of interest to note that 

such combined treatments were superior than commercial 

fungicide seed treatment in controlling damping-off and root 

rot diseases. Whereas, commercial fungicide (Rizolex-T) 

treatment recorded the infection values of 6.5, 8.7, 8.7 and 

6.4, 8.4, 8.2 at 10, 40 and 60 days after emergence in the first 

and second seasons, respectively. Also reduced damping-off 

and root rot incidence up to 64.6, 60.4, 64.0% and 64.0, 59.6, 

63.4% at 10, 40 and 60 days after emergence in the first and 

second seasons, respectively. Concerning the plant survival 

percentages fungicide treatment recorded 75.3 and 76.2% in 

the first and second seasons, respectively. 
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Table 4. Effect of different chemical plant resistance inducers, chitosan, salicylic acid, humic acid and their combinations on damping-off and root rot diseases incidence of green bean plants 

grown under open field conditions during seasons of 2014/2015 and 2015/2016. 

Plant resistance inducers 

Treatments/concentrations Pre-emergence 

Damping-off after10 days 

Root rot incidence 

after 40 days 

Root rot incidence 

after 60 days 
Survival 

plants 

% 

Seed 

soaking 

Foliar 

spraying Infection 
Disease 

Reduction % 
Infection 

Disease 

reduction % 
Infection 

Disease 

reduction % 
First season 2014/2015 

Chitosan (CH)  1.0 g/l 0.5 g/l 7.5 d 59.0 10.5 b 52.0 10.2 b 57.8 71.8 b 

Salicylic acid (SA) 5% 2.5% 8.8 b 52.0 11.2 b 49.2 11.6 b 52.2 68.4 b 

Humic acid (HA)  5% 2.5% 9.5 b 48.2 11.9 b 46.0 12.1 b 49.8 66.5 b 

CH  +  SA 1.0 g/l + 5% 0.5g/l  + 2.5% 5.8 d 68.2 7.9 c 63.8 7.2 c 70.0 79.1 b 

CH  + HA   1.0 g/l + 5% 0.5 g/l + 2.5% 6.3 d 64.4 8.6 c 61.0 8.8 c 63.8 76.1 c 

SA + HA  5 + 5% 2.5 + 2.5% 6.8 d 63.0 9.2 c 58.2 9.4 c 61.2 75.7 c 

Fungicide (Rhizolex-T 3g/kg seeds) 6.5 d 64.6 8.7 c 60.4 8.7 c 64.0 75.3 c 

Control 18.4 a 0.0 22.0 a 0.0 24.2 a 0.0 35.4 a 

Second  season 2015/2016 

Chitosan (CH)  1.0 g/l 0.5 g/l 7.2 b 59.6 9.8  b 52.9 9.4 b 58.0 73.6 b 

Salicylic acid (SA) 5% 2.5% 8.6 b 51.7 10.6 b 49.0 10.8 b 51.8 70.0 b 

Humic acid (HA)  5% 2.5% 9.2 b 48.3 11.4 b 45.2 11.4 b 50.0 68.0 b 

CH  +  SA 1.0 g/l + 5% 0.5g/l  + 2.5% 5.8 c 67.4 7.6 c 63.3 6.8 c 69.6 79.8 c 

CH  + HA   1.0 g/l + 5% 0.5 g/l + 2.5% 6.0 c 66.3 8.8 c 57.7 8.2 c 63.3 77.0 c 

SA + HA  5 + 5% 2.5 + 2.5% 6.4 c 64.0 8.4 c 59.6 9.0 c 59.8 76.2 c 

Fungicide (Rhizolex-T 3g/kg seeds) 6.4 c 64.0 8.4 c 59.6 8.2 c 63.4 76.2 c 

Control 17.8 a 0.0 20.8 a 0.0 22.4 a 0.0 39.0 a 

                    Means followed by the same letter within each column are not significantly different according to  Duncan’s Multiple Range test at P ≤ 0.05. 

 

Table 5. Effect of different chemical plant resistance inducers, chitosan, salicylic acid, humic acid and their combinations on vegetative growth characters of green bean plants grown under open 

field conditions during seasons of 2014/2015 and 2015/2016. 

Plant resistance inducers 
Treatments/concentrations Plant length 

(cm) 

Number of Fresh weight (g) Dry weight (g) Leaf area/plant 

( cm2) Seed soaking Foliar spraying Leaves Stems Leaves Stems Leaves Stems 
First season 2014/2015 

CH 1.0 g/l 0.5 g/l 42.67 8.57 5.51 13.10 12.67 5.16 5.98 114.53 

SA 5% 2.5% 44.52 8.44 6.35 13.17 13.47 5.24 6.00 114.75 

HA 5% 2.5% 45.56 8.87 6.34 14.17 14.83 5.44 6.28 114.89 

CH + SA 1.0 g/l + 5% 0.5 g/l + 2.5% 51.20 10.96 7.60 17.40 17.93 7.21 8.01 150.40 

CH + HA 1.0 g/l + 5% 0.5 g/l + 2.5% 49.25 10.55 7.51 16.70 17.03 6.34 7.46 145.53 

SA + HA 5 + 5% 2.5 + 2.5% 49.11 10.43 7.41 16.55 16.92 6.09 7.33 133.98 

Fungicide (Rhizolex-T 3g/kg seeds) 50.01 10.51 7.53 16.78 17.00 6.38 7.62 148.13 

Control 39.07 7.99 5.18 11.64 10.40 4.50 5.00 111.41 

LSD at 5% 4.73 1.06 1.42 2.75 2.88 1.23 1.09 7.17 

Second season 2015/2016 

CH 1.0 g/l 0.5 g/l 42.21 8.24 5.18 12.24 12.67 4.16 4.96 144.18 

SA 5% 2.5% 43.74 8.11 6.02 13.18 13.61 4.33 5.16 144.00 

HA 5% 2.5% 45.56 8.87 6.34 14.17 14.83 5.44 6.28 114.89 

CH + SA 1.0 g/l + 5% 0.5 g/l + 2.5% 50.59 10.62 7.27 16.34 16.42 6.19 7.03 149.56 

CH + HA 1.0 g/l + 5% 0.5 g/l + 2.5% 48.65 10.21 7.18 15.57 16.39 5.38 6.41 144.29 

SA + HA 5 + 5% 2.5 + 2.5% 48.11 10.13 7.01 16.55 16.12 5.09 6.33 144.98 

Fungicide (Rhizolex-T 3g/kg seeds) 50.15 10.38 7.19 15.66 15.79 5.06 6.66 144.63 

Control 38.50 7.66 4.85 10.35 10.26 3.54 4.33 144.34 

LSD at 5% 4.97 1.11 1.60 0.98 1.07 0.34 0.51 4.25 
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Table 6. Effect of different chemical plant resistance inducers, chitosan, salicylic acid, humic acid and their combinations on yield 

characters of green bean plants grown under field conditions during seasons of 2014/2015 and 2015/2016. 

Plant 

resistance 

inducers 

Treatments/concentrations No. of 

pods/ 

plant 

Weight of 

pods/plant 

(g) 

Average 

weight of 

pod (g) 

Total yield 

of pods/m2 

(kg) 

Total yield 

of pods/fed. 

(kg) 
Seed 

soaking 

Foliar  

spraying 
First season 2014/2015 

CH 1.0 g/l 0.5 g/l 17.23 43.81 1.89 9.29 3548.00 

SA 5% 2.5% 17.74 44.32 1.89 9.22 3567.67 

HA 5% 2.5% 17.33 44.35 1.93 9.01 3568.33 

CH + SA 1.0 g/l + 5% 0.5 g/l + 2.5% 21.17 48.18 2.03 9.87 3670.67 

CH + HA 1.0 g/l + 5% 0.5 g/l + 2.5% 20.83 46.11 2.04 9.74 3660.00 

SA+ HA 5 + 5% 2.5 + 2.5% 20.12 46.03 2.00 9.55 3645.75 

Fungicide (Rhizolex-T 3g/kg seeds) 20.92 47.09 1.98 9.95 3689.33 

Control 16.37 41.84 1.87 8.76 3488.33 

LSD at 5% 2.51 5.43 0.20 1.07 181.41 

Second season 2015/2016 

CH 1.0 g/l 0.5 g/l 16.28 33.61 1.52 8.31 3463.67 

SA 5% 2.5% 16.69 34.48 1.42 8.42 3451.33 

HA 5% 2.5% 16.48 34.45 1.80 8.03 3459.67 

CH + SA 1.0 g/l + 5% 0.5 g/l + 2.5% 20.18 38.43 1.97 8.81 3560.33 

CH + HA 1.0 g/l + 5% 0.5 g/l + 2.5% 19.86 36.37 2.04 8.77 3550.00 

SA+ HA 5 + 5% 2.5 + 2.5% 19.12 36.03 2.00 8.55 3545.75 

Fungicide (Rhizolex-T 3g/kg seeds) 19.85 37.36 1.90 8.72 3570.33 

Control 15.49 31.46 1.06 7.64 3362.67 

LSD at 5% 0.66 1.02 0.32 0.68 67.15 

 

Table 7. Effect of different chemical plant resistance inducers, chitosan, salicylic acid, humic acid and their combinations on 

chemical quality of green bean pods during the two seasons of 2014/2015 and 2015/2016. 

Plant resistance 

inducers 

Treatments/concentrations % 

Seed 

soaking 

Foliar 

spraying 
N P K Protein 

Dry 

matter 
First season 2014/2015 

CH 1.0 g/l 0.5 g/l 3.13 0.344 2.12 19.56 6.65 

SA 5% 2.5% 3.12 0.344 2.14 19.66 6.60 

HA 5% 2.5% 3.16 0.345 2.14 19.56 6.77 

CH + SA 1.0 g/l + 5% 0.5 g/l + 2.5% 3.17 0.342 2.17 19.79 7.14 

CH + HA 1.0 g/l + 5% 0.5 g/l + 2.5% 3.15 0.348 2.16 19.85 7.16 

SA+ HA 5 + 5% 2.5 + 2.5% 3.07 0.345 2.10 19.44 7.09 

Fungicide (Rhizolex-T 3g/kg seeds) 3.20 0.353 2.16 20.40 7.16 

Control 3.03 0.339 2.07 19.38 6.31 

LSD at 5% 0.12 0.012 0.07 1.25 1.25 

Second season 2015/2016 

CH 1.0 g/l 0.5 g/l 3.10 0.303 2.13 18.09 7.13 

SA 5% 2.5% 3.13 0.301 2.12 18.12 7.10 

HA 5% 2.5% 3.12 0.322 2.14 19.13 7.12 

CH + SA 1.0 g/l + 5% 0.5 g/l + 2.5% 3.17 0.331 2.18 19.51 7.15 

CH + HA 1.0 g/l + 5% 0.5 g/l + 2.5% 3.16 0.333 2.17 19.62 7.17 

SA+ HA 5 + 5% 2.5 + 2.5% 3.13 0.330 2.16 19.32 7.14 

Fungicide (Rhizolex-T 3g/kg seeds) 3.18 0.333 2.18 19.44 7.15 

Control 3.00 0.290 2.05 17.28 6.99 

LSD at 5% 0.18 0.05 0.05 0.70 0.70 

 

Meanwhile, no significant differences were realized between 

the combined treatments of soaking green bean seeds in CH 

at 1.0g/l + SA or HA at rate of 5.0% and then sprayed bean 

plants with the half of this concentrations (CH 0.5 g/l + SA or 

HA 2.5%). these treatments resulted in a considerable effect 

in suppressing of root rot disease incidence (68.2, 64.4, 63.8, 

61.0, 70.0, 63.8% in the first season and 67.4, 66.3, 63.3, 

57.7, 69.6, 63.3% in the second season), and recorded the 

lowest values for plant infection (5.8, 6.3, 7.9, 8.6, 7.2, 8.8 in 

the first season and 5.8, 6.0, 7.6, 8.8, 6.8, 8.2 in the second 

season) for 10, 40 and 60 days after emergence, respectively, 

as well as the highest percentages of plant survival (79.1 and 

76.1% in the first season and 79.8 and 77.0% in the second 

season) if compared with the rest treatments in both seasons. 

These obtained results are in accordance with those reported 

by Abd-El-Kareem (2007); Abdel-Monaim et al. (2011); El-

Mohamedy et al. (2013). In this regard, soaking sesame seeds 

in salicylic acid for 24 h before sowing followed by foliar 

application after 15 days from sowing resulted in the best 

control against F. oxysporum compared to fungicide Benlate 

(Abdou et al., 2001). In addition, Shahda (2000) stated that 

using benzoic acid, salicylic acid and ascorbic acid 

significantly reduced damping-off, the reduction in disease 

incidence ranged from 36-74%. The antioxidants used were 

superior to fungicide Rizolex-T in controlling damping-off 

disease. Also Mandel et al. (2009) added that exogenous or 

endogenous factors could substantially affect host 

physiology, leading to rapid and coordinated activation of 

defense-gene in plants expressing susceptibility to pathogen 

infection. However, Jabnoun et al. (2015) reported that 

salicylic acid and chitosan can be used as inducers of 

systemic acquired resistance for controlling tomato fungal 

diseases. 

 

Effect of plant resistance inducers (PRIs) on vegetative 

growth of green bean plants 

 

Data presented in Table (5) obviously indicated that 

combined treatments of plant resistance inducers significantly 

increased vegetative growth characters such as plant length, 
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number of leaves and branches, fresh and dry weight of 

leaves and branches as well as leaf area/plant during two 

successive seasons of 2014/2015 and 2015/2016 compared 

with the rest of treatments. The highest values of vegetative 

growth parameters were recorded by combined treatments 

CH + SA, CH + HA, SA+ HA and commercial fungicide 

(Rizolex-T) without significant differences among them. 

While, the lowest values for vegetative growth parameters 

were obtained by control treatment. A significant difference 

were detected only between combined treatments and control 

treatment. Also it is noticed that combined treatments were 

more superior than single treatments. These findings were 

true in both seasons of study. These results are in harmony 

with those obtained by Khan et al. (2002) and Chibu and 

Shibayama (2003). They reported that application of chitosan 

increased key enzymes activities of nitrogen metabolism and 

improved the transportation of nitrogen in the functional 

leaves which enhanced plant growth and development. Foliar 

applications with chitosan resulted in better vegetative 

growth and improvement of fruit quality of tomato, pepper, 

radish, cucumber and okra (Farouk et al., 2008; Mondal et al., 

2012; Shehata et al., 2012; Abd El-Gawad and Bondok, 

2015). However, Sheikha and Al-Malki (2011) found that 

chitosan treatment enhanced bean shoot and root length, fresh 

and dry weights of leaves, shoots and root. A significance 

role of chitosan as plant growth promoting and disease 

control agents has been emphasized (Trotel-Aziz et al., 

2006).  

 

Effect of plant resistance inducers on yield characters of 

green bean plants 

 

The results in Table (6) strongly revealed that combined 

treatments were more efficient than single treatments in terms 

of green bean yield and its characters. Combined treatments 

of CH + SA (1.0 g/l + 5%), CH + HA (1.0 g/l + 5%) and SA 

+ HA (5 + 5%) as well as commercial fungicide treatment 

recorded the highest values of all determined characters i.e. 

average weight of pod, number of pods/plant, weight of 

pods/plant, total yield of pods/m2 and total yield of pods/fed. 

without significant differences among them in both seasons 

of study. Whereas, the lowest values of all determined 

characters were detected with control treatment in both 

seasons. It is of interest to notice that during both seasons, no 

significant differences were realized among single treatments, 

similarly, among combined treatments. A significant 

difference was detected only between combined treatments 

and control treatment.  The trends of obtained results are in 

good accordance with Akinci et al. (2009) they concluded 

that humic acid contains many elements which improve the 

soil fertility and increase the availability of nutrient elements 

consequently affect the yield and significantly increased 

weight of green pod yield of snap bean (El-Bassiony et al., 

2010) and hot pepper yield (Khalil et al., 2012).  

 

Effect of plant resistance inducers on chemical quality of 

green bean pods  

 

Data shown in Table (7) clearly revealed that commercial 

fungicide treatment (Rizolex-T) significantly increased 

nitrogen, phosphorus, protein contents and percentage of dry 

matter in pods of green bean plants in the first season and 

nitrogen, phosphorus as well as potassium contents in the 

second season if compared with single and control 

treatments. On the other hand, combined treatment of CH 1.0 

g/l + SA 5% gave the best value of potassium percentage in 

the first season, however, combined treatment of CH 1.0 g/l + 

HA 5% in the second season gave the best values of protein 

and dry matter percentages. The highest values of determined 

chemical quality parameters of green bean pods were 

fluctuated among commercial fungicide, CH + HA and CH + 

SA treatments without significant differences among them in 

both seasons of 2014/2015 and 2015/2016, while, control 

treatment gave the lowest values of chemical quality 

parameters. In spite of, no significant differences were 

detected among combined and commercial fungicide 

treatments as well as among single treatments and control 

treatment, significant differences were noticed only between 

commercial fungicide treatment, combined treatments and 

control treatment on most of measured characters in both 

seasons. The obtained results are in good accordance with 

Shehata et al. (2012); Abd El-Gawad and Bondok (2015); El-

Mohamedy et al. (2015). They reported that application of 

inducer resistance chemicals have been proved to increase 

yield and quality. Application of humic acid enhances 

nutrient uptake and quality as well in a number of plant 

species (Zaky et al., 2006; Yildirim, 2007; Karakurt et al., 

2009). Moreover, it led to increase the percentage nitrogen 

and protein contents as well as Fe content in broad bean seeds 

(Shafeek et al., 2013). 

 

Materials and Methods    

 

Source of green bean seeds and pathogenic fungi  

 

Green bean seeds cv. Giza 3 were kindly obtained from 

Vegetable Crops Research Dept., Horticultural Research 

Institute (HRI), Agricultural Research Center (ARC), Giza, 

Egypt. Fusarium solani and Rhizoctonia solani were isolated 

from green bean field showed typical root rot disease 

symptoms such as root and hypocotyl rot, damping off, 

stunted, yellowed, wilted and defoliation plants and the most 

diagnostic symptom is reddish-brown streaks within the 

vascular tissue up to and beyond the first node (El-

Mohamedy et al., 2013). 

 

Effect of plant resistance inducers (PRIs) on growth of F. 

solani and R. solani  

 

The inhibitory effect of different plant resistance inducers 

(PRIs) such as chitosan (CH), salicylic acid (SA) and humic 

acid (HA) against F. solani and R. solani the causal agent of 

root rot diseases of green bean was tested in vitro. Different 

concentrations of chitosan  0.25, 0.5, 1.0 and 2.0 g/l; salicylic 

acid 1.25, 2.5 and 5.0% (w/v) and humic acid 1.25, 2.5 and 

5.0% (w/v) were added individually or in combination to the 

sterilized PDA medium before solidifying and gently rotating 

and disbanding into sterilized Petri plates (9 cm diameter). 

Plates were individually inoculated at the center with equal 

disks (6 mm in diameter) taken from eight days old cultures 

of each F. solani and R. solani, then all inoculated plates 

were incubated at 25±2°C. Each treatment was represented 

by 4 plates and considered as replicates. Linear growth of 

tested fungi was measured when the control plates (medium 

free of chemical inducers) reached to full growth and the 

average growth diameter was calculated. 

 

Control of root rot pathogens of green bean under 

greenhouse conditions 

 

This experiment was carried out to evaluate the efficiency of 

different plant resistance inducers in controlling of root rot 

diseases caused by F. solani and R. solani on green bean 
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plants grown in artificially infested soil under greenhouse. 

The applied treatments were as follows:  

1- CH at 1.0 g/l as seed soaking followed by CH at 0.5 g/l as 

foliar spraying;  

2- SA at 2.5% as seed soaking followed by SA at 1.25% as 

foliar spraying;  

3- SA at 5.0% as seed soaking followed by SA at 2.5% as 

foliar spraying;  

4- HA at 2.5% as seed soaking followed by HA at 1.25% as 

foliar spraying;  

5- HA at 5.0% as seed soaking followed by HA at 2.5% as 

foliar spraying;  

6- CH at 1.0 g/l + SA at 2.5% as seed soaking followed by 

CH at 0.5 g/l + SA at 1.25% as foliar spraying; 

7- CH at 1.0 g/l + SA at 5.0% as seed soaking followed by 

CH at 0.5 g/l + SA at 2.5% as foliar spraying; 

8- CH at 1.0 g/l + HA at 2.5% as seed soaking followed by 

CH at 0.5 g/l + HA at 1.25 as foliar spraying;  

9- CH at 1.0 g/l + HA at 5.0% as seed soaking followed by 

CH at 0.5 g/l + HA at 2.5% as foliar spraying;  

10- SA at 2.5% + HA at 2.5% as seed soaking followed by 

SA at 1.25 % + HA at 1.25% as foliar spraying; 

11- SA at 5.0% + HA at 5.0% as seed soaking followed by 

SA at 2.5% + HA at 2.5% as foliar spraying; 

12- Commercial fungicide treatment (Rizolex-T 50% at rate 

of 3g/kg seeds for seed treating); 

13- Control treatment (untreated seeds).  

Green bean seeds cv. Giza 3 were soaked for 24 hours before 

sowing in chemical inducers as previously explained and then 

sown in plastic pots (25 cm diam.) filled with artificially 

infested loamy soil by inocula of either F. solani or R. solani 

at rate of 5% of soil weight (Abdel-Kader, 1997). 

Comparison treatment included a set of green bean seeds 

treated with commercial fungicide Rizolex-T and untreated 

seeds (control treatment) were also sown in plastic pots. Five 

seeds were sown in each pot, and ten pots were considered as 

a replicate for each particular treatment, the experiment 

design was a complete randomized design. Foliar application 

with half concentrations of used rate for seed soaking 

treatment was applied for three times in 7 days interval 

starting from the second true leaf stage of emerged bean 

seedlings.  

The percentage of root rot incidence of bean at pre and 

post-emergence stages were calculated after 10 days and up 

to 40 days of the experimental period, respectively. Pre-

emergence percentage was calculated based on the number of 

un-emerged seeds in relation to the number of sown seeds, 

while post-emergence percentage was calculated based on the 

number of plants showing disease symptoms in relation to the 

number of emerged seedlings. 

 

Control of root rot diseases of green bean plants under open 

field conditions  

 

Field experiments were carried out during seasons of 

2014/2015 and 2015/2016 at the Experimental Research 

Station of National Research Centre at El-Noubaria region, 

Behera Governorate, Egypt. This field is well known by the 

authors as naturally heavily infested with soil borne 

pathogens. The efficacy of the most promising treatments 

obtained from greenhouse experiment for controlling root rot 

diseases in bean were applied under field conditions. The 

commercial fungicide Rizolex-T was used as a comparison to 

the other treatments. The evaluated treatments applied were 

as follows:  

1- CH at 1.0 g/l as seed soaking followed by CH at 0.5 g/l as 

foliar spraying; 

2- SA at 5.0% as seed soaking followed by SA at 2.5% as 

foliar spraying;  

3- HA at 5.0% as seed soaking followed by HA at 2.5% as 

foliar spraying; 

4- CH + SA at 1.0 g/l + 5.0% as seed soaking followed by 

CH + SA at 0.5 g/l + 2.5% as foliar spraying. 

5- CH + HA at 1.0 g/l + 5.0% as seed soaking followed by 

CH + HA at  0.5 g/l + 2.5% as foliar spraying.  

6- SA + HA at 5.0% + 5.0% as seed soaking followed by SA 

+ HA at 2.5% + 2.5% as foliar spraying. 

7- Commercial fungicide treatment (Rizolex-T 50% at rate of 

3g/kg seeds for seed treating, was used as a comparison 

treatment. 

8- Control treatment (untreated seeds).  

All seed treatments were applied in a complete randomized 

block design with five replicates (plots) for each particular 

treatment. The green bean seeds cv. Giza 3 were soaked for 

24 hours in chemical inducers treatments as explained 

previously, then sown at rate of  3 seeds per hill and 30 cm 

distance between hills on one side of drip irrigated ridge with 

70 cm width and 5 m length on the second week of 

September in both seasons of 2014/2015 and 2015/2016. 

Each experimental plot included 3 ridges with a net area of 

10.5 m². Foliar spraying with half concentrations of rate used 

for seed soaking treatment was applied for three times in 7 

days interval starting from the second true leaf stage of 

emerged bean seedlings. 

The percentage of root rot incidence at the pre-emergence 

stage was calculated as the number of absent emerged 

seedlings in relative to the total number of sown seeds. 

Meanwhile, the percentage of post-emergence root rot 

diseases was calculated as the number of bean plants showing 

disease symptoms in relative to the total number of emerged 

seedlings. The percentages of pre-emergence root rot 

incidence was calculated after 10 days from sowing date, 

meanwhile, bean root rot incidence was recorded periodically 

every 10 days starting from 30 up to 60 days after sowing 

during bean plants growth and development.  

 

Effect of plant resistance inducers (PRIs) on vegetative 

growth and yield of green bean 

Plant vegetative growth measurements  

 

A representative sample of ten plants was randomly taken 45 

days after sowing (at flowering stage), from each 

experimental sub-plot for measuring the plant vegetative 

growth parameters i.e. plant length, number of leaves and 

branches per plant as well as fresh weight of leaves and stems 

and dry weight of leaves and stems as well as leaf area/plant. 

 

Green pod yield and pod quality parameters  

 

At harvesting stage (after 60 days from sowing), the total 

green pods from each experimental sub-plot were collected 

along the harvesting period (50 days) and the following data 

were recorded: average weight of pods per plant (g), average 

number of pods per plant, total green pods yield as kg/m2 and 

ton/fed. Moreover, a random sample of 25 green pods from 

the 3rd and 4th harvestings were taken from each experimental 

plots to record average pod weight (g). 

 

Nutritional value of green bean pods  

 

A sample of 25 green pods from the 3rd and 4th harvestings 

was randomly taken and oven dried to determined the 

following parameters: nitrogen percentage in pod according 

to the method of Pregl (1945). In addition, protein percentage 
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in pod was calculated by multiplying nitrogen percentage by 

6.25. Potassium was assayed using flame spectrophotometer 

according to Allen et al. (1984). Phosphorous was extracted 

and measured using spectrophotometer according to Jackson 

(1965). As well as dry matter percentage was determined 

according to the method of Dubois et al. (1956).  

 

Statistical analysis 

 

All data obtained were subjected to statistical analysis using 

the analysis of variance with SPSS software. Mean of the 

treatments were separated using least significant differences 

(LSD) test at (P≤0.05) level of significance according to the 

procedures reported by Snedecor and Cochran (1989). 

 

Conclusion 

 

Results of the current study suggested that, combined 

treatments of chemical plant resistance inducers (CH + SA or 

HA) were superior than single treatments application in 

inducing green bean plant resistance to soil-borne pathogens 

(F. solani and R. solani) and improving growth, pods yield 

and quality. However, the combined treatments had the best 

effect than commercial fungicide treatment either in 

controlling the diseases or in promoting the plant growth and 

improving pods yield and quality. Such combined treatments 

might be commercially used as an eco-friendly, safe, cheap 

and easily applied method alternative to fungicides under 

open field conditions. 
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