
*Correspondence to Author: 
Manal, Sayed Mohammed Khalila
Plant Pathology Dept., Faculty of 
Agric., Assiut Univ., 71526 Assiut, 
Egypt

How to cite this article:
Manal, Sayed Mohammed Khalil; 
Mohamed Hassan Abdel-Rahem 
Hassan; Amer Fayz Mahmoud and 
Kadry Mostafa Mohamed Morsy. 
Induce systemic Resistance against 
root rot and wilt diseases in faba 
bean as a possible and effective 
control. American Journal of Agri-
cultural Research, 2020,5:92.

 
eSciPub LLC, Houston, TX USA.
Website: https://escipub.com/

Manal, Sayed Mohammed Khalil et al., AJAR, 2020; 5:92

 
American Journal of Agricultural Research

(ISSN:2475-2002)

Research Article AJAR (2020), 5:92

Induce systemic Resistance against root rot and wilt diseases in 
faba bean as a possible and effective control

Root rot and wilt diseases caused by soil borne pathogenic fungi 
is the most sever disease attacks faba bean plants in New valley 
Governorate, Egypt. Efficacies of some plant resistance elicitors 
viz.: salicylic Acid (SA), ascorbic acid (AA), humic acid (HA) and 
Bion was evaluated as faba bean seed soaking, compared to un-
treated control treatment under greenhouse and field conditions. 
Under laboratory conditions, all the tested chemical inducers 
have no effect or little effect on linear growth of all tested patho-
genic fungal isolates. On the other hand, all tested chemical 
inducers at different concentrations were decreased the root rot 
and wilt severity. Salicylic acid at 400 and Bion at 1000 ppm re-
corded the lowest root rot and wilt severity. All chemical inducers 
individually or in combination with R. leguminosarum significantly 
decreased root rot and wilt diseases under greenhouse and field 
conditions as well as increased total yield /feddan under field 
conditions. The combination between chemical inducers and 
R. leguminosarum more effective for controlling root rot and wilt 
diseases and increased seed yield/feddan than individually treat-
ment. Application of SA and Bion + R. leguminosarum recorded 
the lowest percentage of root rot and wilt severity and the highest 
plant growth and yield parameter during both growing seasons.
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Introduction 

Faba bean (Vicia fabe L.) is used as an 

important human food in developing countries 

and as an animal feed, mainly for pigs, horses, 

poultry and pigeons in industrialized countries. 

Feeding value of faba bean is high and this 

legume has been considered as a meat extender 

or substitute due to its high protein content (20-

41%) (Chavan et al., 1989). Root rot and wilt 

diseases caused by several soil borne fungal 

pathogens are wide spread and serious in many 

crops cultivated in different soil types. Faba bean 

is subjected to attack by many pathogenic 

organisms wherever the crop is grown. Several 

root rot and wilt pathogens such as Rhizoctonia 

solani, Fusarium solani, F. oxysporum 

and Macrophomina phaseolina are reported to 

attack faba bean roots and stem base causing 

serious losses in seed germination and plant 

stand as well (Abdel-Kader et al., 2011 and 

Abdel-Moniam, 2013). 

An investigation for controlling such diseases is 

considered important, especially in view of their 

wide prevalence in Egypt. Several attempts to 

control root rot and wilt diseases could be 

accepted. However, fungicides are considered 

one of several factors involving in environmental 

pollution, in spite of their satisfactory results in 

the control of plant diseases. In addition, control 

of disease with fungicides has proven very 

difficult, and almost all fungicides are effective 

only at phytotoxic levels (Jarvis, 1988). Recently, 

the growing concern over the use of pesticides 

to human health and environment has brought 

increasing interest in the use of alternatives 

characterized with negative impact on the 

environment. Therefore, present activity focuses 

on finding compounds that are high safety to 

human and environment. An alternative to 

fungicidal application, it may be possible to 

utilize a scheme of inducible plant defenses 

which provides protection against a broad 

spectrum of disease-causing organisms. The 

application of these chemical inducers under 

field conditions have decreased root rot and wilt 

diseases and increased growth parameters, 

yield components in many legume crops Sarwar 

et al., 2010; Abdel-Monaim, 2013 and 2017). 

Hence, the present experiment was conducted 

to study the effects of SA, AA, humic acid and 

Bion in faba bean plants against root rot, wilt 

pathogens and to provide new strategies to 

control the root rot and wilt diseases of faba 

bean under greenhouse and field conditions 

along with its effect on growth parameters, yield 

components.  

Material and Methods 

Source of faba bean seeds and growth of plants:  

Faba bean (Vicia fabe L.) susceptible cultivar 

Misr 1 used in this study was obtained from 

Legume Crop Res. Dep., Field Crop Res. Inst., 

Agric. Res. Center, Ministry of Agric., Egypt. 

Seeds were planted in plastic pots 30 cm in 

diameter (2.4 kg soil), filled with a sterilized 

mixture of loamy sand soil(84.27% sand, 8.25% 

silt, 7.48% clay). Five seeds were sown in each 

pot and these pots were irrigated every three 

days. 

Source of fungal pathogen 

The highly pathogenic isolate each of R. 

solani, F. solani, F. oxysporum and M. 

phaseolina isolated from diseased chickpea 

plants collected from New Valley Governorate 

was used in this study (Khalil, 2019). 

Preparation of fungal inoculum  

The inoculum of pathogenic fungi was prepared 

from one week old culture grown on 50 mL 

potato dextrose broth (PDB) medium in conical 

flask (250 mL) and incubated at 25 ± 1°C. The 

content of flask were homogenized in a blender 

for one min. Plastic pots were filled with sterilized 

soil and mixing with fungal inocula at rate 100 

mL homogenized culture per pot, seven days 

before planting. 

Effect of different concentrations of chemical 

inducers for controlling root rot and wilt diseases 

in faba bean under greenhouse conditions: 

Four chemical inducers namely salicylic acid at 

100, 200, 400 ppm; ascorbic acid at 100,200,400 

ppm; Bion at 250, 500 and 1000 ppm and Humic 

acid at 1000, 2000 and 4000 ppm were tested in 
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this study against the highly pathogenic isolates 

R. solani, F. solani, M. phaseolina caused root 

rot disease and F. oxysporum caused wilt 

disease of faba bean cv. Misr 1 under 

greenhouse conditions. Plastic pots (30 cm 

diameter) were packed with sterilized sandy clay 

soil infested with fungal inocula at the rate 3% 

(w/w), seven days before planting. Faba bean 

cv. Misr 1 disinfested seeds were soaked in the 

solution of each chemical inducer for 6 hr. 

(Abdel- Monaim, 2013), and then sown in 

infested pots at rate 5 seeds pot-1. Also, in 

control treatment, faba bean seeds soaked in 

water for the same time and seeding in infested 

soil with the pathogen at the same rate. Four 

pots were used per treatment as a replicate. A 

randomized complete block design with 4 

replications was used in this experiment. Root 

rot and wilt severity were recorded after 30 and 

60 days from planting, respectively. 

Effect of chemical inducers individually and/or in 

combination with Rhizobium leguminosarum on 

root rot and wilt severity under greenhouse: 

The highly effective concentration of chemical 

inducers was used individually and/or in 

combinations with R. leguminosarum (RL, 

Okadin) in this experiment. Ten treatments were 

used, in treatments, SA (400 ppm), AA (400 

ppm), Bion (1000 ppm), Humic acid (2000 ppm), 

faba bean soaked in chemical inducers for 6 hrs. 

In the combined treatments, RL +SA, RL +AA, 

RL +Bion and RL +Humic acid, the faba bean 

seeds were soaked 6 hrs. in chemical inducers 

then coated with Rhizobium inocula (Okadin, 

obtained from Bio-Fertilizers Unit, Agric. Res. 

Center, Ministry of Agriculture, Egypt). In a 

single treatment R. leguminosarum; seeds were 

coated with Rhizbium inocula. Five faba bean 

treated seeds were sown in pots infested with 

highly pathogenic fungal isolates as above. Four 

pots were used as replicates. A randomized 

complete block design with 4 replications was 

used in these experiments. Root rot and wilt 

severity were recorded after 30 and 60 days, 

respectively as above.  

Statistical analysis:  

Analyses of variance were carried out using 

MSTATC, 1991 program (Ver. 2.10). Least 

significant difference was employed to test for 

significant difference between treatments at p ≤ 

0.05 (Gomez and Gomez, 1984). 

Results 

Effect of different concentrations of chemical 

inducers on linear growth of tested fungi in vitro: 

The effect of the tested chemical inducers on 

linear growth of the tested pathogenic fungi was 

carried out. Data present in Table (1) show that 

all the tested chemical inducers have no effect 

or little effect on linear growth of all tested 

pathogenic fungal isolates.  

Effect of different concentrations of chemical 

inducers in controlling root rot and wilt diseases 

in faba bean under greenhouse conditions: 

The effect of different concentrations of chemical 

inducers on root rot caused by R. solani, F. 

solani, M. phaseolina and wilt severity caused by 

F. oxysporum in faba bean cv. Misr 1 under 

greenhouse conditions were studied. Data 

present in Table (2) indicate that all tested 

chemical inducers at different concentrations 

especially at high concentration able to reduce 

root rot and wilt severity compared with 

untreated seeds (control). The reduction of 

disease severity increased by increasing 

concentration of chemical inducers except 

humic acid where used at 2000 ppm was more 

effective for reducing root rot and wilt severity 

than 4000 ppm.  

Salicylic acid and Bion more effective for 

controlling root rot and wilt diseases more than 

AA and humic acid in all the tested pathogenic 

fungi. Faba bean seeds soaked in SA at 400 

ppm and Bion at 4000 ppm recorded the lowest 

root rot severity caused by R. solani, F. solani, 

M. phaseolina and wilt severity caused by F. 

oxysporum. 

Effect of chemical inducers individually or in 

combination with Rhizobium leguminosarum on 

root rot and wilt severity under greenhouse: 

Data present in Table (3) show that the 

combination between chemical inducers and R. 
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leguminosarum (Okadin) more significant 

effective for controlling root rot and wilt severity 

in pots than chemical inducers or R. 

leguminosarum individually. The combination 

between SA + R. leguminosarum and Bion + R. 

leguminosarum recorded the lowest percentage 

of root rot and wilt severity campared with control 

where recorded 25.25, 13.56, 18.36 and 22.24% 

in case of SA+ R. leguminosarum and 18.56, 

17.25, 14.63 and 19.36 in case of Bion + R. 

leguminosarum compared with 100, 90.26, 

75.26 and 90.36% disease severity caused by 

R. solani, F. solani, M. phaseolina, F. oxysporum 

in control, respectively. On the other hand, faba 

bean treated with R. leguminosarum alone gave 

the lowest protection against infection with F. 

solani, M. phaseolina, and F. oxysporum while, 

faba bean seeds treated with humic acid at 2000 

ppm recorded the lowest protection against 

infection with R. solani in this respect.    

 

Table (1). Effect of different concentration of chemical inducers on linear growth Rhizoctonia 

solani, Fusarium solani, Macrophomina phaseolina and F. oxysporum grown on 

Czapek’s medium 

Treatments Concen. (ppm) 
Linear growth (mm) 

R. solani F. solani M. phaseolina F. oxysporum 

Salicylic acid 

100 87.7 90.0 88.2 87.2 

200 87.5 88.9 87.9 87.1 

400 87.3 88.7 87.2 87.1 

Mean 87.50 89.20 87.77 87.13 

Ascorbic acid 

100 86.8 90.0 90.0 90.0 

200 87.4 90.0 90.0 90.0 

400 87.5 90.0 90.0 90.0 

Mean 87.23 90.00 90.00 90.00 

Bion 

250 90.0 88.6 90.0 88.6 

500 90.0 90.0 90.0 87.9 

1000 90.0 87.8 90.0 87.6 

Mean 90.00 88.80 90.00 88.03 

Humic acid 

1000 88.7 90.0 88.9 88.3 

2000 88.2 90.0 87.9 87.6 

4000 87.9 90.0 88.2 87.5 

Mean 88.27 90.00 88.33 87.80 

Control 90.0 90.0 90.0 90.0 

LSD at 0.05 for, 

Treatments (A)      = 1.10 0.55 0.72 1.21 

Concentration (B)  = 1.10 0.55 0.72 1.24 

Interactions (A×B) = 2.19 1.10 1.45 2.43 
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Table (2). Effect of different concentration of chemical inducers on root rot and wilt severity 

under greenhouse conditions 

Treatments 
Concen. 
(ppm) 

% Root rot severity caused by; %  

Wilt severity caused by 

F. oxysporum 
R. solani F. solani M. phaseolina 

Salicylic acid 

100 61.36 58.25 42.14 39.36 

200 52.47 39.25 35.47 34.58 

400 38.36 27.45 22.41 32.45 

Mean 50.73 41.65 33.34 35.46 

Ascorbic acid 

100 96.25 62.45 50.47 75.36 

200 77.45 51.36 41.85 58.69 

400 61.85 34.85 39.24 55.36 

Mean 78.52 49.55 43.85 63.14 

Bion 

250 80.36 47.24 54.36 64.36 

500 60.14 29.25 32.47 50.35 

1000 47.45 22.24 23.36 38.41 

Mean 62.65 32.91 36.73 51.04 

Humic acid 

1000 93.36 57.58 85.14 71.58 

2000 67.86 39.12 52.14 48.69 

4000 70.36 38.69 54.36 59.56 

Mean 77.19 45.13 63.88 59.94 

Control  100.0 95.12 82.36 94.25 

LSD at 0.05 at 

Treatments (A)       = 

Concentrations (B) = 

Interactions (A×B) = 

9.10 

7.35 

14.71 

2.38 

2.73 

5.46 

1.15 

2.04 

4.08 

2.52 

2.00 

4.00 

 

Table (3). Effect of chemical inducers individually or combined with R. leguminosarum on 

root rot and wilt severity in pots 

Treatments 
% Root rot severity caused by % Wilt severity caused by 

F. oxysporum R. solani F. solani M. phaseolina 

Salicylic acid (SA) 47.14 20.24 28.33 33.36 

Ascorbic acid (AA) 60.36 31.36 36.33 47.59 

Bion 55.14 23.56 26.42 40.47 

Humic acid (HA) 66.35 45.14 45.36 51.36 

SA+ RH 25.25 13.56 18.36 22.24 

AA+RH 40.36 22.25 22.59 24.26 

Bion + RH 18.56 17.25 14.63 19.36 

HA+RH 42.25 35.14 29.36 33.36 

R. leguminosarum (RH) 53.36 51.36 55.25 59.36 

Control 100.0 90.26 75.26 90.36 

LSD at 0.05 5.59 2.80 4.29 3.72 
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Effect of abiotic inducers individually or 

combined with R. leguminosarum on disease 

severity, seed yield under field conditions: 

Data present in Table (4) clear that all chemical 

inducers either individually or combined with R. 

leguminosarum significantly reduce root rot and 

wilt diseases severity under natural infestation in 

field during both growing seasons (2015-16 and 

2016-17). The combination between chemical 

inducers and R. leguminosarum were more 

effective for controlling root rot and wilt diseases 

than chemical inducers individually in both 

growing seasons. The combined SA+ R. 

leguminosarum and Bion+ R. leguminosarum 

recorded the lowest root rot and wilt severity 

compared with the other treatments in both 

growing seasons. Ascorbic acid, humic acid and 

R. leguminosarum gave the lowest protection 

against root rot and wilt diseases incidence in 

both growing seasons in this respect. On the 

other hand, all tested treatments significantly 

increased faba bean seeds compared with 

control in both growing seasons (2015-16 and 

2016-17).  

The combination of chemical inducers and R. 

leguminosarum increased seed yield more than 

it's used individually in both growing seasons. 

Faba bean seeds treated with SA+ R. 

leguminosarum and Bion + R. leguminosarum 

gave the highest total seed yield/ feddan in both 

growing seasons.  Faba bean seeds treated with 

R. leguminosarum gave the lowest seed yield 

compared with the other treatments in both 

growing seasons. 

Discussion 

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

important legume crops. It is infected with many 

fungal pathogens causing considerable yield 

losses, where root rot, wilt diseases are the most 

important fungal diseases affecting faba bean 

production in Egypt (Abdel-Monaim, 2013).  

 

Table (4). Effect of chemical inducers individually or in combination with R. leguminosarum 

on root rot, wilt severity and seed yield under field conditions during season 2015-

2016 and 2016-2017. 

Treatments 

Season 2015-2016 Season 2016-2017 

Root rot 
Severity 

(%) 

Wilt 
severity 

(%) 

Seed yield 
(kg/fadden) 

Root rot 
Severity 

(%) 

Wilt 
severity 

(%) 

Seed yield 
(kg/fadden) 

Salicylic acid (SA) 9.20 6.50 1667.6 6.29 5.41 1982.2 

Ascorbic acid (AA) 14.10 12.90 1446.7 12.19 11.07 1817.2 

Bion 8.01 8.25 1387.6 6.93 6.93 1874.7 

Humic acid (HA) 16.96 14.43 1368.1 14.54 12.45 1738.2 

SA+ RL 5.46 6.26 1785.8 4.30 4.39 2123.5 

AA+RL 12.48 10.91 1637.2 9.39 7.92 2024.4 

Bion + RL 4.22 5.15 1775.7 4.23 4.65 2089.6 

HA+RL 9.94 9.88 1492.8 7.04 7.61 1930.7 

R. leguminosarum (RL) 14.62 14.05 1215.6 13.48 11.39 1358.9 

Control 24.15 23.69 1000.7 24.58 22.19 1102.5 

LSD at 0.05  2.49 2.43 105.70 2.03 1.66 76.44 

 

The control of these diseases is very difficult. 

Application of fungicides and fumigants have 

provided a good control of soil pathogens and a 

broad spectrum of activity and have been 

popular with growers all over the world although 

they are cheap, but hazardous, and sometimes 
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difficult to apply (Jarvis, 1988). Nowadays, the 

application of chemical inducers has proved to 

be successful for controlling various plant 

diseases. However, it is still easy and not costly 

in application. It can serve as the best control 

measure under greenhouse and field conditions. 

In this study, we used four chemical inducers viz. 

SA, AA, Bion and HA either applied as 

individually and/or in combination with R. 

leguminosarum under artificial infection with 

tested pathogenic fungi in greenhouse and 

natural infection in field. 

Under laboratory conditions, all tested chemical 

inducers viz. salicylic acid (SA), ascorbic acid 

(AA) at 100, 200 and 400 ppm, Bion (250, 500 

and 1000 ppm), humic acid (HA, at 1000, 2000 

and 4000 ppm) were slightly or not effect on 

linear growth of tested pathogenic fungi. Such 

results agree with those reported by Abdel-

Monaim and Ismail (2010). 

 Under greenhouse and field conditions, the 

obtained data indicate that all chemical inducers 

individually or combined with R. leguminosarum, 

significantly decreased root rot and wilt diseases 

and increased seed yield/feddan compared with 

untreated seeds (control). The combination 

between SA + R. leguminosarum and Bion + R. 

leguminosarum recorded the lowest percentage 

of root rot and wilt severity campered to control 

and recorded the highest seed yield during both 

growing seasons. Such results are in 

accordance with those reported by Mazen 

(2004); El-Sayed and Mousa (2015) and  Abdel-

Monaim (2017)  

Different defense mechanisms activated by 

treatment abiotic inducers, increase in 

hydroxyproline- rich glycoprotein in cell wall 

(Toppan et al., 1982), and accumulation of 

pathogensis related proteins in plant tissues (Ye 

et al., 1992). Benzothiadiazole (BTH, Bion), was 

recently identified by scientists at Novartis as a 

novel disease control compound, and has been 

promoted as a safe, reliable, and nonphytotoxic 

plant protection agent. Lawton et al. (1996) 

reported that exogenous application of Bion to 

wheat and Arabidopsis leaves activate several 

systemic acquired resistances (SAR)-

associated genes, leading to enhanced plant 

protection against various pathogens.  

The role of humic acid in plant diseases may be 

due to the correlation between these acids and 

plant health. Humic acid are used both for the 

production of new cell biomass and to produce 

energy followed by de-animation into the keto 

acid which inter into the tri carboxylic acid (TCA) 

cycle, which play important role in plant 

resistance (Bush, 1993), and increased 

oxidative enzymes and total phenols (Abdel-

Monaim et al., 2011) and stimulation plant 

growth through increased cell division, as well as 

optimized uptake of nutrients and water (Chen et 

al., 2004).  

Also, exogenous application of SA manipulates 

various physiological, biochemical and 

molecular processes in plants. Because SA 

plays a key role in a plant’s growth, 

development, and defense responses, and it is 

involved in some signal transduction systems to 

induce particular enzymes (Pirasteh Anosheh et 

al., 2012). Martinez et al., (2000) stated that, 

there is significant increase in the total 

peroxidase activity after treated with SA. 

Anderson (1988) confirmed that SA was 

responsible for the accumulation of phytoalexins 

in viable tissues. Application of exogenous SA at 

a concentration of 1 to 5 mM has been long 

known to induce pathogenesis- related (PR) 

gene expression and acquired resistance 

against a variety of microbial pathogens (Ward 

et al., 1991 and Meena et al., 2001).  

Indeed, ascorbic acid (AA) acting simply as an 

antioxidant in the apoplectic space, but however 

it is to be involved in a complex phytohormone 

mediated signaling network that ties ozone and 

pathogen responses and influences the onset of 

senescence. Now it has become increasingly 

clear that AA function is intertwined in a complex 

network that meshes the plant response to 

pathogens and the onset of senescence plant to 

pathogenic stress during development of plant 

systems (Abdel-Monaim, and Ismail 2011 and 

Hassan et al., 2014).  



Manal, Sayed Mohammed Khalil et al., AJAR, 2020; 5:92 

AJAR: https://escipub.com/american-journal-of-agricultural-research/                    8

References 

1. Abdel-Kader MM, El-Mougy NS, Lashin SM 
(2011). Essential oils and Trichoderma 
harzianum as an integrated control measure 
against faba bean root rot pathogens. J. Plant 
Prot. Res., 51: 306–313. 

2. Abdel-Monaim MF (2013). Improves biocontrol of 
damping-off and root rot/wilt of faba bean by 
salicylic acid and hydrogenperoxide. Mycobiology, 
41(1): 47-55. 

3. Abdel-Monaim MF (2017). Evaluation of the 
accumulation of pathogenesis related (PR) 
proteins and phenolic compounds in response to 
biotic and abiotic elicitors as mechanism for 
immune response to Fusarium wilt disease in faba 
bean. J. of Plant Pathol. & Microbiology, 8(2): 1-8.  

4. Abdel-Monaim MF and Ismail ME (2010). The use 
of antioxidants to control root rot and wilt diseases 
of pepper.  Not Sci Biol, 2 (2): 46-55. 

5. Abdel-Monaim MF, Ismail ME and Morsy KM 
(2011). Induction of systemic resistance of 
benzothiadiazole and humic acid in soybean 
plants against Fusarium wilt disease. Mycobiol. 
39: 290-298. 

6. Anderson AJ (1988). Elicitors, the hypersensitive 
response and phytoalexins. Pages 103-1 10 in: 
Physiology and Biochemistry of Plant Microbial 
Interactions. N. T. Keen, T. Kosuge and L. L. 
Walling, eds. Am. Soc. Plant Physiol. Rockville, 
MD. 

7. Bush DS (1993). Regulation of cytosolic calcium 
in plants. Plant Physiol., 103:7–13. 

8. Chavan JK, Kute LS, Kadam SS (1989).  
Soybean. In: Salunkhe DD, Kadam SS, 
editors. CRC handbook of world food 
legumes. Boca Raton: CRC Press; pp. 223–245.  

9. Chen Y, M. De Nobili and T. Aviad. 2004. 
Stimulatory effects of humic substances on plant 
growth. In: Magdoff F, Weil RR, editors. Soil 
organic matter in sustainable agriculture. Boca 
Raton: CRC Press: 103-130. 

10. El-Sayed (Sahar) A,  Mousa (Abeer) M (2015).  
Effect of some algal filtrates and chemical 
inducers on root-rot incidence of faba bean. Agri. 
Res. and Tech., 1(1): 1-5. 

11. Gomez KA and AA (1984). Gomez Statistical 
procedures for agricultural research. New York: 
Wiley Interscience Publication; p. 678  

12. Hassan N, Elsharkawy MM, Shivanna MB, Meera 
MS, Hyakumachi M (2014). Elevated expression 
of hydrolases, oxidase and lyase in susceptible 
and resistant cucumber cultivars systemically 
induced with plant growth-promoting fungi against 
anthracnose. ACTA AGR SCAND B- SP 64: 155–
164. 

13. Jarvis WR (1988). Fusarium crown root rot of 
tomatoes. Phytoprotection. ;69:49–64. 

14. Khalil (Manal) SM (2019). Utilizing Some Disease 
Resistance Inducing Agents and Magnetized 
Water in the Management of Root Rot and Wilt of 
Faba Bean. Ph. D. Thesis, Fac. Agric., Assuit 
University.  

15. Lawton K, Friedrich L, Hunt M, Weymann K, 
Delaney T, Kessmann H, Staub T and Ryals J 

(1996). Benzothiadiazole induces disease 
resistance in Arabidopsis by activation of the 
systemic acquired resistance signal transduction 
pathway. Plant J. 10:71–82. 

16. Martinez C, Baccou JC, Bresson E, Bessac Y, 
Daniel JF, Jalloul A, Montillet JL, Geiger JP, 
Assigbetse K, Nicole M (2000). Salicylic acid 
mediated by the oxidative burst is a key molecule 
in local and systemic response of cotton 
challenged by an avirulent race of Xanthomonas 
campestris pv. malvacearum. Plant Physiol., 122: 
757–766. 

17. Mazen MM (2004). Resistance Induction Against 
Diseases of Faba Bean Crop. Ph.D. Thesis, 
Faculty of Agriculture, Suez Canal University, 
Ismailia, Egypt.  

18. Meena B, Marimuthu T, Velazhahan R (2001). 
Salicylic acid induced resistance in Groundnut 
against late leaf spot caused by Cercosporidium 
personatum. J. Mycol. Pl. Pathol. 31, 139–145. 

19. Pirasteh Anosheh H, Emam Y, Ashraf M and 
Foolad MR (2012).  Exogenous application of 
salicylic acid and chlormequat chloride alleviates 
negative effects of drought stress in wheat. 
Advanced Studies in Biology, 4 (11): 501 – 520. 

20. Sarwar N, Ch MH, Haq I, Jamil FF (2005). 
Induction of systemic resistance in chickpea 
against Fusarium wilts by seed treatment with 
salicylic acid and Bion. Pak. J. Bot.; 37:989–995. 

21. Toppan A, Roby D and Esquerre-Tugaye MT 
(1982). Cell surfaces in plant-microorganism 
interactions: iii. in vivo effect of ethylene on 
hydroxyproline-rich glycoprotein accumulation in 
the cell wall of diseased plants. Plant Physiol.  
70(1):82–86. 

22. Ward ER, Uknes SJ, Williams SC, Dincher SS, 
Wiederhold DL, Alexander DC, Ahl-Goy P, 
Métraux JP,  Ryals JA (1991). Coordinate gene 
activity in response to agents that induce systemic 
acquired resistance. Plant Cell, 3: 1085-1094. 

23. Ye XS, Jarlfors U, Tuzun S, Pan SQ and Kuc J 
(1992). Biochemical  changes in cell walls and 
cellular responses of tobacco leaves related to 
systemic resistance to blue mold (Peronospora 
tabacina) induced by tobacco mosaic virus. 
Canadian J. of Botany, 70: 49–57. 


	content

