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ABSTRACT 
 

Rhizoctonia solani is considered one of the 

most harmful pathogens affecting green bean 

productivity. Phaseolus vulgaris, L. cv. paulista 

seeds were subjected to UV-C for 60 min. and/or 

immersed in glycine betaine (GB, 5 mM) for 24 

hours to stimulate plant biochemical defenses 

against R. solani. After treatments, seeds were 

sown in soil infested with R. solani, then seedling 

samples were collected after two weeks to evalu-

ate plant resistance and some antioxidant en-

zymes activities. The results clearly demonstrated 

that disease index (DI) was highly reduced by GB 

(54.7%) followed by UV+GB (38.3%) and UV 

(35.6%). Seed treatment with UV-C for 60 min or 

GB (5 mM) for 24 h alone or together enhanced 

plant rooting in infected seedlings comparing with 

control. Also, there was a high correlation between 

the levels of lipid peroxidation and Rhizoctonia root 

rot disease index. Seed treated with UV-C, GB or 

both mitigated the effect of infection on the lipid 

peroxidation (Malondialdehyde levels) with per-

centages of 26.8, 40.2 and 29.3% respectively in 

comparison with the infected control. Regarding to 

the plant defensive enzymes, GB was the only 

treatment that triggered a significant increment in 

the superoxide dismutase (SOD) activity in roots of 

both infected and non-infected seedlings as com-

pared to the control. On the other hand, guaiacol 

peroxidase (G-POD) and polyphenol oxidase 

(PPO) activities were elevated by all treatments in 

infected plant roots in comparison with control. The 

maximum activity for G-POD was attained with UV 

treatment (9042.5 U.mg-1 protein) followed by 

GB+UV, GB and infected control with values of 

7776.5, 7152.4 and 6508.8 U.mg-1 protein, respec-

tively. Similarly, PPO exhibited higher activities 

with significant differences in all treatments over 

the infected control with percentages of 54, 59.4 

and 48.7% for UV, GB and UV+GB respectively.  

Finally, it can be concluded that treatment of green 

bean seeds with UV-C and GB enhanced green 

bean seedlings tolerance to R. solani by activation 

of the antioxidant enzymes and activation of de-

fense-related enzymes like polyphenol oxidase. 

The results of combination of UV-C and GB treat-

ments indicated the absence of synergetic effects 

in induction of plant tolerance. 

 

Keywords: Rhizoctonia solani, Green bean, Gly-

cine betaine, UV, Seed treatment, Induced re-

sistance 

 

INTRODUCTION 

 

Common bean (Phaseolus vulgaris L.) is con-

sidered one of the most important legumes world-

wide. It is well known that common bean seeds are 

important sources for proteins, minerals and dia-

betic fibers (De La Fuente et al 2011). However, 

the productivity of this crop is seriously affected by 

infection with various pathogens. For instance, it is 

reported that about 16 % losses due to plant dis-

eases and 10% losses are attributed to seed-borne 

diseases (Fakir, 1983).  

Rhizoctonia solani Kükn [Teleomorph: Than-

atephorus cucumeris (Frank) Donk] is one of the 

pathogens that can be transmitted by seeds or soil 

(Sivalingam et al 2006; Hajieghrari et al 2008) 
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and is also known as a soil-borne fungal pathogen 

responsible for root rots and seedlings damping off 

in common bean and other crops (El-Mougy et al 

2007).  Many synthetic fungicides like metalaxyl-M, 

propamocarb hydrochloride and azoxystrobin are 

recently used to control the disease despite their 

adverse consequences on human health and envi-

ronment (Arcury and Quandt, 2003). Accordingly, 

many research efforts were exerted to develop 

harmless and efficient alternative means for syn-

thetic pesticides such as biological control or via 

induction of defense responses in healthy plants 

(Mayo et al 2015; Abdel-Fattah et al 2011).  

Seed priming is a cost-effective pre-sowing 

technique for enhancing plant tolerance to various 

stresses. In seed priming techniques, seeds are 

usually exposed to limited hydration by using os-

molytes e.g. polyamines and sugar alcohols in 

order to stimulate pre-germinative metabolic pro-

cesses via proteins synthesis and up regulate 

many genes responsible for plant tolerance against 

biotic and abiotic stresses (Paul and Roy-

choudhury, 2017; Kaur et al 2002). Priming also 

involved seed treatment with plant growth regula-

tors like salicylic acid (Basra et al 2007) or bio-

agents such as fluorescent Pseudomonas, Tricho-

derma harzianum and Glomus intraradices (Sri-

vastava et al 2010). Many studies evaluated some 

plant extracts such as moringa leaf extract (Rady 

et al 2013) as a priming agent which enhanced the 

plant growth under salinity stress. As well, UV-C 

radiation stimulated the adaptive mechanisms to 

salinity stress in green bean seedlings (Aboul 

Fotouh et al 2014). The common purpose of seed 

priming is to speed up the rate of plant response to 

both biotic and abiotic stresses during and after 

germination. Induction of resistance by seed prim-

ing is like building a stress memory in plants and is 

correlated with chromatin modifications, transcrip-

tion factors, posttranslational modifications, phyto-

hormones, and metabolites involved in stress 

management (Conrath, 2011). 

Glycine betaine (GB, N,N,N-trimethyl glycine) is 

a naturally occurring amino acid derivative in 

plants and other organisms. It was suggested by 

Zhang et al (2017) that it has a protective role for 

proteins and other high-order molecules in the cell 

providing a high potential role in stress tolerance. 

Many studies elucidated the effect of exogenous 

application on the acquisition of tolerance against 

several abiotic stresses. For example, foliar appli-

cation of GB at 25 mM mitigated the negative ef-

fects of saline stress in lettuce and elevated the 

activities of superoxide dismutase, catalase, perox-

idase and ascorbate peroxidase (Shams et al 

2016). Nevertheless, the efficacy of GB was little 

considered with biotic stress except for few stud-

ies. For instance, Lavanya and Amruthesh (2017) 

reported that GB was effective for the control of 

downy mildew disease in pearl millet. 

UV seed priming has been proven to be a 

promising approach to control diseases. According 

to Scott et al (2019), treatment of seeds with UV-C 

radiation had a positive impact on reduction of dis-

ease incidence in tomato by Botrytis cinerea and 

Fusarium oxysporum f. sp. lycopersici. Also, 

Brown et al (2001) reported that exposure of cab-

bage seeds to hormetic dose (3.6 KJ.m-2) of UV-C 

reduced the population density of Xanthomonas 

campestris pv. campestris in infected leaves.  

The objective of this study was to evaluate the 

efficacy of common bean (Phaseolus vulgaris, L. 

cv. paulista) seed priming with glycine betaine and 

exposure to low dose of UV-C radiation individually 

or in combination on resistance to the necrotrophic 

fungus R. solani. Moreover, the study aimed to 

shed light on the biochemical changes associated 

with induction of resistance against R. solani in 

green bean seedlings.  

 

MATERIALS AND METHODS 

 

Plant material 

 

Common bean seeds (Phaseolus vulgaris, L. 

cv. paulista) were obtained from the Central Ad-

ministration for Seed Certification, Ministry of Agri-

culture and Land Reclamation, Dokki, Egypt. 

 

Pathogen isolation and preparation of inocu-

lum 

 

Rhizoctonia solani Kühn [Teleomorph: Than-

atephorus cucumeris (Frank) Donk] was isolated 

from faba bean plants that exhibited symptoms of 

root rot disease. The isolate which was identified 

as R. solani AG4-HGI by Mohamed et al (2015a) 

was used for infection of common bean seedlings. 

 

Preparation of fungal inoculum and soil infesta-

tion 

 

Dried sandy clay soil (1:1) was obtained from 

greenhouse of plant pathology department and 

placed in petri dishes (9 cm diameter) by rate of 

100 g/plate, then wetted by Czapek Dox broth (25 

ml/plate). Dishes were autoclaved at 121°C for 30 

min. After cooling, dishes were infested by pieces 
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of actively R. solani growth. Then, plates were in-

cubated in the dark (at 25±1°C) for 10 days. Dish-

es with sandy clay soil contained fungal growth 

were used for infestation of pots (10 cm in diame-

ter). Each pot contained approximately 400 g auto-

claved sandy clay soil. Each pot received one dish 

containing the inoculum source. 

 

Seed Treatments 

 

Common bean seeds were firstly sterilized us-

ing sodium hypochlorite (2%), then washed by 

sterilized distilled water. Seeds were divided into 

two groups: the first one was treated with sterilized 

distilled water and the other was treated with gly-

cine betaine (GB, 5 mM). Both groups of seeds 

were placed between two layers of paper towels, 

then water or GB solution was added to cover all 

the seeds. The treatments lasted for 24 h at 28°C. 

Afterwards, treated seeds were washed by steri-

lized distilled water and germinated in petri dishes. 

After 2 days, both groups were divided into two 

subgroups: the first one was left without further 

treatment, while the other was exposed to UV-C 

radiation (254 nm) from an artificial source (lamp 

TUV 15W G158T8 UV-C long life, Holland Philips 

special) which was situated at 20 cm over the 

seeds. After 60 min, UV-treated seeds were stored 

in complete darkness for 24 h to minimize any pho-

toreaction processes. Subsequently, germinated 

seeds were used for pot experiment. 

 

Greenhouse experiment 

 

The experiment was conducted in the green-

house of Plant Pathology Department, Faculty of 

Agriculture, Ain Shams University. The four groups 

of previously treated seeds were randomly distrib-

uted into two subgroups: the first one was sown in 

non-infested soil, while the other was placed in 

infested soil. Therefore, the final design of the ex-

periment had eight treatment sets with 10 repli-

cates in each one as following: (1) Control (hydro-

primed seeds without infection), (2) Infected control 

(hydro-primed seeds with infection), (3) UV-treated 

seeds in non-infested soil, (4) UV-treated seeds in 

infested soil, (5) Glycine betaine (GB, 5 mM)-

treated seeds without infection, (6) GB-treated 

seeds with infection, (7) GB+UV (non-infected), (8) 

GB+UV (infected). After two weeks of regular irri-

gation, plant roots were collected and washed for 

evaluation of disease index, then stored at -22°C 

for biochemical analysis. 

 

Determination of disease index 

  

The disease index was determined according 

to the method of Abawi et al. (2006) with some 

modifications by Mohamed et al. (2015b).  

 

Biochemical analysis 

 

Determination of lipid peroxidation  

 

In order to determine the level of lipid peroxida-

tion in roots, the method described by Heath and 

Packer (1968) was followed. Lipid peroxidation 

was expressed as nmol MDA.g-1 FW. 

 

Enzyme assays 

 

Root tissues (0.5 g) were pulverized in 100 mM 

chilled sodium phosphate buffer (pH 7) containing 

1% (w/v) polyvinylpyrrolidone (PVP) and 0.1 mM 

EDTA. Four ml extraction buffer were used for 

each one gram of plant tissues. The homogenate 

was centrifuged at 6000 rpm at 4º C for 15 min. 

The supernatant was used for measuring guaiacol 

peroxidase (G-POD), polyphenol oxidase (PPO) 

and superoxide dismutase (SOD) activities. 

Superoxide dismutase (SOD) (EC 1.15.1.1) ac-

tivity was measured based on the method of Beyer 

and Fridovich (1987). The enzyme activity was 

expressed as unit.mg-1 protein. 

Guaiacol peroxidase (EC 1.11.1.7) activity was 

determined by the method of Hammerschmidt et 

al (1982). The G-POD activity was expressed as 

unit.mg-1 protein. 

Polyphenol oxidase (PPO) (EC 1.14.18.1) ac-

tivity was measured according to Oktay et al 

(1995). The enzyme activity was expressed as 

unit.mg-1 protein. 

 Protein concentration was quantified according 

to Bradford (1976) using bovine serum albumin for 

the standard curve. 

 

Statistical analysis 

 

The analyses were performed in triplicate. All 

data are presented as means ± SD. The results 

were analyzed by one-way ANOVA using Costat 

software (Version 6.303) according to Stern 

(1991). The significance of difference between 

treatments was tested by Duncan’s multiple range 

test at P ≤ 0.05.   
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RESULTS AND DISCUSSION 

 

1. Disease index 

 

Data in Fig. (1) show that disease index (DI) 

was significantly reduced by 35.6, 38.3 and 54.7% 

in plants grown from seeds treated with UV, 

GB+UV and GB, respectively compared with un-

treated control. Obviously, the symptoms of dis-

ease were extremely decreased on the roots of 

plants grown from GB-treated seeds (Fig. 2C). 

Also, Fig. (2) demonstrates that seed treatment 

with UV-C for 60 min, GB (5 mM) for 24 h or both 

enhanced plant rooting in infected seedlings as 

compared with control. Such effect should oppose 

the impact of infection by improving the efficiency 

of primed plants roots in absorption of water and 

nutrients which increased the survival of primed 

plants after infection with R. solani. 

The induction of green bean resistance via UV-

C treatment was in agreement with results of Xu et 

al (2019) who reported that repeated exposure of 

strawberry leaves to UV-C after inoculation by My-

cosphaerella fragariae, the causal agent of leaf 

spot disease, reduced the symptoms of disease 

with altered gene expression in leaves. The impact 

of UV-C implicated over production of volatile ter-

penes, phenolic compounds and pathogenesis-

related (PR) proteins, referring to the role of UV-C 

in eliciting plant defense responses (Xu et al 

2019).  

Regarding to the effect of GB on resistance to 

pathogens, similar results were also observed by 

Lavanya and Amruthesh (2017). They found that 

seed treatment with GB (30 mg.ml-1) reduced the 

disease incidence of downy mildew to 33% in pearl 

millet and the primed seedlings showed early ex-

pression of hypersensitive response (HR). 

Upon infection, plants evolve defence 

mechanisms which involve: (i) stimulation of 

antioxidant system (Wang et al 2017), (ii) up-

regulation of antifungal compunds (phytoalexins) 

biosynthesis (Dixon, 2001), (iii) enhanced 

expression of pathogenesis-related (PR) proteins 

(Guerrero-González et al 2011). However, the 

rate of response differs between susciptible and 

resistant plants. In the present study, priming with 

UV-C for 60 min and/or GB (5 mM) provided green 

bean seedlings with the ability to activate plant 

defenses against infection with R. solani more 

rapidly than control plants. 

 

 

 

2. Effect of treatments on lipid peroxidation 

 

Malondialdehyde (MDA) is one of biomarkers 

for oxidative damage (Farmer and Mueller, 2013). 

Fig. (3) shows that treatment with GB caused a 

significant increment in MDA concentration in roots 

of non infected common bean with a percentage of 

57.8% higher than control plants. Infection with R. 

solani led to a marked increase in the levels of 

MDA as compared with control by 69.9 %. Seed 

priming with UV-C, GB or both mitigated the effect 

of infection on the lipid peroxidation (MDA) with 

values of 14.2, 11.6 and 13.7 nmol.g-1 FW 

respectively in comparison with the infected control 

(19.4 nmol.g-1 FW). These results were consistent 

with the severity of disease symptoms on plants 

roots. 

The appearance of necrotic lesions on infected 

plant roots resulted from the oxidative burst ac-

companying the infection with R. solani due to hy-

per generation of ROS. These observations 

agreed with the data obtained by Wang et al 

(2017). They noticed that the accumulation of H2O2 

and O2
-   increased in Stylosanthes guianensis 

leaves infected by Colletotrichum gloeosporioides. 

Therefore, hyper generation of ROS without suffi-

cient antioxidant system triggered cellular mem-

branes damage and then lipid peroxidation (LP), 

leading to high concentrations of MDA, the sec-

ondary product of LP, in infected non-primed 

plants and with lesser extent in infected primed 

plants as it is shown in Fig. (3). 

Oxidative stress tolerance has a significant role 

in controlling the plant disease (Youssef et al 

2016). UV-C irradiation of bean seeds enhanced 

the antioxidant machinery in plant roots which alle-

viated the levels of LP when exposed to infection. 

Such results were consistent with Kacharava et al 

(2009) and Ouhibi et al (2014) who reported that 

irradiation of kidney bean and lettuce seeds with 

low doses of UV-C increased the ascorbic acid, 

tocopherol, phenolic compounds and flavonoids 

content in plant leaves. 

Also, induction of resistance in green bean 

seedlings grown from GB-treated seeds was asso-

ciated with reduction in MDA concentration as 

shown in Fig. (3). These results were supported by 

Zhang et al (2017) who stated that treatment of 

apples fruits with GB contributed in lessening the 

ROS levels and MDA concentration which was 

associated with higher ability to control blue mold. 



Enhancement of resistance against Rhizoctonia solani by glycine betaine and 
 UV-C radiation in green bean (Phaseolus vulgaris L.) 

 

AUJASCI, Arab Univ. J. Agric. Sci., 27(3), 2019 

1833 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Effect of pre-sowing seed treatment with UV-C radiation for 60 min and GB (5 mM) on disease 

index in common bean seedlings infected with R. solani 

 

 

 

 

 

Fig. 2. Effect of pre-sowing seed treatment with (A) water (Control) (B) UV-C (60 min) (C) GB (5 mM) (D) 

GB+UV on disease severity in common bean roots infected with R. solani.    
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Fig. 3. Effect of seed treatment with UV-C radiation for 60 min and glycine betaine (5 mM) on MDA con-

centration (nmol. g-1 FW) in common bean roots infected or non-infected with R. solani. 

 

 

 

On the other hand, treatment of green bean seeds 

with GB (5 mM) elevated the MDA concentration in 

non-infected seedlings. This observation was also 

previously reported in Cicer arietinum L. by Nayyar 

et al (2005) who elucidated that GB-treated plants 

showed a three-fold increase in MDA concentra-

tion as compared to control and that effect was 

accompanied by increase in hydrogen peroxide 

concentration. The promotive effect of GB on MDA 

concentration can be attributed to the induction of 

lipoxygenase activity as reported by Karabudak                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    

(2014) in tomato and the products of LP may serve 

as precursors for jasmonic acid synthesis that 

plays a major signaling role in plant resistance to 

biotic stress (Browse, 2009). Accordingly, such 

increase in MDA because of GB treatment in 

healthy plants originated from sources other than 

oxidative damage. 

 

3. Effect of treatments on superoxide dis-

mutase activity 

 

Among all treatments, GB provoked a signifi-

cant increase (48.5%) in SOD activity over the 

control in non-infected plants as shown in Fig. (4). 

In contrast, there was no significant difference at P 

≤ 0.05 between UV treatment (61.6 U.mg-1 protein) 

and control (54.6 U.mg-1 protein). Also, the activity 

of SOD declined from 54.6 U.mg-1 protein in con-

trol non-infected plants to 25 U.mg-1 protein in the 

combined treatment. Infection with R. solani con-

siderably elevated the activity of SOD in roots in all 

treatments. Plants grown from GB-treated seeds 

showed the highest activity with increment of 

36.8% as compared to infected control. On the 

other hand, irradiation with UV-C either alone or 

with GB treatment lowered the activity of SOD as 

compared to infected control. 

Superoxide dismutase is considered as the 

first-line defense enzyme as it catalyzes the con-

version of the superoxide anion radical (O2
.-) into 

the less toxic ROS i.e. hydrogen peroxide (H2O2) 

which is the substrate for many peroxidases 

(Alscher et al 2002). Accordingly, it plays a pivotal 

role in plant resistance to oxidative stress associ-

ated with the infection.  

In the present study, UV-C had a little effect on 

elevation of SOD in non-infected seedlings or an 

inhibitory effect in infected seedlings which can be 

attributed to the kinetics of formation of superoxide 

radical after exposure of plant seeds to UV-C, es-

pecially if it is known that the half-life of the super-

oxide anion radical (O2
.-) is from 1 to 1000 µs 

(Demidchik, 2015). Also, Kliebenstein et al 

(1998) declared that gene expression of SOD iso-

zymes in Arabidopsis responded differently to UV-

B and their expression levels declined after 2 days 

from UV-B treatment at maximum. Therefore, the 

seedling age and the period between the treatment 

and sampling can be considered as a factor for 

SOD activity. 
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Fig. 4. Effect of seed treatment with UV-C radiation for 60 min and glycine betaine (5 mM) on SOD activity 

(Unit.mg-1 protein) in common bean roots infected or non-infected with R. solani. 

 

 

On the other hand, GB exhibited a stimulating 

effect on SOD in both infected and non-infected 

seedlings which was also reported by Farooq et al 

(2008) in hybrid maize. They showed that SOD 

activity increased in plants because of seed prim-

ing with GB which improved tolerance to chilling 

stress. Glycine betaine may enhance enzyme ac-

tivity either by increasing the gene expression (Lou 

et al 2015) or by stabilizing the folded form of the 

enzyme (Guinn et al 2011). 

However, the combination between UV and GB 

showed an antagonistic effect on SOD which may 

be attributed to the interference between ROS-

generating effect of UV radiation which act as sig-

naling molecules for activation of ROS-scavenging 

enzymes (D’Autréaux and Toledano, 2007) and 

the antioxidant activity of GB. Similar results were 

obtained by Park et al (2004) who found that GB 

protected tomato plants from methyl viologen-

induced oxidative stress.   

 

4. Effect of treatments on guaiacol peroxidase 

activity 

  

Data in Fig. (5) demonstrate that either UV or 

GB significantly elevated the activity of G-POD 

which was not observed in the case of the com-

bined treatment for non-infected plants. The extent 

of increment was 33.3 and 10.2% for UV and GB 

respectively. Infection with R. solani stimulated the 

enzyme activity in all treatments with their respec-

tive control in each group. The maximum activity 

was attained with UV treatment (9042.5 U.mg-1 

protein) followed by GB+UV, GB and infected con-

trol with values of 7776.5, 7152.4 and 6508.8 

U.mg-1 protein respectively. 

Guaiacol peroxidase catalyzes the detoxifica-

tion of H2O2 in plant cells in the presence of elec-

tron donor like guaiacol and has a role in biosyn-

thesis of lignin (Asada, 1999). Therefore, the in-

duction of G-POD in infected seedlings enhanced 

the plant defense against penetrating fungi as it 

increases the deposition of lignin in cell wall. It can 

be concluded that G-POD contributed in disease 

resistance in seedlings grown from seeds treated 

with UV and GB individually or in combination. 

Also, results indicated that G-POD played a role in 

lowering the lipid peroxidation which was reflected 

by the lower numbers of necrosis lesions in the 

case of GB, UV and GB+UV treatments. 

 

6- Effect of treatments on polyphenol oxidase 

activity 

  

Data in Fig. (6) illustrate that the activity of 

PPO was remarkably upregulated by all treatments 

in non-infected plants. The PPO activity exhibited 

similar behavior with UV (344.6 U.mg-1 protein), 

GB (338.6 U. mg-1 protein) and combined treat-

ment (350.9 U.mg-1) as there were no significant  
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Fig. 5. Effect of seed treatment with UV-C radiation for 60 min and glycine betaine (5 mM) on G-POD ac-

tivity (Unit.mg-1 protein) in common bean roots infected or non-infected with R. solani. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6. Effect of seed treatment with UV-C radiation for 60 min and glycine betaine (5 mM) on PPO activity 

(Unit.mg-1 protein) in common bean roots infected or non-infected with R. solani 

 

 

f

cd

e

g

d

a

c

b

0

2000

4000

6000

8000

10000

12000

Control UV GB GB+UV

G
-P

O
D

  a
ct

iv
it

y 
(U

n
it

.m
g-1

 p
ro

te
in

)

Seed treatments

Non inf Inf

c

b

b bb

a

a
a

0

100

200

300

400

500

600

700

Control UV GB GB+UV

P
P

O
 a

ct
iv

it
y 

(U
n

it
.m

g-1
p

ro
te

in
)

Seed Treatments

Non inf Inf



Enhancement of resistance against Rhizoctonia solani by glycine betaine and 
 UV-C radiation in green bean (Phaseolus vulgaris L.) 

 

AUJASCI, Arab Univ. J. Agric. Sci., 27(3), 2019 

1837 

 

variations between them at P ≤ 0.05. Similarly, the 

activity of PPO was increased by infection in all 

treatments. Nevertheless, the activity of PPO 

showed higher response in all treatments com-

pared with control. All treatments led to significant 

increases over the infected control with percent-

ages of 54, 59.4 and 48.7% for UV, GB and 

UV+GB, respectively.  

 Polyphenol oxidase (PPO) is a copper-

containing enzyme which catalyzes oxidation of 

ortho-diphenols like catechol to their respective 

quinones (antimicrobial compounds) using molecu-

lar oxygen (Constabel and Barbehenn, 2008). 

Induction of PPO by UV in the present study con-

firms the finding of Mahdavian et al (2008). They 

declared that salicylic acid signaling pathway had a 

role in this process. 

By contrast, the results of PPO in the GB 

treatment are opposed to results of Wang et al 

(2015) who reported that GB as a post-harvest 

treatment directly inhibited the PPO by its reaction 

with the copper ions in the active center. There-

fore, the effect of GB on PPO activity needs to be 

elucidated by further investigations. Nevertheless, 

it can be concluded that PPO implicated in re-

sistance to R. solani in common bean seedlings. 

The observations in this report supported the 

hypothesis of Luckey (1980) who proposed that 

radiation hormesis should cause repairable dam-

age of DNA which activate the repair mechanisms 

such as excision repair (dark activation) and post 

replication repair. Such effect may stimulate vital 

processes inside the cells like overcompensation 

of normal metabolic processes, stimulation of the 

basic physiological functions that had previously 

been repressed and directing the homeostasis of 

the plant to a positive change. 

Another explanation for the effect of UV de-

pends on the role of ROS as signaling molecules. 

Zacchini and de Agazio (2004) found that H2O2 

served as a signaling molecule transmitted from 

cell layers exposed to UV to the whole callus of 

tobacco and the effect of UV was extended to cell 

layers which were not exposed to UV. 

 Generally, it can be concluded that seed prim-

ing with UV-C or GB enhanced common bean re-

sistance to R. solani by activation of the antioxi-

dant system and there was no synergistic effect 

between UV and GB. The maximum reduction in 

the disease index was observed in seedlings 

grown from GB-treated seeds, so it is expected 

that GB enhanced plant defense by more than one 

mechanism which needs more investigations at the 

level of resistance genes expression.  
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 زــــــــــــــــالموجـ
  

يعتبرررر  ارررر الريزاكتونيرررا ااحررردا مرررن أهرررم المسرررببات 
المرضررررية ال ررررارة الترررري اررررالر علرررر   نتاجيررررة ال اصرررروليا 

ارررم اعرررري  لررروار ال اصررروليا ل شرررعة  رررو   الخ رررراء.
دقيقرررررة مرررررا أا لررررردا  ال مرررررر  ررررري  06البن سرررررمية لمررررردة 

سراعة لتح يررز  42ملليمرولر  لمردة  5ليترايين  المليسرين 
آليررات الرررد اي الكيميائيررة الحيويرررة  رري النبرررات ضررد  ارررر 
الريزاكتونيا. ام زراعة البروار المعاملرة  ري ارمرة مصرا ة 
 ال ار لم ارم جمرا عينرات البرادرات  عرد أسربوعين لتقيريم 
مقاامررررررة النبررررررات انيرررررراض  عرررررر  ا نزيمررررررات الم ررررررادة 

لنترررررررائ  لوضرررررررو  أ  درجرررررررة ل كسررررررردة. اقرررررررد أ  ررررررررت ا
ا صررررا ة قررررد انخ  ررررة لدرجررررة عاليررررة لواسرررراة معاملررررة 

ايتبررا كلررم المعاملررة  % 5245المليسررين ليتررايين لنسرربة 
 كررم مررن المليسررين ليتررايين اا شررعة  ررو  البن سررمية معررا 

  لرررم المعاملرررة  ا شرررعة  رررو  البن سرررمية  قررر  % 3,43 
 . اقررررررد حسررررررنة معاملررررررة البرررررروار  كررررررم مررررررن % 3540 

المليسررررين  دقيقررررة أا 06ة  ررررو  البن سررررمية لمرررردة ا شررررع
سررراعة أا كاهمرررا معرررا  42ملليمرررولر  لمررردة  5ليترررايين  

مررررررن عمليررررررة التمرررررروير  رررررري البررررررادرات المصررررررا ة مقارنررررررة 
. أي ررا كررا  هنرراا ارابرراض مررا لررين  الممموعررة ال ررا اة

درجررررة ا صررررا ة امسررررتوي أكسرررردة اللبيرررردات.  قررررد    ررررة 
معاملرررررة البررررروار  كرررررم مرررررن ا شرررررعة  رررررو  البن سرررررمية أا 
المليسين ليتايين  ق  أا كاهما معا من ارثلير ا صرا ة 

علررر  أكسررردة اللبيررردات  مسرررتويات المرررالو  داي ألدهيرررد  
علرررررررررررررر  الترايرررررررررررررر   %4,43ا 2644، ,404لنسرررررررررررررر  

.  أمرررا  النسررربة ةالمصرررا  الممموعرررة ال رررا اةالمقارنرررة   
للإنزيمررررات الد اعيررررة  كررررا  المليسررررين ليتررررايين المعاملررررة 
الوحيررردة التررري أدت  لررر  زيرررادة معنويرررة  ررري نيررراض  نرررزيم 

   ررري جررروار كرررم مرررن SODسرررومر أكسررريد ديسرررميوايز  
 الممموعررررة البررررادرات المصررررا ة اايررررر المصررررا ة مقارنررررة 

ارا را كررم مررن نيرراض  نزيمرري . مررن ج ررة أ ررري ال را اة
جوايكررررروو ليراكسررررريديز امرررررولي  ينررررروو أكسررررريديز  مميرررررا 
المعررررررررامات  رررررررري جرررررررروار النبااررررررررات المصررررررررا ة مقارنررررررررة 

. أ يررررا يمكرررن اسرررتنتال أ  معاملرررة  الممموعرررة ال رررا اة
لرررررروار ال اصرررررروليا الخ ررررررراء  ا شررررررعة  ررررررو  البن سررررررمية 
االمليسررررررين ليتررررررايين قررررررد حسررررررنة مررررررن احمررررررم البررررررادرات 

 ار الريزاكتونيا مرن  راو انيري  ا نزيمرات للإصا ة  
الم رررادة ل كسرررردة أا ا نزيمررررات الد اعيررررة م ررررم البررررولي 
 ينرروو أكسرريديز. كمررا أشررارت نتررائ  مررزل المعرراملتين معررا 

 GB+UVغيرراب التررثلير المنيرر  لررين المليسررين      لرر
ليترررايين اا شررررعة  ررررو  البن سررررمية  رررري اسررررتح ا  احمررررم 

 النبات للإصا ة.
 

ال اصررروليا  ،Rhizoctonia solani الدالـــة:الكلمـــا  
 ،ا شرررعة  رررو  البن سرررمية ،المليسرررين ليترررايين ،الخ رررراء

 المقاامة المستح ة ،معاملة البوار
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