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Abstract

Application of 10 puM of Jasmonic acid (IA) as seed soaking
significantly reduced % of root rot incidence in bean plants.
Production of reactive oxygen species especially H,O, was highly
increased in both roots and shoots of R. sofan/ infected-plants, as
compared with non-infected control. JA significantly decreased the
level of H,Q: in roots of 14 and 28 days old plants. Lipid
peroxidation decreased in JA-treated plants, as compared with
infected control, Activity of antioxidant enzymes (catalase,
ascorbate peroxidase and superoxide dismutase) significantly
increased in bean tissues in response to both pathogenic fungi
{R.solani) andfor elicitor JA. JA-treated plants significantly
increased total phenolic compounds and various phenolic acids

. except gallic acid in bean roots as compared with infected or non-
infected control. Coumarin was induced only by JA. Additionaily,
activities of POX, PPO and PAL were greatly increased in both roots
and shoots of bean plants infected by Rhizoctonia solani. JA treated
piants showed the highest enzymes aclivity.

Key words: Jasmonic acid — Rhizoctonia solani — Phaseolus
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INTRODUCTION

Bean (Phaseolus vulgaris) is considered one of the major leguminous crops in
Egypt. Root rot and Alternaria leaf spot diseases caused by Fusarium solani
Rhizoctonia solani and Afternaria afternata, respectively, are serious and persistent
disease problems of bean plant during growing season (Abd El-Kareem, 2007).

- Several strategies for controlling bean soil-borne diseases have been introduced,
such as soil fumigation and use of chemical pesticides (fungicides). However, the
development of fungicide resistance by pathogens and increasing environmental
concern of fungicidal residues in fruit and vegetables has stimulated the search for
alternative measures for disease control.

Plant treatment with appropriate biotic and abiotic agents can induce
resistance to pathogen attack including fungi, viruses and bacteria, The induced

state can be achieved by increasing the product'ion of a range of defense-related
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products such as defense-induced signaling compounds, pathogenesis-related
proteins, (PRP) and phytoalexins. The induced resistance (IR) phenomena are often
associated with an enhanced capacity to mobilize cellular defense responses against
pathogen attack. Induced resistance in plants can be subdivided into broad categories,
The pathogen-induced resistance has been termed systemic acquired resistance (SAR)
controlled by a signaling pathway that depends on endogenous accumulation of
salicylic acid (SA) which associated with the accumulation of defense compounds, such
as PR proteins. Other kinds of JA-dependant response is the so-calied induced
systemic resistance (ISR}, which is produceci‘when the roots are colonized by certain
non pathogenic rhizobacteria and arbuscular mycorrhizal fungus (Pieterse and Van
Laon, 1999},

Jasmonic acid (JA) and its methyl derivatives (MelA) represent a class of plant
growth regulators that plays pervasive roles in several aspects of plant development.
Recent molecular genetic studies have confirmed the involvement of JA in both
developmental and defense-related processes {Halitschke and Baldwin 2005). The
biosynthesis of JA is regularly adjusted in plant tissues and its subject to induce
control by various elicitors including wounding and pathogens. The signal molecule JA,
when exogenously applied has been shown to move systemically through plants
resulting in the expression of a set of defense genes that are activated by pathogen
infection. For example, in sweet basil, the total phenolic content increased significantly
after plants were treated with MeJA (Kim et al. 2006). MeJA treatment increased the
production of terpenoid indole alkaloids in Catharanthus and Cinchona and enhanced
the production of these secondary metabalites in the treated tissues of tomato (Chen
et al., 2006).

In the present work, JA was used to enhance defense mechanisms in Phaseolus
vulgaris against root rot disease caused by RhAizoctonia solani. Thus, oxidizing enzyme
activities, active oxygen species levels and phenclic compounds were investigated in

roots and shoots of bean plants.

MATERIALS AND METHODS

Bean seeds (Phaseolus vulgaris cv. Proncho), were surface sterilized for 1 min in
75% ethanol, immersing for 3 min in sterile distilled water, and then left to dry
overnight. Sterilized seeds were grown in large pots (30-cm in diameter) containing
sand loamy soit (2:1 w/w) under greenhouse conditions. The pots were divided into
three groups (10 pots/group} and treated as the follows:
L Soil of the 1% group Were left without any treatments (non-infected control).
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II. Soil of the 2™ group were infected with the pathogenic fungus Rhizoctonia solani
(infected control).
III. Seeds of ¥ group were treated with JA (10uM) as seed soaking for 8 hours +
R.solani.
Preparation of pathogen inoculum
Inoculum of Rhizoctonia solani was prepared by growing the fungus on
autoclaved corn sand meal medium supplemented with 0.2% peptone solution. Flasks
containing the medium were inoculated with disks (0.5 cm) of three days old R.solan/
cultures and incubated at 20° C for 30 days.
Soil infestation
| Inoculum of Rhizoctonia solani was added to soil at the rate of 3% of soil
weight, one week before planting, to ensure its distribution in the soil.
Plant Harvestrand Analysis _
Plants were harvested at two stages (14 and 28 after planting). Shoots and
roots were separated from plants and immediately frozen in liquid nitrogen until use
for various biochemical analyses.
The percentage of disease incidence (PI) was assessed using the following
formula according to (Yehia et al, 2007):

PI = No. of infected plants x 100

Total No. seeds sown

Assay of hydrogen peroxide (H,0;) and Lipid Peroxidation:

Hydrogen peroxide levels were determined according to Velikova et al. (2000).
Half g fresh wt. of bean tissue was homogenized in 2 ml of 0.1% trichloroacetic acid
{TCA) solution. After centrifugation at 12,000 g for 15 min, 0.5 ml of the supernatant
was added to the reaction mixture containing 0.5 ml of 10mM potassium phosphate
buffer (pH 7.0) and 1 ml of 1M potassium iodide (KI). Absorbance was determined at
390 nm. The blank was prepared in the same manner except that 1 ml of 10 mM
potassium phosphate buffer {pH 7.0) instead of the sample. The amount of H,O, was
calculated from calibrated samples using (1, 5, 10 mM H,0,) standard solutions, One
half ml of each standard solution was added to the reaction mixture containing 0.5 ml
10mM potassium phosphate buffer (pH 7.0) and 1 ml of 1M potassium iodide.
Absorbance was determined at 390 nm.

Level of lipid peroxidation was measured as the amount of malondialdhyde
(MDA), which reacts with thiobarbituric acid (TBA) to form TBA-MDA complex and
measured at 532 and 600 nm. Total MDA equivalent were calculated according to the

following equation:
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Total MDA (nmo/g FW) =

Amount of extraction buffer (ml) x amount of supernatant {(ml) x {{Abs 532-Abs 600/ 155)] x10°
Amount of sample (g)

Extraction of oxidizing enzymes

Extraction was made as reported by Silvana et al. {(2003). One g fresh weight of
plant tissue was homogenized in mortar with 10 ml bf a mixture containing 50 mM
phosphate buffer pH 7.4, 1 mM EDTA, 1 g polyvinylpyrrolidone (PVP) (Mol. wt 40,000)
and 5% (v/v) Triton X-100 under cooling condition. The homogenate was centrifuged
at 10000/g for 20 min in a prechilled mortar and pestle at 4 °C and the supernatant
was used for the assay of peroxidase (POX), catalase (CAT), ascorbate
peroxidase{APOX) and superoxide dismutase (SOD).

Assay of Peroxidase Activity (POX)

Peroxidase activity was determined following the method of Jiang et al. (1984).
POX activity was measured in a reaction mixture consisting of supernatant (1 ml) and
guaiacol substrate (Three ml of reaction mixture consisting of 100 mM sodium
phosphate buffer, pH 7.0, and 20 mM guaiacol}). The increase in absorbance at 470
nm was measured spectrophotometrically after 20 pL H,0, was added. The enzyme
activity was expressed as the change in optica! density/ gram fresh weight/ min.
Assay of Catalase Activity (CAT) :

The catalase activity was determined by recording the consumption of H;Q, at
240 nm for 30 sec in 3 ml of reaction mixture contéining 100 mM K.phosphate buffer
pH 7.0, 20 L of 30 % H,0,and 30 L enzyme extract (Aebi, 1995).

Assay of Superoxide dismutase (SOD)

The activity of total superoxide dimutase was determined according to Silvana et
al. (2003). The activity was assayed by the inhibition of the photochemical reduction
of nitroblue tetrazolium (NBT) 200pl of enzyme supernatant and 300 pl buffer solution
(50 m M K- phosphate buffer pH 7.8 and 0.1 m M EDTA) were added to 3.5 ml of 0
generator mixture (14.3 mM methionine, 82.5 yM NBT and 2.2pM riboflavin). Test
tubes were shaken and placed under florescent lamp for 10 min. Reading were carried
out at wave length 560 nm. Blanks and controls were run in the same way but without
illumination and enzyme, respectively. Superoxide dismutase activity unit defined as
mg protein required to cause 50% inhibition of the reduction of Nitroblue Tetrazolium

(NBT) at 560 nm under the assay conditions.
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Assay of Ascorbate Peroxidase (APOX)

Ascorbate peroxidase (APOX) activity was determined according to the method
described by Rao et al, (1996). APOX activity was recorded by following the decrease
in A 290 for 3 min in 1 ml of reaction mixture containing 100 mM phosphate buffer pH
7.5, 0.5 mM ascorbate and 0.2 H,0, mM and 30pyL enzyme extract. Enzyme activity
was expressed as mmol oxidized ascorbate min™ gm™ F.wt.

Extraction of polyphenol oxidase and phenylalanine ammonia lyase

Extraction of PPO and PAL were done as reported by Yingsanga et al. (2008).
Powdered samples { 0.5 g } was homogenized with buffer containing 20 ml of 100 mM
sodium phosphate buffer (pH 7.0) and 0.5 g polyvinyl pyrrolidone (PVP) for the assay
of the activities of PPO. PAL activity was measured in powders extracted with 50 mM
sodium phosphate buffer (pH 8.8) containing 5 mM B-mercaptoethanol., The extracts
were filtered through two layers of miracloth and the filtrates were centrifuged at
27,000 g at 4°C for 30 min.

Assay of polyphenol oxidase (PPO)

PPO activity was assayed as described by Luh and Phithakpol (1972}, One ml of
supernatant was mixed with 1 ml of sodium phosphate buffer {100 mM, pH 7.0) and 1
ml pyrocatechol (50 mM). Changes in absorbance at 410 nm were measured
spectrophotometrically. One unit of PPO activity was defined as a change in optical
density gm fresh wt'! min™.

Assay of Phenylalanine ammonia lyase (PAL)

PAL activity was measured following the method of Ross and Sederoff (1992)
the reaction mixture, containing 100 ul of plant extract,500 pl of 50 mM Tris HCI (pH
8.8), and 600 pl of 1 mM L- Phenylalanine, was incubated for 60 min at room
temperature, and reaction was stopped by adding 2 N HCI. The assay mix was
extracted with 1.5 ml of toluene by vortexing for 30 sec. Toluene was recovered after
centrifugation at 1000 rpm {CRU-5000 centrifuge ITC) for 5 min. The absorbance of
the toluene phase containing frans- cinnamic acid was measured at 290 nm against
the blank of toluene. Enzyme activity was expressed as nmol trans cinnamic acid
released min™ g fresh weight
Extraction and analysis of phenolic compounds

Frozen tissue (1 g) was homogenized with 10 ml of 80% methanol and the
extract left for 24 h at room temperature before centrifugation at 15,000 g for 10 min.
(Swain and Hillis, 1959). One m! of the methanolic extract was added to 5 ml of
distilled water and 250pL of Folin-ciocalteau reagent, and the solution was kept at 25
°C for 30 min, then 1 ml of a saturated solution of Na, CO; and 1 ml of distilled water

were added, and the mixture was incubated for 1 h at 25 °C. The absorption of the
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developed blue colour was measured using spectrophotometer at 725 nm. The total
phenolic content was calculated by comparison with a standard curve obtained from a
folin reaction with phenol. On the other hand, various phenolic acids in bean roots and
shoots were determined using HPLC. Phenolic acids present in the samples were
identified by comparing retention time (RT) of standard. Concentrations were
calculated by comparing peak areas of different compounds with those in the samples
under the same elution condition.
Statistical Analysis

The obtained data were statistically analysed using the one way analysis of
variance as described by Snedecor and Cochran {1969). The means were compared by

L.5.D. using Statistical Package for Social Sciences {SPSS) program version 12,

RESULTS AND DISCUSSION

Data in table (1) indicated that application of jasmoenic acid as seed presowing
elicitor greatly reduced % of root rot incidence of bean plants as compared with
infected control. However, % incidence infected plants in healthy contro! could be
attributed to a low level of natural contamination with the pathogen in the used soil.
Plants respond to pathogen attack or elicitor treatment by activation a wide variety of
protective mechanisms designed to prevent pathogen replication and spreading.
Josmonic and scliaylic acids (hormonal elicitor) are major regulators of plant response
to pathogen attack (Segarra et al., 2006).

Tabie 1. Reduction of root rot (%) caused by R. sofan/ in bean plants treated with
jasmonic acid (JA) after 14 days from sowing.

Treatment Disease incidence (%)
Control (non-treated) 13.00°+ 2.3
— 1
R.solanf 44.82° £ 5.2
R.solani + A 2450° £ 3.8
LSD at 5 % 4.55

Means within the same column with the same letter not significantly different ( P<5%)

The disease incidence was reduced from 44.82% in infected control to 24.50%
in JA treatment. Our results are in harmony with those by Segarra et al. (2006).
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Changes in Hydrogen Peroxide (H,0,) and Lipid Peroxidation

One of the earliest responses of plants to microbial pathogens is the production
of reactive oxygen species (ROS) such as superoxide and hydrogen peroxide (H;0, ).
The role of ROS during hypersensitive response (HR) has been better defined and
evidence has come to light on a novel function for H,0, in disease resistance, namely
as a second messenger for systemic acquired resistance (SAR) and also to play a role
in defense response against a biotic stress (Shimizu et al., 2006).

The production of reactive oxygen species (ROS) is one of the earliest cellular
responses following successful pathogen recognition. Results in Table (2) showed that
infection by Rhizoctonia solani significantly increased levels of H,0O; in roots and shoots
of bean plants compared with non infected control, and these levels increased with
time progress. High levels of ROS may be directly involved in pathogen inhibition and
strengthening of plant cell walls, as well as triggering hypersensitive cell death (HR)
{Huckelhoven and Kogel, 2003) and in production of systemic resistance signaling.

Application of hormonal elicitors such as JA markedly decreased levels of H,0;
in roots and increased it in shoots of bean seedlings as compared with infected
control, and its level decreased with increasing the time (Table 2). JA induced H,O,
production in pepper (Ueeda et al., 2006), which triggers expression of plant
resistance and HR-related genes .in the whole plant. It was found that exogenous
elicitor and pathogen could trigger focal H;O, burst which induced the systemic
acquired resistanc*e.

Table 2. Levels of-;hydrogen peroxide (HZOZ) and malondialdehyde {MDA) in roots and
shoots of bean plants infected by R.sofansand treated with jasmonic acid (JA).

Treatment
Hx0, (umol g f.wt.) MDA(N mol g*f.wt.)
# Root Shoot Root Shoot
Days after 14 28 14 28 14 28 14 28
_ planting

control 0.22° 0.35° 0.42 0.56° §.22¢ 4,46° 11.91° 12.70¢

R.solani 0.63° 0.81° 0.83° 1.0%° 10.19° 10.73* 14.73% 15.85%
R.sofanis + JA | (.55° 0.50° 1.28° 1.14° 9.20° 10.02% 13.81° 14.32b

L LSD at 5% 0.04 0.09 0.21 0.14 0.87 1.59 1.20 1.38

Means within the same column with the same letter are not significantly different (P<5%)
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Measurement of malondialdhyde (MDA) levels is routinely used as an index of
lipid peroxidation under stress conditions. MDA levels gradually increased in roots and
shoots of infected bean plant with increasing time. In infected plant treated with
hormonal elicitor JA, MDA level markedly decreased as compared with infected
control. Thus, JA has a benefit to prevent membrane damage during infection may be
through membrane stabilization and/or reduction of reactive oxygen species (H,0,,
OH, O, ... ). When higher plants are subjected to a pathogen, the equilibrium
between productions and scavenging of ROS is broken, resuiting in oxidative damage
of proteins, DNA and lipids. MDA is one of the byproducts and could reflect the degree
of peroxidation of membrane lipid.

Higher levels of H,O, may have a role in causing limited necrotic lesions {HR-like
lesions). Lipid peroxidation, which coincided with H;QO, accumulation in two date palm
cultivars studied by Jaiti et al. (2004) indicated that treatment of seediings of date
palm with jasmonic acid enhanced lipid peroxidation as indicated by MDA
accumulation. |
Changes in the Activity of Antioxidation Enzymes

Results in Table (3) showed that bean infected with RhAizoctonia solani
significantly showed increased SOD, POX, CAT and APOX in both roots and shoots as
compared with non-infected control. ROS could be constitutively generated in
the healthy plant cells, but excessive ROS wouid poison or kill the cells. Meanwhile,
many previcus researches had demonstrated that some mechanisms in plant cells had
accordingly evolved to scavenge ROS. Several important antioxidant enzymes
including SOD catalyses the dismutation of 02 to H,0, , CAT dismutates H,0, to
oxygen and water, and POX, ascorbate peroxidase (APOX) reduces H;0, to water by
ascorbate ASC as specific electron donor.

Treatment with JA raised the activities of the antioxidant enzymes. The
increases in CAT and APOX observed in our experiments may be related to their
antioxidation role against any active oxygen molecules generated during the initial

stage of fungus penetration.
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Table 3. Superoxide dismutase (SOD), catalase (CAT) and ascorbate peroxidase
(APOX) activities of shoots and roots of bean plants infected with

Rhizoctonia solani (R.sofan)) and treated with JA,

Treatment APOX (U mol ascorbate oxidized
SOD (U glfresh wt.) CAT (u mol H,0, mint g fresh wt.)
min™ g fresh wt.)
Root Shoot Root Shoot Root Shoot
Days after 14 28 14 28 14 28 14 28 14 28 14 28
planting
control 13.44° | 23.36° | 6.30° | 17.22° | 30.81° | 72.24° | 108.08° | 187.61* | 45.8° | 50.4° | 48.3" | s52.6"
R.solani 16.91% | 27.44* | 7.53° | 17.92" | 56.34" | 102.02° | 147.84" | 193.86* | 49.8° | 73.6° | 504" | 77.8°
R.solanis + 1A 7 21.16* | 27.54* | 21.56* | 18.90° | 61.60° | 99.12* | 178.92° | 155.40° | 51.3" | 53.4° | 804 | 79.6°
LSD at 5% 254 | 285 | 432 | 078 | 5.03 6.55 . 12.47 7.52 3.30 | 652 | 550 | 4.24

Means within the same column with the same letter are not significantly different (P<5%)

~ Present results showed that greater increase in the activity of antioxidation
enzymes in JA-treated plants might be effective in scavenging mechanism to remove
H,0; produced in root and shoot under Rhizoctonia solani infection. On the other
hand, accumulation of H,0O; in shoots of JA-treated plant could be related to the
increased SOD activity and increase in H,0,-scavanging enzymes (CAT, POX and
APOX). )
Changes in phenolic compounds and its related enzymes'

Result in Table (4) showed that total phenolic compounds markedly decreased
in roots of bean plants {(at two stages) infected by Rhzoctonia solan/ as compared
with non infected control. Accumulation of phenolic compounds has been associated
with disease resistance in a number of plant-pathogen interactions. A high level of
phenalic compounds at the site of pathogen invasion can restrict or slow the growth of
the pathogen.

JA, when applied resulted in the highest total phenol. Increasing evidence
indicates that JA increased the total phenolic contents in Hypericum perforatum cell
suspension (Gadzouska et al., 2007). However, levels of certain phenolic acids greatly
changed in roots of bean plants in response to pathogen inoculation and hormonal
elicitor JA as compared with non infected control (Table 4). Ferulic acid and quercetin
markedly decreased in root infected with RAizoctonia solani, Gallic acid content also
markedly decreased in roots of infected control and JA-treated plants. JA ~treated
plant recorded increase in €innamic acid, ferulic acid, and quercétin which play an
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important role in plant resistance and defence against RAizoctonia solani, initimately
connected with H,O, (Table 2).

Table 4. The contents of total phenolic acids and certain phenolic acids (mg g fwt) in
roots of bean plants (15 days after pathogen inoculation) treated with JA
and grown in Rhizoctonia sofanjinfested soil.

Total Known of phenolic acids
No of _
Treatment phenolic Cinnamic | Gallic | Ferufic
peaks o Guercetin coumarin
acids acid acid acid
Non-infected
7 432.1 20..33 21.97 32.44 114 _
Control
Infected control
10 3256 28.94 11.25 33.86 26.39. _
{R.s0/an)
R.solani + A 10 575.2 46,13 6.48 42.36 32,88 11.56

These results agree with the induction of some phenolic compounds such as
Gallic, Cinnamic, Feruiic, and Chlorogenic acids in chickpea from fungal attacks
through induced resistance {Cherif et al., 2007).

Results in Table (5} showed that activities of polyphenol oxidase (PPO) and
phenylalanine-ammonia lyase (PAL) significantly increased in both shoot and roots of
bean plant in response to Rhizoctonia solani infection. Different studies showed that
induced resistance, through the accumulation of various phenolic compounds and
phytoalexins, as well as the activation of peroxidases, polyphenoloxidases, and key
enzymes in phenylpropanoid and Isoflavonoids pathways, may play a crucial rcle in the
resistance of bean piants to pathogen attacks. PAL could directly affected
accumulation of secondary toxic compounds, such as phytcalexins, which might be
released in root exudates and on root segment surfaces from the infected plants to
inhibit fungal spore germinaticn and growth.

Chen et al, {2000) demonstrated the existence in cucumber of phenolic
phytoalaxins, which might be produced through a PAL pathway. PAL may be involved
in triggering phenylpropanoid pathway resulting in the release of toxic phtoalexins at
the site of pathogen penetration.

POX activity is associated with disease résistance in plants and increases in host
plants following pathogen infection. Plant POX has been reported to catalyze the last
step in the biosynthesis of lignin and hydrogen peroxide Brausegem et al. (2001). POX
and PPO are important in the defense mechanism against pathogen, through its role in
the oxidation of phenolic compounds to quinones, causing increased antimicrobial

activity. Therefore, it may be directly involved in halting pathogen development.
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Table 5. Activities of polyphenol oxidase (PPX), phenylalanine ammonia lyase (PAL)
and peroxidase (POX) in roots and shoots of bean plants infected with
Rhizoctonia sofani ( R.solani) and treated with JA.

Treatment
PPX(enzyme activity g-1 f wt. min-1} | PAL (mM t-cinnamic acid g-1 f wt. h-1) POX(enzyme activityg- f wt. min-1)
Root Shoot Root Shoot Root Shoot
Days after

planting 14 28 14 28 14 28 14 28 14 28 14 28
control 36.57° | 49.81° | 18.80° | 42.21° | 13.65° | 11.95° | 12.34° 14.05° 46.57° | 47.81° | 16.84° | 40.22°
R.s0lani 50.32° | 55.03° | 24.88° | 56.83° | 17.07° | 20.06° | 14.08° 18.35° 50.31° | 50.92° | 24.61° | 51.83"
Rsolani+JA | 59.12° | 69.37° | 52.31° | 60.00° | 29.027 | 25.60° | 29.87% | 28.59° | 46.44° | 64.12° | 40.227 | 47.91°
LSD at 5% 523 | 4.53 4.00 6.25 214 | 307 | 422 3.01 2.84 5.22 546 | 4.88

Means within the same column with the same letter are not significantly different ( P<5%)

In the present study, application of JA as seed presowing treatment induced
systemic resistance of bean plants against RhAizoctonia solani through induction of

ROS, ceratin defence enzymes and some secondary metabolites.
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