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Induction of systemic resistance in rice by Pseudomonas fluorescens
against rice root knot nematode Meloidogyne graminicola

B. Anita' and R. Samiyappa#

ABSTRACT

Induction of defense enzymes pheipelroxidase (PO), polyphenol oxidase (PPO), phenyl ammonia lysisg (P
super oxide dismutase (SOD) and chitinasedsudomonas fluorescedsslate Pf1, against challenge inoculation
of Meloidogyne graminicolén rice was studieth vitro. The activity of phenolPO,PPO, RL and chitinase
was higher in the bacterized rice plafitke analysis of isoform profiles revealed unique PO, PPO and SOD
isoforms induced in plants treated withfluorescensThe present study implies earlier and higher accumulation
of phenols and defense enzynwis, PO, PPO, RL and chitinase in rice root tissue resulting in significant
reduction in nematode infection.
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INTRODUCTION P. fluorescensagainstM. graminicolain rice as a result of

The root-knot nematod®eloidogyne graminicol@olden ~ induced systemic resistance.

gt Birchfield is _the mpst widely dlstr_|buted serious pest .of MATERIALS AND METHODS

rice (Oryza satival.) in the sub-tropics and tropics and is

considered economically important in all rice ecosystemspseudomonastreatment and challenge inoculation in glass-
(Pankaijet al,, 2010). It has also been reported from all rice house

growing regions in IndiaTo reduce the dependence on
chemical crop protectants in agriculture, bioagents
antagonists to pests are receiving increasing attention

thesrlr?tfil\?C?n mrd lj/f(j'&g rh:lzct)brai:tefrfla t(i)\jfer ‘in exﬁ”fr:tapplication of 25 mL bacterial suspension containing 98x 10
afternative In pro g a natural, €fiective, sale, persistent ¢, 1 without challenge inoculation; ii) nematode alone at

and durable protection. One classical biotic inducer is the

lant arowth ting bacterium@seud f 200 second stage juveniles J2/ plant;Riijluorescengseed
plant growth promoting bacteruiseudomonas UOresCens o 5iment + soil application) challenge inoculated with
Migula (lavicoli et al, 2003).

nematode at 200 J2/ plant; and iv) control plants witfout
Plants have endogenous defense mechanisms that can Bgorescenstreatment nor nematode inoculation. The
induced in response to attack by plant parasitic nematodesgreatments were replicated five times according to a Randomized
It is well known that the defense genes are inducible geneg|ock Design (RBD).

and appropriate stimuli or signals are needed to activate the
Inducing the plans own defense mechanisms by prior

application of a biological inducer is thought to be a novel maintained in the Department of Nematologgmil Nadu
plant protection strategy (Ramamooretyal, 2001). The . Agricultural University Coimbatore, were used in this

use of fluorescent pseudomonads for inducing SyStemIC?tudy Pre-soaked rice seeds.(€0 47) were surface sterilized
resistance against phytonematodes has been wel

S ! - with 0.1 per cent streptomycin sulfate and sown in steam
documentedgiddiqui 2006; Patriciat al, 2009). sterilized wetland clay soil (clay 43.2 per cent, silt 8.9 per cent

In view of the increasing importance of root-knot nematodesand sand 45.6 per cent) in earthen pots of 5 kg capaftity
in rice based cropping systems in the changing agricultural7 days, eggs oM. graminicolawere inoculated to the
scenario, the present investigation was undertaken with thehizosphere and further multiplied.

objective of assessing the induction of defense enzymes by

Pseudomonas fluoresceselate (Pfl) was used in the defense
reaction in rice against root-knot nematode. The treatments
included (Rble 1): i)P. fluorescens as seed treatment + soil

rhe susceptible rice cultivar CO 47 and the root-knot nematode
M. graminicolg obtained from the culture collection
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The galled rice roots were thoroughly washed, cut into smalwas used as the standard. The amount of phenolics was
bits of 1cm and teased in a blendgraken in 0.5 per cent expressed as pg catechol fgrotein.

sodium hypochlorite solution for two minutes. By passing petermination of peroxidase (PO).Root samples (1 g)

the liquid suspension of eggs through a 200-mesh sieve restedaintained at -70 °C were homogenized in 2 ml of 0.1 M
upon a 500-mesh sieve the eggs were collected. The S0Q5nosphate bidér, pH 7.0 at 4 °CThe homogenate was
mesh sieve with eggs was quickly placed under a stream Gfenrifyged at 16,000 g at 4 °C for 15 min and the supernatant
cold water to remove residual sodium hypochlorite (Barker a5 ysed as enzyme source. The reaction mixture consisted
1985). The eggs thus collected on the sieve were allowed ¢ 1 5 mj of 0.05 M pyrogallol, 0.5 ml of enzyme extractand 0.5
hatch. Infective second stage juve.niles were inoculated af of 1 per cent kD, The reaction mixture was incubated at
the rate of 200 per plant before sowing. room temperature (28 + 2 °C). The changes in absorbance at
420 nm were recorded at 30s intervals for 3 min. The enzyme

i ] ] ) activity was expressed as changes in the absorbance min
The bacterial strain.Hluorescensstrain Pfl was obtained mg’ protein (Hammerschmiet al, 1982).

from the culture collections of the Department of Plant - . .
PathologyTNAU, Coimbatore. It was grown in Kirgmedium Determination of polyphenol oxidase (PPQPPO activity was

B broth under constant shaking at 150 rpm for 48 hrs at roon?etermined as per the procedure given by Meyet(1965).
temperature (25 + 2°C). The culture at its stationary phase o he freeze dried root samples (1 g) were homogenized in 2 mi

growth was centrifuged at 6000 rpm for 10 minutes andofo.l M sodium phosphate buffer (pH 6.5) and centrifuged at

bacterial cells were re-suspended in 10 mM phosphate buffeJrG’000 g for 15min at 4 °C. The supematant was used as the

(pH 7.0). The concentration was adjusted to 9 3ctidmL enzyme source. The reaction mixture consisted of 200 pl of

Then 2 per cent carboxy methyl cellosolve was mixed with thethe enzyme extract and 1.5 ml of 0.1skdium phosphate

bacterial suspension as a sticking agent and used as bacter‘%Hfrer (pH 6.5)To start thg rgaction 200 Wl 07 0.01 M catechol .
inoculum (Thompson, 1996) was added and the activity was expressed as changes in

absorbance at 495 nm miimg? protein.

Pseudomonas treatment in glass house Determination of phenylalanine ammonia lyase ¢RL) activity .

For seed treatment, the rice seeds were surface sterilized wifR00t samples (1g) stored at -70%€re homogenized in 3 ml

2 per cent sodium hypochlorite solution and soaked in a doubl@f ice cold 0.1 M sodium borate tef, pH 7.0 containing 1.4
volume of bacterial suspension containing 9xdftn mLX. MM of 2-mercaptoethanol and 0.1 g of insoluble polyvinyl
After 24 hrs the bacterial suspension was drained and th@yrrolidine. The extract was filtered through cheesecloth and
seeds were shade dried for 30 minutes. The seeds were allow#te filtrate was centrifuged at 16,000 g for 15 min. The
to sprout for another 24 hours before sowinglfyasekaran ~ supernatant was used as enzyme sourk. &tivity was
etal, 1997). For soil application 25 ml of bacterial suspensiondetermined as the rate of conversion of L-phenylalanine to

Preparation of bacterial inoculum

(9 x 16 cfu mL2) was poured per pot before sowing. trans-cinnamic acid at 290 nM as described by Dickegson
. _ _ al. (1984) A sample containing 0.4 ml of enzyme extract was
Biochemical analysis incubated with 0.5 ml of 0.1M borate fesf pH 8.8 and 0.5 ml

Plants were carefully uprooted, without causing any damagé®f 12 m M L-phenylalanine in the same buffer for 30 min at 30
to root tissues, at different time intervals (7, 14 and 21 daysC. The amount of trans-cinnamic acid synthesized was
after inoculation of the nematode). Four plants were samplegalculated using its extinction coefficient of 9630' m
from each replicate of each treatment and kept separetelyDickersonet al.,1984). Enzyme activity was expressed as
Fresh roots were washed in running tap water andmol trans-cinnamic acid minmg* protein.

homogenized with liquid nitrogen in a pre-chilled mortar and Determination of chitinase.The freeze dried root samples (1
pestle. The homogenized root tissues were stored in a freezg) were homogenized in 2 mL of 0.1 M sodium citrate buffer
(-70 °C) until used for biochemical analysis. (pH 5.0). The homogenate was centrifuged at 16,000 g for 15
Determination of phenol.Root samples (1 g) stored at -70°C Min at4 °C and the supernatant was used in the enzyme assay
were homogenized in 10 ml of 80% methanol and agitated forl he colorimetric assay of chitinase was conducted according
15 min at 70°C (Zieslin and Ben-Zaken, 1993). One ml of theto the method described by Boller and Mauch (1988). Colloidal
methanolic extract was added to 5 ml of distilled water andchitin was prepared according to Berger and Reynolds (1958)
250 pl of Folin-Ciocalteau reagent (1/V) and the solution wasfrom crab shell chitin (Sigma, USA). The reaction mixture
kept at 25°C. The absorbance of the developed blue colougonsisted of 10 pl of 1 M sodium acetate buffer (pH 4.0), 0.4
was measured using a spectrophotometer at 725 nm. Catech®l of enzyme extract and 0.1 mL of colloidal chitin (10 mg).
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After 2 h incubation at 37°C, the reaction was stopped bySatistical analysis

centrifugation at 8,000 g for 3 mirn aliquot of the  The gata generated were subjected to statistical analysis

super.ngtant (0.3 mL) was pip.etted into a glass reagent tubﬁ)llowing the standard statistical procedures (Gomez and
containing 30 pl of 1 M potassium phosphate buffer (pH 7.1)gomez 1984).

and incubated with 20 pL desalted snail gut enzyme (Helicase).

Finally, the mixture was incubated with 2 ml of dimethyl amino RESULTSAND DISCUSSION

benzaldehyde (DMAB) for 20 min at 37°C and the absorbancerne pacterized plants expressed higher amounts of defense
was measured at 585 nm. The enzyme activity was expresseednzymeS in rice plants challenge inoculated with

as nmol GIcNAc miri mg* protein. graminicolawhen compared to plants without bacterization
Native-FAGE analysisThe isoform profile of PO, PPO and (Table ).

SOD were examined by discontinuous native polyacrylamideppenols. Studies on induction of defense mechanisms
gel electrophoresis (nativeABE) (Laemmli, 1970)The oy eqled higher accumulation of phenolics in bacterized rice
prpteln extract was prepared by homogenlzmg 1 g of freezgyotg challenge inoculated with. graminicola
dried root samples in 2 mL of 0.1 M sodium phosphate bufferaccymulation of phenolics was observed seven days after
pH 7.0 and centrifuged at 16,000 g for 20 min at 4°C. Thecp4)ienge inoculation with nematode. The highest

protein content of the sample was determined l?y the Bradford .., mulation (2.23 ug catechol frgrotein) was observed in
method (Bradford, 1976). Samples (50 ug protein) were loadeg) ; ~terized plants on thelday after nematode inoculation

onto 8% polyacrylamide gels (Sigma, USAjfter Phenolic compounds are known to play a major role in the
electrophoresis, PO isoforms were visualized by soaking thgafense mechanism of plants against various external
gels in a staining solution containing 0.05% benzidine (Sigma; hfectious agentsPseudomonas fluorescemsleases
USA) and 0.03% EO, in acetate buffer (20 mM, pH 4.2)  5ntimicrobial factors including lytic enzymes which leads to
(Nadlony and Sequira, 1980). For assessing PPO isoformg,e accumulation of phenolics (Meeea al, 2000) by
profile, the gels were equilibrated for 30 min in 0.1 per cent p-ggcretion of indole acetic acid that induced phenol metabolism
phenylene diamine followed by addition of 10 mM catechol ;, plants (Shabaest al, 1999) Accumulation of phenolics

in the same buffer (Jayaramanal, 1987). SOD isoforms ' hrior application of. fluorescenshas been reported in
were observed by placing the gel in the stain solution (TRISjce (Meenat al, 2000).

0.61 g;Water 100 ml; pH adjusted to 8.2 with HCI; Sodium i - ) )

EDTA 7.5 mg; Riboflavin 4 mg; NBTO mg) and incubated at Peroxidase (PO)Rice roots treated with. fluorescengsolate

37°C for 20 minutes in the dark (Ravindranath and Fridovich,Pfl upon c.halleng.e .inoculatio'n with. graminicola
1975). expressed higher activity of peroxidase compared to étther

Table 1.Activity of phenols and defense enzymes in rice roots treatedPsthdomonas fluescenghallenge inoculated with
Meloidogyne graminicoldén = 5)

Phenylalannine

Phenols . Peroxidase (change in | Polyphenoloxidase (change ir ammonialyase Chitinase (nmol GIcNAc
(g Ca:gigrn(;l mg absorbance thmg?* protein)| absorbance thmg* protein) | (nmol transcinnamic acic m™* mg* protein)
Treatment P m'mg? protein)
Days after treatment

7 14 21 |7 14 21 7 14 21 7 14 21 7 14 21
Pseudomonas 1.59 |1.66 | 1.51 4.32 4.61 3.78 2.31 1.4 1.29 21.1 .720|20.23 | 18.27 | 14.64| 14.79
fluorescen
'Meloidogyne 1.79 |1.77 | 1.52 3.82 2.95 2.56 1.86 1.69 1.68 25.43.49 |21.32 | 20.53 | 19.14| 13.82
graminicola
P. fluorescens +1.81 2.23 [2.17 |5.26 5.81 5.85 [2.85 3.06 3.28 32.9 33.96 | 33.41 | 28.65| 34.4 34.8
M. graminicola
'Untreated 1.03|0.44 | 0.09 2.40 2.79 2.01 1.25 1.19 1.17 19.480.56 |14.99 | 17.24 | 13.32| 12.22
uninoculated
control
‘cD (0.05; 0.049 0.153 0.129 1.161 0.770
Treatment
Days 0.043 0.132 0.112 1.001 0.67
Treatment x Days 0.086 0.264 0.225 012. 1.341
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fluorescensalone or nematode alone. The highest activity of
(5.85) expressed as change in absorbancé mgt protein

was observed 21 days after nematode inoculation.Oxidative
enzymes play a decisive role in plant resistance to biotic stress.
Various studies reported th& fluorescensinduced
peroxidase in response to pathogen attack (Ehain 2000).

The present study also indicated tRatluorescensnduced
higher accumulation of peroxidase upon invasionMy
graminicola

Polyphenol oxidase (PPO)Upon root-knot nematodd).
graminicolachallenge in bacterized paddy root tissues, the
activity of PPO gradually increased and was the highest 21
days after inoculation. Similar to PO, enhanced activity of
PPO was observed in the root tissues treated Rith
fluorescensupon challenge with the nematode. Enhanced
activity of peroxidase and polyphenol oxidase was observed
in tomato roots treated witR. fluorescensand Fusarium
oxysporunf. sp.lycopersici(Ramamoortht al, 2001), in
rice against sheath blight (Nandakureaal., 2001) and in
cotton against boll worm (Rajendranal.,, 2007).

Phenylalanine ammonialyase (RL). The highest activity of
PAL was observed in bacterized root tissues challenged with
the nematode on the fldlay after inoculationPAL is the

first enzyme in phenylpropanoid metabolism involved in the
production of phenolics and phytoalexins that prevent
establishment of the pathogeMdriutto et al, 2011). The
present investigation revealed increased activityAtf ue

to P. fluorescendreatment, which might have prevented the
establishment of the nematode within the roots. Enhanced
activity of FAL by P. fluorescen$ias been reported in tomato
(Kandanet al, 2003) and pearl millet (Niranjan Reg al,
2003) against pathogens.

Chitinase. The activity of chitinase was maximum in bacterized
root tissues challenged with the nematode and the highest
activity was recorded 21 days after inoculation. The root-
knot nematod®. graminicolaalso increased the activity of
chitinase in rice roots up to 7 days after inoculatibnrice,

seed treatment with PGPR strains increased the chitinase
enzyme activity and phenolic content, which was correlated
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metabolites, which are involved in plant-defense reactions
(Rahimi et al., 1998). The present study demonstrated
increased expression of chitinaseFinfluorescensupon
challenge inoculation with the nematode. Enhanced activity
of chitinase has been suggested to have direct or indirect
role in the induction of systemic resistance against
pathogens (Dalisay and Kuc, 1995). Many of the
fluorescensstrains are known to produce chitinases
(Velazhaharet al, 1999).Pseudomonaweatment of rice

cv. IR 50 led to the induction of systemic resistance against
Rhizoctonia solanias a result of increase in chitinase
activity which directly or indirectly involved in the reduction

of sheath blight disease development (Nandakwhat,
2001).

Figure 1.Native—RAGE analysis for isoform profiles induced
by P.fluorescensisolate Pfl in rice challenged witil.
graminicola

PO %P

e

Native AGE analysis revealed that peroxidase isoforms
designated as POL1 to PO5 were observ@dfluorescens
treated root tissues challenged with the root-knot nematode
M. graminicolaand the expression of isoforms PO2, PO3,
PO4 and PO5 were more prominent in bacterized plants
challenge inoculated with the nematode compared to other
treatments (Fig. 1). The expression of PO4 and PO5 isoforms

was more prominent in healthy plants and plants treated
with P. fluorescenghallenged with the nematode.

Five PPO isoforms, PPO1, PPO2, PPO3, PPO4 and PPO5

with reduced nematode infestation (Swarnakumari, 1996). were observed in bacterized rice root tissues, inoculated

Results of the present study revealed thafluorescens
enhanced the accumulation of phenols in rice roots in
response to attack by. graminicolaProduction and
secretion of chitinase by non-pathogenic microorganisms may
be important in the biological control of plant parasitic
nematodes as it degrades the chitin which is the major
component of the egg shell. Chitinases may also play a
secondary function as signal molecules, which elicit the
induction of other pathogenesis related proteins or

with root-knot nematode. The induction of isoforms PPO1

and PPO2 were observed in all the treatments except in
healthy plants. Isoforms, PPO3 and PPO4 were detected
both in bacterized root tissues and root knot infected roots
but it was more prominent in root tissues treated With
fluorescenshallenge inoculated with the nematode.

Seven isozymes of superoxide dismutase could be detected
in P. fluorescenstreated plants, inoculated wit¥d.
graminicola Out of the seven isozymes (SOD 1 - SOD 7)



Management of nematode using bacteria 57

fourisozymewiz,, SOD 1, SOD 3, SOD 6 and SOD 7 were also 10 peroxidases,six catalases, and two superoxide dismutases)
detected inM. graminicolainfected root tissues without in the genome of Pf-5 supports the proposed importance of
treatment withP. fluorescensHoweverthe intensity was less,  oxidative stress tolerance to the fithess of this rhizosphere
compared to the plants treated withfluorescensAll the bacteriun{Loperet al, 2007) as an effecient biocontraol agent.
seven isoforms of SOD appeared with a high intensity in o ) )
bacterized plants challenge inoculated with the nematode antyématode population in rice root tissues treated With

SOD 2 and SOD 4 were two newly induced isoforms expressefluorescenschallenge inoculated witM. graminicola
in rice root tissues by this treatment. (Table 2).The population of the root knot nematode

L M,graminicola was significantly lower in rice roots treated
Enhanced activities of defense enzymes have been suggest, h Pfluorescens.There was 40.7% reduction in the nematode
to have a direct or indirect role in the induction of systemic

. . . . opulation 7 days after inoculation in thBu®rescens treated
resistance in plants against pathogens (Dalisay and Ku lants.Similarly there was 68.4% and 75.1% reduction in the
1995). In the present study the strong induction of variou

; . . ematode population 14 and 21 days after inoculation
isoforms of PO, PPO and SOD in bacterized plants challeng? : . ;

. o) . espectively in the treated plants. Earlier reports have prove
inoculated with the root-knot nematodd, graminicola P y P P P d

. . . . the efectiveness of Pfluorescens in suppression of
induced systemic resistance, which alternately reduced th%conomically important plant diseases (Jeyalak i

development of the nematode. Detection of greater activityzmo) and plant parasitic nematodes (Muthulakshmi et al.,

but similar banding pattern for peroxidase and polyphenolzom; Deepat al, 2011). Significant reduction in root and

oxidase in treated and untreated plants suggests thastoil population of the rice root nematodg, gracilis was

dlfferencgs n the isoforms alssc.>0|at'ed. with mdqceq resiStanc ained withP. fluorescensAnother important species of
are guantitative but not qualitativesimilar quantitative type - . o nematodé. oryzaewas also successfully managed
of ISR was observed by Nandakuragal (2001) in rice against by the application oP. fiuorescens

sheath blight. Radjacommae¢ al. (2003) detected unique . | o _ _
PO and PPO isoforms in rice treated Atfiuorescensgainst I conclu5|0'n, the present study implies that earlier ar)d higher
Rhizoctonia solaniPO and PPO isoforms were expressed ataccumulation of phenols and defense enzymies,
higher levels in bacterized tomato root tissues challengdP€roxidase, polyphenoloxidase, phenylalanine ammonia lyase
inoculated withV. incognitaand Fusarium oxysporurfsp. and chitinase in rice root tissue treated Witfluorescensn

lycopersiciRamamoorthgt al, 2001). response to invasion byl. graminicola collectively
contribute to induced systemic resistance and decrease in

Similar to other enzymes, SOD activity was inducedPby nematode infection

fluorescensagainst the inoculated nematode. Induction of

two new SOD isoforms and a higher level of expression ofREFERENCES
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