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Abstract— In this study, changes in the activities of
Phenlylalanine ammonialyase (PAL) and polyphenol
oxidase (PPO) during development and stages of wilt
(Fusarium  oxysporum Schlechtend.:Fr. f.sp. ciceri
(Padwick) Matuo & K. Sato) disease infection in
chickpeaCicer arietinum L) were investigated. During
the early stages of disease development, at peetiohal
stage (9, cultivars did not show any significant change in
PAL activity. The activity was significantly inceead at
infectional stage ($ as compared with pre infectional
stage (9. Susceptible cultivars had the lower value of PAL
at infectional stage ¢ However, at Sstage cultivars GG-

4 and JCP-27 were at par. At post infectional st4§),

the activity was found to be increased in the alticars as
compared to infectional or mid growth stage and the
resistant and tolerant cultivars were at par. Syxiige
cultivars (JG-62 and GG-4) had the lower activitg a
compared to the resistant and tolerant cultivarsheT
resistant cultivars WR-315 and JCP-27 revealed digh
level of activity, the level of activity significinincreased
marginally during infection. In the present expeeint
significantly higher activity in infected plantsayvn in sick
plot also suggested that polyphenol oxidase might b
involved in oxidation of phenolics in susceptibldtigar
(JG-62). These observations suggest that the iserea
PAL and PPO activities has an important role inedise
resistance mechanism.
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l. INTRODUCTION
Chickpea Cicer arietinumL.) is the second most
important pulse crop of the worldndia is the world’s
largest chickpea growing country having a cultivatarea
of 6.5 Million hectares and an output of 5.77 roiflitonnes
with an average yield 888 kg/ha (Deshmukh, 200&a}l
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contributes about 63 percent to the global productf
chickpea. Gujarat having cultivation area of 0.&khl
hectares and an output of 0.09 metric tonnes wéld Y630
kg/ha in 2000-01(Anon, 2003). A number of pathogens
affecting chickpea have shown a three fold increhseng
last 15 years (Nenet al., 1996). The main fungi that affect
chickpea areFusarium oxysporuntSchlechtend.:Fr. f.sp
ciceri (Padwick) Matuo & K. Sato, causing the plant totwil
Wilt of chickpea Cicer arietinum), caused byFusarium
oxysporumf. sp. ciceris is a major limiting factor of
chickpea production in the Mediterranean Basin #mal
Indian Subcontinent (Jalali and Chand, 1992). Ahyiedd
losses due td-usarium oxysporumf.sp. ciceri have been
estimated to range from 10 to 15% but fusarium wilt
epidemics can be devastating to individual crops @ause
100% loss under favorable conditions (Halila andhr®ie,
1996; Chaube and Pundhir, 2005). Disease resistance
appears to be the rule rather than the exceptiamatare.
The ability of a host plant to defend itself agaires
pathogen is governed by its genetic constitutiod #re
environmental conditions under which the genes aiper
As reported by many researcher and which are sgpde
through that all natural resistance is under genstntrol
and genes are expressed through biological products as
secondary metabolites viz. phenolics, lignin, calo
suberin, phytoalexins, alkaloids, terpenes, glydesiand
pathogenesis-related proteins all of which contgbto
disease resistance.

Enzymes secreted by pathogen and host cells plpgriant
roles in disease resistance mechanism. Peroxidade a
polyphenol oxidase are involved in synthesis ofidox
phenolics. Phenylalanine ammonia lyase, cinnamid-&c
hydroxylase and 4-coumaryl CoA ligase are the key
enzymes of phenylpropanoid pathway for productidn o
phytoalexins, phenolics and their derivatives. Pienolic
compounds are a group of important plant secondary
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metabolites that have been suggested to play &tyaof
roles in defense mechanisms against pathogens. Wweey
reported as phytoanticipins, phytoalexins, struadtur
barriers, modulators of pathogenicity, and/or adtivs of
plant defense genes (Mansfield, 2000; Ramipal., 1997)
The aim of the present work was to examine chaigdse
accumulation of PAL and polyphenol oxidase actitly
different stages in diseased and healthy tissmesrder to
associated patterns and role in defense mechanisms.

. MATERIALSAND METHODS
Chickpea cultivars viz.,, GG-1(Y Resistant), GG-2
(Resistant), WR-315, ( Susceptible), JG-62 Y Highly
susceptible) and JCP-27, 5(Mighly Resistant) GG-4
(Vs)were grown under field condition in two plots of
Junagadh Agricultural University, at Pulse Resedfaim
,Junagadh. One plot wa® normal plot without diseased
while other was kept free for infection of wilt d&se in
chickpea plants in sick plot that is maintainedsi@0 years
for F.oxysporium f.sp.cicedat JAU Junagadh. Root tissues
were collected at pre-infectional (12 Days aftewisg),
Infectional (21 days after sowing) and post infecél (26
Days after sowing) stage from both plots and Eximacand
estimation of PAL and PPO enzyme from root tissueee
done as per the methods described by Malik andhSing
(1980).
Extraction and Assay of Phenylalanine ammonialyase
(PAL) activity
100mg acetone powder/ml of root tissue with 1mM
polyvinylpyrrolidine in 0.1M sodium borate pH 8were
extracted and than centrifuge with 10000 rpm, 10, /fC.
The assay mixture of PAL contained substrate as10.1
Phenylalanine in 0.1M sodium borate buffer pH 8.8°€.
The reaction mixture (3.6ml) consisted of 0.1M sodli
borate buffer pH 8.8 with 0.5ml substrate and aoidibf
100uL of crude enzyme extract to initiate the rieectvith
hour's incubation 3%, which was measured
SpectroPhotometrical at 290 nm. Enzyme activityresped
per nmole cinnamic acid released/h/g acetone pawder
Product reaction colour shown brown to oxidized
(Systronics spectrophotometer, Ahmedabad, India).
Preparation of Acetone Powder from Plant Tissues:
Acetone powder from root tissues was prepared fier t
assay of PAL (phenylalanine ammonia lyase) enzyme.
Tissues (2 to 3g) were ground using a mortar astiepat 4
°C with 4 volumes of pre chilled acetone (). Crushed
material was filtered and again ground with acetortee
procedure was repeated till white powder of tissvees
obtained. Powder was dried in desiccator and stare4’C
till assay of the enzymes was carried out.
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Extraction and Assay of polyphenoloxiddB®0O) activity
Sample weight 500mg/ml in 1mM PVP with 0.1M
Phosphate pH 7.2 of tissues were grind with chitteattal
pestle. Extract were centrifuged t010000 rpm, 10,r¥C

. The assay mixture of Polyphenol oxidase (PPOjaioed
3.1mL of 0.1 M phosphate buffer (pH 6.0) at 4°C.eTh
reaction mixture consisted of 3.0 ml 0.01M Catechol
0.1M Phosphate buffer pH 6.0. The addition of 1061l
crude enzyme extract initiated the reaction, whighs
measured spectrophotometrically at 420 nm at 3ntarval
for 15 min , Change in O.D/min/g fresh tissuesodgict
released showed Oxidized catechol light green colou

M. RESULTSAND DISCUSSIONS
Phenylalanine ammonia lyas€hickpea cultivars grown in
normal and sick plots showed significant differeimceoot
phenylalanine ammonia lyase activity. (Fig.1.) thaot
tissues obtained from sick plot showed higher #gtias
compared to the tissues collected from sick platitiZars
differed significantly in their phenylalanine amniatyase
activity. Among the cultivars, tolerant cultivarsGal and
GG-2 revealed higher activity than the resistartivars
JCP-27 and WR-315. Susceptible cultivars JG-62GGe4
showed significantly lower level of activity. (Fig. Among
the different infectional stages, the activity i&sed from
4.62 to 113.42 nmole cinnamic acid releasédghacetone
powders with the advancement of disease i.e.
infectional stage to post infectional stage but #uévity
drastically increased at infectional stage)(SPlants grown
in sick plot, the enzyme phenylalanine ammonia dyas
activity in root tissues of chickpea obtained fraime
different cultivars were varied between 67.90 t0681
nmole cinnamic acid released.j’ acetone powder
(Table.1). Susceptible cultivar JG-62 had the highvalue
of enzyme activity followed by moderately suscelgtib
cultivar GG-4. However the lowest activity was fduim
resistant cultivars WR-315 and JCP-27. In gengiahts
grown in sick plot had significantly higher valuggn the
plants grown in normal plot. In contrast to thidants
grown in normal plot the PAL activity was variedoiin
41.56 to 64.83 nmole cinnamic acid releaseghacetone
powders. A comparison was made between sick andaior
plot showed that the activity of PAL was almost klledl in
susceptible cultivars grown in sick plot. Irresjpex of
treatments, at pre-infectional stage)(Sultivars did not
show any significant change in PAL activity. Thdiaty
was significantly increased at infectional stage) (8s
compared with pre infectional stage 1XS Susceptible
cultivars had the lower value of PAL at infectiorsthge
(S,). However, at gstage cultivars GG-4 and JCP-27 were

pre-
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at par. At post infectional stages|Sthe activity found to
be increased in the all cultivars as compared feectional
or mid growth stage and the resistant and tolecahivars
were at par. Susceptible cultivars (JG-62 and GBadl)the
lower activity as compared to the resistant aneréoit
cultivars. Nighat (2001) studied on phytoalexin
accumulation and PAL activity in chickpea cultivargz
resistant and susceptible after inoculation wi$cochyta
rabiei. This accumulation was preceded by a transieat ris
in activity of PAL. Maximum PAL activity was obsest
12 to 24 hours after inoculation. Phenylalanine amiat
lyase activity in susceptible cultivars was higltean in
resistant cultivars of chickpea infected with asgaa blight
(Sindhu et al,1995). Thus the data from the present
experiments are in agreement with Sindtwal (1995) and
Nighat, (2001). Combined effect of treatment X stagas
found to be significant. Chickpea cultivars grown dick
plot resulted into higher phenylalanine ammoniaséya
activity (5.47 to 121.53 n. mole cinnamic acid asle. F.g

! acetone powder) in root tissues of chickpea aspeoed
to the activity recorded in the normal plot (3.786132 A
0.D. h:.gtfr.wt.acetone powder) at all the stages, in
general. Interaction effect of treatments x vaggtk stages
showed significant difference for phenylalanine ania
lyase activity in root tissues. (Fig.2) at pre ttfenal stage
(S) the lowest activity of PAL was recorded in cudthndG-
62 grown in sick plot. However, the rest of thetiealrs did
not show any significant change in their activigil the
cultivars resulted drastically rise in their enzyawtivity at
infectional stage ($ The resistant cultivars showed
significantly lower activity as compared to tolerd®G-1
and GG-2) and susceptible cultivars (JG-62 and G®@i#h
the advancement of disease. i.e. gtsBge. The PAL
activity continuously increased in all the cultisaChanges
among the severity of diseases development anditgcti
correlate at this stage showed significant changes
cultivars root tissues. Resistant cultivars WR-3b8 JCP-
27 revealed significantly lowest phenylalanine amiao
lyase activity followed by tolerant cultivars, amnighest
activity found in JG-62 at infectional stage,\S At post
infectional stage (§ JG-62 exhibited significantly highest
phenylalanine ammonia lyase in all the cultivarheT
enzyme activity increased with the advancementroith/
infectional stages. ).

Results from present study, however, indicated thst
disease infection to root tissues follows the imsee in
enzyme activity that might be due to rapid produttof
phytoalexins which is part of the defense mechanigm
chickpea and PAL has a regulatory role in the bitsgsis
of these secondary metabolites. Phenylalanine anamon
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lyase (PAL) activity in susceptible cultivars wagter than

in resistant cultivars of chickpea infected wittc@shyta
blight (Sindhu et al., 1995). In case of plantsvgr in
normal plot, the PAL activity increased with the
advancement of growth stages. i.e.t8 S. In general,
plants grown in normal plots had significantly lawe
enzyme activity at pre infectional {{Sto post infectional
stage (9 as compared to sick plot. The enzyme activity
further increased in all the cultivars from ® S stage.
Among the cultivars JG-62 and GG-4, resulted sigaiftly
lower value of enzyme activity at infectional,Y%nd post
infectional stage (5 as compared to the sick plot. In root
tissues of resistant cultivars grown in sick pletinoculated
with Fusarium oxysporum f.sp. ciceriPAL was actively
associated during pre infection process as a fjattsease
resistant mechanism. As the fungi could not praghesoot
tissue of resistant and tolerant cultivars of ndrmpit
grown, higher activity of PAL were not needed anaymot

be involved actively in phenyl propanoid pathwaydan
therefore the level of activity significantly dewdid. In
susceptible cultivars grown in sick plot showed the
continuous progress of fungus occurred and henad &f
PAL always beneficial part of natural host as chik
plants. Thus, significantly higher activity of PAh root
tissue of susceptible and tolerant cultivars affee
infectional stage positively correlated with theognmess of
disease and active phenol metabolism. Higher &gtivi
tissues suggested that the level of PAL would be
insufficient in the root tissues to impart defemssponses
and therefore the activity remained higher. Theultss
suggested that the enzyme is involved in lignin and
phytoalexin synthesis and it is continuous preseirce
higher activity may be essential till chickpea plaecome
sure of strong structural and metabolic defensee Th
observations recorded here are also supportedrttmds
made by the Mandaviat al, (1999), Shukla, (2001) and
Bhut (2005).

Polyphenol oxidase:

Chickpea cultivars grown in normal and sick plasuited
significant change in root polyphenol oxidase attivihe
root tissue obtained from sick plot resulted higher
polyphenol oxidase activity as compared to theutiss
obtained from sick plot (Fig.3). Among the cultisathe
polyphenol oxidase activity was varied from 3.80167 A
O.D.mint.gtfrwt. Tolerant cultivars GG-1 and GG-2
consist of lower polyphenol oxidase activity as pamed to
resistant cultivars and the differences were foumdbe
significant. However, the cultivar GG-4 hold the
significantly higher activity. (Fig.4.24). Polyph@noxidase
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activity among the different infectional stages reased
from 4.30 to 5.35A O.D.mint.ghfrwt with the
advancement of disease i.e. pre-infectional st& (o
infectional stage (S2) but at later stage (i.et88)enzyme
activity drastically reduced to 2.08 O.D.min".g" fr.wt at
post infectional stage (S3). Data indicated flatihg trend

of activity of this enzyme in root tissues.

Plants grown in sick plot, the polyphenol oxidastvity in
root tissues of chickpea obtained from the diffeitivars
varied between 4.87 to 5.280.D.min.g".fr.wt.( Table.2).
Resistant cultivar JCP-27 contained the highestueval
followed by moderately susceptible cultivar GG-élérant
cultivars GG-1 and GG-2 possessed moderate level of
polyphenol oxidase activity as compared to thevagti
found in susceptible cultivar JG-62. In contrast this,
plants grown in normal plot had lower activity of
polyphenol oxidase as compared to sick plot butttéed
remains same.

At pre-infectional stage ¢} susceptible cultivars GG-4 and
JG-62 resulted the highest polyphenol oxidase isesv
(Table.2). The resistant cultivars (WR-315 and XZIp-
contained significantly higher polyphenol oxidassiaty

as compared to the tolerant cultivars (GG-1 and ZpG-
However, at infectional stage the activities showed
fluctuating trend among all the six cultivars. Gudt WR-
315 had significantly higher value of polyphenolidase
activity (i.e 5.45A O.D.min".g™.fr.wt) as compared to the
susceptible cultivars (JG-62 and GG-4) and tolerant
cultivars (GG-1 and GG-4) at infectional stage. past
infectional stage (S3), the activities drasticakbguced in
all the cultivars as compared to infectional / ngidbwth
stage.

Combined effect of treatment x stage was found ¢o b
significant (Table.2). At all stages chickpea a@ts grown

in sick plot resulted higher polyphenol oxidase aetivity
2.47 to 8.23 O.D.min*.g.frwt as compared to the tissue
obtained from normal plot (1.68-3.900.D.min.g.fr.wt).
However in normal plot polyphenol oxidase actiwityroot
tissues found to be gradually reduced as growthhef
plants increased from S1 to S3.

Interaction effect of treatments x cultivars x gtsgevealed
significant differences for polyphenol oxidase wtyi in
root tissues (Fig.4). Plant grown in sick plot et
differential response in polyphenol oxidase agfivdr the
chickpea cultivars. Resistant cultivars JCP-27 AfR-315
had the highest polyphenol oxidase activities ag- pr
infectional and infectional stages. However, tahra
cultivars (GG-1 and GG-2) had the lowest peroxidase
activity at pre-infectional stage. All cultivarshaved
remarkable rise in their enzyme activity at infentil stage
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and resistant cultivars WR-315 and JCP-27 had highe
polyphenol oxidase activity followed by tolerantltotars
GG-1 and GG-2. At post infectional stage (S3).

As the fungi could not progress further, the highiel of
PPO was no longer necessary in resistant cultiviars.
susceptible cultivars grown in sick plot showedtowrous
progress of fungi occurred towards the upper phtiast
pants from root external structures to the interoall
mechanism and hence high level of PPO always help t
oxidize accumulated phenolics in response to wilease.
In all the cultivars the level of polyphenol oxiéaactivity
showed noticeable rise. In contrast to this, tkefsl grown
in normal plot, the activity declined from pre-iof®nal to
post-infectional stage in all the cultivars and vaties were
lower than the values recorded in sick plot.

Overall data recorded for polyphenol oxidase afgtiaie in
agreement with the findings of Shukla and Paramemwa
(2004), who stated that changes in polyphenol ®dda
activity during Fusarium wilt disease infection hickpea
cultivars grown in normal and inoculated soil haghier
PPO activity in root tissue of both the cultivarsdait
increased in root with growth of plant.

The results obtained in the present experimens@peorted
with the findings made by Chowdhury and Sinha (3000
who reported that chickpea cultivars susceptiblewtts
contained higher level of polyphenol oxidase atithat
was usually associated with the defense resporiggards.
The post-infection stage, the increase in PPO petems
was moderately higher than that of untreated plamd
came closer to those of resistant plants. Simdaults were
also stated by Wang-ChangXian et al., (2005) inuouwmer
roots infected with. oxysporunf.sp.cucumerinum

DISCUSSIONS:

Phenolic acid metabolism is activated through pheny
propanoid pathway during infection which gives rise
suberin, lignin and wall bound phenolics as desctibelow
(Hahlbrock and Scheel, 1989). Amongst the seconglamnt
products, phenolic compounds are the most impogenip
implicated in both constitutive and induced resis&a
Presence of phenols and their oxidation productplamt
tissues is considered to be potentially toxic te gnowth
and development of pathogens. Increase in pheoolitent
after elicitor treatments may be due to increaséP&L
activity as PAL has been reported to be associatddthe
synthesis of phenolic compounds via phenylpropanoid
pathway (Hahlbrock and Scheel, 1989).

In root tissues of resistant cultivars grown inksptot i.e.
inoculated with Fusarium oxysporium f.sp. ciceri®AL
was actively associated during pre infection precas a
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part of disease resistant mechanism. The obsengtio
recorded here also supported the findings madehby t
Chakraborty and Gupta (2001); Mandavia, et al. )99
Shukla, (2001) ; Bhut (2005); Rezazadeh and Dehagh
(2005) and Shou-SenYan et al. (2005). As the fuogild
not progress in root tissues of resistant anddatecultivars

of normal plot grown plants, higher activity of PAlere
not needed and may not be involved actively in phen
propanoid pathways and hence the level of activity
significantly declined. In susceptible cultivar®gmn in sick
plot showed the continuous progress of fungus eedusind
hence level of PAL always beneficial part of natimast as
chickpea plants. Thus, significantly higher activitf PAL

in root tissues of susceptible and tolerant culfvalter pre
infectional stage positively associated with thegpoess of
wilt disease and active phenol metabolism. The lt®esu
suggested that moreover as this enzyme is invatvégnin
and phytoalexin synthesis its continuous presemdggher
activity may be essential till chickpea plant beeosure of
strong structural and metabolic defense. (Hahlbraok
Scheel, 1989).

Polyphenol oxidase has been found in number oftplant
higher activity is marked during pathogenic coruditi
Polyphenol oxidase may indirectly influenced adiivof
peroxidase by the oxidation of phenol i.e. browniegction

as a part of defense mechanism. Many researcheesatso
reported similar result, in most of the cases tbsstant
cultivars WR-315 and JCP-27 revealed higher level o
activity while in susceptible cultivars JG-62 an®%4@, the
level of activity significantly increased marginaltiuring
infection. In the present experiment significantligher
activity in infected plants grown in sick plot alsoggested
that polyphenol oxidase might be involved in oxidatof
phenolics in susceptible cultivar (JG-62). These
observations further suggested that PPO activigctsrely
associated during pre infectional and infectionagss as a
part of disease resistance mechanism in responseltto
diseases in root tissues of resistant cultivarsvgrin sick
plot i.e. inoculated withFusarium oxysporium f.sp. ciceris
Our data are in agreement with the findings madghykla
and Parameswaran (2004); Chowdhury and Sinha (2000)
and Shou-SenYan et al. (2005).
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Table.1: Combined effect of cultivars, treatmemtd atages on phenylalanineammonia lyase activitynrie cinnamic acid

release.H.g* acetone powder) in root tissues of chickpea.

WR-315 JCP-27 GG-1 GG-2 GG-4 JG-62
Treatments and stages (Vo) (Vo) (Va) (V) (Vs) (Ve)
Sick plot (Ty) 67.90 68.00 76.66 76.18 76.22 81.63
Normal plot () 64.83 64.83 63.58 63.42 45.33 41.56
Pre infectional stage (B 4.62 4.65 4.42 4.40 5.28 4.38
Infectional stage (3 77.39 75.22 90.18 89.42 70.99 71.94
Post infectional stage {5 117.09 117.57 115.76 115.58 106.06 108.47
S S S
Sick plot (Ty) 5.47 96.31 121.53
Normal plot (T) 3.78 62.07 105.32
VXT VXS TXS
S.Em 1.44 1.57 0.90
C.D. at 5% 4.23 4.46 2.57

Table.2: Combined effect of cultivars, treatmemtd atages on polyphenol oxidase activityQ.D. min*.g™.fr.wt.) in root

tissues of chickpea.

WR-315 JCP-27 GG-1 GG-2 GG-4 JG-62
Treatments and stages (Vo) (Vo) (Vs) (Va) (Vs) (Ve)
Sick plot (Ty) 5.160 5.380 5.080 5.060 5.230 4.870
Normal plot () 2.610 2.540 2.520 2.600 2.910 2.930
Pre infectional stage (B 4.170 4.240 4.090 4.150 4570 4.570
Infectional stage ($ 5.450 5.390 5.340 5.240 5.400 5.290
Post infectional stage {5 2.030 2.250 1.970 2.110 2.260 1.840
St S S
Sick plot (Ty) 4.69 8.23 2.47
Normal plot () 3.90 2.47 1.68
VXT VXS TXS
S.Em 0.040 0.030 0.20
C.D.at5% 0.100 0.090 0.57
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Fig.1: Mean effect of cultivars, treatments and stagepl@mmylalanine ammonialyase activity in chickpeat t@sues. Spre
infectional stage; Sinfectional stage; $post infectional stage. S.Em+1.02 (V), 0.59 01%4 (S);C.D. at 5%, 2.99V), 1.73 (T),
1.82 (S).
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Fig.4: Interaction effect of TxXVxS on polyphendtase activity in root tissues of chickpea culta/a®- pre infectional stage;
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