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Impact of Envir onmentalFactorson Infestation of Tea
Leavesby Helopeltistheivora, and AssociatedChangesin

Flavonoid Flavor Componentsand EnzymeActivities

U. Chakraborty1;� andN. Chakraborty1

Attack of tea plant (Camellia sinensis(L.) O. Kuntze) leaves by the tea mosquitobug
Helopeltis theivora (Hemiptera: Miridae) was positively correlatedto temperatureand
rainfall, and partially to humidity, as determinedin 12 varietiesduring the period 2000–
2002. The insectattackwassevereduring the monthsof May–September, which hadhigh
temperatureandrainfall, andled to severelossof biomassdueto curling anddrying up of
the leaves. Thebiochemicalresponseof these12 varietiesof teato attackby theinsectwas
determinedwith specialreferenceto oxidative enzymesand �a vonoid �a vor components.
Insectattackledto anincreasein theactivitiesof theoxidativeenzymesperoxidase,ascorbate
peroxidaseandpolyphenoloxidase. Activities of phenyl alanineammonialyasegenerally
decreasedasaresultof insectattack,whichwassigni�cant in theUnitedPlantersAssociation
of SouthIndia (UPASI) varieties.A signi�cant decreasein polyphenolswasalsoobtainedin
UPASI varieties.HPLC analysisof catechinsrevealedadecreasein someof thecatechinsin
theinfectedleaves.Analysisof thea�avins from infusionof healthy andHelopeltis-infested
tealeavesrevealednochanges.
KEY WORDS:Tea;Helopeltistheivora; teamosquitobug;enzymes;phenols;catechins.

INTRODUCTION

Tea (Camellia sinensis(L.) O. Kuntze) is the most important plantation crop of
northeastIndia. Tea, the popular hot beverageconsumedworldwide, is producedby
processingthe young leaves of the plant. During its lifetime of approximately75–100
years,the plant hasto withstanddifferent typesof stresses,both biotic andabiotic. The
majorbiotic stressthattheplantencountersis attackby insectpests,includingcaterpillars,
leaf rollers, �ies, bees,wasps,ants,grasshoppers,crickets, locusts,aphids,scaleinsects
andplantbugs(13,16,17).Among the insectpestsHelopeltistheivora Wat. (Hemiptera:
Miridae) is perhapsthemostimportant,asevery yearit causesenormouslossesto thetea
crop.

Mirid bugs of the genusHelopeltisare seriouspestsof variouscultivatedplants in
tropical countries. Of the 41 speciesof Helopeltisrecordedin Old World tropics, only
three(H. antoniiSign,H. theivora andH. bradyiWat.) arecon�ned to India. Sinceteais a
perennial,it providesastablemicroclimatefor thispest,whichhasassumedthestatusof a
majorteapestin WestBengal andAssam(16). Bothadultsandnymphssuckthesapfrom
theyoungleaves,budsandtenderstems.As soonasthey inserttheir labial stylet into the
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soft plant tissuesandinject their saliva, a water-soaked lesionappearsaroundthe site of
puncture.Within a few hoursthe lesionturnsinto a brown spotwith darker edges.When
damageis severe,leavescurl up, becomedeformedandultimately dry up, asa resultof
which theyield of theplantis drasticallyreduced.

Flavonoids,a classof polyphenols,areexternally derived `non-nutrient'antioxidants
commonto C.sinensis(7). They arecharacterizedby theirC15 skeleton,whichis modi�ed
by enzymesto yield glycosidesand conjugated polyphenols, which are themselves
antioxidants.Catechinsarethemostimportant�a vonoidsin tealeavesandarethemselves
antioxidants,besidesbeing�a vor components.

As the insectattackwasfound to vary duringdifferenttimesof theyear, correlations
betweenweatherparameters(temperature,humidity, rainfall) and insect attack were
studiedin this work. Attack by Helopeltisinducesoxidative stressandhencethe study
was undertaken also to determinehow the catechinsand oxidative enzymesrespondto
suchattack.

MATERIALS AND METHODS

Plant material Plantsof 12varietiesof C. sinensis, from theTeaGermplasmCollection
of the Dept. of Botany, University of North Bengal, were selectedfor studies. These
varieties were originally releasedfrom three different tea researchinstitutes: United
PlantersAssociationof SouthIndia (UPASI) TeaResearchInstitute (vars. UP-2, UP-3,
UP-8andBSS-2);TocklaiTeaResearchInstitute(vars.TV-23,TV-25,TV-26andTV-29);
and DarjeelingTea ResearchInstitute (vars. T-78, B-157, B-777 and S-449). Samples
includedhealthy andnaturallyinfectedyoungleavesfrom theinfectedbusheswhichwere
collectedfor experimentalpurposes.

Incidenceof attack Thiswasdeterminedon10-year-old teabushesof differentvarieties
in the ExperimentalGardenof the Dept. of Botany, University of North Bengal, where
the tea germplasmis being maintained. Incidencewas recordedregularly every week
throughouttheyearandmonthlyaverageswerecomputedfor threeconsecutiveyears,from
2000to 2002.Incidencewascalculatedasthepercentageof infestedshootsoneachof ten
teatrees.

Envir onmental data Monthly recordsof environmentaldata,including daily high and
low temperatures,humidity andrainfall, wereobtainedfrom the WeatherStationof the
Universityof NorthBengal.

Extraction and assayof enzymeactivities For enzymeassays,bothhealthy andinsect-
attacked youngleavesof the differentvarietieswereused;in the caseof insect-attacked
leaves,samplingwasdonewhenthe lesionswerefreshandthe leaveshadnot yet curled.
Extractionswereperformedthreetimesfor eachassay.

Peroxidase(POX) To extract peroxidase,the methodof Chakrabortyet al. (4) was
followed with modi�cations. Leaves were crushedin 0.1 M sodiumboratebuffer (pH
8.8)containing2 mM � -mercaptoethanol,usinginsolublepolyvinylpyrrolidonephosphate
(PVPP)(10%w/w of leaf tissues)andcentrifugedat 10,000rpm for 15 min at 4� C. For
theassayof enzymeactivity, 0.1ml enzymewasaddedto thereactionmixturecontaining
1 ml of 0.2 M sodiumphosphatebuffer (pH 5.4), 0.1 ml H2O2, 0.1 ml O-dianisidine(5
mg ml� 1 of methanol)and 1.7 ml of distilled water. Peroxidaseactivity was assayed
spectrophotometricallyat 460 nm by monitoring the oxidation of O-dianisidinein the
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presenceof H2O2. Speci�c activity wasexpressedasthe increasein absorbanceat 460
nmmgprotein� 1min� 1.

Ascorbateperoxidase(APOX) Leaveswerecrushedin chilled 0.05 M sodiumphos-
phatebuffer (pH 7.2), adding insolublePVPP(10% w/w of leaf tissues)to the buffer
while crushing. The homogenatewascentrifugedat 10,000rpm for 15 min at 4� C. The
supernatantwas collectedas the enzymesource. The assaywas doneby mixing 0.01
ml enzymewith 0.01 ml 0.5 mM L-ascorbicacid, 0.01 ml H2O2 (30%), and 2.97 ml
0.05 M sodiumphosphatebuffer (pH 7.2) in a quartzcuvette and measuringreduction
in absorbanceperminuteat 290nm(1).

Polyphenoloxidase(PPO)Leaveswerecrushedin chilled 0.1M potassiumphosphate
buffer (pH 7.0)with insolublePVPPandcentrifugedat10,000rpmfor 15min at4� C. The
assaywasdoneby mixing 0.1ml enzymewith 1.9ml 0.1M sodiumphosphatebuffer (pH
7.0)and1 ml 0.01M catecholdissolvedin thesamebuffer in aglasscuvetteandmeasuring
theincreasein absorbanceperminuteat 495nm.

Phenylalanine ammonialyase(PAL) Leaves were crushedin 0.1 M sodiumborate
buffer (pH 8.8) containing2 mM � -mercaptoethanol,usinginsolublePVPP(10%w/w of
leaf tissues)andcentrifugedat 10,000rpm for 15 min at 4� C. For theenzymeassay, the
reactionmixture contained0.3 ml of 300 � M sodiumboratebuffer (pH 8.8), 0.3 ml of
30 � M L-phenyl alanineand0.5 ml of supernatantin a total volumeof 3 ml. Following
incubationfor 1 h at 40� C, theabsorbanceat 290nm wasreadagainsta blankwithout the
enzymein theassaymixture. Enzymeactivity wasexpressedasthe amountof cinnamic
acidliberatedfrom L-phenyl alaninemgprotein� 1min� 1 (4).

Extraction andestimationof phenolics Totalphenolswereextractedfromthetealeaves
accordingto Harborne(8) and estimatedas describedby Mahadevan and Sridhar(14).
The phenolswere extractedfrom fresh tea leaves in boiling absolutealcohol followed
by re-extractionin 80% alcohol. Phenolicextract wasmixed with an equalvolumeof 1
M Folin-Ciocalteauand doublevolume of 20% Na2CO3. Absorbance(A) of the blue-
coloredsolutionwasmeasuredat 650nm in a UV-VIS spectrophotometer(Digispec-200
GL, SICO,Mumbai,India). Bothphenolquantitieswereestimatedby comparisonwith the
standardcurveof caffeic acid.

Extraction and HPLC analysis of catechinsand thea�avins For catechinanalysis,
extracts were madefrom fresh leaves of TV-29 following the methodof Obandaand
Owour (15) with modi�cations. Analysiswasperformedona C-18columnin a Shimadzu
Binary SeriesGradientHPLC system(ShimadzuScienti�c Instruments,Inc., Columbia,
MD, USA). The mobile phaseconsistedof acetonitrile(A) and2% aceticacid (B). The
lineargradientelutionsystemwas: 88%B for 6 min, thenlineargradientto 75%B over
5 min, andthe elution completedafter 25 min (15). Analysiswasdoneat 278 nm (15).
Typesof catechinswere identi�ed from the retentiontime of standardcatechins(Sigma
ChemicalsCo., St. Louis, IL, USA), run underidentical conditions. Thea�avins were
analyzedfrom the processedleaf infusion at 280 nm in a C-18 column,with the mobile
phaseconsistingof acetonitrile(solvent A) and1% citric acid (solvent C), following the
methodof ObandaandOwour (15).

Statistical analysis Analysisof variance,correlationcoef�cient, Student's `t' testand
standarderror were employed in different experiments,using the `SPSSfor Windows'
software.
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RESULTS

Incidence of attack and correlation with weather conditions Incidenceof attack
by Helopeltison the 12 varietieswas determinedweekly throughoutthe year for three
consecutiveyears(2000,2001and2002).Incidencewascalculatedasmeansof the3 years
andwasfurthergroupedinto four quartersof theyearbeginningin January. Results(Table
1) revealedthatincidencewashighestin thesecondandthird quarters(April–September),
followedby the fourth quarter, andleastin the �rst quarter(January–March).Amongthe
differentvarieties,the UPASI serieswasmostsusceptible,incidencebeingsigni�cantly
greaterthanthetwo othergroups,with theDarjeelinggrouptheleast.

TABLE 1. Averageincidenceof Helopeltistheivoraattackin 12teavarietiesover3 years,2000–2002
(dataare% shootsaffected� S.E.)

Teavariety Incidenceof attack
Az Bz Cz Dz

UPASI
UP-2 25.81� 0.32 85.11� 1.26 76.04� 0.72 48.15� 0.13
UP-3 24.09� 1.58 86.02� 0.34 75.27� 0.68 47.31� 1.33
UP-8 23.13� 0.93 81.51� 0.74 73.37� 0.67 41.52� 1.49
BSS-2 22.87� 1.43 86.55� 0.69 74.87� 0.19 46.08� 0.23

Tocklai
TV-23 18.52� 1.26 65.29� 0.68 67.31� 1.09 36.34� 0.46
TV-25 16.68� 0.34 61.31� 0.98 68.03� 1.77 33.78� 0.84
TV-26 13.75� 0.82 62.86� 1.34 62.56� 0.87 37.89� 0.58
TV-29 19.24� 0.30 75.36� 0.42 73.19� 0.58 46.08� 0.60

Darjeeling
T-78 11.92� 0.49 65.00� 1.52 63.45� 1.15 36.07� 0.95
B-157 14.96� 0.70 62.94� 1.40 61.97� 0.28 33.73� 0.90
B-777 14.43� 1.67 63.98� 0.78 63.47� 0.16 32.57� 0.74
S-449 11.94� 0.49 65.06� 0.80 64.36� 0.58 36.20� 1.10

z Yeardividedinto quarters:A, Jan.–March;B, April–June;C, July–Sept.;D, Oct.–Dec.

TABLE 2. Correlationcoef�cients of incidenceof Helopeltistheivora attackwith threeweather
parameters

Weatherparameter Correlationcoef�cient (r)w

2000 2001 2002
Meantemperaturez 0.9467a 0.9284a 0.8939a
Meanrelative humidityy 0.3477 0.6134b 0.8051b
Meanrainfallx 0.7802b 0.7655b 0.7682b

z Averageof maximumandminimumtemperaturesduringall monthsof theyear.
y Meanof maximumandminimumr.h. duringall monthsof theyear.
x Meanrainfall recordedduringthedifferentmonthsof theyear.
w r calculatedfor incidenceof attackanddifferentweatherparameters.
a andb signi�cant atP=0.01andP=0.05,respectively.

In orderto determineif therewasany correlationbetweeninsectattackandenviron-
mentalconditions,threeweatherparameterswereinvestigated:temperature,humidityand
rainfall (Table2). With theparametersof temperatureandhumidity, themeanof maximum
andminimumwereconsidered;for incidenceof insectattack,meansof all 12varietieswere
considered.Correlationanalysis(Pearson'scorrelation)revealedtheincidenceof attackto
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TABLE 3. Peroxidaseactivity in healthy (H) and Helopeltis theivora-attacked (I) tea leaves of
differentvarieties(dataareaverages� S.E.overa 3-yearperiod)

Teavariety Peroxidaseactivity
(� A460mgprotein� 1min� 1 )
Hz Iz

BSS-2 0.88� 0.004 2.25� 0.080
UP-2 0.53� 0.005 2.36� 0.096
UP-3 0.57� 0.021 2.82� 0.008
UP-8 0.63� 0.008 2.41� 0.017
TV-23 0.56� 0.006 2.36� 0.004
TV-25 0.54� 0.032 2.32� 0.064
TV-26 0.56� 0.024 2.18� 0.009
TV-29 0.65� 0.010 2.67� 0.008
T-78 0.82� 0.006 2.98� 0.043
B-157 0.77� 0.033 2.28� 0.037
B-777 0.66� 0.004 2.80� 0.065
S-449 0.56� 0.011 2.81� 0.008

z Differencesbetweenhealthy andinfectedleavessigni�cant by Student's t-testat P=0.01.

TABLE 4. Ascorbateperoxidaseactivity in healthy (H) andHelopeltistheivora-attacked(I) tealeaves
of differentvarieties(dataareaverages� S.E.overa 3-yearperiod)

Teavariety Ascorbateperoxidaseactivity
(� A290 mgprotein� 1min� 1 )
Hz Iz

BSS-2 0.62� 0.007 1.19� 0.060
UP-2 0.58� 0.005 1.16� 0.006
UP-3 0.57� 0.011 1.05� 0.008
UP-8 0.60� 0.004 0.92� 0.007
TV-23 0.41� 0.004 0.76� 0.006
TV-25 0.38� 0.002 0.83� 0.024
TV-26 0.50� 0.014 1.04� 0.008
TV-29 0.33� 0.016 0.55� 0.006
T-78 0.42� 0.004 0.89� 0.013
B-157 0.36� 0.023 0.65� 0.007
B-777 0.34� 0.002 1.13� 0.015
S-449 0.43� 0.021 1.06� 0.018

z Differencesbetweenhealthy andinfectedleavessigni�cant by Student's t-testat P=0.01.

be highly positively correlatedwith temperature(r=0.95,0.93and0.89, respectively, for
2000,2001and2002)followed by rainfall (r=0.78,0.77and0.77,respectively, for the 3
years).Therewasa positive correlationfor humidity andinsectattackfor 2001and2002
(r=0.0.61and0.81,respectively),but nocorrelationfor 2000couldbeestablished(r=0.35).

Enzyme activities Activities of all testedenzymesexceptPAL increasedin the leaves
following attackby Helopeltis. Peroxidaseactivity in all varietiesincreasedby approx.
3–4 times(Table3), andascorbateperoxidasealsoshowedsigni�cant increase(Table4).
WhereasPPOalso registeredan increasein activity (Table5) due to insectattack,PAL
activity decreased,althoughnot signi�cantly in all varieties. A signi�cant decreasewas
observedin UPASI varieties(Table6), rangingfrom 35%to 41%.

Changesin phenolics Total phenolcontentsin different tea varietiesshowed a wide
variation. Attack by Helopeltis, in general,led to a decreasein the total phenolcontents,
thedecreasebeingstatisticallysigni�cant in UPASI varieties(Table7).

92 U. ChakrabortyandN. Chakraborty



TABLE 5. Polyphenoloxidaseactivity in healthy (H) andHelopeltistheivora-attacked(I) tealeaves
of differentvarieties(dataareaverages� S.E.overa 3-yearperiod)

Teavariety Polyphenoloxidaseactivity
(� A465 mgprotein� 1min� 1 � 10)
Hz Iz

BSS-2 0.17� 0.02 0.31� 0.02
UP-2 0.21� 0.01 0.40� 0.01
UP-3 0.20� 0.01 0.40� 0.02
UP-8 0.15� 0.02 0.27� 0.01
TV-23 0.20� 0.01 0.40� 0.02
TV-25 0.14� 0.01 0.39� 0.01
TV-26 0.12� 0.02 0.25� 0.01
TV-29 0.20� 0.03 0.33� 0.03
T-78 0.18� 0.01 0.43� 0.03
B-157 0.18� 0.02 0.36� 0.02
B-777 0.19� 0.02 0.36� 0.03
S-449 0.11� 0.01 0.33� 0.01

z Differencesbetweenhealthy andinfectedleavessigni�cant by Student's t-testat P=0.01.

TABLE 6. Phenyl alanineammonialyaseactivity in healthy (H) andHelopeltistheivora-attacked(I)
tealeavesof differentvarieties(dataareaverages� S.E.overa 3-yearperiod)

Teavariety Phenyl alanineammonialyaseactivity
(� g cinnamicacidproducedmgprotein� 1min� 1 )
H I

BSS-2 16.05� 1.3 10.14� 1.4az

UP-2 14.08� 1.1 9.12� 0.09a
UP-3 16.35� 1.0 9.60� 1.6a
UP-8 15.93� 1.2 9.67� 1.6a
TV-23 29.25� 2.8 26.90� 2.4
TV-25 27.83� 2.2 25.38� 1.8
TV-26 30.38� 2.3 25.10� 1.4
TV-29 30.00� 2.1 24.54� 1.1
T-78 20.80� 1.8 18.64� 1.4
B-157 24.00� 2.2 22.69� 1.3
B-777 18.60� 1.1 15.86� 1.2
S-449 18.10� 1.2 14.86� 1.1

z Signi�cantly differentfrom healthy leavesaccordingto Student's t-testatP=0.01.

HPLC analysisof catechinsand thea�avins Analysisof catechinsfrom fresh leaves
revealedthreemajorpeaks,correspondingto epicatechin(EC),gallocatechingallate(GCG)
andcatechingallate(CG).Concentration(onthebasisof peakheightandarea)of GCGand
CGdecreasedin insect-attackedleaves,whereasaslight increasein epicatechinlevelswas
observed.A numberof smallerpeakswhich werepresentin healthy leaveswereabsentin
the insect-attacked leaves. Of these,onewasidenti�ed asgallic acid (Fig.1A, B). In the
caseof thea�avins, however, no differenceswereobtainedbetweenhealthy andinfected
leaves(Fig.1C,D).

DISCUSSION

Field-grown plantsareconstantlysubjectedto adverseenvironmentalconditions,one
of the most important of thesebeing attacksby pestsand pathogens. Becauseof
their immobility, plants have to make necessarymetabolicand structuraladjustments
to cope with the stressconditions (11). Environmental effects on perennialsare all
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TABLE 7. Phenoliccontentsin healthy (H) andHelopeltistheivora attacked(I) tealeavesof different
teavarieties(dataareaverages� S.E.overa3-yearperiod)

Teavariety Total phenolcontent(mg g� 1 freshwt.tissue)
H I

BSS-2 39.5� 0.2 28.3� 0.7az

UP-2 37.2� 0.3 35.0� 1.0a
UP-3 33.3� 0.3 28.5� 0.4a
UP-8 38.2� 0.2 30.0� 0.8a
TV-23 37.5� 1.3 35.0� 1.5
TV-25 42.0� 1.1 40.0� 1.7
TV-26 41.6� 0.5 41.0� 0.9
TV-29 46.6� 0.9 45.0� 0.7
T-78 42.0� 1.7 36.0� 0.9
B-157 47.5� 2.1 44.0� 1.5
B-777 41.0� 0.3 39.0� 1.1
S-449 43.6� 0.6 40.2� 1.6

z Signi�cantly differentfrom healthy leavesaccordingto Student's t-testatP=0.01.

Fig. 1. A, B: HPLC analysisof catechinsfrom healthy (A) andinsect-attacked (B) tealeaves(var.
TV-29);C, D: HPLCanalysisof thea�avins from healthy (C) andinsect-attacked(D) tealeaves(var.
TV-29).

the more long-lasting,as they have to copewith suchconditionsyear after year. Tea
(C. sinensis) is subjectedto varying environmentalconditionsthroughoutits life and in
additionto numerousattacksby pestsandinsects,which in turn arein�uencedby various
environmentalconditions. In the presentstudy, attackon tea leavesby H. theivora was
observed throughoutalmost the entire year, except during the winter months,probably
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becausethat is the period when bushesare prunedand leaves are not abundant. High
temperature,combinedwith acertainamountof humidity, wasfoundto bemostconducive
to attackby Helopeltis. In a similar studyon tea,with the fungusGlomerella cingulata,
which causesbrown blight of tea, it was reportedthat high humidity and rainfall were
themostimportantfactorspredisposingtheplantsto infection(5). Sudhakaranet al. (17)
observedincreasedactivity of PPOandPODenzymesonly wheninfestationby H. theivora
waslow.

An immediateresponseof plants to injury, in most cases,is the acceleratedac-
cumulationof oxidative enzymesrequired for scavenging toxic radicals (12). In the
presentstudy, activities of all oxidative enzymesstudied,namely, peroxidase,ascorbate
peroxidase,andpolyphenoloxidase,increasedfollowing insectdamage,whereasphenyl
alanineammonialyase,a key enzymein thephenolbiosyntheticpathway, decreased.Bi
et al. (2) reportedthat, in cotton,damageby an insectpestcausedactivation of several
oxidative enzymes,including peroxidase,diamineoxidaseand lipoxygenasewithin the
tissue.Damagedtissuealsohadalteredphenolmetabolism.Resultsof thepresentstudy
stronglysupportthe above observation of Bi et al. Harutaet al. (9) reportedinduction
of PPOactivity in trembling aspen(Populus tremuloides) after herbivory by the forest
tent caterpillar, by wounding,andby methyl jasmonate.Woundingmay have beenone
of the primary inducersof the oxidative enzymesin the presentstudy. Previous reports
alsoindicatedthatoxidative enzymessuchaspolyphenoloxidaseandperoxidase,aswell
as thoseinvolved in phenolic biosynthesissuch as phenyl alanineammonialyase and
tyrosineammonialyase,are involved in the defensereactionin plants(3,6,17). Many
studieshave demonstratedthe importanceof phenoliccompoundsin plant defense. In
general,plant phenolicshave a diverserangeof biological activity, dependingon their
structure,degreeof polymerization,stereoisomericdifferences,etc. Interactionbetween
phenoliccompoundsandenvironmentalconditionsdeterminestheir action. Polyphenols
haveadistinctiveability to engagein molecularrecognition,or formationof intermolecular
complexeswith eachotherandwith othermolecules(10). Givenall theabove properties,
it is obvious that plant phenolicsplay an importantrole in defense.In the presentstudy,
total phenoliccontentsdecreasedwith insectattack.Thedecreasewasmostsigni�cant in
theUPASI varieties,which alsohadthehighestdiseaseincidence.In thesevarieties,PAL
activity alsodecreasedsigni�cantly.

Catechins,a classof polyphenols,are the major phenoliccomponentsof tea leaves.
HPLC analysisrevealedgallocatechingallate to be predominant,followed by catechin
gallate. Attack by Helopeltisreducedboth GCG andCG, while a slight increasein EC
wasobserved. Thea�avins, oxidizedproductsof catechinsformedby theactionof PPO,
are the most important �a vor componentsof tea infusions. No differencebetweenthe
thea�avins wereobservedbetweenhealthy anddamagedleaves,which maybedueto the
increasedactivity of PPOduring insectdamage.This indicatesthat insectattackdid not
affect the�a vor component,but wasresponsibleonly for a reductionin biomass.

In conclusion,while attackby Helopeltisledto anincreasein activity of theantioxidant
enzymes,theactivity of PAL, aswell asthe total phenolcontent,decreased,signi�cantly
soin themostsusceptiblevarieties.Oneof thereasonsfor theobservedtoleranceof certain
varietiesto insectattackcouldbetheir ability to maintainhigherlevelsof phenolicsin the
faceof attack.
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