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Impact of Environmental Factors on Infestation of Tea
Leavesby Helopeltistheivora, and AssociatedChangesin
Flavonoid Flavor Componentsand Enzyme Activities

U. Chakraborty andN. Chakraborty

Attack of tea plant (Camellia sinensis(L.) O. Kuntze) leaves by the tea mosquito bug
Helopeltis theivora (Hemiptera: Miridae) was positively correlatedto temperatureand
rainfall, and partially to humidity, as determinedin 12 varietiesduring the period 2000—
2002. The insectattackwas severe during the monthsof May—Septembemvhich hadhigh
temperaturendrainfall, andled to severelossof biomassdueto curling anddrying up of
theleaves. The biochemicalresponsef thesel?2 varietiesof teato attackby theinsectwas
determinedwith specialreferenceto oxidative enzymesand avonoid avor components.
Insectattackledto anincreasen theactiities of theoxidatve enzymegperoxidaseascorbate
peroxidaseand polyphenoloxidase. Activities of pheryl alanineammonialyasegenerally
decreasedsaresultof insectattack whichwassigni cant in theUnitedPlantersAssociation
of Southindia (UPASI) varieties.A signi cant decreasé polyphenolsvasalsoobtainedn
UPASI varieties.HPLC analysisof catechingevealeda decreasén someof the catechinsn
theinfectedleaves. Analysisof thea avins from infusion of healtty andHelopeltisinfested
tealeavesrevealedno changes.

KEY WORDS:Tea;Helopeltistheivora; teamosquitobug; enzymesphenols;catechins.

INTRODUCTION

Tea (Camellia sinensis(L.) O. Kuntze) is the most important plantation crop of
northeastindia. Tea, the popular hot beverageconsumedworldwide, is producedby
processinghe young leaves of the plant. During its lifetime of approximately75-100
years,the plant hasto withstanddifferenttypesof stresseshoth biotic and abiotic. The
majorbiotic stresghatthe plantencounterss attackby insectpestsjncludingcaterpillars,
leaf rollers, ies, beeswasps,ants,grasshoppergrickets, locusts,aphids,scaleinsects
andplantbugs(13,16,17). Among the insectpestsHelopeltistheivora Wat. (Hemiptera:
Miridae) is perhapghe mostimportant,asevery yearit causeenormoudossedo thetea
crop.

Mirid bugs of the genusHelopeltisare seriouspestsof various cultivated plantsin
tropical countries. Of the 41 speciesof Helopeltisrecordedin Old World tropics, only
three(H. antonii Sign,H. theivora andH. bradyiWat.) arecon ned to India. Sinceteais a
perennialjt providesa stablemicroclimatefor this pest,which hasassumedhe statusof a
majorteapestin WestBencal andAssam(16). Both adultsandnymphssuckthe sapfrom
theyoungleaves,budsandtenderstems.As soonasthey inserttheir labial styletinto the
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soft planttissuesandinject their saliva, a watersoaled lesion appearsaroundthe site of
puncture.Within afew hoursthelesionturnsinto a brovn spotwith darker edges.When
damages severe,leavescurl up, becomedeformedand ultimately dry up, asa resultof
whichtheyield of the plantis drasticallyreduced.

Flavonoids,a classof polyphenolsare externally derved "non-nutrient'antioxidants
commonto C. sinensiq7). They arecharacterizety their C,5 skeleton whichis modi ed
by enzymesto yield glycosidesand conjugated polyphenols, which are themseles
antioxidants Catechinsarethe mostimportant a vonoidsin tealeavesandarethemseles
antioxidantspesidedeing a vor components.

As theinsectattackwasfoundto vary during differenttimesof the year correlations
betweenweather parametergtemperature,humidity, rainfall) and insect attack were
studiedin this work. Attack by Helopeltisinducesoxidative stressand hencethe study
was undertalen alsoto determinehow the catechinsand oxidative enzymesrespondto
suchattack.

MATERIALS AND METHODS

Plant material Plantsof 12 varietiesof C. sinensisfrom the TeaGermplasiCollection

of the Dept. of Botary, University of North Bengal, were selectedfor studies. These
varieties were originally releasedfrom three different tea researchinstitutes: United

PlantersAssociationof Southindia (UPASI) Tea ResearcHnstitute (vars. UP-2, UP-3,

UP-8andBSS-2);Tocklai TeaResearchnstitute(vars. TV-23, TV-25, TV-26 andTV-29);

and Darjeeling Tea ResearcHnstitute (vars. T-78, B-157, B-777 and S-449). Samples
includedhealtly andnaturallyinfectedyoungleavesfrom theinfectedbusheswvhich were

collectedfor experimentalpurposes.

Incidenceof attack Thiswasdeterminedn 10-yearold teabushesof differentvarieties
in the ExperimentalGardenof the Dept. of Botary, University of North Bengal, where
the tea germplasmis being maintained. Incidencewas recordedregularly every week
throughoutheyearandmonthlyaveragesverecomputedor threeconsecutieyearsfrom

2000to 2002.Incidencewascalculatedasthe percentagef infestedshootson eachof ten
teatrees.

Environmental data Monthly recordsof environmentaldata,including daily high and
low temperatureshumidity andrainfall, were obtainedfrom the WeatherStationof the
Universityof North Bengal.

Extraction and assayof enzymeactivities For enzymeassaysbhothhealtty andinsect-
attacled youngleaves of the differentvarietieswere used;in the caseof insect-attackd
leaves,samplingwasdonewhenthe lesionswerefreshandthe leaveshadnot yet curled.
Extractionswvereperformedhreetimesfor eachassay

Peroxidase(POX) To extract peroxidasethe methodof Chakrabortyet al. (4) was
followed with modi cations. Leaveswere crushedin 0.1 M sodiumboratebuffer (pH
8.8)containing2 mM -mercaptoethanoisinginsolublepolyvinylpyrrolidonephosphate
(PVPP)(10%w/w of leaf tissues)and centrifugedat 10,000rpm for 15 min at4 C. For
theassayof enzymeactuity, 0.1 ml enzymewasaddedto the reactionmixture containing
1 ml of 0.2 M sodiumphosphatéuffer (pH 5.4),0.1 ml H,0,, 0.1 ml O-dianisidine(5
mg ml 1 of methanol)and 1.7 ml of distilled water Peroxidaseactiity was assayed
spectrophotometricallyt 460 nm by monitoring the oxidation of O-dianisidinein the
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presenceof H,O,. Speci ¢ actiity was expressedasthe increasein absorbancat 460
nmmg protein *min 1.

Ascorbateperoxidase(APOX) Leaveswere crushedin chilled 0.05M sodiumphos-
phatebuffer (pH 7.2), addinginsoluble PVPP (10% w/w of leaf tissues)to the buffer
while crushing. The homogenatavas centrifugedat 10,000rpm for 15 min at4 C. The
supernatantvas collectedas the enzymesource. The assaywas done by mixing 0.01
ml enzymewith 0.01 ml 0.5 mM L-ascorbicacid, 0.01 ml H,O, (30%), and 2.97 ml
0.05M sodiumphosphatebuffer (pH 7.2) in a quartz cuvette and measuringreduction
in absorbanceerminuteat290nm (1).

Polyphenoloxidase(PPO) Leaveswerecrushedn chilled 0.1 M potassiunphosphate
buffer (pH 7.0) with insolublePVPPandcentrifugedat 10,000rpmfor 15minat4 C.The
assaywasdoneby mixing 0.1 ml enzymewith 1.9ml 0.1 M sodiumphosphatduffer (pH
7.0)and1 ml 0.01M catechobissolhedin thesamebuffer in aglasscuvetteandmeasuring
theincreasan absorbanceerminuteat495nm.

Phenylalanine ammonialyase (PAL) Leaves were crushedin 0.1 M sodiumborate
buffer (pH 8.8) containing2 mM -mercaptoethanoysinginsolublePVPP(10% w/w of
leaf tissues)and centrifugedat 10,000rpm for 15 min at4 C. For the enzymeassaythe
reactionmixture contained0.3 ml of 300 M sodiumboratebuffer (pH 8.8), 0.3 ml of
30 M L-pheryl alanineand0.5 ml of supernatanin a total volumeof 3 ml. Following
incubationfor 1 h at40 C, theabsorbancat 290 nm wasreadagainsta blankwithoutthe
enzymein the assaymixture. Enzymeactiity wasexpressedasthe amountof cinnamic
acidliberatedfrom L-pheryl alaninemg protein *min * (4).

Extraction and estimationof phenolics Totalphenolsvereextractedirom thetealeaves
accordingto Harborne(8) and estimatedas describedby Mahadean and Sridhar (14).

The phenolswere extractedfrom fresh tea leavesin boiling absolutealcohol followed

by re-extractionin 80% alcohol. Phenolicextract was mixed with an equalvolume of 1

M Folin-Ciocalteauand doublevolume of 20% Na,CO;. AbsorbancegA) of the blue-
coloredsolutionwasmeasuredit 650 nmin a UV-VIS spectrophotometdDigispec-200
GL, SICO,Mumbai,India). Both phenolquantitiesnvereestimatedy comparisorwith the

standarcturve of caffeic acid.

Extraction and HPLC analysis of catechinsand thea avins For catechinanalysis,
extracts were madefrom fresh leaves of TV-29 following the method of Obandaand
Owour (15) with modi cations. Analysiswasperformedon a C-18columnin a Shimadzu
Binary SeriesGradientHPLC system(ShimadzuScienti ¢ Instruments)nc., Columbia,
MD, USA). The mobile phaseconsistedof acetonitrile(A) and 2% aceticacid (B). The
linear gradientelution systemwas: 88% B for 6 min, thenlinear gradientto 75% B over
5 min, andthe elution completedafter 25 min (15). Analysiswasdoneat 278 nm (15).
Typesof catechinsvereidenti ed from the retentiontime of standardcatechingSigma
ChemicalsCo., St. Louis, IL, USA), run underidentical conditions. Thea avins were
analyzedfrom the processedeaf infusion at 280 nm in a C-18 column,with the mobile
phaseconsistingof acetonitrile(solvent A) and 1% citric acid (solvent C), following the
methodof ObandaandOwour (15).

Statistical analysis Analysis of variance,correlationcoefcient, Students 't' testand
standarderror were emplo/ed 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
consecutreyears(2000,2001and2002).Incidencewascalculatecasmeansf the3 years
andwasfurthergroupednto four quartersof theyearbeginningin JanuaryResultgTable
1) revealedthatincidencewashighestin the secondandthird quartergApril-September),
followed by the fourth quarter andleastin the rst quarter(January—March)Amongthe
differentvarieties,the UPASI serieswas most susceptiblejncidencebeing signi cantly
greaterthanthetwo othergroups,with the Darjeelinggrouptheleast.

TABLE 1. Averageancidenceof Helopeltistheivora attackin 12teavarietiesover 3 years 2000-2002
(dataare% shootsaffected S.E.)

Teavariety Incidenceof attack
AZ B? C? D?

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

ZYeardividedinto quarters:A, Jan.—MarchB, April-June;C, July—Sept.D, Oct.—Dec.

TABLE 2. Correlationcoefcients of incidenceof Helopeltistheivora attackwith threeweather

parameters
Weathemparameter Correlationcoefcient (r)"
2000 2001 2002
Meantemperaturé 0.9467a 0.9284a 0.8939a
Meanrelative humidity 0.3477 0.6134b 0.8051b
Meanrainfall* 0.7802b 0.7655b 0.7682b

2 Averageof maximumandminimumtemperatureduringall monthsof theyear
Y Meanof maximumandminimumr.h. duringall monthsof theyear

X Meanrainfall recordecduringthe differentmonthsof theyear

Wr calculatedor incidenceof attackanddifferentweathemparameters.

a and® signi cant at P=0.01andP=0.05,respectiely.

In orderto determineif therewasary correlationbetweeninsectattackanderviron-
mentalconditions threeweathemparametersvereinvesticated:temperaturehumidity and
rainfall (Table2). With theparametersf temperaturandhumidity, themeanof maximum
andminimumwereconsideredfor incidenceof insectattack,meansof all 12 varietiesvere
consideredCorrelationanalysigPearsors correlation)revealedtheincidenceof attackto
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TABLE 3. Peroxidaseactvity in healtly (H) and Helopeltistheivor-attacled (l) tea leaves of
differentvarieties(dataareaverages S.E.overa3-yearperiod)

Teavariety Peroxidasectiity

( A460mgprotein ‘min 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

ZDifferencesetweerhealtty andinfectedleavessigni cant by Students t-testat P=0.01.

TABLE 4. Ascorbatgperoxidasectiity in healtly (H) andHelopeltistheivora-attacled(l) tealeaves
of differentvarieties(dataareaverages S.E.overa3-yearperiod)

Teavariety Ascorbateperoxidasectvity

( Azgo mgprotein Imin 1)

H? 1
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

2 Differencesdetweerhealtty andinfectedleavessigni cant by Students t-testat P=0.01.

be highly positively correlatedwith temperaturér=0.95,0.93and0.89, respectiely, for
2000,2001and2002)followed by rainfall (r=0.78,0.77and0.77,respectiely, for the 3
years). Therewasa positive correlationfor humidity andinsectattackfor 2001and2002
(r=0.0.61and0.81,respectrely), but no correlationfor 2000couldbeestablishedr=0.35).

Enzyme activities Activities of all testedenzymesexceptPAL increasedn the leaves
following attackby Helopeltis Peroxidaseactiity in all varietiesincreasedoy approx.
3—-4times(Table 3), andascorbatgeroxidaselsoshoved signi cant increasgTable4).
WhereasPPOalsoregisteredan increasein actvity (Table5) dueto insectattack, PAL
activity decreasedalthoughnot signi cantly in all varieties. A signi cant decreasavas
obsenedin UPASI varieties(Table6), rangingfrom 35%to 41%.

Changesin phenolics Total phenolcontentsin differenttea varietiesshoved a wide
variation. Attack by Helopeltis in generalled to a decreasén the total phenolcontents,
thedecreasdéeingstatisticallysigni cant in UPASI varieties(Table7).
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TABLE 5. Polyphenobxidaseactiity in healtty (H) andHelopeltistheivora-attacled(l) tealeaves
of differentvarieties(dataareaverages S.E.overa3-yearperiod)

Teavariety Polyphenobxidaseactiity

( Ases mgprotein Imin 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

ZDifferencesetweerhealtty andinfectedleavessigni cant by Students t-testat P=0.01.

TABLE 6. Pheryl alanineammonidyaseactvity in healtty (H) andHelopeltistheivora-attacled(l)
tealeavesof differentvarieties(dataareaverages S.E.overa3-yearperiod)

Teavariety Pheryl alanineammoniayaseactivity

(g cinnamicacid producedng protein 1min 1)

H |
BSS-2 16.05 1.3 10.14 1.4&
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 2454 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

2Signi cantly differentfrom healtly leavesaccordingio Students t-testat P=0.01.

HPLC analysisof catechinsand thea avins Analysisof catechindrom freshleaves
revealedthreemajorpeaksgcorrespondingo epicatechifEC), gallocatechingllate(GCG)
andcatechirgallate(CG).Concentratiorfonthebasisof peakheightandarea)of GCGand
CG decreasefth insect-attackdleaves,whereas slightincreasen epicatechidevelswas
obsened. A numberof smallerpeakswhich werepresenin healtly leaveswereabsenin
the insect-attackd leaves. Of these,onewasidenti ed asgallic acid (Fig.1A, B). In the
caseof thea avins, however, no differenceswere obtainedbetweenhealtly andinfected
leaves(Fig.1C,D).

DISCUSSION

Field-gravn plantsare constantlysubjectedo adwerseernvironmentalconditions,one
of the most important of thesebeing attacksby pestsand pathogens. Becauseof
their immobility, plants have to make necessarymetabolic and structural adjustments
to cope with the stressconditions (11). Environmental effects on perennialsare all
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TABLE 7. Phenoliccontentsn healtty (H) andHelopeltistheivora attacled(l) tealeavesof different
teavarieties(dataareaverages S.E.overa3-yearperiod)

Teavariety Total phenolcontent(mgg T freshwt.tissue)
H |
BSS-2 39.5 0.2 28.3 0.7&
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-23 375 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-157 475 2.1 440 15
B-777 41.0 0.3 39.0 1.1
S-449 43.6 0.6 40.2 1.6

2Signi cantly differentfrom healtly leavesaccordingio Students t-testat P=0.01.

Fig. 1. A, B: HPLC analysisof catechinsrom healtty (A) andinsect-attackd (B) tealeaves(var.
TV-29); C, D: HPLC analysisof thea avins from healtty (C) andinsect-attackd (D) tealeaves(var.
TV-29).

the more long-lasting,as they have to copewith suchconditionsyear after year Tea
(C. sinensi} is subjectedto varying environmentalconditionsthroughoutits life andin
additionto numerousattacksby pestsandinsectswhichin turn arein uenced by various
ervironmentalconditions. In the presentstudy attackon tealeavesby H. theivora was
obsered throughoutalmostthe entire year exceptduring the winter months, probably
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becausehat is the period when bushesare prunedand leaves are not abundant. High
temperaturecombinedwith acertainamountof humidity, wasfoundto be mostconducie
to attackby Helopeltis In a similar studyon tea,with the fungusGlomekella cingulata
which causesbrownn blight of tea, it was reportedthat high humidity and rainfall were
the mostimportantfactorspredisposinghe plantsto infection (5). Sudhakarartal. (17)
obseredincreasedctiity of PPOandPODenzyme®nly wheninfestationby H. theivora
waslow.

An immediateresponseof plantsto injury, in most cases,is the acceleratedac-
cumulation of oxidatve enzymesrequiredfor scavengingtoxic radicals(12). In the
presentstudy actvities of all oxidatve enzymesstudied,namely peroxidaseascorbate
peroxidaseand polyphenoloxidase,increasedollowing insectdamagewhereaspheryl
alanineammonialyase,a key enzymein the phenolbiosyntheticpathway, decreasedBi
etal. (2) reportedthat, in cotton,damageby an insectpestcausedactivation of several
oxidative enzymes,ncluding peroxidase diamine oxidaseand lipoxygenasewithin the
tissue. Damagedissuealsohadalteredphenolmetabolism.Resultsof the presentstudy
strongly supportthe abore obsenation of Bi etal. Harutaetal. (9) reportedinduction
of PPOactuvity in trembling aspen(Populustremuloide} after herbivory by the forest
tent caterpillar by wounding,and by mettyl jasmonate.Woundingmay have beenone
of the primary inducersof the oxidatve enzymesn the presentstudy Previous reports
alsoindicatedthat oxidative enzymessuchaspolyphenoloxidaseandperoxidaseaswell
as thoseinvolved in phenolic biosynthesissuch as pheryl alanineammonialyase and
tyrosineammonialyase, are involved in the defensereactionin plants(3,6,17). Many
studieshave demonstratedhe importanceof phenoliccompoundsn plant defense. In
general,plant phenolicshave a diverserangeof biological activity, dependingon their
structure,degreeof polymerization,stereoisomeridlifferencesgtc. Interactionbetween
phenoliccompoundsand ervironmentalconditionsdeterminegheir action. Polyphenols
have adistinctive ability to engagein molecularecognitionor formationof intermolecular
compleeswith eachotherandwith othermoleculeg10). Givenall the abore properties,
it is obvious that plant phenolicsplay animportantrole in defense.In the presentstudy
total phenoliccontentdecreasewvith insectattack. The decreasevasmostsigni cant in
the UPASI varieties,which alsohadthe highestdiseasencidence.In thesevarieties,PAL
activity alsodecreasedigni cantly.

Catechinsa classof polyphenols,are the major phenoliccomponentof tealeaves.
HPLC analysisrevealedgallocatechingallate to be predominantfollowed by catechin
gallate. Attack by Helopeltisreducedboth GCG and CG, while a slight increasein EC
wasobsened. Thea avins, oxidized productsof catechindormedby the actionof PPO,
are the mostimportant a vor componentf teainfusions. No differencebetweenthe
thea avins wereobsened betweerhealtly anddamagedeaves,which may be dueto the
increasedactivity of PPOduring insectdamage.This indicatesthat insectattackdid not
affectthe avor componentbut wasresponsiblenly for areductionin biomass.

In conclusionwhile attackby Helopeltisledto anincreasen actiity of theantioxidant
enzymesthe activity of PAL, aswell asthetotal phenolcontent,decreasedsigni cantly
soin themostsusceptiblearieties.Oneof thereasongor theobseredtoleranceof certain
varietiesto insectattackcould be their ability to maintainhigherlevelsof phenolicsn the
faceof attack.
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