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摘要:种植抗盐耐海水植物是合理利用和开发海涂资源的有效措施之一。采用水培的方式,用 1/2Hoagland营养液培养菊芋幼

苗至 6叶完全展开时进行处理,设 0%(对照)、10%、25%和 50%海水 4个处理。随后分别在第 4、8和 12天采样进行分析,研究

不同浓度海水对菊芋幼苗生长、体内渗透物质的积累、保护性酶活性、膜透性及离子吸收分布的影响情况。结果表明:(1)在不同

浓度海水处理下,菊芋地上部、地下部总鲜重及干物质重从 0%到 25%海水浓度没有明显变化,在 50%海水胁迫下显著下降,
干物质百分比则为 50%海水处理的最高。随着时间延长,10%海水处理下,菊芋幼苗茎叶和根鲜重均增加,但与对照没有显著

差异,25%海水处理生长速率较对照低,而 50%海水处理下根鲜重和干重都降低。(2)随着时间的延长、海水浓度的增加,菊芋

幼苗叶片保护性酶系 SOD、POD、CAT的活性呈上升趋势,在 10%海水处理下膜脂过氧化物 MDA含量甚至低于对照,而 50%
海水处理下的 MDA含量较其他处理高,在 10%和 25%海水处理下膜透性较对照变化不显著,而 50%海水处理下膜透性增加

明显,且随时间延长更显著。(3)菊芋幼苗叶片脯氨酸和可溶性糖含量随海水浓度增高而显著增加,随着时间的延长,10%和

25%海水处理下,脯氨酸含量先增加后降低,而 50%海水处理下,脯氨酸含量一直在升高,而 10%、25%和 50%海水处理下,可

溶性糖含量先增加后降低。随海水浓度增高,菊芋幼苗地上部单位干重积累的 Na+和 Cl-依次增大,且随着时间延长,10%、

25%和 50%海水处理下地上部 Na+和 Cl-含量均增大;而 K+与 Na+积累情况不同,K+在 25%海水胁迫下地上部单位干重积

累得最多,随着时间延长,25%和 50%海水处理下地上部 K+含量均降低,且 50%海水处理下降低幅度更大;地下部单位干重积

累的 Na+、Cl-和 K+情况与地上部单位干重积累的各离子趋势相似。由此可见,菊芋能够通过生理生化机制适应一定浓度海水

的灌溉,即利用一定浓度海水灌溉菊芋是安全有效的。
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Effectsofseawaterwithdifferentconcentrationsongrowthandphysiological
andbiochemicalcharacteristicsofHelianthustuberosusseedlings
LONG Xiao-Hua,LIU Zhao-Pu*,ZHENG Qing-Song,XU Wen-Jun (CollegeofResourcesandEnvironmental

SciencesofNAU,Nanjing210095,China).ActaEcologicaSinica,2005,25(8):1881～1889.

Abstract:Growingplantsthatcantolerateseawaterisoneofthevalidmeasuresofreasonableuseandexploitationofcoastal

beaches.Potexperimentswerecarriedouttostudyeffectsofdifferentconcentrationsseawaterongrowth,osmotica

accumulationantioxidantenzyme,membraneleakageandiondistributionsofHelianthustuberosusseedlings.Fourtreatments

withsixreplicatesconsistingof0% (distilledwater),10%,25% and50% seawaterweresetupbyarandomizedcomplete

blockdesign.Plantaerialpartsandrootswereharvested4,8and12daysaftertreatmentandassayedforfreshweight(FW),

dryweight(DW),andcontentsofwater,Na+,K+ andCl-.Meanwhile,leaveswereassayedforactivitiesofantioxidant

enzymes,malondialdehyde(MDA)contents,electrolyticleakagepercentage(ELP),prolineandsoluble-sugarcontents.

Resultswereasfollows:(1)Comparedwiththecontrol,therewereslightchangesofFW andDW inrootsa
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Helianthustuberosusseedlingstreatedwith10% and25% seawater,whereasasignificant(p<0.05)decreaseinbothFW and

DW occurredunder50% seawater.Butthewatercontentinaerialpartsandrootswerethelowestunder50% seawater.(2)

TheactivitiesofSOD(superoxidedismutase),POD(peroxidase)andCAT(catalase)inleavesofseawater-stressedplants

werestimulatedsignificantlycomparedwithcontrolledplants,andincreasedwithincreasingseawaterconcentrations.

Comparedwiththecontrol,therewasslightchangeofELPinleavesofHelianthustuberosusseedlingstreatedwith10% and

25% seawater,whereasELPincreasedsignificantlywiththetreatmentof50% seawater.Withtimelasting,ELPincreased

moreunder50% seawater.(3)Contentsofprolineandsoluble-sugarincreasedwithincreasingseawaterconcentrations.

ContentsofprolineincreasedonDay8anddecreasedonDay12under10% and25% seawater,butincreasedsignificantlyon

Day8andonwardunder50% seawater.Contentsofsoluble-sugaronDay8increasedcomparedwiththoseonDay4and

decreasedonDay12under10%,25% and50% seawater.ContentsofNa+ andCl- intheaerialpartsincreasedwithincreasing

seawaterconcentration.ComparedwithNa+,K+ contentswerehighestunder25% seawater.AndthetendenciesofNa+,Cl-

andK+ inrootsweresimilarwiththoseintheaerialparts.TheresultsofthepresentstudystronglysuggestthatHelianthus

tuberosuscouldadaptappropriateconcentrationseawaterirrigationthroughphysiologicalandbiochemicalmechanisms,which

waseffectiveandsecure.

Keywords:seawaterstress;Helianthustuberosus;osmotica;antioxidantenzyme;membranepermeability;ions

1 INTRODUCTION

Salinitytoxicityisaworldwideagriculturalandeco-environmentalproblem.Approximatelyone-thirdoftheworldland

surfaceisaridorsemi-arid[1],inwhichfreshwatershortageisthemainlimitingfactorforsustainabledevelopmentof

agriculture[2～4].Itisestimatedthatthereareapproximately18000kmcoastlineand20779km2salinisedsoilsincoastalareasin

China[4].Seawaterirrigatingagricultureisanewbranchoftraditionalagriculturesandoneofvalidmeasuresofreasonableuse

andexploitationofseawater,salinesoilsalongthecoastandsalt-tolerantplants.Selectionofseawaterconcentrationisthe

mostimportantforplantproductionofseawaterirrigatingagriculturebecauseplasmamembranesareinjuredbythe

accumulationofexcesssaltsinplanttissueswhengrownunderstrongseawaterirrigation[4].

Helianthustuberosusisconsideredtobeabletobearcold,drought,leannessandsalinity.Itsaerialpartandtuberprovide

goodqualityfeedandthetubercanbeusedasvegetableandforalcoholproduction[4～6].Wehavecarriedoutfieldexperiments

ofseawaterirrigatingagricultureonHelianthustuberosusintypicalsemi-aridcoastalareasofnorthChinasince1999[4].

TheobjectiveofthisresearchwastoinvestigategrowthandthephysiologicalandbiochemicalmechanismsofHelianthus

tuberosusunderseawaterstress.Changesofthegrowth,inorganicandorganicosmoticas,antioxidantenzymesandinjuryof

membraneofseedlingsontime-dependentwerestudiedinthepresentworkbywaterculturebecauseHelianthustuberosusis

sensitivetoseawateratseedlingstage.

2 Materialsandmethods

2.1 Plantmaterialsandtreatments

HelianthustuberosustuberswereprovidedbyExperimentBaseof"863"inLaizhou,ShandongProvince.A sliceof

HelianthustuberosuswithabudwassurfacesterilizedwithHgCl2(1.0g/L)for10min,thenrinsedthoroughlywithdistilled

water,andgerminatedonmoistsandsforsomedaysinanincubatorat25ºC.Uniformgerminatedsliceswereselectedand

sowninplasticcontainersfilledwithquartzsand,grownintheglasshouseandwateredwithhalfstrengthHoaglandnutrient

solution.Whenthesixthleaffullyspread,slicesofplantswithuniformsizewereplantedintohydroponicsplasticpotsfitted

withinsulatedcovers.Eachpotwascoveredwithapolythenelidthroughwhichplantsweresupportedoverthenutrient

solution.Therewasoneplantineachpot.Thepotcontained400mLofhalfHoaglandnutrientsolution,whichwasaeratedfor

2hdailyandrenewedeveryotherdayextendedfor12d.Dailyphotoperiodwas12handmaximumtemperaturewas25℃ while

thedailyminimumtemperatureatnightwas15ºC.Therelativehumiditywas60%～70%.

Seawatertreatmentswereinitiatedbyaddingsalttothenutrientsolutionimmediatelyafterslicesweretransplantedtothe

nutrientsolution.Thesaltwasproducedbyevaporationfrom Laizhoubayseawater.ThebasicpropertiesofLaizhoubay

seawatercontainHCO-3 0.132g/L,Cl- 17.515g/L,SO2-4 3.867g/L,Ca2+ 0.785g/L,Mg2+ 1.027g/L,K+ 0.596g/L,

Na+ 9.480g/L.Fourtreatmentsweretheconcentrationsof0%(distilledwater),10%,25% and50% seawater.Every
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treatmenthadindependentexperimentwithsixreplicatesformeasuringthegrowth,inorganicandorganicosmoticas,

antioxidantenzymeandmembranceleakage.

2.2 Assaysoffreshweight,dryweight,waterandioncontentsofaerialpartsandroots

Freshplantsamplesobtained4,8and12daysafterseawatertreatmentwereusedforaerialpartsandrootsfreshweight

analysis.Theplantswereoven-driedat110℃ for10minandthendriedtoconstantweightat60℃.Thedrysampleswere

usedforanalysisofdryweight,contentofwaterinaerialpartsandroots.Contentofwaterwasdeterminedusingthefollowing

formula:W = (1- D/F)× 100%,hereW iscontentofwater,DisdryweightandFisfreshweight.

Drysamplesweremilledbeforeaciddigestionin1mL65% (V/V)ultrapurenitricacidat500℃ for6h.Concentrations

ofNa+ andK+ weremeasuredwithflameabsorptionspectrophotometry[7].ConcentrationsofCl- weredeterminedbytitration

withstandardsilvernitrateafter50mgdrysamplesweresteamedin20mLdistilledwaterat100℃ for45min[8].

2.3 Lipidperoxidationassays

TBA(thiobarbituricacid)testwasusedformeasuringlipidperoxidationinleaves.Thisdeterminedconcentrationsof

MDA(malondialdehyde)asanendproductoflipidperoxidation.Forthis,leaftissues(500mg)werehomogenisedin3mL

0.1% TCA(trichloroaceticacid)solution.Thehomogenatewascentrifugedat5000× gfor10minandthesupernatantwas

assayedforMDAconcentration[9].

2.4 Enzymeactivitiesassays

FreshleafsamplesofHelianthustuberosusseedlingsobtained4,8and12daysafterseawatertreatmentwereusedfor

enzymeactivitiesanalysis.Leaveswerefrozeninliquidnitrogenimmediatelyafterharvestingandstoredat-20℃ until

enzymeassays.Aportionofleafmaterial1gwasmixedin3mLof0.05mol/Lphosphatebuffer(pH7.8)including1mmol/

LEDTAand2% (W/V)PVP.Thehomogenatewerecentrifugedat10000×gfor15minat4℃.Supernatantwasusedfor

enzymeactivityandproteincontentassays.Allassaysweredoneat4℃.Allspectrophotometricanalyseswereconductedon

Shimadzu(UV-1600)spectrophotometer.

Superoxidedismutase(SOD)activityassaywasbasedonthemethodofGiannopolitisandRies[10],whichmeasuresthe

inhibitioninthephotochemicalreductionofnitrobluetetrazolium(NBT)spectrophotometricallyat560nm.Oneunitofenzyme

activitywasdefinedasthequantityofSODrequiredtoproducea50% inhibitionofreductionofNBTandthespecificenzyme

activitywasexpressedasunitsmg-1proteingFW.Thereactionmixturecontained50mmolphosphatebuffer(pH7.8),750

µmol/LNBT,130mmol/LL-methionine,0.1mmol/LEDTAand0.02mmol/Lriboflavin.Reactionswerecarriedoutat25

℃ underlightintensityofabout300µmol/(m·s)for15min.

Peroxidaseactivity(POD)wasbaseduponthemethodasdescribedbyHerzogandFahimi[11],whichmeasurestheincrease

inabsorbanceat460nm.TheincreaseinA460wasfollowedfor3min.To0.1mLoftheenzymeextract,asubstratemixture

containingacetatebuffer(0.1mol/L,pH5.4),ortho-dianisidine(0.25% inethylalcohol)and0.1mL0.75% H2O2was

added.Absorbancechangeofthebrownguaiacolat460nmwasrecordedforcalculatingPODactivity.Activitywasexpressed

asunits(µmolofH2O2decomposedperminute)permgofprotein.

Catalase(CAT)activitywasassayedusingthemethoddescribedbyAebi[12].Thereactionmixturecontained50mmol/L

phosphatebuffer(pH7.0),45mmol/LH2O2and100µLofenzymeextractina3mLvolume.Theactivitywasassayedby

monitoringthedecreaseinabsorbanceat240nmasaconsequenceofH2O2consumption.Activitywasexpressedasunits(µmol

ofH2O2decomposedperminute)permgofprotein.

Solubleproteinconcentrationinthedifferentextractswasmeasuredat660nm bythemethodofBradford[13]usingthe

Folin-Ciocalteaureagentwithbovine-serumalbuminasastandard.

2.5 Osmoticasubstanceassays

Prolinewasdeterminedinnoduleextractsusingninhydrinreagent.Forthecalculationofprolineconcentration,astandard

curvewaspreparedwithL-proline.AssayforsolublesugarsfollowedthecolorimetricmethodofIrigoyenetal[14].

2.6 Membranepermeabilityassays

ThemembranepermeabilitywasmeasuredbyusingelectricalconductivitymethoddescribedbyLiuetal[15].

2.7 Statisticalanalysis

Analysisofvariancewasperformedandstatisticalsignificance(p<0.05)ofdifferencesamongtreatmentmeanswas
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judgedbyDuncan'sNewMultipleRangeTestusingSPSSsoftware(10.0).

3 Results

FW ofaerialpartsandrootsofHelianthusTuberosusseedlingsunder10% seawaterincreasedwithtimeandtherewereno

significantdifferencecomparedwith0% seawater(p<0.05)(Table1).WhileFW ofaerialpartsandrootstreatedwith25%

seawaterwerelowerthanthosetreatedwith0% seawater,andwere82% and87% ofthoseunder0% seawateronDay12,

respectively.Under50% seawater,FW ofaerialpartsandrootssignificantlydecreasedonDay12comparedtothoseonDay4,

andwereonly33.8% and27.0% ofthoseonDay4(Table1).ThetrendsofDW ofaerialpartsandrootsofHelianthus

TuberosusseedlingsresembledthoseofFW.DW ofaerialpartsandrootsallincreasedwiththeincreasinglevelofseawater

concentrations.Forallharvestdays,DW wassignificantlylowerunder50% seawatertreatmentcomparedwithother

treatments.LikeFW,DW ofaerialpartsandrootsunder50% seawateralldeclinedsharplyovertime.Forexample,DW of

aerialpartsandrootsonDay12wereonly45.8% and70.0% ofthoseonDay4(Table1).

Table1 Effectsofseawaterconcentrationsonfresh(FW)anddrybiomassweight(DW)ofaerialparts(AP)androots(R)ofHelianthus

tuberosusseedlings(g)

Seawater
concentration

(%)

Dayaftertreatment

4 8 12

FW DW FW DW FW DW

AP R AP R AP R AP R AP R AP R

0 3.48aa) 3.30a 0.42a 0.19a 4.26a 4.35a 0.49a 0.25a 5.58a 5.03a 0.59a 0.33a
10 3.56a 3.54a 0.43a 0.20a 4.58a 4.68a 0.53a 0.26a 5.59a 4.96a 0.58a 0.32a
25 3.36a 3.65a 0.38a 0.21a 4.18a 4.23a 0.46a 0.25a 4.59b 4.37b 0.53a 0.30a
50 1.42b 1.59b 0.24b 0.10b 1.28b 1.12b 0.22b 0.11b 0.48c 0.43c 0.11b 0.07b

Dateareexpressedasmeans(n=3),a)Meansmarkedwiththesameletterinthesamecolumnarenotsignificantly(p<0.05)differentby

Duncan'sNewMultipleRangeTest

Table2 Effectsofseawaterconcentrationsoncontentsofwaterin

aerialparts(AP)androots(R)ofHelianthustuberosusseedlings

Seawater
concentration

(%)

Dayaftertreatment

4 8 12

AP R AP R AP R

0 87.93aa) 94.24a 88.50a 94.25a 89.43a93.44a
10 88.25a 94.36a 88.43a 94.44a 89.24a93.42a
25 89.33a 94.25a 89.00a 94.09a 88.46a93.14a
50 83.10b 93.71b 82.81b 90.18b 77.08b83.72b

Dateareexpressedasmeans(n=3),a)Meansmarkedwiththe

sameletterinthesamecolumnarenotsignificantly(p< 0.05)

differentbyDuncan'sNewMultipleRangeTest.

ContentsofwaterinaerialpartsandrootsofHelianthus

tuberosusseedlingswithdifferenttreatmentswereshownin

Table2.Watercontentsofaerialpartsandrootsunder0%,

10% and25% seawaterdidn'tchangesignificantlyovertime.

Whilewatercontentschangedgreatlyunder50% seawater

overtime.WatercontentsonDay12wereonly92.8% and

89.3% ofthoseonDay4.

MembranelipidperoxidationinHelianthustuberosus

seedlingleaveswasassessedbycontentsofMDA(Fig.1).

Comparedtocontrol,MDA contentsunder10% seawater

werelowerthanthoseofthecontrolonDay8andDay12.

MDA contentsunder25% seawaterdeclinedon Day 12

comparedtothoseonDay8.Under50% seawater,MDAcontentswerehigherthanthoseofothertreatmentsonDay4,Day

8andDay12,andwere1.4,1.7and5.3timesofthoseofthecontrol,respectively.Withprolongedtreatment,contentsof

MDAonDay12increasedandwere2.98and2.01timesofthoseonDay4andDay8,respectively.

Table3showedthattheeffectsofseawaterconcentrationsonelectrolyticleakagepercentage(ELP)ofHelianthus

tuberosusseedlingsleaves.Comparedtothecontrol,ELPunder50% seawatersignificantlyincreasedonallsamplingdays.

Andovertimethetrendsweremoreobvious.Forexample,ELPofleavesunder50% seawaterreached31.56% and60.12%

onDay8andDay12,respectively.Theseresultsstronglysuggestthatleavescellsmembranepermeabilityincreased

significantlyunder50% seawater.

SODactivitiesofHelianthustuberosusseedlingleavesunderdifferentseawaterconcentrationswerealsoshowninFig.1.

SODactivitiesunder0%,10% and25% seawaterallincreasedwithtime,andonDay12theactivitieswere1.1,1.6and1.9

timesofthoseonDay4,respectively.Furthermore,SODactivitiesunder25% seawaterwerehigherthanthoseof0% and
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10% seawater.OnDay12,SODactivitiesunder25% seawaterwere1.9timesforthecontroland1.4timesfor10% seawater

treatment.WhileSODactivitiesunder50% seawateronDay8werehigherthanthoseonDay4andDay12.Andtheydeclined

sharplyonDay12andwereonly41.6% ofthoseonDay8.

Table3 EffectofseawaterconcentrationsonELPofHelianthus

tuberosusseedlingsleaves(%)
Seawater

concentration
(%)

Dayaftertreatment

4 8 12

0 4.99ca) 5.08b 5.20c
10 4.93c 5.01b 5.17c
25 5.44b 5.32b 6.03b
50 8.13a 31.56a 60.12a

Dateareexpressedasmeans(n=3),a)Meansmarkedwiththe

sameletterinthesamecolumnarenotsignificantly(p< 0.05)

differentbyDuncan'sNewMultipleRangeTest

ThetrendsofPOD activitiesofHelianthustuberosus

seedlingleavesweresimilarunder10%,25% and50%

seawater.PODactivitiesonDay8under10%,25% and50%

seawaterwerehigherthanthoseonDay4andDay12.POD

activitiesofthecontrolonDay12werehigherthanthoseon

Day4andDay8.Buttheywerelowerthanthoseunder10%,

25% and50% seawateronDay12.PODactivitiesunder50%

seawaterwerehigherthanthoseofothertreatmentsonDay

4,Day8andDay12.Forinstance,PODactivitiesunder50%

seawaterwere50.0%,90.3% and59.0% higherthanthose

under 25% seawateron Day 4, Day 8 and Day 12,

respectively(Fig.1).

CATactivitiesofHelianthustuberosusseedlingleavesunder0%,10%,25% and50% seawaterallincreasedovertime

(Fig.1).CATactivitiesunder0%,10%,25% and50% seawateronDay12were3.0,5.8,4.1and4.5timesofthoseon

Day4,respectively.CATactivitiesincreasedwithincreasingseawaterconcentration.CATactivitiesonday4under50%

seawaterwere16.2%,106.0%,17.7% higherthan0%,10% and25% seawater,respectively.CATactivitiesunder10%,

25% and50% seawateronDay8were105.3%,67.7%,19.1% higherthanthoseunder0% seawater,andonday12were

231.4%,59.6% and29.9% higherthanthoseunder0% seawater.

Fig.1 MDAcontents,SOD,PODandCATactivitiesinHelianthustuberosusseedlingleavesinresponsetoseawaterconcentrations.Data

representstheaverageofthreereplicates

ProlinecontentsinHelianthustuberosusseedlingleavesunderdifferenttreatmentsareshowninTable4.prolinecontents
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under10%,25% and50% seawaterwereallhigherthanthoseunder0% seawateronDay4,Day8andDay12Furthermore,

itshowedasignificantincreaseinprolinecontentswithincreasingseawaterconcentration.Prolinecontentsunder50%

seawaterwere5.49,121.76and421.84timesofthoseunder0% seawaterrespectively.Prolinecontentsunder10% and25%

seawateronDay8werehigherthanthoseonDay4andDay12.However,prolinecontentsunder50% seawaterincreased

sharplyovertime.Liketheproline,soluble-sugarcontentsofHelianthustuberosusseedlingleavesrosewithseawater

concentrationsincreasing.Andsoluble-sugarcontentsunder10%,25% and50% seawateronDay8werehigherthanthoseon

Day4andDay12,andthoseonDay12declined60.4%,42.5% and39.4% ofthoseonDay8,respectively(Fig.2).

Fig.2 Soluble-sugarcontentsofHelianthustuberosusseedlingsin

responsetoseawaterconcentrations.Datarepresentstheaverageof

threereplicates

Table4 Effectsofseawaterconcentrationsonprolinecontentsin

leavesofHelianthustuberosusseedling(µg/gFW)
Seawater

concentration
(%)

Dayaftertreatment

4 8 12

0 17.12da) 8.97d 5.20d

10 24.21c 41.64c 23.73c

25 41.72b 431.08b
233.
68b

50 94.07a 1092.17a 2193.53a

Dateareexpressedasmeans(n=3),a)Meansmarkedwiththe

sameletterinthesamecolumnarenotsignificantly(p<0.05)

differentbyDuncan'sNewMultipleRangeTest

Na+ andK+ contentsinaerialpartsandrootsofHelianthustuberosusseedlingswithdifferenttreatmentsareshowninTable5.

Na+ contentsinaerialpartsandrootsrosesignificantlywithincreasingseawaterconcentrationandtimelasting.WhileK+

contentsinaerialpartsandrootsunder25% and50% seawaterdeclinedovertime.Under0% and10% seawater,theK+

contentsdidn'tchangesignificantly.

Table5 EffectsofseawaterconcentrationsonK+ andNa+ contentofaerialparts(AP)androots(R)ofHelianthustuberosusseedlings(mmol/

gDW)

Seawater
concentration

(%)

Dayaftertreatment

4 8 12

K+ Na+ K+ Na+ K+ Na+

AP R AP R AP R AP R AP R AP R

0 1.24ca) 1.16c 0.05c 0.16d 1.12b 1.29b 0.06d 0.31d 1.04a 1.20b 0.07d 0.28d
10 1.44b 1.61a 0.17c 0.73c 1.20b 1.32b 0.41c 1.13c 1.05a 1.41a 0.55c 1.48c
25 1.61a 1.65a 0.71b 1.07b 1.33a 1.45a 1.05b 1.32b 1.12a 1.40a 1.29b 1.99b
50 1.28c 1.41b 0.96a 1.57a 0.91c 1.31b 1.27a 1.87a 0.45b 0.95c 1.69a 2.13a

Dateareexpressedasmeans(n=3),a)Meansmarkedwiththesameletterinthesamecolumnarenotsignificantly(p<0.05)differentby

Duncan'sNewMultipleRangeTest

LikeNa+,Cl- contentsinaerialpartsandrootsrosesignificantlywiththeseawaterconcentrationsenhancing(Table6).

Cl- contentsinaerialpartsandrootsunder50% seawaterwere9and8times,8and6times,9and7timesofthoseunder0%

seawateronDay4,Day8andDay12,respectively.Andwiththetimelasting,Cl- contentsinaerialpartsandrootsincreased

under10%,25% and50% seawater.

4 Discussion

Salttoleranceofdifferentplantsanddifferentgrowthstagesofsameplantisdissimilarbecauseitisdecidedbytheir

transmissibilityoftheplant.Inthepresentstudy,thereweredistincteffectsof50% seawaterongrowthofHelianthus

tuberosusseedlings.Forexample,thenumberofleaves,growthofstem,leafandrootswererestricted.Itwaspossibly

becausethehighsaltconcentrationaffectedcelldifferentiationandtherateofcellextension.Soluteinfiltrationincreasedwith

theaugmentofseawaterconcentration,whichreducedtheabsorptionofwaterandinducedthefallofwatercontentof

Helianthustuberosusseedlings.
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Table6 EffectsofseawaterconcentrationsonCl- contentsofaerial

parts(AP)androots(R)ofHelianthustuberosusseedlings(mmol/g

DW)

Seawater
concentration

(%)

Dayaftertreatment

4 8 12

AP R AP R AP R

0 0.21da) 0.27d 0.26c 0.37d 0.27d 0.31c
10 0.87c 1.06c 1.16b 1.70c 0.93c 2.06b
25 1.19b 1.66b 1.93a 2.02b 1.60b 2.26a
50 1.87a 2.07a 2.00a 2.31a 2.35a 2.27a

Dateareexpressedasmeans(n=3),a)Meansmarkedwiththe

sameletterinthesamecolumnarenotsignificantly(p< 0.05)

differentbyDuncan'sNewMultipleRangeTest

Oneeffectoffreeoxygenradicalsaccumulationinplant

cellsunderstressislipid peroxidation via oxidation of

unsaturatedfattyacidsleadingtomembranedamageand

electrolyteleakage.Membranelipidperoxidationisthoughtto

beoneofthemostimportantmechanismsofsalttoxicityin

higherplants[16]. SOD, CAT and POD are the major

antioxidantenzymesassociatedwithscavengingtheactive

oxygenspecies(AOS)andSODislikelytobecentralinthe

defenceagainsttoxicAOS[17]. However,SOD detoxifies

superoxideanionfreeradicalsaccompanyingtheformationof

H2O2,whichisverydamagingtothechloroplasts,nucleic

acidsandproteins[18]andcanbeeliminatedbycatalaseand

peroxidase[19,20].

Inthepresentstudy,underthestressof50% seawater,contentsofMDA andELPwerehigherthanthoseofother

treatmentsonDay4,Day8andDay12,respectively,whichindicatedthatthemembraneconfigurationhadbeendestroyedin

asortofwayunder50% seawater.However,thelowercontentsofMDAunder25% seawateronDay12thanthoseonDay8

indicatedthatHelianthustuberosusseedlingshadadaptedwellpasttheinitialshockperiod.Comparedwithcontrol,therewas

nodamagetotheHelianthustuberosusseedlingsmembraneunder10% seawaterfromFig.1andTable3.Thisindicatesthat

Helianthustuberosusseedlingsmayhasahighhereditaryandinducedcapabilityunderseawaterwhichprovidesitabetter

protectionfrom oxidativedamagecausedbyseawater.Thisprotectionmightalsohavebeenduetosignificantlyhigh

constitutiveactivitiesofSODaswellasconstitutiveandinducedactivitiesofPOX,APOXandCATintheleavesofHelianthus

tuberosusseedlings.

Allantioxidantenzymeswerestimulatedinplantsexposedtosaltinthepresentstudy.Thismaybeageneraladaptive

defenceresponseofplantstotoxicsalineenvironmentsatearlystages.ItisnotedthattheinductionofSODactivitycoincided

withanincreaseintheactivityoftheenzymes(PODandCAT)scavengingH2O2[21].Bowleragreesthatthecooperation

betweenH2O2scavengingenzymesandSODplaysanimportantroleinresistanceofplantstoenvironmentalstresses[22].We

believethatsuchcoordinationalsoplaysacrucialroleinpreventingplantsfromsaltinjury.Theresultsofthisstudyshowthat

SODactivitiesincreasedwiththeaugmentofseawaterconcentration,whichmaybeageneraladaptivedefencemechanismof

plantstoseawaterenvironmentsatearlystages,althoughunder50% seawaterSODgraduallylostactivityonDay12.PODis

amongtheenzymesthatscavengesH2O2inchloroplastswhichisproducedthroughdismutationofO-2 catalyzedbySOD[23].

IncreasedPODactivityhasalsobeenreportedinsalt-tolerantandsensitivespeciesoftomato[24]andricecultivars[25].POD

activitiesinthisstudyincreasedsignificantlywithincreasedseawaterconcentration.ThetrendsofPODactivitiesovertime

weresimilarunder10%,25%and50% seawater.CATactivitiestogetherwithSODarethemosteffectiveantioxidantenzymes

inpreventingcellulardamage[26].LikePODandSODactivitiesinthisstudy,CATactivitiesincreasedsignificantlywiththe

augmentofseawaterconcentrationandthetrendsofCATactivitiesovertimeweresimilarunder0%,10%,25% and50%

seawater.

Theaccumulationofsomeorganicsolutesundersalineconditionshasbeenconsideredasanadaptationofplantsagainst

osmoticstress.Amino-acidssuchasprolineandasparaginescanplayanimportantroleintheosmoticadjustmentoftheplant

undersalineconditions[27].Otherorganiccompoundsthataccumulateinresponsetostress,suchassolublesugars,apparently

playaroleinthedevelopmentofsalttolerance[28].Inaddition,plantspeciesadjusttohighsaltconcentrationsbylowering

tissueosmoticpotentialwiththeaccumulationofinorganicaswellasorganicsolutes[29].CationsNa+ andK+ andanionCl- are

knowntobethemajorinorganiccomponentsofosmoticpotential[30,31].InthisstudyprolinecontentsonDay8werehigher

thantheyonDay12withunder0%,10% and25% seawater,whileprolinecontentsunder50% seawaterstressincreased

sharplyduringtheexperimentalperiod.Infunction,prolineisoftenregardedasacompatibleosmoliteassociatedwiththesalt-

resistancemechanisms,andcanalsohelplowerthecell'sosmoticpotential.Ourresultsrevealedsolublesugarcontentswith

differenttreatmentsincreasedearlieranddeclinedlaterduringtheexperimentalperiod,suggestingthatsolublesugarisan
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organiccomponentofosmoticadjustmentduringtheinitialstagesofstress.Inthepresentstudy,Na+ andCl- contentsin

aerialpartsandrootsincreasedwithincreasedseawaterconcentration.Overtime,Na+ andCl- concentrationsalsoincreased.

Onthecontrary,K+ contentsinaerialpartsandrootsdeclinedwiththetimeandalsowithincreasedseawaterconcentration.

Thushighconcentrationofsaltsinseawatercanaffecttheabsorptionsofionsandincreasestheaccumulationoftheseionsand

thusmaketheminvolvedinosmoticadjustment.

TheresultsofthepresentstudystronglyindicatedthatHelianthustuberosuscouldadaptappropriateconcentration

seawaterirrigation through physiologicaland biochemicalmechanisms.In conclusion,ourresultsindicatethatlow

concentrationseawater,suchas10% and25% seawaterdidn'tdecreaseHelianthustuberosusseedlinggrowth,evenpromoted

growthduringtheexperimentalperiod.Ontheotherhand,higherSOD,POD,CATactivitiesandMDA,proline,soluble

sugar,Na+,K+ andCl- contentsunder10% and25% seawater,whichprobablycomefromanincreasedcapacityforoxygen

radicalscavengingandmaintenanceofcellularmembranesandosmoticadjustment,indicatedtherelationshipbetween

antioxidantdefenseandseawatertolerance.Furtherinvestigationsarenecessarytoputforwardtheeffectofseawaterbymeans

ofsubcellularcompartmentationofantioxidativeenzymeactivities,whichwouldbeausefultoolforourunderstandingof

seawaterstressandexplainingthesephenomena.Also,theresultsofthepresentstudycoupledwiththereportsinthe

literature[4] stronglysuggestthatHelianthustuberosuswithappropriateconcentrationseawaterirrigationiseffectiveand

secure.
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