
Chapter4:Influenceofpercolationpattern ongrowthand

yieldsofriceplantswithstratirledpollutedpaddyTIClduslng
●

●
soildresslngmodels.

4.1IntrodtICtion

Incaseofpolluted丘eld,soildressingispopular,efFecdveandcheapertechnologyfor

agriculturesector･InJapan,thereareabout87.2%(7327ha)ofthetotalpollutedland

wereremediedbyapplyinguncontaminatedsoilorreplacingthesoil(MOE,2006).This

studywasconductedtounderstandtheinfluenceofapercolationpatfemon筈rOWthand

yieldsofriceplantsuslngStrati丘edpollutedpaddyfieldmodelwithsoildressing.The

experimentwasconductedwith 12.5,15and20cmwithsoildressingsystemina

stratifiedpollutedpaddyfleld.Thestr如ifiedpaddyfleldwassubjectedtwokindsthat

wereopenandclosedsystempercoladon.Theeffectofpercolationwasobservedon

grow血andyieldsofriceplantswithvarioussoilsdressingfromaCdpollutedpaddy

flelds.

Incaseofgrowthofriceplants,theplantlength,num berofstem,num berofleaves,

weightofdriedrootofeachsoillayer,soilplantanalyzerdevelopment(SPAD),the

headingtimeofpamicleandyellowishpartofleafweremeastuedfromplantlngtO

harvestingperiod,Ontheotherhand,intheyieldssection,measuredthepamiclelength,

numberofpamicle,weightofpamicle,weightandnum berofpaddy,numberandweight
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ofricegrain,percentageofflllupricegrain,dryweightofstrawandweightof1000

kemels･InthissectlOP,themainobjectivewastheinfluenceofpercolationpattemon

growthandyieldsofriceplantwithsoildressing.

4.2Plantlength

Theplantlengthwasmeasuredfromtransplantingtoharvestingperiod.h2009,the

averageplantlengthofthemodelsM-1,M-2,M-3,M-4,M-5andMl6were104.1cm,

105.7cm,103.2cm,108.2cm,109.0cmand111.5cmasshowninFig.62.Theaverage

plantlengthinopensystempercolationwaslowerthantheclosedsystempercolationin

2009.In2010,theaverageplantlengthM-7,M-8,M-9andM-10were110.7cm,108.6

cm,114.30cmand112.1cmasshowninFig.63.Inbothpercolationsystem,therice

plantsgrowsupto65daysfromtransplantlngPeriodasshown inFig.62and63.In

2010,theaverageplantlengthinclosedsystempercolationwashigherthan theopen

systempercolation.Inclosedsystempercolation,plantlengthwashighercomparatively

toopensystempercolationbyappliedto15cmsoildressingandsamecaseoccurrとd

with20cm Soildressingopenandclosedsystem percohtionmodels.Finally,

percolationpattemeffectontheplantlength･Inopensystempercolation,plantuptake

moreCdthantheclosedsystempercohtionmodelwhichhasaffectthericeplarLtS

grow血.AccordingtoNguyenetall,(2005);restrictedgrowthprocessOfriceplantsand
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decreasethelengthduetoCdconcentrationinsoilabove20mgnigwhichwas

supportedtoopensystempercolation･

4.3NⅦmberorstem

TheaveragenumberofstemofM-1,M-2,M-3,M-4,M-5andM16were13.3,14.1,

し

13.5,14.9,14･5and15･7,respectivelyasshown inFig.64.0ntheotherhand,the

modelsofMl7,M-8,M-9andM-10were15.5,15.5,16.9and14.9,respectivelyas

showninFig.65.In2009experiment,theaveragenumberofstemwashigherinclosed

systempercolationthantheopensystempercohtionmodelsduetoreductionstatusof

soillayers.Butin2010experiment,thenumberofstemhasnosignificarltdifference

betweentheopenandclosedsystempercohtionmodelsbyappliedto15cmsoil

dressing.Ontheotherhand,thestemnumberofriceplantsinclosedsystempercolation

washigherthantheopensystempercolationbyappliedto20cmsoildressing;that

mightbeeffectofsoiloxidation-reductionstatus.
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4.4Numberofleaf

High numberofleavesperplantcouldserveasmeasuresofgoodplantvigorandhigh

(good)weedcompetitiveness,whichwouldbeverydesirabletotheresource-poor

famers･Thenum berofleafofriceplarrtwasmeasuredinallofpercolationmodels.

Actuallyin2009,theaver早geleafnumberinMlltoM16modelswithopenandclosed

systempercolationwerealmostsameandnumberwas15asshown inFig.66.The

modelsofM-7andM-8Wereasclosedandopensystempercolationwith15cmsoil

dresslng･Ontheotherhand,MI9andMl10wereasclosedandopensystempercohtion

with20cmsoildressing.h2010,theaveragenum berofleafinthemodelsofM17,

M-8,M-9andM-10were14.5,14.0,14.9and14.2,respectively.Inthatresults,the

numberofleafwerehigherin closedsystem percolationthantheopensystem

percolationasshown inFig.67.Theseresultscanbeattributedtotheeffectofdifferent

percolationpattemspresentsinCd-cf)ntaminatedsoils.

4.5SPAI)(SoilplantanalyZ:erdevelopment)

Thechlorophyllmeterprovidesasimple,quick,portable,andnon-destructivemethod

forestimatlngleafchlorophyllcontent･Thedecreaseofchlorophyllamountinrice

bladewasmeasuredusingsoilplantanalyzerdevelopment(TypeofNo･SPAD1502)
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duringplantgrowthstagetoharvestlngPeriod.ThehighestSPADvaluewasmeasured

允ompla血lngtOearlybloomlngStageinbothpercolationof2009and2010dueto

grow血stageofriceplarlts･TheaverageSPADvaluewasabout43inearlyblooming

stageofopenandclosedsystem percolationmodelsbutthatvaluewasgradually

decreasedwiththeincreaslngCultivationperiod･In2009,theaverageSPADvaluein

Mll,M-2,MI3,M-4,M-5andM-6were26.2,25.8,26.5,28.2,28.4and29.0,

respectively.TheSPADーvalueofM-7,M-8,M-9andM-10modelswere33.2,32.2,

34.6and3315,respectively.･ThehigherSPADvalueobservein2010,thiscausemight

besoildressingandcomparativelyaveragehighertemperaturewasrecorded.The

averageamountofchlorophyllinopensystempercolationdecreasefasterthaninclosed

systempercolationshowninFig.68and69.Thechlorophyllcontentinleafdependon

suchfactorsuchasCdcontentinsoil,nitrogenlevelinsoil,wateravailability,redox

potentialofsoil,soiltemperature,airtemperatureandsoon.ManyScientisthavebeen

reportedthat,thephotosynthesisofleafhavebeenaffectedbycadmium(Santaet

al.,1999)andtheSPADvalueincreasedwiththeincreaseofNlevels,anddecreased

withtheincreaseofCdcontentsinsolution(Qinetal.,2009)･Inopensystem

percolation,formationofsolubleCdionsduetooxidationstatusofsoil･TherefTore,

availabilityofsolubleCdinsoilaffecttherieeplantsSPADwhichwassupportedtothe

opensystempercolation.

75



4.6Theheadingperiodandnumberofpaniele

Theheadingperiodandnumberofpaniclesweremeasuredofeachopenandclosed

systempercolation･Theheadingperiodofriceplarltsinbothpercolationsofeachmodel

werenearlyequal･In2009and2010,headingperiodofriceplantswasstartedat62th

and58thdayfromtransplantingduetofluctuateofairtemperature･Theaveragenumber

ofpamicleofM-1,M-2,M-3,M-4,M-5,M-6,M-7,M-8,M-9andMl10modelswere

9.4,8.3,6.6,8.7,8.-5,9.4,12.8,10.7,12.6and12.5.Inthisresult,theaveragenumberof

panicleshowedinclosed･system percolationwashigherthantheopensystem

percolation.
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4.7Heightofthe14thleaf

Thetotalheightof14thleafwasmeasuredofbothpercolationsystemsIIn2009models,

theaverage14thleaflengthswere32･8cmand37･3cm,respectivelyinbothpercolation

systemsasshoⅦ.血Fig.69.In2010,thelengthof14thleaf(M-7,MI8,M-9andM-10)

were45･0,41･3,45･9and43･6cm,respectivelyasshown inFig71.The14thleaf

heightsof2009modelswerelowerthanthe2010modelsduetoenvironment

temperature.Moreover,theleafheightwashigherinclosedsystempercolationthanthe

opensystempercolationmodelswiththesamesoildressingmodels.

4.8Yellowishprtofriceplant

TheyellowishpartofriceplatltSWeremeasuredinboth percol血onsystems.The

percentageofyellowishpartof14thleafwasflrStlydriedintheclosedsystem

percohtionthantheopensystempercolationin2009and2010experimerrtthatisshown

inFig･72and73･Intheharvestingperiod,Observedof14dlleafdryabout78%in

closedsystempercolationbd43%inopensystempercolationandsimilarresultswas

foundin2010.Theresultsindicatedthatthedifferenceofphotosynthesisabilityofrice

plantsintwosystemsduringrlPemingtime.
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Fig･70:Heightof14thleafinopenandclosedsystempercolationmodelin2009

Fig･71:Heightof14thleafinopenandclosedsystempercolationin2010･
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Fig.72:Yellowishpartof14thleafinopenandclosedsystempercolationin2009

Fig･73:Yellowishpartof14thleafintopenandclosedsystempercolationin20101
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4.9Weig血tordryroots

Thevegetativerootgrowthsofeachsoillayerwereweightedinclosedandopensystem

percolationmodelsof2009and2010･Rhizosphereisanimportantenvironmental

interfaceconnectlngPlantrootsandsoil,Rootsexcretesomeorgamicsubstancesto

rhizosphereduringthegrowthrhizospherecontrolstheerltranceofnutrients,waterand

otherchemicals,beneficialorharm ful,toplants.About78percentriceplant'sroot

growthinplowlayer(Ⅰlayer)ofbothopenandclosedsystempercolation.Bothclosed

andopensystempercolation,theaveragedriedweightofroot'sinplowlayer(174g/

column)wasalmostsimilarin2009and2010models.In2009,theaveragedriedweight

ofrootsinⅡlayerandIillayer(33.0and6.3g/column)inopensystempercolation

werehigherthan closedsystempercola;tion(16.0and2.5g/colm ),respectivelydue

tooxidizingconditionofplowsoleandsubsoilinopensystempercolationasshown in

Fig.74.Butin2010,themodelsofM-7,M-8,M-9andM-10-,thedriedrootweight

werein layerI(167.6,182.5,180.3and190.4g/column),layerII(32.2,45.6,21.4and

35.4g/col叩m)andlayerIII(6.8,9.1,5.7and6･6g/column)asshown inFig･75.The

rootgrowsofrice-plantswerehigherinplowsoleunderoxidationconditionofsoilwith

12･5,15and20cmsoildressingmodels･Inthisstudy,showedthattherootgrowthwas

higherinsoiloxidationconPtionbutMARDI(2002),statedthatinsterileand

non-sterilehydropomicsconditions,exudatesofriceplantsrootsstressedwithPband

Cd.
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4.10Yieldsofriceplants

4.10.1Dryweightofstraw

Vegetativegrov̂hofriceplantsrelatedtostrawweight･Theaverageweightofstrawin

Ml1,M-2,M-3,Ml4,M-5,M-6,MI7,M-8,MI9andM-10were10.7,13.8,ll.9,14_2,

14･1,15･1,15･5,10･8,14･6and13･2g/hillasshowninFig.76.Theaboveresults

showedthataveragestrawweightofclosedsystem washigherthanthattheopen

system percolationwithinthesamesoildressingmodel.Sopercolationpattem

influencethestrawweightofficeplants.AccordingtoIshikuroetal.,(1997),vegetative

growthandproductionofriceplantsundersubmergedcondition.Thisstatementcanbe

explainedbytheclosedsystempercolationmodelduetoahighgroundwaterlevelwas

maintained.

Fig.76:Weightofdrystrawinopenandclosedsystempercolationmodel.
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4･10･2Length,NumberandWeightofpanicle

TheaveragelengthofpanicleofeachhillinM-1,M-2,M-3,M-4,Ml5,M-6,M-7,MI8,

M-9andM-10were16･9,16･6,17.1,17.5,18.9,17.9,23.0,26.5,19.5and18.9cm,

respectivelyasshown inTable6.Theaveragenum berofpamiclewiththetreatmentof

12･5,15and20cmSoildressinginopensystempercolation(6.9,10.7andll.0))Were

lowerthantheclosedsystempercolation(8.8,ll.7and12.8).Moreover,theweightof

panicleinclosedsystempercolation(20.5,26.1,27gnlill)Werehigherthantheopen

systempercolation(15.4,21.land24.7gnlill).Ontheotherhand,thenumberand

weightofimperfTectofpamiclewashigherinopensystempercolationthan theclosed

system percolationmodels.Moreover,soiloxidation-reductionstatuscontrolledby

percolationpattem.Thelength,numberandweightofpanicleweremeasuredhigherin

20cmand15cmclosedsystemsoildressingmodel.Therefore,itwasconcludedthat

percolationeffectonpamiclelengthandweightofriceplants/whichwasdependsonthe

conditionofsoiloxidation-reductionstattR
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4.10･3NumberandweightofPaddyandricegrain

Inthissection,weightandnum ber｡fpaddyweremeasuredandricegralnwithdin:erent

soildressingandcomparewithopenandclosedsystempercolationasshown inTable7.

Theaveragenumberofpaddywith12.5cm,15cmand20cmsoil血essingmopen

percolationsystemwere(659,868and1024)lowerthanclosedsystempercolation(748,

1120and1024),respectively.Inthiscase,modelsM-1,M-3,M-8hassigmiflCantdiffer

(p>0.05)fromthatmodelsM-4,MI5,M-6,M-7andM-9butM-2andM-10didnot

differsighiflCarltlyfromothermodels.

Theweightofpaddywith12.5,15and20cmSoildressinglnopenSystemPercolation

were(16.2,18.9and22.3g)lowerthanclosedsystempercolation(17.7,23.7and24.7

g),respectively.ThemodelsofM-1,M13andM-8hassignificantdifference (p>0.05)

fromthatmodelsof M-4,M-5,M-6andM-7butmodelM-2,M-9andM-10hasnot

sigmificantlydi飴rwithothermodels.Thepaddyweightsofriceplantswerehigher

withincreasingthesoildressIPgmodels.

In2009,thenumberofricegraininopensystem(573)Werelowerthanclosedsystem

percohtion(695)butin2010models,thenum berofricegrainsinopensystemwere

(781and963)lowerthan qlosedsystempercolation(973and988)･Thenumberofrice
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grainsinmodelsM-1,M-2,M-3andMl8wassigmificantlydiaerent(p>0.05)fromthat

themodelsDfM-4,M16,M-7andM19butmodelM-5andM-10wasnotsigmiflCantly

differeht丘omtheothersmodels.ThemmberofricegralnWasfoundhigherin20cm

Soildressingmodelcomparativelyto12.5and15cmsoildressingmodels.

In2009,thetotalweight(12.5g)ofperfectricegrainsperhillintheopensystem

percolationmodelwaslowerthanthat(15.1g)intheclosedsystempercolationmodel.

Butin2010models,theweightofgrainsinmodelsofM-7andM-9(18.4and19.6g)

werehigherthan themodelsofM-8andM-10(14.6and18.0g).Inthecaseofrice

grainweight,modelsMA ,M-6andM-7hasdiffersigmiflCantly(p>0.05)丘omthatof

modelsM-1,M-2,M-3andM-8andM-5,M-9andM-10modelshowednosignificant

differencewiththeothermodels.Thetotalweightofriceplantsperhillwashigherin

20cmsoildressingmodelswithclosedsystempercolationthanthe12.5and15cmsoil

dressingmodels･Sotheproductionofriceplants-dependsonsoildressingmethodswith

closedsystempercolation.

In2009models,thegrainfilluplnOpenSystemPercolationwas93･5%and94.4%in

closedsystempercohtion.In2010models,thegrainfllluplnopenSystemPercolation

wasabout92.2%andclosedsystemwas87.8%,respectively.ThemodelsofM-3and
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M-9hassignl丘CantdifferwiththemodelofMl7butmodelM-1,M-2,M-4,MI5,M-6,

M-SandM-10WerenotsigmiflCantlydifferwitheachother.

In2009models,thewatercorLterltinricegrainWasabout6% inbothpercolation

systemsbut8･5%in2010models.Thewatercontentinricegrainwashigherin2010;

thiscauseduetothethicknessofsoildressingandpercolationsystem.Themodelof

M-1,M-3andM-9wassigmiflCantlydi飴rentwiththemodelsofM-6andM-7.0nthe

otherhand,themodelsofM-2,M4 M-5;M-8andM-10hasnotslgnificantdifference

withothermodels.

In2009experiment,the1000kemelsweightwasabout24.2ginbothpercolation

systemsbutin2010,theweightwaslowerin.opensystem(22･5g)thantheclosed

system percolation(23.2g).ThtemodelsofM-1,M-2andMl8hassigmiflCantly

difference withthemodelsofM-4andM-5buthasnovarywithinthemodelsofM13,

M-6,M-7andM-9.

Fromabovetheresults,with12.5,15and20cmsoildressing;theweightandnumberof

paddyandgralnWerealmostlowproductioninopensystempercolationcomparedto

closedsystempercolation.Thevegetativegrowsandproductionsofriceplantswere

foundhigherwith20cmsoildressingmodels.AccordingtoSukuthaietal.(2005),rice
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plantsgrowthandyieldswerelowerinopensystempercolationthantheclosedsystem

percolationwithoutusingsoildressingmodels.Ricegrainweightmaylossdueto

accumulationofCd.Thisfindingscanbeattributedtheoxidation-reductionstateofthe

soilwhichisrelatedtopercolation.Finally,itsuggeststhatthericeyieldintheopen

systempercolationmodelwasaffectedmostlybyCd-contaminatedsoilwhencompared

theclosedsystempercolationmodel.
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Chapter5:Influenceofpercolationpattemtouptakeofcadmium

byriceplantsinapollutedpaddyfieldswithuslngsoildresslng

models

5.1IntrodtLCtion

Soilpollutionhasanadverseeffectontheplantproduction.Therefore,pollutionofsoil

mustbemairltainedforlifetoflourish.Heavymetalpollutioninsoilisoneform of

pollutionthathasanadverseeffectonplantgrowthandproduction.Thetoxiceffectsof

CdonbiologicalsystemshavebeenreportedbyMukherjeeetal.,1984andSharmaet

al.,1985.Cdwhichisanon-essentialmetalandapowerfulenzymeinhibitor

(Lockwood,1976),isconsideredtobeanextremelysigmiflCantPOllutarltbecauseofits
/

hightoxicityandgreatsolubility.inwater･Moreover,therearemanymethodstoprevent

J

CduptakebyriceplantsfromcorLtaminatedpaddyflelds.Oneofthemostpopular

methodsisunderfloodingofpaddyflelds.Percolationpattemsarerelatedtothe

hydraulicconductivitiesofthesoillayersandhydraulicconditionssuchasgroundwater

level(Adachietal.,1992),whichmayactsasacontrollerofsoilredoxpotentialand

consequentlytheuptakeofCdinriceplants･Therefore,thepurposeinthissectionwas

toclarify theinfluenceofpercolationpattemstouptakeofCd丘om soildressing

pollutedpaddy点eldmodels.
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5.2ConcentrationofcadmitLminroots

TheCdcontentintherootsindifferentsoillayerswasmeasuredforthetwopercolation

systems･ConcentrationofCd､inrootsofclosedsystempercohtionhasnosigmiflCarlt

difference(p>0･01)withtheopensystempercolation･Thesoillayersroots(I,IIand

Ill)inopensystempercolation(7.5,33.0and5,4mgnig)Werehigherthanclosed

systempercoladon(千･3,18･Oand3･2mg/kg),respectivelyasshown inFigl77･Inabove

results,CdamassedintheⅡlayer､srootsandtwotimeshigheruptakeinopensystem

percolationcomparativelytoclosedsystempercolation.ConcentrationsofCdinroots

werehigherthanthestemsandleavesandricegrainduetodirectlydimimishwithinthe

soil.AccumulationofCdinrootswasthehighestthanthetotalCdinplant(Jarvisetal.,

1976andYujingetal"2008)whichissustenancetothepresentstudy.
i:ヨ

5.3Cadmiumconcentrationinstemsandleaves

Accum ulationofCdinstemsandleavesbyriceplantsinopensystempercolationwere

higher(0.83mgkg)comparativelyi益closedsystempercolation(0･53mgkg)thatisnot

statisticallysigmificantdi飴renceatp>0101,asshowninFig･78･Thismightbeoccurred

duetoCdsolubilityinsubmergedconditiondecreaseswithformationofCdsulfldes･In

soilreductioncondition,sulfateioncanbereducedsulfideionwhichreactswithCdand

producerelativelyinsolubleCadmium -sulfide(Iimura,1981)whichmechanisms

supportedtotheclosedsystempercolation･
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Fig.77:Cadmium concentrationinrootsofdifferentsoillayersintheopenandclosed

systempercolationmodelsin2009,

Fig.78:Cadmium conceBtrationinthestemsandleavesofthericeplantsin2009
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5.4CadmitLmCOACeAtrationinthebrownrice

ExaminationofCdconcentrationinbrown ricerevealedthatpercolationpattems

influencedtheuptakeofCdandCdthemobilizationinriceplants.Thismobilization

dependsuponthesoiloxidation-reductioncondition･With12.5cmsoildressingmodels,

theamountofCdcontehtinbrownriceofthemodelsM-1,M-2andM-3werehigherin

opensystem(0.2mgnEg)thanthemodelsofM-4,M-5andMl6inclosedsystem

percolation(0.1mgnEg)duとtooxidationinthroughsubmergingpaddyfieldasshown in

Fig.79.With15and20cmsoildressingtreatment,theaverageconcentrationofCdin

brown inopensystempercolation(M-SandM-10)were0.10and0.12mgn'gandin

closedsystempercolation(M-7andM-9)were0.03and0.03mgnigasshown inFig.80.

0naboveoftheresults,comparativelywithsamesoildresslngtreatmentShowedthat

Cdacctmulationinbrownrice,Stemsandleavesandrootswerehigherthantheclosed

systempercolationmodels.Inthisstudy,Cdaccumulationbyriceplantsdependson

soilredoxpotentialandpercolationpattem.AccordingtoOnoetal.,(2003)statedthat

CduptakebyriceplantsdependsonsoilpHandvarietyofrice.Ontheotherhand,

Skuthaietal.,(2005)observedthatDOvalueinthesoillayerofopensystem

percolationwashigherthaninclosedsystem percolationwhichispromotedto

accumulationofCdbyriceplants.However,inclosedsystempercohtiontherewasless

oxygenfusion,whichmightoccurslightlyCduptakebyplant丘omcontaminatedsoil.
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Thus,thetransformationofCdmightbepreventedwhensoillayerwasinreduction

conditionHManyscientistshavebeenreportedthataccumulationofCdbyriceplantsis

decreasedwithsubmergingconditionsofthesoillayerduetoproduceinsolubleCdor

otherheavymetal･ClosedsysteJmPercolationmodelsrelatedtosubmergingcondition

ofsoillayerwith12･5cmgroundwaterlevelandthuslowaccumulationofCdbyrice

plants.
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Fig.79:Cdconcentrationinbrownrice-2009

Fig.80:Cdconcentrationinbrownrice12010.
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Chapter6:Summary

Theexperimentwasconductedinthegreenhousewith openandclosedsystem

percolationmodels.Therearetwosystem ofpercolation:openandclosedsystem

percolationandthosesystemswereconstructedwith12.5,15and20cmsoildressing

withstrati丘edpollutedpaddyflelds.Opensystempercolationknown aswell-drained

andclosedsystem percq!ationknown asill-drainedpaddyfleld･However,inthis

experimentstratifiedpaddyfieldmodelcolumnwasusedinwhichtheactualsoilproflle

ofpaddyfleldwasmaintained.Percolationpattemcorttroltheredoxpotentialofsoil

layerswhichisactualtopaddyfleld.Sotheaimofthestudyistoclarifytheinfluence

ofpercolationpattemongrowthandyieldsofriceplantsandaccum ulationofCdwith

soil血essingpollutedpaddy丘eldsmodels.

Theopensystempercolationhasshowedpositivepressureinplowlayerbutplowsole

andsubsoilwerenegativepressureduetounsaturatedconditionofthosesoillayersby

atmosphericairandinadditionallysaidthatwaterpressureofplowsoleandsubsoil

layerswerelowerthantheairerltrypressure.Ontheotherhand,inclosedsystem

percolationpattemshowedpositivepressureofplowlayer,plowsoleandsubsoildueto

saturatedconditionofthosesoillayerbywater.Thetotalpoterltialofwaterpressurein

plowsoleandsubsoilofopensystem percohtionwerelessthantheclosedsystem
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percohtionbuttotalpotentialenergylosswaslessthanthatoftheopensystem

percolationdu占totheconditionofplowsole,

TheaveragewaterrequlremerttWasCOntrOlledbytheimpermeablelayerofboth

percolationsystems.Thedrainedwaterfromsubsoilwasgraduallydecreasedofboth

percolations.Finally,percolationrateoftheopensystempercolation(38.9mm/day)was

lowerthantheclosedsystempercolation(41.9mm/day).

Intheopensystempercolation,plowsoleandsubsoiltemperatureswerealmostsimilar

totheairtemperature,Theexperimentofclosedsystempercolation;thesoillayer､s

blowlayer,plowsoleandsubsoil)temperatureswerehigherthanfloodwaterandair

temperatureduetoallofsoillayerwereuntappedjustlikeastheactualpaddyfleld.The

amplediffusionofheatintheopensystempercolationduetohighertemperaturewill

increasethediffusionrateofsoilaeration.

TheEhvalueinplowlayerofallmodelswasabout1190mVafterfloodingcondition

andthattendencywaslikeasactualpaddyflelds.Fromthestartoftheexperiment,the

Ehvalueinclosedsystempercolationmodelsofplowlayer,plowsoleandsubsoilwere

lessthan300mVandgraduallydecreasethatvalueand-200mVwereobservedinlate
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JunetoOctoberandthismightbesaturatedconditionofsoillayer.Ontheotherhand,in

opensystem percolation;theEhvalueofplowsoleandsubsoillayerwasgradually

increaseduptoabout300-650mVduetothloselayerswereinunsaturatedcondition.

Duringthegrowthstage,theplantlengthandnumberofstem inopensystem

percolationwerelowthantheclosedsystempercolation.Butthenum berofleafofrice

plantswassameandcalculatedhasnotsigmiflCanCedifferencebetweenopenandclosed

systempercolation,Thelength,numberandweightofpamiclesperhillinclosedsystem

percolationwerehigherthantheopensystempercolation.Intheharvestingperiod,the

14thleafwasdryabout78% inclosedsystem percolationbut43% inopensystem

percolation;thisresultindicatedthedifferenceofphotosyrlthesisabilityofriceplantsin

twosystemsduringnpenlngtlme.Bothpercolationsystems,theaveragedriedweight

ofrootsinplowlayer(174.0g/column)wasalmostsimilarin2009and2010.In2009,

theaveragedriedweightofrootinIIlayeraridIIIlayer(33.0and6.3g/column)in

opensystempercolationwerehigherthan closedsystempercolation(16･Oand2･5g/

Column),respectivelyduetooxidizingconditionofplowsoleandsubsoilinopensystem

percolation･ButthemodelsofM-7,M-8,M-9andM-10in2010,thedriedrootweight

wereinlayerI(167.0,218.0,186.0,171.0g/column),layerII(32･5,45･6,38.223.0

g/column)andlayerⅢ (6･8,9.1,6.6and3･3g/Column)IInthiscasetherootofrice

100



plantswasabletogrowthuptothesubsoil･SoCduptakebyriceplantscannotprevent

bysoildressingifplowsoleandsubsoilbecameunderoxidativecondition.

I

TheaverageweightoftotalstrawinMI1,M-2,M-3,M-4,M-5,M-6,M17,MI8,M19

andMl10werelO･7,13･8,11･9,1412,1411,15･1,15･5,10.8,13.2and14.6g/hill.

Moreoveraveragestrawweightwashigherinclosedsystemthanthattheopensystem

percolationsystem.With12.5,15and20cmsoildresslng;theweightandnumberof

paddyandgralnWerealmostlowproductioninopensystempercolationcomparedto

thoseinclosedsystem percolation.Thisflndingscanbeattributedtheoxidation

ieductionstateofthesoilwhichisrelatedtopercolation.

Moreover,percolationpattem effectedonaccum ulationofCdingralnS,Stemsand

leavesandroots.Thesoillayersroots(I,IIandIII)inopensystempercolation(7.5,

33.0,5,4mg化g)Werehigherthanclosedsystempercolation(4.3,18.0,3.2mgn'g).

Accum ulationofCdinstemsandleavesbyriceplantsinopensystempercolationwere

higher(0.83mgnig)comparativelytoclosed-systempercolation(0.53mgnig).With15

and20cmsoildresslngtreatment,theaverageconcentradonofCdinbrowninopen

systempercolation(M-8andM-10)were0.10and0.12mgnEgandinclosedsystem

percolation(M-7andM-9)were0.03andO･03mgnigl0naboveoftheresults,

comparativelywithsamesoildressingtreatmentshowedthatCdaccumulationinopen
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systempercolationofbrown rice,stemandleavesandrootswerehigherthantheclosed

systempercolationmodels,
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Chapter7:Conclusion

AlongsidefactorssuchassoilpH,temperature,anaerobicbactena,heavymetal

concentration,gravelsizeandsoilfertility,thepercolationpattemisanimportantfactor

forthegrowthanddevelopmentofriceplants.Thedifferenceofpercolationsystem

affectednotonlyricegrowthandyieldsbutalsoacc1mulationofCdbyriceplants.

Percolationpattemcontroltheoxidation-reductionstatusofsoil,consequentlyuptake

ofheavymetalbyriceplants.Inoxidationconditionofsoil,plantsmoreabsorbofCd

duetomobilizeofsolubleofheavymPtals.Cdconcentrationinbrownricewashigher

inopensystem percoladonthan thatintheclosedsystem percolation;thisresult

suggestedthatopensystem percolationpromotesCduptakesinriceplarltsdueto

oxidizingconditionofplowsoleandsubsoil.SotoreducetheuptakeCdinaclosed

systempercolationwithreductionconditionofplowlayer,plowsoleandsubsoilwillbe

ane飴ctivetoolwithsoildressinglnaPOllutedpaddyfleld･SoildressinglSVery

effectivemethodtominimizetheCdpolhtion･Iftheplowsoleandsubsoilwere

constructedwithpollutedsoilandthoselayerwereoxidizedsothethicknessofsoil

dressing(15-20cm)isnotavailableforapplicationontheCdpollutedpaddyfleldsand

alsofloodwaterconditioninthetimeofbloomlngPeriodisnotaneffTectivemethodto

minimizeaccum ulationofcadmitm Sopercolationpattem canevaluatethesoil

dressingtechmiquefortheeffectonCdpollutionongrow血,yieldsandaccumulationof
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Cdineverypartofriceplants.
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Chapter8:Futureresearchplan

+ ThepercohtionpattemcanbeevaluatedwitharsemiC,Zinc,Nickel,Cobaltand

copperpollutedsoil･

+ ThewheatplarLtandvarious kindsofvegetablescanbeoperatedwith

percolationpattem.

+ Thepercolationpattemcanbeevaluatedwith25,30and40cmsoildresslng.

+ Thepercolationpattemcanbeoperatedwithvariousconcentrationofcadmium

(5,10,15mgkg)corLtentinpollutedsoil.

+ Thepercolationmodelcanbeoperatedwiththegroundwaterlevelat15cm,20

cm,25cm,30cm,35cm,40cm,50cmand55cm.
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Iimtm,K.,1981.Metalstressinricêplants.JpnSci.Soc.Press,Tokyo,p.19.

Ishikum,T.andYamada,N.,1997.Diffemceincadmiumaccum ulationinhulledgralnS

ofpaddyriceam ongpositionintheear.SoilSci.Plant.Nutr.,68:629-633.

JSIDRE,2003.Techmiclatermsonimigation,drainageandreclam ation.Tkyo,Japan:

p.63.

Jarup,L.,2003.Hazardsofheavymetalscontaminadon.Br.Med.Bull.,68:167-182.
～

Jarvis,S.C.,Jones,LH.P.,Hopper,M.J.,1976.Cadmium uptake丘omsolutionsby

plantsanditstransportfromrootstoshoots,PlantandSoil,44:1791191.

Kawada,T.,Suzuki,S.,1998.Areviewonthecadmiumcontentofrice,dailycadmium

intakeandacctmulationinthekidneys.J.Occup.Health,40:264-269.

Kobayashi,J.,1978,Pollutionbycadmiumandtheitai-itaidiseaselnjapan,h:Oehme,

F.W.Pd),Toxicityofheavymetalsintheenvironment,part1,MarcelDekker,New

Ybrk.

Kohnke,H.,1968.Soilphysics,McGrawIHillbookcompany,NewYork,pp.67.

Kuo,S.,McNeal,B.L.,1984.EffectsofpHandphosphate oncadmitm sorpt10nby

hydrousferricoxide,Soil Sci.Soc.,Am e.J.,48:1040-1044.

107



Lockwood,M.P.,1976.EffectsofpolldantsonaquaticOrganisms.Cambridge

UniversityPress,NewYわrk.

MAFF.,1979a.TheministeryofAgriculture,ForestryandFisheriesofJapan･The

foundationofenvironmentalpaddy茄eldandinvestigationofpaddy丘eld,water

qualityandcropanalysismethod:Nationalconferenceofpaddyfieldpreservation.

pp.113-115.

MAFF.,1979b.TheministeryofAgriculture,ForestryandFisheriesofJapan.The

fToundationofenvironmentalpaddy丘eldandinvestigationofpaddy茄eld,water

qualityandcropanalysismethod:NationalconfTerenceofpaddyfieldpreservation.

pp.176.

MAFF.,2001.Themimistryofagriculture,forestryand茄sheriesofJapan:The

concernmentinformationofcadmium infood.httD://W .maff.20.jD/cd/index.html.

MOE.,2006.EnforcementstatusofagriCulturalLand-SoilpollutionPreventionLawin

2005丘scalyear.MOE,Japan,Availableat:仙p://www.env.go.jp/water/dojo/nouyo/jok

yo_h17.pdf.

McLaren,RG,2003.Micronutrientsandtoxicelements.In:､HandbookofProcesses

andModelingintheSoil-PlantSystem",eds.D.K Benbi,andR.Nieder.Food

ProductsPressandTheHaworthReferencePress,pp.589-625.

Morel,J.LandGuckert,A.,1983.InnuenceoflimitedsludgeonsoilorgamiCmatter

andsoilphysicalProperties.In:CATROUX,G(ed).Theinfluenceofsewagesludge

applicationonphysicalandbiologiCalpropertiesofsoilsIDordrecht-Holland:D･

Reidel,pp.25-42.

Morishita,T.,N.Fum oto,T.Yoshizawa,andK.Kagawa.,1987.VArietaldiffTerencesin

cadmiumlevelsofricegrainsofJapomica,Indica,Javamicaandhybridvarieties

producedinthesameplotofa丘eld.SoilScienceandPlantNutrition33:629-637･

Mukheljee,A.,Sharma,A.andTalukder,G.,1984.Effectsofcadmium oncellular

systeminhigherorganism.Thenucleus,27(1/2),121-139.

Nguyen,N.QandLe,H.B.,2005.HeavymetalpollutioninpaddysoilsnearHoChi

Minhcitycausedbywastewaterdischargeandtheinnuenceofcadmium onrice･

108



httD://academic.research.microso氏.com/Paper/6478307.asDX

Oliver,M.A.,1997.Soilandhum anhealth:areview.Eur.J.SoilSci.,48:573-592.

Ono,K.,GamO,M.andNakanishi,J.,2003.Factorsaffectingcadmium concentrationin

riceinJapaneasepaddy丘elds.Proc.of24thAm ualmeethg:NorthAm erica,the

societyofEnvironmentalToxicologyandChemistery(SETAC):PMNo.071.

Parker,D.R,Chaney,R.L andNorvell.,W.A.,1995.Chemicalequilibriummodels:

Applicationtoplantnutritionresearch.In'.ChemicalEquilibrium andReaction

Models",eds.R.a Loeppert,A.P.Schawab,andS.Goldberg.Madison,WI:Soil

ScienceSocietyofAm erica,Inc.,pp.169-200.

Qin,D.,Ming-xue,C.,Rong,Z.,Zhao-yun,C.,Zhi-wei,Z.,GuoISheng,S.,

Guang-ming,W,2009.CdToxicityandAccumulationinRicePlantsVarywith

SoilNitrogenStatusandTheirGenotypicDifferencecan bePartlyAttributedto

NitrogenUptakeCapacity,EIsevierBV.RiceScience,16:283-291.

Root,R.A.,Miller,R.J.,andKoeppe,D.E.,1975.Uptakeofcadmium anditstoxicity

andeffTectontheirontozincratioinhydrophomiCallygrown crop.Joumalof

EnvironmentalQuality,4:473-476.
1

Rosas,I.,Carbajal,M.E.,Gomez-Am oyo,S.,Belmont,R.andVillalogos-plrtrinl,

R.,1984.Cytogenetic effectson cadmium accum ulation on waterhyacinth

(EichomiacrassipeS).Environmentalresearch,33:386-395.

Sakurai,K.,Huanng,P.M.,1996.Influenceofpotassium chlorideondesorptlOnOf

cadmiumsorbedonhy血oxyaluminosilicate-monotmoriuonitecomplex,Soilscience

andplantnutrition,42:475-481.

SanitadiToppi,L･,Gabbrielli,R.,1999.Responsetocadmium in higherplants,

Environ.Exp.Bot.,41:105-130.

Sasaki,C.,1992･Onthedissolvedoxygencontentinseepagewaterofopenandclosed

systempercolationinastratifiedsoilcohm .Trams.JSIDRE.,159:65171.

Sasaki,C.,1993･CorrelationbetweenpercolationandsoilhorizondifrTerentiationina

stratinedsoilcolum modelofapaddyfieldwithvolcamicash.JSIDRE.,164:89-96.

109



Sasaki,C.,1994.hfluenceofapercolationpattem onelevationandeluviationsof

solubleionsinastrati丘edpaddy丘eldwithSandorgravelunderplowsole.Trams.

JSⅡ)RE.,172:9-16.

Sasaki,C.,1995.Studyonthepercolationpatternandtheirinfluencesonseveral

phenomenainalayerofpaddy丘eld.Bull.MiyagiAgri.Col.,8:1081111･

Sasaki,C.,Enari,K.,Koseki,K.andNakayama,M.,1998.Studyonremovalofsoluble

ionsinstrati丘edpaddyfieldmodelwithopensystempercolation.JSSP.,78:3-10.

Sasaki,C.,Inagaki,M.,Enari,KandKoseki,K.､2001.Influenceofpercolationpattem

ontheremovalofsolubleionsinastrab丘edpaddyfleldwithriceandgravelunder

theplowsole.REE.,41:78-89.

Shama,A.,Mukhadee,A.andTalukder,G.1985.ModeflCationofcadmium toxicityin

biologicalsystemsbyothermetals.Currentscience,54:539-549.

Steeland,K.andBoffetta,P.,2000.LeadandcancerinhumanS:wherearewenow?Am .

J.bd.Med.,38:295-299.

Sukthai,P.,SasakiC.,MatuyamaN.,TonouchiA.andNodaK.,2005.hfluenceof
ヽ

percolationpattem onremovalofsolubleelementsindow ardwaterand

cadmium transferusinga Stratifiedpaddyfieldmodel.J.Jpn.Soc.Soil

Phys.,101:17-26.

Suthersan,S.S.,2002.Phytoremiediation,in:Naturalandenhancedremediationsystem,

CRCpresshc.,Florida,pp.2391267.

Tabuchi,T.andHasegawa,S.,1995.Paddyfleldintheworld:Wellfacilitatedpaddy

丘eldsinJapan.JSⅡ)RE:pp.103-124.

Takenaga,H.,1995.Scienceofthericeplant.Nutrientabsorptioninrelationto

environmentalfactors.Tokyo,Japan.pp.2781294.

Toktmaga,K.andSasaki,C.,1990.Onan observationunsaturateddownwardwater

flowpenetratedwithatmospherefoundinthesubsoilofpaddyfieldlyinginthe

volcanicashsoilarea.JSIDRE.,58(2):65-71.

110



Vangronsveld,J.andCumi ngham,S.D･,1998･Introductiontotheconcepts,in:

JIVangronsveld,S.D.Cmi ngh am (Eds.),Metal-contaminatedsoils,Springer.,

Berlin,pp.1-15.

WHO,1992a.CadmiumEIrvironmentalHealthCriteria,Geneva.Vo1.,134.

WHO,1992b.LeadEnvironmentalHealthCriteria,Geneva.Vo1.,165.

Xian,X.,1989.EffectofchemiCalform ofcadmi um ,zincandleadinpollutedsoilon

theiruptakebycabbageplants,PlantSoil.,113:257-264.

Yamazaki,F.,1958.Researchontheverticallydownwardflowofwaterthrough 1ayered

soil.DateRec.Invest.,6.Tokyo,Japan:pp.1-30.

Yamada,N.,2007.Remediationofheavymeatalcontaminatedsoilsbysoildressingand

sustainabilityoftheremediationeffects,JpnJ.SoilSci,PlantNutr.,78:411-416.

Yujing,C.,Xuhong,Z.,Yongguan,Z.,2008.Doescopperreducecadmium uptakeby

differentricegenotypes?JoumalofEnvironmentalSciences.,20:332-338.

ilHl




