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itssocio－Culturalbackgroundandenvironmental  

CharaCteristics．Therelativelywetclimatedomiq  

natedbymonsoonprovidesthecountrywithcon－  

Siderable缶・eShwatersupplies．Thegeneralreliaq  

bilityoftheprecIPltationpattern，COuPledwith  

Japan，sextensivenetworkofriversisusedfor  

irrigation，makepossibleextensivewet－riceculti－  

Vation．Forthelasttwodecades，thecountryhas  

beenp？ylngmuChattentionforitswaterresource  

managementaswellasonagncultureandenvi－  

ronmentalaspects．However，SOmenaturaland  

man－madeagro－enVironmentaldisastersassoci－  
atedwithwater（useandquality），1and（useand  

management），agrO－eCOSyStem，agrO－biodiversity，  

globalwarmlngetC．Stillremainasma］OrPrOb－  

1emstobesoIved．Thispaperreviewssomem叫Or  

agro－enVironmentalissuesinrelationto water  

resourcesmanagementinJapan・Themainobjec－  
tivesofthepaperaretO：  

Ointroduce the present status of water   
resources，SuChasprecIPitation，rivers＆   

1akes，WaterWithdrawalrateinJapan；  

O Reviewthelinkagesbetweenwaterandsome   
maJOragrO－enVironmentalissues，SuChasnon   

POlntSOurCePOllution，SOilerosion，eCOSyS－   

temandbiodiverslty；  

O High1ightacasestudyinsouthernpartof   
J叩an；  

00utlinelimitationsandanalyzefutdretrends   
Ofwaterresourcesandtheirrelationtoagro－   

environmentecosystemfromlocalperspec－  

tive．  

The丘rsthalfofthetextofthisreviewpaper  
iscomposedoftheinfbrmationanddataavailable  

inrecentpublications，Whilethesecondhalf  

describesacasestudyandanalyticalcomments．   

ABSTRACT  

AlthoughJapaniswellknownasanindus－  

trializedcountryratherthananagnCulturalone，  

agrlCultureistreatedasaverylmPOrtantSeCtOr  

foritsculturalandenvironmentalperspectives．  

Only15％ofJapanTslandissuitablefbrcultiva－  
tion，buttheagriculturaleconomyishighlysubsi－  

dizedandprotected．Withperunitareacrop  

yieldsamOngthehighestintheworld，agriculture  

SeCtOrStilldominatesthemqorpartofwateruse  

（65％）inJapanfollowedbydomesticandindus－  
trialuses（20％and15％respectively）．Likemany  

OthermonsoonAsianCOuntries，riceisthestaple  

foodinJapan，andpaddy瓜eldsandterracesare  

Oftenreferredtoas thecountry’sculturaland  
environmentalindicators．Thispaperoutlinesthe  

conditionofwaterresourcesandtheirrelationsto  

SOmemqOragrO－enVironmentalissuesinJapan・  
KeyWords：WateruSe，WaterPOllution，Surface  

runoff，agrO－enVironment，agrO－  

ecosystem  

INTRODUCTION  

Agricultureplaysaslgnificantroleinthe  

WOrldinachieving sustainable development  

becauseofitsimportanCetOfoodsupplyandthe  

socialstructure ofruralareas，aS Wellasits  

impactonnatureandtheenvironment・Depending  
Ontheregion／country，thesedifftrentaspectsare  

Weighteddifftrently・AsfbrJapan，thecountry’s  

agriculture，althoughatinybutoftentermedasan  

outstandingcontributingsectortothecountry’s  
economy（1．5％ofGDP），ischaracterizedby  

highproductionandsecuredsubsidiesbecauseof  
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totheriversystem．Wherelandsubsidence，Saline  

intrusionandexcessivelowerlngOfthewater  

tablehaveoccurred，grOundwaterusehasbeen  

restrictedtoasafeyieldbyapplyinglegalregula－  

tions and ordinances to criticalareas．The total  

annualrenewablewaterresourcesareestimatedat  

430km3／year．  

Morethan6001akesarescatteredamOngthe  

seaside districts and the voIcanic zones．The  

mqjorlakesinthecountryare：  

● Biwalake，Whichliesinthein1andbasinnear   

KyotoincentraトwestHonshuwithanareaOf  
674km＿andawatervolumeof27．5km3；  

●Kasumigauralake，Whichisclosetothe   
mouthoftheTone－gaWainwithanareaof   

220km3andawatervolumeofO．848km3；  

●Inawashirolake，Whichisalakecreatedafter   
avoIcaniceruPt10ninnorthwestHonshuwith  

anareaOflO4．8km3and a watervolume of  

3．86km3．  

ThehistoryofdamsandreservOirsinJapan  
dates backmany centuries，andanumberof  

anCientearthendamsaresti11usedforpaddyi汀i－  
gation．Sincethe1920s，teChnologicaladvances  

haveled to the construCtion ofdams and weirs  

Withmoderndesigns，andthesehavecontributed  

mainlytoimigationdevelopmentandhydropower  

generation．TheconstruCtionoflarge－SCalemulti－  

PurPOSedamsincludingfloodcontrolbeganin  

the1950stomeetincreaslngWaterdemandfor  

munlCIPalandindustrialuseaswellasirrigation．  

In1993，therewere2，556damSOVer15mhighin  

Serviceforwatersupply，hydropowergeneration  

andfloodcontrol，foratotaleffectivestorage  

CaPaCltyOf16．5km3．Inaddition，587damsunder  

COnStruCtionatthattimewereplannedtoprovide  

7・7km3・Thetotalstoragecapacityofal1these  
damsisabout29km3．A1990surveyShowedthat  

anOther4．8km3wereprovidedbysmalldamS．In  

1996，theinstal1edcapacltyOfallpowerplantsin  

OPerationwas226，994MW，Ofwhich21，171  

MWor19percentwashydropower．  

ⅥねterUseinAgriculture：Agricultureholds  

them年jorpartofwateruseinJapan（65％ofthe  
totalwaterwithdrawal）．Ⅵねterforfl00dedrice  

Paddyfieldsandfishculturecompnsesmostof  

Japan’sagriculturalwateruse．Wateruseforagn－  

Culturehasrecentlybeenflatnationwide，Witha   

CIJIMATEANDGEOGRAPHICAL  
FACTORS   

JapanconsistsofagreatstrlngOfislandsin  

anortheasトSOuthwest arc that stretches for  
approximately2，400kmthroughthewestern  

PaciBcOcean．Thecountryhasatotallandarea  

of377，887squarekm・Nearlythisentireareais  

takenupbythecountry，sfourmainislands；h・Om  

north to souththese are Hokkaido，Hon．shu，  
Shikoku，andKyushu・HonshuisthelargeStOfthe  

fbur，fbllowedinsizebyHokkaido，Kyushu，and  

Shikoku．Inaddition，therearenumeroussmaller  

islands，themaJOrgrOuPS Ofwhich arethe  

Ryukyu（NanSei）Islands（includingtheislandof  
Okinawa）tothesouthandwestofKyushuand  

theIzu，Bonin（Ogasawara），andVblcano（Kazan）  

islaJlds to the southand eastofcentralHonshu．  

About70－80％ofthecountrylSmOuntainous・  
Themean annualprecIPltationisl，740mm  

（approx．），rangingh．om800mm（approx・）inthe  

northofHokkaidoIslandto3，600mm（approx．）  

inthesouthofthecountry．MostpartsofJapan  

arewithintheNorthTbmperateZonewithfour  

SeaSOnSayear．ThoughJapanwouldappearto  

haveplentifulwaterresources，itis so densely  

POPulatedthattheannualamountofpercapita  

rainwateris only5，100m3whichis aboutone－  

fourth ofthe world annualaverage（22，000  

m3／capita）．Moreover，this amountvariessignifi－  

Cantlywithareaandtime．  

WERRESOURCESINJAPAN   

Rivers，LakesandReservoirs：InJapan，there  

aremorethan2，700riverbasins．Amongthem，  

109riversaredesignatedasbeingmanagedby  

thecentralgovernmentinprlnCiplebecauseof  

theirm叫OrimportanCetOtheeconomyandtothe  
PrOteCtionoftheenvironment．The catchment  

areaOftheseClassAriverscoversabout239，900  

km3．Class B rivers consist ofthe other rivers  

Whicharemanagedatlocallevel（prefbcturegov－  
ernmentlevel）．Averagesurfacewaterresources  

areestimatedat420km3／year．There are247  

freshwateraquifersunderlyingatotalareaof  

69，130km3．Tberenewablepotentialofground－  

WaterreSOurCeSisestimatedatabout27kmソyear，  

thoughbecauseofthesteepslopes，aSlgmi茄cant  

Part（estimatedat17km3hTear）probablyreturnS  
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importanttOmaintaindifftrentrelatedagro－enVi－  

ronmentalcomponents．   

Inthissection，theauthorwillfbcusanddis－  

CuSSSOmemaJOragrO－enVironmentalproblems  

associatedwithwaterresourcemanagement，  

namelynonpointsourcepollution打omagricul－  
turalfields，rainfallerosion andits effect on  

aquaticecosystemandbiodiversltylnSOuthpart  

Ofthecountry．   

NonPointSourcePollution：Waterqualityis  

maJOrenVironmentalissue・Japan’saquaticenvi－  

ronmenthasimprovedsigni且cantlyoverthelast  
fewdecades，aSindustrialwaterpollutionwas  

Sharplycurtailed．However，theenvironmental  

qualitystandardsfororganicwaterpollutionare  

Stillnotbeingmetinabout30％ofJapan’stotal  
Waterarea．Pollution丘omnonpolntSOurCeSis  

OneOftheslnglelargestremainlngSOurCeSOf  

WaterqualityimpalrmentSinJapan．Agricultureis  

am年】OrSOurCeOfseveralnonpointsourcepollu－  
tantsincludingnutrients，Sediment，PeSticides，  

andsaltsthatdeterioratethewaterqualityln  

riversandoceans，CauSeeutrOPhicationinlakes  

andreservOirs．  

AlthoughinJapan，thereisnogenerallaw  

encompasslnga11aspectsofwaterresourcesman－  

agement，however，SPeCific aspectsrelatedto  

WaterreSOurCeSmanagementareregulatedbyleg－  

islations such asⅥねter Pollution ControILaw  

（updatedaslof1996），theRiverlaw（updatedas  

Of1997），theLandImprovementLaw（updatedas  

Of2001），theⅥねterResourcesDevelopmentLaw  

（updatedasof1983）etc．Suchlawshavebeen  

efftctivetosoIveaspecinclandandwaterpo11u－  

tionproblem．Butwhendifftrenttypesofpollu－  

tantSCOme丘omdifferentnonspeCincsitesespe－  
Cia11ywherefarmersandnonqfarmersliving  

alongsideeachotherinagrlCulturalandrural  

COmmunities，itbecomes ahardjobto soIve，  

PraCtica11y・  

ScientistsinJapanhaverecentlysuggested  

approachesandmodelsforproperwatershed  

managementtOreducethenonpointefnuentsto  

therivers andlakes．Katoetal（2004）assessed  

thenonpointout且owloadstoKasumlgauralake  
forthepastlOyears，anddevelopedamaterial  

CyCleevaluatlngSyStemthatcouldreducethe  

totalnitrogenloadto thelakeup to40％・  
Funakawaetal（2004）developedan0therwater   

Slightdecreaseinricepaddyimigationoffsetby  

anincreaseinirrigationfbrothercrops・Imigation  

Ofricepaddies，WhichtakesupthelargeStPOrtion  

Ofagnculturalwaterusage，droppedonlyslightly，  

insplteOfdecreasedricepaddyacreage，Partly  

becauseoftheincreasedwateruseperumitareain  

Paddiesandthelowerrateofrecyclingduetothe  

digglngOfseparatecanalsforirrlgationand  

drainage．Demandforwaterinricepaddiesis  

Seenfrommid－AprilthroughSeptember，With  

PeaksduringtillagebeforethecropIStranS－  

Planted，andinthe season aftermidsummer  

drainage．Wateruseduringtillageinparticular，  

hasrisenrecently．Thereisasmalldemandfor  

Waterduring seasons otherthantheonesmen－  

tionedabove，forsecondarycrop farmlng and  

CrOPrOtation・Irrigationforothertypesofcropsis  

expectedtocontinuetoincreasebecausethearea  

landwithaccesstoimigationisincreaslngandin  

manyCaSeS，agriculturalchemicalsandftrtilizers  

aremixedwiththewaterthatisusedtoirrigate  

these且elds．ThesupplyorwatertogreenJlOuSeS  

Particularly，hasincreasedsteadilyinrecentyearS，  

andtheirgrowlngPOPularityhasincreasedthe  

demandforwaterinwinter．  

ⅥねterusageinlivestockfarminglSeXPeCted  
tocontinuetoincreasebecauseofthegrowthin  

thenumberoflivestock．Aquacultureis also  

growlng，althoughitaccountsfbrasma11portion  

Ofallagriculturalland．Waterculture，Whichisa  

fbrmOfliquidculture，isthemainformofliquid  

Cultureintermstotalarea．Irrigationchannels  

havetraditionallyservedseverAlfunctionsin  
agriculturalareas，SuChassupplyingwaterto  

WaShcropsandagrlCulturalmachinery，firepro－  

tectionandpreservationoftheruralenvironment・  
Tbmaintainandpromotetheuseofsuchfunc－  

tions，Various approaches arebeingtakeninthe  

improvementofirrlgationchannels，including  

COnStruCtionofrecreationalareaS，Withtreesand  

Shrubsplantedalongimigationchannels．  

MAJOR ISSUES CONCERNrNG 
WERANDAGROEmONMENT  

Asit could be understood血・Om the above  

information also，tOmaintain the standardof  

quality，tOSeCuretherequiredquantity，andto  

manageSuChavastamOuntOffreshwaterusedin  

agriculturalpurposesinsustainablewaysareVery  
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andtraditionalbackgrounds（MatsumotoandRoy，  

2004）．The situationremindsthenecessityof  

doingmoreresearChesthatcouldbeacceptedby  

thelocalfarmers．hotherwords，Whileplannlng  

aresearCh，aPre－ftasibilitystudyisamustwhere  

localfarmerS’opiniongetspr10rlty・   

Agro－EcosystemandBiodiversity：Especially，  

inJapan，COnServationofbiodiversltyandecosys－  

temsinagnc111turehasbeenanimportantissuein  

agnculturalandenvironmentalpolicysince1999，  

WhenachangedagrlCulturalfbundationlawstim－  

ulatedprogressbytheJapanesegovernmentand  
EU（EuropeanUnion）・Ricepaddyfieldsecosys－  
temistreatedasthemostimportantagro－eCOSyS－  
temandbiodiversltyindicatorinJapan．Accord－  

1ngtOtheliteraturebefore，about2，000speCiesof  

Plantsandanimalsassociatedwithricepaddy  

fields have been recordedinJapan（Hidaka  

1998）．Thisbiodiversityinspeciesrichnesscan  

beregardedasageneralcharaCteristicintherice  

Paddyecosystem．Kobayashietal（1973）exam－  

inedindetailthebiodiversltyOfarthropodsuslng  

SWeePlngmethodsinricepaddiesofseveralsites  

ofTbkushimaPrefbcturein thelate1950s．More  

than450speciesofinsects，SPiders，andmites  

WerereCOrded．Kasahara（1947）examinedalist  

Ofricepaddyweedspecimensin25preftctures  

OVerJapanandrecorded174plantspecies・How－  
ever，nOWadays，ifwehadachancetoexamine  

arthropodfaunainthesamefields，itmightbe  

difnculttoco11ectaclosednumberofspeciesin  

ricepaddiessuchasinthe1950s（Hidaka2004）・  
Suchadecreaslngtendencyofdifferentnatural  

habitatsandspeciesinthericeneldecosystemin  

Japanisapparentlyderivedfromrapidurbaniza－  

tion，Steadyproductionlevelmaintenanceetc・  

qualitymodelbasedonthestudyofnonpoint  

e仔1uentstoBiwalakeandNodaLagoon．rrhdaet  

al（2006）revieweddifftrentmodelstoestimate  
theefnuentloads丘omwatershed，andfbcusedon  

theuncertainties ofhinderednonpointsources・  
Accordingtothewaterqualityresearchersin  

Japanincludinglもda（2006），amOdelbasedo統一  

Cialprogram，forexample，theTMDL（Total  

DailyMaximumLoad）programinUSA，WOuld  

be efftctive to reducethe e用しuents from water－  

Shedstothe waterbasins．   

SoilErosion：Theoutflowoftopsoilfromthe  

farmlandsmainlydueto waterandwindare  

termedas soilerosioninagriculture．InJapan，  

SOilerosionhasnotbeenaseriousproblemfor  

thelastfewdecadesexceptsomeparts ofthe  

COuntry．NorthernPartSincludingHokkaidoand  

Northeastregion（Tbhokuregion）arelittlevul－  
nerabletowinderosionfollowedbywaterero－  

Sion．However，Sincethecountryhasnotadis－  

tinctdryseasonandmostofthefarmlandsare  

Wellreclaimed，WinderosioninJapanisanissue  

Ofmerelylocalimportance．Rather，WatererOSion  

CauSedbyrainfallhasbeenalongtimeproblem  

（since1972）inthesouthpart（OkinawaIsland）of  

Japan・Theisland，sannualrainfa11amountsmuch  

higherthanthecountry’saverageannualrainfall・  

Moreover，farm1andsoils（KunigamiMaji，ShiN  

majiriM再i，Kutchaetc．）aremostlyclayey，and  

SOVulnerabletoerosion．Inaddition，PlneaPPle  

andsugarCanearethecommoncropscultivatedas  

themaincashcropsintheisland．Boththese  

CrOPPingfields are，bytheirnature（ridgedand  

furrowed），SuSCePtibletoerosion．Inpastyears，  

manyresearChes（Onagaetal1978－1984，Giboet  

al1984）havebeencarriedoutthatencouraged  

thelocalgovemmenttOintroduceapolicynamed  

‘Red soilpollutionmonitoring’in1985．Till  

today，themonitoringsystemisinprogress，but  

achieved alittleinpractice．Furtherresearch  

WOrks weredonebyresearchers（Onagaeta1  

1990，Giboetal1994，Kusakaeta11998，Yoshi－  

nagaeta12000）to伍ndoutdifftrenttechnologies  
to prevent soilerosion from farmlands．  

ResearchesarestillgolngOnthissu切ectbutifwe  
lookatthehistoryandthepresentstatus ofred  

SOilerosioninOkinawa，reSearChers’suggestions  

havenotalwayswelcomedbythelocalfarmerS  

becauseofmanylocallyorientedsocio－Cultural  

ENVIRONMENTALDEGRAI）A  
TION BY SURFACE RUNOFF  
－ACaseStudyinOkinawaIsland－  

OkinawaisJapan’ssouthernmOStPreftcture  
and consists ofhundreds ofislandsin a chain  

OVerl，000kmlongwhereOkinawaIslandisthe  

largeStOne．OkinawahasahumidsubtropICalcli－  

mate，Withanannualrainfallranglngfrom2，000  

to2，500mm．TherainfallerosIVltylSVeryhigh  

andthedominantsoils（commonlytermedasred  

SOil）arehighlyerodiblethatcausesthelossof  
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nawa・ThesurveyreSulthelpedtheauthorandhis  
researchgrouptomakeadecisiontograspthe  

PreSentCOnditionofconservationworksinOki－  

nawa’sfarm1andsandsearch氏）rPOSSiblelocally  

fittedmaterials・Inmostofthesugarcaneand  
PlneaPPle鋭elds，farmerSuSetheplantresiduesas  

Organicmulch．Thispracticehelpstomaintainthe  

SOilmoistureaswellastominimizetheraindrop  

effbctto someextent．Butwhenheavyandcon－  

Centratedrainfalloccurs，themulchingmaterials  

themselves also washed out from the fields．  

Therefbre，WhileplannlngtheresearChandexper－  

iments，theauthortargetedto鎖ndoutmoreefB－  

Cientwaystousetheplantresidues sothatit  

COuldbeacontributingfactortoimprovethesoil  

StruCture（likehumus）thatacceleratesinnltration  

rate．Discardedfiredpotteries，aCOmmOntradi－  

tionalitem，Werealsousedasexperimentalmate－  

rials・Thematerialswereprocessedintheauthor’s  

lab．Theprocessedmaterialswerethenmixedin  

different ratios with the sampled red soil  

（KunigamiMajisoil），andputthem（Onlysugar－  

CanereSidue－mixedsamples）inanartificial  
atmosphericchamber（Fig．1）・Thetemperature  

andthehumidityoftheartificialatmospheric  

chamber were鎖Ⅹedto that ofOkinawa，s condi－  

tion．In short，the materials（SugarCanePlant  

residues andfiredpotteries）weregrindedbya  

Smal1grinder，andthenmixedthemwithdifftrent  

ratios（SOil：mixedmaterial）．Thenthemixedsoil  

SamPleswereplacedintheartincialchamberfbr  

lmonth，2months，3months and4months．  

Observationswerecamiedoutregularlyandcol－  

umntests（Fig．2）wereperformedbyusingthe  

treatedsoilsamples・Thechangesinorganicmat－  
tercontent（％），thicknessofcruSt（mm），POrOSity  

（％），SOilaggregation，andhydraulicconductivity  

（Cm／s）weremeasuredfbreachsoilsample・From  
theresult，the best conditionto usethelocal  

materialswasdetermined．Theresults（Fig．3and  

4∴hbleland2）oftheexperimentsindicatethat  
asmallamountofgrinded sugarcaneplant  

residues mixed withthe red soilcouldincrease  

theinfiltrationratethatcouldresultadecreaseof  

surfacerunoff．Suchatreatmentcaneasilybe  

Performed under naturalconditionin any  

Okinawa’sfarmlandjustlikemakingaholeat  
one cornerofthefieldandputthegrinded  

residuesinsideit．Itis noted here that while  

applyingtheresulttothepracticalfarmlandsin  

Valuabletopsoilffomthefarmlands aswellas  

makingtheoceanwaterpolluted・Mostofthered  
SOilparticles（mostlysiltandclay）carriedtothe  

Seabyriversandorcanalsaredepositedonsemi  

enclosedreefmoatsadjacenttothecoast，and  

Oftentheredsoilisrepetitivelystiuedupbytur－  

bulenceinducedbytyphoonsandmonsoons，The  

Waterthenbecomescloudyandthesoilisdistrib－  

utedoverthereefsandcausedecay．Thedeteri0－  

rationofthecoralreefalongwith0theraquatic  

SPeCiesenvironmentasaresultofeutrophication  

andpollutionfromincreaslngSedimentationhas  

alreadybeenreported．Coralreefs，Whichoffer  

sheltertosmallreefanimalsintheirthree－dimenp  

Sionalspaces，areSaidtoholdthelargestnumber  

OfspeciesperunitareaOnearth・So，Whencorals  

die out and the three－dimensionalspace  

decreases，eVentua11ythe numbers offishand  

Otherorganisms alsodecrease・Thecentraland  
localgovemmentOfBceshaveintroducedseveral  

techniquessuchasestablishmentofgreenbelt，  

infiltrationtank，Sedimentationtank，underground  

drainageetc．andusesofdifEtrentsoilimprovers，  

COagulants，mulchesetc．，aSWellasevaluation  

andmonitorlngSyStemfbrmeasurmgredsoilout－  

flow．However，thingsarenOtgOlngSatisfactoriIy  

asexpected．Thereasonisthatalotoflocalfac－  

torsotherthantechnologicalaspectsareinvoIved  

intheredsoilerosionprocessinOkinawa・But  
Onethingwhatfarmersandpolicymakersagree  

isthat－’nottoletthesoilgooutofthe且eldsis  
thebestwaytoovercomethesituation’．  

Forthelastfewyears，theauthorhasbeen  

CarrylngOutfield surveys andexperimentsin  

SOmePartSinOkinawatofindoutsometech－  

nologiesthatcouldbeacceptedbythelocalfarm－  

ers．In this section，the authorwillintroduce a  

CaSeStudyresulttoimprovethehydrauliccon－  

ductlVltyofredsoilwhiletreatedwithdifftrent  

WaSte materials．As also mentionedinthe above  

SeCtion ofsoilerosion，mOStOfthe Okinawa’s  

farmlandsoils are clayey and siltywithpoor  

hydraulicconductivity．Whenraindropsstrikethe  

Surface，thesurfacesoilcreatesacruStWhichalso  

hamperstheinfiltration．As aresult，Surface  

runofftakes away thetopsoiloutofthefield．  

Therefbre，tOincreasetheinfiltrationrate would  

helptodecreasethesuI免CerunOff．Apreliminary  

SurVeyWaSCamiedouttogetanideaaboutthe  

teclmologyextensionamOngthefarmersinOki－  
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ernmentPOliciesandlawsthatcouldassessand  

PreVentthenonpointefnuentsfromanyParticu－  

1arspotmoree仇ciently・  

AsfbrsoilerosionprobleminOkinawa，1ess  

Pre－feasibilitystudieswere carriedoutonthe  

localfarmerS’attitudebeforeintroducingtech－  

nologleStOPreVentfarmlands fromsoi1loss・  
AgricultureandfarmlngWOrksarelabor－inten－  
Sive．InOkinawa，mOStOfthefarmerspreferto  

PrOducesugarcanesandpineapplesbecausethe  

landsaresuitableforthatcrops as we11asthe  

farmlngOPerations，landmanagementareless  

laborintensive．Inaddition，nOOthermqoralter－  

nativecropshavebeenprovedmoreeconomiq  

Ca11yftasiblethere．Replacingtheexistingtradi－  

tionalfarmingsystem／cropsbyonlyatechnolog－  
ically－betterwaylSmOStlyimpracticalinOki－  
nawa．Therefore，tOeXtendanynewmethodto  

thefarmers，locally餌tedresearchworksshould  

beglVenPnOrity．  

Therearemanyreportsandmedia－neWSOn  

therecentfbodhabitchangeofyoungJapaneSe．  

Wtstemfbods，fast－fbodsthatnotessentia11yuse  

ricematerialsaregettingpopularandthecon－  

SumPtionofJapanesericeisgettinglowgradu－  

ally．Moreover，yOunggenerationislosingfasci－  

nationtoagriculturalworks．Naturally，thepaddy  

fieldareais showlngadecliningtendencyln  

recentyears・Laborshortageis so acute that  
JapaneseGovernmentisconsideringtoimport  

foreignlaborsforagriculturalworks（AsiaTimes，  

Dec3，2003）．InJapan，Wherericepaddy鮎1dis  

themainindicatorofagro－enVironmentand  

ecosystem，Paddy－lessJapanwillbringmanynew  

environmentalproblems．  

Besides，therearesomeotherproblemsasso－  

Ciatedwithwaterandagro－enVironmentsti11  

remain to be soIved，SuCh as construction of  

dams，land consolidation，riverhead works，  

globalwarmlngetC．WheneveranyOfthesetech－  

nicalmattersbecomesaprobleminanylocality，  

andfbcusedinthemassmedia，ratherthantech－  

nical，manySOCio－C111tural，POliticalandtradi－  

tionalfactorsareintheheadlines．So，Whynot  

such factors should be considered at the basic  

StageWhileplannlnganddesignlngateClm0logl－  

Cal叩prOaCh？  

Finally，itisfactthateveryshortofeco－  

environmentalproblemsassociatedwithwater  

andagriculturecannOtbeeradicatedcompletely  

Okinawa，amaChinetoperformthegrinding  

OPerationinlargescalehastobedesigned・  

CONCLUSIONS  

WhenmanyOftheAsiancountriesarestill  

Strugglingtoprovidethebasicneedstotheirpeo－  

Ple，factorssuchaspopulation，POVerty，educaN  

tion，teChnologyarenotissuesinJapan・The  

JapaneSeGovemmentanditsMinistriesaredoing  

alot ofresearchandextension works withinthe  

COuntryandprovidingvariousmaterials，incen－  

tivesandprogramStOhelppeopleunderstandthe  

CurrentStateOftheagro－enVironmentandwater  

resource・Japanisoneofthemostleadingcoun－  
triesintheworldnowtohandletheenvironment  

andwaterproblems・ThecountryhostedtheMin－  
isterialConference，Onthe occasionofthe3rd  

WorldWaterForum，in2003．‘KyotoProtocol’  

WaShighlyappraisedbytheenvironmentlovers  

throughouttheworld・Evenafterthat，thespeed  

toeradicatetheexistlngandremalnlngtaSksas  

SOme mentionedinthis review paperis not  

notablyrapidas andwhencomparedwiththe  

sametotheindustrializationandeconomicdevel－  

OPmentOfthecountry・Why？Asto・theauthor，s  

OPlnion，manyOtherfactorssuchas socio－Cul－  

tural，traditional，after－effects ofmodernization  

etc．arecorrelatedwiththeresourcemanagement  

andenvironmentalaspeCtS．Someofthemare  

COnCludedhere．  

Recently（2003），JapanGovernmentadopted  

apolicytoestablishasoundhydrologicalcycle  

Viavarious fields such as forests，agrlCultura1  

1and，rivers，Water－SuPPlyandseweragesystems，  

etc．Fiveministries（MinistryofHealth；Minlstry  
OfAgriculture；MinistryofEconomy；Ministryof  
Land，andMinistryofEnvironment）havebeen  

engaglnglnCOnSultativemeetingsinorderto  

Sharerelatedinformationandpromotedelibera－  

tiononcomprehensivemeasures・TheGuideline  
forEstablishmentofSoundWaterCycle（2003）  
hasbeendevelopedtoclarifythebasicdirection  

Ofidentifyingthefactorsthatcausewater－related  

issuesbyevaluatlngtheoverallwatercycle，and  

dealingwiththeproblem．ThepolicylSundoubt－  

edlyagoodstep．But，aSalsosuggestedbymany  

researChersinJapan，Stillnoefficientmodelor  

PrOgramlikeTMDL（TotalMaximumDaily  

Load）program（inUSA）wasincludedinthegov－  
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（100％）sincethetotalecosystemisincorporated  
Withmanyknownandunknownsubeco－SyStemS  

andfactors．Butinahighlydevelopedcountry  

likeJapanWheregovernmentandpeoplearecare－  

fu1，reSOurCemanagementandmaintenanceof  

eco－enVironmentcanbe achievedtothebest．  
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FiguresandTablesinthispageshowtheexperimentresultsasstatedinthesection：  

「EⅣⅥRONMENTALDEGRADATIONBYSURFACERUNOFF  
－ACaseStudyinOkinawaIsland－」  

Fig．1Art消cialAtmosphericChamber  Fig．2日ydrauJjcConductivityTestApparatus  
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TablelOrganicMatterinTreatedSoil  

Sugarcaneresidues   OMC（％）   

2 monthstreatment   6．62   

3 monthstreatment   6．63   

4 monthstreatment   7．56   
Control  2months  3months  4months  

Treatment  

Fig．3ComparisonofPorosity（％）  
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； Tab［e2CrustFormationinEachSamp［e  

Sample   Thickness（mm）   

Control   3．4   

Sugarcane（non～treated）   2．5   

Sugarcane（2monthstreated）   1．5   

Sugarcane（3monthstreated）   1．6   

Sugarcane（4monthstreated）   1．5   

Firedpotteries（0．2～2mm）   2．1   

Firedpotteries（2～4mm）   2．5   

二 

二 ー‾ l   

ニーニ 
l   

＿ニー三ご－七三二   

Fig・4ComparisonofHydraulicConductivity（Cm／s）  

★when，hydraulicconductivityk＝a」10－4（Darcy’sLaw）   
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agriculturalsector？  

Answer：Thehigh－energyCOnSumPtlOn，large  

number ofvehicles，airconditioners and other  

largeindustries combinedtogetherresultinthe  

aggravationoftheglobalwarmlng．  

Question：Arethe丘ndingsinyourresearchbeing  
easilyappliedinthefield？  

Answer：AsaresearCher，WhatIcandoisthatto  

doexperiments，CarryOutSurveyS，designacom－  

Pleteandintegratedapproachand鋭nallysubmit  
ittothelocaladmimistratororstartownenterpnse  

inthelocality．Ⅰthinktheywillconsiderit．  

Question：CouldyousuggestthewaystosoIve  

WaterreSOurCeSPrOblemsinBangladesh（your  

motherland）sinceyouworkinJapanforsomany  

years？  

Answer：Yes，Iam doing works on water  

resourcesproblem（Arsenicingroundwater，SOil  

andcrops）inBangladeshbythesupportofthe  

Japanesegovernment．Mypresentatmosphere，  

helpmealottoseeBangladeshandJapan’senvi－  
ronmentalproblemwithacomparativeviewof  

mind．  

Question：Non－POintpollutionisabigconcem；  
doyouthinkorganicfarmlngShouldbepracticed  

extensivelyinJapan？Whatistherecentpercent－  
ageoftheuseoforganic蝕mling？  
Answer：OrgamicfarminglSinpracticeandget－  
tingpopular．Buttheprice（riceinparticular）is  

higherthantheinorganicrice・Ifthepncewillbe  
thesameIhopeandIthinkthatwillbemorepop－  

ular．  

Question：Do you thinkcontinuous contour  

trenchinglSmOreefftctiveinreducingsoilero－  

SionconsideringundulatingtopographyinJ叩an？  
Answer：Likecontourtrenching，manyOther  

techniquesstillexistinOkinawa・Likesedimen－  
tationtank，infiltrationtanketc．Butthere are  

problemsstill，thereasonisrelatednotwiththe  

reservOirtypebutitisrelatedwithsoilparticles  

thateasilydisperseinthewaterandhardtobe  

Sedimented．  

JAPAN：DISCUSSION   

Comment：TMDLtypeapproachtowatershed  

managementappliedtoJapanmaybehelpfu1  

glVenthenumeroussmallreservOirs．  

Question／Comment：Ⅵ屯havefbundthatsome  
educationthroughdemonstrationmaybeusefu1  

fbrgrowersinthewatershedwithrespecttoero－  

SlOn．  

An＄Wer：Ialsothinkso・Iwi11checkitupif  
therewere／aresuchprogramsintheareawhere  

erosionhasbeenaproblem（Okinawapreftcture）．  

Question：Whatisthelocaltoregionaltocoun－  
trywidewaterregulationsystem？Aretheycom－  
Patible，COmPlimentaryorconflicting？  

Answer：Localgovernment（city，Prefecture）  

dealsdirectlywiththelocalfarmers（individual，  

COmmunities）．Thelocalgovernmenttries to  

SOIveitlocally，ifit（waterresourceoriented  

PrOblem）isalocalone．But，iftheproblemcan－  

notbesoIvedlocally，itwi11betakentotheCen一  

打algovernment．  

Question／Comment：WbincorporateOMinto  
thesoiltorestorethesoil鎖rstthatistoimprove  
aggregatestability andinfiltrationratesas a  

meanSOfdecreaslngerOSion．  

Answer：OMisalsoincorporatedinJapanbutas  

indicatorofwaterquality・  

Question：Doyouthinkpaddyproductionis  

decreaslngduetothechoiceoftheconsumersor  

duetowaterenvironmentalproblems？  

Answer：DecreaseinpaddyareaSislaresultof  

thechangesinthefbodhabitoftheyounggener－  

ationofJapaneSe．Riceconsumptionisdecreas－  

1ngintherecentyears，SOaSareSultfarmerSare  

gettlngdiscouragedtoenlargetheirpaddynelds  

sincethereislowdemandfbrrice．  

Question：Whateffectivemeasuresaretaking  

PlaceinJapantoreducesoilerosionbywater？  

Answer：A11possiblewaysshowninmyslides，  

（AgriculturalandMechanicalConservations  

methods）．  

Question：Howisacidraincreatingproblemsto  
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