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４６s”cr-Weadvocatethesoilmicrobialdiversityandits

vitalityvalueasapositiveenvlronmentalassessmentinthe
environmentalaccountingtoshowtheresultoftheapproachto
theenvlronmentalfriendlyagriculture・Itisconsideredtobe
lmportantinfbrmationtospecifyingtheeffbrtoｆｔｈｅｓoil‐
●

making・Thediversityofsoilmicrobialcommunityandits
vitalityvalueisanindexthatshowsbiologmcalrichnessofthe
soil･Thisindexdoesn，tpayattentiontothespeciesandthe
numberofmicroorganismsbutismeasuredonlybythespeed
andthediversityofthedegradativereactionｔｏ９５ｄｉｆferent
organiccompoundsandtherapidityinresponse･Ingeneral，
theindexofthesoilsenrichedbythesoil-makingwiththe

compostandtheorganicfErtilizerindicatesremarkablyhigh
comparedwithsoilthatamendedwiththechemicalfertilizers・
Moreover,ｉｔｉｓｋｎｏｗｎｔｏｄｅｃｒｅａｓｅａｖａｌｕｅｒｅｍａｒkablyinthe
soiMhatcausessoil-bornediseasesbycontinuouscroppmg・

K2ywo油-E》ｗｏ"ｍｅ"αノノ4ＣＣＣ”"鴫Ｓｂ〃肋｡ﾊﾉe剛砿
Acco"加α肺砿Ｃｂ叩は恥花”Ｅｖａ伽伽〃

１．INTRODUCTION

T11eenvironmentaldestructionintheglobalscalekeeps
becommgseverer，andpromotionofenvlromnental
conservationactivitiesisreqUiredstrongly・nleMinistryof
Agriculture，ForestryandFisherieshasdefinedｔｈａｔ“nle
envlronmentalconservingagricultureissustainable
agriculturethatreducesthenegativeenvlronmentalimpactof
thechemicalfertilizerandthepesticides,etc・withthesoil-
making,bestuseofthemattercyclefimctionofagriculture，
andnotingharmonybetweenenvironmentalconservation
andproductivity．’’andispromotingitnationwide・
Ｍoreover，theconservationofbiodiversityisemphasized
worldwideasanenvlromnentalpreservation・Theministry
alsoshowsthat“Conservationofbiodiversityatthe

agriculturaleco-systemisessentialtomaintainandpromote
agriculture,fbrestryandfisheryasindustriesandruralareas
supplyinggoodqUalityproductsofagriculture,fbrestryand
fishery.，，

Manyofresearchabouttheenviromnentalconservmg
costanditseffectattheviewpointoftheenvlronmental
accountinghadalsobeenpromoted・However,mostofthe
effもctsarenotmeasureddirectlyabouttheeffbrtsof
harmonizationbetweenagricultureandenviromnentsuChas
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soil-makingandpositiveuseoforganiccomposts,butabout
reductionofuseofchemicalpesticidesandfertilizer・
Investigationsofbiodiversityaremainlyfbcusedon
mlcroscoplcorganlsms・

Inthispaper，weareadvocatinganewindex，“Soil
micrObialdiversity*vitalityvalue，,calculatedbymeasunng
bothofbiodiversityofsoilmicrobialcommunitiesandtheir
organicmatterutilizationactivityasanaltemative
assessmentofpositivee能ctoftheenvlronmental
conservingagricUlture．

Ⅲ、PROBLEMINENVIRONMENTALASSESSMENT

４．Ｅ"v加""e"”ﾉ‘“ass〃e"が〃αgγjc"伽r

Recently,thelifecycleassessment(LCA)iswellknown
asamethodoftheenvlronmentalassessment［1][2]､nle
LCAisamethodtorealizeenvlronmentalimpactofacertain

productｓｔｈｒｏｕｇｈｔｈｅａｌｌｓｔｅｐｓｉｎｉｔｓｌｉｆｅcycle丘om
production，transportation，sales，use，。iscardtoreuse
(recycle)．AlthoughtheLCAisveryimportant,thereare
manyprOblemsinthemanipulationasfbllows、

１)IncaseofdataacqUisitionaboutenvlronmentalimpact
ofeachmaterialfbragriculturalproduction，weneedto
correctaUinfbrmationofenvironmentalimpactofeverystep
fFomrawmaterialtoproductiontodiscarding・Itis
unrealistictoachievethedataacquisitionineachmaterial・
Tosolvethisdifficulty,thus,wecorrecttheimpactdatafrom
theinter-industrialrelationstable，andthenegative

envlronmentaliｍｐａｃｔｄａｔａｉｓｓｕｍｍｅｄｕｐｂｙａｂｉｇｂｕｎｄｌing
(ex、Chemicalpesticidesandthefbrtilizers)．Inthe
calculation，itispossibletomeasuregrossamountof
reductionofthechemicalsbutimpossibletorealizethe
reductionofnegativeimpactduetochangingChemicals伽m
highimpacttolowimpact、

Forinstance，ｉｎｃａｓｅｏｆｃｈａｎｇｅｉｎｍａｔｅｒｉａｌｆｂｒｐｌａnt
protection，changeofamount，reductioninpesticidesis
detectable，butchangingpesticide廿omchemicalto
biologicalwithnoreductioninamountsprayed，isnot
detectableintheLCA，Change丘omchemical企rtilizerto
organiccompostcannotbedetectedasreductionofimpact
either、

２)Manykindandvariousunitsintheenvironmental
in叩actmakescomparisonbetweendifferentproduction
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procedureschangedfbrenvironmentalpreservationvery
difficult・

ForexamPle，ｉｎｃａｓｅｏｆｃｈａｎｇｅｉｎｍｅｔｈｏｄｆｂｒｐｌａｎｔ
protection,changingchemicalinsecticidetophysicalbaIrier
suChasanti-bugnet，orchemicalherbicidetomechanical
weeding，ｉｔｉｓｎｏｔｐｏｓｓｉｂｌｅｔｏｍｅａｓｕｒｅａｎｄｃｏｍparethe
envlronmentalimpactofthechemicalinsecticide，anti-bug
net，Chemicalherbicideandmechanicalweedingtotally，
Altematively，ａｍｏｕｎｔｏｆＣＯ２ｅｍｉｓｓｉｏｎｉｓｎｏｗｕｓｅｄａｓa
universalunittomeasuretheenvironmentalimpactinthe
LCA,butresultmaybereversedbytheestimationwithCO2
emissionbetweentheimpactofchemicalpesticideandnon-
chemicalprotection，suchasphysicalnetandmechanical
weedingduetohigherCO2emissioninstepsofproduction
andtransmissionandapplication，etc・comparedtothe
chemicals・

TheｓｅｅｘａｍｐｌｅｓａｒｅｓｈｏｗｉｎｇｔｈａｔｔｈｅＬＣＡitselfis
importantconceptually，ｂｕｔｉsunrealistictoevaluatethe
effbrtsandtrialsbyfarmerstoreduceuseofchemicalsto
non-chemicalmaterialsfbrtheenvlronmentalconservmg

agriculture．

B、〃もαq/､e"y加"ｍｅ脚ﾉＣＯ"serwJ伽"j"伽
e"v伽"腕e"ねﾉαCCC”伽g

Theenvironmentalaccountingisamethodtomeasure
effectivenessofmanagementinenvironmentalconservation
comparｅｄｔｏｔｈｅＬＣＡｔｈａｔｍｅａｓｕｒｅｅｖｅｒｙｌｍｐａctof
managementtoenvlronment［3][4]．Intheguideline
presentedbytheMinistryoftheEnvironmentin2005
definedthattheenvlronmentalaccountingisqUantitative
indicationofenvlronmentalconservationactivityof

enterprisewithunitofcurrencyorphysicalsuperiorityas
muchaspossible・

Intheguideline，theeffectoftheenvironmental
conservationisdefinedas“Quantitativemeasurementof
effectofapproachtoprevent,controlorevadegenerationof
theenvironmentalimpact，removaloftheinfluenceand
recoveryofthedamage，andapproachtocontributethese
activitieswithunitofphysicalsuperiority’'・Ａｎｄａｎ
ｅｘａｌ叩leofmethodtocalculation,‘‘Effectofenvironmental
conservation＝Grossamountofnegativeenvlronmental
m叩actatstandardperiod-Grossamountofnegative
envlronmentalimpactａｔｔｈｉｓｓｅａｓｏｎｗｉｓｓｈｏｗｎｉｎｔｈｅ
ｇｕｉｄｅline・Fromthisexample，wemayassumethatthe
guidelinemeanstacitlythattheeffectwillbeindicatedas
decreaseofnegativeenvlronmentalimpact．Inthe
agriculture,however,weconsideredthatincreaseofpositive
envlronmentalimpactresultedbysoil-makinginanapproach
ofenvironmentalconservingagricultureshouldbeevaluated
muchmorepositivelyontheenvlronmentalaccountability
vlewpoint・

AlthoughthenewfbrmulatocalcUlatethepositive
envlronmentalconservationeffbct,‘‘E舵ctofenvironmental
conservation＝Grossamountofpositiveenvlronmeｎｔａｌ
ｌｍｐａｃｔａｔｔｈｉｓｓｅａｓｏｎ－Ｇｒｏｓｓａｍountofpositive
envlronmentalimpactatstandardperiod11advocatedinthis
paperisreversalhomtheconventionalfbrmulatocalculate
thenegativeenvlronmentalconservationeffbctshownabove，

thefimdamentalconceptdoesneverdeviatethedefinitionof
theenvlronmentaleffectoftheguideline、

Additionally,weadvocateanewindextomeasurethe
positiveenvironmentalimpactresultedbyapproachofthe
envlronmentalagriculture,“Soilmicrobialdiversity*vitality
value，，ａｓｏｎｅｏｆdisplayitemintheenvironmental
accounting

Withthisindex，weareabletoindicatebiological
richnessofthesoilmicrobialcommunityenrichedby
reducingagriculturalchemicalssuchasfertilizerand
pesticidesandpromotingsoil-making，plantprotectionas
positiveeffbctofenvironmentalimpact・

ComparedtotheLCA,wewillnotemphasizethesteps
ofproductionanddiscardingofmanagementresourcesin
thisapproach,sowecanpreventtobetrappedindifficultyin
negativeimpactestimationfbrtheLCAshownpreviously，
andcanpushthepositiveapproachofthemanagement
fbrwardasanadvantageofthepositiveassessment・

Anidea,puttingthepositiveenvlronmentalimpactonthe
effectoftheenvlronmentalconservationmayalreadyexistin
thebasicconceptoftheenvlronmentalaccounting､However，
techniqUetoevaluatethesoil-makingasthepositive
environmentalconservingimpacthasneverexamined・Itis，
therefbre，consideredthatconnectingthe‘‘Soilmicrobial
dive応ity*vitalityvalue，，asavaluableinfbrmationtothe
environmentalconservatione舵ctisthemostimportantand

novelpointofthispaper・

ＩⅢ．“SoILMIcRoBIALDIvERsITY*vITALITYvALuE，，

Soilmicrobialdiversity*vitalityvalueisanindex
indicatinglevelofbiologicalrichnessbasedondiversity，
rapidityandspeedofdegradativereactionoforganicmatters
(carbonsourcesfbrthemicroorganisms)．Theindexdoes
notfbcusonthenumberofspeciesandmicroorganisms,but
translatediversityandrichnessofdegradativeactivityofthe
microbialcommunitytodiversityandrichnessofbiological
fimctionofthesoiL

Tomeasuretheindex,soilsuspensiontestedisinjected
in96smallwaus(aboutl5Omicrolitterinvolume)ona
plasticpanel(BiologGN2[5]),having95differentkindsof
carbonsourcessuchassugars，itsderivates，ａｍｍｏａｃｉｄｓ，
organicacids,polymers,nucleotides,etc､ineachwellexcept
lnegativecontrolwelLDegradationreactionofeachcarbon
sourceontheplasticpanelisobservedascoloringreaction
byanindicatordyemixedineachcarbonsourcel92times
fbr48hours(everyl5minutes)．Thecoloringreactionis
numericalｉｚｅｄｂｙｉｍａｇｉｎｇｗｉｔｈＣＣＤｃａｍｅｒａａｎｄｉmage
analysisprograms“Omnilog-PM[5]'，suppliedbythe
Biologlnc.、nleindexiscalculatedbyintegratingthecolor
valuesofall96carbonsourcesthroughthewholeofl92
timeobservations・

Withthisindex，soilhavingmicrObialcommunity
composedofmicrobeshavinghigherdiversity，rapid
respondingandhigilspeedcarbonsourcedegradation
activityshouldbescoredhighHighindexmeansthatthe
soilisbiologicallyenrichedbysoil-makinginenvlronmental
conservingagriculture．

1３８
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nlesoil-makingisunderstoodasactivitytoenrich
biologicalfimctionofsoilempirically・Soilsamendedwith
organiccompostandpigmannerindicatehigherdiversity
comparedtosoiledamendedwithchemicalfertilizer[6]．At
soilsynthesis，increaseofsoilmicrObialdiversityinsoil
maturationwasreported［7]､Incontrast,dumpingoffof
diversitylevelofthesoilmicrobialcommunitiesinthesoil
causmgsevermonoculturesoil-bomediseaseswasreported
[8]、

４．戯α叩ﾉeq/･Sz""ve肋"ceq/､O堰口"jcagγ剛r""re

Followingexamplesareresultsofsurveillanceofthe
"Soilmicrobialdiversity*vitalityvalue，，incollaboration
withtheJapanSoilAssociation．

〃四m"qpんＩ：Wecomparedthe“Soilmicrobial
diversity*vitalityvalue(value)，，inricepaddyfieldsbetween
soiloforganicagricultureandsoilChanging丘om
conventionaltoorganic(TABLEI)．nleresultshowsthat
thesoilsoforganichadhighervaluescomparedtothe
conventionalsoil，fUrthermore，soiloflongerorganic
agriculturehadhigjlervaluethansoilofshorterorganic
agriculture・

ＴＡＢＬＥＬＣｏＭＰＡＲＩｓｏＮｏＦＴＨＥ‘‘SOIL皿cRoBIAL
DIvERsITY*vrTALITYvALuE，，ｎｖＴＨＥＥｘＡＭＰＬＥｌ

Site Value

OrganicagricultuIcfbr8years＃１ 1,0921095

Organicagriculturefbr8years＃２ 1,086,078

Organicagriculturefbr6years 917,846

Conventionalagriculturebut

changingtoorganicfbr2years
724,817

JapanSoilAssociation

２ノ戯α〃た２：Wecomparedthe“Soilmicrobial
diversity*vitalityvalue(Value)，，inricepaddyfieldsbetween
soiloforganicagricultureandconventionalagricUlture
neighboringeachotheratOgawa-machiinSaitama
Prefecture(TABLEII)．nleresultShowsthatthesoilof
organicagriculturefbrlOyearshadapproximatelydouble
scorecomparedtothesoilofconventionalagriculture．

TABLEII．COIv皿ARISONOFTHE‘‘SOIL皿CROBIAL
DIvERsrTY*vITALITYvALuE,，nJTHEExAh唖LＥ２

Site Ｖ21皿②

OrganicagriculturefbrlOyears 1,371,983

Conventionalagriculture 634,099

JapanSoilAssociation

刃欧α”た３:InSaitamaPrefecture,wealsocompared
physicalhardnessａｎｄｔｈｅ“Soilmicrobialdiversity*vitality
value，，betweensoilsofteatreeoforganicagriculturefbr30
years，organicagriculturefbr5yearsandConventional
agricultureneighboredeachother(Table3)．

nleresultshowsthatthesoiloforganicagriculturefbr
30yearshaslowphysicalhardness丘ｏｍｌＯｔｏ２０ｃｍｍ
ｄｅｐｔｈｃｏｍｐａｒｅｄｔｏｓｏｉｌofshortorganicagriculture(fbr5

years）andconventionalagriculture、Thismeansthesoil
havinglongerorganicagriculturehavedevelopedsofterand
bettersoilfbrgrowthofrootsystemofteathansoilshaving
shorterexpenenceoforganicagXicultureandconventional
agriculture，

ＴＡＢＬＥ、．CoMPARIsoNoFTI正‘‘SoILMIcRoBIAL
DIvERsITY*vITALITYvALuE，，IＮＴＨＥＥｘＡＭＰＩＥ３

OrgaI1icfOr30 Organicfbr5 Conventional
years yeas

Physicalhardnessofsoil

Ｄｅｐｔｈ５ｃｍ 1２ ７ ６

１０cｍ 1０ 1３ 1３

15cｍ 1２ 1７ 1５

20cｍ 1７ 2０ １９

25cｍ 1９ 1７ 1８

30cｍ 1７ １６ 1６

Value

1,363,414 1,108,226 946,853

JapanSoilAssociation

ｌｎｔｈｅ“Soilmicrobialdiversity*vitalityvalue,，,therewas
thesametendencyasthephysicalhardnessofsoil・nlesoil
hadlongerexperlenceoforganicagricUlturethanthesoilhad
shorterexpenenceoforganicagricUltureandconventional
agriculture，

４リ戯α"た４Wecomparedthe“Soilmicrobial
diversity*vitalityvalue”betweensoilshavingdifferent
severitiesinoccurrenceofsoil-bomediseaseofTomatoby

collaborationwithDr・MasayukiMaedaofNiigata
PrefbctureAgriculturalExperimentalStation、 This

surveillancewasconductedfbrexamineusefillnessofthe

"Soilmicrobialdiversity*vitalityvalue，，inplantprotection
againstthesoil-bomediseases・

Fumigationofsoiltocontrolthesoil畠bomediseases
causedbymonocultureisthoughtoneofthemostsever
negativeimpacttotheagriculturaleco-system、The
fUmigationisusedtopreventseriousdamageinyieldand
managementoffarmingcausedbythediseasemmono
culture・However,manysoilsevadedfomthediseaseswith
suitablecarewithamendmentoforganiccompostwithout
thefhmigationwereempiricallyknownas“Suppressivesoil，，、

TheFigurelisshowingthesuppressivesoilagainstthe
bacterialwiltdiseaseofTomatoplant(nodiseasesocculred
fbr6to20yearsundermonoculture)hadmuchhighervalue
comparedtosoilshavingmediumoccurrenceofdisease,ａｎｄ
ａｌｍｏｓｔｄｏｕｂｌｅｓｃｏｒｅｏｆｔｈｅｖａｌｕｅcomparedtosever
occurrenceofthedisease・

Thismeansthatthemoreeffectiveandefficientsoil-

makingmaybeabletobedesignedbycheckingthe“Soil
micrObialdiversity*vitalityvalue，，、

Inaddition,wehavediscoveredremaIkabledecreaseof
thevalueafterSprayingofchemicalpesticides(fmgicide，
insecticide，andherbicide）fbrcertainperiod（dataｎｏｔ

1３９
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shown)．Thisissuggestingstronglypossibilitytousageofpesticideandaproofofexactorganicagiculture・
thisvaluefbrCheckingakindofhiddensprayofchemical

N･…柵麗|罵
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fbr6years？Ｅ－，
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Figurel、Compansonofthe"Soilmicrobialdiversity*vitaliwvalue”
betweenthesuppresslveandthecondusivesoilagainstthebacterialwiltofTomatoplant

B、戯αﾉ”IeQ/､"7αﾉhi"gac"'ﾉeco"Zposj

Therecyclingofwasteusinglhelivingorganismsisan
importantsUbjectintheenvironmentalpreservation,and,fbr
instance，ａｌｏｔｏｆ杜ialsthatmakingenvironmentalsafe
compost丘omindustrialwasteworkaspartofenvironmental
conservationactivities、Therefbre,themeasurementofthe

environmentalconservingefIectisalsoessentialtosupport
thebialsandtｈｅｕｓｅｏｒｔｈｅ,,Soilmicroorganlsm

diversiw*vitalityvalue"isgivenasthoughtofthetechniqueｓ
Ａｎｅｘａｍｐｌｅｉｓｓｈｏｗｎａｓｆｂｌｌｏｗｓ・Thetable4isshowing

acomparlsonoｆｌｈｅ“Soilmicroorganismdiversity*vitality
value，，inthewasteofagriculturalproduction(mixtureofthe
sawdustmediumfbrbrownmushroomcultivationandthe

cowexcremenりbetweenbefbreandafterdigestionby
earthwormoftheHotokuCo・Ltd．［9］inTokushima
Prefbcture．Wecanunderstandeasilythatbiological
richnessandactiviwinthecompost（afterdigestion）is
rema]kablyamplified丘omthenumericalvaluethrou邸the
digestionbyearthworminthetable、Itisassumedthatthe
compostcanworktoamplifythebiologicalriclmessofthe
agriculturalfleldasaneconomicallyvaluableresourceinthe
environmentalaccounting,butthewaste(befbredigestion）
willworkasanegativeimpactagainsttheeco-systemin
agriculturalfieldinconhast，

ＴＡＢＬＥＩＶ，ＣｏＭＰＡＲＩｓｏＮｏＦＴＨＥ‘‘SoILMIcRoBIAL
DIVERSlTY*VITALITYVALUE，,ｎＶＭＡＫＩＮＧＴＨＥＡＣＴＩＶＥＣＯＭＰＯＳＴ

WasteofagriculturalproductIon Ｖ虹Iｕｅ

Befbredigestion 2732270

AftCrdigeStion 1,880,240

Hotokuco､1t｡.:DGCcoild

１Ｖ・CoNcLusIoN

Although，untilrecently，wehaverecognizedharmony
withnatureandpreservationoflandscapeaspositive

environmentaleffbctofagriculture，ｉｔｉｓｖｅｌｙｄｉ髄cultto
measuredirectlytheseeffもcts・ThisdifHcultyisnow
generatingsuspicionaboutthepositiveenvironmentaleffbct
oftheagliculture・

Weconcludethatevaluatingpositivelyapproachofsoil-
makingasabiodiversityconservingactivitｙｏｆｓｏｉｌｅｃｏ‐
systembyfhrmersshouldbeessentialtoavoidthedifficulty
(effbrttomakingclearmakesitmoreunclear)inmeasurmg
theenvlronmentalpositiveeffectofagriculture、

Ｗｅｂｅｌｉｅｖｅｔｈａｔｔｈｅ“Soilmicrobialdiversity*vitality

value,，andintroducingitintotheenvlronmentalaccolmting
mustbeoneoftheimportantbreakthroughtosolvethebig
difficulty．

1４０
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