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加工用トマト果実の硝酸塩蓄積に関する研究  
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StudiesontheAccumulationofNitrateirLTomatoFruitforCannin  

MasanoriMiyazaki，ShinzoKunisato＊、SeiiehiMiya，HaehiroSugihara、  

KazuoYabuuchiandItsuroMayllZumi  

ThisstudywascarriedouttoinvestlgatethefactorsconcerningtheaccumulationofnitTatein  
tomatofruitandtofindthepreventivemeasuresagainstheavytin－dissoIvinglnCannedtomato  
juicecausedbynitrate．   

Thefactorsdetermlnlngtheaccumulationornitrateintheplanトwereasfbllows：thelevelsof  

nitrate，POtaSSium，andcalciuminthesoil，theapplicationofplantgrowthregulators，thetomato  

CultivaT，andthelightintenslty．Forobtainingfruitscontalnlnglessthan3ppmofnitrate－nitro－  

gen，lowni亡ratecultivarsshouldbegrowninasunnyplaceonweakacidsoilwithsplitapplica－  
tionofslow－aCtingnitrogenfertilizer，andahighcalciumlevel．Bypropertreatmentwithplant  

growth regulators，nitrate・nitrogen contentinthefruitcan be decreased stillmore．Itisalso  

importantthatanyparticulargrowlng－COnditonsineverytomato・grOWingdistrictshouldbetaken  

inconsiderationin亡hecultivationmanagementforpreventingtheaccumulationofnitrate・nitro－  

gen・   

TNTRODUCTION  

CannedtomatojuiceismadefromredripetomatofruitandthejuicehasgenerallybeerlPaCk－  
edin plain cans，nOtincoated cans，formaintalnlngthe qualityofthejuice．However，itwas  

foundseveralyearsagoinvariouspartsofthe、VOrldthattheconcentrationsoftindissoIvedin  

SOmeCannedtomatojuiceswereover150ppmwhichistheupperconcentrationlimitpermitted  

byfoodsanitarylawofJapan，SOthisraisedaseriousprobleminthetomatojuiceindustryfrom  
thepolntOfvie、、，Offoodhygieneり）．Itiswe11knownthathightinconcentrationiscausedbvni－  

tratecontainedintomatofruit3～7），anditisassumedthatwhenbivalenttin，aStrOngreducing  

agent，isformedbyoxygenenclosedinacan，nitrateisreducedtonitritewhichreadilyattacks  

metallictil－tOformbi、，alent tinand thusachainreactionproceeds untilmostofthenitrateis  

COnSumed．TopreventtheheavytindissoIving，thenitrate－nitrogenconcentrationinrawtomato  

fruitascanningmaterialshouldbebelow3pprn8，○）．  

1twasalsoreportedthathighnitrateconcentrationsinfoodsandwatercausedmethemoglobin  
ininfants，andthathighnitrateconcentrationsingTaSSCauSed cyanosisinruminantslO～12｝．In・  

VeStigationsarethereforeurgentlyrequiredtofindthemeansofpreventingtheaccumulationof  

nitrateinagriculturalproductsandotherfoods．   

Thecausesofnitrateaccumulationinplantsaregenerallyattributedtotheabsorptionofexces－  
Sive amounts of nitrate by the plant and theinhibition of nitrate reductase activityin the  
plant13～】T）．Somereportsconcerningtheaccumulationofnitrateintomatofruitareavailable18～  

＊Tbe decea5ed   
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23｝，buttheeffectofrelatedfactorsandthemeansofpreventionarenotyetsufficientlyelucidat．  

ed．   

Features，factorsandrneansofpreventionoftheaccumulationofnitrateintomatofruitinves－  
tigatedbytheauthorandcoworkersヱ．～36）．aresumrnarizedinthefollowingreview．   

FEATURESOFTHEACCUMULATIONOFNITRATE－NITROGENINTOMATOFRUIT．  

Nit77tte－”itrqgen conte71ii71tOma10j＞LLit．－Changes of nitrate－nitrogen contentsin various  

partsofthetomatoplantduringthegrowingperiodarepresentedinFig．1．Nitrate・nitrogencon・  

tentinthefruitwaslowerthanthatinotherpartsoftheplantandwasalwaysintherangeo－5  
ppmunderanygrowingconditions．Whenatornatoplantfreeofnitrate－nitTOgenWaSPlanted  

intheculturesolutioncontainingnitrate・nitrogen．nitrate－nitrogenwasrapidlyabsorbedbythe  

Plantanddetectedinthestemandleaveswithinlllafterplanting，inthefruitstalksandcalvxes  
afterseveralhours，andinthefruitsafterlday．  

Fig・1NitTate－nitrogen（NO3－N）content5in various parts oftomato plant during  
thegrowingperiod；plantedonAprills【，fruitseton MaylOth，ripencdon  
Julylst・‘Chico’insoilcultureingreenhouse・  

Thesapenteringintothefruitfromthestalkwascollectedinthesamewayasthebleeding  
fromthestemisusua11yperformed，Whileconditionsoflowertemperatureandhigherlmmidity  
wereadoptedforpreventingevaporationloss．Theamountofsapcollectedwasabouto．5ml／  

fruit／10h，andthenitrate－nitrogencontentofthesapwasatan unexpectedlyhigh1evelduring  

asomeperiodofimmaturestage，reaChingasmuchas320ppm，beingverydifferentfromthe   
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lowconcentrationin thefruit．   

丁Ⅵg亡んdJJ邸わ川fかⅥお・′涼r聯Ji〝刀肋J′J／ヱJ加♪JJ∫～血r∫JJgr少gJ‡gJ啓一Nitrate・nitorogencon－  

tentinthefruitofthefirstclusterincreasedduringthethickeninggrowthperiod，andreacheda  
maximumatthebreakerstage；tlVOtypeSOfchange，aSharpdecreaseandnochange，followed  

duringthetransitionfrornthebreal（erStagetOtheredripestageasshowninFig・2・Itwascon－  

sequentlyconsideredthattypeAfruitbecameahighnitrate－nitrogentype，andtypeCfruitalow  

nitrate－nitrogentypeintheredripefruit．Thatis，nitrate・nitrogencontentinredripefruitde－  

pendsonnitrate・nitrogencontentatthebreakerstageandthetypeofchangeduringthetransi－  

tionfromthebreakerstagetotheredripestage．Whenatomatoplantwasgro、Vnundershading，  

whichisregarded asaconditiontoinhibitnitratereductaseactivity，thefruitcontainedare－  
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Fig．2 Thechangein nitrate－nitrogen（NO3－N）contAntOftomatofruitduring【hc  
ripening（sandculture）・A：tomato plantwi［hahighcontentofNO3－Nin  
the fruit；B：tomato plantwitha mediumcontent ofNO3－Ninthefruit；  
C：tOmatOPlantwithalowcontentofNO3－Nintllefruit・  
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Fig．3 ThevariatioTlinseasonalchangeofnitrate－nitrogen（NO3－N）contentin  
tomatofruitsamongcultivars．Fieldculture・   
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markablylargeamountofnitrate－nitrogenatthebreakerstageshowingthepatternoftypeA．   

励鮎∂JJdd（‡J唱ア1ゲ7iJ′和／ピーJ‡か¢gアナICO〃お〃fわJJゐgか∫′血rわzg娩e力〟7て・β∫f∫ピ郎0札－Seasonal  

Changeofnitra亡e・nitrogen content during the harvest seasonwas foundin theredripe fruit  

growTlinfhefield．Thepatternofchangevariedamongtornatocultivars，Whichwereclassified  

accordingtothepatternshowninFig・3・Remarkablylargeamountsofnitrate－nitrogenwereob・  

SerVed throughouttheharvcstseasoninsuch extremelyearly rlpenlllg Cultivarsas‘FiTebalr．  

◆Ama亡ure’and、ColdSet＼Tegardlessofgrowlngtimeanddistrictofproduction．Thecultivars  

‘Taiho’．‘Chico’．’Hein21370’．and‘Kurikoma’，WhichwereatonetimetyplCalforcannlngln  

Japan．containedaconsiderableamountofnitrate・nitrogenonlyat［hel）eginningoftheharvest  

season．Noappreciableamountsofnitrate・nitrogenwerefoundthroughouttheharvestseasonin  

◆VF36’，‘Nozomi’andothers．Insandculture，nitrate－nitrogencontentin thefruitofthe first  

cluster（earlyharvest）washigher thanthatofthesecond cluster（1ateharvest），aSShownin  

Fig．2．  

TablelEffectsofnitrate－nitrogen（NO3－N）lervelintheculturesolutinuSed  
insandcultureonthecontentsofnitrogen，Carbohydrate，Org∂nlCaCid，  
andmineralinredripefruit，andleaf．CV．‘Fireba11’i71Sandculture．  
＊1Nis210FPmOfstandard NO3－Nlevel・＊＊Totalamountofnitrogpn  
inawl101eplantincludinghils，lea、・eS，rOO払andotherpart5  

EFFECTOF NITROGEN FERTTLIZERON THE ACCUヽIULATION OF NITRATE＿NITRO＿  
GENINTOMATOFRUIT  

昂伊ごf（げノ～7′和好・JJか聯JIゐt，ピ～わJ‘加c〟飯JⅣ∫〃ん‘わ？i〟∬d∫J＝d7Jd亡‘血上作OJJ血αCC〟J加ゎJわ〃  

qf，Ltlrate－nitrogeTti71tO772atOf）・z（it．－Nitrate－nitrogencontentinthefruitisremaTkablyaffected  

by nitrate・nitrogenleTelin thesand culture solution，aS Shownin Fig．4．When tomato was  
grownonlowernitrate－nitTOgenlevelsintheculturesolution，thenitrate－nitrogencontentsof  

thefruitandthepetioledecreased・Nitrate・nitrogencontentsofthefruitandthepetioleinthe  

thirdclusterwerelowerthan thoseofthefirstclusteronany nitrate・nitrogenlevelsinthecul－  

turesolution．   

Nitrate－nitrogenleヽ・elsintheculturesolutionalsohadsomeinfluenceontheconcentrationof  
OtherchemicalcompoundsinthefruitandleafoFthe first cluster，aS Shownin Tablel．With  

decTeaSingnitrate－nitrogenlevels，theconcentrationsofreducingsugarinthcfruitandcalcium  

intheleafincreased，Whilethe concentrationsoffreeaminoacid，Organicacid，and potassium  
decreased．These phenomena atlow nitrate－nitrogenlevels、、－Ould resultfroma decreaseina・  
mountsofnitrate－nitrogenabsorbedbytheplant．   

h・Ianystudiesconcerningtheinfluenceoftheamountofappliednitrogenfertilizerontheac－  

Cumulationofnitrate－nitrogeninthefruithavebeenreported．andveryoftennoslgniricantcor・   
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Fig．4 EfLectoEnitrate－nitrogen（NO8－N）1evelinculturesolutionusedinfand  
culture on血e accumulation oL NO3－Nin tomato frlユit and petiole・CV・  
‘Fireba11’．1N三210ppmofstandardNO3－Nlevel．   

relationhasbeenfoundbetweentheml！2，18～望0） ．1nourexperiment，tOO，thenitrate－nitrogeTICOn－  

tentinthefruitgrowninthefieldtreatedwithlargeamountsofnitrogen fertilizerwastnotal－  
waysatahigh1evel，SuggeStlngthattheamountofnitrogenfertilizerapplieddidnotdirectly  
reflectonthenirate・nitrogenlevelinthesoil．Nitrate－nitrogenlevelinthesoilisapttobein－  

fluencedbyvariousfactorssuchasnitrifieract；vity，levelsofammonium，SOmetraCeelements，  

acidity，Water COntent，temperature，and rainfallユ7，38），However，itwas clear that thenitrate－  

nitrogencontentofthefruitgrowninthefieldcontainingaconsiderablyhigh1evelofnitrate・  

nitogenwasathighlevel．WhentomatowasgrowninthefieldcontainingoverlOOppmofni－  

trate－nitrogenforover2weeksduringthegrowlngperiod，thenitrate－nitrogenconcentrationin  

thefruitwasalwaysover5ppm．   

通ansqfわweri〃gniErate－72itngenleveli71thesoil．一7tisknownthattheapplicationsofre－  

ducedamountsofnitrogenfertilizer，Stablemanure，Slow－aCtlngnitrogenfertilizer、andnitrogen  
fertilizercontainingnitrificationcontro11er39～11）canbeusedtocontrolthenitrate－nitrogenlevel  

行＝血esoil．   

Whenstable manurewasappliedinour experiments●nitrate・nitrogenlevelinthesoilwas  

lowered，butthelevelwasstilloftenfoundtobeoverlOOpprnandthentheconcentrationofni－  

trate－nitrogeninthefruitbecameveryhigh．Ontheotherhand，theapplicationofquick－aCting  

nitrogenfertilizerbroughtaboutaextremelyhigh1evelofnitrate－nitrogeninthesoil，butthe  

nitrate・nitrogenconterltOfthefruitwasratherlowerthanthatwithstablemanure・Anyunsuita・  
bleuseofstablemanure，therefore，mayCauSeaSlgnificantaccumulatiol－Ofnitrate・nitrogenin  

the fruit. 

Nitrogenfertilizerseontainingthiourea，dicyandiamide，2－Chloro－6－trichloro・methylpyrimidine  
or2－amino－4－Chloro－6－methylpyrimidineasinhibitorsoEnitrificationinthesoilarebeingusedin  

Japan．When these fertilizers were split－apPlied duringthe growing period，nitrate－nitrogen  

contentsbothinthesoilandthefruitclearlydecreased．Byincreasingtheapplicationratioof  
inhibitors，bothnitrate－nitrogencontentsweremoreloweredfurthersti11，buttomatogrowthand  

yielddeterioratedconsiderably．   
Crotonylidendiurea，isobutylidendiureaanduTeaformarealsousedasslow－aCtingnitrogen   



加工用トマト窯賓の硝酸塩蓄積に関する研究  53  

∈
誼
Z
・
M
O
フ
】
 
 

γ3  γ℃  窄7  γ24 囲ぃめnt陶）  

Hor■＞e5t皿On  

Fig．5 Effectso‖loodingandCrotonylidendiurea（CDU）applicationon nitrate－nitrogen  
（NO，一N）content～inthesoilandintomatofruit・Cv・‘Chico’infieldculture・  
1＝Split・applicationof（NH．）2SO－OntheunLloodedfipld；2：Split・aPplicationof  
（Ntl．）…SO．onthe floodedfield；3：Split－apPlication of CDU on the unfloodpd  
field；4：Split－apPlicatiorLOfCDUontheEloodedfield・   

fertililerS．Whenthesefertilizersweresplit－appliedduringthegrowing period，nitrate・nitrogen  

contentsinthesoilandthefruitdecreasedconsiderably．   

Tocontrolthepathogenicfungi・WeuSedtogrowtomatoplantsinthefieldwhichwasflood・  

edduringthewinteTSeaSOnanddrainedinearlyspring・Itwasthenfoundthatunderthese  

conditionsnitrate－nitrogencontentsinthesoilandthefruitwereobviouslylowered・Further－  
more，Whenslow－aCtingnitrogenfertilizerwassplit－appliedinthepreviouslyfloodedfield，the  

nitrate・nitrogencontentinthefruitwasatafairlylowlevel，beingbelow3ppmthroughoutthe  

harvestperiodasshowninFig．5・  

EFFECTOFPOTASSIUM AND CALCIUMFERTILIZERSON THEACCUMULATIONOF  
NITRATE－NITROGENINTOMATOFRUIT．   

旦伊cfげク0ね∬～〟肌如eJ～′＝α′－dc比わ〟Ⅳ∫βJ～‘f～0′川′l娩gαrC〟′ル～血gゐ′～q′7‡f細お・刀J～r聯乃J′ヱ  

Eo7na10fhd［．一Whentomatoplantsweregrowninculturesolutionwithalowpotassiumconeen－  
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Fig．6 Effectsofpotassiuml郡elscoml）inedwithnitratc・nitrogen（NO3－N）levelsin  
culturcsolutiononthe8CCumulationofNO3－Nintomatofruit．1N＝210ppm  
ofstandardNO3－Nlevel．Cv．‘Fireball’insandculture．   
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Table2 Effectsofpotassiumand calciumlevelsinthcculture solutionusedinsandcultureon  
the contents of nitrogen．carbohydrate．organic ac；d，and mineralin red ripeiorna【O  
Erui【，andleaf・Cv‘Firebalrinsandculture，1Cais200ppmofstandardlevel；1Kis  
234ppmofs【andardlevel・＊TotalaTmuntOf nitrogeninawholeplanモincludingfnlits．  
leaves．roots．andotherparts  

tration，thenitrate－nitrogencontentofthefruitwasverylowattheredripestageandevenatthe  

immaturestage・Tt、VaSfoundthattheinfIuenccofhighnitrate・nitrogenlevelintheculturesolu－  

tion、VaSCOntrOlledbvthepotassiumlevel，andthenitrate－nitrogen contentwasverylowinthe  

fruitgrowninculturewithahighnitrate－nitrogenlevelcombinedwithalowerpotassiumlevel．  

asshowninFig．6．Thecontentsofreducingsugarandpotassiumdecreasedinthefruitarldthe  

leafgrownatalowerpotassiumLevelasshowninTable2．andthe亭ephenomenaweresimilarto  

those regarding thelowernitTate－nitrogenlevelwhich resultedin decreased njtrate－nitrogen  

COntentinthefruit（seeTablel）．   

聯rJ〃rCαたゎiゐでど／g′J∫α′～dcJ血躍∫0ん‘～血川′7′方e〟r～〃〃〟由Jわ／7q′′J～わⅥ∠e・′涼7・呼′ヱg′Jね－  

771atOjンLLiE．－Applicationofhigh1evelsofcalciumdecreased nitrate・nitrogencontentsintomato  

fruitconsiderably．andwhenthiswascombined、VithlowlelTelsofnitrate，nitrogenorpotassium，  

thedecreaslngeffectwasevenrnoreco71SplCuOuS，aSSho＼l，nin Fig．7．Wi血increaseincalcium  
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F；g・7 Effectofcalciumlevelscombinedwithnitrate・nitrogen（NO3－N）andpotassiumlevelsin  
thecultuTeSOlutiononthe accumulationof NO3－Nintomatofruit．Cv．．Fireba11，insand  
Culture・1N＝210ppmofs【andard NO8－Nlevel；1K＝234ppmofstandardKlevel；1Ca  
；200ppmofstandardCELlevel・   
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lelTel．the decreasesin nitrate－nitrogen absorption bv the plantandiIICOntentSOforganicacid  

andpotassium，tOgether＼Viththeincreaseincontent50freducingsugarandcalciumwerefourld  

inthefruitandtheleaf，aSShollrninTable2．Thesetendenciescoinc；dedwiththoseatlowlev－  

elsofni［rate－nitrogenorpotassiumoftheculturesolutionwhichlowered the nitrate－nitrogen  

contento仁山efrui【．  

1nthefieldte3t，tOO，alow nitrate－nitrogen contentwasfoundinthefruitgrownwithahigh  

concentrationofappiiedcalciumfertilizerandthistreatmenLdidnotaffecttheyieldoffruit・   

旦〝をr～ロ／♪0ね∬血′7川′Jdc‘！たJ‘〃〃抑J毎‘エビ〃〃〃JJ加重ド祓血針げ扉れ加壷如駅前山南♪血・  

－Inordertoi【1VeStigatetheinfluencesofpotassiumandcalciumontheaccumulatingvelocity  

ofnitrate・nitrogeninthe fruit，tOmatOplantsfreefromnitrate・nitrogenweregrownoneachof  

l〉こ10一三MKNO3，与ちXlO‾皇MCa（NO，）：andl⊃＜10‾之MKNO3＋2：く10‾2MCaCl2SOlutionscon・  

tainingstandardlevelsofphosphate，magneSium、andmicroelements．Tl－eplantsfreeofnitrate－  

nitroge71WerePreParedbygro、、・ingonl／4timesasmuchasthestandardculturesolutionuntil  
theearlymaturegreenstageofthefruitofthefirstcluster，andthenonwaterfor2weeksuntil  
thenitrate－nitrogenintheplanthaddisappeared・Nitrate－nitrogencontentsofthefruit，Calyx，  
andpetioleofthefirstandthirdclusterswereanalyzedland5daysaftertheinitiationoftreat－  
ment．Amongthedifferenttreatmcnts，thehighestnitrate・nitrogencontentwasdetectedevenin  
thefruitsoftheupperaswc11asofthelo、VerClusteroftheplantsgrownonlくNO3SOlution，and  
thenitrate－Tlitrogen contentofplantsgrownonCa（NO3）2SOlution、VaSVerylow，aSShownin  
Fig・8・Thenitrate－nitrogencontentofplantsgrownonKNO3＋4Casolutionwasintermediate  
betweennitrate－nitrogencontentsofplantsgrownonKNO3andCa（NO3）2SOlution・Fromthese  
results，itissuggested that potassium accelerates theaccumuiation of nitrate・nitrogeninthe  
tomatofruit，andmorelikelyintheleaf．  
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Fig．8 EfEectsofpotassium．andcalciumontheaccumulatingvelocityofnitrate－nitrogen  
（NO3rN）in to皿atO plant，Cv‘Fireba11’insandculturc・PlantsfreeofNO3Were  
grownoneacbofKNO3（1×10，21tKNO3），Ca（NO3）2（与ち×10－2MCa（NO3）2）and  

KNO3÷4Ca（1×10‾ヱMKNO3＋2×10‾三MCaC12）solution・   

EFFECTOF PLANT GROWTH REGULATORSONTHE ACCUMULATIONOFNITRATE－  

NITROGEN IN TOMATO FRUIT 
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？－Chlorophenoxy aceticacid（PCPA）is widelyused for tomato growingasa parthenocarpy  

inducer，andgibbere！1in（GA，）isanotherchemicalusedtoinduceparthenocarpy．2－Chloroethyl  

Phosphonicacid（Ethrel）isknowntohaveanacceleratingeffectontheripeningoftomatofruit．   

When50ppmofGA3WaSappliedtotheflower，Cluster．orwholetomatoplant、nitrate－nitrogen  

COntentinthefruitdecreasedasshow71inFig．9．Diminishedfruitsizeandyield，anddelayed  

rnaturationwerealsoobserved．  

Fig・9 Etfects ofsome plant growthregulators on seasonalchange of  
nitrate－nitrogen（NO3－N）contentintomatofruit．Cv－Chico’in  
field culture．  

Onthecontrary、Whentomatoflowersandclusterswere treatedwith15ppmofPCPA．higher  

nitrate－nitrogen contentsintllefruitlVerefound．Fruitsizeandyieldwerealsoincreasedand  

maturationwasaccelerated．   

BytreatlngClusterswith25ppmofGA，and7．5ppmofPCPAtoge亡her，itwasfoundthatthe  

effectsonfruitgrowth，yield，and maturationtimewereintermediatebetweenthosecausedby  

singletreatmentsofGA30rPCPA，andnitrate－nitrogencontentsin thefruitdecreased，With  

higherpercentageoftheEruitcontainingless［han3ppmofnitrate－nitrogen・   

SpraylngOf980ppmethrelonthewholeplantshortlybeforethebeginningoftheharvestsea－  
sonacceleratedthematurationconsiderablyandshortenedtheharvestseason．Nitrate・nitrogen  

contentsinthefruitdecreasedwiththistreatment，butthefruityieldwaslowered．   

Theeffectsoftheseregulatorsvariedamongthecultivarsand‘Chico、wasfoundtobemore  

sensitivetoPCPAandGAユthan’Heinz1370’．   

Thernechanismoftheeffectsoftheseregulatorsonthenitrate・nitrogencontentoftomatofruit  

isnotyetclear．Forpracticalpurposes，however，bytreatingtheflowcrlngClusterwifhGA．and  

PCPAtogether，andthewholeplant、、▼ithethrel・Shortlybeforethebeginningofthehavesttime，  

itsee7nSlikelythatnitrate・nitrogencontentinthefruitwilldecreasewithoutlowerlngthefruit  

yield．   

THE VARIANCE OF NITRATE－NITROGEN CONTENTIN TOMATO FRUIT AMONG  

CULTIVARS  

Asmentionedabove，nitrate－nitrogencontentinthefruitvariedamongcultivars．Thephysio－  

logicaldiLferencebetweenthelownitrate－nitrogen‘Chico、andthehighnitrate－nitrogen Tireb－   
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alrwasinvestlgatedinmoredetail．   
Nitrate・nitrogencontentin‘Fireball’fruitwashighatthebreakerstage，andthecontentre・  

maindunchangedthroughouttheripenlngperiodandstayedatahigh1evelintheredripefruit・  
In‘Chico’fruit．thenitrate－nitrogencontentwasveryhighatthe breakerstage．butdecreased  

thereafterandresultedinalowlevelattheredripestage．Fruitsandleavesof’Chico’showed  

alowerratioofnitTate－nitrogentototal・nitrogenandlowercontentsoforganicacidandpotas・  
sium，buthighercontentsoffree aminoacid，reducingsugar，and calcium as compared with  

‘Fireball’．assholl・ninTable3．Thisrelation between’Firebalr and‘Chico’wassimi1artothat  

betweenthestandard tomatofruitandthefruitwithreduced nitrate・nitrogen contentproduced  

bygrowlngatlowernitrate－nitrogenorpotassiumlevelsorahighercalciumleveloftheculture  
solution．  

Table3 Thecontentsofnitrogen．carbohydrate，Organicacid，andmineralinredripetomato  
fruit，andleafof．Fireball’and．Chico’cultivars．Insoilculture．  

‘Fireもall，  

‘Chico’  

469．2   

372．4  

1，7210・3  

1．867 L O．2  
Fruit  

‘Fireba11’  

‘Cbico’  

2，535  

2．・19・l  

30．5 1  0．53  
Leaf  

Itiswellknownthattomatofruitp，ickedatan；mmaturestage，ripenduringsubsequentstorage  

sho＼V；ngdrasticchangesincolor，teXture，ethyleneproduction，reSPirationTate，etC・Changesof  

nitrate・nitrogenconten亡inthecourseofripeningafterharvestwasinvestlgatedinourexperiment・  

Thefruitsofthefirstandthefourthclustersof‘Chico’and LFireball’wereharvestedatthemature  

greenstageand storedat250C．Tofindouttheeffectsofethreland gibberellin（GA3）．other  

harvestedfruitswereimmersedin980pprnofethrelor500ppmorGA，SOlutionfor30minand  
thenstoredat25OC．Thenitrate－nitrogencontentsin∵untreated‘Chico’fruitofthefirstandfourth  

clustersdecreasedconsiderablyduringstorage，＼Vhilein‘Fireball’fTuitonlythenitrate－nitrogen  

contentofthefourthclusterdecreased，andnotthatofthefirstclusterasshowninFig．10．Ni・  

tTate－nitrogencontentin‘Fireball’fruitofthefirstclusterdecreasedslighlywithGA尽treatment，  

butnotwithethrel．Testswereperformedusingtreatmentswithascorbicacid、maleicacid，glu－  

cose，kinetin，mOlybdenum，andseTeralaminoacids（methionine，alaninc，PrOlineandleucine），  

contentsof、VhichhadbeenfoundtodifferbetlVeen‘Chico’and‘Fireball’；nosignificanteffect  

wasobservedinTire－balr fruitofthefirstcluster．   

EFFECT OF SHADINGONTHE ACCUMULATlON OF NITRATE－NITROGENIN TOMA・  
TO FRUIT  

ltisknownthatnitTate reductase activityisinhibitedand thereforenitrate－nitrogencontent  
incTeaSeSintheplantgrownunderconditionso‖ightdeficiency宣告）42～…  

Inourexperiments，WhentomatoplantsweregrownundershadinguslngCheesecloth，nitrate  

reductaseactivityandascorbicacidcontentinthefruitdecreasedand nitrate・nitrogencontent  

increased，aSShowninTable4．Itwasalsofoundthattheplantsbecamespindlyandthatfruit  

sizewassmall．Theinfluenceo‖ightintensityonnitrate－nitrogencontentinthefruitvarieda一   
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Fig．10 Thechangeinnitrate－nitrog弓n（NO3－N）contentinthe ripeningprocess  
ofharvesLed tomatofruit・F＝ui【sl、・ere harvested at maturcgreen stage．  
immersedineachof980ppmethreland500ppmGA3for30mi皿andstor・  
eda亡25UC．The（ruitsofthefirstclusterwerehaTVeStedonJuly3rd，and  
thoseofthefourthclusteronJuly18th．   

Table4 Effectofshadingonthc accumulatiDnOfnitrate－nitrogen（NO3－N）intoI刀atOfruit．Cv．  
一Taiho’insandclユIture・Shadedplantsweregrownunder2sheetsofcheesecloth．  
Nitratereduetaseactivityexpressedin瑠NO：－Nproduced／3gfruit／h．  

mongcultivars，and‘Heinz1370’wasfoundtobeinsensitivetoshading．   

MANAGEMENT PRACTICE FOR PREVENTING THE ACCUMULATION OF NTTRATE・  
NITROGENINTOMATOFRUITANDTHEQUALITYOFCANNEDTOMATOJUICE  

77zepreventionqfdeaccu”uLkltio71qf711traie・niiroge77iTZthejhLil．－Theinvestigatedpheno－  

menaandfactorsconcerningtheaccumulationofnitrate－nitrogerlintomatofruithavebeensum・  

marizedabove．Onthebasisoftheknowledgeobtained，apraCticalmeansofprevention ofthe   



加工用トマト果実の硝燈篭審議に関する研究  59  

accumulat；onofnitrate・nitrogenintomatoplantswastested・－Chicol，alownitrate－nitrogencul・  

tivar，WaSgrOVminthefieldwhichhadbeenfloodedduring＼Vinter，uSlngahighcalciumlevel  

andsplitapplicationofcrotonyliden diureawhichisaslow－aCtingnitrogenfertilizer．There・  

Sultsobtainedweresatisfactory，thatis，nitra亡e－nitrogencontentinthefruitwasalwaysbelow3  

PpmthroughouttheharveStSeaSOn．aSShowninFig．11，andthefruityielddidnotdecrease．  

γ℃  γけ   

Hmきt聴n  

γ24 γ31（叫町；  

Fig・11Management practicesforlowering nitrate・nitrogen（NOs－N）contentin  
tomatofruit・Cv‘Chico’infieldculture・1＝Applieationof（NH．）2SO4and  
Stan血rd Calevelon the unflooded field；2：application Df（NH▲）2SO↓  
andstandard Calevelon the flooded field；3：spli［－application ofCro－  
tonyliden diureaand‘1times standard Calevelonthe flooded field．The  
figuresinparenthes；sindicate：fruityield（ton／10ares）．  

77zequal卸qfca7けIedio711atOjtLice．－TomatoLruitsgrown undertheconditionsmentioneda－  

bovewereprocessedintocanncdtomatojuiceandthecontentsoftin，nitrate－nitrogen，andother  
Substanceswereanalyzed．   

Whentomatojuicecontalnlngnitrate－nitTOgenbelow3ppm肌・aSpaCkedinplaincans，nitrate－  

nitrogeninthejuice disappearedin3monthsofstorageat370C，and tin＼＼▼aSdissoIvedtosome  

extentwithaconcentrationofaboutlOOppmaLter6monthsofstorageat37DCasshowninFig・  

12・Bypackingthejuicecontaining5ppmnitrate－nitrogenin plaincans，itwasfoundthatthe  

dissol、†edtinconcentrationexceeded200ppmafter6monthsa［37＝C．Inthecoatedcans，tinwas  
notdissoIvedevenwhenthe5uicecontaining5ppmofnitrate・nitrogenhadbeenpacked，anda  

greatdealofnitrate－nitrogenremained．Ho、VeVer，theascorbicacidcontentinthejuicedecreas－  

edconsiderablvandthedevelopmentofbrownlngaSWellasoff・flavorwasobserved．  
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Fig・12 Tbedissolvingoftinanddisap匹aranCeOfnitTate・nitrogen（NOさ－N）con－  
tentsincannedtomatojuicestoredat37こC・1：Tomatojuiceinitiallycon－  
taining4・8ppm NO3－NpackedintoCOatedcan・2：Tomotojuiceinitially  
COntaining4．8ppmNOrNpackedintoplaincan・3：Tornatojuice；nitial－  
1ycontalnlngl．4ppmNO3－Npackedintoplaincan．   
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