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根粒非着生ダイズにおける  

柴中窒素含量と子実収量の関係  
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摘  要  

ダイズは種子貯蔵タンパク賓を合成するために多くの宅素を必要とする。帯熟期の栄養  

器官に貯えられている窒素が増収のために重要であることが知られている。窒素固定する  

ダイズとしないダイズの子繋職長が棄中から移動する窒素にどれくらい依存するかを比較  

することは，大気中の窄素の固定，上演中からの取り込及，菓組織からの再分配といった  

3種の窒素源の相互作用を明らかにする卜で人変興味深い間簸である。本研究の∩的は，根  

粒非着生ダイズ首異なる窒素施肥下で栽培した場合の．華中の窒素含量と／・実収量の関係  

を明らかにすることである。実験の結果，禁中の窒素含量と収量の関係は遺伝子型と年次  

によって変動した。窒素固定能を欠き，吸収窒素と華中窒素の再移動に依存している非着  

生ダイズの子実収量は．施肥した窒素量に反応し∴襲中の窒素含量と収屋の間に高い相関  

関係がみられた）子実収量が高く．集中窒素の移動を促進するような良好な栽培年次には，  

子実収毒の葉巾窒素への依存が，とくに着生ダイズにおいて小さくなった。すなわち，室  

素が十分に供給される場合．種子は集中から再移動した窒素よりむしろ，固定額秦や根か  

ら吸収した窒素を直接利府すると考えられた。  

キーワード：葉中窒素・要素施肥・根粒非着生・子葉収量・タイズ  

Abs（raet‥SoybeanrequiresalargeamountofNto seedyicldonmobil㍑edleafNinthepreserLCeand  

SuPPOrtthesynthesisofseer】storagcprotcin・The absence of N∠飼xatiortis anintcrcsting study to  

arrLOu］ltOfN sIorcdin thevegetativepartsatseed venfYth（Linleractiverolesofthethree N sources．  

fl11ingstagejsetearEyimpoTtantfordcvelopmentofa directassirni】ation ofalmospherlC and soilN，and  

largtLSeCdyit・ld・ComparlSOnOfthedependenceof  血・0Inredistrlbutioninleaftissue．rTlleObJeCtivcoL  
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Usually，SOybe弧plantscanhavetbethreem血  

印un：eS Of N br seed producllりn 血■Om direct  

assimilation of atmospherlCand soilN，and from  

redistnbutlOninveget且tive t］SSue．On the other  

hand，nOn－nOdulatingsoybeansarerestrlCtedtheN  

sources to soilN andits redistnbutlOn due to the  

Iack（】fabil1年OfN2丘Ⅹation．WhlecompaIIsOmOftbe  

dependenceofseedyieldonmobillZedleafNinthe  

presenceandat）SenCeOfsymbiotieN2血血onisan  

interestjng study to veri付theiTlteraCtive roles of  

atmospllerie N2触atlOn and mobiliねtion on seed  

developmcnt．there arelimited reports on the  

vegeta岱ve N cunLenL and 既edl拍itsin r10Il－  

nodulatlngSOybeans．  

ItiskJIOWIlthatthcvcge【atlVCNcontモntinTlOrL－  

nodulatingsoybf・ar）Sisstrong】ydependentontheN  

ferdlizerlevels（Weber，1966）．Compadso且 ロー  

mobilization ofplant Nto seedsinIlOdulatmg arld  

norトnOdulatlngisolines byJeppson etal．（1978）  

irLdicated that adding N fertilizerincreasedwi161e  

plantweight and血e percenlN h no什n（〉dul戚ing  

soybeans，but which wereless than thosein  

nodulaLingcotmterparts．Prevjouslyweinves廃ated  

vafiatlOn for seed sizein nodulathg andIlOn－  

nodulatingsoybeansgrownatdi鮎rentNlevelsover  

丘ve years andfolmd血atnon・POduladng soybeans  

are highly responsive to N fertllLzer arLd cIimatic  

coTlditions（Manalo et al．．1998），neSe reSults  

suggest thatthe rdalioIIShlp be加en poter）tidly  

mobilizableleafNan（1seedyleldcapacitymaydi蝕r  

between nodulatmg and noll－nOdulating ger10tyPeS  

dueto dj鮫renualresponsesto tlle quantityofsoil  

N／rheol⊃jectiveofthisstudywastL）investigatethe  

correlatlOnbetweenleafNcontellLaIldseedyieldin  

non－nOdulatingge110typeS grOWn at difEerentleve王s  

ofNfer川一方er．  

MateHalsand Methods  

l．】門aIltmated8k   

′menoll－nOdul鵬nglinesweredevelo匹d血mthe  

cr（ISS between the nod11latiilg CUltivar TbyOStlZu  

r】ち）andthenon－nOddatinglheTol－0，Whichisa   

t土由s血dywastoinvestigatetlle即汀eIationbetween  

leaf N content aIld seed yieldin non－nOdulating  

genotypesgrown atdifferentlevelsofNferti7izer＿  

nleIeafNconLcntaIldseedyieldconで1atioTlVaried  

wi仇genotypes and gro雨Ⅵg SeaSOnS，¶le nOn－  

nodulatinggent〉けpeslackhg山eN2蝕ationability  

抑d depending Lh℃ir seed yleld more（）n N  

abso叩血）nandleafNre－mObilka伍onshowedhlgher  

responses b血ele偲Is ofN鮎畑1izer and h唱her  

coe怖c墓entsofdetermlnationbetweenleafNconteIlt  

andtheyield．Ⅵ旬en thegrowingcDnditionswere  

favorabletoincreasetheyieldandmobilizablele濾  

N，the dependence of seed yield onleaf N was  

greatlYreducedin thegenotypesespedallyin the  

nodulatinggenotype．¶1erefore，ifthesupplyofNis  

abundant，tlle嘗eedmayprefertousetheNdirectly  

supplied byN3触ationandrootabsorptionrather  

血mrem（ぬili痍ng仇eleafN．  

fhywords：Leafnitrogencontent，Nitrogenfenilizer，  

Non・nOdtllAting，Seedyidd，Soybean．  

鮎沖ean（qね加・〟況r lL．1Merr．）requires a  

la聯amOuntOfNLosup卵止血es叩仇esisofseed  

stor昭eprOtein．¶leNstoredinthevegetativeparts  

ofsoゆeanllaSanimport皿trOleinprovlding払モN  

requlrementS．About50％oftheNrequ汀edforseed  

protein5ynthesis ean come董rom the mobilized  

veget且也veN andthe許・eaterprOpO沌on o＝混sis  

如mleafdssue（HanwayandWeb町1971；bberg  

etalリ19糾；Egli卸dIjggert，19紡）．Tもeamountof  

Nstorcdintheveget血vep001atseed月11ingstageis  

important to seed yield．Tもere are genotypic  

variationin 山e amount ¢f N 誠Cumulatedin  

vegぬかetissuesam＝n也epropor血nofv曙eta血e  

N mobilized for seeddevelopmellt（Ieppson etal．．  
1978；Ze山ereta】”1982；bbergetal．，19糾；晒et  

d．．1992）．rrhe relationship belween potentlally  

mol）ilizableleafNandseedyieldcapac吋hasbeen  

stlldied and eitherweak orinconsistent c（）rTelation  

wasI甲山ed（Zeiher etれ1躯2；伽吐血1泌l；  

Vasilasetal．，1995）．  



SeedyieldinrLOn－nOdulatLngSOybeaEl  

brf・edersline produced atliokkaido Prefecture  

TokachiAgrjcu］tul－alE）：PerimentStation（Sasakiand  

Sunada，1978）andcarriesthenon－nOdulatinga11ele，  

（れ derived打0111℃01s（）ybeaれ．¶1reeh（1mO町gnuS  

non－nOdu】atillgderjvatives，TSl，TS2andTS3were  

SelectedandadvaneedbysingleseeddescenttoF】4  

generation．nese threelines were chosenin a  

preliminaryevaluatlOllfordi鮎rencesinresponseof  

Seed yield to NfertillZCrlevels．TSwas used as a  

refeT’encegerLOtypeOfnodulatlngi11thisexperimeIlt．  

ユ．Expedment   

A twoLyear field Lrial was conducLed at Lhe  

experimcntal鮎1d of Obihiro Umversity of Agri－  

Cultu代and V七teIⅦaけMedlぐine on a血dc ml勘  

brown andosoIs（Entice Hapl11dans）in1996and  

1998．¶le eXr杷rlmentalplots were randomized  

using splltplotdesignwiththree repllCatlOrLS．¶1e  

ma」n and subpIots comprised fertilizer treatment  

and genotypes，reSpeCtively．Sllbplots consisted of  

three rows of2min1ength．Fo11rlevels of N  

fertillZertreatmemtS，0，2，10，aIld20gm2（ON，2N，  

10N，20N），in1plementedbyammoniumsulfatewere  

applied．Phosphorous，POtaSSium and magnesium  

WerealsoapplledasabasaldresslrlgtOal］plotsat  

山el．ateSOf18．0，9．Oand2．3gmZ，reSpeCtlVely．The  

20Ntreatmt・ntWaSCamiedoutinthatonlyhalfwas  

applledbeforcsowingandtJleOtherhalEwasslde－  

dressed atthe RIstage．Plotswerc ov（・rSeededin  

lateMayandthinnedtotwoplantsperhill．Plantmg  

densitywas20cmbetweenhillsand6Ocmbetwee［l  

rOWS．   

TwoplantswerehaJVeStedh－Omthecenterrowat  

theR5stage．Allleavesccl］】ectedweredriedat70t：  

br 48 hours arLd weighed．’rheleaves were  

き汀OundediinelyandabolltO．3－0．5gofsampleswere  

analy7ed for N concemtratiom by均eldal1lmethod．  

Tcrta‖eafNcontentwasestlmatedbythel）rOductof  

leaf dlY mattCrandleaf N composition（％）．Seed  

yield was determined by harvest of four p］antsin  

plots∴111C daLa onleaf dry matter，tOtal］eaf N  

COntentand seed yield were transformed togram  

persquaremeter．  

Results   

Theleafdrymatterineachgenotypewashigtlerin  

thesecondyear仙anthatinthefirstyear恥blel），  

indicati咽better’grOWlngCt）nditions】n1998，TrLboth  

years，the rLOn－nOdula也nggerrotypesincreasedleaf  

drymatterwl血仙elevelsofN紐血1izer．whereas山e  

response of TS was slight in Lhe 2N to ZON 

treatments，mere WaS a SignibcanL difkrcncc  

between the non－nOdulating genotypeS OVer tWO   

Tablel．Leafdrymatterofthenon－nOdulating  
g8nOtyPeSandnoduIatingTSsoybean  
at fourlev由O一日f（油Ijzerintwoyears  

Nlevels也m■り  

0  2  10  20   Mean  
Genoけpe  

19舗  

TS1  43  85  154   262  

TS2  59  74   115   131  

TS3  45  91  141  173  

TS  46  82  と；6  99  

3
6
9
4
1
2
祁
0
0
 
9
2
4
2
4
1
謂
5
4
 
 

15山（0．05）＝24＿6  

1998   

TSl  120  131  224   

1S2  91  109   155   

m3   10】  125   155   

TS  l15  128  146  

4
 
6
 
4
 
3
 
器
2
1
1
8
1
6
 
 

years，aSTSIwasthehighestindrymattcrandits  

responsebNfel七1izer．   

Leaf N composiぬn ranged from3．2％to5．5％  

（nble2）LVariationwassrnallandnotsigniBcant］y  

difkred between years．The gellOtyI）eS tended to  

Tab［e2・Nitrogencompositionofthenon－nOdulating  
genotypes and nodulating TS soybean at 
fou「level＄OfN拍刷izerintwoyears  

Nlevelskmり  

0  2  10  20   Mean  
GeI】叫・匹  

1996   

TS1  3．4   3．8   4．6   5．5   

TS2   3．6   3．S   4．8   5＿4   

TS3   3．7   3．7   4．4   4．8   

TS  3．2   4．5   4．6   5．1  

uD（仇05）コ0．47  

1998   

TS1  3．7   3．8   3．9   4．O   

TS2   3．9   4．8   4．9   5．3   

TS3   3．3   3．4   4＿4   4．3   

TS  4．7   4．7   4＿9   5．4  

3
－
4
 
2
 
4
 
3
 
4
一
■
 
4
 
4
 
4
 
 
鑓
U
 
7
 
9
 
9
 
3
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J
．
4
 
3
 
4
 
4
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imcrea班IedNcompos揖orlWithhigherNfer山ker  

levelsandgenobrpicdifrere11eeWaSreVealedinthe  

second year．ne consistentlylow compositlOn Of  

TSlin1998wasぐOmpem＄atedbyitshlghleafdry  

ma仕er．   

¶1emeantOtalleafNcontentinl鮒8was7．Ogm■Z  

whicllWaS或gni鮎肌dyhigherth皿5．OgⅣ2i111996  

（Table3），Thiswasobviouslyduetohigherleafdry  

matterin血esecondyeara山dm（〉di鮎代nCeinle癒N  

TabJe3．TotalleafN00nteTttOftheTIOn‾rLOdulating  
genotypes and nodulating TS soybean at 
fourlevels ofNIenilizerintwoy8a帽  

Table4．Seedyieldofthenon・nOduldtinggenotypes  
andnodulatingTSsoybeanatfourleveIsof  
Nfe「tilizerintwoyears  

Gen嘲e。  
Nl印e帥り 

2 卸 Me卸  
1996  gm Z  

代1 114  2（】6  298  4鴨   

TS2  96  190   312   373   

m3  56  93  157  118   

TS   213   258   306  194  

Ⅰ5D吼05）＝34．2  
1∈柑8  

訂
開
場
6
7
柑
 
2
 
2
 
1
 
り
】
 
2
 
 

373   386  

350   312  

179   243  

486   427  

6
 
5
 
〔
廿
n
 
染
U
 
4
 
3
6
お
2
1
迫
3
4
 
 

∵
．
十
ト
 
 

TSI  

TS2  

TS3  

TS  
い
 
 

7
7
6
7
鋸
7
6
u
 
 

2
 
2
 
1
 
3
 
 

Nleve細） 
Gen頗。  

a 2。Me弧  
andtota11eafNcontent／merewasalargediEerence  

betweenyears．Theyear meanin1998wasibotlt  

6O％higherthanthatin1996＿Furthermore，at2N  

Whichisthestandardlevelinourareabrsoybean  

cultivation，the nodulatingTS produced4紡g rrrZ  

yieldinthesecondyearwhlChwasasneart血ceas  

258gm－Zimlllt三五指tyear．   

WhileseedyieldsofttlenOn－nOdulating．geIl（・師  

general1yincreasedwith N Lertllizerlevelsin both  

years，the nodulatingTS scarcely re叩Onded to N  

fe摘出erapplicatlOm．At山elowerN簸血1i次rlevels  

h1996，山亡醍edyieldsofnon－nOdula血g′TSland  

TS2weresign組cantlylowerthanthoseofTS，then  

slandtobecomeequalatlON．Findlytbesetwo  

れOn－nO血11atlng gen（〉切光S gaVe ugher yields t鮎m  

′lS at20N，In也e1998experlment，the highest  

yie）ds ofTSlandTS2were recorded at20N，b11t  

their yieldincrease／s were not prOPrtionalto N  

鈷血1i於rleve】s．′IS3 showed a comsistently and  

signi丘cantlylowerperformancethan仇eother－10nL  

nodulatlng genOtyDeS OVer Nierhl昆er treatmehts  

andye訂S．   

Sinee toIalleafN ec．11tellt a皿d seed yield were  

variedlargely year t＊）year．relatior．ships between  

thcsetwoeharacterswereamalyzedineadlyCar．ln  

dlgenoけpes，aClogeco汀elatiorrwasdetect衰＝正也e  

血st year．nle eOeffldent of detemination（r2）  

values ofthe follrgenOtyPeS ranged丘■Om O．52to  

O．72，111eaningthatabout50to70髄ofvarlationin   

1996   

TSl l．5   3．2   

′1S2   2．2   2．9   

1笥  l＿7   3、5   

TS  l．6   3．8  
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Ⅰ5D（0．05）＝1．29  

1998   

TSI   

TS2   

TS3   

TS   
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7
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5．2  

5．4  

4．4  

6β  

composHねn t〉etWeen ye＆rS．At ONin1996，d】  

genotypesseemedtusuLkr鵬mNde五ciencystress  

since仇eNcomtentink飢reSWaSabout5gm‘2りr  

lesswhicllWaSarOuTld3（14（）％oftheye訂meam血  

bothyears，WhilegenotyT）eSinereasedtotalleafN  

contentwiththelevelsofN無rdnzer，theresponses  

ofthe血reemOれ－nOdu】atlnggen⊂巾rpeswerehi如er  

thantheresponse ofTS，Atdlelowerlevels cLfN  

fertilLZer（ON aJld2N），tOtalleaf N content、㈹S  

almost comparable between genoty鱒Sin both  

years．血tbe higher N鮎沌1izerlevel5（10N and  

20N），On the other hand，血e non－nOdl血thg  

genotypcsprodu亡edmoreleafNthanTS・This、is  

remarkableinTSl．k正N productiαn Of′IS2was  

此ctedbyyearsduetodifEeren鮎IresponsestoN  

f巳摘肋respecially1（12（〉N（7．4gmヱin1996vs．11．鞄  

m－2im199均．   

Seedyieldsof仇ethreenoIHlO血1atlnggenO吋pes  

andTSweret）reSentedinTablc4．¶listraitfollowed  

asimilartrendofresponsesasthatofleafdrymatter  



Seedyieldhn〔〉1l－110dulatlngSOybean  

seedyieldwereass∝iatedwithorexplainedby仇e  

va血色onin totalleaf N c（）ntent．珊e r30f 仇e  

nodulatingTS（rZ＝0，66）waswithintherangeofr＝  

values of the nonrI10duIating genotypes．This  

indicated that the contribution of re－mObilized N  

fromleavest（）Seedyieldwash短handalmosteqlJal  

inr10dulatingandnon－nOd111atirlggenOtypeS．Onthe  

Otherll皿d，allgenoけpes showed greatly red11Ced  

relatjonships in Lhe second year．TS was a  

remarkablegenobrpeasnorelatlOnShipbetweenthe  

CllaraC鹿r弓WaSfoul止  

Discuss」On  

Thepresent studyshowed thatleafdrymatter，  

total1eafNattheR5stageandseedyieldvariedyear  

to year and genotype to genotype，Whileleaf N  

compositiondidnotvarylargely．Sincetotal1eafN  

content was estimated by the product of leaf dN 

matterandleafNeomposition，Variationinthetotal  

amountofN poolinleaveswashund to associate  

SLJLOnglywilhvariatlOnintheamountofleaves．nle  

amouII（Ofleaves can be a goodindicator of the  

CrOpIs photosynthetle pOtential（BoonLLQng etal．．  

1983；βuttery and Buzzelll1988）．nereJ8re，it  

WOuld bc saA：tO aSSume that thtL higherleaf  

prod11CtioIlin1998generatedhigherphotosyIlthcsis，  

althoughwedid notactuallylneaSurethephoto－  

Synthesklfthisis the case．onemight expecla  

COrrelate（lresponscsofseedyieldand total】ea∫N  

COntent（orlt・af dry matIer）to N fertiIizers．  

Ccrtainly，high coe疏cients ofdetermLnationinthe  

1996exr貯nmelltCOnLimledthttcorTelaledresponses  

Of血ese亡ham亡terS．H〔〉WeVer，undertllel止ghlevt・1s  

O［seedyieldinthe1998expeLiment，thishypothesis  

iscance11edoutbytheobservatlonoftheoccuJTenCe  

Of［owerrelatiollShipsbetweenseedyieldandtotal  

leaf N content Therefore，Wllen the gro雨ng  

COnditi（）nSWerefavorabletohereasetheyjeldaJld  

mobiliEableleaEN，thedependenceofseedyieldoll  

leaf N was grcatly reducedin the genotypes  

especial1yinTS，   

′11－is qbservalion cam be paれIy仁Ⅸplained by  

COnSide血gphysioIogicalrolesofleaves．Theleaves  

areimportant nl）t On】y as a sI〉uree（）f N for  

developing seeds，but also as a main fun亡tion  

PrOvidingthe energy needed by plantsthrougl】  

photosynthesis．The higher photosynthesis may  

acceleratethe direct N asshTliladng processes，N2  

丘Ⅹadon and N absorptlOn by the root system，  

becausだ these are photosynthate dependent  

pmcesses（Ursino et al．，1982）．Wt］nOted the  

possibleinteracdons of the three N sources for  

develophgsoybeanseeds，Forthel10dulatingTSh1  

1998．也eNfert11izerappllCatlOn COntributedto】eaf  

（1ryn】atterandtot且11eafN coIltCntb11tnOttOyleld  

increase，SuggeSting that ttle N from theleaf  

reservdpoolmaybenolongerorlessnecessむYbr  

Seeddevelopmentduet（）alotofNavailabledirectly  

打om N2血atiom and root absb叩don．It seems  

therefore thatifthe supply ofNis abllndant．the  

SeedmayprekrtousetheNdirectlysuppliedbyN2  

蝕ationandrootabsorptionratherthanremobil  

theleaf N．nus may support the Shibles and  

SuIlberg（1998）1sconclusion．neypointedo11tthat  

VegetativeNpoolisclearlyin1pOrtantandneededfor  

the development of alarge yield，but secondarY  

st）urCe thatis drawn upon vaiiab）yin difEerent  

CnVironments dependingonthe plantlscapacityto  

assimi】ateNdirectly．  

111epreSentStudyshowedthevarymgdegreeof  

COrTelatlOnbetweenlebfNccrntentandgralnyield  

dependingon genn帥es and訂OWing seasons．As  

mendonedabove．non－nOdulatlnggenOtyPeSlackjJlg  

the N2Bxatjon abilibr bavelesser sources of N  

availablefbrseeddevelopment．Thusitisrea＄Onab】e  

to hypothesi次 that non－nOdulating genotypes  

dependtheirseedyieldmoreonNabsorptionand  

leafNre－mObilization．Thismayexplain仙ehigher  

responscs to thelevels of N血rti1izer and higher  

coefBcientsofdeterminationbetweenleafNeontent  

and the yield inn皿－TIOdulating soybeans．TS3  

Sh8Wed a consjs愴nt】y an（1signi丘can11yIower  

pcrhmance than the other non－nOdulatlrlg gen（ゝ  

types over N fertlllZertreatmentS andycars．nis  

一 こ －   
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