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KFEDOEREY 7= 0 BRI ED LREABET H2EHETHY, 68D ZIUCHTT, £O
HRMIRERPARD SN TS, BAROFEREM CIIRAEREN) Y70 OFEEE SR & ik
LTAORNWZ ENRFEEEFIRL TNDEZEX N TE. Bk, LT oML HV TR
BT IEHE TR AT L TE =0, 20k 5 2NCEb IRV EM R 2 TR
D7D, EEZ TV, EEA RWFEFT CTHIE S o2& DHNew Plant Type (NPT) 72 & 15EFH
DLW GHFRIC X 2 FAEBROMREDER S TnD . & 2 TAGMSIORRE TR 72 0 b
FAEKEOMERZRZ 72 5T HRICER L, 1BEFEROZ IO W THEOMHE, BE)
DEMAMKSE-ERELZMAL L O & Lz, BT, EEORMY - ofEEKIxE—
R CHERBESRMOFELZ T TRELLEHL, BELINCRK Y ZE L THROLND Z L
M, REMER E AN ER L BE ST 52 LIk o, BN RBELDHEEENED X
INCRESNDDOEW LML LD & L.

B CIIEFIEROZ WA TH DNPTOX I U 250250 5 & Rt & i L 7= B35
FBRAEATV, VRIS AEET 20 IRBAERL, b2k B s KO A RA L, £ oo
WORHSA MR Lo, ZORER, N0 O LIREBAEE (X r— VB 3R) & b IREE Y 7=
D DAL IR EFER (B S3BLEETR) D2 O BREOREE O SRR AR L, MNIH e B R 2R
T EeBNbmols. A= VEFIIHEOKRE SOEEE RO, 2R T X DO
INZ & o THBEANC 2RI A N S & 5 EETH Y, SRR CITREE B % L BER )
Slc. EIRGHEERIIFEO S BAEEICEE L, SHO2RBEEOSMEED b D& S & 5 HH
Thotz. ERANWEZ DT DL, NPTRHEDO I NV —T TIEIATF—VEER, ZLTCT7 /7K
v, IR72, EEBE235 D7 N—7 TIE@EIRSEFRED, £ & L TINT Y O bFESZ B S
HTEBY, 202007 N—7TIIHREMEELKD A T = X L35E D PR R S L7,

F2E CIIRICIHFEBOZ N ETH LT 7 /R EMELE LT, BoiEictiib 52200
WHE L, DFEEASET D L & DOTHN Y Z5HME (AD) Ok X S L ORI E & o BE 4 J 4
Lz, BHABIZ KX > TREBARMORE I Z2E X256, HDWVIIRELAEHONLELIZ X > T
FXEDEF R LIS, FEoEBOADORE S & bIRBAER (A 7 — )V EESE) ITITIE O
BBERA LNz, DO LR EBAROWEN ST A r—VEFIL, RELARHOR
ERRBREEZXLTEY, MESEHOADORESZNLTRESRD ERLNEZ., —
7, @RDEERIZADD K& S B 2 WITEREF A (tunica—corpus structure) & O B
RO bRl

BT CIL R EF A BAEE 2 I 3 5 i b BB R HIE T H HNMAELE & AL D 2 S0 B if
Y720 FUEBORANLEfR %, IBFEH AR ET 5 A7y —VER, BRSEERIINZ T, @
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Gk CEHE 220 DY (HFE 4 72 0 FEEL & BB ER) 2N 2 724> O FALEEUR L E R 7 & fif
Brive. BAEEE2Z 2R OGRET T OAL72 1988~ 19954 & TONJEE, His, (EMORR S
HAIE & AW EBROEEA, miEY 72 0 s LAy — VERITFI LB O = — RN
AEWND &, RGBSR IIFEE LD DB £ TD Y 2 — FNGH RO S (ANC)
EENTNEBEICBEABRLTWD Z LR bhotc. ZTORR, mRNT Y o LEEEIINA L ANC
D 2 HOONIZEET 2 RN HA W TRVIFE TR T & 72 (R*=0.917) . FERLRIEINE ZIE &
FRVBIRICIZ A o 7. ICNMEAR 7210 T2 <, BhEmE b A2 1256, w2720 bR
NN 31 B BRI & B ISR TN L7z, B ORI E b I ONB IR Z U
EEBE L o7 BRIIEREZ NS E 2 —FHT, A7 —VEEELHD SEZR, @RSEE
FREFRERITITIZ LA ERBEZE X oo, S HICHEEEIXmR O ESR L ANCE D
BILRICHEE 52 e o Tz,

FIEICB W CTHMAOIBLIINTIIFBH TE R o728, T E TOMIEN D ZIITIZIERHEE
PEER AL (NSC) DBE G- /RIR LTV D DT, FFATE CIXMFE Y 72  FAEEUT KIE FNSCo 2
AT LT, 2B L AARBEO2MIEIZOWT, MEFMOREICHEETH HHE L
D FAE IR £ TOHIM, B X OIRLBARDOREICEHE TH L BB EH 2L L L
AGEAE R 020 OHIFIC, SEXREOMEALEE L 1B E DM S| X B ATV, EBEDNSCE 5y
fEFAAEE I K ONBLEIES & DRBIR D E BRI 21T o 7=, /M EFHEBUINSCITIZ & A ERE S
NN Z EARENTZ. —TF, FLEDOBILICOWTIZASEEIE Y 7= » R ATREZANSCHR: & g AE IR
EROBIZIEm LB LT, SWAOHBEBERARO L. ZoZ &b, FIOIRKIC
X EBAEM O RHLED OBEAE MRS L, ZIE N0 FHEY 72 v OF|H ATREZeNSCE Y FifEiR(k
REPRETDHZ ENRRENT. FLRMERICITHEOME (R r— LV BR L EROEER) 12IF
EAEEE Lot

EAEY 72 0 FUEROBER), BRI, ¥, R —VEHR, SROKRER, gtk
ROASDORERBEHRDOLE R AWMU THRILT D Z ERNbno Tz, BEHUKFRIZE T DR FEAE A PER
L, BE IS FE LI E TONG A RO FIZ L D2 @RGBER OB LD Z &
ERE L. S 540 O ERIX BRI b ARG AT U CHIEC & 2 TRRED
RENTZ. 4DDHEHDH B, A — LEFZIFADOETEE LN L TR, RRAEMOESR
AR, FMEEE R SICKELE N, SRR ER IR E e S FE b £ TD v 2 — BN
GHEOHNICKE SN TS ZERM R I, SLICRETEZNOMEEZBKT 572012
BRBERMORI LA —VBEROBEBRE T LRTERbRNnWI LaElL, 0 X5
72 iR I X AL AR PERNI R D @ W KRR EFIC OV TR AN A 7.
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20504 (I R O A H1X100{812#E 95 (Bvans 1999) LAHE SN TERY, BRAEEOSLRD
BRIZANEICEE ORI RERMETHD. O —J7 CHERER(LCKETE Y2 & ORI
HIRZATH Y, REIZHIUIAEMAEEDNLENDSD, MEOWMNIZIZ DO THLWIRETH
5 Z LITEhEWN IR, ERR, 19504k, RRRAEPEZ O b O ORI A A HEINEE % &
[ > CTE=DT, BEWOMBITEFEET LTS —F, BEDEEETHOOBLIZES
B7pa A b, BIZIFEREGRZEICE 23 A MIMEML TS ERED BN TS Daily b
1998) . EREERIED O bEEFE (N) fEfEgh= o & NEAR O HiA = S, 5 (1996) 1LHk% D
BARIZEBIT HKHEBENZIR - ZRIEE 2o MHIZIER L, WEOER, BRERSOHED
L%, KFBONRUUNRZ ED, BEARMEZED T BLEEZRRTNDS. LrLans, A
O IX 2 D72 I LD DD B 70— C, BRAEITER LB TVWDH EEI LD
(Sinclair 1999). FFIC N AWHEHIF TH LW - WEF - F7 V7 O ER T H 2 KHG O UL &I 55
LIEHTWD EEZEZ BN,

B H AR O P I L CUL SR AMEI L TV 2 RR O 12w fE Y 72 0 BAEB O R E BT b
% (FFI 1982, Yoshida & Parao 1976, EH 5 1984, EAFT 1990). #H 5 (1984) (LR H CTHIE
DI SN CE BRI A2 Ll U, BEH o PR SRR CITERLIc & b 2 IS
BB LTIl 7 BB AR L TVA Z ENPNEEROER THDLZ L AP LML
TS, S HIZEHF (1990) 1TRAED I 1T 238K (1983), BIRIZIS IS 2 H1l & (1988) DAFFE 4
25 &, W OMEAEKE CITEIEBIIBEREMICIIM AL CI Rl & RLE. Z0L)
&0 DIFEHKRBIZBWCIEFEEN AR L TWER, Z20—RE L TRIKONRA & D A
T SEAEAEPE SRS AL - ALHEE L 0 HIRW 2 E 3T B D (Murayama 1969) . BEHICOFHIEA
PEN R DIRWRR O, FEN L LFEE L T AFEARBICB W T, FRiRONFER
REDSNFEE F K OEAE Dok, 8RS L ONBRIC RIF T %2 REE-ONDS OFR IR ER § 22 1
TN 2 UERH .

AKFR O FAEB T EFIR BN Td 5 L RIS, NEESRZE L83 ETHLHRERERNTH

%, FAACED B A £ CIOBIL L7ENE 2T TR E S (Fill 1969, 4% 1990) O Thih
X, NRfEghEZ M BT 5 ECHEIEAESNROR LICE2FSFTIEEAERNEZZOND. L
ML, NiEfRORHIZZ 2, FEMEWEIINE 5 2 2 & [F Uit & T b e A o9 2 L
ARETHD VI FRBALND (B 1996).

ZD XD WS OFEFERE O TEIZSHEF L LT, REOZIGFE (X AT, "7
v RTA A, NPDIRIBEFIES A E LM E, BN T2 o itk oTZEOmN Y
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VIREEFEBILTWDZENFETFT LD WS 2000, A)I151999). Z DX S 2L LY &
WIS R B 2 55 D, D Z L RZINOHERDOER & 5T 2% (Khush 1997). H AR TOREK
DEWEHFRITZZ T SR ORI RETH Y, Z BTV, NPTIEZENE T WVSAE S TEIL
EFEBFLEIELTVD. IHICTOLD RIFFEMABMOL NI ITER, BRE, JHEDRE
BROSF37e fth ThIE, NFIRSENE L, L LAKBRARIEICHNTHS L) fE s A5
1% (Hasegawa 1998). Z O X D IZEMBOHEKIZIZUUTEBR L, FAEL 00 8 ) 72 Hil 48 | XN AL
ZEIEIZ T 5 RN H D720, REMBOMRIRIZWS 60O FERHIfFTEs. EHH6ICL
THEMEKORERETEEMICHLNI LTV ZEREHEETHS. AMETIEEPTE —IC
JKHE DL H (Senanayake & 1996) & NfE 0= (Ff [l 1982) # ik b RE ELATHLEZX LN DM
FELT- N ED LT L TREDDEZ WV ONDOFERICE > THIAL XL S & L.

S DIINRE LT TR+ ICIT@ TER N EZ I 6 5. NEREIT LA
TEE & B BIMRIC & 203, IBMLBIEEITED, SY3Ee & CHIINT & (A 1957) 729, [kt
WML R RE & OB RIB STV D (RO 1969) . S8 H R 40 T Tl b it &R b
EENITm W IEOFBARER & 2 (I & 1957, FIH 1969) O T, A EEIT M LFRIER & &
BERBRICH HNEETIRIERA S D i 1969). LasL, FEEEKO L WSS TE Tl
FAEIREENE L 2o TR (BkS 2000), F7z, HIEAR I LEEENZ N2 & b S
TS (A 1960) DT, FILOBR(LZBIHT 2 2 SITFIEBIHKICH ST 20478257, Ni
AR R A N R A LS D REME b B X DD,

KFEDOER Y 72 0 B A HEO L THENN 2 ICBRRA LR T IEZ U T Heu. FAE
BNRLL, BRADLEWREE LTHMONDZ ATV, BRI ZIEREOMEE IS HENAD
, BEO EMICEAT 2EMAENZ O CER D 1992, HBAS 1984). Z 0 & 5 ki (FEA)
SRR L L, BB L TOBRERIZBWT, KESCHEHIEOSE, & HIITHEERRORER
CLBESIT N D GEK - B’ 1967, B 1977). S SITHFENSME, BEL TV EES
SHELRR (AD) X 1B O OB E L ML OERRH S Z E bRBEINTWVD (RE
1999) . AWFZE TITIRERAEE D RLALIZ B 5T 2 ShiFE D TERBHYRHE A NORZ M A2 PE &t oD TR L
7o, SO A ST 52 LT, EEEEOZWNRFEOPIZH IREEAZ W O, f#
O EBICHEIEBN S EET IO LH D Z L E2RY, BRZNRMED D b FEE O K AL#
BEMWAT L EE2E L.

LUEDTE 5 &AWL TIZ AR O BB AT 2 RBA D 5 bR &E < 3HODOMIEICH > T, %
BREATV, BB OBSIHEEZA LML E S & Lz, 0% NE, FEAERICIEKR & 22 m R 2%
BNBDENDN, THNAE L DEEICONTOEISHEANRMEmI D OMFATH Y, K
XD, 2ENTIICHY T D, FH2k, NRED O HTEHKFEORWFEEEAEES RIS
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T2, AARIIONKEZD D OIS < BAEAEEICKIETNREOKBEOMITH Y,
AL DFEIFEN LIS YE T 5. H3IE, ITEOREROMIEICE D b L2 EDOHLDIR(L
IZHEB LT, FUEOBILOBMOMIITH Y, KL OH3, 4mNZNITHET 5.

KL ED X5 B, BB L OHIEICH > TSI TWS. BT, AiaSCOMER
WZDOWTHHIZIE RS, KimX a2 RKE L 2T 5 & IR O MM 2R 2 R FRIICH 522
L&D & Lniyimag (51, 2%8), BRESRM L w7 v SO BER 2 F— 0 (3 AR <
BB U 7ot 804y (353, 4F) 10 ivd . B TIRATPECTH LT R > L 1B EIE S AT 5
TEHERY 70 B3R LSOV ClFE Y 72 V0 BEAEE OO A I oM L L D & L.

1R IR Dy B IE DT RE R IR BT DR R 2 3b _ 7z, EFEFR STV D B GFRI
WTFR B IBBEEREZIIR L Ty 7 A RE2MHR L TVDDR, BRIZHD bONREZ Abh
L. L LZ B FVIZZEORTIIRASBENTSATELE LTHO, £ OEmWEBRARIIIFE O
WEHEEL TS EWHIERMND L. FIE T ERICIBEHIERO S WL ERT 572
FC2<, EIREAES & b2 BAE L O FL =R O HilHIC, B AR 22 s EA7Ei I gt o
%< BEAIED T L NBBHITTRENEG & ZH 0 SR DU CRED BRI IS (FERY) 010
B QIRBAE S & T2 Z L IT Ko TR L7z,

o CIIREN ML, FEET B A R O TER Y B (AD) IZ DWW T2 OfE & KX SO
REFRFHAER A b L ICAD & IEER OBEGRZ G Ule. Y 72 0 FUER O SR 22 2 o K
TR OENTHA SN L. B O MM ZR ZADDO R E SRR FH) R R )
BIHAL LD LT DMREDEEL LS oo T D (REE 1991, I 1999, 25 2000). ABFET
IR L REE LI OADD R & S DM OB A 72 2 iR O 272 59, BREESME2 R
DHETOVTHRAE L2, S SIC2REAE D43k 2R T FE B 0L ONSEAE & A5 A4 = 5 D %)
B EOEDHEIZHOWTHELITo7. FIELHDOET, TALOMAERMRICESE, 1
FEFIEBN Ay — VNV EBHE L GRSFEERZ L VI 200 HEBEREENSHEREINTVWAZ L &2@Hm L
7-.

BT CITREF I LR 2 T D i R R FBRTH ONMIE L ZHICRS FETH D
FAEES FE D221 DUNTRAMEEL & O B & FAE B B 38 o0 i U CRRAT L7z, BEHIUKRE O B4k
BOFIRER & L TH A b L ATEA R ONEEIRGE & RO R LRI 5 720I, fx
D/RF— ONJEIE7ET T2 <, EH], ik, MMEERESERFEREITo. ZOETIT
INHORREE L LICEL, 2ETHL IR o L IBEHIES A KT 520D EH L FRIANIREE &
DOBIfRE TN, S DICFEHOMEIED O IXFE OEE L) o 7B LIRS & NS L O A & DY
FRIZ OV THRAT L7l e % fdalk L 7.

AT TIXFAIE O 43k & IBARIC KA T IR & M e Kb (NSC) D SR % BRI figir L 7=, FEAE
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DA b EE RN T 2FE b b FAE b £ TOHIM, & 25\ idFiE o’k
(ZH b HE R B Cd D M A il & T 5 ATEA RPN B 5 VIR 5] & LB
Lo TEHEDONSCERZZ R, Th&abFii, BMEFEE & OBz T L7,

FOERME B TITHIEN D BARITR LIS RIZHIED &, BRHUKE OFAEALER RO
RZNRREEZTOLICETELZ L., S OIS BARICHE ST 5WAZER & LTN, NS
C, MM AERFEHME, ADEZZET, T B REREZKEDRN G, KO EREY 72 ) FAEK
EPLRT DR E LT, #bs, BEEENSOA%OMIERELHEIIC L X5 Lk,

ARIFFETIE, KFGOMHEL -0 OFEEEN ED LI L TRELZONEHSNTT DD
SFEIERBADD FERVOBEAIT o 7o, WHIEREZ BT 2B FNTFIED & Hl 5 E 4 4
AOFEFHTFIEECIEIERERFIELFA L. LrLARRs, TbonbhfEmoR
OWEZ AR ESED (TR 1957) | Z R ICTEZLEEFEVE. TR THLARRBOmEY -
0 DOFEIEEL DO RRNTIBIE DO K ZH S L, DOSBORESZREFICT 5 Z Liidn 52
FRRWEOTIE RN EZEZ TS, L, RIFEONEZFILROFIEHCE b2 5K
TG THEIICHBEIEDITE, ZOMREILITHLL, BRI K L7245 %O
b ThAHH. DL REBDOERDO T DI NR—BNITH RIVITANIFRITE) LT
EEHITEZD.

KRIFFROZATIR BT L D F L& DITERL TiE, FUERTF KRB PR B i TR i i
IIHAEER ) 72 B THRIE & THifEA W o 7. 10FELL ERTO R FAFENS HEZ D NTZHRETH Y
BN, RANDODFREEENDRELRNTZDIZOAD A E LR LR WAFZE 2 E i < isr-o
TWeEnE, Z IR LEATEHROEEZERT S.

AR R PG IRE B AS R ER &, FZEE/ N ERFELIE, FReKIiChl > Tk
W E ZTHREEZGY, £z, EREROTZOOREIH N E -T2, Z OO IR R
T 2 BB R PR P P ITR BOR 7 R A B ad TP B — P, BAR KA G IR 7
BB K BRI L, MR F R R AR F IR R OEEL > 72, KRFFAE
o D L FBFZERE T do o T ALRE K7 R B R A 2R B B R )RR £, S i ok i e
HERG, JRMOKPER REAEWE IR T I B T RRAT Lo 72T T BER R D
BERARELEZWETE W, BRRFICERL TOOIXRNCEH L2 MmO, KyEpid, Fme
DFEROWH IR 72T HIE, ZOMREOYEFHEMRTERNPSTETHA S . 1994FITITHIRIRE
R 5 GREBR IR LRI o % —) TEfBiE K (BB IR BRI 16D,
%< DI 2 D BB EROW 2 W22 T2, 199548 (213 BAR RS2 A M G IR R 2 R E A
JREBE I v ¥ —RERGIC TR BRRKFZAEYERBFH B RERREK 2460, %<0
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05 % D B B EBR O 1) 2\ T 7200 2 19984 1T 1 AR I K 22 K 22 ot S B JE Rk L PN S
EHTWEREE, T 7 0 VHIFIEIC OO T RHE K 2R B 26 7R R bR i 2 25 B T
HEIE LITHE W72 &, FELR PR B P SRR B B A A i L, [FIREAN e N2
LT A2 OERLFERG O L, YREORFFHETH>TLHENELE L2 ED, £< Ok
g, FAEBRNOLEBROW 12NN, ZbDlAIi, RLXVBLERL ETFS.



BIE BESMLOREREZEROMEFIBEN

HEICB W T HRHERFE TH DRI LD BN EB ST, KEDOZIET v
X2 T PO R LA B T OO B E A~ L BT L TE TN D, A v R
anF L F AT SRR SE R TR 2 WS H Y, RIS W CLRIBE RS %
WDIXZ DX A RRIGFEORMERIV IAENTZ D E RO TWD (LFES 1996). Z D
— 7 TIRRLIZA > FALGFRLL RIS IREBAE R O L VBV B AT 2RI L, 1B OFE L <
%\ i FE (New plant type) Z TR LooH 0, IR %D T 5 (Khush 1996).
NAT Yy FREOZIDO—K G IFEFEEOILR L EZ B TS Yaoh 2000). Z D X 51T

B S NI Z RO RO O & D1, IBEFEER OB RIC L 2 BALE AT 72 » DAL DOHE
KREBLTEZUIBENTND R TH D (AL 1983, 2 - /K 1989).

LirL, —HT, BEEROL W RBFRIZ2REAEICAE LT 2HIEDOEIEG N L 2R D120
BNEDHEBZHNTND (KRG 1973). & ZANR—FHT, HFE S (1982a) %4 > FELGFECIX
BO LIRS S EFET 2720, [ UKEEDFHIEL T H > T b BBV O FE & H 08 L 23
KREL, BRICEND Z L &2ER L. EE, BEEEROZWEEOR THERELELD S
WS TH D Z ATV CEM S 1992), FiR1LE (FBA S 1983) TIHFHO EALICEIEN S < &
ETDRHHPEOLNTND. ZO XS ITIHEFEAE DLV EFED |1 T b 2RI E AT 54
TEORE FEAD OFEWVRRD DI, TOBFEWNBEMEICKMT LB LN TN,

LIRBAEIZAE AT DHAEDO TR 2RBEAEICE LT D2HMHLLD bBRACERLTNDIDOTHAE
1957), SHALIRBEE Z 0T 2 LIS Lo TIEFEAE RIS E 2 266 &F 26D, 41 XD
FEFF IR EE (199D I LAVTIERAE P L BRI TR Y, ZTHTO LRBAE O 53k o il {1 23 B
LN EAUT, IS T 5 IR Z R TE 52 LB X TVD. IBEICMET 2 1A
B L 2B BT BT 2 BE O E & fRAT 95 2 L 1T & o TIREEHIE S O #Y K I8 < TR RERY 70 51
NHHMEIC2D b D EEZBND.

Z I TCHIE TR OR e 2 2B o REE R L, Zh o OO EE BT+ 5 2 &
IZ& o T, VBFMAHO LR ZERICEE T 2R OMIEDOREE 72 5 X< DBROBEROMEET
B L&D LRAT. BIEITIEPE S OEREL 5 D728 M DWW THOMIE LA L,
FRZBRAD B A /24T 2 2RBAEICE £ T 2 AL O ERdE BER) (TR L CHEAERDR Z Wi
FOMOBENFEEAOMCLE D L Lz, EEiCIxT 7 /Ay, #HF Y, NPT/ Ei4F:
B S N IR O Z W TR DOV T IREBAE R & b2k B 2 FRA L, ZD2o0
TERERI R R DB IFEFAENC E D X S ITBR L TV D B L L9 & LT,



B hEMATDOAEREEZSO-EEZEREDRDBE DM

T L Oy O2UARES A BFRMICEM S &, FAEHTRETHHONERLNICTHZ LT,
BRENZ L, BRENOEWEIHEAZFTRT 2 L TEETH L. MR 5 (1982b) (IFEEEifL
B O2RBAEFAIIDENZ L > T, A XOFES OO L. Hhilin%<, Lrb
BRERES) DA > B LR B ALE 00 20R BRI AE O 75 AL S B QU RAAE A A A5
) Toholo. A v NERFEOR RN 31T 2 BEE BN DS S O (R S 1982a) (X, F#
D EALIZEA LT IO BB R MERIC L D2 b O TH D LS (1982b) ITfEf L T 5.
ITFEBR SN ZUWEFED 2 J1 7 VIO FO2RBERIZE ET D2 FIENZ N2 LRI 60T
725 TS CE 5 1992).

BEH 2 FEMOBLIEIIERCHREN S L0T, RAR - REAFEICZO XS 2fo
RERPEEZEATLIMLERHS. L, ZINMEICEASNIZREROBEBEIZA VR
W 5 WITHHIRZMESREN GO DR Z . HABROA X HEATENL, WEOMKT 2k
JHZENEGTHD. BAROERMIITHEMORFENH Y, ZOBEBHBELZ ZINWFES
ROT-DICFIATEDAREMENH D, L 2 AN, BARIOMENRMNH L S B E OFRLO g
ENTIZZNE TIZIZE A LR ST, RS (1982b) 1T/ FB/e EHRHARICBIT 51RO
FEMGHFEICOVWTHEHEL TS, LrL, WIRbIZERCHERTH-7=. Thbbii
B O S CIT2REARIZE AT 2 FHIEDSEOPAEICE N TR B 2L R0, BEITHFI 720
BEIZAE LT HHAEPFEO EAEICB W TS 22T Clde oz, HARDIERSLME TIL/WA
AREIDHE & F L& el &3 2 AR CIR2IRBREIZ & A3 5 BAE D FALEIC I W TEEN & 72
DM AR U, WEG TR E & LR MFEORMT g B IR L TiX, ek, AT A
ATV, HHTREERCTHY, LrBIZEALORAKROXBNWEOMETHD. 1
HE KRR OFEERLFECHDH. ZOMERMLFEOFER FEMNOZILEOZN & KT 5
ZLICkoT, BAOKRERMGBFEEZFIHL T, B LM TOBERRIDOE S, EDTZDITREA
RRADE, LrbRAEK - BEOMELZFRTED50H LR,

ZOHEITIE, HHEEREZEMEI 21T ED L) RFEOHENEY ThH D0 EHLNIT 5
ZEHRHME L. TRDLUTO2OICERER 72, O LREGE - 20BN B 72 2O
REFEDPFEEOHALIZ L > TED LS REEEZ T 200 (FEH), @ BHRICHEFLEINDIHED
FACENCHEIEN L0 2L 5T 2RO O EEH LN L LD & Lie. 201
EBDORR DM AR L T, FHRB LIRS T > OFEO L LREFEFINL A L9 % 20k
72 B QNI 2R AR 5 £ 5 FUAE QIRELRE A A FAE) 12O\ T, Z D4 b &R (LRI % Fi A
L.



M EAE

FBRIFZ 1996 ITARL T & D BAR KA G IR R ZBRE Y T1T o 7. 3 L 72 K Hd A
&, HHARICBIT 2SR TH L HAN, HARICKTHMERMETH DA, KT, 155
DT o ) RTMAT, 42 REORFEE LT, IR36, FHFEEKOZVEEILE, 1
FEFUEHDI 2\ A AT C b 2 KR 258%, KR Td D ArborioDF8MFETH 5. (HIFFE
TEBEHMICHEL, 28HMEHN Lc@m a5y 3> (150 R &133. 8m), IRIANE, &M
30cm, FKRFEI16cmT6H 6 HIZHAH L7z, FRAMENLE ToH HLP444E80N, U VR, WU BThTh
5g/mNZ72 B X HICEETE X 2. HBRXKITIRIE L L.

RO Lign - & &, KMFEESEERT S ER L2RDIR ST OOMARIL, WIRY
U< ITFEFBEMEEICE Y, IBMb L TEBE L TES TWD L0 L EO T X TOIRMNE, 21k
FoAE, SEAEOE ZNZEN IR OGN Z Lotz =z, BEdiz1E L, BE» oRicm
THFEEALO LRI E 52 2T, WL OO MREICITSRAE b 5k L2y, Z OFFE
OFENTA ], 2RI b LI E AR Lz, ZOREFEIE, b U722k RS
ERATODRERTIE, RS (1982b) OB OFE HIELF L TH D, b Uiz 1kBEdAE, 2
WRAE, FAEOBIT OB &Mt ofn L Lie. HBEIC R 2 B (b FEiE 5k & R L FEAE
D7) & bR E L LT,

QURAEAFNZ A5 AT 2 FEAEE IR S BR BT IS K o Cv7p W BBy 528, Lo |, 1, ToL
DEBRLIZ 2R FAE (FAE) BN LV L EET DD/ — (T B e B AR BT 5 W - R
TR VLE LTRFE AR T OT, 20X D 22K B (B DA AN —C k> THHEL
TREOMEE %, TEE(1982b) ITFERL L LT D, AEBRTIE, 2RBHE L URREM FIcEE L
T2RAETZ 0 T2 <, TRBE RICEAE LIZBIEIC DWW TR Lz, FRoORELDSC, HFEH]
DT OB LR LA Li-, AR T, S &3 REh Eo LRERESE£EIMNOZ & TH
5.

LEES
1. E£FRR

HEEH I TArborio b - L H RS, BATHTH Y, ZOWRDBMRILIFTh o7, Z1LS D6
SRAEIES H AT L7, MBI 04 1 S8FArboriot s » & 72 <, IR6AH - & H%
<Tpofo. MO FIIIHERT, ArborioZe E23E <, FEALLE, IR36, /KJH258%5 72 & HMEK <
7ol (1R).
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Table 1. Varietal differences in heading date, tiller number, and plant length at heading.

Cultivar Heading date Tiller number Plant length (cm)
Akenohoshi August 25 10.60.6 111+1
Arborio August 7 8.5%0.2 12142
Asahi August 30 14.1+0.6 120+1
IR36 August 25 18.2*0.7 106%=2
Nanjin11 August 12 12.1+0.6 89+1
Nipponbare August 25 15.2%0.7 103%3
Omachi August 25 11.9£0.7 13242
Suweon 258 August 25 11.6+0.6 9%6+1

Values are means of eight plants with standard errors.

2. BELGLTICFEETEONEE - BRI - 7

FRUZSb U 7o FAE R (TR AL BE RO 138 H 0122, 675> H R RU1175 D 301. 00D [H] C Ak Fl ] 722
BARONTZ. ZOEOKEBIIZL, 2REAI ML L2 BB OENI LD b D ThH o712, T72
b, TREBAE /b U T BB (LR BAE /3L FRAEED) 1351 B 056, 57 LRI RL11750094. 0F TD
ZENTX LT, 2IRBAEIZ oAb L 72 FAE R QIRBRE 3 (L AL RO 13 B A D 65. 87> & /K JH 258 5 D
221 1FE CORESREBHEAERN S -7 GB2R). HEMMECHLIMKILE, T7 /Ry
LD & AT SR (HERT - 8 1) O ERMEFRERII e 0 D igino Tz, 1R M2
R DL\ iR 13K 258 75 A B < & B IIRBAEE AN 140 | & £ <, E2IREAER DD 720 i
FEITIR36 % B < & AL IIRBAER AN LLL T L D72 o 7.

Table 2. Varietal differences in the numbers of differentiated primary rachis-branches (PBs), differentiated
secondary rachis-branches (SBs), and differentiated spikelets on the main culm.

Cultivar Differentiated  Differentiated Differentiated spikelets on

PBs SBs PBs SBs the main culm
Akenohoshi 14.1+0.1 53.1£0.7 82.0*+1.1 189.0f 4.2 271.0E£ 3.7
Arborio 11.4%0.3 33.1%+1.7 61.9+1.6 105.9+ 6.7 167.8+ 6.4
Asahi 9.5+0.2 22.1+1.4 56.5+1.1 66.1+ 4.5 122.6+ 5.2
IR36 10.6*0.2 43.5%+2.3 58.9*0.6 196.5+13.2 255.4+13.5
Nanjinll 15.0*0.3 59.1£2.0 94.0£1.8 207.0x= 9.2 301.0x= 9.9
Nipponbare 10.60.2 224+12 61.4+1.3 65.8+ 4.1 127.1+ 4.9
Omachi 13.0+0.2 35.8+£1.0 775*£1.2 102.1+ 3.3 179.6+ 4.0
Suweon 258 11.9+0.1 52.6+1.0 65.5+0.9 2211+ 76  286.6+ 7.5

Values are means of eight plants with standard errors.
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TR CIRAE U 72 BAE Sk (FFBACEAE B 1, 1R CIBAL U 72 B AE 5k (LR B B ZE AL 50)
PINEE A EMRINPoTZDT, 2B TR L 72 FAE QBB LEEE) 2ME & A & HDiz.
ArboriolZIBLFEIEE D X DD TH R WHFETh o 72 (BE3R) . ERRITBIT 2 LBk
LM ORIG (ERFEIRE) 1L, EFRMEBEROZWREIZELWENICH - 7.
LU, 1IRBAEEEAEIS KT 2 2R BAE L FAE DEI G 23 K& WA T H % IR36 & /K258 5
IZHART, ZOEEO/NINT 7 ) Ry RSO BN ERBALBICRITIE - 7. HERTE
HAKE & 0 b ERMEFEEE N 2V —0, WO EREARMERITZER CE 7. BEo
fER, Arborio, 7/ /ARy, MERILGO3IGFEA R M TIX, FRICHEAFT 2 FIEEK
(TR BFAMEE) O SRR ZZRII EROEFERIC L > TR L A LR E - 72,

Table 3. Varietal differences in the numbers of degenerated primary rachis-branches (PBs), differentiated
secondary rachis-branches (SBs), and differentiated spikelets on the main culm.

Cultivar Degenerated Degenerated Degenerated spikelets on
PBs SBs

PBs SBs the main culm

Akenohoshi 02402 (0.7) 14.4%0.8(27.1) 24+11(2.9) 59.0+26(31.2) 61.4+3.0(22.7)

Arborio 0 (0) 1.5+0.5( 4.5) 0 (0) 52+17(49) 52+17(3.1)
Asahi 0 (0) 40+06(18.1) 0.4%0.2(0.7) 12.4+1.6(18.8) 12.8+1.7(10.4)
IR36 0 (0) 11.0+0.9 (25.3) 0.1+0.1(0.2) 79.9+6.3 (40.7) 80.0+6.2 (31.3)
Nanjin11 0 (0) 17.2+0.9 (29.1) 0 (0) 74.6+3.8(36.0) 74.6+3.8 (24.8)
Nipponbare ~ 0.1+0.1(0.9) 6.6+0.8(29.5) 0.9+0.3(1.5) 20.6+2.9(31.3) 21.5+3.1(16.9)
Omachi 0 (0) 9.5+0.8(26.5) 0.2+0.2(0.3) 29.5+2.6(28.9) 29.8+2.6 (16.6)

Suweon 258 0.1+0.1(1.7) 165+0.9(31.4) 0.6+0.6(0.9) 99.4+3.0 (45.0) 100.0+2.8 (34.9)

Values are means of eight plants with standard errors.

Figures in parentheses indicate rachis-branch or spikelet degeneration percentage (%), which is defined
as the ratio of the number of degenerated rachis-branches or spikelets to the number of differentiated
ones.

LIRS F DI BT D LA O SR 22 8 b FRROGA L FRIFRIC, 2B 40k L 72 B4t
BoOEIFE LN (B4R) . BB O L I S EBAERN L < oD T, 1IRS
Tl BT 2 BUFHAE O MM ZER S 1R DI85 EFIEE TIZE A E R E 572,

FREEND L, EOMETH RS T OO BN D 723> 72D T, BUFHAE D
Wil la ol (BBAR) . 77 / R T TIRIRBAE S LFAAEE b 2B A AL RAAE b ERR LV 7
07 <, HARNE & KJR268 5 CTIR2IREAFE LB N D 7o le. ZO XD ITFEIZEL - T
EERRITEAR, ST OOFEER N0 DL 72D DT, RO I LERD D WITFE ORI T
Z Xt GUC VR A AT 2 720 LIRS 72 0 BB OMBIT I A+ Th 5 L bz,
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Table 4. Varietal differences in the numbers of differentiated primary rachis-branches (PBs),
differentiated secondary rachis-branches (SBs), and differentiated spikelets on a panicle of a primary

tiller.
Cultivar Differentiated Differentiated Differentiated spikelets on
PBs SBs PBs SBs the main culm
Akenohoshi 12.3+0.2 428=*15 709+1.1 149.8+7.7 220.7*= 7.8
(0.87) (0.81) (0.87) (0.79) (0.81)
Arborio 10.6+0.2 30712 57.4+0.6 98.1+4.4 1555+ 45
(0.93) (0.93) (0.93) (0.93) (0.93)
Asahi 8.9+0.1 20.8+0.8 52.1+0.8 60.9£2.7 113.0t 3.3
(0.94) (0.94) (0.92) (0.92) (0.92)
IR36 10.2+0.2 39.8+17 578+13 178.8+9.3 236.5+10.3
(0.96) (0.92) (0.98) (0.91) (0.93)
Nanjin11 13.7+0.1 55.9+1.7 84.4+0.8 193.5+75 2779+ 7.9
(0.91) (0.92) (0.90) (0.93) (0.92)
Nipponbare 10.6£0.2 19.1£0.9 59.5+1.4 53.5+3.1 113.0*+ 45
(1.00) (0.85) (0.97) (0.81) (0.89)
Omachi 13.0+0.5 33.9+18 77127 91.6+5.8 168.7+ 7.7
(1.00) (0.95) (1.00) (0.90) (0.94)
Suweon 258 11.0+0.3 46.1£1.8 61.6t22 187.9£9.0 249.5+10.8
(0.92) (0.88) (0.94) (0.85) (0.87)

Values are means of eight plants with standard errors.

Figures in parentheses indicate relative values to the main culms.

3. ELAICH=2XRBAEL S VICETENEE BE) D REHEE
(1) TREEMEBEEHES SA-BEORERER

LRBAE S CBAEE OEW T, EfR, LIRS T O 0T IoHRED, SEIRERERIC L - Tk E
Stz IRt BEILO IR EEIEEIEI5-6 L hFEEA OME & > TRELTWDEND
ThoESP B 1971, RS 1982b) (EROS5E, HF1X).

FHLO TREFE LI TN THORFETHIZ L A E—ET, LIRSS I &
S THRRSTZEEIN) . T 7200 bRIMA A& AT 2 BARITITRE mfEfERIT 2L, o
EIRBAEEIE 16 (R 115) 22 H 10 (F ) £ CORZ MM ZERNH o7, EOMFED 1IREL
B EOFEIITIZE A CBRIL Lotz ERE RS T SOMICIE, 1REARE Eo oLt
DATFEROEVTIZE AL oTz. LnL, MRS, 747 /7Ry, BT, 1Kk
DI B ACVREAFER IR R 72 Tp o T,
(2) 2REBHEI oA -HBEOREHER

EREBINC T T 3 AL 2R B 2R (3L 2R B 5 s B A 7= FEA) 12, =R OBHA, SoMfEb AL
ik b - FLEITE L Role. EREAEE D & H TR T & 72 (BB2X) .
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O FHENFEELL 25 b 0D : IR36, FRI1LE, KIF258%5

@ - FAHEITEZ WL O @ Arborio, HAH, HAHKE, HERT

@ PNEITENLD T Ry
2RO IRBAEE DLW L2RBEE N L < 2 5B E2E DTz, ZOX5ITkDD1E, o
IS b, AL O LRBAEIZ E2RBAEN % < 72 72012, 1IREBAER OHINC X 2 FALEiOPEK
DR2UALAEEL DN DT B o TN DL ThHhDH EEZEZ LN, TROL2REMFE AT 720
I IRBRE 2 ¥ 2 L IC KD R b D (BRI, 77/ Av) &, 2REED k% D
HOEMEHET D H D (IR36, KIF25875) D203 D Z L Nbr-oTz

QIRKEFEDIBALIZ NI N DA E W, THAENEE S -T2, AARRE, 747/ &Y, #H Tl
HHIO2RBARITIZ & A EIR L LT, B2IRBAEE O Z Wi flIZ SR kiTZ < o7z, Ll

Akenohoshi Arborio Asahi IR36
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Fig. 1. Nodal distribution of spikelets on primary rachis-branches of main culms.
The data are the means of eight plants.
Black bars and white ones show the number of surviving spikelets and degenerated ones on primary
rachis-branches, respectively. The number of differentiated spikelets is the sum of the number of
surviving and degenerated spikelets. Abscissas and ordinates of each cultivar indicate the number of
spikelets and ordinal number of primary rachis-branch numbered acropetally, respectively.
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TbH
N

, BEIXFRLENE E S oTe. TRODHIREBMENSEA D Z L& > T, FERIERT S
TR L LTV IREE 2 N S E 2 & B 2 bz,

PLEDZ G, BIfF2RFFEE)N O - FEANTIT & A 8 o STl C R r i TR R D %

L
7.

=]
[n]=)

0y
N,

72572, Arborio & MiR115 & TIXHNLHET & FALET O BAF2RA AL 2N TIE R CREAL & 72 -

RN AT LR T 2D, SHL2RFEREE ) & AT FERNZ R & D LB 72 - 72 (31X .
O FENFEELL 25D : IR36, FALLE, HEMT

@ T THAEITEZ W H O @ Arborio, AH, KJFE258%, HAN, 77 /Ky

@ TPHHITEZNLD L
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Fig. 2. Nodal distribution of secondary rachis-branches on primary rachis-branches of main culms.

The data are the means of eight plants.

Black bars and white ones show the number of surviving secondary rachis-branches and degenerated
ones on primary rachis-branches, respectively. The number of differentiated secondary
rachis-branches is the sum of the number of surviving and degenerated secondary rachis-branches.
Abscissas and ordinates of each cultivar indicate the number of secondary rachis-branches and ordinal
number of primary rachis-branch numbered acropetally, respectively.
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b PO DO L2 BRI D 72 <, b o & b L MET DELITEROLGA LV FALOHIZ
ol FOTOT I )RV ORI & BT B A - FAEIOZ VRIS E L. T
i Ry ERER, KIR258%5, HARKE S BRI THRST DO LIRS D 72 < T2 B E
AEBMMORFELY b RENoT. LL, 77 /2R ERRY, ZO20FETIET X TOHNMT
BV IR T D D53 b2R B 3D 70 < T o 72

IR THOOEAE S, ERLEFEBIC, WTFhoMES FAMHIE L 2RBHRE ORI A L0 - 72
DT, BUF2REAER O HT-FANT, EoffEs PALEIN L WEIRIC 3B TE /2. Arborio &
FE 115 TIE BRI BT RO CO2REAE DIRAL 3 Z h o 7.

Q) 2RBIELOBIEHD SA-FERORBHER

SAEFAAEEIT L2 BAE R & TRV IEDFHBIBIfRICH 2 0 T (Rl 1969), A AFEIZEHWNT, 2
REHE LD CIEE D & B TR T L2 IR BT b A TR L R U IS 7 o 72 772D

Akenohoshi Arborio Asahi IR36
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Fig. 3. Nodal distribution of secondary rachis-branches on primary rachis-branches of primary tillers.
The data are the means of eight plants.
The symbols, abscissas, and ordinates are the same as Fig. 2.
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O THENFELL Db D IR36, MA1LE, KEF258%5
@ - FAHOZ NGO @ Arborio, HAH, HAHKE, HERT
@ HNEIOZNLD T Ry
FAEDOBCIT2REEFEDIBLIZ E B 722 bOBIZEAETH DD (I E - B 1962), 2k
B E OB O BT, BAF2REBER N O AR LR CIC o7, Thbb
Arborio & FIE 115 LAS 006 5t fif 2 HZEfi C2URBAE L D BUF LR N L WAL LT,
EDORFEIZONTHIRZ T ODOEA, 2IREHE E DO LFIEE D & T FER & 2R B F DB
TFFEACH & AT FERL S R ORI L R U oI R o 72, LR 2T, FRICHRSE, »
FTHO TS AHNI I T 2 2REAE_ LD bR D70 72 o7, F7z, HEMT - Arborio
TR _EAL O B 2 AEHE EDFAE R Lk 7.

EE

MR L, OB L LT, £0 9 2 BB HFIZ2BEE FA7 O 2R AR & A7 2 6
AR LN D, HRBEEIIKRT 2HMT, BAICER LEFREGEARD 1983, HEi - A5
1971, A%ES 1990, FAZE 1991, RS 1982b) BERE TELATONTE . TAH O2UKEL
B EOFEALITFHBEIE LN, BRANED T En5, D (1982b) ITERE 2 0 & &I
ENEE D2 ARE OO T I LI L o TN 2R L LD LB X TV D, RIFZET
& BT A 2B RE & 2 W2 BERE EOFIEN S H D00, b oL bIEOENEZR T OITHY
ThdDZLEBHLNTR Tz, HEROWFIET b AEREE & 2 VIR O BT 2R B & 5 UM
QAR EDFAIEIC &> TITO T & 72 (R 1991, 455 1982b). IWREAEIC £ % HHitHK
[FE~6LZEL TS (EH - 25 197D DICxt LT, 2IREEEITEEHRERNRE S, K
o 5 WVIBRBESRMFICH RE AL END . 2SR & FAEOMIZIZROIEOHBENH 5
(FH 1969) . BREAYIZ & BIFAIIC b A RE Z HO T IR B L OFIE 2 T HiEIc L D
OREGTHY, FESCHEEIC L2 THEEEROBENIIT L A L2RBFEHIZESHTWS., &
JF & (1982b) 1L LA o> 5 7o B i 20> & BHEREI (LB O 2R AR B O A BN R LT, FAE 58
L.

FEDBEAREE 2 M IR TRAN O RIB IS 2 &, EFERLEnsE 2121, O 1k
B2 2 LI X » QRN ML TE DE AT Z LIk b0 (F2K 77 /0K
v, ML), @ [ UHIGE TH2RBEZ Db DD b AT 2 L2k 26 0 (F2IR36,
KIF258%) LMD Z & Tholz., DX 9 IR 1B OILR O FEARN 72 1T E /R & 1k Sy
FolTHBL W, ZORE, AT LTI EAT Do bEEE, B, B
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Fig. 4. Nodal distribution of spikelets on secondary rachis-branches on each primary rachis-branch of
main culms.
The data are the means of eight plants.
Black bars and white ones show the number of surviving spikelets and degenerated ones on
secondary rachis-branches, respectively. The number of differentiated spikelets is the sum of the
number of surviving and degenerated spikelets. Abscissas and ordinates of each cultivar indicate the;
number of spikelets and ordinal number of primary rachis-branch numbered acropetally, respectively. -
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K L7z (352, B4R). LB D 2 WIFBFHAER O MRERZER P 2R BRI LS L
LHEIXZ WV (AEE 1991, Yaoh 2000). L2>L, FEERITITEIZ O L IREFEE) 2803 2 &
(2 & o T2RBAER 2 ERAICHIR T b D &, IME2IRBRRZ D b D 2T b DR b o 7.

LRSS T OOMITEROMBEL Y /S o2, LRI & A - FEBLIC DV TR
ArborioJAMZITERE & LR SOFARNZITE VT D e o T2, T 2 R O1RSFTF ORI
B PAZEIARH NS LS RO H o T, EROZIITH T D1RGTHODOFEDO R E SITH0
THMERZERN A O (BAR), ERETENRICIBEIRE R LD TER+STHDLZ L
MR INTz., BT OORENNSILRHZEEaWMELZLDEH L0 (EBES 2000), REHF
DORERNSLK DN EWLNC LERE TR 6. WA RREWE %/ U HHE
BIZEXDb0h, FROGNELEDEZ L MV IATLDONREDOWNL ONOIGEITE 2 bvd
P, MMEORAEBZ 720,

A, R L7 B ARRIOER SO, SBRAEO AR & FFICRR 2 5RO bh
oo, WA OIREEAKIT B AN L IZERKETH o 72, T O BRI B AR L0 £
ST, SRR L2 BER O ZIURFEIIZRIE R o7, L L, HERTIZHEEIR(LRMK
<, WNEIDFEL DB DD m R S,

HEJR & (1982b) D TITFEENER (LA O 2 BT E A L T2 BB DBVIC L - T, BRAZ K
DEIICHFE LTz, KRBFEIT2REAEICE AT DB BEO TALCTESR L 72 28, B ARG ARIL
AL CHEESR L 70 2, A 2 RANT BT CEZE R 2B SN, REROMFBRETH QAR
SRRV 2IREAE I Z A LT D BUE DO R CER L e 5B Th o 7o, A v RELFEDGE, MR
5IE B CES L 5B CTh o723, IRGITHFNLCTHEEAL 25 Th o 7=, HEIZMERE L1
JE 5 (1982b) DS L [F] UL TSR L 2 28I CTh oo, KAEBROERNOEZ D L, RO
FERIDEE, LREAEEIN A O /LB OE N L D e LA L L GREFEEROE IR
L7z, FALEIO IREAEIZ E2RBHE A L < b S 20T, T4 /8 v BR< SREIZ2R RS
SAb LTeBAE RO FAL TS L e 2B LT L. & 2 ANEIR LRI FALEIZ Emn i
O, BUF2RBEFHALN O AL, ZEAEDOMBETHATER LMo, AR
IO I LB X2 AR E O LFEIEEL CIX TAL TS L 2 2B TH 503, FAMEDBAL) FALE
S PNLENZ T TE DT, BUFAREMEFEN DA D & EALTES L 2 5B L o,

FEA 5 (1983) 134 A1 D EBRIZHER L 72340 (Arborio » FAAI115 « /KJF258%5) & & de7 b D
B A Arborio®l, FBIRI1GAL, 7 ¥ b h VA OKF2585 %2 Ede), 7X =V FMDA42|2451F T
WD Z ORI O RIFIEAA TREE D2 E (QURBAE D F & TH S 2 RN 2 2B 11275 4
L72FAEDOR) Z RHEIZ L TV L DT, 2REMEHTHET2EFA L LF L TIERW. £ T
b, MRS TR L BRI R Y, o LEoOBERE S 2 A, KF2585 120 i
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DEREENZ <, FETFHO2RBFEN R 5 RO LR TIddmE L.

575 ) TRD SN LUWED —EBAS, BRI 2D LE D20 BAE (236 43 % FAE D E
BEFAHICED D80 CEM S 1992) 12X > TERHEA L= LT, SRR LEZMED 5 H T
Hbo bl b EFELWHMOMEIIERIIGICRDIEBEXDLIENTES. BO B TOEREED
DENA FERERT D ERD2ODNTIMNICRDTHA .
©  FEO T H T O2WALNED /3L BARAN AN S 7= S fl
@ 2RHEAEDSLITFE AR TR LTV B2, FAL S PRSI TR &2 B b S ¥ 5 2
LA Ko THD LER OB & A AT i 8D 72 b At
ZOFOFERFERNORBEIND L ZAE, MRIIFIEIREREZ 09 2 &2 X o T2RBE
DL TELEHAHOL AL QD FIETHD B OFRENZEmDTWNDL LI THD.
—J7, 2RBAFED LT D H O E T AKIF2585, IR36DIGA, T OHEMLNE L2 T
LE 9 72DICHO B OBMLITHESIZD R RoTc. TROLKMOBEDHEN LB 2 D
&, KVEEROD 720 E BB DODRY J5C ILEI O AL & R 72 < T2 DT EE LW
ZEBbhol. BELLARMOBET BT LTI PO RIS S2RBEA L 72D
EOCEREINTNDIOTHA ). MBI IXIKBMEN TIX FUEIZE LT, ARk
72 03B, AWEAE e &bt T 5 b ONREO A MG T 2 MR H Y, FEEOFOMHE
EERDODTNDHEEZEZTND., ZOBEXHFNLT 5 ERAERTH TN EHENEE LT
WEHEERREND.
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E25 X AHF Y, New Plant TypeDFEDIEE DEEMT

INETOLUSRO ERAEIE, BRSO Sh - HRGEE ElRT 5 2
ETHY, ZoOXDPEENEGEITIFEEAED D R o To K, BERE< 52 Litks
T, Y7 THDHEMY T FI AR L, EREEZSO TENEEH L @EES 1984
). L ZAN, WECBIT AR RHOZINO— KBS I FEBEAR AR SED Z LISk > Tl
Ml B EER L2 LIS LD 2 e MESNTH S (RIS 1980), THF S 6 ICILHEFERL
EEDDIOIES T o L, EMOREEZERLLI ETD2L5Cko7m. AR
TET7Tr ARy, ZAFURENERK SN, IRRITIENew Plant Type NPT) BRE R S H>2H
D.

RITETCHI B 20 L7e X D I TBEFHER A 09 7B I I 2B 0 43 (b C & B %k (b 1k kL
RED) 09 HIE L B EIO2REAME 2 BT HiERH L. Miflicidr 7/ Ry, Bl
FRIE D HFIET, KIF2685, IR EE O HIETIREFMABOIEREFEHT L T\ Z & &2
T LTz, —RICIREARICEE LTEBIEO T RBERAN LN E ERD. 2O X ) I8 HF]
IRIRBAEFAE DT BT OV TIINPTIZOW T S TW 2RV, ZOHITIEZ BT U, NPT
Bl S FE I E KA X OSRHRIC OV THIED b &R (BIR I 7 & QNS 1IREHE, 2R R
CEAETHEGEZREL, BHEEROERBELLOFIETRINTWDINEMIT L. 728
AT TR T 20T > OO KE SITTMERZRN DD Z WD hroTD T,
Z O TIIHENOTRCTOFIZOWTHET S22 i L.

MHEAE
FORICE T HNPTIRM 2 G160 MRS 2 VIR 2 MR Lo, s KBRS 525k
[Z19984F5 H25 HICH B W L7228 H M A B L7z, 431271 DARWNPTIZ508K/m? D FE 4 &
DA D G AR IT22. 20K /m? DIEAT O Rl 8 FE (LR IAKE, 2/48) & L7z, NEfEIZESR D L oL
7. VUl VITEBIZZENZENL0g/m® T D5 X270 ZNZEND5RTES DV TSRO HFE
(CH Rz E, BEER, o bFEAEE, BB S EAPFA L. TR E L OP A BT
IFIFAETH D0, FAE EITRNOT R TORIC SN CHE L.

Table 5. The amount and time of nitrogen application (g/m?).

Basal Tillering  Panicle Full
formation  heading
Nipponbare 4 3 6 2
Others 4 4 8 4
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BREER
1. mEHfY MEZBETEH

NPT D 72 /M 10 5 /w2 B 5T &2 b S ¥ =R 2 o b o 72 (5562K) . L Lo Ko
NPT D 43 ALFAAEEUXIRT2(7. 5757 /m?) & A& D VIEE LA T2~ 7. 6,500 /m*Lh Lo FIE % sr1k
L 72NPT CIEFAAEIRIL R340 % RiT#: L HYSICE D2 o 7o, NPTOHTFEAEER T3, 475 ~6. 705 /m DG
PHTH o 72ny, KFEONPTOBFEMLEIL, LB DOZLWIRT2(4. 7T /m?), bR DD
RNT o 2Ry (5.507 /m) WS KX g o 7o, MBSO 2 E & AN 72 0 OFHERIC IS
F 0 IROBIRIT Ao 7 (5.

Table 6. Panicle morphological characteristics and other traits of 16 cultivars and lines of rice.

PN DFSP DGSP SP PB SB HD DW DG% DFSP PB

/PN /PN
Milyang 23 344 404 16 388 28 73 75 974 41 122 83
IR72 389 747 272 475 41 145 79 998 36,5 192 105
Nipponbare 342 361 28 333 31 64 80 1005 77 106 91
Akenohoshi 274 640 86 554 30 122 83 1085 134 234 111
Takanari 226 554 133 421 29 104 77 1049 240 244 126
IR65564-44-2-2 246 777 290 486 38 153 87 1134 374 319 156
IR65598-112-2 203 851 400 451 30 159 95 1108 47.0 419 149
IR65600-38-1-2-1 290 1079 460 619 51 226 108 1405 426 369 17.7
IR65600-42-5-2 242 605 117 489 32 119 93 1430 193 252 131

IR65600-127-6-2-3 208 396 59 337 25 79 85 936 150 188 118
IR66158-38-3-2-1 263 570 149 421 35 116 78 1077 261 216 134
IR66159-189-5-5-3 272 607 97 510 35 125 75 929 16.0 224 13.0
IR66160-121-4-1-1 329 462 34 428 35 86 80 1002 74 141 105
IR66160-121-4-5-3 319 413 34 3719 35 72 77 995 83 130 11.0
IR67966-44-2-3-2 275 1201 527 674 47 229 107 1312 439 438 171
IR67966-188-2-2-1 221 660 271 389 32 125 95 1266 411 300 146

PN: panicle number per m?, DFSP: the number of differentiated spikelets per m?, DGSP: the number of
degenerated spikelets per m2, SP: the number of surviving spikelets per m?, PB: the number of
differentiated primary rachis-branches per m? SB: the number of differentiated secondary
rachis-branches per m?, HD: days to heading, DW: shoot dry weight (g/m?) at heading, DG%: spikelet
degeneration percentage, DFSP/PN: the number of differentiated spikelets per panicle, PB/PN: the
number of differentiated primary rachis-branches per panicle.
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2. BEWEITELYDMEREER

BRI D BT, T2 N3MEW 2012 (BE6K), MM 720 OEILT X TONPTT
IR72 (389A/m?) LA T & 22 o 7= (5563%) . LavL, 1RUC/Hb L7z s (U EEEAEE) 1XIE & A
EDONPTALFE T200 28k %, 15000 EOFALED HFEH £ Th - 7. NPTORBITIFE Y 72 v 73 {1k
B (BB IR B LW 2 L icBinz. 77 Ay, 70 TS IR B R
ZFNZENILL, 12.6 THAHDICH L, 1FEAEDONPTTI3A EEY, IR65600-38-1-2-1TiX17.7
Z7g oo 1TREA AL LR BAE S D 25\ SRR X R BE B #0395 A LA E o R #t (IR65600-38-1-2-1,
IR67966-44-2-3-272 &) Tl - 7=. FIFE HEA380 At Dl dd 2 WITRFDOEE, 1B L1R
BRI 13 B 52355 D8. 3 BNPTD13. 4F THOJLWER N R LN GETIT) . ZOfEE, 15
L FEAE S 3250 % B 2 ANPT CIEBIFE A 38T HBL ECh o 7= —J7, FIFE H £0A380 A Aijfk O dh
OB LA O E R0 72 ) K&, 1T L A EDNPT(130-224) 7 47/ 7 v (234)
IR72(192) IZ K IE 72 hr o 7= (TR |) .

120 ] 18 I m
[ ] 16
100 _ |
3 =14
Q —
F;,‘L 80 S12 |- .
) ) 10 |
2 60 €
o L 6 LA
A Q:v_s 4 [ J ®
2 |
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Dry weight at heading (g/n? ) Days to heading

Fig 5. The relationship between the number of  Fig 6. The relationship between panicle number

differentiated spikelets per m? and shoot dry per hill and days to heading among 16
weight at heading among 16 cultivars and cultivars and lines.
lines of rice. @: New plant type, l: Other cultivars.

@: New plant type, l: Other cultivars.
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Fig. 7. The relationship of days to heading with the numbers of differentiated primary rachis-branches
(PBs) (lower), secondary rachis-branches (SBs) (middle), and spikelets (upper) per panicle.
@: New plant type, l: Other cultivars.
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3. 1HEFEEHEBAT 2ERDHEMN 6

IR B IR R & 3B 1IRBAE 2 72 0 D531k
2IRABAEENZ ITAHBIRIER 2358 oD b AL 7= (58 IN) .
L2 L, ZOBRIINPT & 2 Ofthod ffE Tl it /e
Sle. TP ONPTILIFE LR EAEE A % < T
b HE N Z D 2o 2 2R BRI A 72 < g
LIRS - 7.

AITET T & 222 L7z & 9 I IBEAE B o B
RS BERDIROC2IREAEB DN H2oDL Y 2
Fiddp oz, UL DML IR EAE S & 0 S 6 8 10 12 14 16 18
7= Uk o TORKAE 2 ML C & 2 Hid A HE R Differentiated PBs per panicle

Fig. 8. The relationship between the number of
THLOTHY, ZOHiTHEK L 72l TIINPT2S differentiated  secondary  rachis-branches
FRUCHY LT b 5 O & & Bl ooy i i (SBs) per differentiated primary rachis-

branches (PBs) and the number of

DY O EEPOTE O TER3E, IRT2RZERN differentiated PBs per panicle among 16 rice
’ cultivars and lines.

WCHHY L=, 2L C, BIEICHEY T D20 A ® : New plant type, B : Other cultivars.
Broken and solid lines indicate the regression

LT E DR E NS DA - R T, lines of other cultivars and NPT, respectively.
BIFE RO & b 7220, 1B L IR
EN U7z, R DD 72 WONPT IR EIRE B 2 & IR B LIREAE B O BIRIT R D B TH -
e

L EDOfER D B I I 2 BN S & 2 113 2REAE D 73k T & D HiE Th 2 /(b 1R BT £
(R —VEEFE) & D WIE LIRS 72 D o3 (L2 IR R (iR mr BB FR) 2 972008 6
D, BIEIZESK TITMECHEYE L, BOREIZRETLLEZAOND. BEIIHEITIEY
L, BOSEEEICERT2EZZ0ND. ZO2 00 EENFOMEED MFEFEZRF L T
W EEZLN, FNENITHIET 2B FH 5 WVITEEFHENFET 2O TIE RV EZ X
bivd. ZoOE TR LM EZ BT, IR72, B35 72 SIXmIR O EFRE A TN
SETNWDI7NV—=7ThHY, NPTRIEIZA T —/VEFRZEITHNSE TN LT L—T Lo,
ZDTENSZD2ODTN—TTIIHBHEED A T = X LINRRDAREMNRIES . LIE
5 (1999) 1T A ABUKFG A2 b & L7ZZHOMFEIZ O W THOBREE R b NI ZFHE L,
FR AT EAT o TR, BOREZORFTH Y, IFERFAEITT T 5 KA & m O
1ERS ETEDRATH Y, 1IREFE & 2B O e BIG 2 R T 2D & A LT
5. ZOMORERNDRTZA T —/VESR L MRS ERTNERISH L, LFE S (1999) 23 FRL
DN DR LTe L ER Sy, B2EWMD 2 ZNENAIST DI ENTEHhb Lk, L

o
|

w
|

Differentiated SBs per PBs
N
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LRI DIl D (1999) 13851 ERC IR IREAE B L 0 & 2R B B E D B 528 K &\
LHELTEY, WEMMIREBHETRESND A=A LT LT D LTV R0,

FIFE B £070-80 H FLFE ONPTIZ DWW T, IR7T20E CICHAE Y 72 0 OFAEE DR TE 2 h o
o BLOVEIRE B BCCIRREE & 01240 T & 27200 O OB 1IRBAEE) & R T E e
MBTZEBZ L. fEk, IFEEAEEA BN S8 2 IR A T ONES TH Y, 1
KB OGN X 2 FHEHEMA~OHFEIT/NENWEBZ LN TEZ. LM LRRb, #iffiz
B ONE Z OFTORE R D 2B 2 O I IR A N S & 2 BN B DH 2 En3bhno
7o Ld LREAFEI RSN E CRRE O MO M T B H & S WIEOMBERZED - o
T, FAEBEZHESTICRO2BREOREBEAERYMAET 2 Z LAV/RE S L72. Wada and Sta.
Cruz (1989) |[ZRIFE B £ & A 72V S ALBIEBICIEDOHER H 5 Z L 2fEM L TRY, Z0M
FRIZNPTIZB W T H ik STV o 7z,

3T HWE

BB D L\ T o HNew plant type (NPT) 0 1 U 2 & Te 2500 i Fl & Rk & ik
L7-E S EBRZAT, IRICAEET 20 IREBAEEL, b2k B s X OB A RA L £ 0
BED &R (FEAY) 2 figdr L7z, SE1ET CIXIREEBEIE R O AR 22 R & b 72 b TRE DO IE D R
IR DXL DBOEROMEE TR L L5 kAo, PEMG ORI 2 5 T8/ & il
L 7 45 F28R (19954E /R TL) 24TV, FRICBRRAD BB 24T 5 20RBAEICAE LT 2L O L5y
IR LT, RS (1982) 0 KL TR ZHE L. F2Ei CIXIBHEEEOZWRETH D
NPT A & T 16D i fll & RfE A BEak U 7 85 520 O, 1998) 247\, b 1IREAEH, s b2kt
BMEEREL, ZO20DFRERERNIFEFHAEIC SO X I L TV 20 E T L.

1) 2WAEREIZ 3k U 7 BAEH & BRSO NS H 2 5 2 LI ko T, BEEh O TALENE &% < sk
5 50 fE (IR36, A1, AKJH2585), HALEICZ < b3 2 (T 7/ AY), Hirk X
O FALEINC b D2 L Fl (Arborio, §AH, HARNE, HERT) O3 2D A FICFIMAZ S TE
7-.

2) T AR VPSN ORI CEAE S DS R IR P ET O 2RI FEAE A 2 < ik LTz,
ZOEM U FAEIOFHEEITRE LT 00 272D T, 1T A E O C2REN OB FHIE
EHEI TR b E < Rol.

3) 1), 2) ORI OMENTRERD O IR A N S 2 HIEIZIZLL T 020088 b/,

O RO IR ZRMEE 5 2 LI &> QRN ML TE 2EE T L0 (T

)Ry, MR1LE)
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@ [F] CEINL T H 2R ZE Db DD kA HE0T 6 O (OKJF258%, 1R36) &3 d - 7-.

4) D53 IV IR EZESLST Z L2k o T, BREEIERL, DMLk ns &
RG, AL B HALIZ 2T TO2RBFEZ IBL S 5 2 &I K o THXTHN RS A I 725l
D EEHOEFRZ ED D DPRA ROFEOREENDIIR G ThH D LR LTz,

5) NPTOHITIZI0T /m*Z 3 ML Z b ST D RM2oH 7. LaL, NPTORESITIRT2
LIFIERIZHE S 2 WIEZENLL T O Lok S e o 72, NPTOFAIR(LHIX6. 577 /m* D
B2 SHT2H DO TIFA0% A% EFHSIZEm N T,

6) NPTIXEMIZ LD LT, W47V FEEIIIRT2LLFCTH Y, —F, Y70 esEfesk
TIFE A EDONPTT200& 8 L, 1BEYS 720 Sk LRSS 130 & £ oo 7z,

7) FEOMEAERT S BB A L BRAELS, ORI IEANRET DY 720 b1k
B (A — VER) RO SEREIZEE T 5 & A0 L LR 72 0 O 53 (b2 R IR
B (ERSBESR) D22 L ie o7,
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828 TRIn/HHRMEME & IBEEROMEER

AR Y 72 ) OFAEEII IS 72 0 B & IR B OB CTH Y, WA ICIT@E, ADHBIREG
WEIROHBND (Il 1957) . THEOZILFED FREITEN /5T > %2 D7 < § 2 72O 1BEF ALK
D LFRE BT 2 RIS E AT 5 AT & 72 (Khush 1996, )15 1999, F4 5 1999
). TOXIRBIRFEIIRNREE BB (ORI - A 1992), 1RSI 1M REHR oK
S & RATIZIEDHBARIMR B O BT\ D (B3 s 1957) 0T, FEEMSHE T3S 5Bz
BOWCIEN 2R (AD) BREWE FRINS. EEE, FEEZO M ZERZADDOKE S H
BHIAL LD & LIEMEITNS OB b 5 (@E 1999, 85 2000). & HICHERZRBAT
i, DT ELE VLSRN T, TRTNOXEEZ RS FELEZLDOICLT, IHETENRES
L&Y ETDRMEBRBIND L Do (@)1l 1996, FE¥E 1993). NBIESCBERfEIZ L - T
KBARMOBRESRMGZ L T2LDNRKRELARY, ZONDERET DL L, KEAMOADOKE
SLEELTHBLLEESY ORE SITTEOHBEBERN A b7 (IUE 1963b,¢). 2D Z & A
DEFER7ZT TIE R <, WO MFENIZRIT 2 B2 D ERTREM T LR S OADD K & X
EVEAIEEAAT D 0 OBRR B D & TSI D.

B FAE A D TE By P48 1T tunica—corpus structure (Fh4K — PY{EHE, Lyndon 1998) Ttk
INDTENZV. VHRY TR 2 221> LanZe <, B T LR o X
DIHEEIX A O, T O E0 D @SR EHARE T b L& E D W R O TE Ui 53 AR Rk
OFEEIEFREOBEEORELBENH IO T RVME BRI TS, ARETIX
vegetative shoot apex7)»® inflorescence apex ~DBITIZOWTEHEMARABRF NS TV
(R 5 1990). FKEARNDEDRICONTAIEE S LRAH T, EEORAEIITES ST
EEHEML2Vnb 00, FLLELZHEL, ZOBRSMIIEIEZH{L, I~BITT 5. ADON
RS 133 AR BT X tunicaD B NI 2, AFEARENTIZV S LBEAES. 20k oI
ADAS SRR SFEIZ AT T 2 REIICIZE O AN RE © NS & K& < Z{bT 2D T, ADDJEREL
BRI TERL L 2RO TERRICRICII T S OB E N H 5 & THRENS.

REETIIATEAERMICIIT HAD & IFEFAEE 2 D ICHTE CH LN R > - O ERE ThH
D A — VB (L LIRBRE S « Sk o BB TR (L 1TIRBAE S 72 Y D 53 {L2IRBAEE) & D
BRZ MM Uiz, SIE CIXE AR S L < INLHEIZ L > TEDOKE S &L 2 T-ADD HEE
AR L ORr — VB H L OBRE T L7z, 28 CIRIBEEIER O R 52 8F D A =
EHEL, ADOKE S L IEERB LAy — V8% & OBREMIT Lz, 3 Clkmksy
BELSR OISR 7220 R 0 & 5 B 3L ONJE A & SR O RE R e RE & DR DB
HAEZE LT,
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Ffh REBEERHAOREZHZRICLETERS REBOKXE S L 1TEHETEROBEROMEN

THSG D 2R (AD) O R E XL Z 2B LM E L ORE S H D0 E OBRIZONT
W% RGeS D . 7 X VY (Ambrosia artemisiaefolia var. elatior) \IZBWTCIXAEFICE
B2, ADRREL Y, EREDPADZ —EHT HHIMET HEOHMPIEA D Z LIk »T
WP T % (Soma and Kuriyama 1970). KFRICE W TITIES OIERL L ORI L RELERY
2B HADD K& S & OBAR A (LR (1963b, ¢, d) 1L % O Sk TREMIZHET L T 5. ADOD B
BRI R E A RN TR 2 F L <, TS BRINCHT TIHEDY, LB DORICH
ORI L7 (Ui 1963b) . ZEE ST IC O TADIZRE S 20, ThICTE B R, TD
ADD B L2 S N RICEBA LI RE S b REL R o7c. I HIINKEAE, B EDEFIC
Ui 72 BREE SR E CIFADD K & S92 L 2B 5202 L2 (Ui 1963¢, d). LAEDOZ EB I
NAEAE, BRAE CIXIBEFAEHD 2 5 2 &b, BE BB OAD & IBEFHEH O BENR TR S 1L
5. VFEBAEEO MM ZAZRIZOVWTADOKRE S EEDS T 2@MEITN OB b2 2 (85
1999, 25 2000), NRKBAEEHMOR X7 EORBEERN & OO 2R FIT R H 72572
W

ZOHEITIE, ATEARMPIEOADO R E S L IHEHEAROBREZRONCT H720ic, HAL
BICE > TRBAERMOR S 2 X2 5 HEL RELERBOAIBFEONLEIZ K 52507515 TADD
REZSEEZT. ZLT, BEMEHOADOREBEREL L OE S & IFEEEROBGRE 27—
W (RS IREAREE), Bk ESRE O L IRBAE Y 72 0 O L2k EAEER) © & 5 e B RER)
IRBELFE L RE OO TR L 7.

MEEAZE

1. HEYELNESE

EERIZORIEIT - 72,

(1) 81 BELBICLIZRBERIOERIC K 2ADDHME/N & 1FEEEROBER

FERFIZE VT HRBIEER R <, IBFEROZ VR TH LT 7/ Ay EHNT
RNy NEBREIToTZ. 206 TL/5000aV 7 F—7R v MMIEZER) % 19984F5 H 23 B IZ#EFE L 7=
(T 1972). BHEBTFOL, EROAEZE L. SEMECTHELAKETET, ZO®RITHEK
WKE L7z, fmil, N, USWg, VU %0.15g/pot T DRIETH x7=. N, U 8, HVIxENTE
NWHiEET v E=0 A, U UEE2KEFT MY UL, WD) U LERWZ, BEEIBMIZARA
RO L, TO®%E DAL E THRSE L X DIk B &M (16K[H) & L7z, RHA
FRIT60WD [ABVEEER 2 20f - T, “FRI4KED H6IRF & P46 B 8IRFIZAT o 72
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FBHERETICH 127 ) B TR D E 72 540 DR H AL (10W[H) 217~ 7. B R
PRITHEMN I U C2RER X ITBAA L7z, FEBRIZIXIEMS. 0(SD1), 6.7(SD2), 9.0(SD3), 10.9(SD4)
DORFIZE H PR A BAA L7z (BRIIXD) . HALERIZ19~21 H#, $REDKR Y < /LF % FH%5RE0 5
BHTIRFE TS DL Z LI Lo T To 7. BEHATEN L L7 & SICKIRORENIITH R 5
7o, MHOEKETRIIARHBRE T CAFTSEL.

May June July August
| | |
5.0 9.1
e R e i
6.7 10.1
R —te]
9.0 12.1
SD3 | ........ |. ............... _.I—l ......... |
10.9 13.6
e ——-|
a b o d e

...................... Under natural daylength
—————————- Under long daylength (16 h photoperiod)
Under short daylength (10 h photoperiod)

Fig. 9. Time courses of long and short day treatments given to Akenohoshi at different growth stages.
a: sowing date, b: start of long day treatments (16h), c: start of short day treatments (10h), d: end of
short day treatments, e: heading.
The numbers in the figure indicate plant age in leaf number at the start and at the end of the short day
treatments.

(2) EER2 (BERPOEFRNE(IZLZADDKE S L IFEEHOERZ

19994F |2 R R A EIRFH A B W TREBR O RARE L FEEM O T 7/ &R v 0250 % it
ARLT, Ny FEREZIT-o72. HIB20KT1/50007 7 F—R v MIIEIEW % H AR 1X5H 30 H
2, T RIE6 HIBICIRRE Lz, iR 2 BROCIE SRR & [MERIC S Uiz, ABREONLE %
HARFEIZ6 A998 ~THITH, 747 /R I36H26H~TH24H 24T -7 GET%) . 1XIZOE 104K
v MaEID T
2. BEMIREBEO O DESE

5-I0ARD TR ZERITII2AR XIS, EBR2TIIER, FEAREMOKRD Y » 5 EIE bk
ETORIOAMIToT2. 7V VORI ERmZRE L. REUBRL, ADZEL T =2—h
ZHI3embl 0 Bto 2. T OUIFIFFANRIZ DT T, RFELTE. TOH%, n-T ¥ ) — K ) —
ST & o TR U7z (FFAF - W2 1995). G138 T 7 ¢ L alih, EMtmro) (2 S 5910 o
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m) Z{ER L7, e8] 1120, 05% hbf ¥ Taple 7. The application rates (g/pot per week) of

N o S e T nitrogen, phosphorus, and potassium during the
YTOTREA L, IS T THIR vegetative stage given to two rice cultivars
S ORA—H—TEFOEER L S S &1 (Akenohoshi and Nipponbare).
E LTz, ZOURITHFED T E B O E Treatment N P20s K0
b LT 12N 0.075 0.15 0.15
. IN 0.150 0.15 0.15
ADOKRESIDOHBIZOZEY OFRTH
2N 0.300 0.15 0.15
f . 7
% (Lyndon 1998, LIl 1963b). F72b> % AN 0600 015 0.5

EITA LI ny OBDIERIMEE LD Nitrogen was applied with ammonium sulfate,
N, FRErRICKRELIRY, £TFIFA v r7a v phosphorus  with  sodium biphosphate, and
potassium with potassium chloride. Solution was

DD VAZHT LWIFEEDR LT D8H, AD applied weekly.

DR E ST AKED B Fe/MEA~ & REFEIZ
INEL 2D, LIER-T, ADDORE & & IEMECHIE T 21T I BIE R O B/ ME 2 1 D D23
Rb LW, RERTEITNTOREKOERZHEEMAL, T 5RY FHREEREZHVD Z
& &, EOMH OB & Db & OFFGIE (LR 1963a) D202 W T TE 5 1210 B2
YTV T e LBT T

3O DRI B B (R 0], LREAE L, 2Kk BRE (b)) 2 f4Js - E (1956) & Xu
and Vergara (1986) IZHE S\ Tk 7. FEESEHITHIMABIR Sl & L, 1REAESY
EHN RSN 25, B2 D536 b I D2REAE b E TOHIM & Lz, 20kEAE 5y
LN LT D 2R BAED 53k H 5 TESG T ORI O3 LBilsE T E L.
3. DDKRZSLEBOEMHEDRTE

FEAERHOKRD Y B L O E LY TOADOFEFE LR L O & OJIE X IR (1963b) (2
T2 o 7= (BE101K) . AADDO il i 2852 U, AEERL &S ORKE R L8 GaHE TR
Wi X)) 2 Ex SR E Lz, Bronfb#i, BRI VRNRZET L2 LIiIck-T, SfEo
RESOEAZMKGE L TR L2 GELLXK) . 1IREERHERE LD 2 L, SFEO BN Kb
L, HEENEMECR DO T, 2IREESEICIEZOHFIEIC LD LT L H R RErmB 23 #{lE T
LD TIE ot

R D BB E OWE D T2 DIZHXE0ARLL Eofa o7 7L, IR, BE,
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Fig. 10. Measurement of the diameter and the height of the apical domes in the vegetative stage and the
neck-node differentiation stage.

The white, horizontal lines indicate the diameter of the apical dome. The white, vertical lines indicate

the height of the apical dome. The black bars indicate 100 x m. B1 is the first bract at the neck node.
FL is the primordium of a flag leaf.

The upper figure is just at the onset of a new primordium differentiation. The lower figure is when a
new primordium is easily observed.
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second bract.

The white, horizontal lines indicate the diameter of the apical dome. The white, vertical lines
indicate the height of the apical dome. The black bars indicate 100 x m. B1 is the first bract at the
neck node. PB is the primordium of a primary rachis-branch.

The upper figure shows an apical dome at the primary rachis-branch differentiation stage. The lower
figure shows an apical dome at the secondary rachis-branch differentiation stage.
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Table 8. The dates at which rice attained the respective panicle developmental stages and the durations of
vegetative and reproductive stages.

Treatment Pl** ESP*** Heading Vegetative Reproductive
durations (days) durations (days)

SD1* June 29 (37)  July 5 (43) July 28 (66) 37 29

SD2 July 3(41) July 9(47) July 28 (66) 41 25

SD3 July 11 (49)  July 17 (55) August 5 (74) 49 25

SD4 July 27 (65) August 2 (71) August 18 (87) 65 22

Values in parentheses indicate days after sowing.

* Abbreviations for the treatments are explained in Fig. 9.

** The panicle initiation stage when neck-node differentiation was detected.
*** The early stage of spikelet differentiation.

(2) HinnREBOXKES

[F] CALBR X O KT HREE LIS R L2 ENXI0RREO X b &R’ Abhi. filx
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DINT T 4 VUIF EASORBEMICHE L, T772bb, ME oo B ICHYS 3 5%
BERW®BY, Baaod, LREE S, 2kBES I Ths. £ L CH UBEEMICH
LURIZOWVWTADDHEETBERE L B I 2RO (FIR). WTHOREERICIHWOTHREERY
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Table 9. The effects of short day treatments on the dimensions of apical domes at four developmental

stages.

Measurements  Treatment VGS* PI** pPB*** SBHx***

Diameter (2 m) SD1 715 £ 26a 795+ 40a 97.8 £ 114a 1839 *+233a
SD2 87.4+00b 822 *t51a 130.1 =16.8a 2211 * 244a
SD3 79.7# No data 1448 = 18.7a 1922 #
SD4 96.6 = 3.1b 106.0 £57b  183.8 = 123a 238.7* 93a

Height (x m) SD1 475+ 70a 641 +6.7a 1141 +=20.0a 3389 =* 9.0a
SD2 437 £ 26a 66.8 = 18.0a 159.0 =30.2a 396.8 = 28.4a
SD3 51.4 # No data 170.1 =38.4a 359.6#
SD4 40.1 = 33a 50.8 = 86a 2404 = 26.8b 403.0 =31.0a

FE
SD4D

* This stage spans seven days preceding neck-node differentiation.

** This stage is the neck-node differentiation stage (panicle initiation stage).

*** This stage consists of the bract increasing stage and the primary rachis-branch differentiation stage.
**** This stage spans the beginning of basal secondary rachis-branch differentiation and just before
spikelet differentiation on a distal primary rachis-branch.

# Data number was one and was excluded from statistical analysis.

Each value shows mean = standard error.

Means within a column followed by the same letter are not significantly different at 5% level among the
treatments with Tukey HSD test.
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Table 10. The effects of short day treatments on morphological characteristics at heading in Exp. 1.

Treatment  Total leaf number  Panicle length  Flag leaf blade
of the main culm (cm) length (cm)
SD1 114 = 0.1a 187+ 04a 250+*09a
SD2 118 = 0.0b 176 £ 01b 214 +04b
SD3 129 = 0.0c 167 +£01c 214 +04b
SD4 144 = 0.1d 194 +01a 288+*06¢

Each value shows mean = standard error.

Means within a column followed by the same letter are not significantly different at 5% level among

the treatments with Tukey HSD test.

Table 11. The effects of short day treatments on the numbers of differentiated spikelets, primary

rachis-branches (PBs), and secondary rachis-branches (SBs) in Exp. 1.

Treatment  Differentiated Differentiated Differentiated
spikelets PBs SBs
SD1 1119 = 39a 71+01la 211*07a
SD2 97.3£22b 74 +01a 177 =05b
SD3 93.3*=14b 85+01b 155+ 03c
SD4 1226 =27c¢ 100=*+01c 219=*+05a

Each value shows mean = standard error.
Means within a column followed by the same letter are not significantly different at 5% level among the
treatments with Tukey HSD test.
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Fig 12. The time course of SPAD values measured by a chlorophyll meter of the penultimate
fully-expanded leaves among different nitrogen applications during the vegetative stage in two rice
cultivars (Nipponbare, solid line; Akenohoshi, broken line).
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13. The relationship between the diameter of
apical domes and shoot nitrogen
concentration at panicle initiation among
different nitrogen applications during the
vegetative stage in  two rice cultivars
(Nipponbare, O; Akenohoshi, @).

Bars indicate standard errors (n=10).
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Bars indicate standard errors (n=10).
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Table 12. The effects of nitrogen treatments during the vegetative stage on heading date and
morphological characteristics of panicles and leaves.

Cultivars ~ Treatment Heading Total leaf Flag leaf Panicle Rachis

date number length (cm) length (cm) length (cm)

Nipponbare 12N Aug.27 152 *=0.2a 26.7 =0.5b 20.0 £0.2a 145 *02a

AN Aug.26 153 *£0.1ab 27.1 +1.0b 202 +*02a 143 *03a

2N Aug.27 156 £0.1ab 236 =06a 195 *+02a 13.6 =03a

4N Aug.29 158 £0.1b 272 £07b 199 *03a 139 £0.2a

Akenohoshi 172N Sep. 1 139 =*0.1la 272 £0.7a 21.8=*03a 151=*02a
IN Sep. 1 140 =*00a 29.8 £0.8a 221 =*03a 154 *02ab
2N Aug.30 142 *0.1a 28.8 =0.8a 224 *+02a 159 *0.2ab

4N Sep. 2 15.0=*0.1b 276 +09a 21.9=*03a 161 =*=02b

Each value shows mean = standard error.

Means within a column in the same cultivar followed by the same letter are not significantly different
at 5% level among the treatments with Tukey HSD test.
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. 16. The relationship between the numbers of

differentiated  secondary and  primary
rachis-branches per panicle among different
nitrogen applications during the vegetative
stage in two rice cultivars (Nipponbare, O ;
Akenohoshi, @).

Bars indicate standard errors (n=10).
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. 15. The effect of apical dome diameter at
panicle initiation on the number of
differentiated primary rachis-branches per
panicle among different nitrogen applications
during the vegetative stage in two rice
cultivars (Nipponbare, O; Akenohoshi, @).
Bars indicate standard errors (n=10).
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Fig. 17. The relationship between the numbers of

differentiated  secondary and  primary
rachis-branches per panicle among different
nitrogen applications during the vegetative
stage in two rice cultivars (Nipponbare, O ;
Akenohoshi, @).

Bars indicate standard errors (n=10).
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FERIN O HLB AR O CTREEARIMZ K T2 LRI 1T 5ADD B E AN
REL 2D, ZTORKE, FSCIRERERAEINT 2 Z ARz, EbIZER2THLT 7/
R UNCBOWTIEREARMOEGNAEIZ L T, FHEoEBIcB T 200 EHERNKE A
D, ZTOME, FEMEIREAEENEM L. 20 X9 ICREE L OADO L EAILATE T
FEFIBICBE ST 2 HEEDO—D>Th D A7 —/VEHE (R E LIRS & 2372 0 8872 LR D3
HDHIEMNTBENT. HOHWEN MM LTI & X DADDIETER L A 2 OHL EHERE O Rk
RRESIHDLWVITEOMICEBREH D Z NN OO LRI TW S (LI 1963b,
c, d, fEE 1999). [LIFF (1963b) XN ETICHON TEROADDIEMERNKE LR, Fh
EHBIIZEG DB KREL 2D Z L &R L. L LD b A CIXREE L OADD K
XL IEERICIIBEBEIRO bNho T, EORKINRKE SIFADOKE ST T,
HORET HHHORKEEROEELZ T H1HEEBEZ N5 (LK 1963c).

IREIZ T 2 LIRSS AD D FEEBIEAR DN & & HITH 2 D &\ 5 RIEBROAE R IL IR
B TRH R 2 ADO HFBE A DRl L2 BEs (L7 5 1992, @& 1999) & —E L=, L
L7273 LR E 0 (LI OAD D B EL A 2 & IR B O SR 22 T+ liE@dl cE o e 5%
WMEGLUED 1996) b A HND. KFEORT ¥y )Ly v 7 A X OMLFEE L —REOR) 1T
EEHEORE S L IEEOHBEBRIZH Y (Wada and Sta. Cruz 1989, 1990), FAHE (1991) (3FHE 4%
LB DADD K & S 3 BEER I AT RE 7R Fe RTEFAE R &2 SR 2 B IIRBAE R AR ET 5 & B &
TWS. ARHRAENERINTE ONE DT 2T E S (Wada and Sta. Cruz 1989, 1990
), BARFEONERT ¥y VORI WEBO 2L L THWREREAEHMIZE Z2/SWVADD
BI5- b AIREMEN B 5 .

ZITIZADD FEEBE AR B D WA (B 5 2000) MR ML IRERESIC ED X H I 5T 50
T A DD 1IREAEIZADD corpus D flanki#i 7> &M 43¢ (periclinal division) (2 & - THrfk
T 52 & (GEKE 1968) 2> B corpus dome D FL D JHPHE & D W IXJE A E & BT D corpus D
flankih O MBI LREAFE D 53T 2 BIMO R E S LT 2000 Lveny, g olkz
Mz, LnLand, REERHONLHE X tunicad B A HI>3 (5K 1960a) DT, ADH
RIIRE <72 503, corpuslIHKINT/NS R DHDT, ZORTIET 5.

FER21ZHBT 2 mNUEE X CIIEORABEN RN ->7-D T, BEL S RKEERYIZEHITHAD
TOMBSZEE S @l b D LRI ND. @O ZLEE IZADD R ICA RS L
R NIER TR LY R0V A A =27 O A RREWE OGS @D, sy s
FErEbsLahd, vy MM TIEEOMERIZELDL, LU U ADDOMNE S 2 151
¥ % (Sachs 1965). ¥ XLV N2 Ko TR o> FEME % 5 < U 7c XanthiumlZ 35V NTADD K
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& IM2FIT e o 7= (Maksymowych & 1976) Z & s LI D ZHEEZ E D 2 LI2 X > TADE K&
TELDNH LRV,

T ) R TIEADD R E AR IR B AR ONLEE TR10% K& < oo 7228, HAK CIXIZE
A EREL LT, HEMEIRBEIINLEL OB A FERIE L A EZT o 72, BAREDAD
DIFBRT 7 )Ry DEIVNEL 2o TDIX, BEZEDOADNBHT LWEFRER 3T 25 & &i2nd
DDOADIZHEL S D MK T2 hind Liviawy, EER2 T T 22 F X TURL =D T,
FFOREFTIFI SNRPoTEbDEBEZLND. LNLRNRG, FBIEIZL > THiF >zl
LTHRITOFEOREIFEDLLRN-7-2 L (FEH 1977), 3 KO3 T D DADITHE R I D HEf%
HIZE L (B 1975), EHZAGICREZEDOADD B3 DDA LD O TIHRWEENLE 2
5L, FELSGTOOMOMILSERIZHERZERNDHD LITHE VB LR,

ADBREWETREA DYEDORGI NN REL 2D WREME S HDH. fERIZ E B2V, ADDORFIIHR
JEAHE L, ADIZITFE A D&y FALEWNER, £S5 (Lyndon 1998). HARE T >0
ADDWEH| FIFER NI KR E <, ZDOZ EPNHEEAOBER L5 THWDHDOE LiLZRu.

WL OO ERPEOBHBEICEGT5THAD. ZOERRTRINIZEIICADOKRE X
HZEDERO—DTHA . FRCADOEMERILE 1= CIUEHERICEEG T2 BEDO D L]
Br L7z A — VB3 (LRE L LIREAEE) LiRWBIRICH o 7=, L LR BN, ALY,
EEREVE LHEORMBEICEG T2 LHEI 5 (il 1969, % 1991). AL TILE
WO & EOHH & IS L DORIFAMEN S TE LT EfER Y7 TR LR TR E
H, ADORE SOWPEE HSIZEVEETIT) 2 L IETE R o7, BOREMFEIZH L TAD
DREE, N, ALY, WHEEREHEOMEDL S ST REBITT 57201213 b - EHFE
DI TV TRROEND. FIZITE S (2000) 135510 U 72w AL O HifdJE 2 1~51 FRE
L CADDEEEREZHIE L T 5D.

AL TR LI DADD KR & & & @R BB RSP LR L6 & ORI IZRARZRD &
niginoto. —J, SEFEBIIATEA R IR ONEE LIRNOSRB Y OH D Z EPRENT
W5 (FilE 1969, Hasegawa® 1994). Z 9 L72F4Ei o, BHESIEHOADO K& SIIA T —v
BWRICEHE L, TOMR, 1OOFICHGRAN TR R KRB RERD D L EZ HILDLN,
FEERD AL D 2 WVITBIFHAEBIIFO R E T DR DR ERME, & NGB S
HEEZLND.
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UD8.5ITx L, MDARMIFIOLL L, NPTIZISLLEEZh o7, I L2REAE R b = e Y
IZHE, D4R FEITE o T, & IINPT-AlZ =2 > B B U D6. 0ffF D72, 20 2R KEAE % 73k &
e

BRFaven U NRbENSTZ, FEEIEEORKR S L0 > 7ZNPT-A(26. 4cm) KV 2 7T Y
DI B %ENN29. dem& 720, 463 U b FEFAEECEC /0 (L LRBAE S & FER O IR AT 72 B
FRIX 7227z, AR ORI L ONPTO 2R M DOFER B AL o 1o iR, RIEEEIXZ 0
2RMAMBD TiE <, 13K/ emPl L av e UD3ELL L& R o7z,
Table 13. Varietal differences in the numbers of differentiated spikelets, differentiated primary

rachis-branches (PBs), and differentiated secondary rachis-branches (SBs), panicle length and grain

density defined as the ratio of the number of differentiated spikelets to the corresponding panicle
length.

Cultivar Differentiated Differentiated Differentiated Panicle length  Grain density
spikelets PBs SBs (cm) (/fcm)

Takanari 291.8+119 a 115*0.2a 51.9+2.1a 29.4%+05a 9.85*+0.26 a
Koshihikari 80.0+ 09 b 85+0.1b 12.0£0.2b 18.2+0.1b 4.39+0.06b
Akenohoshi 203.1*= 73 ¢ 10.1*£0.2¢c 385+12c¢c 229+0.2¢c 8.84+0.28 a
NPT-A 355.7+15.0 d 155+0.3d 72.2+2.8d 26.4+05d 13.45+0.47c
NPT-B 3289+ 7.4ad 156+0.3d 69.2+1.8d 249+0.3¢ 13.25*+0.33 ¢

NPT-A and NPT-B are IR66158-38-3-2-1 and IR65600-127-6-2-3, respectively.

Each value shows mean = standard error.

Means within a column followed by the same letter are not significantly different at 5% level among the
treatments with Tukey HSD test.

2. REBRSLUVERSREBORETSOREMER

ZHRFV, aehV, T ROIMFEOTEE L & HEEHITIZIEFR U2 o723, NPT2
FIRITZENS LD SFEPES, NPT-ATITHFIZOA2TH LRV EBroT-. S HICHE b
WM E COLMERMOESIZZ BT Y, aveh ), 77 /K TIE0HRE -
“DIZxt L, NPTTIE40H BA k& 72 o 72 (55145%) .

FEHE L HIERTOAD D N E A INPT2 R A THO3MFE L b K& ol 2B VD
87. 4 umiZx LT, NPT-AENPT-BTENEH99.2um, 104.9umb 2 Eh Y X VI13%LL EKE
{7pole. UL, adeh ) o2E EEHIEZ b ¥ 722 0TV, 70 7R OADOIEEE
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BliZave B VozEnEIFEAEEDL R o7, R THEE S OADIEL & 1Rkl
WRREEE O NI Z B B2 7 A BABAAR SRR B Ay, 5Ll 2 il L - R TIE, b 1R EAE
Bnaveh VoL SHEREMMET ANPT2EFE TIENR Y REL oy, ¥V, T /7K
DTIEave B Y LIEEAEEDL Rl ADOESITa e ) THRLEWES. 5umd 220,
—Ji#HF VU, NPT-ATENLI36.8um, 37.5um& K27,

Table 14. Varietal differences in developmental stages and the diameter and height of apical domes (ADs).

Cultivar The date of Heading date AD diameter AD height
panicle initiation (e m) (xm)
Takanari July 21 August 26 86.5*+-34a 36.8*34a
Koshihikari July 20 August 15 87.4+6.3a 585+38b
Akenohoshi July 23 August 23 90.6t6.2a 41.1£6.0ab
NPT-A August 10 September 27 99.2+39a 375*17a
NPT-B August 1 September 11 1049+79a 525*3.8ab

Each value shows mean = standard error.
Means within a column followed by the same letter are not significantly different at 5% level among the
treatments with Tukey HSD test.

3. XBAERBEOHMHEOREMEER

NPTO2 5 TR E b £ TIZ LV 2 OEL R S &, FFIINPT-AIZ16.8L 22 A U X
DH6. 1HE0 o7, ZIENPTCTIIRBARMN =2 e Y L0 T~16HEL, KEEEHIC
BUITOHEERE G LA YD 0.22~0. 248 L 10% L, L@ -T2 b Th D (H16K).

WEEREFZ T BRBEL, 39.3enk 2oz, NPT2RHITZ 1Y L OMICAHEEZEIT 20
ST, RREN - T, FO®, EERIFIFE Lr=0.8150F WIEOHEIREFENED b v
P, Vb, HESEIREBAER L OBRIZZIUZ ETRL 2otz FEE LA 6 HFE
HECTIZEMAT 2T ERE > TND DT Nemoto b 1995), #REFABEHIINPT-AR R B Z

Table 15. Varietal differences in plant age in leaf number at panicle initiation, daily leaf emergence rate in
the vegetative stage, flag leaf length, and total leaf number on the main culm.

Cultivar Plant age in leaf number  Leaf emergence Flag leaf Total leaf
at panicle initiation rate per day length (cm) number
Takanari 11.3£0.1a 0.21£0.00 a 393*+1.1a 15.3%=0.2a
Koshihikari 10.70.0b 0.20£0.00 b 27.3+0.3b 14.0+0.2b
Akenohoshi 10.8+0.0b 0.19+0.00c 34.1+0.7c 14.4%+0.1b
NPT-A 16.8*=0.2¢ 0.24+0.00d 36.5+11ac 222%0.3c
NPT-B 12.9+0.1d 0.22+0.00 a 38.4+0.6a 17.2%0.1d

Each value shows mean = standard error.
Means within a column followed by the same letter are not significantly different at 5% level among the
treatments with Tukey HSD test.
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<, 22.2¢ 7057,

B

U EOFER G, NPTTIHREE ML T 2ADOEERNKRE L, 202 R FS 1K
B, & OIS EEIE S A 0 S & TV 5 ATREMEAS RIS Sz, AiTHE O EBR 1o fs 1
TIHEBERMNPEWVIZEADOERERNKREL 20, TOMKE, 1FMLIREES38mL
2. TDOZENONPT2RM TIERBEAEMO/MOSHEL Y bRV & HADDOIEIERE K& <
LIEEREZEAOND. BIEFE2H THERABORWIZLE, NPTO IR L LR BT S )s # 04
DRERPBFEHILTND. S HIENPTTIRRABEER E <, 0O LITFES L LI O ML 55 2455
PERENZ EZBWT D000 L, FEEE, NPTIEREARMICE T 2 HEERENE N & »
B, MRy ZLEECEREMEENE <, ZO/RE, —EHMICMbEE58EH OB» %<
RoTWHEBEZLND. LinL, BTV, T /7Ry Tidaveh ) LADOEHERITE
DHRNOT, AEMER L5 o0t & R E G OE D L FE L OADD I E R & 15
TERAEE D DV E A — LV EEEE (LR B LR ERESE) & DRIZIZBRE R BIfR N L S e o 7o

A & (1992) 1 1 FERAE R D i Fil (] 72 3 & SRR UL D 8 F R v 0 SRR B B0 B A% & 55 1 0 P (L%
D2 L B ST 2. FAHE (1991) 1B E 2L O AD D FL 0 BB AN ER AR A L R BH FTRE 72 1R A B 1K
B AR RET 5D EHEER LT D, EBRIZW L DD FFEIC DWW TIRHFAE R L ADD K& S & bt
LR CIEMRBEGROB NG G L Z ) TRVWEA LR, WE(1999), BH
(2000) 1 1RE AL LR B ARSI BE B 0 (L WIS 38 1T HADD I ERIC L o TR E D AREMEZ R L
lz. L L7edb, —FH7T, WED1996) ITREARMEYICE W TR O LW MFET
bDHT )Ry & VRO DI NG TH D H A OMIZADDO K& & & AREICIZEN 7R
<, SFESEIILIERIC /e > T, T AR OYFEOREE & M I 5 2 &b,
ADD R E & L b 28EMED A EC G35 EHEZZ LTz, DLEORERI R b NS
ZOHORELADETEX D EADOKRE ST TSRO MM 2R ZHAT 2 0IC 138
BRHLOTITR 0N EERD.

TG « (LR (1984, 1986) 1 H AT SLFE, + > RAIALAE, HEIZHESFEZ & 072678 5\ E95
AR KTBA A L, RS EIT o IofER, VR & B RBERICH DR & LTH 1
HOfRRES 2 VT E R, BE, MEBEOIOZEML TRY, # 1 HmEER, e
DWW TIFADD S E R & OB EZRE L TWD. 2D & HADD FLF B & R 5 5 134k
MLTIREBEAEREZRE L TWD EEZNIT, NPTTIEEICHTIE N T E L TR — VEHE L2 BN
EHDHZ LI Lo THIBOWRIZHE L TRY, ¥HFVETr /Ry ClEEe LTk
HERZHMSELZ LICLoTHRERFG LWL EEZLND. S HITEHD (2000a, b)
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BH =2 F e NFRORLHE BRI Z B CIREBEEEICB T 5 &R E B s %
(QTL) f#HT 247V, B 1YL AR IR R RS, 64 AR BICIX 1RSI B 5 L C LRSS
B E LT DEBETIEOH D Z EEREL TS, NPTTIEE D b B IR N %< 7
STNDZEMNH AT —NVERIZEEGT 2BIZFONPTIZIIFEL, OB FIXFERFIZADD L
HERICEET20TIERWNE PHEND. TLT, BROBEERICEEGT 28ETIET 7
JRTRE AT VICHFEEL, ZOBEGTIFADOKRE SICELLT, FoOSBEEE2KESRED
C LIS Ko TIEHTER Z 03 O TR LHERI 2.

Lyndon (1998) 1%, FHIZ &L HRVADDORE INE3INH 130 umll KREL RV RN, b
L LTZBERED R E ENED L FIZHEF DD 5 Y6 (Soma and Kuriyama 1970), & % WM&
URL Y UVBIZ Lo TADOREINEFE L KREL o e AT E I DA (Maksymowych &
1976) Z5I LT, AD& b T DD EIIFEMGRA T T EHEMTIIARNW I L 2RI L T\ 5.
TROBABFNELIZONTADS KX D —J7, ADALMELFEEADDKE SO kiE)
BRET L —ETIRHRLS, ZOWIIMWERMNEMER DR BEZITHLEALNLMDLT
b5, FFIZADDFFE DTN TOA—F V VREIIFRED/HMEICKRESHEL T D EER BN
T % (Jackson and Lyndon 1990). AMFZE T & ADD FEERE L 721F C/AFE O VFEFEAE £ O i R[]
ERETXRCHAT20ERECTH o2, 2 E TOBIFIEN O ITAKFEO VREEIET 1IN (R 5
1957, FH 1969) , NSC(Pattanaik and Mohapatra 1988), A4 /E & i &i#% & (Patel and
Mohapatra 1992) 72 EMBADO K& SLSMIHEEG L TWE EEZBND. 2O L D Il 7ok
RIS 2ITIZADDO KR & &, M ZOHEE, NS, MWW AERHEWE OBEHEZ R BN %
AT CED RO R KV REREZEZRITHIT RV, HDHWIIATr— VERS LUER
IRE SR EEANINT DB T E RO LT, BBENEREY IC L ERREAIHT 0
LRTUE R b0 eER .
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3 2RIBEDSMEIZET S HTRDORREF R AT

\\\

FUEB OB DT IRBEAEI LY e L A2REAEHIC &> TEFERE SN D (A 1957, FiMl
1969) . FEEALHIEICNBIET 2 L2REAED b ME Shy, FAEBDSEEIN 2 (e 1957) .

Z D XD R RS ONFEE ) I X 2 2B O INT S AR OIS I Kk S T S Af
HEMEDR® 5.

A RXDOADDMR S ZEEE % 2 /v & F AL TRE L72iE R, ADDTHER D 43 S8 B I L HEFIL0 1R
FERE « 2R A D (b3 2 Ml (Flank &) 12 85y D IFEEE LA 72 < (Rolinson 1976), F7z, 7
EIEREREIIIHRT LD & A RDOADDOMNL 53 ZLEFE 4 1 D 5 (Rolinson and Vince—Prue
1976) . AL EEREINTT 4 M7 v —AROGE T L TCHERICEET 5 2 & 005, ADDERALA]
DRy SLHFE & SFE I D0 OBHR DB 5D Z E N RIBE I D.

TEK (1959) 1T EFLKH CTIERBAEREHOADOFEENSL Y, tunica(Fh4K) OOV 72 <
ML EEWEL TS, £, N, Vg, B Yo HIZE > T, 1EK1960a) 11 RIZIHBW
TNiZtunicaDEZ R L, YV UBldcorpus (NIR) ORI AT Z L2 @MEL TN D, 56

57K (1960b) 1 X = AT AN, VU, Y OEENAXOENLAKTHD Z L &R

L, ®BAERMLAHAERICBITT 2B1Z, ADDtunica@ A L, corpus/SFEiE Lisw
D2 EWME UL LRERE S 2R ERE G corpus 2y B L, HAED 5 LEIEFH D SR £ Tk
tunica? B, FILE D WNEEOHETVCMET U T corpus 2y B3 b 5 (B S 1990). Z D Z &
B 2RBAED 5340 D corpus DIEEN E Db % KL L TV D AREER B 2 HiLd.

Z 2 C2RBAE I I b A R R AR AR I TYy 2 — INEAREL X T, Th
DEEE S E LA O NFEOFEIC K THELZHENICHAEL, SRSEER LEWEDY O
& 2 2R D 43 AL KIC B 2 e (S EEIR RIS 3 1 2 i o sy B, kO K& &) %
tunica, corpus®DRFIZTEH LZ2R BB L LD Lz,

Table 16. The application rates (g/pot per week)

i &k of nitrogen, phosphorus, and potassium.
1. e Treatment N P20s K20
ON 0 0.15 0.15

19994E 1T By AR R 2 & PR R A B W TRl
N 0.150 0.15 0.15

il =i 5 £ 71 * 3 =] i
%IiODEIZIKHﬁ kﬁii@?b‘/j‘/@Zuﬂ%ﬁ%L 2N 0.300 0.15 0.15

ALT, Ny NEBRZITo7Z. ME20K T 4N 0.600 0.15 0.15
2 — R ~ (7 e += . . - -
1/60007 77— > MZHEFH 2 A AMIL5 A 30 Nitrogen was applied with ammonium sulfate,

HiZ, 74 7R IE6A9H IZ8RFE L7, MilEs phosphorus with sodium biphosphate, and
’ potassium with potassium chloride. Solution

RN TR I KRR & [RARICHR RS L=, FHE % was applied weekly.
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b E COMEIZE IR ER2ONX SR CEE Lz, 4BRBONOUE Z g oL ERD 5 2[E], 1
BB CTITo72 (F162). T2bbEBICIIAARBIITALITR, 248, T4 7K IXTH24
H, 3STHICNIEEZFT o7, IXKICOX1GRy &2EID YT/,

2. AEIEH

WA ENE L, FEE b HIE % OISR AR Y 72 2 R OB IZ D\ T
A L7, SFEOEEER L & S ITHIFHFHEIKO XS ICHE L. & HICHFED tunicad EEL
& corpus D MRS A - BAMEE N CHEM Lc. RN IR IIREAE S, 2B, 4y
e EEr, BEE, (R3ER, BRI A HLIE & RO FECHE L. B La N Y 72 5 e
ETRECY 7Y 7L, Ya— NEWE, v a— INGAREZ B & FRICHE L.

RBRLER

. BREARLIBIEBEEROBER

P E AL S RE LTS 0 TONfEA R 2 4B TR S B2 2 Lic k- T, FfEn
b EIC BT 5 v 2 — INEARITEERERICHEIN L 72 (BH17ER) . B ARFONX ONE F HRIX
16. Tmg/g T > 7= DIZxt L, ANX TIE36.4mg/gll72>7=. 747 /BT THONX D12, 3mg/glZ xf
L, ANPXTIE30. Tmg/gl 72V, ¥ =— PNGARIWME L bIZEE o7z, FHEDLBH ONG
ARPEESTLZLITED, WAHEICSW TR EIREAEE, b2k BAEE, S bsiEEons
B U7z, oAb LR BAEEUTOND T FE R TANK TR HARRE TL 36%, 747 /AR TL2fFHIN L
Table 17. The effect of nitrogen application during the early reproductive stage on dry weight, nitrogen

content at the early spikelet differentiation stage, and the numbers of differentiated primary
rachis-branches (PBs), differentiated secondary rachis-branches (SBs), and differentiated spikelets.

Cultivars Treat-  Dry weight Nitrogen Differentiated  Differentiated Differentiated
ment (9/plant) content PBs SBs spikelets
(mg/g)
Nipponbare  ON 3.73 £0.09a 16.7 =0.0a 787 £0.10a 105 *0.3a 68.9 £0.8a
N 393 £0.05a 238 =*0.1b 8.77 =0.10b 18.1 =05b 101.6 =1.8b
2N 3.95 +0.08a 294 *0.1c 10.18 £0.16c 216 =05c 1209 *+19c
4N 3.99 +0.09a 364 *00d 1048 =£0.21c¢c 23.0=*=0.6c 1276 +=2.2d
Akenohoshi ON 410 £0.06a 123 *0.1a 851 £0.12a 163 *t05a 945=*17a
N 414 =0.10a 20.9 =0.1b 9.68 =0.10b 26.2 =05b 1428 =1.8b
2N 424 +011a 26.4+£00c 9.80 =0.15b 332 +£08c 177.2 +41c
4N 416 £0.10a 30.7 £0.0d 10.08 £0.17b 375+*05d 199.1 £2.7d

Each value shows mean =+ standard error.
Means within a column in the same cultivar followed by the same letter are not significantly different at
5% level among the treatments with Tukey HSD test.
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7. 1REAL2IREBAEENT AL IR B LV S BURIZ S L, HARFONX T10.4TdH > 72 DIT%f
L, ANXK TIE23.5&892.36%12, 74 /B UVICTBWTHONXKD16.312% L, ANK T37.4L#92. 3
fFIZ oz, AL LREAES, L2RBAEEL & BTN L 7oA., BB eSS i S CONALER
(2 k- THAE ¥ E R L7z,
2. ¥R, BR B#R HNEERE
IETER NGB K - Tiljsnfl & ISR L7z (BF18K) . IhEERIIT 7/ R & HARK DMIZ
N 2o 7o, R CRER WA E QICNLBIC X > TR L, 7277 VRV OFRE
7Zpole. FERIZONKIZH AT, ANKTIEHAETLT%, 77 /K Tle%EL eo7n, 1Hl
SSACEAEI DRI D TN EN D % LE 7= DT, KAEBERINKEIEIC XL > TEL otz 74
OB AR TILONX T3 7TTHL/emTd > 72 DIZkF L, ANXK TIX5. 94K /em& 58% m< o7, 7T
r 7 AR TTHANK TIEB6% M < 72 o 7-.

Table 18. The effect of nitrogen application during the early reproductive stage on flag leaf length, panicle
length, rachis length, and grain density defined as the ratio of the number of differentiated spikelets

to the corresponding panicle length.

Cultivars Treatment Flag leaf length Panicle length  Rachis length Grain density
(cm) (cm) (cm) (/cm)
Nipponbare ON 242 +04a 183 =0.2a 119 *0.1a 3.77 =£0.06 a
N 28.9 £0.6b 19.9 =0.2b 13.3 £0.2b 5.10 £0.11b
2N 323 *12¢c 205 £0.2b 147 £03¢c 5.90 =0.09 ¢
4N 340 *x12¢c 215 *£02c¢ 153 =*02c 5.94 =0.12 ¢
Akenohoshi ON 247 £05a 20.2 =0.2a 135 =*03a 468 +0.05a
N 289 =0.7b 22.0 =0.2b 154 £0.3b 6.50 =0.13 b
2N 33.0 £0.1¢c 23.2 £04c 16.5 =0.4 bc 7.75 =0.16 ¢
4N 320 £11bc 234 *=02c 16.8 =0.2¢ 8.72 =0.11d

Each value shows mean = standard error.

Means within a column in the same cultivar followed by the same letter are not significantly different at

5% level among the treatments with Tukey HSD test.

3. YWWREDKEZ LBE

HUEAhS T D GFEOREEA R KO SISIE M AT & b ICITITER E R R 2 b
Iipolo (F19R) . HEWrE Y A O BEHEIZE L #PHT, 5bDaE - T D IREARE &2 4 L7z
0, BRHZER IS LN oTc. ZOZ LITIREAFELE I ITLBER ZE R RN T & &R

LTWD.

tunica® B 72 & N corpus DAMREL 2 04 U7 f5 58, WMHEBZERIIALN o 7= (519

#£). L, 1BELEEOZWNGFETHDLT 7 /)5 DFNADDKE X,
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corpus DFMFAE N ZVMHEAI N A b2, TROBANK TR T 5 &, 747 /7 AU IXHARRICH
AT, ADOKEIERE, ™S, corpusDMIAENAENE 1.8, 3.6, 3.6fFIZ2o7. [LED
(1996) 137 7 7 A ¥ TR E LM IR ORISR R R R & < b T L 2R L, TORRE
—HToHrLEZILND.

Table 19. The effect of nitrogen application during the early reproductive stage on the diameter and height
of apical domes (ADs) and the numbers of the layers of tunica and the cells in corpus.

Cultivars Treatment  AD diameter AD height ~ The number of The number of

(e m) (e m) tunica layers corpus cells

Nipponbare ON 86.7 = 3.2a 453+ 3.7a 20=*00a 269 £ 2.0a
N 916 = 3.7a 496 = 2.7a 19 *01a 296 = 35a

2N 88.6 = 2.8a 48.2 = 38a 19=*01a 270 7.0a

4N 875+ 40a 481+ 34a 20=x00a 254+ 47a

Akenohoshi ON 1525 + 6.3a 156.4 £ 6.5a 21 *0.1a 87.8 =16.3a
N 153.0 £ 6.7a 160.3 £104a 24 £0.2a 739 = 69a

2N 160.4 =115a 152.0 =133a 2.0=*0.0a 804 £ 6.6a
4N 158.3 £16.5a 1745 *220a 21 =*01a 924 £22.0a

Each value shows mean =+ standard error.
Means within a column in the same cultivar followed by the same letter are not significantly different at
5% level among the treatments with Tukey HSD test.

LLEDOFE R SRE CUREAKICE S T2 EHED —~2 L SNIEmROEERICBEL X, %
NENHENEIZ K> THEINTE 2600, THIZHIGET D BEFIIZRADDZEACIZ RS 67225 »
7o 2RBAEEIIHAE L OB D TE < (I 1957, Fil 1969), iz, FAE A
REED 2 DITIT2RBAEEL D o3k 2 TR AR TR E b O A Th 5. Z DTl
QUK 2 B0 R 4L 0 © SEAE LA ONLER S SRR R D TR BB IC 28 L T, 20K RE 0D
GACERTOTIER VN E FRLUTERZITS 72, LOLERRL, NEIEIET 7/ Ry, HARR

HIC2WBREE 2 L <M S E 2 b hb bd, BRI O K Z Z12 % tunica-corpus
structurelZ B L 72ho7-.

IR, vaAf XFAFICONTEZDOERICEEG T 2BV ORRIESRTND. A
RIZONWTH YA XFAFTOENEEREEZ, BEOLIIHELRI L T8 FRAR21-
TETWD. 2L, 20X REBIETDO—DThDRLBIRT OB L in situ~A 7 ) XA
B— g VIETHTHEMOSb L OBIEIXIAM TId o7z (BRIEE 2000). B2 6 < @O
BRICHET 2BET LATBRBRFEERH L0590, BIIED L ZABEENZ2FRNDIX
Fol Nk THD.
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AR HHE

IR K ORIE T LN L2 2 OKREER CTh 5 A 7 — VB (ML 1RBAE R &
R oy BCEESE (AL TIRBRE 2 72 V) D 3 (L2 IR BRE ) 00 PR 7E 2 TH Bifi 73 Z5fH A% (AD) D K & S R shfl
JFEOHEENRE S L TV A EMIT 5720100 OO EREZITo 72, 1T B LRI
Lo TREBARMOR S 2Z A, FEMMEEICE T DADD R E & 248 2 72 EER (19984 ffd 7 7
JRY), REARMOESR N)LUHEIZ L > TADOKE S &K % 72525k (19994 T &7/ R,
HARKE) IZ2oWTha U7z, B2 CIXIREEIE SR O B2 250 & BRI >V CTREE b oAb D
KR&EE AT — VEHRB X O OB Z A L7z (19984F) . B3 ClX2kEE O (b a
et 3~ 2 NALER 2 Bl i o0 (L0 © FAE L £ © 5 2 ¢, SRR O (tunica—corpustit)
BIORE S L BROGKEFR L OBRE T 75 /2 AT & HARIFIZOW TR L7z (19994F) .

) EALEOBRGREIORL DT ) R ERREL, REARYMAZ3T-66AICE X, TD
R, REARHBNEWIE ERE LB OADD FEEE AL (79. 5-106. 0 pm) [T KX < 2o 7.
ZOD L EADDEIMELR L R — )VEFETH L 1FEE IR EAE S (7. 1-10. 0) IZIXIE O FHBIBAf%R
D b,

2) EEAERMONERBFZMENPBEBWVIE, 77/ KY & ARFICBO THEEHICBIT 5000
EHERIIRE L Kotz T /R VIR TIIADO P E R (90. 1-98. 4 pm) & A — L H
F(9.64-11. 63) ITIZEDOFHBIBIR GRS H 7223, HARRFIZE W TIEMH I X #e 70 BRI
RO bR,

3) 1), 2OWFTHIZBW T HADD EERE LR & IF 2R BAEE, 1R L REIE S I 722 B
BRBFRO LN ol ADDOmSILREERBOR S, REARMONLEIZ L > T—EDMH
A% R S 7o 7z

4)  IRRITTHRK & 7zNew plant typelZ 1AL E L £<, HEE LB OADD LB E RN
avbe BV EVIBRUERELS otz LnL, B FY, TR OAOEHERIL=
TeNY EIFEALEERRO NIRRT,

5) MOEMIED > bEKE KL EELRERO & 5 @RS ECE SR L O Mk E & OB
1R EFEE LD D FAE LA ORIC B WV TABEONILE A2 L7 B AR L 747 R THl
L7, S LI ONS HENEWVIE E@mROEERITEM L. UL, BEot#in
O NN 3517 2 ADD FEREFRUAEE (ShFEJF A D tunicaD @, corpus DA%, Sl
JREDIER, @) & @mROEER EOBEIXIZEAERD Lo T,

6) LLEDZ EnBEIFLABEBROENA Ty — VERITREBLERMOR SONFKEREZ
LTHEY, BEbHOAOIERZ N L TRESILD LHfEgE T,

51



3T YRBBRHOARNZERAKEOEBEL Y SMEBERICRIET T ZE OB

KRGO B % K& < BT 2 BALHAE Y 72 0 O A MR 2 073k & L CREE M ITRE IR
b & L7eNRNE & A ms, FIEn s, 25 (1973) ORRB$ 2 BAED A RITIRD6DD
FEMA DA X THS.

L. MEIZL TR ERF>oTnH 2 L.

2. 288, HEfE, EETHhHDLZ L.

3. bfr2~3%ENEL, JEL, EXMTHDLZ L.

4. HERICEADDLERWNI &.

5. 1XENTV FEHDOZ N L.

6. HFERTI5 H 3R X ORI H A0 IS RIETH D L HicHfsED 2 &
ZOOBLRRCL. L2, PEIEKAHIET S ECHEELE Sh, BRICHAR IREREICEAE LT
Cx 2 HMRT D-DId A/ s L, bV ICHE A +2 B2 0 R b2 0o T, &
ML, PO T 2% RETHZLICLoT, EREZZFGLIENEHLELZZ LN, 6

(ZF0 A (1969) 12 FE Y 72 0 BAEBUTBAE LI £ TITA XN L7ZNTIRE S 11D Z & & B
LM L2 b, LERFIEZHED T-DIZITHFEMEEE TIZH 2 —EEONE 52 72T
NIER 520D T, BAELLTIHEDITEFZTDO—EDONE WO EX L0 BPROFIELEEZ O

A5 (1990) 1X Z OFEEER B 2 DWW IEREE IR RS ET, [72E 2RAEOEFRE A FHRIL

LTh, ZOWNKHARRIT, BFARIFAETHA O, BABERTE LR R THA
IENIEXTholz. | LIBRTND. EORE L EEEIL A ARORIEDOI &M EIZK
E<HBL, FZave B TOEITHERLRT VA RICOWTIEHBAETER B OALFELL
TeRERETH D

& AN, R, EEOBHIZHRETH DM — RO ZINFF S HBL L TLCk, Lo
THBY 72 FEREHART 2 L0 b IR X > THERT 2 MEOZINAER ST
. ®H B (1984) 1T H AR OBEM T O EDMER L T 2 R RN o B SR O BB R 2
WCERT 5 Z L &R Uiz, Tl (1981) 1K a8 A RAS I ONSE A & I8 MK G O FHAE A PE2h 2 % B4
O, REAEREHHONBIENIFERELELEL LT, HIEEEIREZGD LI LR L
2. ZOZLIFFAEDONTH-> TS, FEHEHFIRICE X NITHIERZ RN RIEDL 2
ENTEDZ Ezmd. EE, #&)1(1996) 13T E o bW IEEONRLZ 25 Z &2k -
T, MAEMEDM L7 BARR CIXmESE 20 SRl ARSE, WELXH LS5 2 &N TE
HZErERLIC.

—J5, b9 —ODOFUER AT H AR EM TH 2 BMIC O T, BIEIZ XL - Tl s

52



Wio 0 FAE & BRI A L BRI CREMR T2 2 &%, LREREICE LT 2 B OFIG 2 1
RDTODICBRRBIZAR TH D AR ENTE R (FlH 1969, #A K 1973). & Z AN,
IR AR T DT 2 A A2 IR LR B L, TOZNAER ST
Wo., TETOZNITZDOE S REEMOZINMEDONA TV v RT7 A4 A% L0 - BB TH
BT LIk THTWS. LarL, KE S (1996a, b) 1% 9 E 0 BAT O FAEE L (78. 58k
/m?) X0 b B (42. TR /m?) TR O HALE Y 72 0 BB AR T 522 ENARETH D Z
EEEREL T

Z DR TITRSS N R B ORIE O "TREME A B 2 T, FAFHICFIE S 2 I 2 5 b A% 72
DDOFE T HNHEAE & FAEE L2 DV T EICFRIRPING R & LRBREC 2B D & 5 7 ALK
AR D IHERY 2 B3R & ORIE D SIENT L7-. S 1E TS LI RT% ONFEIEIC 4125 B
L7l 2 ONREEIED & & TREE 2k 72~ b BAE LA D dx & BAEB O RIE (A 72 ez o
WTRBIRN & 3L SEAE R D BIR 2 AT L 7=, 280 CIXBiE e k4 5 R Be Ry 235 L il g 401k
HH o MM & TONE ORIRZ LB, BLBAEE O E 2 D MENT L7z, 55380 TR
BE LN E A fL BT, B F COFBOREERZ 4% FIBERERZN AT L LS & L
7.

F1E HRWERHDAERNER & SMEETERDOEF

FOH (1969) (XA Y 72 0 S L FAE B AL LN B 1T DFK Y = — PNERE & L JRVIED
FBERRICH 2 Z LA LN L. LA LRDS, SEEEHH 5 WITHENICE T 2
— PNORAT & & A Y 72 0 AL L ORNITITBIRE 2R HIBFE D TR D BTV % (Hasegawa b 1994,
Murayama 1969). & 522 O X 9 75 PE O MU ZE N FITH IR I £ CORMEKO M A
PELNIREEDTEE Y HOEWII IR S5 &9 AR R STV 5 (Hasegawa b 1994) . =
NHOZ EIFEHARMCEB W TRIEONRAG &O A LT, NRE G FHALAFE TS 0 E
ERIFLTWDZ EZRETDHN, ZOEEBIIHAL TR, £z, 5FETOEZAEY TH
B> i R & KA Tl 2 1228 2, ShBEODRE BRERI O RGN RAEICE B L CHHED /bl
FREBZLZLOIIRY 5. £ 2T, 19884 L 1989 D24 |2, FHAEZ 0 & L ONJ
FEDREH] & AKMEREZ HZ L2 LY, AFEARIICIT 2NREEIRENTE 2 (2572 2 KRG & ekt
L, K% EBREOMIANIKEE & b BEEOBMR A 15 CTH 62 L7 1B 59 5 %
FTh DA —NVER FEIRBRERD) , @R B AL IR BAE S 72V D 53 L2 B AR
0 LBIROTTHAE L, AN HIERORERIRIC LTI RELH LN L LS & L.
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MEEAE

FEBRIL 19884 L 1989 D24 FEITATVY, W4 & b/KFndnfE A ARG 2 3 L7z, B I EmE
TEWIEL, f15~30 BB Lo (HEHS. 8~4.9) Z IRR2AAE, FAlmEE22. 28k /m* T HUHp
R R S OKBIC PR X B Lz, WA e H2/ERIR T 7228, &~ OfFFA E A
20K IR LIZEBY TH D, MEOKIEM & BN, 2o, FEEORE & KHELZE X
52 LICE T, NiEIEEDRE 2 (TR 5K aefkiT - (BB213k, #22K). U mehVizonT
19884 (X IEN & [Al & 2, 19894 XA /mIc LTV v FE10g/m?, 1 U 12g/m* Z IBATIZHE WV o fiti L
7. 1988 LM AE, 19892 IE DR EIRXIETERAIT 7o), T DOAHIZHOWTIIKE
BRI o7 Fi, UKEXOEREII2I~2TTH -7~ HIHEH, 7 0EORITEITIC
L7 o THr o7z, 19884 IZEMROT-0T~8A O B FHEIT ALV D2, KB LK, -
7. 1989EIIMERR N B D 1Tk DY, T~8H D HE, KA L b EEATZ 7. WiHEL b
AGEA R OABIIIERCTH 7.

FEESEHIERT 2 DREE A WHIE TOFF5ME], #97~10 H AR T AEXKIZ DV T2~6Rkik &
Wy, T o%A2NER, Yy, EHOR, ME BEZEA0HOR) 25T, 90°C T48IFH
Ll bos R, e ELZNE L. SERmhENES, BEREICKREL, £0
BAREXZ LIZIDICE & Dot v T % EnRIRE U s TRt L 72, 19884RI13 7 L&
—/WET, 1989FEIZ 7 e —A Vs v a U aTEERICH LicA v R 7 = 7 — LV HEIETHEEBIN
EHRELETERE L. L, oy I VEICIEGES AV, o — INREEIRES 2D
ONZIERE EFRONRA BEOFI & LTz,

19884 1T 45 X 68K T D950 % D AR D EFE D HE HH K A3 +0cm % B 2 72 R L FEZ AUV Bl oD 2
[E], 19894134 KIE KA~6K T DHFEH D1~ AN ZRIL, KL~V , =X/ —)
N Z ToAKICRAFE LTet, bR, MBI OPREICHE L2, 1988 D F RO HEH
MR +0em%z B 2 T 1o o 70 5 HEH MR -8eml A FO 32L&, 1989FE DY 7 v
D5 HEH R +0enPh FO 3 F DITTEDOK LRSI Lz, FIEZR S ONTEAE OB LRI D

AT IR R (1959) IZHE U 7o, 19884F (213401 ds L ONBALFAAE S, B L 1TRAAREE, B(L27k

Table 20. Dates of sowing, transplanting (TP), panicle initiation (PI), the early stage of spikelet
differentiation (ESD), the late stage of spikelet differentiation (LSD), and heading in Nipponbare rice
in 1988 and 1989 experiments.

Sowing TP Pl ESD LSD Heading
1988 cropl  April 15 May 14 July 2 July 20 July 24 August 15
1988 crop2  May 28 June 22 July 26 August9  August 12 August 30
1989 cropl  April 17 May 15 July 11 July 20 July 26 August 15
1989 crop2  June 20 July 5 August5  August 14  August 18  September 5
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Table 21. Nitrogen application rate (g/m?) and time in the
respective nitrogen treatments for Nipponbare rice in
the two cropping seasons in 1988.

Treatment Basal Topdressing

1 2 3 4 5
Non N 0 0O 0 0 0 o0
Basal only 13 0 0 O 0 O
Heavy 2 2 0 0 2 o0
application 4 4 0 0 3 0
before PI 6 6 0 0 4 0
Heavy 1 1 1 15 0 15
application 2 2 2 3 0 2
after Pl 5 5 4 6 0 2

The stages of topdressing 1, 2, 3, 4, and 5 are
approximately at 2 weeks after transplanting, 5 days
before panicle initiation (PI), 6 days after PI, 1cm in
panicle length (21 days before heading in crop 1 and 17
days before heading in crop 2), and at 1 week before
heading, respectively.

Table 22. Nitrogen application rate (g/m?) and time in the
respective nitrogen treatments for Nipponbare rice in
the two cropping seasons in 1989.

Treatment Basal Topdressing

1 2 3

Crop1l NonN 0 0 0 O
Basal only 6 0 0 O

12 0 0 O

24 0 0 O

Heavy application 0 4 0 O

before PI 0 8 0 O

6 4 0 O

Heavy application 0 0 6 O

after PI 6 0 4 O

6 0 8 O

Crop2 NonN 0 0 0 O
Heavy application 6 0 0 4

after PI

The stages of topdressing 1, 2, and 3 are approximate-
ly at 20 days before PI, 31 days before heading and at
24 days before heading, respectively.
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O BRITFAE LI ONRA EIZHOWTH
:/H;H’

b (18K .
PGB T oSG B EMIO G BSMEH2X 0 b, £z, FE s EHLIRICERRICN

L L7 b, FAED b

IBIE L 72X 7 B3 FEE S EHILIRNCIBIE L 72X K 0 & NS Y 72 ) OFAE (LR mn &

60000

50000

40000

Differentiated spikelets (/m?)

30000 |
AO y=2267x+18300
20000 r=0.796**
A
10000 : : :
0 5 10 15

Shoot nitrogen amount (g/m?)

Fig. 18 Relationship between shoot nitrogen amount
at the early spikelet differentiation stage and the
number of differentiated spikelets per unit area
in Nipponbare rice subjected to different N
treatments in different cropping seasons.

** indicates significant at error of 1% level.
Symbols are as follows:
A Non N
O A" Basal only
O’ A Heavy application before PI
O, A Heavy application after Pl
’ :Crop1
2 :Crop 2

Table 23. Changes with growth stage in shoot N
concentration (mg/g) of each crop in each year
averaged over all the N treatments.

Pl ESD LSD
1988 crop 1 214 152 146
1988 crop 2 29.3 187 173
1989 crop 1 18.0 159 145
1989 crop 2 238 176 165

Table 24. Changes with growth stage in shoot N

DR B o T (EHI2OREE LI LRI &
SRENTIBAE U7 K CII R B o0 hs & 5L 5
BN NT T2 — INEEEME T L TE
D (5F23, 24%%), Z DO ENFHEMEFENED
BT EEZICEFR LWL EE XN, &H
18X o H[al R 0 7% 7 & BEE (Ll 2 & FAE
B E TOY 2 — INGHEROB S & O
R GBI 2R 2 A, RV IED
FBEIBITRIC B o 72, SrLFEAEEIT I (b an
HIOFEIRY 2 — NG & & B E b b 5
L E TO Y 2 — INEH RO Ol
FlIZXBENDE0EZDOL LI, LTFDOX
O EERR A RO L Z A, HEHABKRK
R=0.917, % L TAEMRE1% THERBERIRE
HivTe (55201%) .
Yd=2228NA+906 A NC+23949 (1)
2T, YAIERE Y2 o bR OHEE
il (/m?), NAIZFAE LA D & = — FNERAT
B (g/m?), TLT, ANCIZFEE S b#in 6 H
N E TcoO Y 2 — INEHEOH S
(mg/g) TdH 5. FEYEMR A FRELIINAANO. 78

concentration (mg/g) at different N treatments
averaged over 2 crops in 1989.

Pl ESD LSD

14.0
20.7
20.0
14.6

11.3
171
15.0
17.3

10.0
14.8
12.5
17.7

Non N

Basal only

Heavy application before PI
Heavy application before PI
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2, ANC230.455% 725 TV, TN XV, ANCHLMEFMAEOREIZI /LY KELEAE LT
HZEMbrolz.
10000 F o 50000
E
~ = 40000
g 5000 >
= )
= & 30000
= =]
70 >
& 20000
| /A A 10000 ; '
000 T AT aoex+s360 20000 40000 60000
A r=0.751** Y estimated (/m?2)
| | | | Fig. 20. Comparison between observation and
-10000_15 10 5 0 5 estimation in the number of differentiated

spikelets per unit area in Nipponbare rice
subjected to various N applications.

Symbols are the same as those in Fig. 18.

The estimation was made by

Increment in shoot N concentration (mg/g)

Fig. 19. Residuals in the regression shown in Fig. 18
as a function of the increment in shoot N

concentration from panicle initiation to the early
spikelet differentiation stage.
** indicates significant at error of 1% level.

Yd=2228NA+906 A Nc+23949 1)
where Yd is estimated number of differentiat-
ed spikelets; NA is the amount of shoot N at

the early spikelet differentiation stage (ESD);
and A NC is the increment in shoot N

2. BEMEIZRIETEEDOERE (I:Eosnéentration between panicle initiation and

AT TH 5 2T L7eN & bR D AR & Bk o1t & a2 Bapr-0 10 © B HY CLYSY (L e LI
SIS AC2RABAEEL DT — & & F TR 24T - 7.

SAEFAAEET 2R BAE R & @ W IEDFRBIBIRICH 2 Z L3 b T D (Ba & 1957, FiM
ZOZ LIIARERTHMR SN GEH2LK), omliE OBRITIES, MAEKIEE L2
ZERbhole. SAEIREAE Y72 O L2REAE BT BB T2 TH 573, FEEHILIREIC
HAMICNBIELZX TIREnZ 720 EES—F, 2Tt L0 /hEn. 2o & LHi
B FEE L2 S FAE LIS T CONGERROEK TR FIAEEDREZE TS D)
EORIZIZM S OBERH L LD EBF 2 bz, £ 2C, fEmobin b HEib s eis £ ¢
DY a— INEGEH RO & AL TR S 72 0 O LR BRI E OBIREZR~TZE 25,
EOMBIBRMATRD b vz (F22lK) . 20 Z LT ESEHILIED > 2 — INEAEOK T iZ5
LIRBEAE Y 72 0 DI L2R RS 2 b S ¥ 5 2 L&l L b eI B2 RET 2 & %

Symbols are the same as those in Fig. 18.

1969) .
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RLTWND.

SAE TR BRI & S DO THRWIEOMHBEBERICH 2 Z LML TV 52 (FiH 1969
), REBRTHLEZOZ ERMEND LT, LAL, HERPLRINTND L O ICURE 1957, Fn
H 1969, FIFH 1981), FEEOWEMRILIZ DO THEHHETH Y, RFRORERELD LRI OWT
IR BAE R ORRNLGBRR 2T 2 2 LIXTE R o7, LML s, KEOmEE Y7 21t
FAAEEN IR LR BT KX L 72 < T, FEEEHI & FIE bR &£ T ORI DN
\Z &Ko TR AIBEZR 2 & AARMFZEIZ L v R STz,

ol
60000 |- 2 3
—~ © 3
% =
£ 50000 |- B
e ) y=0.078x+2.30
R 2 2.5 [ r=0.933** Y 0
.jaj 40000 - ©
a4 g
2 30000 |- 0 ()
= y=5.46x+1860 ZEN N
5 r=0.990** ks
= 20000 |- -8
et =
[ o A
10000 ' ' ' 15 ' '
3000 5000 7000 9000 A 10 -5 0 5
Differentiated SBs (/m?) Increment in shoot N concentration (mg/g)
Fig. 21. Relationship between the numbers of Fig. 22. Effect of the increment in shoot N
differentiated  spikelets and differentiated concentration fro_m panl_clt_e initiation to the
secondary rachis-branches (SBs) in Nippon- early spikelet differentiation stage on the
bare rice in 1989. number of differentiated secondary rachis-
** indicates significant at error of 1% level. branches per differentiated primary rachis-
Symbols are the same as those in Fig. 18. branch in Nipponbare rice.

Symbols are the same as those in Fig. 18.

L EICR Sz X 5 BB BUIRAE LA I 56 0T At o = — PNERA & & B8 E 5310 ]
OB E TO Y 2 — INEFHEROLELD2ODERICKF I N TND EEZBND.
RS b S FEAE LA £ TO v 2 — INEHF RO, DL IR Y 72 0 D43 {k2
WAREICE LRV ELZEZ TS, LEN- T, BlIEORSNEZIEELEKICEET 5
BROHH, FHOSHEELYRTEROEERITEBHIER O R ST, FEE 5L
SAEIEHIE TO Y 2 — INERAEOEIE W AR RERIC L > THEELZIT 5 2 &3 bh
-7z,

IKFGD AL IS T FAE AL £ TIORI L 7ZNE TIRE L, FAE LK & CONRILE
D L WIGE IINRIN R T LB AE O L DICBR L2 W EERE 2 b T & 72 (FilE 1969
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Bz HZ EnmbThA R (Fnm 1969), Fig. 23. Relationship between the numbers of
differentiated and degenerated spikelets in

AEBRTHZOZ L1 HER ST (523K). Nipponbare rice subjected to different N
treatments.
FTROLEBE Y 20 OFBAAEET oI L

** indicates significant at error of 1%.
PR EIZ KL r=0. 959% (|3 fElR 1% CHE T 5 Symbols are the same as those in Fig. 18.

ZEERT)OEOO TEHWIEOHMBBRICH 72, Thwx, EEYT- Y OBFHEERYIL,
FAME LI DY = — INGRAE & (NAS g/m?) S REE (b S b E TD Y = — INEH
KOS (ANC; mg/g) Zit AR &+ 2RO EMFAUZ L - T, BHAHBEFRER=0. 856 (fER=R1%
THE) ORECTHIT L2 enTEk.

Y=1400NA+517 ANC+20832 (2)

F23X DR D, REBRO LD 2T TH L5 /mMOEMEYS 7= Fitla L5 &9 57%
DI EEAEEE6. 700 /m2 L EEE L 70 D, REBRIZB W TR B < Filb &2 b Lc O IZEEN
R24g/m DX T, SHALFIEEIEE. TH/mTh -7, KfEN6g/m?, 2WAZFE /L1 B R 1B JENSg /m?
DX T4 95 /M Th o7z, HEIZZHERFEENEA 7 ¢ O S TIE6 5 /m Bl E OB E 5
NTWDHOTUUARDS 1991), Zd X5 Zedbfiz AViu7h /mREOHELZ bS5 2 LI
REBROFMEOFPTH RATRETIIRNEEZZLND. L L, BHIZE W THARRFIZZEMO
ZIUKRBO LW EZ L ETHDIIRETHSH Z & & ZOFHOMERITRBL TN D.

REBROFER G, BEHLOKFRSFEM & bl U N2 72 0 OFAEAEFENE MR OITR D L H
BRI EE SN TV B B BND. T 7b bR O KRR OIKIR O 72 D P A B 23RS
MTHY (| 1960), T/REEAMESHER L (RIF - AT 1963), 7z, HAONDIFEH &M ST
W5 (HFE 1975) . FAE LI IIE O EIT E 72/ S WA (R 1960), ZD I ANHOK - Hi
BOEFIZE b7 THIE S DHAON(HI 1975) BMEWT/REE & U E - TR S
50T, HEMEEIN S EIESEH E TOY 2 — INGARDE T IZBHIZEF L 2. £
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DFER, 2RBAED b DMEtE S 4L, SEBAEBN L D, 61T, BB LEING A
FiIm<HMEFF S, ZRIEEBRERL L TEBLT (IRE 1973), AHESHZ VL (B 1960) Z & 7>
SEMEEEN A m S HEFF SN D DT, OB LRITIESVWEEZOBND.

—J7, BHOKFOGE, BEE I b BN T TOEWT/REED & & TORER
R EFENNG HROBE RN T2 E, NEYT- 0 OFIAFENFE T 5. £, BEK
I LT WO T, KA RGEE DK T b FELEDOIBNE RV nbEis.

ZOEBEZFIEIBICERFIZL > GEF SN D& THHA, LLFIRTHEANTMENIC
DA EXFTHHDOEZZHND.

Hasegawa & (1994) 1%, SRR OFGKDONRE R L O = — M E & RO g 5,
FAAE AL PE O WIBGE DS FIZ SR I & TORE DLW AERE ENREDOHE D T OEWZ L - T
HlebESNDAREMEZ R LTV D, 72, BRI OBRERMEZ DL E TRk E5 &R
ICHEAEPE LR T LI EEREINTVD (IR E 1957). & 61T, EHOKFRONEYS 2D
DFEAEEDRNDEH N L &R LT —F T, Murayama(1969) O 54277 /m?, Hasegawa b
(1994) DA 3T /mPLL T CIEFALAEFENRICEM L BEHOZENT E A ER LNV, Z OFEFIH
5, MM T LB OBERIZE b5 EEEOBFE QIR HE L2 b6 L, BILFE
BEZELIHENEELLEBALND. KEERERIICGBIEZITH20W & IRFEEEE L <M
V3D L AR LI-FERCINE 1981) 1%, B8 S A7 E I O 0% 2B o (ki s b gt /b ah
WEELTEY, HESEHLIEONEFREDB(LNHEERZBD SETND L0 ) ZOHio
Fa R & ZIUTE DS ARGRO Z G ZRIE L TV D.

LD X 5 IR E b0 D FAE LA £ TO > = — INEF RO EBALITFIE L iE# ON
GREREL EHICHIEREEZBS IR L TVDZ EWRBEINT. SHICEIETRIN1IHE
PG T2EEDI D, BRI EHRL v a— INEFROZLIM O OMERH Y,
B R R DN HOKRR OB AEFENROIK T LG L TWD Z e s/, LavL, N&
BROBNED L 5 RBBRERTHEALEICHEE L TWADONICOWTIIRATHS. &5
[ZA T —VERIZOWTIENRE L OREITRINR DN -72h, BZEHL b ) —DDHEHDX
BLEN C & D 5L LA O v o — INRE B L OB S 5 X o Il s n s, mkpHE %
LV a— INEAROEAOMDO A =L E LTI, EHEEEHNONGGROENELHE
PE, WHAMICEIE RIETT ZLHDWVITHMERFATME L Lzl s s o2 Ll
MY ND.
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E28 WRWHRADERNER &L BTERIERNERDBEFRO AN

AR CIR MR Y 7= 0 LB AEE D 2> DB (BAE LA D 3 = — FNE & fE bl & 53
b E TO Y 2 — INGAROH D) TIRELZ L ZR L. ZOFEENLEMEST- Y H#H
EEITFEE ORI E TIZRIL LIENE T T2 <, HDRETEOME OB ITxHE U 72 NI IR H]
RbLIFEEEETONREGHEG LTS Z Larm®T 5. ¥y, fHillo4sRL, T0%
BEOAERELTWOHRFIIINZ 525 EZDWMEN LK AEAETH I EDREEIN TS, BEHL
LIRAAES, 2RBAEE, FAEED £ O LRI ONIEIE THEINT 2 & Z A b5,

AR 72 0 ORI R 2R TE OB RR 2 BB 35 2 L1 & o Th oD EEF# GHIEEIR )
IZRfRTE 5. 5 OO R FHEBIRMR R &1L, BIE R IN BRI T 5 5%
& U TR SN EIRBAEE (X r —VBEFR) , Sp AL LIREAE Y 72 V) D53 b2 IR BAEEL (i ik 4y
FCEE) \TMA T, W70, (L2 EAE Y 72 0 O (LB, B RTHD. 2
O DSOS AEICEHIR L T DO TIHRNWEA S LB b D, Rl T E 5t
OB E TD Y 2 — ENEF RO & AL IRERE Y 72 0 O L2 BAERL (F Kk 5y
BB OMICEERBEROH D 2 ENbrote. LIS OFEIEEHE RS b R E DR B B
TONKEIREELFEODIT D Z ENAREE EE X DD,

Z O TIXE TR IME # DFAELAME R SR O HEFE Y 7o FAEBII T 2 Bk O & Bl)F
SINTIC L > CRHli L7z, EHICREDORBEER TOY 2 — MNEPESLY 2 — FNEEZLELO
FEACBAE R SR & OBMREFENT L=, LLED2J7 10 & OFENT D D R E ORI OB i L NE O
RO EAEY 72 0 A O T R OIRMORERE RWEE 5 L L. UEOBEHDTDIC
1988~19954F % TIATHON =L ONIE IR FE R T — % /b fiftr 2 L7-.

MHEAZE

. 7—4vY—2X

KA HARBEIZ OV TI9894E D B 1995 £ THITON T EMENOE LN HE2R IR T L O 72
33DT —F &, FEBEIX22. 28k /m* & LTe. FEE LI D B £ con, va—
MM E L v a— FNGARZWE LIz, NeARITEIIZa s vy —/ETofr Lz, il
BAFNCHEZ Y 7Y 7L, #45 (1957) D GBI HE U CTofbsifis, BIbBEE, b1k
R, AL2IRBAE R &2z 1. FHRBMEE T CRUE bl & B & Cloy, FEoJg
BEMZFNTZ., ZOMAETHNWZT —ZIZBWT, mHEY- Y M {LEEEIT212020 5
56559/m?, AR 7=V BIFEHIERUL18061 7> 541569/ m* £ TOHIPHIZ D=~ 7.
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Table 25. Locations, years, transplanting dates and N applications for experiments on Nipponbare of
which date were utilized for the analysis of this study.

Year Site Transplanting  Basal N  Topdressing N Topdressing
date (9/m?) (9/m?) time

1989 Kyoto May 15 0 0 -
0 4 T
0 8 T
0 6 Pl
6 0 -
6 4 T
6 4 Pl
6 8 Pl
12 0 -
24 0 -
July 5 0 0 -
6 4 ESD
1990 Kyoto May 12 0 0 -
0 8 Pl
0 8 PRB
0 8 ESD
1992 Matsue May 16 8 0 -
3 7 T,BT
2 8 Pl, ESD
2 6 T
1993 Matsue May 19 12(LP)* 0 -
1994 Matsue May 18 4 6 T,BT
2 3 T,BT
0 0 -
Akana May 16 4 6 T, BT
2 3 T,BT
0 0 -
1995 Matsue May 10 12(LP) 0 -
9(LP) 3 Pl
May 30 12(LP) 0 -
9(LP) 3 Pl
June 29 12(LP) 0 -
9(LP) 3 Pl

Topdressing time: T, PI, PRB, ESD, and BT mean the tillering stage, the panicle initiation stage, the
stage of primary rachis-branch differentiation, the early spikelet differentiation stage, and the booting
stage, respectively.

*: Slow release N fertilizer (LP444E80) was used.
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2. BBmAE

AT 72 0 BUAFRAAEE (SN) & R Y 72 0 AL BAEE (DSN) 13, Z N ZAUE S 7o 0 FEEA PN,
IR L TIREAE S (R - —/VBEFR) % PB, /AL LIRBRE 2 72 0 D3 L 2IRBAE L (F ik A B 3R) %
SB, S L2IRBAE Y 72 Doy b gAAEE A SP, FAMLRILEZSDPLF 5L, ok iciddsn
5.

SN = PN X PB X SB X SP X (1-SDP)

DSN =PN X PB X SB X SP

SN = DSN - JBfbHAESL

BREEMBETCOY 2— MEWYE, v =a— INEARITINHEL TRDOEZ. ¥ a— NWNRIZEYE
ENEHEROBTH D, MEBAEITF B E TICRET 5D T, FAEERERD S H
MR 72 0 B, R — VB (LR B LIREERD) , MRk oy BCESE AL LIRERE S 7= ) D 431k2
WBAEE) , S AL2IRERE 2 72 0 O (L BAEENIRE & o0 (b 2 & FHAE p (LR M £ CTORBIRER &
BIE-S) 72, FAEIRbLEITFHAE bR ) b HEEH £ Tl £ 2 0 T OHIM OFRIRZERE & B
WSz, FERM bR E Vo — N E, NEEORE ST MEEIES -0 IZ OV THE T2,

BRLER

1. BRESERERLEES Y NMEEEY, REHEROBE

26K ITE ALY 7 0 oL EAE L, BUFEAEE & 8 2« OFCEAERL R L OMBERE R LT,
HRE Y 7o 0 BAFE R I R (r=0.818) &l b m WIEOMBIBRICH Y, WITEHRDGIKESR
(r=0.497) & OFEANE D 2Tz, —JF, HEES7 0 BAFFIEEIXA 7 — VEEE, b2k Y

Table 26. Correlation coefficients among spikelet number per unit area and its components.

SN DSN PN PB SB SP
DSN 0.946**
PN 0.818**  0.814**
PB 0.087 0.276 -0.069
SB 0.497**  0.445** -0.007 -0.033
SP -0.299 -0.186 0.148 0.221 -0.878**
SDP 0.044 0.343 0.140 0.560** -0.011 0.237

** Significant at the 1% probability levels. SN: spikelet number per unit area, DSN: the number of
differentiated spikelets per unit area, PN: panicle number per unit area, PB: the number of differentiated
primary rachis-branches per panicle, SB: the number of differentiated secondary rachis-branches per
differentiated primary rachis-branch, SP: the number of differentiated spikelets per differentiated
secondary rachis-branch, SDP: spikelet degeneration percentage.
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=0 OO LFEAE S, FAER(ERE OMBITIEE A Loz, RN 2 0 SfbFEEKIC oW T
HIEIER USRS E S, Y720 B & 1 3r=0. 814, mROAE S L 13r=0. 4450 E D AHRE
BIfRICH o 7.

FACHAE R R OIS & R~ 7z (5263%) . AT 72 0 BRI D 4> OB HAE R TS & 1%
T & A MR RN oI A — VERITHMAIBRMEL, SRSBERII RS20 O
SRR E R @ o T2, L, ITREME 2% < b T 213 EFAEDIRMER IR 5 &\ D
TRy, ML LB RED2IREAE Lich D Z EnbE 25 L EN R TH -T2,

FAEARE R ER TN TN OmEF Y 72 0 BUFHAE, mY 7= 0 LB~ OB RE & &=
IR AT TR T2 (5527R) . AEEREURREZ BT 2 &, mRM 7= 0 BUFHEARICH LT,
A 72 0 S EBAEENT e L CH B 2 VR OEBAR b RENI L bhrolz. B 5
IR L THRICEBRO R E VWOIXRRSEEER CTh o7z, mFEY 720 MEFIEEICR T 2 27
—NVEFEOHRRITIHDREREN o720, HEA7 Y BFEEEE~OFEKITIZL A ERD -
To. ZAUIA T —)VER EFHIGRMEBORBOFHEREm N2 b Th D, H2TR B {b2k kL
B 720 OEBEEB O ERE Y 72 0 BAAFBRIEHA~DOFGEIXFE LA LEHTEL 2 LR Do
Tz, 2RELHE L2 b T 2 HHE DB DL T, BEOFELZIZLALEZIT RV E NI R (E
ek 197D D 2O EdSR S D.

Table 27. Multiple regression analysis of spikelet number per unit area and the number of differentiated
spikelets against spikelet number components.

Criterion variables Predictor variables

PN PB SB SP  SDP
SN Partial regression coefficient 75.81 3319 12100 1233 -289.3
R?=0.986* Standardized partial regression coefficient 0.866 0.290 0.569 0.067 -0.249
DSN Partial regression coefficient 99.96 5189 16530 2874
R?=0.989**

Standardized partial regression coefficient 0.824 0.327 0.560 0.112

** Significant at the 1% probability levels.
SD, DSN, PN, PB, SB, SP, and SDP: See Table 26.

2. FEMEHERERLZEZRBRELDOBER

2 OFEEEERER T EONERERBORERMICL - TRED L EZLND. OF
VRS 7 0 BB T OB A TRl & LERENG, A — VELRIIREE o b s b LIRSy
B DI, @R ECEFIT2RBAE S CIIEIS, B2 IREAE 2 72 0 D o3 FAEBUT A 21k
i, BB ERIEIOAMCEICRESND EEZOND. Hx OFMLEMRLERIT T
ORRET ORI DY 2 — FZPENRICIR EIND EEXOND. £2TC, Hx OFALLERE
FREF L NWANAHRBEEBERCOY 2 — MNP EONE, NREE & OMBEZ A7 (5528%).
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MR 7o 0 BRI el D 2 = — FNE L DA b m 2o 72, BEBUIREE 3L 2>
SEAE LRI £ TONEINE & b EWIEOMBERRICH Y, Z ORERITREERENH ONE
JEIZ K> THF SR L AEBE M S oMM (1981) ORE R 2 3k Lz, fEuT & o
DOEMEE L HE Y mWAHBEBRIZR o7, ZORRITFEORE LFANEI LS &
ERIRT D,

A= VERITFEE ML Oy = — INE LR b EWIEOHBBRICH o 72, e A —
FH & BTG ML & B MEIA I ONE L OV IEOHBBRICH o720 ) ZLnh, miHE
DT WY 720 O L IRBAEENIFE G 53 b ) & FAE A6 ONE: & & IE o AR B B AR
WD enbhrole. RO L OB O M TIXmEY 20 FABII A r— 1V EHE L
DR LY bHE L OBFRBmI o7z, L LRBLHEHE A — VEEOH TH HmMHSE T
D B IR BAE S & FAE bR D = — INB L OB OBEAE N2 &2, EMGETY
FUE LG ONET & > THEEY 72 0 B IRERER A B SN TR Y, DD ViR,
A — VERPFEA A E CORI L IENIC KR S Th 2 TRtk +aic B 2o s.

R R FR IS b D BB UIE I £ TD Y 2 — INEF ROy & @V IEDFERI R
FRICH Y, AIEIOMR L —E Lz, HBIETHEFMLERICHE ST 2862 ERLE LTRSS
BRI BT BRI E RN L TO DRV BURICRIS T 2L EA b2, L A —/LEER
Table 28. Correlation coefficients between each component of spikelet number per unit area and nitrogen

content per unit area (NA), nitrogen concentration (NC), and shoot dry weight (DW) at different
stages and their changes during different stages.

SD DSN IPB ISB PN PB SB SP
NA at Pl 0.445** 0.293 0.678** 0.275 0.476** 0.585** -0.374*  0.546**
NA at ESD 0.646** 0.511** 0.726** 0.508** 0.548** 0.530** -0.075 0.371*
NC at PI 0.299 0.194 0.514** 0.145 0.393* 0.342  -0.412* 0.556**
NC at ESD 0.547** 0.466** 0.612** 0.428* 0.510** 0.330 -0.075 0.365*
DW at PI 0.352*  0.284 0.454**  0.292 0.322 0.411* -0.059 0.094

DW at ESD 0.353*  0.273 0.400*  0.304 0.263 0.390*  0.008 0.036
ANA(PI-ESD) 0.591** 0.554** 0.405* 0.573** 0.358* 0.165 0.400* -0.083
ANC(PI-ESD) 0.453** 0.502** 0.172 0.522** 0.209  -0.029 0.631** -0.365*
ADW(PI-ESD) 0.183 0.121 0.116 0.178 0.037 0.167 0.120  -0.079

*, ** Significant at the 5% and 1% probability levels, respectively.

SD, DSN, PN, PB, SB, and SP: See Table 26.

IPB and ISB are the number of differentiated primary and secondary rachis-branches per unit area,
respectively.

A NA(PI-ESD) means the difference in NA between the panicle initiation (P1) and the early spikelet
differentiation stage (ESD).
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DEEIT 5 E )2 2SI HIfE <5 Table 29, Correlation  coefficients  between
spikelet degeneration percentage (SDP) and
LRI ND. nitrogen content (NA), nitrogen
concentration (NC), and shoot dry weight

BUCIRERITERAE A T2 Y ONRd 5V THL (DW) at different stages and thier changes
MBI > THESLEZBNTWS (FIH during different stages.

1969) . SR LRI MBI 351F B LY SDP

720 DT L DR b o 228, T 0 NAperDSNatLsD — 0.053
MHBEFRELHEV EHWD DO TR o 72 (5529 NA per DSN at HD 0198
DW per DSN at LSD -0.130

). DWperDSNatHD  -0.211
3. fEm ANA(LSD-HD)/DSN  -0.343
DL EORER O HAE Y 72 0 BT S & i ADW(LSD-HD)/DSN  -0.230

I % EERUTIT G b O > = — FNE, DSN: See Table 26.

LSD and HD are the late spikelet differen
FE ML SRTEMEAAHI E TO > = — FNE tiation stage and heading, respectively.
S, MO i AL HDIOSN e e e o
DISTHHTHD LB 2T, Fitn{ios,  differentiated spikelet.

— PNERITERE Y 72 0 S L LR B R (BE & IFE (L LR BRE R (R r — )V BESR) DFE) , BEE 5
LI~ 6 FAE LA £ T OHL NG B R OB 5 1350 L 1R 2 72 © D Zr b2k B 5 (R ik
IIRER), HEEHI OEEE S T2V O EITFHIERMERZ IR T 5 ¢ FZ 2 bz, £2 T,
Z D3 DDFAEL ) G A Y 72 BIAFFEAEE (ON) 23T 2 EEFNE S A ERD L D107
o7

SN=824. ONA+6114 ANC-489. 9DW+38078 (R* = 0.567)

I CENZENNAZFAEMCIEA DY 2 — INE, ANCITFEE L0 B s b & T v
= — bNGAEROHES, DNTHFEH OIS T= Y ORYE LR

R ERER ST Z R EH0.394, 0.305, —0.3697C, 327V WEREEICHBAL TV 5 &
FExbhle., ZOMEEINETONENS IS BABOREBREZMR L THD LH
UMD L DT % . F2ETRINTE L DA — VERITFEE NI 1T 5 ADD KB EA &
BhESIT btz BE LB E AT —NVEROWE D/NT o R &R D DR ELL I E

RIS NIy 2 — MNRIEEEBEZ bR, Aiffie 2O CTERDRER & &b BEEOE) -
T REE AL B AL LA £ T Y = — INE A RO IE T H G TR D /3L % {2
LTW5EEZLL0G, MWERREMEZNL TV L2OTE RV NEEZLND. KEIC
FAEDOIMEDERIT BT 5 KNK W IZFMLED G ETH A 5. FHLEY OBE2SFEEDRL T
Db DOIZEHEM G35 00, HEEROBR A @ U THEILOBLZHITET 200 (k5 2000), W
KOMDARRMENREZ BNDD, DL AL Dh> TR,
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3T BMEEEABRENESEBAEROBRICKITEZE

R E & OKFRIN & 72 & NI B R ER & OBBRICO VW TIXINE TIZEZ L OFER
7RENTCEZ(LUE 1961la, b, ®H - JAH 1971, FKH 1982, Akita and Tanaka 1992).
RMBEEAEZ D LR OBRE OME DRI 0, I B AT 3R 0 AL B il 2258
LHEDHELIRBEEMBLOENETNORBEEB COBRGORIICELIND EEZD
N5 FKH 1982). FH « JAH (1971) 122~300kk /m* DO #i ] CHMBEE NS 25 1FEV T
XA DEMLEBEDEZ D500, 508 /mE2 BT L IZFHEHT L2 RTHEHA A A, KM
(1982) |3 Al H ARFFIC B W CHEH Y 72 0 BRI B E L L b ICHR 528, mEY7- v #
T Z NI R & 72 D HAEEE (ZIEIX T258k, EEOARX TI68k /m) DD Z & &R
L, 2OXHICEMImME- Bzl NEsEs—5T, FEEGUE 1961a, b))l
FERALE KE 1982) A S 5. TORME, WERLZN L EERBRICH D mEY -
DHAERTIH OB EEZRT LIZEAEBEHEIC I THML LS 25BN 5. &
REIC X > CHIEKAEMHRT D DI BHEIC L D IEEEROB D ORE 22 5 LER
b2, LinL, BEMBEHEAEEZBEO THEEZIZLAE RIS TRV, BHEICEK -
T, IREEICEETHDHEMAENEZ D EnD, BRIC X > THEBEAEEN D+ 25 01

AL TR AR 2 72 0 3L 2R BB NI D & & IS K » TLREL I N AT 5720, 2
WHAGHE E O EAE N BE LT W & (FIl 1969) 7 b EALIBILENEL REH 20D E L L
TRV E PRTE S,

ATET TR~ 7e KO ICHEE S 72 0 BRI O LmEN b, B, A7 —NVERTHD
RE AL VRAR A 2, Rk HE R TH D 0L LR 2 72 0 3L 2k b A 5 (2R A A 12 35 46
THHEMAEITIFIE—E), EHEBCROIS>DHEEHERERIIHMTE S, ZOHiTITH
Tl P DS FAE R B R I RETHBEO 5 BRI T O3RIZAEHR L.

1. BRI X > TIEEHBORBDYT 201340 FHBEREZD I H, EOEENHD

T 500D,

2. FREDLHDSHAEDIEH £ TO Y 2 — INEF ROy L BmRSEEFR L OBFRN

B DB ER TH A LoD D,

3. BHEIZ X o CIkREE A EBILRN /NS D D0L EOBELEBRERIERNT 201D

D,

INLOZEEWHLNITHHENT, 4R ORMEE (11. 1~44. 48k /m?) 12, 1FEFETE S
DI e & N R 22 FEE AL NS 30T 5 4B BE ONFi It (0~7. 5g/m?) Z M & H 7o EBR & AT

27z,
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MEEAE

B L BB B O BRI ABRICHE 2 X5 IO L < L2 KTRaFE B AR 21 L
7o 19974, FEM L7220 B 254 31 B IZ BB RKF AW & REH M E A& IR 5 &
VA= KIERS (BARRANLH) OKBICHAME Lz, BEEEIZIL L, 16, 22.2, 44.4%F
/M OABBE & Lo, T DA 1L ORI & o 7o Fohl 2 0 KB (B 1982) 2 B & (T
TR, ZFREFNORMEREIL30X30, 25X25, 15X30, 15X 15emTdh 5. 1HR2ARE &
U7z, ZEIEEN, U U@, # Y ZNEks T4, 8, 8g/mE Lz, HMEEDOHENR D
RSBLFTHLS L2 ICHT2IBIEE 2 oo, SR bR LN TH 5
B (TH21 ) IINEATIZ L T0, 2.5, 5, 7.6g/mD4BPE (Th Z X, DX,
LR, ZEXET25)DBELAEZ ZNZENOREEERX TITo7. By o kEiNeEz
EXETDHIHFIXEZRMAL, KEF2RE L Lz, £ XOMYEOmEEILS. 85~ 14. Tn?
T, BEIF ST K& L.

FEEH (TH208), FEAESCHEH TASIE) ICERER» 827U 7L
oo B, R, TS (F)ICUIB L, REBRWEE, Y, 2T EN80CT
ABWEFHI DL LRzl L7ctk, EH X owEZNE L. Fr 7 rviemirL, 83170y
N —=ETES EEDODNEGHEREZWEL, TNnbYa— INGAELZRDZ.

A (8H 24~2TH) IC R K EIX8EAZ Y 7V 7 L, B E B2 T-%, BIFHELERK,
BAF IR S, B2 E A L. S DICIB(LEIES, B b1k LB b2k
B # &, (957 O FIEIC LY, FASLKBOIBMENZH A5 2 LIk o TKD
7o, SHEFEAEEII B AR & IRV O & LTk, b LIRBAES, srfb2ikEL
ML RERICL TROE., SHICIREBEICELED 2V IEab L TW 2 EEEL A, 1R
B A S D VX IR L EAE S L Ui, LWRARRE 3 A SAE B o B F FAE ST * 3
2 EN G 2 LR B AR AL, TIRBAE LA O o3 AL ARk 2 BB & LR B 4y
fEFAERL L., SHICUED XS RBHLBICET2WEHBIZOWTHMDHIT 21T -
7.

R

| HEEELRENLHONERNBEERERAERICELETEE

AL AR 72 0 BAF e 8, oL BAE BB B R E R I >V Tt L7k R &
F30RITR Lz, B ORITEFE Y 72 0 oL FAEEIZ BV Th% KHET, 1REFEK
ICBWTI%KETHE ThH -7z, FABHERERDO O 5, B FESE IR IS
BHEEEONRPLI%KETHRE Cho7z. WTNOHEBAIZSDWT b AEEE & iy o1k
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BINBIEDOZ HEAERIZAE CRro Tz,

AL FE Y 72 0 B EAII AR TR ooy, BRI S X 2N H o 72 (531
K). AODOREE K & E & 7o TIT R 1L 1R /m? @ BRE X IR 8L AL 20T
25568/m* Td > 7= DITHKF L, 44. 48K/ m* D FEAEIX TIX13% £ 1129010/m* L 72 o 7=, X T
IR BEE SN L CHOBRFHEMAKITEEAEED LR 20, ZIEX Tl kit E 2
mRDEWMUTE., TORE, —FHFFELDOZ VO TR 44, 48K /m® (B 1l X
), NIBJEET. 5g/m* (LX) DX T, 34675/m*& e~ f=. ZHIXEE - JKH (1971) © v T X

O A B BB (300KK /m?) C157236392/m?, FKH (1982) D H A I 0 Fk Al % & 3R (250K
/m?) THH7236150/m*IC PRV 2 WRETH Y, IBHTHAREZEM L TH LN D FAEHK
DOERIFIFEZDOSHENWTHA S, LB R A E TIE R o720y, FAEE E SN+
LIFEWMALBEMICH o7, BEHFALBOK L P> LXK TIROMHEALELED K& D
ATT4T/m* T Y, THb BAREO@EH OFR: TH O 5 LR AR - JEIT 1994) IZ131F
Erode., ZOXDICEMT CREMMEHONEBIEEZ % < 52 T-&0 T TR B LD
ML, ZoME, BAEEESEM L. BHEKOMENSIECHRHEZ &%, KH
(1982) DR & —F L7z,

BEIEMIZ WML, BE0HoNBIRITIZEAERE Lol 40DMEIEX %
F L O TIT B X T355A /m?, ALK TIX30% % W\ 4614 /m* L 72 > 7=, 1AL

Table 30. Mean squares from the analysis of variance for spikelet number and spikelet number
components under four planting densities and four rates of nitrogen topdressing.

Mean square

Source of  df Surviving Differen-  Spikelet Panicle  Differen- Differen-  Spikelet

. spikelets tiated number number tiated tiated degene-
variation . -
spikelets per PBsper  SBs per ration
panicle panicle  differen- percentage
tiated PBs
Main plot
Block 1 5990991 25141141 49.4 6657 0.0138 0.0520 4.169
Nitrogen 3 59371123 67743773 398.6* 977 0.1783 0.3976*  32.110
Error 3 9040312 23734011 11.0 1202 0.0232 0.0265 7.698
Subplot
Density 3 18717204 36675753*  115.6**  16299** 2.0145*  0.0157 1.893
Interaction 9 8188207 10014346 229 337 0.0202 0.0246 6.094
Error 12 7224584 8398103 10. 8 617 0. 0319 0. 0087 7.018

*, ** Significant at 5% and 1% levels of probability, respectively; ns is not significant.

70



"(z=u) 3SF ues\

S0 F ¥'8¢ G600 F 8LT 900 F 896 S T voP ¢Z¢FT9.L 89¢ T lglevy 659 T 8990€ S'L
60 F T¢E 0T'0 F 69T 700 = 9.6 €C T /8¢ 8T +6T. V¥68 =+ ./80F 1S6 =+ ¢6L.C S
70 F LTE 700 & 6€T €00 ¥ 296 € T v6¢ YT F¥¥9 66¢ F 8769  6E€ T+ €¥ZSC 4
ST F 0'€e 700 + 2€'T 900 + 6E6 L F CTY 7’0 F 909  0CEE + S€69E  ¢L9T =+ LT.¥¢ 0
sanisuap Bunued inoy Buidnoab yum uesy
L'0F 8TE 700 =+ 19T 200 = 9007 0T F GS¢ L'0F ¢, 6¥Ye F 1ISv.E 66V F 89G5¢ TT1T
0T F0TE 200 F 18T T00 F 6.6 T¢ F 18¢ 20 F 989  CI9T F 6£08E  /8VT F ¥¢z9c 91
0T F L0g 900 F &8S'T 900 F 296 €C T 00¥ ST FT69  LS0C F /8.6  ZVOT F 609.¢ zae
T¢+97T¢€ 700 + ¢S'T ¢T'0 & 888 € F19v 6'¢C + 0€9 €LV =+ 0¢dey L6¢T + 0T06¢ 144
Sjuswieasl usboaiu inoy Buidnoab yiim ues|n
¢T F C6¢ €00 = 98T LT'0 & ¥0°0T €T F 8¥e TT+908 €g¢ —+8¥96E  0£9 =+ ¥808¢ Gl
T F vYE GT'0 F 85T G0°0 F ¢T0T 8 T 9ee 8T F¥20L  8¢CT F 6T6GE L F9.6¢eC S
90 * 60¢ T00 + 87'T 700 + ZT°0T 8 T+ 09¢ ¢TFT0L SOTT +29%9€ 086 =+ 08ZS¢ g¢
00 F 8¢e 200 F 18T 600 = 966 8¢ F €.¢ €T ¥ /L9 66VE F ¥#.9/6  TSEZ F CEESC 0 TT7T
¢'T F 86¢ €00 * Y971 9T'0 + €86 8T + 88¢ 80F¢€eL 69L FS80F  ¥COT =+ 8¢¥8¢ Gl
0C F9¢e ST0 F ¥97T €00 F 9007 0C F v.¢ 8T F¥8¢. TS TF6ge0r C9L TF ¥6TLC S
G0 F CTE L00F vt G0'0 + 186 € T 68¢ ¢ F¢€99 189 F/8¥lE V.9 F 8LlSC G¢
T F90¢ 9T'0 F €T 120 F Lv'6 v F v.€ 9GF2C9 0¢V9 F v¥8EE  LEBY F L6VEC 0 91
80 F 02¢ €10 F QLT ¢T'0 + 096 LT + 80F Te*T.LL SIS +890evr LT = vh¥i€ G/
0 F L'TE 900 F 8.7 0T'0 F 0.6 9% F /8¢ €0FEVL 6CLV F LOTZY  L6CE F 69.8C S
L'0F S'TE 600 + 6€T €00 * /96 G¢ F 16¢ 6T+ .LVv9  €99T F L¥69E 788 =+ 66¢S¢ G¢
§CFLee G800 F 2T T00 = ¢G'6 9 FETP 60 F 209 CEET F 920 8¢ TF ¢ebie 0 zae
L'eF¥le €00 + /8T 70'0 = 98'8 8¢ F LY 0Ov = 2¢,L T186¢ + Lvlly  806E + SL9VE Gl
L'0F 66¢C G00 F €LT 620 F 716 LT F 6P e FS0L ST FIVIGYr  veZ F 0€91€ ]
€0 F Tee 000 + 82T 100 + 88’8 8 T 9ev €0 F ¥9S V90T =+ L6/9€ €8S =+ LT9%¢ G¢
Sv F 6GE 800 F 6TT 900 F 99'8 TE T 98Y v F6'TS 8¢0C F ¥616E  ¢.v F LT1SC 0 A4
(%) abeyusasad sdd
uoneleuabep  parenuasayip Jad  sjiued sad sgd  (;wy) Jequinu ajo1ued (wy) (;wy) (.w/b) (;wyi)
19191dS sgS patenualaylg  palenualayiq 9dlued Jad Jaguinu SEIEM[EN s1a|x1ds mw& N Auisusp
ETENI[IS parenualayiq Buiaining Bunue|d

sjusuodwod Jaquinu 193x1ds

"sjusuodwiod Jaquunu 19|ax1ds
pue ‘s1g|ayids BuIAIAINS ‘S1aaxIds palenualalip JO siaquinu ayl uo uoneniul apdiued e uonedldde usboaniu pue Aususp Bunueld Jo 199449 syl ‘TE 9jgel

71



BiEmmEicloTRA L, HESMEHONBIRTEMLE., 450RIEXZ £ & D7z F
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MY 7 ) AR AL D 5 B IR IS E £ U B O BIG (LRBRE S £ AL R) 135 4
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DD BIRBAEIZ 0k L7z AL O FIE (LR B SR AER) & BHEIC & » TEIEX & e
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BEICBINTZ. T720 5 IR E AR (25 L) b IRERE /3 (AL =R (25 ) b
FESEHONBIERZWIZ SR T L. B E TR <, K TITIRBRE S £
ERDBE0%FEE LK, —F, EBIEXTIXT0% %2 B X 7.

BRI LT LRB G AR 2 72 o B HIE, B LREERE X 72 v 4y {2k B2
BENBEEEORELZ T ol 2 & (BB31K), WIEX & JE X Tk 1k A 5 b F
ERPFERHIZ L > TRORELS R0 b DD (F2XF), [FIRIZIREBAEIZ 551k L 72 AL D
B IR BAEFEA R ER) b @< Ro THENFTHBH LD o722 & (FE2BRT) D28 TH
o7 AL TRBRE M 72 0 AL 2R R R bW D AL v kel E T v 2 — RN
GHEROHS ERWIEOHBENRS 2 2 LR HAE STV D UMk - JIT 1994). S E 0 5
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Fig 25. Effects of planting density on the ratio (%) of the number of surviving spikelets on primary
rachis-branches to the total number of suriviving spikelets (upper), on the ratio of the number of
differentiated spikelets on primary rachis-branches to the total number of differentiated spikelets
(center) and on the spikelet degeneration percentage of spikelets differentiated on primary
rachis-branches (lower).
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Fig. 26. The effect of the increment in shoot N concentration from panicle initiation to the early spikelet
differentiation stage on the number of differentiated secondary rachis-branches (SBs) per
differentiated primary rachis-branch (PBs).

Symbols are the same as those in Fig. 25.
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B0 ETHY, FOBEITIEZEO R D ERHEMEE LT, MRAEE LTHEL L
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W OFE 2 OHARBNCAT - 7oA B (1957) D FBR D B IR E L2 b B O W hic B\ T 1
FBAEBD R EZZ T TWDHOT, NET TR R S BHE#EIIZBAERICEAE L TWnWHD T
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e B2 65, FIH (1969) O FEER CILHEEEFRITE0% TH 0, MESELBEOMEHT % fiti i
LM O Ll & —FE 21T > TV D DT, HORIZ & 2 IR 18 OSB3 I I H TV 22w
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IZE o T, KEENDORKICEEEZ TEHETEASEbEE LI &Lz, £L T, HIFT
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o TR EIEE S K OB IR =R ENSCO BILR D E Bk & il A T2

1 MEBRERICRE T FEEERKICHOZE
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T, FRECEIEDOMEICAARTH S, FIH (1969) 1, FELEMEH ZHOGFEITE DD TS
WODT, NSCOZLREIRIZ LA LEETED LEX TS, 3L ik L7 FEBR TIXFHE DR
B & FULEY ORRIE & ORICIXBIRA A 675y > 72 (Mohapatra and Sahu 1991). L7 L7228
B, FHEDLE S EE LA E TDI0% DENAT K - TIREFMEI TR Lz (I8 B 1957
). R (1969) 0 SEER TITHEIREEIE50% Lan7e <, BCHIM & & T A0 A RN /e E A3 N
LCW5. BMEPEADT 5 K5 Rl OHOL e HIXFEAE S UIZ B 72D B DONSC I 4G
TERLRY, FROENIED ATHEMENH D, ZOEBRTIE, FRIKONSCH LTSI 5 R D5
JEDMEN A E DT, NSCEAMLHM OB EERILTHZ L 2B E LT, 3B OBE & 1B,
BEDORIZ] ZMEIZ L o C, FRADNSCREZE %, TN & LB OMREFHE L.
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1. HIEgE

aveH Y& AREO2RFEAE MR L7z, ERITERKF AW G IR 5B A G IR EE
get v 2 —ARE Y (T EARERT) TiTo 7. MBS X 530H 2199645 A 15 H IZ 124
fil, BMEREFE22. 20K /m® CRRAERIRE 15 X 30em) TRAE L7z, FEARIZH32EK D K H1Z Lz, NIZFIED
TR BIRS B L 5252 b, NSCOEEDOREZW LN T 5201, Y, M5 &
HAINBIRIX TR oz, FEBII2KIE & Lz, MPEX OmEEIESS X 04’ 6 /5] & X0
20m*E COHIPH TH -7
2. WEFE

BT E b (2 e W VTHLE, AARTHSH) 2 LHMAES LA E TO8H BT -
7o MEICAFRIT34% & 58% D2FIHDFEM K (7 7 VELY L HmiPH100, #610) ZHAA DY
52 LIk T, 34% (FHEEEALER) , 58% (FHALHR) , 82% (FRECALEE) D3RP 2 7% 1T 7.
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Table 32. The amount (g/m?) and the time of basal application and topdressing in two cultivars
(Koshihikari and Nipponbare).

Cultivar Basal Tillering Panicle formation Booting

Koshihikari N 3 0 15 15
P20s 3 0 0 0
K0 3 0

Nipponbare N 4 1 2.5 2.5
P20s 4 0 0
K0 4 1 5 0

* Active tillering stage (Nipponbare, June 1).
** Panicle formation stage (Koshihikari, July 18; Nipponbare, July 18).
*** Booting stage (Koshihikari, July 30; Nipponbare, July 28).

[ CHRAN DT D13iE & A L2, 3RO S LITKZ M S50 THAR - B 1956), Z D3R
TOBICHIFITIT L A ED T DTN THIE LB b AL Ll £ TOHHE 25 AT
HEBEZ LI, [F5] & MBI E N1 GB X ITHE D D A5em EZSFCUIBR L TT 5 2
LIZE o TTo . SIFIOREERITNIA B IHE, E/RE2V 7Y 7L, EIRBEMEE T
TH#ET 52 ICk >~ THA L.

3. AEIEH

JUERBR AR & ALPRAE T IREIZ & X8RI D B2tk i o7V 7 L. RO, HEmifE,
DT OBERER, RERSE, B EEZNLS CGEE) I ITT. B LEELZNEN80°CAS
BRI L, Bl R L, SE R EZE L. ZTREBEEL T, NENSCOSHTICH Lz, NG
ARITEIIZ X —WETHE LTz,

NSCIZR[IRMENE & 7o 7o D e Lz, o FN%80% T % ) — LKIRIE TR L, Al MEbE
T v ha URERIECON Lo, MiEEE T I e s ra s X —B KSR L, Fx v b (X
=Y U= D)Ko TCT T O BEERIE L.

SHACFEAEE T B F RIS & ML E S O Fn & LT, MRS BRI S X8> 7V v 7 L
7o MEFIEBUTR LR 2 EERIC L — b L IXEERBEMBECIR L, i 7z (& 1957).
IAE TR AR, o L2k FE RS IR ICRRAS L7z, 95 T O LEIE R, b IREAE K,
2R BRI A et 5 & Lo 7z,

R
1. DMEFBIER, BT RBZER, SME2REH
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F7pmofe. BOCLBII MBS B R B L 5 2 oo 1o (33K) . LIk >Tay
Eh UL AABEOKRY - FHAEEITZENZ 1414~ 1687 Gif FRIX & D H89~104%), 1317~
1656 (X & D I80~124%) OFPH CEB L71=23, AEEITRO LR o7, Lo LAans
AETIE Ao, Mol &MBEIXa e ) Ti%, HARET24%EET, SbFEEKE e
L7z, SABLRESAE AL & i il CUBR OB AT & A L2 o 7z,

L LD, LRSI DB A /0% T -, av e ) TIEFREYEX & ik
X COAL2IRARE I N > 7228, AE TR o7, W5 & 302k Bz Lo L, &
SICHARTIIAERE >z, WahfE & bICABEITIFREICHBE L R0 ol O LnbER;
FOICHAE LA EITIE L A S BRI TX 5 LT L7,

Table 33. The effects of shading and thinning on the number of differentiated spikelets, primary
rachis-branches (PBs), secondary rachis-branches (SBs) , and panicle number per hill.

Cultivar Treatment Differentiated  Differentiated  Differentiated Panicle
spikelets PBs SBs number

Koshihikari  Heavy shading 1512 a 143 a 248 a 16.1a
Moderate shading 1414 a 130 a 237a 149a

Light shading 1687 a 147 a 297 a 16.1a

Thinning 1656 a 135a 304 a 158 a

Control 1593 a 137 a 28l a 154 a

Nipponbare  Heavy shading 1427 a 143 a 223a 17.1a
Moderate shading 1511a 148 a 242 a 16.7 a

Light shading 1317 a 130 a 211a 154a

Thinning 1656 a 141 a 290 b 16.3a

Control 1332 a 121 a 225a 145a

Means in the same cultivar within a column followed by the same letter are not significantly different at
5% level of LSD.

2. EMEELHE
WOLRBEIT = e ) O EREZRG Uz (B27X) . LBBHER O a2 e ) Oy 2— |
W EIT12.51g/MTh o7z, WHHIMF OB DO a vl U DL 2 — MIEinElLs. 84g/
HThv, —F, BRENXKOZNIE-0.85¢/FET, AFHIMHICHMEN R L. M| E0p
Tave W) ORMBEHETIZET S Y 2 — MEINEIT4. 5B6g/FRTH Y, WX IV H16%
Lot HRBIZOWTOEYAEFEIC KT TEROZBITIZ - & LAad o7, HWolEi
HUZ XD R O Y = — FEEINENT. 18g/FRTH U, XX D171% & 72 ->7-. Wianfl
WCEGHRLVBEEROZDO TN RELS Rolz. &V DITFHGI SR K-> TEERN
BNU7, QBC K-> CHEY L XEOR COBM RN L LIZA, R, &L, Sk
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Fig. 27. Dry weight distribution between leaves and stems in Koshihikari (left) and Nipponbare (right),
eight days after the start of shading and thinning.
Leaf weight (black bar) is the weight of leaf blades. Stem weight (white bar) is the weight of the rest
of aboveground parts. Bars indicate standard errors (n=2).
Start: at the start of the treatments, HS: heavy shading (82% shading), MS: moderate shading
(58%shading), LS: light shading (34%shading), TH: thinning, CT: control.

Table 34. The effects of shading and thinning on leaf area, plant length, and tiller number.

Cultivar Treatment Leaf area Plant Tiller number
(per hill) Length (cm) (per hill)

Koshihikari  Heavy shading 14575a 75.8a 19.2a
Moderate shading 17089 a 72.7 a 19.0a
Light shading 1467.0a 74.0a 205a
Thinning 1506.5 a 71.0a 21.0a
Control 1517.1a 70.8a 209a

Nipponbare  Heavy shading 2007.4 a 71.7 a 23.1a
Moderate shading 1935.1a 735a 20.1a
Light shading 1809.2 a 68.5a 21.0a
Thinning 1988.8 a 71.6a 21.3a
Control 1587.8 a 66.6 a 19.0a

Means in the same cultivar within a column followed by the same letter are not significantly different at
5% level of LSD.
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TEREEENHIN L 72D ONSCEA BT M dhtE & b IZHn L7z,

SLERBHAGEF (CNSCE A &L =2 2 & 4 U TO. T1g/kk, HARRE TL.59g/fkd o 7=, FREEX TIEA
7R ONSCEREMNI - 7203, AT M X D B AR TIINSCHE A &030. 91g/HRFk - T iz,
H AR Tl XICB W T HABEBIFTICEEE R/ EML TS 2 bEbEDL L, Z0Z
ELIRHESEIX T H AP LLRTIZ A 43 ZaNSC& & L TN 2 72 O IINSCAE SERITITHAE S b /e )
ST Z & ZRLTVNDS.

Table 35. The effects of shading and thinning on the content of non-structural carbohydrate (NSC) in the

stems.
Cultivar Treatment The concentration of ~ The amount of NSC
NSC in stems (mg/g) in stems (g/hill)

Koshihikari  Heavy shading 34.3a 0.22a
Moderate shading 105.3 b 0.84b
Light shading 104.4 b 0.99b
Thinning 181.1c 1.98¢c
Control 159.8 ¢ 165¢

Nipponbare  Heavy shading 87.7a 091a
Moderate shading 128.3 b 178 a
Light shading 181.0c 191a
Thinning 177.7 ¢ 2.65a
Control 192.1c 2.29a

Means in the same cultivar within a column followed by the same letter are not significantly different at

5% level of LSD.
4. BREFE

WGP LA AR E T D i b HERBER TH D2 HAL MDY = — INGAED K
FETRBIIAER TR o7 (i36K). =2 b h Y O 2 — MNEIX210. 8~263. 2mg/H Cof X
b93~116%), HAINE D Z 413215, 0~294. 3mg/#k Gt RIXEHE103~137%) 12D 7o~ 7. AAPRIZ &
STEERNLIZIZ 2D LT (FI9X), XEONG A &L B L XEEM TONZELIZL
PORBEEZTIRNoT2. 20O L HARFER TITHEOEANE 2 21k S & TofbsiE i
WETIIEAVEBYETE L LERA DN,

W AnflE & B IS K o THEGE ONZARN LA L2y, ol & BINSARIITZEL )
ol BEXKOaT e L HAREDY 2 — NG RITZLILEN22. 6ng/g, 16.3mg/gT, Xf
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X LY ZFNFI64%, 40%Emh->7-. MmfE s HICEE L0 L XED TBNGHROELN K
otz LobITREEROa e A ) TIIHBX LY $76% b ZEDONGH RN 5 LI-.

Table 36. The effects of shading and thinning on nitrogen content in rice.

Cultivar Treatment Nitrogen amount (mg/hill) Nitrogen concentration (mg/g)

Leaves Stems Shoot Leaves Stems Shoot

Koshihikari  Heavy shading 171.2a 90.8a 2619a 3l1l5a 148a 226a
Moderate shading 134.1a 76.7a 2108a 254a 9.7a 16.0a

Light shading 1674a 958a 263.2a 269a 10.2a 16.9a
Thinning 138.2a 89.1a 2273a 23.0a 8.la 134 a
Control 139.5a 87.1a 2266a 232a 8.4a 13.8a

Nipponbare  Heavy shading 181.6a 1049a 2864a 253a 10.1a 16.3a
Moderate shading 177.6a 116.7a 2943a 246a 9.0ab 146a

Light shading 1459 a 743a 2209a 210a 71bc 128a
Thinning 183.3a 103.3a 286.6a 22.1a 6.9c 124 a
Control 123.8a 91.2a 215.0a 194a 76bc 11.7a

Means in the same cultivar within a column followed by the same letter are not significantly different
at 5% level of LSD.

B

WM 5| & MBS K > TREE 0L h & SHIE 0L AA ) & CONSCEH A BT R I AL LTz

D, SAEFRAEEITIZ E A T DB EZ T o, ZOMENLBGSRET THRLNLET
DONSCEDFHPFAN TIE, LB KT INSCOEHEN BT B TE 2 B2 617, 8
2% O FEHE TRl FE & B IINSCH A HRITHBRX D60% LA T & 72 o7, i (1969) XX EF OF
R AT E LV ERE LTS, a AX TIREMY - v 1 5 ILBAERT
30 H o> H & & & FERIEE Otk T % photothermal quotient & 7 #2 (2 BfR 23 & 5 (Fischer
1985). photothermal quotientDHENITHFEY DHENNZ I L 7= HEM RPN ONSCO NN & BIE#-S 1 &
o, aALAXOEFHARMIZARID T oL RWVWOT, a AX T FIEEBEMAERELE LV
BHACEE L TV D 00 LR, Hasegawa B (1994) IXShFEIE I H 1T HDNE A RITK L T
BRI, R EIC ) U CRFn RN I SR T 5 2 L 2R LC, Hi B E &
o faFngh MY 72 B & AR OBREZ ZELZ L TV D . 20O X ) IR R E
W&+ EE DD VT OBENRRI N 2R DL, LaLRRL, £ R8N TH
(Mohapatra and Sahu 1991), =t AF(ZEWVTH (Mohapatra® 1983), EERIZHIE S 7z hfEd
DOFALEMIRE & /NI E ORIZIZEIBERBRBO bt o . FIEOSIZIZ T < b
DONSCLMMMEIRNEEZ B DN, T OO FEERKE RN O BGRMFCIXEMEOHD T 5 L9
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720k LSS T ORI ONSCIETHFE L T L E bV E R a iz, +2bbARERTY
SR X D 2> v I VAT ILERZ 120, 228/ BRDONSC L 720y o 723, FAIED /M EIZIZ Z ORRE D
W EDONSCTH72 D Lt

WUFRIZ L - CHEY & XIEM CTOEM OB N LIz, mbEitEuIBE s ngn ol i
RO E I, X, R, DHEE TOEM IR EZEZ Db LR, & ELS DNy
DHFIZB N THORE LV bEL SN2 01E, BEDMEHONFEO KR E IMRIEFIT/HI
b, RAMHODETONLERIT D7 THT. LEIT ML IR RIZEE L 25 -
7o, 1REMb IR BRSO L BRI L T RE R i R DA AR D D L BEZ BN TV D (IR EE
1991). iFo%, FEEME, #oL7REomoBEBHEEITMEORELZ T hole. ZDZ
ENBARTIE LRI EREBHUBENFED O RBICFIGT 2D TIERWI LRI
7.

ke (1957) 13 AEFEAE R T 381T 590 % Mot TRESL & IBEAEER DM T 85 Z L 2R Lz, i
SEREIC X0, YRR, TREEIEH O — B D WVIEHE T ICEET D, 5P oI E e
ELRTE TOMENITINEMERER O 5 HRE LD S0 (R 1957) . ARBFZE Tl 385K
HIFFUEH LI D SehoTc. L LR S, S LRI O3 A O T ik -
THAEBZRS TRl o 2. ARAERE O ITFER & IR ERO L (S
1957) 7 — A b &5 DT, NSCHFUEGICE BRI 70 52 8 % RIT T R T L R E T /e

VY.
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26 SRICFEEHRICKREF I FBEERRKEYDOFTE

B E N 2l & U AR OB (R G 1957), R+ 7aNies® (I 1957,
Senanayake > 1996), BYHECBIAR (fAJF 1957) 12 K - CiMLEIEE N #EINd 5. HAEATI5~5H
B DL 5y B4 % D & U 7o AR S AR R 30 R 00 S 1 doet BRI B R C LR BAE S 2 e R I L
7= (25 1957). BARTIXEOB(LZIEIT 2720 ORI 2 AEA R T IC 525, 20X
D72 T EMBELDOBLDOEIMITIBZ 5 < A ROIHENC & o THRE L 7=FH Arag 7e iR kb
WMENEETHEBEZLND.

BbFAEE A E 'S D72 DIZHAAEDIRIL L BRI OWNWTRRD AN = AL %I LT22D DR
ALA LT, G T IR AR SR AR R B SR AT RE 7 R KA BT K o TBUFBAEE LBl I
RESNDLENIBDOTHD. T AXTIEEM Y72 OFFHIT, BAERT30 B H O FH 566 &
H 5 & 2> 53 5 4L 5 photothermal quotient & BH#E 51 & 4L T % (Fischer 1985) .
photothermal quotient|I/EFEERMICI T HHMAEPER LFEDIT LTS, TOF XTI
ATEAE RIS W TREILE O BIZEE S T OFIREEESN DL LIRESND. b O —
DO G ) (X EFAE S 72 0 OFIH T & 2 R EDFAILO LR EZRD H 2 L %0
L CHERERZRET DLV D TH L. ZORMITIMEHELEBOBFEAZMAL TV 5.
FH (1969) (X HfE & 7= 0 B BFUEE & UL ALK b B & T LY 72 Oiw/E
PEREEFEONOT, FAMEOBLIEHAICL - TEZID EBZ TS, ZOE X TIHBb L=5HIE
S SN RMEEMITRE STz & B lp s d.

FIATTRE 22 R KAL) B % 34T 4 2 HikIZ WL 20 H 53, 2 OEBRTIX2S D7 ik &2 fv
To. —ORATAERMTHOMWERERETHY, b5 —DIXBH S R O IEREIE M R AR LY
(NSO)BTH 5. AARMICII L ZNLAORE bARICAERE L, £ OFMLEDZ KL
T2DT, BAREOLDICHM SN DR OIEE L U T A e & I MBI 2 E &
T2 ETEWRIELZ LB A DN D, NSCIIAIEE DFZED DA RRIEETHLHDT, W
BAFAONSCR S - LW E B2 b d. EEE, SFEOREE R - T-ET MTITRAK(Y
OB EZEEE LIzt D23 % 5 (Dayan® 1981, van Keulen 1983).

Z O TIXFEME OB E R A AR R A LR L OERL L, FEARLOERLICIFZODHE
WO EH LAWY N EREE LT, E DT OICHI TR A B & 25 2 2 T2 DI A FE AR R 1]
FHNZEESE LR & 24T o 7. HEENOIR LB E Bz B A T, Thi v a— Mis#ing, NSC
GRE L OMORERE R L.
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1. JEAERENE

1996F I e Y L HAREZMER L7z, B HIEITFEAREIE L FRCTh 5. HEIEALT T
BoZho (av e A VTH23H, BARESHIR) OTAMAIT 72, MESEAEI3EpE T, =D
FREE & HIEITAEI L FARCTH 5. 5] & B & I SR OIZAT VY, AL 5 {5 IR & ARk
ThoTz.
2. AEHEAR

WPEBRAGIRE & # TIRFICNE AR ENSCEF R A WE L. WEF BT L RAETH . Aif
ERBRICHDL, BEEAE, o0 0%, WEREME, oEE, BMEEIEE, BFEIEEE R
FL.

EEES
1. BAEREERICRIFTELLMSIZOEE

PRIZ K-> CTHFE B IXEEL TS, aveh Y EAARBECTENEN8HIA, 8H19H L7eo
7o A EDHED LD o> TH BB EIT 572D T, SEHEEITELCRHG & 0
BEZT 2ol (F3TR). av e W VITAARRE LY LOEEIEEN Z o 72, BB X
AR & B ICIRME B A O L7e, FrIC e XTI B X & e TR BB T = e A Y
T44%, HBARRET2%HM L7, M5 &AMiZas s Y T1.9%, HAR T371% ML %
WO L7z, BB LR I LA OBBIC & by, WHOREEZZ T, SeHEtEo
Znat e ) OFPFLRIERLES ko7
2. EMEELSEICRIZITERLHESIZOEE

OISR & b AP C o EE R A S Lz (5528X) . WFRBRMARFICIZa e Y
DY a— MW EIT29. 80g/Mhd> o 7o, ALELIIR I X T2, 33g/#K, HMOEX T, 53g/
Bk, 51 & X TIE6. 49g/MR7E T e E I L7, AARE THRERORE R3S Hhiz.

MifE e EHELY GEERO B RE b L. EYEITAEHMPIIE e A SR
Lignodz, BBl & IIFFICKERE 2O L, By EXER COmY HE S LEIC X > TE1 L
L7, Mo ErEE GEmfEfER, w3k, 20 280 30 ORELZ T ol (F— 275
7).

3. EBEMRKILMERE

BEERLB I L FE & b (SALBRE TRF O X BEDONSCEH AR LA T T S8 (38K) . FrZHH
B Dz el Y & HARBEONSCE A RIXTZN LN RIKITHART67%, 62%H->72. NSCH
HREGMEORE THHEHEDONSCELIERIC L > THEICED Li-. Mol Easizaseh
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L HARBONSCHAHEZ ZNEI18%, 28% & AEICHMI -, XFEELEMLIZO T, 5l

=Y

ChoTaie AV L HAKBOXIENSCEIZZFZNFI38%, 55%H9hL7-.

Table 37. The effects of shading and thinning on the numbers of differentiated spikelets, degenerated

spikelets, surviving spikelets, and spikelet degeneration percentage.

Cultivar Treatment Differentiated Degenerated  Surviving Spikelet
spikelets spikelets spikelets degeneration
(per hill) (per hill) (per hill)  percentage (%)
Koshihikari  Heavy shading 1803 a 385a 1419a 21.2 a
Moderate shading 1859 a 272 a 1587 a 143a
Light shading 1881 a 278 a 1603 a 148a
Thinning 1790 a 246 a 1543 a 139a
Control 1820 a 267 a 1553 a 143a
Nipponbare  Heavy shading 1436 a 246 a 1191 a 16.4a
Moderate shading 1313 a 127 a 1186 a 95a
Light shading 1368 a 127 a 1241 a 9.0a
Thinning 1388 a 109 a 1279 a 80a
Control 1461 a 173 a 1289 a 114a

Means in the same cultivar within a column followed by the same letter are not significantly different at
5% level of LSD.

40 40
35 | Koshihikari 35 = Nipponbare B
=30 =30 i[
= <
25 - 25 -
520 [ 520 [
o o
215 - ;15 —
[
A 10 A 10
5 5
0 - 0 n
Stat HS MS LS TH CT Stat HS MS LS TH CT
Fig. 28. Dry weight distribution between leaves and stems in Koshihikari (left) and Nipponbare (right),

seven days after the start of shading and thinning.

Leaf weight (black bar) is the weight of leaf blades. Stem weight (white bar) is the weight of the rest
of aboveground parts. Bars indicate standard errors (n=2).

Start: at the start of the treatments, HS: heavy shading (82% shading), MS: moderate shading
(58%shading), LS: light shading (34%shading), TH: thinning, CT: control.
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Table 38. Effects of shading and thinning on the content of non-structural carbohydrate (NSC) in the

stems.
Cultivar Treatment The concentration of ~ The amount of NSC
NSC in stems (mg/g) in stems (g/hill)

Koshihikari  Heavy shading 49.4a 1.00 a
Moderate shading 79.7 a 1.87a
Light shading 1325b 3.88 bc
Thinning 1745¢ 4.67c
Control 147.7b 3.39b

Nipponbare  Heavy shading 056.1 a 140a
Moderate shading 106.3 b 3.15b
Light shading 125.5 be 3.85 bc
Thinning 188.9d 6.88d
Control 1476 c 444 ¢

Means in the same cultivar within a column followed by the same letter are not significantly different at
5% level of LSD.

4. FIATEHRKILME L REFBTEHRDOREEZR

(G T IZBUF AT AT AR T OFACTE DR EICE > TRED Z L FRL
TW5h. 2 CIEFIHATRE 2R KAL) BT AL BR IR D > = — NN & & 5 W TALBRE T
R DX HENSCH: & L7z, [A UdnflN Tl A PE R H 5 W ENSCE & BUFFHAAEER OB IT SV IE
OAHBAREFRIZ B o 72 (55398) . LA L2 bW OEIFEARIEIRE < B2 0, 5 fE A A
29 % L BUFHME L 2B ORI T E DA R & OMBIXIETR L ofz. FMLEDIX
LATIRNG AR ERWBEDVITH 2 DT, BUFHAEIE L L TIRICE T 2 2 b Off & OBIfR
BN, T LAAOHBBSES S ST,

Table 39. Regression coefficients between the number of final spikelets and several parameters.

Cultivar NSC DM LAI NA
Koshihikari 0.588 ns 0.696 ns 0.439 ns -0.100 ns
Nipponbare 0.802 ns 0.567 ns -0.161 ns -0.893 *

Both cultivars -0.068 ns -0.563 ns -0.778 * -0.910 **

NSC is the amount of non-structural carbohydrate in the stems at the end of the treatments (at the
meiosis stage).

DM is shoot dry matter production during the treatments (the mid-reproductive stage).

LAl is leaf area index at the end of the treatments.

NA is the amount of shoot nitrogen at the end of the treatments.

*and ** show significant at 5% and 1% level of probability, respectively.

ns show not significant at 5% level of probability.
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5. 1MEBIEL-YRATE KLY EBILEEBDE R

RF DX AEFEIE 2 72 0 ORI T & 2 R b & & FUER LR ORICBEBER H 5 2 L & Fik
LTWo. AN T2 O EPE TR LR & mWADMHBBERIZH - 7= (5291,
r=—0. 866%%) . AL T HE D4 L ALY 72 W ONSCE: b £ 7= FE B R & &V A D EERICH
o7 (301X, r=-0.835%k). FFARDFEREITEY, ZO2 DRI MFEZIAAIZ L THAL
Dfolz., ZOZENBLIRMIDERZYE THDLZ ENnbrol.

25 25 B Koshihikari
B Koshihikari

| ® Nipponbare

N
o
I

® Nipponbare

[EY
ol

Spikelet degeneration (%)
Spikelet degeneration (%)
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(]
r=-0.866**

5 S r=-0835**

0 | | | | | | | 0 ' ' ' ' |
0 2 4 6 8 10 12 14 o 1 2 3 4 5
Dry matter production (mg/spikelet) NSC amount (mg/spikelet)

Fig. 29. The effects of the dry matter production Fig. 30. The effects of the amount of
during the shading and thinning treatments non-structural carbohydrate (NSC) in the
during the mid-reproductive stage on the stems per differentiated spikelet at the end of
spikelet degeneration percentage. the shading and thinning treatments during the

mid-reproductive stage on the spikelet
degeneration percentage.

EE

FAGBAL R I AR 31T 5 bR S 72 0 ORI ERE & H D\ WIXEE B
5 EFAAE S 72 D ONSCE & mWADFHBARERICH > 7. Z OfE R I —/0 LML L 72
FIHCE 2K EPFHELRLREZRO L Z L 2B LT, BFEHERERO DL —%2KFFL
Tz AR I FHE D AR O R A 7R A TEA R PN S EBHE DS RMLEEM i 63 % &\ ) RE
ZICIZ LTS,

PR I &I RIS, BAFRER & AT A R T B O e B pE B & % VWNENSCR & DFIZ I35
WHBEBERR LB B o7, 20 Z & B BFFIE T A F Tl AT AR 5 R A
ATRB 7R RAAE B & il L TunvienZ &35 7. Fischer (1985) 3F 2 A X TIXmEME S 720
T I L W PE & BIFR O TR photothermal quotientDRNZEMAVRBRAH D Z L 2R LT
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V% . Hasegawa® (1994) ING AR L L a2 — FEWED2OD/NT A—FZ =/ bEEYS 72V AL
WEDHTDETNEEST. ZOFT IV TIEEWEICHT 2 FAEE O faFnih #RA 72 5SS A
IR A E AR EEESIT SN TWS. oI o —8RgiEAE A S
RN EERBLTWD. O IEA K OERGBEK O CHEER & 72 o 72 Kb & Lk T
571259, BCHIEHIH SN RAEITEERICHE S Wi Lz b.

AGEARENCHB VT, BOREICLER BRI, BRIH T TER I D R OH
FMEOTZDICFHA SN ZNLHEET D, v~ U a v (AARRGFE) & IR29723-3-2-1 (1 » R
AU 26l o 7o RMIRAER T, KM (1991) 13 3B & A A R B o0 s A= pE B 7> & A ONSC
BESIWIEOMICIEOMBRMREZRD . ZOBERN S v 7 B & BRRAD 72D DONSCEFE D
MOBAEZEHED, NSCEEANCER-T L LI v 7 A RERICFETHZ 2Rz [
CHEM ORI 2B EMF L0 5 5BROMEITEOGL L FEORH L IZITER > TV D
(Murata and Matsushima 1975, Pattanaik and Mohapatra 1988). Z iU 5 DFEFE) S FALE D3
EIIFAR LOBE DOH 7 6T EETONSCERLHIMME L BPEA L TWDLZ ENREB I

5. FHALLMOIE OM TORMMTE 2K O X 0 IEMRFAMNA, BIEFEEKOER&IZIX
VETHA).

AT A R A 0 R A PE I X BUF BAE R L LB Tl o Te. T ORER D BBy HB T
SHACFEAEMIC AL ED OB G134 LT D 2 & B8 L O ONSCITIR(LFAE I BRI R H & T
W5 Z Lol FEREETICITEL L oRE & OB O RAKY ORI % il
L, ANCFIEAFEIC R ERIAT 2 2 EBRETH D LRSI 5.

3T HE

M Y 72 0 FEAE B BAF T IR IE M R Kb (NSC) DB A fRAT 3 2 7= 012, ZH1Hi Tidsb
FUEBOWREICEE TH L E L2 b FAE L £ TOHIMIC, 526 TITBLFHER D
WEICEECTH DM 2P0 L Lo AHARNTHICR T, 3EREOMESLABE & 1B
DB LB ATV, ZXHEDNSC & b FHEE I X ONR L AIEE & D Btk D & BAIfEHT 21T -
7. 19964, MMLIZBWTav e h Y & HARFEO2HFELZ MR L CTIRLTZ.

1 BEESEED O FHES b A £ COMOLAEE 3 J O 5| & LRI TALBRHATE] TR oD Rz A E &
CALPRAE TR OEIENSCRZ A EICEL S, SOOI HEY L X HRL SN D L
WoORIGEELSEZ. L, EICEHRIICHETRRBEERZRD D EEZX LN DI

SACITIRBAEE b LR B DB 2 =2 7o T
2)  FEE M EHID DRI M LAA £ COMNAIRIT Y = — NG HRE®mD =0, LD bE
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fRAfE Lo 7z,

3) LUbEDZ LB EE LUV THIE S ANSCO#PH TII b ENSCOM O REFRITIE &
I ERNZ EPIRENT.

4)  PWEOY I A L & U T AR B 0 AVER & [R5 & AU T AL ER B [ R o> a2
BEFK TREOXENSCRZ A RIS LS. TR, BMLEEEITEEIC K- THEN
L, MBIZICkoTHA LI, 2V e VIZAARE LD b LBERENZ L, ZTORE, &
bFIEE, B bR LE bIT R Eh o,

5 B U7eWTHAEX IR - I BIF AR & A58 A R 1R AT RE 22 NSC R O AR BE I fL N
EHLRERED T2, WL IARIZT D LK< eoTc. 2D & BRI FIEEZRNSCO &

(ZHf U CHAFHHERDN R E 2 DT TIERWZ LRI .

6) ALFAAE Y 72 0 R AT REZRNSC iR & FAER LR ORI anfi z @ LT, &V IEOFHBIREGR
MROOLNT. ZOZ b, SEFERORLED OFG 28 LT, FALOBRIBRE S
nHZ L, TNENOEAEPFIN FTREINSCENSFEILRMEEZRET D Z L BRB I N7z,

7)) FAGRMERIIIFEOHIE R (R — NV - MIROKER)ITE LA G Lo,
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AW BRI KGO BB Y720 HAKRORNLImREEZH 6N T 522 THY, 207
WITTEHE & 3% A F O [ 2 D FAIE KR O R L & AT L7, 913 CIIBREMICE O
WA MRAT LA R, oM XIS b IREEE TR EN D A — VER & LI R
B DGR EBEER TR EINDMRGHERD2ONHH Y Lo TNDH I ERRSH
T2, ZO2OOMERERICIZ T, FHIE TOMIT TIREAEY 7= v FAEHILZE OFRER 72 ik
NABFEN D, BB UBEC LR R, b LR 2 72 0 (L2 R B RE Ak (2 B AR I 5 AR
TLOHAEITZE—E LA ONT), FALBEEROID DAL E R GRS H) 1255 iR
L, TNENOHEMEEBREREMIEOIEN, EBHAERNRBERLERD2TDZ LN T
7. FAEBICHEET A ERE LT, ABEMICIE, 400 FEHERER GEES Loy =
— hNE, BESE»LHEEDEHBY ETO Y 2 — MNEAROE Y, WMHERREY
g, IXoAMOwY ERERD D VWIINSCE) 23, £ L TIEEMIZIE, 2o EF K (F
HHMOADDORE S, HEEEAIMICB T 2B TOMERORE) N TFRENDL. 20
KOS EIERAEMAERY, HO2WIIHENLRBERZHAEICEELZRGED L SICL
THBY - IR EZRETL200BED S S ERMRERBELR L CICAFIEORE RIS
BIED L ZAEZ LN D2 IFBE LI L TIEE3IKIC, mAEY 20 BAeHICEL
TIEE 24K E3F) I E L iz,

HRESZVRB L AT — LV ERTH D IS IREER O TH 5 A4S 72 0 o1k 1ik
BREEE, WEMERDORE & LIHIT 2 BAEMEBH O 2 — INE EFEERBEKRICH -7
(F3%) . ARHFZEORERERNG, MANHICL > CREBEEARYMOR S 2L 2720, NEEEZ%E
ZDET T 7 BRUITEBWTII A — VEFR T E 2L OADO FEEEL & &\ IE o AH B B
RiCH T, ADDORE SIFAEFICL b RWVIKEICKE <725 (Evans 1960, [LIEF 1963b,
Lyndon 1998). Nffifit ([l 1963c), BRAE (1LIIF 1963c), ¥ L U D5 (7K 1965,
WD 1994) 72 EOREMEER THADO KE I E2EZ LI LN TE 5. A METIEL
BRI A < 2y, EMGECZEANZVOEEA ODXDOREENEI 2D LE
2O, EFBEROZNREIIREA RN & (K - AR 1992) 3 L O —RIEEEN K
TWNWZEMWRE 1957000, ZOXOREEIFADOREIIIIARIMEND EZ2 DN
L. TROLEHREExOBMORREOE THDLEHMBY -V RBEO R EEICIE U TIRE
A b S0 TERONEHEIND. 2O EITHEMCL TREZHOL THEA
DEZRESERITINTHoRBMAKZHERTERNET DRI (FEHE 1993, &)1 1996)
HFET D, NRESBHEICLDEXORED D WVITBRIREOE(LSADDO R EL T L,
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BFOTHLCICRZEDADO RE BB T L, ZOFREE LADO K E S O BFE# % HH%
MIZHHATE 20 L. L2L, EOXEEREZADORE I LFERST 57210 Tlx
EOREEL NI BVWENRBMREZBFHRBIRICINZ 213 EBEKMREREL L LTS
WEEW. S HITDJREZD S DIXAD L EHESET 2D Tk <, EREDERBO
EFIZa b L (21 1975), Lib, 5 20% D% DR E BRI RELS IR SN
HEVWHIFEEGEH 197D U EO X I RBIZFITITHEENTHD. LrLaenis, ADIT
RO Tl G ERMICFELEDNE S SN E &AL D (A% 1979) O T, ADD
FERE R & RLE D A B O i #F O B BELE A 0 T > O H ML & 1B b3 5 1k B A 5K
ERETLAREELEZEZOND.

T ARV L TIEADOETERICL > TRV OREE T, AFr—NVEREZMYPT
Lo, SEONE TIIIEBARO MR AERZADO RKE S 72T 76135
BHC& Moz, NPTTITHENICREE AL OADD R ERIT R E <, IO EERL S
Mmoledy, ZHFV, TR TIZADOETFERITa LY EAEREVIIRD LN
oIz (F2E) . WL ONOMHZE TR E (LB OADD K& & & 1FEFER DM D% %
BHTWVD (HEE 1999, 6 2000). ZDOXI7RZT ENHADOEHERIIAr —VEFEE
XWMTHHERDIDEZZ LMD, ZALSMIN, NSC, MW AERFHTHEOELG & 2
HiL, EODITAT —/VEHE L ADO S EL OB OMBEREIIEE (1999), 25 (2000)
BWTbLZERIZEELS b hholtEZEZbND. A — VEFFIHAHESCKELER
HoREI L HBEAES, RVWEBEEMIBT L ADOEMEROILKIZHF TR

EHERIND.

ZTIHEE 2 OADIEFEAE N R TR O LI ST 2 D75 5 7. 1IREAME

SALIZADDO NI TdH D corpusD DA E 2 Z & (GE/K D 1968), 1R ELHE1X2/5 05 B C FH il

WCEBEHT 22006 (A - Eh 1956), ADDOFEEBERN K E WVIE E IR N 5L T&
DEEMBIENZ EHDWVIXZENITE B RWLRETI D & DR L W2 & L BE ST 5
ZENTEDLMML LW, BBROREB X .

A c ol R K b L <IEBRM ORI AE TN L9 2 FAL 53 b 4 1 B D A
KOKRE SITHEA L TIREERSET D05 L, @RS EE TH D50 1IREREY 7=
AL 2R BAE BT BRI B ONSE AR (B2 55 1957), ¥ XL U v o5 7p SITHUKIC
692 (LD 1994) . Z VIS EETE A o0 B8 e Tk LT, BAAE o 434k 203 i B0 38 i
SN BN, Tbb, NEE, ZRAREORIRERESGMEICH D & EK
FRIXZZDOREZSICADLEDL LIV L ZLS OFRE DL EETH+DICERASE LT - 7lHE
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PEEFFOTD, 2RO /b AR LT, BAKELHOL, WIINRE, FERR EOBREKD
BT LTk B o bz Mz, BEAEREZBOTOTERWNEHRIND. B
AR LRI E AT DR LN D, BRICIEES D HOOBREIZIE U T2K
BAEIZEAT 2HAL AT I L1E, BEAOBHZEICHEE L EX 5N TED.

EYDOEBICHLERT XL FX — bR E AR TEOND D, KGOS K
HANTITE S — AEE B L T LN DG REY & 5\ W X AR & & Bl S & TR E
HIETTHY, REHRETHLH S, SHICNFHYOLEBT THRODARE LN bAL BESHE
Thod—FH, BEFMHETTEIZORBERENRS, BHICHFIRVSLTVWEREATLD
0, EMOEBFIEINCKH L THRBUCKIET D, L LA s, NeRKILyBiYh o4 E %
RIFBENZIEXE L TWDIZ b b T, L3 Lo EHENICITZ OmE 2 A A HE L
TWD EFEZICS V. ZOHEHBDO —DRINRRAMEWIZEILEO 25T, KARBE T
HOESEDERINT 2HBE TCHOIMRREMEWEST RTOEFTIHEET 216 THD. I
BT, MHERMASMEIINE R EEZEZ D e, FREEZ D LW ) HEE
A 72 FEL & & % (Mohapatra and Sahu 1991). AHFIE TITHBED RAKY) & & LS
ORRITHECIE o722l b, ZTOZEEZRMLEMELEBZXADLZENTE D (FH4
).

FEE M LEONE A RO EFIT K 2 2RBAE b ORI 2 & < A R E O @)
TENMLTHFEINTNDEEZOLND. A RIZBWTUITHA M A = 3R TER I, H
EEABITL TV E, Mol BEE L TnD 2 EnmbnTWnD (R 1990). 7=, N
FIEIZ &> THA Ml A = DERKDBEENNT 5 (Yoshida and Oritani 1974) OT, NAEEIZ K-
TIRAE SN D2 Db E A M A = OEE+ICEZDNRD. MBI DA D
NESEAHR OIEHEAICIB W TIEINE DO b OB DI ER O > 7 F N L 22 5513072 <, 1]
THRESH, T EA~%ELNDY A b= B Z0&F 2 EICREZL TS E
EZ LN TSGR 1999). BE O I NMEAEITAREICER LT A M A = &M EEfic
EDHZ LI Lo CHAER AWML LHEsND.

L LR b AERREWEZ N ENICE S LSS, BIERICEELRIZTHE L
LTIEYRL U K 1965, [LED 199) BZEF o, ¥4 A= OREIRD
BHINWE D L Z 570 (g 1992) . BAA(1995)136A3 L UL U VAESHKIEFEAITHL ¥
=3 = PR, GAIZIREFE MK A NS 52, M s, —J, v=a)try—
UPIIREEOII N S 5 2%, IRHEE AL S85 2 25T Lz, IRSH KD YA EE s
FdeZ KRG LI ICEAL, HERIEREFRAKEBER L CZOZEEEER % H 7
FB% (Kinoshita and Shinbashi 1982) TIX, duldFE%k, TR EICITEEZ KITSRV, LB

96



MO, IFEEE EFRE 2 T NEN58, 5T%ICHD ST, 20 Z SI3ER - LEEOE
B LB OBE 2 FHESE, EEEOEEORBLEL Ebo T UL U (5L
TWDHDOTERWNEBZBRD. ERA9T)IZ VLY S X 2 EIEINERIZEME RO
A CTREL, BUEERFIIEMEDO b E AR OWF K U CTHGIRcx, & AZ2RBHFED
SbEFELMEIL, AN ERTUHERNEDR DR Ro>TWHZ e ER LTz, & ZANRNAE
LARL TRV Y E RIS EHIEIZ T L AL T % (0sadah 1973, Kobayashi b
1989). ZDO X5 ENSLHAEDOHIITIE, VRV Y UHDLWIETA NI A =R EM
THEHELTWHIOTIERL, A—Fv v, VXL Uy, ¥4 MDA =V OBEHNT VAN
B LTW5 EE X 545 (Patel and Mohapatra 1992).

ORI ICHAABORNLGBRRICEIT D, AT —VERELERSKER VD 2 DOHHE
STACARME I BE 3 2 iR 2 R 7= 1%, BRI BOFE IZTFHLOBLIZ L > TITbNS.

W ST TR BB L BRI T W IEO BB A H D (FnlE 1969) O T,
CIETHRAILTERLE L) ICHEDHLIT N2 0 IBIICHIE SN TV D LK HICBEZ LD
2, AREAR (g 1957), Bifk/KF#E 72 SI2 X 58K0% (& 1960) 7¢ EFEIE B A ) 00 B 52 73
<lenid, FiEEZ R LS CTHERO I LR HMHAT 2 KFEfToTWns & FHETX 5.
FH (1969) 1L FAE D& & B L% ]2 b I ComM AR L BE ST TnD.
AR TS BB RITAETEAER AT OSLFAIL ST O EPERH D W IINSCE &
B S b7z GE4E).

RO A D =X MTIEE A EDP> TR, FIE TR LE L I I TR LEETE
RO REEIAAIE L, THMOFITIZE A LIR{E L2V (Patel and Mohapatra 1992). L2»L
RN, FEO EAL & FALEIORHE & ik U7z & &I, [FULED O EE & FAE DR E O BICIXK
HEMRERD B> o 72 (Mohapatra and Sahu 1991). A > FEUGFEIZIFEEAZ N L L, 1K
BAEY 720 OFEEHIRHEE T B2V (@B - A 1997) . Z 0B S 7o RHER RITFEE b
WIS T 5 (B - Bk 1997). Z D X 924 v REIRFRICB W CILRIEEIESR N £ L D O

X, HEEROBZELHEEST LN L., IS DORMEROEERREN /ML LT
IR SN ANSCRZ KT A AREME L H 5. b I 3~ X DTSV TSheldrake (1979) (2
K DEULPEEM OBEA > T2 KN FRI 2T IV TlL, HEHRILKE CORMEEY OFiA Tk E

5. EOET N TIEEICHERERTEOERDELEY OMRAG L HIR T 22, Zihida1 R
B DRMEEROREEL LK TE S5 9. FEIRMLOR bFRAE LT WEE S ZIN LD
FAEIEA Y5 R 1965). & HITHRH - HF (1978) IZFAE DR E & 8 AL E R I B
WL, EACFEAEICHER TAEEORE TS, LobPHRENMER T2 &2 R1LEZ. 20
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T EMBHHDORBITHET DRINIIFELE OGN R R L, ZHICHEE ROFZED BT
WEbBRW, FIOBEOER RV UIBMENEZ 2 & THRIND. I (1942) 1IZBRTE D B ig
BRFEALTIBEREAERTHY, LOBMERNP RN 2R L. —J, AIETHLH LI
INL I, MO THOFIETH HHBFIIFMLREANELS, BELST V. 2o &
MEE R & AL OB L ORRZ R T 5 L b, R 1977) 1T LD BRI R 5 K
MEE R & IEZEDOHEE RN EAET D 2 L O lE OBERBRE REL TN 5.

LLER AR XSmRS 7= 0 Bk E 2 itz olBEnEE L, #hZho
WARICHE A OBERENHE T TNDEHET L. ERE CIEFEEEREZEOH DL 2D
WHRICER L CHBEY -V HEREZHCT RN R A0, WEYZYERERE 1973
), IFHIRBRE S & LR X 72 0 2R B S O T 3 CTHRE S 5 1REBIAE 2 (IR 3E 1991,
Peng® 1999), FEAE DIBAL (Senanayake® 1996) D F N FNICTEH LN S T X
7o BRICAAES (1957) 38 KL OVFH (1969) OB &Iz Lz X 91z, s bg & Clo®I L
ToNE L AL O BB BB IINIEIE O AN RREICKE2EBRAZ L TE7. L»L, N
A OBRICIIEM E B TERA LN, T2RbHEMD ST RWIINY 72 ) O 5
TAEEDRNEH N ENRENTWD Murayama 1969). T TikiE/m, BB L M5
TEAEFEZN R OEIIM 2. RFIEO R LR E b0 & B bl £ TD v = — BN
GHEEOW Y L SR ICE R L OBEERBMRN G, KRS CIXE R 722 84 4 O RS R,
HME LU BEONEEENSEITEK T L, TOMKE, mRSFEERERNED L, FEAEE
MELZBMTSETWDLZ NIz, il (198D ITRBAEAREHYONBIEIZ X -
T, HUCAEEDFEEZGED, THEAEEEESST L2 RLTWD. XEERERBO% Y
IR LI O 2R B 3 (b ] £ TIZIZIEM M 9 5. —F, Hasegawa b (1994) IZShFETE
R ONJRJE & LR OBRBER CTH 2 —F, WWE & FAEHE O B faFodh #R TR
EhsZlnn, BHARCENREOKIZDO L ONHEIEEICAFTH DD TIERND
MmERTWD

KRR O FEIE BT FH T RE 72 ik Kb 9 & & LB BIGRICIE 2 b o 72 (54 . FHIES DIk
ENZIEN, NSC, M4 RBMEME, ADORE SR ENPHAIZEKZL TV INEEEZ N
% . PP RE O KA RS IR B OMBEN L <EY BT o, BKE (A 1960) R E A
BAEWHI CoONKE (il 1981) LESIT O TEA LN TE . BB L L ITuYEER
FEETHYRND, TN NHENRTHL FEICFHIR AW EEEERTED. T
bbb EY 2 REBLARSGE LAEARBEICKEICOE TS RUVKELZLE WD, #
ORI BEMTOFEEAEDEORTLHELG L TWAAREERE LB DN D, MR
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A FDOREIZTER L TWDHOT, KELERSGE L AHARSGE OO RILED 7z &K iE
(ZHId 5 BT, BAKORELIHE LI OMIT M E TOMEA L Y DI REI7Z
EEZDLND.

AN HEHOBRBEE LT32EToND. HIOWBEIL, FARELHENSE D ERENLT
MEZRTZETHD. MEETE VTN ODDOEBEEFBEEGE LTI ENEETHS. ZDL
9 IR I D AR T FESIHT I IT AR B IS R L C & 7= B s 1 (QTL) i#AT I X » CHEB T
XX TE. FAEEICEA L CTH, FITIREHR & 2IREATIZ 433 5 72 TQTLARAT 23 1
D BTN D, FEF D (1999) 1 FAEE I & 1RERE, 2REAEBUZ DWW TQILIEIT L TV, EHDL
(20002, b) IZQTLAEHTIZ & o TIBEFMEICBI L C, 1B X OTIREAE Y 7= 0 20 kA 12 B -
T 5, BROIPER EIZH L2008 TFEEZHEE L TEBY, A& IEAMEICBIT LA —/ 3
FL, BERXRROEBRLEMNICI DL ENTE L0 LR, RIFE TIXFEEDIRLIC
XM ZERITIZEA RO LN ST-OT, ZO20DFEHE L FHHMER O3 ONHIEY -9
FAEROMEMAZRZ L TS EHEEIND. AR L2 AEIC OV T3 DD EFED H
L, ENBNZEOFALTOEINIET S L TWANEFIORICE L. FEOMRIZ L 5 FHEE
HMOFHIIITEFEE-> TR WAL 1984), mROEER NS ® 5 1210 TIORRANEIZRH
BEERTOT, SHBIEIATF—VEREZEMEE S Z LI X - CHIEKZ BN & 87 W2 Bk
TOHMPLEELWNWEERD. ZLTHRATZNO HEERDIZOITITREBERMOREI DX
WADRKEDCADDOEMERLZLHEL THERL, A7 —LVEHELSSITHRTEILERDH S,
A7V RTIAATITEFOMNRKEL, TOZ EPERRVHAER EBEL TWD &b
5. MORKEZEADORE SOBEETDN S TWRNDE, NA T U v KT A4 ADADDIEIREL
HREWVAREMEITZSH D, £/, NPTIZEDREBEENES, ADOEHEER S K& WHIIZH -

Table 40. Relative evaluation of factors in increasing spikelet number per unit area.

Cultivars Tillering factor Scale factor Branching factor
Nipponbare, Asahi * %k

IR36, IR72 * %k % *

New plant type, .8 8. ¢ *
Akenohoshi, Takanari * * %k
Nanjin 11 * %k *
Suweon 258 * * % %k
Milyang 23, % %k * *

% % % : strong factor, % % : medium factor, %: weak factor.
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7o, TOZENBADITIT D MIIES ZOHEE D FANRKE TIFADA LV RS REL 2D mREtEd &
5. ZOXD AR TIVTAEFTIIM L IBEEARORONER S & 20 LI TE 2 0H
H LA,

F2ORUEIL, FAEEOWIEIIN, NSC, MW ERFEWE, AR ENEMICEEL TRED D
T, Hx DERZT TR, ZROERZFRICEEL T, TL T BERDD.

HIDFBEIL, BACEEDEO @ IKTBRIG AT OBRE TH L. AR TREIND K D ITHE
B L A% ONJEAEC X 2 FEAEAEPE R o LIRNIER AR EZmD 5 TH A H. STk
FES2 55 0 DRI RB AR AR I D+ 43 70 FEELLATIZAT DAL H DO T, WIZhE A ARV oITxt L,
FEE 3 LRI ONFEAIZRIN AN AT O D O T, MR NRE L, TORE, BRE~O
NI & DR WFEN S 5.

KGO DM EIX LA LR b, MEFIEDOWEIC K > TOAHATRER T ZIEZIZEKR
ZERWTHA 9. Evans (1993) IZEW O E DM LR ERE, FHEEOWmEHN LRI TE2Z
RIS, Lavh R, NEAE, AFIAZRR EOT R CTOER O EBSHERIZEN TV DO
THY, BED DL WVITFHREHINEMTII RN L2 L TV 5. MHBEMEOE VSR OE A L
W) BRERMAIE A, ZEONERA AT L T2 BREEANOMERREZ R Lo THY,
FENMEEOMBIEACH L. ZORMRICIENY 72 0 HiER 2 % ET HLEEIR D DR 1o
2. F7, FEMEEBTIIHEAERZEOLDOIZIE~A T ATHL 5 L, TR v 7 A X
PROIZDITFEI A T oINS BRI EE DT S5 28 oo b D EHER S ND. 2O X
IR O R R ETRT 2 M E LT, REEERNOGFEICLZ2ZNbIRESILTVND
CAIE 1997). AH%IZIBEHEIEEOZF LR LZMERFTRMICERINTE WL LD
HFI-NIEA RN RO END EEZEND. 20X ) REIHFITENT S ZILE &V 5 #E
(Hasegawa 1998) 238 0, & 512, &)1 (1996) 1Lt AEME D 55\ G AR T I3 B (1973) O FFE LR 23
ENTHDH L ERD, AAREZREOMWEMEOME U7 S T o LIRS ONFEIE I X
FAEE EWNEOH KT DA EEEEZR LTS, ZhF U, T 7R TRNYE D OFEIERITA
AREL VI EL, Uad MR X0 BUSIC KIS U CHEMAEEZ T OME 1995). Lz T,
ZOXIIFLWZ A T OFREER G2 W ALINIEIL &2 O b O & B L 722 DNIERO S
HEDMEH TOBIEZ L E LIEBIE G AR 5000 LR, ThARRE R 6 I3EIEES

25 2 DBAED SRS L 1T R0, BEASOAR O 722 W SIS ST S 7 i AR 5 203
BIR S N D ATREMEIZH e D LB X B.

A X DOEEHIRFEZ I ER L, NS0 OFEEROSL WA BER L, Z05MmHEE2NE
IR DO@ENHIHETH CHR L IFRE~ODAMEZMA LB TELIN LRI TE 5D TEARNE
59 D
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Morphological and Physiological Studies on the Mechanism of Genetic and

Environmental Variations in Spikelet Number in Rice

Kazuhiro Kobayasi

Summary

An increase in rice yield in warmer areas in Japan is limited by the low number of spikelets
per unit area, for which a lower efficiency in spikelet production per unit plant nitrogen (N)
has been considered to be the main reason. Recently, high performance in spikelet production
of panicle weight type such as Takanari and New plant type (NPT) is remarkable. As a basis
for breaking through the lower N efficiency and for increasing spikelet number per unit area,
differentiation of spikelets and rachis-branches and their degeneration were investigated in
relation to panicle branching system, plant N and carbohydrate conditions, and morphology in
apical domes (ADs) in the reproductive stage. In the former part of this paper, factors
associated with varietal difference in the number of differentiated spikelets per panicle were
analyzed with reference to panicle weight type genotypes. In the latter part, the mechanism
through which spikelet number is determined under field conditions was analyzed in relation

to panicle morphogenesis and rice physiology.

Chapter 1
Morphological panicle architecture was analyzed under field conditions, using many
cultivars and lines including panicle weight type recently bred (Takanari and NPT). The

numbers of primary and secondary rachis-branches and spikelets per panicle were counted.
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Two factors were found to be associated with determination of spikelet number per panicle:
One was the number of differentiated primary rachis-branches per panicle (scale factor)
which was related to panicle size, and the other was the number of differentiated secondary
rachis-branches per differentiated primary rachis-branch (branching factor) which was related
to panicle branching ability. The scale factor had a relatively high correlation with vegetative

duration of cultivars.

Chapter 2

Relation between the apical domes (AD) size and panicle morphological characteristics was
investigated on large panicle type cultivar 'Akenohoshi' grown under different N applications
and photoperiods. The diameter of ADs at panicle initiation (PI) was reduced by shortened
vegetative duration induced by earlier initiation of short-day treatment and by insufficient N
applications. The smaller AD diameter thus induced resulted in smaller number of primary
rachis-branches differentiated and the reverse was true for larger ADs. This suggests that the
number of differentiated primary rachis-branches (the scale factor) is determined by the
length of vegetative duration and nutrient conditions in the vegetative stage through the AD
size at P1. On the other hand, any relationship was not detected between the branching factor

and the morphological structure of ADs (tunica-corpus structure).

Chapter 3

Spikelet number per unit area was analyzed on the basis of its four components: panicle
number per unit area, spikelet degeneration percentage and the scale and branching factors
that determine the number of differentiated spikelets per panicle. Panicle number and the

scale factor was closely related to shoot N amount at the early stage of spikelet differentiation
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(ESD), and the branching factor to the increment in shoot N concentration from PI to ESD.
Spikelet degeneration percentage was not affected by N status in rice, but was closely related
to dry matter production. A multiple regression analysis showed that the number of
differentiated spikelets per unit area could be explained with a high accuracy by the shoot N
amount at ESD and the increment in shoot N concentration from PI to ESD.

Higher planting density increased the numbers of differentiated and surviving spikelets per
unit area. The effect of dense planting was prominent in high N application at Pl. Dense
planting increased panicle number per unit area, but decreased the scale factor, and did not
change the branching factor and spikelet degeneration percentage. The relationship between
the increment in shoot N concentration from Pl to ESD and branching factor was not affected

by planting density.

Chapter 4

Nitrogen has been considered to be the most critical factor in promoting spikelet
differentiation as described before and the role of non-structural carbohydrates (NSCs) in
determining spikelet number is unclear. To reveal the effects of NSCs on the numbers of
differentiated and surviving spikelets and spikelet degeneration percentage, a field
experiment, using two japonica cultivars Koshihikari and Nipponbare, was conducted in
which NSC content was varied by shading and thinning treatments during the early and
mid-reproductive stages.

The NSC content did not give any significant effect on the numbers of differentiated
spikelets and primary rachis-branches which determine the theoretical maximum number of
spikelets per panicle. On the other hand, spikelet degeneration percentage had a relatively

high, negative correlation with the amount of available NSC per differentiated spikelet in both
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cultivars. This result suggests that spikelet degeneration is determined through competition
for assimilates among differentiated spikelets. Panicle morphological architecture (scale and

branching factors) was little associated with spikelet degeneration.

In conclusion, low spikelet production efficiency in warmer areas is caused by a reduction
in branching factor through drop in the shoot N concentration from Pl to ESD. This study
suggests that four spikelet number components can be independently controlled and improved
by breeding and modification of cultivation technology. The scale factor is controlled by the
AD diameter which in turn is regulated by the earliness of variety, N nutrition during the
vegetative stage, and planting density. The branching factor is controlled by the increment in
shoot N concentration through probable hormonal regulation.

On the basis of this study, the direction of rice breeding and cultivation for increasing
spikelet number and spikelet production efficiency was suggested. To develop early maturity
cultivars having large panicles, the linkage between the length of the vegetative stage and AD
diameter should be broken. Nitrogen application at Pl increased spikelet production
efficiency. Panicle weight type cultivars recently bred have stronger culms and higher lodging
tolerance. Developing more appropriate methods of N application for these cultivars is also

necessary for improving spikelet production efficiency.
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