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A% OKFE) M gH7 X, MUREECRESNADSREER OB AR T
BV, 1925 FOREFHMFEERALO B X Z 90FEN/FW L. 2013 FI2BIT D “H
H’ ORI HEEIL 3,700ha TH Y, BHAEGMILRZREKRT L2/ x8ETH L. “H
H’ 1% 1930 FARICHB W TR B LLPE T 530,000ha IC b T 2 E R &2 Hiz, Wb
5 M7 R fE (KA, 1961) OPF THAABHESATHIME -DORETHD.
COEDICEVWHEE SN TS A X I 2EMIC S D720,

REWIZX ‘§R° ORFO—DLENTWVD. L2L, REKOHH LM S
DIAON N1 (vfe X5 o halb SRR QIS - N E ‘ave YT EERPROLND (I
B RERBR G M, 1994 ; AL - B, 1998 ; WAL, 2004). T 722pbH, “H)
H™ ORFAKIE "= Y7 X0 BR8N, HIEEROEIS L
WO 2R L —0h (IR REZERBRGM, 1994), RREREBEAEICK T 5%
WEL, BRAEFEMIEE Y (BRIT - B, 1998; (LA D, 2004). Z O X 52/
Fe eI O W F A C B I 2 EE OB EEH L TWD Z &k (iR
REERBRSGM, 1994), ‘§1H° ZAESERMEE L TREIAETZ KL
Exbnhb.

—J, ‘HH ORELOREELTIE, WHHIFLMERKICERZEHT,
BRCTHERLES L, BMAMENME ThdZ ngFond. 2056, WEHEICH
LCiE, @UIRPRERELINLTWD. BRIET “FH° e Lo R 28
TIEH L2, MLUERFEHMEKICEBNT ‘8 BEFICbEVFEEIALTWDS
e, ZOMBTIEIMICE RBETERLE W HEHT X T R 7 DR
SINTWD 72w, AERIEL “WH ZERIERVWEREERFEZRML TV
5.

HIH X RENEMAL I NS LATO 1920 FRICH R RKFEIZ L o TRE-F
ENTeeD, WA EOKRBHEDO R THERICTHK LG W (RALRIRE, 2011).
DT, 2N HER OFEEE K LSS, REAENE < o B e £ 5 R
Ko THWR T 25 (R, 1993 ; Bl - M, 1993). 612, fRT 5L =
PRA OB ERILICKDOEERBK A ET S, LR oT, ‘HH &K
BT 2BEORRKOMERIIMETH L. A ZHEE L TWDHAEER OR TIX



AN TINE LR L HORITHRGET 2ME AT, ‘"§1H OFKIZHO>VWT
TR EFHOTWHD E N D,

INET, MURTEEEFRICL->T FH OBKMELZKET HRALD
fTon<Tky, B (1993) IFEMREHAOMELM & LER “FH OWOHE
MELZKRTIE, M LH< b e L, BR - MK (1993) FEMICE > TH

DHEBRENMET T2 E2EML TS, L2, ZThbo®EITEBNT,
PEde g i L EE VRIS R L SN TV DB E i3I To “§l S OMDOH
BRI 100~105 ¢ ITAAROKFMEOH TR b PR LT WERICH Y T 5
(RALR - R, 2011). L7z -7T, “§H OBKMEZREERICK > TH
BT F3REEEZOND.

— 07, A RIZIBVTHCRA I O B AL E S A 7R O PR R R 1L O AR T
G REOEmRICESIELEE TS S (M S, 1969; Lee and Huh, 1984; Alizadeh
and Allameh, 2011). FEO BRI HE S W O ZALITHHFHAL LD bRBHIEDT5
MENWZ s (AT, 1974), F—FNTEHEEO R WBEB LI E M
FiLGWEBZXOND., LR -T, ‘§H Tix, MBHALICRTEREDOR
WIS 2 N VINERF OB RIC IV R L, XKD BRELZIRTSE
TWHZ e EEN5.

A, WEBREPESLEEELOCHBE R R S b 2B EEL, R
LRHEBRIES DNA ~—H— 2K DBKICL-T ‘aveh )’ kLoOHW
MW EANTHMEETERBNEALICRS TS, 20X R FIETERI N M
X, “DVbonrkv SBL™ (FiE#ESH, 2001), ‘=% BL (fix Kb,
2002), ‘=¥ AU BL YU —X" (/NEH, 2003; E M 5, 2005 ; Ishizaki et al.,
2005), “HriE 76 & BL® (il &, 2006), ‘b H YU v’ (R - @, 2006),
O e YR (BH, 2009) RERFTOLND. ZhbORERIE TR
FICE DM (FEFELOERME) DHRWTRERINDITONT, 2005 4
B I RO EPEBR G bAL LEEW “HIRT RO bd LIk,

ZOXIBRERD ‘HIHT OBRIMED AR R LERE R KRR (EB
mfE) OBREERT L7002, KoFsta Eh L 7-.

AMFEIZEBNTIE, £, ThETELEoRLEBETEHRIXRI ATV R T
IR ORBEEMILBICEITS ‘WIH O0OFKKRBE, HETLIER ZER



LTa L. &, BREEORKEESICT D720, 680> 1E #E I Bk
REET A HEE LT, OB OIS XL D HIEICHEB L, Bkt o7 65 2,
AL T EICELIEEE CICHEKREZA OIS L, Wl 2KEE
mFEIC BT AR ERE A L. S oI, BoRitEoMBERE O O E#
BB ZEKET D00, WO BRI O /RS 381 2 BLBLEE S O B B 1
HFHLU, Tho EBREORBEH OGN L. 70, ‘§IR° 28MB L L
MEFEEM OO ~T o BRI EAMEIC L > TR oA EZRIZT 2 HEREE R T
RHBEBERL, BRBREICBT 2HREEOBEBEHERICOVTHRFT S &I
WREBE T REHEZ AT EBER T BB R BORLVERE I RIET ¥
BhAmstL, "W OBKEOSELR LEFREERTRAICE DR
BRIZOWTHEZELE.



B1E ‘HBE OREEERKREBS

CFIHCAM LR OB SEICEAINTHH90FEEZMZ L5 L& L TNDNR,
IHRET, MURICE TS ‘H1H OFERBICHOVWTIE, FLEo7BTO
ARIFRL, BREBBRICHEISN, APARELZ V. 22T, BFETLEE -
XHRAEBEH LT ‘FH ORBELMIIRICBTILI2FARBELAETHLED. 4
%, HMTLICERRERLIN, KVARELLENEDNBIMIND ATRMEIXH D08,
LT, B RCOoORERRETHD.

1. ‘88’ DOkE

CHIR T OREEIZ W T, R O 88 B S AR BT R B 28 1908 £ 5 1909
FEORIIZ ‘B B LEKE2L, BRLAWVW2FEOERM 23 E L7

WCHED EINTWD (KA, 1961 ; #, 1974). [LAH R AR K% 2 o f#1K
ZREEOBENOHIE L, RIMELLHER, ZHRBEITEREST, Ar0ELD
RN END, THH ICKRAT “HHT EWOARTEAM T 2. AT RER K
ZZ oM KA EFERBRG ISR DAL, MR U2 R, 4k
o, LaL, BRICHEMAIC ‘PR LW ARomENEREL TV
DT, RBEALLVWEO BN RFRRE S ZoMEEZ B Ladq Lo (M,
1974). "B’ 1%, BAAHICA D &P HBARTEBICE XL, 1932 121 330,000
ha (CK#, 2000), 1936 4-121% 530,000 ha & = (GkA42, 1961), BIFELLPE O K
HEEO 30D 1ICbETLIEREAD. 1271210, Kir (1961) K4k (2000)

NIRRTV D JB 1, JB ofiREKICI-TERINTZWVWbWS B %
MAEREORKBTHY, BEMLUBRTHE IR TWS ‘§lH b ZoMEEEDF
—mETh D.

BT DB E L OB, YKo ENMETH o ST TR T
ABEEMNISL Y720 30gREEN L (FH, 1977), &S TIE2~3%
ml, YRoXBFHHTCINLORERESFMI N LITMx T, BHER
BEnTWllw s Tws (M, 1974).

G b RIEFRFAR O KFG B R IT MR BIKIEN FROFRFMRTH Y ki, 1961),
] L ST R R (DL ML ER) 280 TH RN S MmN ICHE 7 %



By %54, mELBRRREZEC, BE RREIEMRREkRABRIC, ¥—72hHE
FHRAAOREB MFEREFEICHY T s2aERERRICHERX STV, B b
F 7o, 1917 FIT L HF 2> 5 f (L ERICE Y T8 S0 Thfl i s B i i S 4,
ZTOWBMB R THoToDT, 1925 FIZEpRMEICERMA S Nz - 51,
1951). MR EMKKERGE X —REFETERED [EFDHR] 1T LT,
1917 225 1924 8T CTHRAM S B FE Ll “JE° A3 5 b ik R
RSN TV 2 ERERTE L (LR EFRBRY, 1918 ; [ 11 &7 &
FA B, 1919 ; [ LIRS B ERBRYE, 1920 ; ML R ZRERBRYE, 1921 ; [
VR SZ 3B G, 1922 5 [ (L R S7 B2 Ak BR 5, 1923 ; i |l R ST R R BR 5,

1924 ;5 [ [ R S7 R FRERG, 1925). 7272 L, 1917 F Ok CTREIZ & fE o 4 Fr
TR (R TERFRII AR EroTRY (LIRS EHERRE, 1918),
GE I REEFEASMLRICERY FEL 0L, HH kLS TVnD.
ZOEHBIE, N A ML O OIS ILIRICER Y FE Y, BRI E°

EHRLTWERORFENM LR CIIFEL TEY, RELZBT 2720, AN
MO FE B I LT ‘FH oXFRAHwsnLEInTWS (O
Z - FHHE, 1951).

2. MILBICHE TS ‘R ORHEZAE

BEph OB & F 192541, MILBRTIE “#H OMRRKIZETL
TV D, 192540 519334 £ T o a5 A B, 5K 5R Bt 2 M OVt Pk o 13 % 1-1
IR Lz, 1925 I3 AR R 31T D av, 6,800M8 (K2 & 104 & 28k =i T
WA (BT R RS, 1926) . 19264F 21X Rt AT, I L 72104
R D3RS B S e (0 1RSSR FREBRY, 1927). 2400 ORI R
1927472 H 19304 £ CTARE e alric s s (M LIRS R ERBR Y,
1928 ; [l (L 57 R SE 5B Y, 1929 5 B (L R SZ = S sl BR Y, 1930 5 f (L R S7 =
RSy, 1931), BENPFRHORMZEEL TRMBEKZHEY KL, 19304 (2 ° ]
A20% , ‘“§1A47% , “§lH495  O3RH A EK S v (R A7 R F R B,
1931 ; i (L B S7 2 il R 55, 1933).

19314 B 1%, T b3RMA amf @K R IC N TE Y (IR EE
B YG, 1933 [ 1L R SZ R RS, 1934 L RS R RS, 1935), 1933



FiZx ‘FHR20% 7,

“HH 49757

PRI S (RS

A B

1935 ; [l

(RS R ERER Y, 1936), 19344 LIk ‘§iH 475 oA I TS (i

W ST = B 5,

1938 ; [ (L W& 37 BB 5,
0P,

By, 1941).

T H 4757
RIAHERFL TV D,

1936 ; [l (L W 57 = =55 5 R
1939 5 [l [l W 57 2 5 B
& “HIH49%°
H24ERT D193 IR\ (A A STk Nz - 544,
ZWbwwd “HIHS

‘HAH 475 1% ‘giH20%5°

L LT,

1937 ; [ (L W& S7 B

B

1940 ; [if] fL VR S7 f &
PRSI

HRCAE D193 14F DL,

1951),

F1-1 AURIREARS TITOAHRERARICE TS 'FH 0:EhZA

fi] L1 7
HEET

K 1925 1926 1927 1928 1929 1930 1931 1932 1933
R MORER MUREIK MUREIK O MUREIK MORIEIR MUDREIR RERREE AR SR
#% Ak 104 39 16 12 6 3 3 3
ks 6800
B R 39 18 12 6 3 3 3 1
Poms 104

i’*@%%&‘ FlH 15 1IXKmAE  IXKmE IKmE IK@E #H205 IXKEE 1K
PBRICHE 75 165m>  165m°  165m°  165m>  WHATE j65m*  16.5m’
T i1 H 1045 HH 495
10415 (5% f}jﬁ;ﬁ% 39RHEND 162D 12RHDD 6%%%;5 g;;:‘%gi% Y H475 5207;7'“
BYL, K ki ISRRE  12REE 6RHAER $H5207: Tﬁ%ﬂ%ﬂ% JERESE R H49%
SRR ) K 27 e IRATE e whEsE
gy O 495 k
i 5 Fmp  825m
39k %
Bk B H475
35 R [F]
(W HEFE R
fEhnsd
BAHE T

WREAR IR O[] 1L U ST S BR S DR DI 5
“ [ | LRAST R AR BR SRR A

19274E DIBY AL T8TEAS, 1928F 1A S T- B EU T 16 TH 7= (B AH)

ML R T B O R IRIKABR 21T o 721925~ 193 1424 W D /K fig D U FE |

WO R OV R 26 1E, AT (E7EADND H ) X 2X 0y, #i+L
RRTFFLICE 2B EOCREAAD B L DMBEN TR TH Y, Ml e #
WKL PE T LB & SN o T (RARE LB R B i 2251, DY,
i (2R C oM R REOME, BEARNOBBRFEEICE LIZBK LS WREN

1949a) .



B INTLEZOND. BHREEREARRGER B IS - ZHEORIER L
A (RAE W R RN IEE, 1949b) 12 K AviE, 19404FA0IC B A 0 & #5 E fY
RTHBEINLTWEFEAKBLRFEOR T, "B 2oMRARKICE>THERES N
o T REBEIIWT AL MREN G oS Th D (BKRE IR R
5, 1949b). L7 - T, HARKZHM TIThoie “JB° oMRiEEHEER T Nk
PEIZOWTIER IR E RO @EENITORTIZZ EBNMEIND. Fo, AR
WEBRIC KL > T ‘B b i @ SNCREAT B o Bk M IT W
PRIV AENRICE ST LS > REELEZLND.



F2E BOBYBMDICILIBHMEDORE L
F B OKHE G AE O B R

BENRETDOIRELREPSDEMICFMT 22 L01%, D ENLREREZIT O
ECTEETHDL. A XDOPRMEDOFALSFIEICH>WNTIE, 5 a2 FITTED L
W, TOWRMMOKEZHE L TIhERT] &3 2 HFESFE - & (1977) 12X
STHRMAMENTWVD., ZOHFEF 1912 FEICMESEE LN EFARLGEN
XTI o EFHEAWMMHEOREREER L O5HTHY (ZH, 1955),
R tE OFAT FiEEZFT Lz e LT b TV HDOTH LR, 5 lx —EILE
200, 1RFS5EELZON, £z, BOEEKEZELON, —HEED DN
TR THDH. —J, Ichikawaetal. (1990) (X, Z i FE TR I D RHEE 22
BERRICEE S W TR S LT W e A R OBKLME 2, FBIICEMAT 272010
Rk PEABRJEE TR-1T & TR-I AR L. 2055, TR-IIFdks v TW
DA, WEBRENEMHERT-DHEVHERL TR,

BLAE & F 28 B o0 K B fi &b Bl F5 0T D ORI MR o0 B A 13 R R A R oy HH A A R
FICHEM L T LN TV D (BMRKFERME RIS, 1980a) . BIKM R FH ik
WZOWTIE, AMICELEEZFCHRCEDY, £ ORKE S & Bk 25 BE 20
OERESTE & b L, Wi, #H, O, b, 008, HACERES O 7 BEEIC
ST HE/EE - mIE (1995) Lo THRMEh TS, Lo, BHMO
AL, —EICELIEOH, METIHEIC O VW ToORE TR, HERKSRE
D|YFIE, AEFPEERITLEEICZRALOATWD. B, ZTOHIEE,
ML L L HORMOMAIEDOHEZ RENITITOLEICRETHR R HiE
Th D, BRI MEmEEHE, WE5 50BN EL, MEZORDOER
ko THEAEBMIZRY HAEZZELLIBEZANOD LN TEY (48
&, 1994b; @ HE - @, 1995), Z @ J5 3k Il K AL T Bk 2 e+
LHHETHODL LR RIS, EEORBR L, MAEABMNTHRZEVMD D &,
ZOEARDEMRITHRL LS WAy, LEEWDOHBIIRES 208, & &I KL
PERR L 2 B 2 D13 #EL v,

ARETIL, BMRMEORKERF T D720, EE DD IE M DR 2 2F A3
LDHELE LT, BMORBRVMDICKDHIEICAHB L, B ORFMAELRE, WA



BRL T —BEICE DB I ERE 2 R+ 2 &3z, [ 1l R oo 32 2K HE i
fil o> i L ME 2 FEA L 72

MBRUVAHE

AR LR EAMOKEER G o —RBEMER GRES LLF, ML EI)
DM 9.5m, £ 49m OKHTITVY, [ 11 o 7K FE 5 B 5 FE oo 1 T & F2 872
BmTHsd ‘avenl’, AR, ‘b/2eHhVU’, “HioHE, HME, 7
AR RO CHABT o7 mEASER L. ERAE ORI SO W T, IR
HipEE G - PE - UEHS) BT oA EOREELFE S Lo (&
K PE B A 15 R Bh 23, 1980b), K OVl #1758 o0 & R IT I8 1F 5 1995 42 51 C
O BEfh an R ER R DL & BRI RS I 1 D BRI EREM (RAMOKEAR R EE =,
1995) & 2-1 12" Lc. 72, KRBT MM TIZ ARV, Bk
BELECTH L “TAEFTA 2B L. A HEEELEE LTI A
AW N, “RAEHTAR L TR BH, ‘HH BRHELTEEIR
TWD., THIZH LT, RAFRICKT 2B oML, "B AR 238, “f
TR PR E KL WL, ‘TR IEE, ‘HH TS T
Y, WARMEEELTEE L TORME —H L TWawn., KETIISFRIZEIT
DR ey, RSO BRI EIC oW T, ‘ave Y, THAKE KO ‘b
e RV B, CEHEoE RO N A%, TR/ &5, ‘WH &
M L RLT D (F2-1).

2000 4F 5 H S HICAMIEZ BRI A ICHEML,5 A 28 HICHER & 4 SR WEHFE T
MR L. BRI EM 30 cm, M 23 cm ThH Y, FEHME AT AR
T IS 72V 43 R ThoTz. FRHEEZA4EZTO4TmORIICHEML, 70
AL CERE LAZOT, 1 MEY7Z 0 OREMEIL S64m’ ThHolz. 2L
B 5 B E L 7e 2 Sh A OB XTI, A USM &M TR — ML FHHE X
LTS5&%EL, FHEALEL1EZZRAE L. AEOERT L, BRI IO 2D
iR xR A EZmHA L, €57, VyBEAUGA Y ZlosETELEN 4.0, 4.9
P 3.7 gm?Hi L=,

H o FE ORI LIE, Tl 10 RIS B OO Ky 2 BRKDEF T A4 A X
m2 (7Y hRFA) TEBBEEL, WOEKEN 20% & 72072 B OF %ISR
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PEOREELIT-2. AT 4N (BE3I A, KETAN) TITY, TLZENDOH
BEN1XOEGT OKROMEEZEY, B zHALZ. OB T & Bk
DEATIE, UFo XLk, BaeflEsFETH THIXL, fEENICE
THRYVFOL. BEzEVMOLE, E2lS, b9 ~HOFITR-TLAGTH
MO OB A% T, MBEL R FEWNEZ B2 THAERE L.

—EIZRELIHEHIENOBROEWIEIIZ 1 #, 3EENSHEo 3 @Y &L, #
BoMzRELIGE, Bzhix TR, HAKBIT -EICEEENIC, £
nEh 50tk & L.

F, b0 LOHREHEOREFRERVEDOANELENS/NEE TOHIEEAL
OO R S (LUF, #VE) 2MEL, FHEOTEFERIOKOKERENDL
FSEBBICOWT, HoEmNrbEMESOE DV IEORIHIZAE LT 2 Ez K
Z, R LDBEERICHER D E TR ZHEE L. ZOK TR D
BiEEZFRL, BWRFSZROL. vk, BAETE (Bo%R) ORGLEICY
S TIEAEERMEZ V.

HRERUEE
1. BRAEOFmEZRICONT

F2-2IZHFAE R, AR, P o 2EEG OB, ToEREmEE, Eo M
BROBRE G212 OBEICHE L TR LA, £2-3120F, MfE, @A
B, —EICE- R ER 5188 720 R & KL S o 53 By B D Al
BaR L, K2-4ITITR23DFERICE SO IR Y 72 0 BRI L Bk E A& o )
D% EILB R E DR RE R L.

ANDFEFA, B, CXKUODDOEVIFEIL, L Z£h6.0, 59, 6.7%106.7cmT H
D, WEZAKUB, WEHFCKVODORVIFIZIZFERL THo/zd, TR
W= EICE > OHEMITHESTA, BMEC, DEITENENFE UMHEE 72
o7 (£2-2). ok, —EESTZEENAZVEEHGMIC/ASVERIE TN
HDT, —EICTESTZIES 7D OMEIZEK T 2@ H - 7.

DEHTORER, 1S -0 BRIk CiX, W, HEFLKOES KoL T
DEKRIZEBWNTOI%KETHE Tho-0IlZxt L, PR HA TIE, #AEEICX
LHEBERERNPBODOLNT, Ltk (AEEB) TLHME GIEHFA, CLUD)

11



R2-2 BOEVHDICELAEER, RIER, Eor-REAOIREL-YDBRMBELTBFRE,

BEor-HH R UBAEE

158 38 5F8

= - — —— —
oh omom BEE  BEERC e R
H 5 RS R gy THORE R my T ORD DR s

R op B o i o

(cm) w0 o PE o) w0 ) TR (%) w0 ) PR (o)
o ehl 1.8 98 38.1 4.7 0.6 95 37.4 1.5 0.3 116 36.0 0.9
H A 0.8 126 34.3 2.3 0.3 111 32.9 1.0 0.4 70 32.3 1.1
| A=y sd)] 0.1 250 37.6 0.4 0.2 128 35.9 0.6 0.2 95 35.0 0.6
A 6.0 R ¥ 6.3 51 32.1 19.8 3.8 47 32.8 11.7 3.2 33 324  10.0
e mBT 6.9 43 33.5 20.5 5.6 38 32.1 17.5 4.3 37 31.5 13.8
TN 8.6 38 31.1  27.5 7.6 25 31.6 24.1 6.9 27 30.8 222
gl H 17.3 29 347 49.9 13.0 23 34,5 375 12.7 25 340 374
as el 0.8 133 38.1 2.2 0.6 97 37.4 1.6 0.4 70 36.0 1.0
H AR 0.8 130 34.3 2.4 0.4 123 32.9 1.1 0.2 101 32.3 0.7
e/ehv 1.1 89 37.6 2.9 0.5 92 35.9 1.4 0.2 131 35.0 0.5
B 5.9 EHlm o 7.8 38 32.1 244 4.6 33 32.8 14.0 3.2 29 32.4 9.8
e AT 7.7 49 33.5 23.1 6.0 36 32.1 18.6 4.8 33 31.5 15.1
TR 9.9 32 31.1  31.7 7.8 25 31.6 24.6 6.6 29 30.8 214
g H 15.0 25 34,7 43.1 12.0 25 34.5 34.7 10.0 27 34.0 294
a3 ehl 1.2 98 43.1 2.7 0.5 78 422 1.3 0.4 87 40.7 0.9
H A 0.7 130 39.7 1.9 0.5 103 38.1 1.3 0.4 79 37.7 0.9
| A=y sd)] 0.4 167 43.6 0.9 0.5 88 41.8 1.2 0.4 76 40.7 1.0
C 6.7 A OHE 6.9 45 36.8 18.7 4.6 41 37.7 12.2 3.9 42 37.3 10.5
e HT 10.5 44 38.6 27.3 8.0 35 37.4 21.4 9.4 29 37.1 254
TN 10.4 37 37.1 28.0 10.2 29 37.3 274 11.1 29 364 304
8] H 14.0 32 40.1 34.8 16.1 21 39.9 404 15.5 15 394 393
a3 ehl 2.0 77 43.1 4.6 0.9 80 422 2.2 0.7 65 40.7 1.8
SN 1.0 78 39.7 2.6 0.8 75 38.1 2.0 0.8 69 37.7 2.1
|= 4=y sd)] 0.6 108 43.6 1.5 0.4 79 41.8 1.0 0.5 96 40.7 1.1
D 6.7 EHlg o 7.2 33 36.8 19.6 4.7 39 377 12.4 4.4 36 37.3 11.9
e AT 9.7 34 38.6 252 7.1 34 374 19.1 6.2 23 37.1 16.8
TN 9.3 33 37.1 25.1 7.8 30 37.3 20.8 7.6 27 364 209
gl H 17.8 29 40.1 44.4 13.9 21 39.9 34.8 13.5 20 39.4 342

CTREHMEFRVED NSRS/ MEETOHEEEM OO RS

YR - iR S T R OB

*SOREA A L- T — o k3L

" & SRR P 72 10BR O I B O 5 S RARBE O, FEOJEsi O A H ORVIE ORIFIIASETDMME Sz, —
FETAR DREBOIN I A DR > T B HEE

IR DR S TR OHEE B S D BRI BRI O B 4y

SR OPER DB RT3 F 1- 12 ]

HERFEOHFER - 2 ehVUSH4H, HARRESHI3H, e /e hUSH21H, HiiDHESA22H, HERTSH29H, 747K /8
H27H, #H8H28H
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F2-3 1WA YDBRMBMEBRKE S DDA

B 7= Dk fiikr gl &

i B

S5 CE¥PEY FE EJiRn E¥ES FlE
S 83 2076.3 12524.2
o fE 6 1921.5 320.4  268.63 *** 118958  1982.6 40420 ***
oy - 3 22.1 7.4 6.17 *** 8.8 2.9 0.60
Fug R 2 46.4 233 19.50 *** 266.4 1332 27.15 *#*
2 on 72 86.2 12 3532 4.9

R o TR D
Yy AR A G
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WE LB G oMmBENOFEAH, SHbIchBEMAEFELZERE Loy
Froffaerm Lz, sWAITORE, ZERO S HLHMEICE D ERIT0.1%KAET
FECTHY, AEF L2 EZ2REIRDON o, ZEEBREOHKE, =
YeA Y, CAARE KO ‘b eh ) OBMTHEESICAEEZIRD LR
T, b3 E EHiEoE, HEET, TR KO ‘HIRT o TER
TNUWMAEEICHERENBD BN,

F2-1 —HAYSRE—EICESBEICETARMEI SN FIELTBRIT

o fE RIS (%) Ol

s eHY) 1.6 a

H AHE 14 a

v/t Hhl 1.0 a

O HE 12.6 b

K HT 192 ¢

TR 242 d

5 H 36.9 ¢
BRI EI G O o BT
2K S5 HN H NS SR FiE
ESRELN 3874.9 27
fh FE 3842.8 6 640.47 442,67 ***
AT 6.1 3 2.04 1.41
A 26.0 18 1.45

* 4N DFRAEFE 3SORA T E L TR O TR EI A D2

VA R TR

ok 0.1% K HETHE

KR FDIRI DT VT 7y MiEllE5% K HETH E (Tukey-Kramerik)
R Ok OBURIMERHAT X 22 2- 12 ]

KPR - RE (2011) X, A RmFEOPRMEZFEM T DI 4720 &K b @ FE 72
Jiik & LT, Obaetal. (1990) 2V, —H#EYM 720 1R Z 18 0 K D 72 B O BiAL
BOFELELZFFMIEEE L, —mEY V4K EZHEL T, ARBRELFELT ‘=
veA VT, CHARE, ‘veR V7, “HEo#E, M, TR RO
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HH OBRIME A A L. 20 B ETEAM L 2R O EREIE, ‘v
AV, CAAREE KA ‘e eh)’ OMTAEZITIROLNT, Zh b3
EOOEHOE OB THAEENBO LR, —F, ‘o L HE o
MICHEEENRO LM, HE, 77K RO ‘HH OMICHEEZ
WO LTV AW (KA - RiE, 2011).

PEk O BORLEREAG (F2-1) T, ‘2yeHs V7, “BAKE KW ‘vt
UONEE, CEoHE RO KR BN, TR RS, WA RS T
D, —EII3HEAEED KD, SOKAEZME L TR BRLE G IL, 5k o Bk
PR M R — L TR Y, RFIEIC K DN R O Z YRR S i, HERT
OFEAE FRIL, EHoFE L THAR omMGBEEFEENRBD LN, O
MGEEOHRMOMTH T b b, HEROFMHTIE " EshTWD R,
ARWFZE TIELARE CHERT ORKEE R8T LAk T.
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BIE BRAMOHEEHRO-OOMENEREVEORSR

Bk LB WA XTI, 2 AN RO Y Y KO EEEE TO
RIEIT BT DA ET B (C K - TEIHIA L 28 4 U % (Lee and Huh, 1984; /K,
1990). — 7, Wik LEE WS CTiX = o A BRI 3B 1T 2 B3 k08l
K2 U % (Ichikawa et al., 1990; /NAK, 1990). T 2 (2, I+ 6 4 (1976),
AINFR(1990) 1T =m N A VI ITF AL OB EEZ RO OMFERE T HE LT
% .

kit 5 o ‘FI R OBEHE ISP A ZEANT 572010,
PBERINE Z R TR 2 TR ICRET DL ER DD, L L, F2ETHLNICAR
ST RO, TEOE Y KEDIT K D J71E TIE D R0 M8 (K HL AL T o BRI YE 0 FF A
NEEL <, [EARBEAMOHFHE CHKELRTAOME OERET ERICKRET D2 &
TNETH -7z, Tbb, OBV KEOIZ KD GETIE, ALK M 2 54K
BETOEDRETCHLTD, FTRIONND RHMBBHRICL > TERETEID %
BT, Zoga, g TiE R, BEMNRTRETLI2LERH LD
HIEHBEOIRIC LY BREBIESHEMECR27Z T TR, BREICETLIFEHD
B2 5.

Wi KL ME D FFARIC T OB VD UMIC D, R /NMIENOBEET 2 & X Dbt
BRERE AW E T D HIENDH Y (FHE D, 1969; Lee and Huh, 1984; Ichikawa et al.
1990; Alizadeh and Allameh, 2011), f&H & (1994d) 1%, A > FH A 3 5 FE
11 5LV FRISNIZERRIEZRRE R R 2 v, MEEEAES7ZD 10 koW
DPRBEIZHE S W TRAMEZ BT LTS, L, WoOHE®RE X
MEST HOEBIREBIZE > TRELSEELZZT L. Wk T 2 HIE
HTORLEHREDOHEOMOHIRBE OAERIT, F—0DKSFMEITE T DO
REMEOMMEMAERL Y B LIFLIERE W GIEE - |, 1990). L7 -T,
RMEOREICH 2> TE, RBKHFORBESLREE TOFHIZL > THD
KoyGEMahizx 25682 B, BIEIXILIVEMEERD.

COXDRHEANDG, €k O KM R 7 A KX S 3 A AL KL ME o {8 4 5% £k
A RRICT DIEMIEE N L E LB 2.

JLWE - AL (1990) (T R OR O BiBEH 2 /BN CTRBEMN ZEALER L, £
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DR BMFEO BRI BB/ L TE Y, Wh LY Wif (1 > KA S fEDular
K& OT7 7 U B FiOryza glaberrima Steud.) TIXBLBEM Z 08 kK2 2 L, BRI L
HoimfE (220 b D) TIHRERERZET2HRELTWD. —F, B I
2 b (1982a) 1378 28 0> H 0 I BlE g HEL Rk & 2 A U A v B BORE ME oD R 1 R BT I
AL THEET 2 OB ENK60%, NECREEIEOITHEIC L > THEET 2
WOEEBKI40% TH Y, Bhi L L v afEIE & CHEET 28 o% & 5
Wi+ 22 ex®MELTWD. LaL, {LiF - BHAR (1990), B - H 2 I (1982a)
HoWETIE, W LEWSRFEE L TAHAARRBRENS, WAL WEFEE L TA
YRR, AEIAZMEMELR OCE AL P HWLATE Y, Bkt OB sZ R
MREW. —F, AARBGFEIINERE LS WRETH A R JEDASHE
i BT D LR LV T2 (B - H22 11, 1982a; Lee and Huh, 1984; f& H -
@, 1995 ; M, 1995), WiRIME O B2 R ITTmE - | (1990), B -
F (19822) OV ME LD B/,

H AT 0 fE o iR O FEAR X T A EM B oM A IC L > TIThbh TV 5
(f8 W « @I, 1995). L2 - 7T, & - ma (1976), /AR (1990) & 2345
T oar A INEIZET 2 PAMREEIE, §2FThR<EVEICET
L HARBGTEOFFAMAEEIC L DK ETH D, Lo, L6 - B (1990), B -
Hz b (1982a) OH|E TIEL, A AROFAMMAAEIC I 2 T ALBOKRLE O 5 FE 134 B
ELTHWOLRTWR WD, T [E OFFh A K 5 AL DR ME 5 FE o R
BESS OFBREIC DWW TCIE A TH 5.

ARETIE, PALBREOEAREL Z TRICT 2EREEORKRZ AL L,
A AL 2N FL M A B 2R BRI B D EERS o TR B I A B L, 1l SR o0 = KRR
b il 2 D TR IZ 360 2 LB D TERE & ki M & D BAERIC > W TG L 72

1. B RERERR = & Rt ALt o B R
AT TR LK D0, Mo EZERRESEO B IEITENHMmE £ ToxE
BRPHD. 22T, MoOBHERRX (B - 2k, 1982a) @& L, BktE L o

BEIfR & e L7z,

MHRRUVAHE
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BRLVEIZ DWW T, WS o “SB°, o "ThrR, XG50 e, ho
‘EHOHE KOEo ‘eI AR L 7. 201348 1 HEEK 5 TR 2 A LR
HFOKB CTHEATBREEE L, WESSABICAMEO BRBRL L Tk kR
FASAREL 2.

SHON, 3HEABBEERORAEICHVE. FHOETOME N7 LIE L #lF
THiZ, WORSFHRICEHBESIZH 2R BB S, RO 2B - Fz b
(1982a) L [AERIC A B« SR & RIGER O M CRUEE, B A« /NECREVE dh 5 4T 48
WX DML N CR WAV E B OB CTlLEED 3Bz L (K 3-1), £h
THOREE KD T

B 3-1 WO HHRX
Mz ANELFELHRETHZ, WORSHTMIZEESIZH -8
D BLEE S 7 & & oM o B EE R
AR GERE LRI RE R O fH T O
B Y /N BCAE T S AT R 2 B
CHY : NANGR &R O [ TR
BP, /NEZAHEHE ; L, A ; RG, RI#HA ;
SL, #7 ; SP, WiBEM &%
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HRRUER
F 31V ICHEREFEICBTO2NOBMEROFBREZ R L. HBROBA LS W
WIHT, TR, CHERDT RN CEHAE O TIZRE S OB Ao BBk
Thole. —JF, B LE#E W ‘&R TEHAREBAERMIERAHETH-
. CRoOBBIIBE SN ooz (£ 3-1).

&3-1 HEAREICH TR RHRER

Sie Rl ks — PR
A Bl CHl

1 159 159 0 0

i H 2 143 143 0 0
3 139 139 0 0

1 170 169 1 0

TR 2 151 151 0 0
3 150 148 2 0

1 170 168 2 0

TERT 2 162 160 2 0
3 163 158 5 0

1 120 119 1 0

ElOHE 2 116 115 1 0
3 112 112 0 0

1 118 60 58 0

HLInh 2 115 57 58 0
3 116 57 59 0

C AT FERHERIRE RO CBLEE, B /INEREIE i T RIS 8D
i, CHY: PAMRRERERR D[R] Tl
B« JFz b (1982a) (3FE AT ICHERE 2 P Bk 2 dh M 28 AR 63 ] & 1213 K
oy DN AT O BLEERR N 278 U, BEJE 2 T2 R L 220 W BORE L 8V i FE TR 6551
DN ATOREER A Z, K4BOMABROBEEAXZ RS2 2z®mEL TV
5. RINOF RN D, GWATR & RO 2 H 54 5 ik L LT, WoBEEk
AR AHITHDLEZE BT,

2. /)N HE R B BE BB 0D i RE & B LA 0D BE 1R

HARHSS B % o /N R o B BB 0 lc o T, BEBIIC X A RE R 2T,
il e #0500 T g & KL ME D B AR A MRS L T2
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MERURAEE

FROBEMEN OB LIESEON, 284 H v THMEEBIE %2 20134F 1217 -
T ATl O J5 5 T A BLEE S T N o BLEESS 0 5 B, AR o SRR (1K
3-1) R L7z b DI DWW T, /N 0 Y 5 12 T pR & A 7= Bl Bl T 25 (D0 - AR,
1990, [X3-1 SP) D JEIK % £ (K PA M $5SteREO Discovery. V8 (Carl Zeiss f1) T
BEL, M321c R L AMEIC LY, BERLRFERICHB L. BibEm =
TRIERAOKN _ TmhroBE L, Wm¥E2b0 (M3-2AKTUB) KUHEDK
FEREED, FRESP DT NICELEL TV AEL2REE (K3-2C) % FF
L, MAFmrbBELCHEELCAZxDH0 (K3-2D, E, FXUG) I,
BEROBEICHMDLFHREME LT,

B3-2 BB E DR K o 5F il & %

A,B KOC 1% fm¥A, D, E, FX VG Mk Y
SP, A &

B 2= O TR &2 5850 T 2 72 01T

Y7 T = VIR TR
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S BT, B 2R o RO A & 2 R E 22 A - B SR Miniscope
TM-1000 (HZRAEFTH) (2L v Blg L.

# B
FI-2CEBBMBE CRHIE LRSI 2 BB M & o Bk o 78 &R R
R L. WBEMAEOBROEGIX, ‘IR L T oA TIE, ThEN19%,
2% BVFITER T, MEEOFGNKEn o, MR & “HEoE TIX, %
NZEN59%, 65%PNRFEHTHY, WEMROEEREEM LY & RE L, RF
ROBBMAZIECHOELMICHMLE. FEonR B2 TREETH-
7.
&3-2 EARBEHIRICEDHBEMZEDRRD 5 B

RERA I {mﬂﬁmﬁm’gﬁﬂ
BTl 293 57 (19%) 236 (81%)
TR 316 102 (32%) 214 (68%)
ey 326 191 ( 59%) 135 (41%)
o 229 149 ( 65%) 80 (35%)
wEoh 116 116 (100%) 0 ( 0%)

ﬁ ZBEWTCHEA LR uxFE@FﬁTEE%ELﬁ_/J‘EZ*E@ EE

B3-3ICREEEAME M X AR RIS IT 2 RERH BN 2=
DK ER L., "R KO “THAR 7 TROLAEERO RN ZE1TM
HEoOBRTHD ZENBEINT (K33AKVB). —J7, KR, “EHio
#ORD HEINR TROLNREROBBEMHIT KT TIEIAEAE
AR (K3-3C), ‘HloHE KO ‘&R’ TIRIFEERREFERY (K
3-3DEKVE) Thot., IR’ OREMZE T, #HMMIFET D25
BB otz (K3-3F). BEEMH O EAIE350~450 ymTh - 7.

BI3-4IC R EZZEAEME FHMEIC L I2MBENZERmOIL KK 2~ L. i
M 2K oM AaEEDO NS, BEAROBAMERMBE B E I, ‘FPH &
TR TIERRAER AR EE T L MEE RO FBICE X s oML (K
3-4ANUYB) . —F, “HE A7 TIE A T O MR LT R HE DK R R BE S AR S
7= (K3-4E). =62, “HEHT” & “EHEo#HE TiE WA L HEInn’
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M3-3 BEEEFEEMBEMRICIIRAZMWAHEAZORK

‘HIR oMEMEEEMNZE, B: ‘TR OFERBEEMNZE,

A
C: “HEHT” OfF-FRBLEEMN 2, D:
E

HL AR O NEEM 3,

F: RS A& LT

RG, Ali#7H ; SL,

7 o, SP,

i B 1 25
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DOPHE R ERE Z R L (KM3-4CKTD) . £ 72, A2 7208 o i i o ik &%,
TLHEE RO T %E S (¥3-4A, CAXTUE) LH#HE (K3-4BAXUD) BBEEIH

M3-4 BEEZEEZEREFHEME
CEABEMAZREOHRKE

A CHIHT OFEETBEEN &,

B: ‘TR oWk RN S,

C: “HEET o> fF R B D

D: “EHoHE ofF A BN,

E: “H & A’ ofF V55N %,

V, HEE KR
A, B, CE O DIZIIF D 5 H I AME KM EE 2 /R &
EICHWTIE, 13& A 4T O fkME R a2 38 7-
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Srinivas et al. (1979) M OVLME - B (1990) 1%, AZEITB T 2 AT D i B £k
A (R3-1) TIE, B o BB BT L C/ B oo BB 0 13w & Tk L, i
o> BB X M i (< UEA) BT 2 & L TWw5b. LA L, Srinivas et al. (1979)
FHEFANO S EAOES, T7205 DM 2 oM ORI R R o Bkt &
BEN W LR TS, —J7, JLiF - BN (1990) (1383 FE I d W Tl B
EOBEOREIIMREEEEL, BMEORE L WOPEREBEIZE WA OMHEE
8 TH Y, Srinivasetal. (1979) LITRL > TWDH A, Mo THE LG W
AL XTI ERNREREZRT L) A TWEIXT—H LTS, LK -
HAY (1990) IXMBEMEHEORRLE S (BEORE) OMEICEL T, #pR
HOBAEDORBHALISKOBBEN ZEZ2 MW THRIE L, £ O FHE 4 gt anfEo
REMELTEY, MBICKXINBENZOREN R EZRZRPEMORK/PNTHRL
TWS., AETEHHEIZEEALELE2TONBNELZB2 L, BER L FEFEHICK
MLTEORIGEZRHAELLE A, A LEWREIZEREEREOE G N KE N
o7 (#£3-2). AETIEHBRBEMNZSOE SIXHE L TWHW2RWD, FFEROE SN
BB RE o0 “HERTT L EfE o #ET TR AR o B BE M & 2 E ISR o B
MicamLTWEeZEa2@EADE, RETHILHEITITE - B (1990) OF
BHICB T OB LFAEOHEmZTRT D LEZILND.

S HIT, (L% - HAR (1990) (3B M 2% 2R im0 E A TR 7 BB R
L A TR L O AR R I BE D S R E SR LW TIIEETH DL D
WXL, BPA A R TR MR BE N T L A CBIEI NV EA2ERHRL TV
. AEOKPETHILEE - B (1990) & FRERIC, WA LE W ‘L i’
TR E R SRR BE DSBS R R EDNBE SN, WAL S W FI R’

T MRAE IR NG BE 23T & A EBLE S T, MIGHE IR M i BE o 8 313 kL L 55 W i
X EZ Lo o, MRHERM i X i uiE & b, T b OBIERRIT
BlEJE AR O B ISPk > T H RO MBS BAR L7722 &L 2Rt 5.

bEoZ &nt, BB ZEO IR & OBEE M 23R 612 A 5 i D ke kR o B
DFREAFFEE L B AR A R SO BRI YE, Rl BRI BRL L B W inFE IZ 31 2 it
WL SOEGLEBAENDDL EEZ X NI

Flo, R USRI, AL WOBBEC L > THLHEEROKITEDL
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BEPRELTWDLZ b (XM3-4), BB LG WREICESWTY, HE
DFBITHEFERETEL TV ARWEE X BN 5. Srinivas etal. (1979), B - JF
Z b (1982b) 1%, EHEHOMMW O A OBENS, WEERMSOMEICE L T,
HEREIE R D W LHEE R E ZDRBICHFMET DY 7= b Lo i ez
supporting zone & MUY, HEfE & X A3 % & H{Zsupporting zoneD & & 75 A X D Jit
R EBAE T 5 & ERL TN D, M3-4A,B,CAUDIZALND L DHIT, F
ODHEE REDICBEINTBMERMELZY V=L ZRHREEEZ 2D
&, D HEE SR & MR HE R R IR BE 23 supporting zone TH H EEFE X LS.

T, A ROEBLIOBEETEKICEEEL MIET =>D8E s TqSHI, sh4,
M OGSHINRE SN TWD. gSHIFBEE R RICKRE S BT 58N Ex T HET
b, WEHEATOEWICMET 2 FEHEL THEKOSND (—HIEER) 1T X
D B8 R 23 B S BRI AL O LR & 7e o> T % (Konishi et al., 2006) . —
J5, FEBEREMESh4ITF B A RICB W THLOMEE REDMOME O X MIZE S 3 5%
Z &b (Lietal, 2006), supporting zoneD k% Xl 25 &2 bhn 5. 3k
RERE ME gSH3IZ B £ A R Oryza rufipogon W630D i An i) 15 B T TqSHI & sh4s %
L IERE BRI O 55 512 0 Zr 3 B R AN JE S o B e K A2 B9 53 % (Htun et al.,
2014). ARECTHRA L ‘FHE°, TR, B RO CHFOE 2oV
TIE, Akasakaetal. (2011) IZX > TWIF N bgSHINHEETH O, shdh I
BHETHLEENTWD., LEERn-T, ‘§lR°, “7oaR /7, “HE, “HEO
S ORI LS S DEASVDEWILgSHI & sh4 LA A O s 112 & » T L T
WhHEEZLND.
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FAE XERBEEGCFRBEBZEZIRLEBMEOEGCEN

WA OBBMEOAEGLR LEFEEEE T RROBRFEO -2 E LT,
RLZMEBHEENEADLND. RLAZMEMIETIE, SATRENMEITSK A
REZR Z EMATRSRMETH D720, H - la (1976) /A (1990) 1Tk - T
TN VINHEIZHE T D LR S TV D AL BRI YE OO X, BLTE O Fn L (5F
3E)POHIIN#EEEZEZONTZ. ZZ2C, OBV MOICL 2BEEEBEMOME (F
2%) RWOBBEEHEROFAE (F3F) Lo T ‘WA OGS MK L DX
DAREZR, BEBCRIMEOBEANIZHEIT L TV RETHD LB X,

WIE Cm U@y, ‘§A° (X7ERMAE ‘A H° oMARKICE > THRK
EhTkY, HH A (1998), L - B (1998) K OYamasaki and Ideta
(2013) HEMT DXL o511 “WH FEFELHEEREEICL > THEK S L Ml

DBEMEROERNRENEZEZLND. LER-T, RLEHEICE-T
MR OBEMRME R EZRMIC HH CERT DI, E5HOREICEET
RETHD. FIRITBWTHEHMELFEOFZRMEEE L THWEZ L ZnR’
X, ‘WA AREE L L, R MR CPE3sSET A HE L LT M
MAEELD “HIHT OBEEMEOMER & kRO ER M 722 & o 3k 5 Rtk O 2
BEBERAMLLELTEMRINTEY (HIES, 1991), #EBOKRIME O 4 58 o B4l
LLTHETH S.

BAREOBERRXNAIEET LI LIE, FHEFBELIETHETHETHD.
A X DOBKNEDBERRXICET 2HEITZHED YV, /bR (1973), BES (1982¢),
@A 5 (1994d) & O'Lietal. (2006) IXEEBAIMENLETHL EHMEL TS
2%, Hu et al. (1964), Kumar and Sharma (1982), %t & (1985), K% & (1988),
Oba et al. (1990) K& U*Nakamura et al. (1995) [Z#EBRIME A EMEL L TRV,
ORI MEE AT 2B FICIEEEEEERDL EEZOND. HE A
DOEERWRLYEIL “HE35ET ICHRkRT L EHEIN D, e IR T AR
EHERBIEICL > TERIATEY, HMEQWHAAR L2 BRI L CTHEEE TF
Mk Liczeo (RS, 1991), BikMEo@EEFEIIAHTH S.

ZZTARETIE, ‘YR ZEH, LI R EZAEME L LR
HAREHWT, ‘“wen’ OHMKEDOBEERXNZH OGN T 5 &I, M
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MBENDO~T o MEAE (R, 1975) 12X > THRKMEERH & s 7%
GHABTRLEEEET L EEHE SN R ERE IS R T 2SN LT

. ATORREEREICSIBNMERNEECTFRHEBHEOER

¥, WAL L INR ORMEERNLO~T v BIKE B (EF,
1975) T X 2 Wi kitEHERVE B A TR A O BRI 2 /m 9 L dic, FRLL 72 ¥
BB AR T R M O &R ETEE O R A& 1T - 72

MHEHRERUEHE

(1) ATORREERERICLPEREEGCFRHOER

20064 (i I R FR 2R S v X — BERBRL AL Y (Fiih) < ‘slAY
ERAH, IR BAEMBE LN TLRMEIT o . B fCLIERIE, [
WRE¥ERE 7 —RERBRYE (B MLRN) TBE—o>ToMHRZED
7z, FiEARIZ200000 01U 72 VAR b TREAKRE: U, Fot DI 13 B 5 <Rk
WAL

Fo 8 1L 30018 (R & #8 B L, Fs& F RIS A X % HeFf U 72 8338 5 00 HRE
Fft e Lic. FaD BN BENRL M 2 7R L7z S0 R 2 @8k L, &R O 183
OULHE L 7. FsHER AR E L TRMAEE U, FsRH N TIIORL M2 55 B 23
RODLINTAAT BRITREICONT, BEEL S IR 2 UIHE L7z, 5% 0398Rk D
RS B i o= DA QAT N Y | AV Gl = < Il | N N W T e 8 o S R -
A — D FsRAe 12 B2k U BRI 23 5 8 & BERNZ 2 10 2 30 [ 8 L 72 Foofo it & Wi bz
ERIEEBEMB Rt & AR L TEKL, AMERE L. FARLUBEICE T D00
RLAE O ] 1 RN A AR O3FE &2 — EE TR D Ko, BRI 0 #E 5 B & H E L 7.
mE, F, RAOFRERTIE, AZHMESEIZR T D BK OB S % b
D BT, B EER OB AE L 720 1B Z RV Ko & & OBk % #
#F %5 Obaetal. (1990) o J7 ik CTRUKIME 2 FFMM L 7=, Fof A CiEmisl b gtk L
7. Fi, Fp, FRERAOCWEBEOBEOR Y ik, FOLwN»H10emD 75 & 4 F
ODBIBOITRE NERBTIEIA, BiZHho THZMIZL, EO/NEM» I
T T BEDO S E 2TV IR L THEICW D, M IERY LD B LD,
HAEME, AP AR TIEE L-RENEZ T, 208 E MR L L.
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FRL-EREERFRHESIZII5 (22%#%) TH Y, ZH4LI1TET L, AS-1
MBHAS-11D %M x (BT R) Fox 52, KEICHRKEOR & LTE (5
M) F7-FH (R %24 THRERT 5.

(2) RUMEREECTFRHBORERLENRE

20134F (T AS-172 5 AS-11 D 11 R KA 2254 (Fo#EAR) ROWmE o ‘@B, ‘&
MR ESAITBICEEMICEREL, A2 &R L. 64 138 (L&A
DOIE9.5m, K X49m OKHBIZIHKY 7= V3K, FM26cm, HKM21 cmTHE %
FH A Lz, IKEAEIE34m® (3%, &5218) &L, 1RBRKICIREZHM
L. B IX OB E XM XiEE L, KFEERKE L TIHORE (GBI 5
W D1t 2 N 2 72 1230 BR X & SLR VA3 Ol L, MELER & L TR A
EEAEAICEE L. EiREEBEE LT, €%, VoVBEAOI ) EZK D& TE
NZEN5.0, 6.2 4.7 gm * HHEATICH A L, FEIE &S L ThRBIBRHICEHZ KD
B ERSETEAEFNION V3.8 gm il L7~

MAESE ARSI EICLVAELL. HE0HZICHBRX P RO ERT S
IRICOWTHREROBRELEREZAE L CEZOEYHEEZz L EARE, BE
L, BRCFACKOMEEEZMEL, MU VERNLEBEY Y B2 HE
L7z, WEMEICHT 2720, 100 11H R4 B IR X e b 218k & I
L7z, Bk LG WER D RHFIT DWW TIE, OB kD72 I F A K2 X
BRI E T 2 L350, MOV BESHIZHEICA vy v a B2 T, NEDY
IREBROEEMZL, WHBRETHLZZBIELEZNEDY L, X K% 1.8 mm
O CHBMLEXKE L, EEZMELL. X KEIHHS L, TRELZHET
LT, BRAKDEFHTAAEZm2 (7Y MRFM) CTROEZME L. £,
BALH A AERN-310 (7Y FEZ4) 2 TH L KROABRELZHAE L.
AR M OV O BRI VERR B2 1T, INFERABRIKICK > 22k 2 W T, K%
MOBRAHICE2EIC R LEAECL s THROREREP»OEIRME-E TD3
a2 —EIZES RO E A CHMLZ. 2B, WRHGZHET 72D
HONPUOERBXOMAMICIEFTO LW RIKIZOWVWTRERBENGEH
3EBREETCOIME —HIZETLLED, BoltWBOHEMEZHFAE L 228,
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Studies on Breeding for Grain Shattering Habit in Rice Cultivar ‘Asahi’

Kazuo Okubo

Summary

‘Asahi’ is a recommended paddy rice (Oryza sativa L.) cultivar of Okayama Prefecture, Japan.
This cultivar was developed by pure-line selection from a landrace in Japan. ‘Asahi’ has very easy
shattering habit. To improve the shattering habit of ‘Asahi’, I examined the evaluation method for
shattering habit of rice by grasping the panicles with hand. Then I searched the morphological
marker trait to evaluate the shattering habit of japonica rice. I also developed experimental pairs of
near-isogenic lines except for shattering habit of japonica rice by recurrent selfing method. The
effects of major factor which controls shattering habit and different genetic backgrounds on grain
shattering degrees were analyzed using the experimental pairs of near-isogenic lines. Finally, I
advocated breeding program of the commercial cultivar of near isogenic line for shattering resistant

of ‘Asahi’. Outline of the results is as follows.

1. Origin and history of ‘Asahi’

‘Asahi’ was registered as a recommended paddy rice cultivar in Okayama Prefecture in 1925.
However, the detailed breeding procedure of this cultivar has not been published yet. Available
materials relating to breeding procedure of ‘Asahi’ were perused and arranged. Firstly, the original
‘Asahi’ was selected from a native landrace ‘Hinode’ of Kyoto in 1909 by Mr. Shinjiro Yamamoto.
The original ‘Asahi’ was widely grown in Western Japan in the 1920s. Okayama Prefectural
Agricultural Experiment Station received ‘Asahi’ from Kyoto Prefecture in 1917. ‘Asahi No.47’
was developed through a pure-line selection by Okayama Prefectural Agricultural Experiment
Station from 1925 to 1931. Thereafter, ‘Asahi No.47’ has been grown as ‘Asahi’ in Okayama

Prefecture.

2. Evaluation method for shattering habit of rice by grasping the panicles with a hand

The index for evaluation of shattering habit and the necessary conditions for the method to
evaluate the shattering habit were clarified. Each of the four human evaluators tested 50 plants and
grasped 1, 3 or 5 panicles each time on seven cultivars, comprised of three hard, two medium, one

easy, and one very easy shattering habits. The data was analyzed as follows.
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(1) The index for evaluation of shattering habit

The rate of shedding per panicle and the number of shedding grains per panicle were
contrasted. Three-way (cultivars, evaluators and number of grasped panicles each time) analysis of
variance (ANOVA) showed three main effects were statistically significant for the number of
shedding grains, whereas for the rate of shedding, two main effects of cultivars and number of
grasped panicles each time were statistically significant but the effects of evaluators was not
significant. The rate of shedding per panicle was not influenced by evaluators, which were different
in hand sizes or in grasped numbers of grains. Therefore, I selected the rate of shedding as an index
for evaluation of shattering habit.
(2) The number of panicles grasped each time

The reproducibility used for investigation on the heritability of the shedding rate, which was
estimated from the variance components of the two-way (cultivars and evaluators) ANOVA, was
analyzed. The heritability was higher when the evaluator grasped three panicles than one or five
panicles. Therefore, it was decided that the number of panicles grasped each time per plant was
three.
(3) The number of plants necessary to evaluate the shattering habit

The effects of reduction in the number of plants used for evaluation of the shattering habit
were analyzed by random sampling test. The rate of shedding varied widely with decreasing the
number of plants for investigation on medium shattering, easy shattering and very easy shattering
cultivars by 20 times of random sampling test. Therefore, an individual test precludes us from
distinguishing the medium, easy, and very easy shattering cultivars. Use of at least 40 plants was

recommended to evaluate shattering habit accurately by the grasping test.

3. Search for the marker trait of shattering habit in japonica rice

To facilitate the selection of medium-shattering habit in japonica rice breeding, the marker
trait of shattering habit was searched.

The grain shattering pattern and microscopic morphology of the separation zone on pedicels
of five japonica rice cultivars with different shattering habits were compared. Almost all grains
were separated between the sterile lemma and rudimentary glume in cultivars with
medium-shattering, easily-shattering and very easily-shattering habits. On the other hand,
approximately 50% of the grains of the cultivar with hardly-shattering habit were torn off at the
bent portion of pedicel. A separation pileus was formed on the terminal of the pedicel. The pileuses

were most prominent in cultivars with easily-shattering and very easily-shattering habits, while
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cultivars with a medium-shattering habit had more flat pileuses than prominent pileuses.
Additionally, in the cultivar with a hardly-shattering habit all pileuses were flat. Development of
fibrous cell walls on the separation pileus varied with degree of shattering habit. The easier the
grain shattered, the poorer was the development of fibrous cell walls. These results strongly
suggest that the shape of separation pileus and the development of fibrous cell walls are related to
the shattering habit in japonica rice. Additionally, it is highly probable that the medium-shattering
habit is characterized by the type of shattering that separates between sterile lemma and

rudimentary glume with the flat shape of pileus.

4. Effects of major gene and different genetic backgrounds on the degree of shattering habit

Eleven pairs of near-isogenic lines (NILs) except for shattering habit were developed by
recurrent selfing method from a cross between japonica rice cultivars ‘Asahi’ and ‘Setokogane’.
‘Asahi’ has very easily-shattering habit, while ‘Setokogane’ has hardly-shattering habit. In the
development process of NILs, phenotype of F; plants and the segregation ratio of shattering type in
F, and single seed descent F; populations suggested that one dominant major gene controlled
hardly-shattering phenotype in this cross combination.

Unexpectedly, grain-shattering degrees in some lines with easily-shattering habit of NILs were
significantly different. Accordingly, the effect of genetic background on the grain-shattering degree
was also analyzed using 11 pairs of NILs. Not only major gene which controls either type of
easily-shattering or hardly-shattering but also genetic background affected the grain-shattering
degree in the lines of easily-shattering type. These data suggest that additional loci with small
effects on grain-shattering degree exist in the cross between ‘Asahi’ and ‘Setokogane’. Additionally,
a dominant major gene derived from ‘Setokogane’, which involves hardly-shattering habit, may
behave epistatic to other loci. These pairs of NILs will be useful in studies of shattering effects and

genes controlling the trait.

5. Breeding program of the commercial cultivar of NIL of ‘Asahi’ for resistance to shattering
From the results of this study, it is likely that the hardly-shattering trait of ‘Setokogane’ can be
introduced into ‘Asahi’ by recurrent backcrossing method. This breeding program is currently in
progress at Research Institute for Agriculture, Okayama Prefectural Technology Center for
Agriculture, Forestry and Fisheries. The development process of breeding of the commercial
near-isogenic cultivar of ‘Asahi’ for resistance to shattering was shown in this section. The BC4F3

lines were bred in 2014.
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