FHAR 2 ke U 7= e B B A i AR s 12 K 5
BRI DAL S BN O ffEST

(Establishment of a high yielding cultivation technique in barley by emphasis

on later stage fertilization that increased topdressing at spike formation stage)

e FH 2 — 1S
(EIICHIRO KAMADA)

2016



H &

F1E S 1

2 HEONER JOBRVERIC KT TRIIEEFRIC X D% E iR o 22
= 6
Mt L 05k 7
(GBS 9
B 13
i 2L 17
X - 3 18

F3E  BIEEFROMR L OEMEIC X 2B E SRR S RE DT DR

AN M\ F T 7%

= 25
M L Ok 26
(TES 29
B 32
i 37

%] - 3 38




FENE 22 38 O i 23 AR 2 OB B th O W B AR PE RS KX OV BRENC KT 508

H
S
I

= 45
s Ok 46
(EES 49
EE 50
L 54
X - 3 55
HHE RABRE 62
HE 66
Summary 70
E g 75
5 | 3Tk 76

FRFEAEKTR LDV A

88

il



=

if{

H1E R

FALFIL, A 3B, TALFE (Hordeum) \ZHFESH, R TR E< LS
TWAIEMO—D2Th Y, FMHERBIEICLD, RERE, NEHE, 58k, 548
T oD (5H - IR 2013). #REE, BICEREMOBEROREH & LTl S,
ZRME CIXEWNPERZ O HEIG 2 8 FlEE & mvy (FH 2011). BEfT TILENPERZ Off
RAEEMELS 1 BN, TEWNEZE 100%#H] OFRROH D7 LI 76 LI
DYER LIRS, SHBOFTENHHGFI TN D.

BRENTMZE BN TGN OIE & A EPITRUE O AR THEE S TS, L<IZ, #
PR I TR R & D7 <, KRIBERRIETH 5O RERBRDOEM L 72> T
BV, aAFLHELTHANRS, KAEERE LTHNRZ LN LEEDEATH D
(B2 1997). BEOIHERL, 2014 M CTIXARET 14500 R THY, 205 HLEIERIR
MA8T0 b b %<, IRWTRIIRD 2940 o, F)INRD 2420 b bzoTD (B
MOKEBIHE W T — & ~<— A http://www. maff. go. jp/j/tokei/kouhyou/sakumotu).

AT, AT OHREZFIE L TRV, KEZFH LZ ZEEM T Tz (1
FBL 2008). 1960 FEIE T, #LELIIEEID ZIC L TRITEE THBICK L, R L
TREREINTHEY (LUEE 2010), EEEHIEZFEREL LTHRAINA T, KoRERME L
TIHE STz 1960 4FET & CIEERHrFEA S £ & 17000ha, A= pEEA3F L% 50000 k>
TH o720, BUECTIHEMEREN I K% 360ha, AFEENBLE 600 bt RE LT
W5 (TEREET L A RAR 2010, FEMOKPEEREHERT — 2 ~X—2). —J, 2005 FENH

EREAA EEE DR TEREE BRI I A~y FRELTEY, SHEDOI LR HEN



RKOLATWD (2D 2013). AR TIE, FHEENENL TWD 00, INENL

EET, 10a H7- 0 OFELNEE 196kg & EEL D 284kg & Helk U TRV (TEM 43 1L

FRR 2010, FRMOKPEEMRHE®RT —Z ~N—2R). BETHLKHOEMEL LT LFITK

SEBERIEM ER>TVDT, LESIOBEEEMOMSLARD LTINS,

I, FERIHILARE O MR A @ & BRI 720, HHOKGNEIRETH 5 &

RIEANME T 5 Z Ll ST D (kb 1955). F 7z, BRI SRS o+ %

ERIEPMET L, 2RKMEMERE, BELZY OEMELIERTT L Z LnmEsnTn

% (BFH - AR 1956). BT, BAKENZWEITINENDRWVEA RO 5N TEY (5

4D 1991), & <IZ, HFEBAAERTER ONE & IR & ORICH WA DRI LD 2

EDRMEIN TS (@)1 1948). 54 A AXTYH, AFHMAZE U CULE L KR L

DEICADHBEBR RO b, BAKENZ W LB T L2 ePAMESNLTND

(et - 51 1989). i - HE (1989) 1%, WIBSM T COHEGFABRIC LY, @EL7-X

TIE 2 AP TR, STRRIXICHENELME T L, ROBESMEOHIEIZHVZ A AR

SR T2 2L z@mi LTWnh. £z, 0o Hlde KO MR B ORI 3R A 6

D, BRABIE T OB TRE S AOMEMBRICH L ZEPRESLTEY (INLS

2000), K& (2010) (%5 HHAIOREKEITTRIELE BOMBERERICH D Z L 2HE LTV

L. Ml B (1975) 1%, ZR_RAFLFEAFHLFICENT, #HKLAFIC LV REL

RAESHLEZRNS, FEEN DT OREHH NS MEIM TREBOTL L 2WmE L

T2,

—77, AALAFIZBWNTY, oW b iR OF OBKENFEROREICAITE



BLTOVDZERMESHL TS (AL - T 1971b). 7z, FRAEHILIRE O BRI

RS & TREMET L, HE 7 GEMENTLZERHEShTEY CFFS

1964), BRABZF-OLZMITHELZE T SEL 2 EPRESNTND K 1959). AL -

WL (1971a) 13, WEIZH 3 D HRER OEHNRIIBED Kb RSV Lalid LT

BY, wEmaTOERBEFEE OMITITEWVHEBEBERARO L Z L blEL TN D.

BT O im T S £ TORRKE L AOHBBRARD B, WAL VWEIZER

BT TAMEONCH D Z EDRREIN TS (HAS 1981). £7-, T AXOMEITE

RIH OREKE L AOMBERERAZ L, BARPEICRDIIERNHEBEBERA A LND Z

EPMESNTEY, NHEHOBENICBWTORENMETT 22 énmESATWDS (T

& & 2008).

ZOEIICAFEHOUNEL, AEHMZE L TORREM, & ITEMICX VEEST

RN LK T LTERY, ZELENEZHEL O I OR/RIIE U fss Hike

WESLTDMEDR DD, Fo, MEITHESITRLFRIZE > T, FIEHLERICASED ES %

KoTWEPERLLRW TREBGER] PRI ZENRMONATEDY

(http://www. jeinou. com/benri/wheat/2010/12/201030. html), FH HIEROLELRD 5

nTN5.

IWERTIE, ZHETIE, REOERMLRRZ LML TV, FLLHET 5 &K

DHIL, WENEMTAMEEICHD 2 ENHREINTHS FHild S 2000). = AFICE

WTh, FiffE L fEEOBREZRERL Tk, BIEEAMIEIC X > TIRENEINT 5 Z

EERLTWD (AES 1991). &<, ARG (1991) 1%, #EMEEN 100 K m? TIXBE



i ESe B IR B IR CINENEIINT 2 2 26N LTEY, f15 - AE (1992) b,

[FEROFABR T, BILEAHE TIEARZEBEN®mED, WEPHENT 52 2R L TND.

—F, MEONEIL, EOED D MEFHMEEEICHS LADINA~D £TO 4TS

YIRGEND. TOT 7K ELTRESEELTVDLOIC HFR] b5, &

Zix, FICHRMASZBH O E LTHOWSOND A, THEREMARE] OfiEBICIE T

EEFE R TREFER] NEEnsd (LUns 2014). WTRIT, FOMBEL D LEERA

ERETT 270, REOAEZERTLIERENECICEHERL TV LHATHDS. £

D=8, IWAKRICBWT, INEAHINISE5EE 612, M TFRE2ED W EEH T

DFESLDIRKD B D.

T 2 TARBIE, 0SS0 B B SRS EIRORE & BIY L L, 8 2 301,

R 2 T2 6 01 TSR M B 7S R DR & DU RS & 00 1 5 7o

B2 2iET 5L &b, BRMM P OWEARE, ZERHOEIERAKIEHOER &

WO TOBRRVERIZ RIT IR O W TR L7e. & 3 B TIE, 2 ORI E AR iRRE: 2

Zte, RO L OEMER T OO0 T OOFMUIC ED X S ITZE LT

eV o LR N S B D HEIEICOWT, T ODORARA, R L Y E L O

ZNHEHLNIT D E LB, T OOFMMEICONWTHMEEERZEHEOMHERER L

DEENOGFT L7, 3 4 BT, BRPEAUEIERE 21X 00, mEREESCEES

FOREIROREE & % 28 2 7= SE EAR R DS BRI h OV E A PESCE R ED X o e

ZRAET 0, FERI DB T T, IRgE, B TEE, PALE, R, B, FELVok

WEMNOEREZABEBLIOERTAREZALNCT DL L BIT, TOHB L LMK OER



WICBWTHERL, MatLiz. E6IE 5 ETIE, T HE 2 BEDE 4 3£ COMTREE

ZARIERINCE LR L, ZUMERESEA OIS TRESE L L.



% 2 B TR OIER J OB KIF SRR L 2 BB B R o5

i

&

il

BEIT, BRAMETOBESCENE WS TRARRME T Th o> THLE LIZINEZ R T

L LRI IENBR SN TE . 1k, REOHIETIE, EmEREHEOE IIEZ )

L, BIEICX 28R ZEET 2 720FAIE L TR g2 BB TRIEL TEz (Rd 1994).

UL, BT, #ERIT, BT oE etz o0 AR T 5 L, #l

BAWMESETRNERNINTHZ 2SN L (B ES 2003, AffH - B4 1994).

i, I OEPRIEE, BAGERZPIIE L, BRREZED S T3R80 H Y (KA 1997),

RIE ML CTIE T 2 Z L bMEShTnDd (BN - FTHE 1970). ks

(1987) &, AEAALFTIE, BMEASOIBLE THEET L &R OJEL RPN

m <, RN EmEY, TREMETEFLEREICORND I LR LTINS,

WARTYS, BRERITHEEE 2T EFIEZ MG DAL AR THEE T 2 L EFNL

ET DI ENHmE SN TS (BT S 2000). £OEE, FIHO5F S22 HE: LT,

3 H FAIOFEIE A& 5 Z & TR 500 A m? ZHEfR L T\ 5.

T, AT, BESTE NI 2 B AR FWT, 2010/2011 A5 2012/2013 40D 3

EICRE VT, FEZEINL, BRAMHOEEGKENZm I R>Z L2 LT, Bk

Wit 9~ 5 M B AR ALBL 24T o 72, T ORI E R AR AN N B AR R SR I LD

KO B A AT RA L, BRI OB A RE, R AIEMERIK L) O E T

E VO T BRAEBIC KT O W T B RET L7,



M EAHE

BRI, 2010/2011 A, 2011/2012 4E3 LT 2012/2013 A0 3{EMICH7= 0, [l BRERK

et 2 — (LRRLAT) oKBERM (REEH T, KiEk) e\ T, #E

anfd b3 0B &2 AW TERIEE OS2 4 2 D RALAEEZ ATV, RN

(Z RN R AT LT,

JEAEALE L, FEAE 2 KYE (4 gm? 6gm?) CFHIE3KYE (2gm? 4gm? 6gm?) &

A DT b KU (4-2-2 X, 4-2-4 X, 4-2-6 X, 6-2-2 [X, 6-2-4 X) ZF|T7-. 4-2-2
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=

6-2-2 KNE <, MEFEMIMES ¢ m20D 4-2-2 KPR LIEN -T2, LA T, ke
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RS, INESPRIE A T S22 2 HE L TWA. 2010/2011 FFEIEFLEM A 5 s EER IC
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DI, BHMENPELS, WENEL -7, BEEEZ 6 g m* £ THEMT 5 L, COR AV

ZELT 4274 KED HEL, BRAAPEDPOHREDOAERZRANI ST W2, FHII - Nk
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JCEREML, BT RIESLEDOAICTHE SR WSEEITENICRKEm & LTERL,

MRS &S D (RFE S 1997). 4-2-6 XIiE, FROEEAERN, & <12 2010/2011 4£C,
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DML Z e ~E L HES LTe (B8 2-2 [X)).

FERIEA D SR E TTIE, BREZEMIEE 10 g m? D 4-2-4 X & 6-2-2 X%, 8 gm?D

4-2-2 RIZHL~RT NAR 2MEEL, CGR 2MED o7~ (5 2-2 ). Z O, H ek TlizEs

BAHENENET, EYOERGHENED Lz GB2-1X). Zok 5ol LETIiE®H

WIS T, FRAERDTODERDPESNOER SN2 Z LT, JERRAEER—RF

AR T L7z Z EMalbivic. Z4&AF AFIZE T, KA EIFROIEMEME T LT

MWE LI D L7 nn 7 4 LEEMET L TR TT 2 ZEAHESNTND (HF

1990). B ER% 15 BRNCHZMVERERESED L IICT DI L TRAZRELSLELT D LHE

SNTEY GR)ID 1999), AHFFED K 5 IEZFITH-TO NAR, CGR DI TFiX, M/t pEs

RECETSHE, WEZETSELITHAI LEFEADND. LLRRDL, LB

M E T, REEMIEE 10 g m2dD 4-2-4 X & 6-2-2 X%, REEMIPE 12 ¢ m2D

6—2-4 XL D% NAR 28E <, CGR WNEn-o7- (22 %), M EHMERTOREZLSAED K

EHIML (FE2-11K), BB > THOLFREX LY $EELZ LRIV L TNDZ &

NCIF oY g

FEMBETERNERZRELHBO THWHMEBRI LS Z L THLRTND (=5

1985). AWFFETH, MEFRMILEN L, BRINERENRL VXD, BEDIL<, FHEIX

BN Ehote (F2-1%, H2-11X). IR 2 BALmfEH 72 0 OREIE, F5EIN

BAEATDHIFE TH DN, 2011/2012 4 CTlih FE RO RHZRINE & & &V IEOFHEE

BB BT (5 2-5[X). 2010/2011 4T, #RIELAS 7000 k16 10000 Kz 25 £ T

TIEDOHBEREBRA NI b DD, MEFMICEN 10 g m? 225 12 ¢ m* ~EHINL, #



RIELAHS 10000 Kins s 15000 Ki L ¥ L CTH M B SR D ZWINEITRKE <8EIML R

. TOXIE, REPL L RORIFE, FRICE > TERBINBIZEVR AR LR, =R

IR EAVT LS B SH 72 Y ORI TRIND T 7 ORBICELAIND DT TIEZR

WEkHTHD.

LUk, #REZIZEENE EFENEOMIT ISHINOZRFED b, & <IT 4-2-6 XTI H

L, RGBT 2 EBPLNERST. T, BT 22 AL, ERBINE

DIBRFTPENLE S, BRAWIMAZEB U TEVIIEERB I ZMFF CEenbtEXOND.

— 0, 4-2-4 X3 6-2-2 [X & IE AN TN ESCIN B ERIZEN A LIRNZ &b, FHAEH

MOBHFE NS 0TI LA, RMEFMILEZ 10 g m2205 12 g m? ~EHIL, 2o

BRI LeRE R EE A BN, IR TIE, BREOEMEBENIERL TEBY, Hi

DHPEDRD BTN D. T E TOEITHENL 6-2-2 XIS T 57, hEFRles

e

HNmSEHMEAE S Lz 4-2-6 XX, AFREOEEGKREIZED, NWEEZm ELE

T Linh, B o —o s LTSS,
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S

LA BRI W THE DI ES L ORI KT TRIEE R L 2 % E A RO R R L

A L72. 2010/2011 FEH5 2012/2013 A2 3 fEHHIZRBWNT, AR — 2317 DB — FEAR % 0. 2

Ho¥ 5 KEOEFALLIE (g m?), 4-2-2 X, 4-2-4 [X, 4-2-6 X, 6-2-2 X, 624

X am T, IR E IR, EAETEMREEE (CoR), ik L UEmBEEL (S&LAD,

fiFE LR (NAR) LW oTofiR/NT A—4, 73, B, B, XLV oM E DERS

AEZIE L. &, 3EAZE U T, MERMIEEN 12 g m? &%  &HE e

HED 4-2-6 RTHEENELL, RENENST-IL00, b7, 1P L, HEHiE

JEE 10 ¢ m2 TiX 424 XN 622 XL 070, LT LLBRMELEIEDOERH D

LIFEATIroTo. CGR b, 4-2-6 [XT S&LAT 23 <, NAR o7 2 &inb, &b

ol EEWEE ORERES A RIL, 4-2-6 K TR TICE <, BRALIRMICH T 51l

S OWRINEE 4-2-6 K THRLEZ-o7-. REZMIEE 10 g m2dD 4-2-4 X L 6-2-2 X

-

X, MEEMIEE 8 gm?? 4-2-2 X LV HBEFHTHI T NAR 2ME ) o 7272912 CGR 2ME0 -

IR

CBEOESHERIT, RGN 7 EA L R LTV e, BEME IO CGR & NAR 1, 4-2-4

K& 6-2-2 XTRbENT.
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Fo-1k  MHEMFENI D BOFENE, SEWE, [WHEER, EHKEESLOFEY VRV EEAR
DOSILBRRIZ 31T 2 SVER O XMl & STERIC 31T D 5ALBR X D i & & DA HAEH.

N ° R
b TR edmE IR R ., TRE TR
JEEWR (g m?) (g m?) (%) (m?) e (g) %)
4-2-2 (8 g m?) 259 a 519 a 50.3 243 a 37.1 a 29.3 8.70
4-2-4 (10 g m?) 302 b 598 ab 50. 8 275 ab 40.7 b 28.7 8. 60
4-2-6 (12 g m?) 388 d 761 d 51.2 347 ¢ 43.1 b 28.6 8. 59
6-2-2 (10 g m2) 324 be 651 be 49. 8 291 b 39.8 ab  28.7 8. 67
6-2-4 (12 g md) 350 ¢ 698 cd 50. 4 302 b 41.5 b 28.9 8.99
2010/201 14 302 a 585 a 51.6 b 282 b 42.7 b 26.4 a 8.76 ab
2011/20124F 350 b 742 b 47.2 a 361 ¢ 33.2 a 29.2 b 8.13 a
2012/20134E 321 a 609 a 52.7 ¢ 232 a 45.4 ¢ 31.0 ¢ 9.23 b
FEAE X HE R NS NS NS NS NS NS NS

BARITAS U7 870 £ 38/ N SCTHILER I AAR IR, SO DT — 2 &, HFURITALIX, 3AEO15{H 07—~
W TENENTukey DZ EMIEIZ & 0 WBX 5% KIETHEAERHD Z AR L, NSITEBEAENRRNI &
R

T MEAEALERIE, BAE - P OME - FEIEDIE CERM S EE, () IIRERMEREE ST,
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Ho-23%  2010/20114F £ 2011/20124F |2 350F D HRZ2 L0 N 3 2 B OFEHRTHI~FLE 70 & ONC L ~ Bl b 1 o
317 HCGR, S&LALFS X TUWAR.

Fldmi ) ~ LA FLEA ~ Rl
ALPRIX CGR SeLALT! NAR CGR S&LALT! NAR
gm*HYD  @mn?) (gmn® A (gm? HT m m?  (gm? HY

2010/20114F (4A18H~5H2AH) (5H2A~6/3H)
1-2-2 (8 g m?) 12. 90 2.80 4.61 1.96 0.98 1.99
4-2-4 (10 g m?) 8.87 2.85 3.12 4.81 1. 00 4.81
4-2-6 (12 g m?) 14. 41 3.50 4.11 6.39 1.41 4.53
6-2-2 (10 g m?) 10. 19 3.03 3.37 5.40 1.01 5.36
6-2-4 (12 g m?) 13.76 3.56 3.86 2.39 1.30 1.84

2011/20124F (4H1TH~5H1H) (GHIA~5H30H)
1422 (8 gm? 15.17 3.23 1.69 1.13 1.24 0.91
4-2-4 (10 g m?) 14. 28 4.07 3.50 2.73 1.41 1.93
4-2-6 (12 g m?) 19.53 5.22 3.74 3.82 1.86 2.06
6-2-2 (10 g m?) 11.37 4.00 2.84 3.66 1.32 2.77
6-2-4 (12 g m?) 21.78 5.10 4.27 —0.22 1.97 —0.11

T1:S&LALIY, FHEEHZ RO EHERLAMBE EHEL CINDORERHELEGFILIZLOTHD.
T2 LB~ REAI TOSKLALIE, A DOS&LAIZFEOREEHBEOLOME LTHAELZHDTH 5.
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2010/201 14F: 2011/20124F

__Hﬁﬂ*'

FOFL ok R ORL K
EETIE O
6-2-2 6-2-4
(10 g m?) (12 g m?)

- AR A ROHER.
W By O .y (e, 103 58 foi P #y [ om0 %
5] 1 oD R | R MR A

BTl R B TL R BE RL AR BE RL R B I
' TEET I TS A EE A S
WOW W0 W 0
4—2—2 4-2-4 4-2-6 6-2-2 6-2-4
Bgn?) (10gm?) (2gm?d) (10gm?) (12 gn?)

B2-1[% 2010/20114F & 2011/20124E DHEZEEFE - 3/ B DZFEH

=
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HHE (%)

4
#®
W

2010/20114

[$2]

B % 422 8 gn?)
0 6-2-2 (10 g m?)

50 0 10 20 30 40
TR B4k (B)
Ho-2K  RRESHEE b I VISR DR, P X Ok o,

O 4-2-4 (10 g m?)
O 6-2-4 (12 g m2)

10 20 30 40 50

13, 5 EOEREAROH

A 4-2-6 (12 g m2)

BB U RLE2010/20114E AR L, AP E VU RL1E2011/20124E 4 779
X ORI R 7S & 7R .
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FROFEEAE (%)

2010/201 14F- 2011/20124F

0 10 20 30 40 50 0 10 20 30 40
i 2 #h i 2

PRI A% (R)

#2-3%  2010/20114F £ 2011/20124E (2351 LA b 3 2 BB OROEEHROHER .

X 4-2-2 (8 g m?) O 4-2-4 (10 g m2) A 4-2-6 (12 g m2)
0 6-2-2 (10 g m2) O 6-2-4 (12 g m2)

BB 2 AR L32010/201 1427 L, AR E ¥ AR L32011/20124 %2 777,
W DR T UERR = A R T

22




Pk (mm)

200

150

100

50

2010/20114F 2011/20124F

L, uﬂ.mﬂm .III. ol h.....
4H18H 5H2H 6H3H 4H17H 5H1H 5H30H
(Frl i 140) (FLEAR) (RCEAR)  (REmiie) (FLEAIR) (Rl zhat)

B (H)
Ho-4  2010/20114F & 2011/20124F 12 3517 2 A B R O Bk &
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[ERDERBINE (g m?)

va
B

ik

%525

2010/20114F 2011/20124F
8 -

<&
L v = 0.126x+3. 60 u 6 -
MAZ SN - x
®
- 4 -
O
y = 0.519x-0. 425
y = 0.373x+0. 750
L 2 F
iheEHRnE 8 glX, 10 giK 0.810% A it JEATLEE XA T 0. 909**
MEHEfEINE 10 gX, 12 gX 0.1630s "
1 1 1 1 J 0 L 1 n 1 " )
0 5 10 15 0 5 10 15
(X 10%) (X10%)

PR ORRE (n2)

2010/20114F £ 2011/20124E 1233 1) B4R M0 EE b 2/ 1B OB T oKk & i B ko %
T & DO BIR.

X 4-2-2 (8 g m?) O
0 6-2-2 (10 g m?) &

4 10 g m?) A 4-2-6 (12 g m?)
6
BB o AR VE2010/201 14 2 7R

12 g m2)
Bk X 3 R LIT2011/20124F 2ok d

-2-4 (
-2-4 (
L,
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%3 & (FEIRZEFEORE X O SIS L 5 1% 8 AR IR B AN 2 0 45 1
SOV ANy AES B2

&

il

WETIE, FEOWIEL TR EWnL, Sz Aok 5 L@t shTngd (i

o g 1979). F£72, FEIEORHIIC & b2 o TR EINT 5 Z & b Sh T\ d (i

A e ANEE 1979, BRI S 2000, SEHS 2011). T AFICHBWTY, FEIEOEEMEIC E-> TH

ESENEE Y, FENENT L Z EngESnTnsd (TS 2006, B4« Tl 2011).

LAFHIZB T, SO EEEERCE U RIS ET D &3 5 R R

O (Il 1951) It~ TRATHEEZ LN TS, I AFITBWT, S8,

FEORMBELD 6 EFEORHICE—7 2%, TO®RBDT LI LRHRESNTND

(Z= « LR 1994) . S FDOHBLIERITRALHI O 1 RTTOTEL, TOAMEELRWI &

THOLNTEY (PES 1989, mES 2001, /MMES 2004), EALEIRC 2 W& TF > TIEH

BR, AEREBIEWZ ERMLENTWS. ST 250881 bE L OEKIZ OV TIX

JEBAZEHCO HBOHEE L OBRICE B Lol A%<, & - il (1994) 1%, /2 oidi%E

BEEDS T2 LNTIEFRRICHER L, S IEb [RIREE - R0 > OB {E &l Rtk D 5

WL BRIVEANMET 2 2L 2R LTS, £, X TIE, HERENFZE LR

DT OFAEIMET D LA SN TS (@D 2001) —5 T, HEREMETTS

3T ORHBL NI 3T D, REAZERL 4 FERM DL/ N3O T HIMET 5 2 LR

EENTWA (Davidson and Chevalier 1990, Z= - (L& 1994, #&E 5 2001).

AALF T, ST OOERTH 1IN 2 i Vo IEHiS TS THY, AMEE

25



WEAIENEE BN AL TEY (EHES 1981, BE - 85K 1987, FHE 1997), —

SAFLXTIE, HLEPOE AHO 1 RSTF 2B XOMIRAHEI O 2 W3S ORO HELH

DE (AT S 1984). 2 AXTHE L ENOLE 3HI & W o 2B EI D 1 k3T o1E, Flisk

RF-FENEICHEDDEE LRI W ENRESNTHD (IBF S 1988).

B S (2014) 1%, BREICTBWT, FEIEOREGIC X 2O 15200 & 2 N &+

HZEHEHOMNILTERD, ZOREBMNPEMT 2BIEICOWTIEELEH L NI/ > T

RN 2 T, AKWRIE TR 2 ¥ 9 D 1 1 B SR AR 23 40 1T S B o HINRe 4y 1F o

DAY ED L DT LI &) L5 R AN S DIEIZ>WT, 550

JEAEENL, AR LM E L OBRNGIHGNNCT S L & BIZ, FTHOOFEZEIZHOW

THYWELERGARIMESARLEOBBRPL LWL L

M EAFE

FBRIX 2012/2013 A= & 2013/2014 #-0 2 {EHIIC D= 0, 1 R EMR ARz 2 — (11

N BT oKEERME (REE L, KREBR 12V T, BEME NI mEe A

TEHRNEE Oy 2 BT DR 21TV, 0T D ORAELCTARN, 5FH>DH

AR DT 2 A L7z,

FEAEALER T 2012/2013 4RI T, FEAEF OE—FEED 5 HIE 2 k% (4 g m?, 6 g

m?) CFEAE3KUE (2 gm? 4gm? 6 gm?) EERMHABRHOE LKA (42-2 X, 424

X, 4-2-6 [X, 6-2-2 [X, 6-2-4 [X) Z5%IJ7=. 6-2-2 KiTEHEFEELZ 10 g m? L5

EATHIEE TH Y, LUK LT 42-6 XiE, FUIEL 6 ¢ n?, HREFRMICE 12 ¢ m* (21

26



i 2B EATEIEE CTH D, £, 4-2-2 KITEHER D CTHEE 4gm?, DT 22 gm?,
TR 2 g m? %, 4-2-4 KIZTHHRMSTHEIE4gmn?, SFOIE2gm?, FIE4egn®%, 6-2-4
RITEFR CTHE6 gm?, ST OM2 gm?, L4 gm?Z i L7z, REFRMILEL,
4-2-2 K288 gm?, 42-4 XL 622 XA 10 gm?, 426 XL 624 XA 12gm2Th5.

2013/2014 FECIEHENE 4 ¢ m?, T OB 2 gm?& L, FEZ 0 gm? 3 gm? 6 gm?
E L7z 3Kk (420 X, 423X, 426 [X) Z&iT/-.

FEARIHEINZE 44 5 (N 1 14%, P,05: 17%, K,0:13%) Z VY, 2012/2013 451X 11 A 28
H, 2013/2014 4813 11 A 21 HOFFRESNCHA L, 2028, 2 >%AEMEIS, B
V550 (N : 15%, Py05: 5%, K,0:20%) Z V>, 2012/2013 4E1% 1 H 31 H, 2013/2014 4Ei%
L H 29 BIZHA L7, BEIEE, ShERERHC, HnZe ve50 (N : 15%, P,0;: 5%, K,0:20%)
Z vy, 2012/2013 441X 3 A 5 H, 2013/2014 41X 3 A 3 HIZhEH L7z, 3BRXIE 2012/2013
33 RAEELBRYE, 2013/2014 4278 4 SR ELSRIE CHRE L 7-.

FEFEIT 2012/2013 423 11 A 28 H, 2013/2014 4E28 11 A 21 BIZAT > 7=, & AIET 2 1
Bl {3 _COMBEX T 200 K7 m? ZBEME 150 cm D 4550 RUAFEE & L, B E TSR 20
cm, 40 cm, 20 cm ORIFRHIC 4 FRAEBUE L.

2012/2013 AE T, M3, mmER, TR T OORAENE, AOE, REAFERG
F O EAZGAE U, HEFEITHIFRAX (4 &X1 n) 2263 LR, Rmi
IEHFHE X O ATERY £ THE L TEk&E S L, kmEBa TR L2 #E
Mo 1 (F2) Z5lWEEZ ST HSOFER L L.

FEEOT HIZF A X T Lo Rfd s (RIS T EB AL 2D o To/h S WFRIEER <)
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EHAHEMEOT-DICHBE L0 AV, BEREEE TR LIZMEZADESE L L.

ST ODRAEMBEOFEITY Y R0 ITo . Y RS T oR

7> HFERI £ C 1 BT 7 BT o 72, 0 ORAERHTFHEX OHE 1 His T 57 50%

B U2 & U, BRI IRA X D 50% 2N HFE L7 & U7z, SAEAIE, 1 BIE O

A (3 H 5 H) IZRWT, A/AE 5 [, 516 ERZ R0 Y, AFNPHELR9

EAEZFER L. 2B HBOHE GA1LH) »"b6EBOHHE 4A8H) £ TTIIHKNE

6 fEIAR, Gt 18 EIAZ ROV U AFNHE: 10 #{k%, 7TRIB (4 A 17 H) OFFAET

AP 10 B, G 30 ERETEMEH Lz, EX0H 1 finbH 4 fiE TT, S5

AL LIRGTOOEWAEFAE L, 7RIOFHAE THT O34 LI EIEE % 2R aEE itk

TERLEZ 3 o3 ERE Lz,

ARZE, REERGS LU EOFHEL, BERHICHZS 7 BIHOY 7Y o EEk

TITo7e. HEEL TV D0 & 5 WITIEERERICEN L THRAAZOREBIZH D b D2 fF%)

FEL, AERZLICAMEREZRHET DL L b, EXEDTHOORMAERZHAE L.

Yo7V T LRI TR DORBAER, mFH>ORARM & REER A L%, =

K LT LI L, 110°C T 30 4y, 70°C T 48 B LL - m Azt Wi E A2 FFE LT,

2013/2014 F3RERIH OFHA 2 2012/2013 = L [FAIFRIZIT O & L b, EZEHE, WaEhH

REFELEZ., o7V 7034 H 16 BIZATV, S8 10 8, &40 [ERETEEH L

2. BT OB IO TSN E BIHFAET D 4-2-0 KO 18 1 koL 4-2-6

XD 2 8 1 Wy TF->% /M, 77— R at v (ZOJIRUSHI BM-HS08-GS) Ty L 7-1%

2, AR —AE (KRIL 1990) BLXOA v R7 = 7 —A3E (ORI 1990) 12Xk 0 =HEEH
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R T oA UREEE (Yemm and Willis 1954) 2 L 0 ESH R HE LT,

#HR

%5 3-1 FRIZ 2012/2013 FFITBITHEEENE b3 2 B EBOSTOBAL, HEEHBIO

FHWEBEE R LT, DT ORERT, 4-2-6 KN 422 KLV AEICELL, FOMMosE

KENIIHEBEREZTIA LN o720, REZGIEE 12 g m’d 4-2-6 XL 624 X, £

T-HEIE 6 g m2 &5 277 6-2-2 R 4-2-2 X, 424 XLV ZWMEMICH-T-. T iiT

RN B R BT N> =08, BEBIC 6 gm? 25277 622 X & 6-2-4 RN%LL,

RNT 4-2-6 RBZUVMHRICH -T2, BHIESEIL 4-2-6 KNEBUERXOF THRLEL,

4-2-4 X} [RIERIC @ Do 72

5 3-2 FIT 2012/2013 FEIZBIT HEEESFE F I ) BB DOH5IT ORAR L HINRIS T %

AR LT 0 ORAERITREFT ML E 8 gm? D 4-2-2 KB RMILX O T HE <,

N THRZEREMIEE 10 gm D424 X E 622X THY, REZFEIEE 12 g m?d 4-2-6

K& 6-2-4 Kb moT-. HrBT ORAERITE 1 HiCITRELEEERE 12 g n 2o

4-2-6 [X & 6-2—4 XM OMFRX L il L CHEIZE D> T2, 55 2 81 TlE 6-2—4 R RALER

XOPTHRbELS, WWTHEILG6 g n?2 527622 KREN-7-. HI3HTIE 426 X

NEMHEXOHFTHRbELS, HA4HTH 4-2-6 KBEN-T-.

5 3-1 [XIZ 2012/2013 FEDOEETE k3 7 P ORERIENCI T A F 2K - BB I

ZEEB LU T SORBAEL L W E L OBREZ R L.

FHEITWTNONFEX GBS TENLS 10 ETHY, R THAEXTH-T-. £7-,
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W OEEIL, 4-2-2 XY 16921382 mg, 4-2-4 X7° 1821408 mg, 4-2-6 X/ 1978

+369 mg, 6-2-2 X7 1668+458 mg, 6—2—4 X725 1715326 mg TH Y, ZiHD 95%LL E

731000 mg LA ETHo7-. HiFE 4 g m? X (4-2-2 X, 4-2-4 X, 4-2-6 X), 6 g m?

X (622X, 62-4X) TIT&bITFELEZEET 21T EEL, MERMICENE LVE

FHEEE 10 g m?X (424K, 622 X) BLOI12 gmn?X (426K, 624 X) T8

WTC, FEIEA N L7 X CTEWERIZH - 7.

BRI TFNTNT I OMERX & REITELN 5 BN D 7T ET, MPWEOFEYI 4-2-2 XN

11224417 mg, 4-2-4 X7 1005503 mg, 4-2-6 X725 1210£478 mg, 6-2-2 X725 1128427

mg, 6-2-4 [X78997+362 mg TH Y, 1000 mg LLFD LD E L Hbiiz. AT O

ITHEEAE 4 m g2 KD 4-2-2 X 16 A GRATHED 33%), 4-2-4 XK 18 A& (39%), 4-

2-6 X 21 K (33%) &, 622XKD6AK (17%), 6-2-4 XD 16 & (29%) & H~TEZN

HrnALNT-. 2, ZNUOHZT OO D HEME 1000 mg LLFOEIED, 4-2-4 X3

56% (10 &) &@E<, WWT 6-2-4 X728 50% (8 A), 4-2-2 XM 38% (64A4) THY,

4-2-6 X723 29% (6 &), 6-2-2 X723 33% (24A) Li&-o7-.

—77, WRSTOIIEDRERMTY, TOL PRI 4 HELUT, #WE 200 mg LL

TThote., 72120, EMIER4EDEIERMO LD 4 m g2 XD 4-2-2 XN 3 A

((/
ikl

AMEZH T DD 9%), 4-2-4 KR 3 AR (11%), 4-2-6 XA 6 A (14%) &, P 6mg?

XD 6-2-2 XN 24K (1%), 6-2-4 X3 1 A (3%) ITHRTEVMHBIDA LN, FT1-,

ZD D HEEDN 200 mg L EDOH DA, FEAEAS 2 m gD 4-2-2 X & 622 X TOARTH

ST=OIZR LT, FEIE2 6 m g2 4-2-6 XTI 6 A & LU MEE N2 ST,
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5 3-2 [T 2013/2014 FEOE TR N3 2 BB ORISR T A ENE - WK A

EEB LU T SORMRIER L W E L ORfREZR LI

FHITNT OB S REAERNS 8 EEND L1 ETHY, BTHANEXTHoT. &

HOWHEIE, 4-2-0 X725 1835517 mg, 4-2-3 X% 2041360 mg, 4-2-6 [X7% 2255+354

mg THY, 4-2-2 XKDOHRT 1000 mg LLFDOHDN 8% (3A) H-oi-.

FHNTDITNT I OALFRIX & REFHEERS 6 TS 8 HETH 1, MW EHEOEBIEIT, 4-2-0

X723 1429575 mg, 4-2-3 X3 14962416 mg, 4-2-6 [X7% 1634+472 mg ThHo7=. BAZD

ST oFNE, 4-2-0 K23 11 A (11%), 4-2-3 X8 28 A (32%), 4-2-6 X8 52 A< (45%) &

FEIR 2T DIE L < R D[N H 7=, F712, 4-2-6 X TILHE 3 Hi-CMER O 1 k9T

DETHERALNTZ—FT, 4-2-0 KTITTRTHE LHDO 1 IRGITOThH-o7=.

ST U, WTHOMFEX G B 4 UL T DO DONE-7208, 4 L EOL D

I 4-2-0 X728 16 K (RIEZN 0T 28D 17%), 4-2-6 KN 12 K (19%) %<, 4-2-3 K

MEAR 8%) ED7ehoi=. ZDH BLHIEN 200 mg L EOHD Y, 4-2-0 [XT 12 K,

4-2-6 XTI AL %<, 423K T2AREDR)NoT2. 420 XTIXZDHH 10 K (83%)

NEIEO 1 RSTHOTHY, 4-2-6 XKTIHF 1H 1 kT o083bTNT 1A 9%) TH

77

5 3-3 [XIT 2013/2014 AEDOHREMNTE 3 2 B P OFERIICRIT 5 4-2-0 KO 1 i 1 &

STl 4-2-6 XOFE 2 8 1| WrT OO E L EREAROBGREZ R L. FERiENICE

WT, FIFOOEFRGHRLEHME L ORICAERMBEBRITRD b RroTz. Fz,

EH LD, FAEFMIZIBWTHENDT O & BT OIS HMERETAR B R)
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Sfn. WHEEARIT 4-2-0 KOF 18 1 ST O FHMHE 0.55+0. 14%, 4-2-6 XD 2
1 RT OO FEHIE 0. 77£0.20% TH Y, 4-2-6 X1T 4-2-0 K LV 1% KHETHEICHE
A LT

% 3-4 KT 2013/2014 FEOARZE AR b = B ORERIICEIT 5 4-2-0 KOHE 1 8 1 &k
oL 4-2-6 XD 2 fi 1 WpT OO ELHEGHROEREZ R L. Rz
T, AT DO TUIGT SO E LFEEH R L OMICAEEZ2MBEBRRITEED b
Rinodz. B, BT O T 18.554. 8% THh - 7= DIk L TEZ /T O T 12.7£
9.3%TH bV, AT OTIE 29%, 34%D 2 JAEFRLS & 12.8%~23. 3% DHiFHA ThH > 7=
DI U TR D TiE 2. 1%~29. 8% OHFIPHIZ /AN L7z, W E &S AR L O/,
JeD 2 WAEBRWIZA R3O CIEAERMHEBEERIZA T (r=-0.037), 53T > TiE
0. 1% /KHETHE/RIEOFBEBRN A LT (r=0.8352"%) . MR/ IF SIZIXHE (X mg)

IZXTT G ER (Y%) OEYER Y=0. 0507x-0. 6721 7345 H417-.

EE
ARRBROFER, DT ORAERIE, 4-2-6 KB 4-2-4 KE V&<, 4-2-4 KN 4-2-2 X LY
<, SHICT62-4 XN 622 KEV bmhole (53-2%K). £z, AHESAIT4-2-6
X422 KLV b FEREICEN-T2 (F3-1K). 20X ICTHEIEOHEIEIX 7T S& 54 S
FIEEROEIG ZED, T2 GME LI Z ERHA LN E o2, Wil - g (1979) 13,
BEIZBWT, FEIEAHEMT 2 SR HEML, FRENELHNIEL 2 4mEL TR

v, Al S (2000) b, FIEZ M5 EREEAHINT 5 Z L 2R LT 5. Sl 5 (2014)
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1%, REICBWTHRERMIEE AL, 2 ORI 4 i3 2 7% W # A 8 il CHE 4%

&, BEDHEIL, FRNESEMTLZE2HLMMILTE. £, RO,

TLFIZBWT, ARESEEZED, BREHNSEL ZLpmEshTng (BT

[ 2011).

ST ODEYIZHONT, T OMEE E2 & 51T > DRAERTS L UM ED DR L

2. TORE, AT OTNT N OLEX G R 5 U E8HELUTTH Y, 1 ADHL

PIEY 1000 mg LLE® DB3Zh o7z (F 3-11X, 55 3-2 [4).

S ARDHFOU, EOMIBBIERFEL Y LR, RASH R4 > o8

i A 1951) THEXAONHIHERME LV b RELL 2NIXEMET D EHEINTWVD

(&=« [UlRF 1994, f@E S 2001). £z, AT 200 S3HEOFRWE 1 Hi08 2 Hil

W TBNIHIICZ W2 E b ST D (- LI 1994). ANEA A LXTIE, HIEER

FENFL, SFEE 4 mm FENCEBZELK 3.5 L EThTAEMET 2 Z L bHiE ST

5 (EfES 1993). AR CTOETZEOREMIELITIZIESEND I0ETHY, T >DEH

TR EERI 3 T O OB TEZ DN D HERIE L Y X<, AN THODOLNEH 1

HNHD 1 WSTHOThHot- (FE3-1K, % 3-2X).

2012/2013 AEDOFRERTIL, FIM 4 ¢ m2X T 4-2-2 X HHEAE 4 ¢ m2I28iET 5 & (4

—2-4 X)), IENLEICRENEI NS D 1 IR T SO —EBRAE L, ARZEBBIMLTR,

H 500 mg AR LBEVNH DB L o7z GE3-1K). FEZzE6126 gn” &HET 5L (4-

2-6 [X), ARALEID 1 KT >OAZNZE THMENII LIz, &ALEO 1 kST S8 %01k

PN T oL o72b D0, EBEIEERD 5 BEFHE TR ED 300 mg 2>5 500 mg &
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BALEIOFEDEL D EVWLDO LA L. HKIE6 ¢ m? Tl 6-2-2 X5 6-2-4 K~ L FEn

AT D L5 1 HIRH 2 HiD 1 IR SRR LTZAs, SALEi O 1 R334 5

PMELS, AL THRAELD D Rt EPSES B L GE3-1 KX, $3-2R).

2013/2014 AEORER T, FEHIEN 0 g m2 TIEE 1 HiD 1 T OIZB W CRBHIELDS 5

BELLE, 1 AROEWED 500 mg Jijig OIEZIT OB L BB, 3 gn® LT 5 ETh

SO BAEMMEL, WEBEMLE GE32X). 7, HB2HO 1 RIF>THLAHEZ

tL7=b Db dH o7z, 4-2-3 KTITEWENZIZIAONT, S5I26gm? &l L7z 4-2-6

XTI, LHIRPE 2 HiD L o OREMEL, F2HiD 1 R DICHAE 500 mg /i

&

TOEZFTF OB BT

ZOXOICHEOHEMI, HIE4 ¢ m? K TIHRAEIO 1 IRGT>OEMEZ I L TH

L, @AETHR T OREREFGO THHWEGENS - bDD, TD% T ZE

Thole., —J7, B 6 g m® XTIE, BAEHi CONTORERE®DRNT2Z LD,

FNLE 2 & DR 78 ARMLET O 1 WA T SOBBEME LIz, [F CiER LR T

HARTHBE, FEAZESIEUZEE 4 ¢ m?2 KIZEE 6 g m? XITHART, A%91%, )

ZIZBD b RBATESS 5 HELL L TRAE S 500 mg AT OIRALE I L ONEALEi 04T > %

BINSE., Zhbi3nb 5 BNESLEWEY ST oL ol (5 3-5X).

ARWFFETIE, FFODOFEMELLEFTOOEREGARMEE AR L ORI ED LD 7B

DHDLPITONTHET L7z, TOMRE, DIFOOEEZEHRIZOWVTIE 42-0 KO 1

1S THOBIN42-6 XOFE 28 1 kST Ho L HICHE UABRANICBWTITAEDNX &

N L ORI o7 (B 3-3K). 72721, FEIRAHEME L7z 4-2-6 X5 2 i 1 &4y
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Folk, A2, ERHhE L HI2 4-2-0 ROF 1 & 1 kT oLl L CEHZSHERENE N

ﬁ

o7 (B 3-3X). JiES (1990) 1%, T AFIZBWT, HEESITS & RHES T2 & DO/’

TIXBFZEHRIZETILA LNV EERELTWS., — 5T, HilMEMOSEHSAH

BITHEER & PR RERICH D Z AR ENTEY (PES 1989), LS (1989) X

BEmT OB 2 BB RARLADESAITEVHEBEBMRICS D Z L 2R L TN,

£, PR (1989) 1F, VHAARRA D AFMEICIEWNT, HEERITH MM EH O E

HN&E L IEOMBERERAH D Z L AMmELTEY, DT OOFMMUITEROGHERLIVIX

D LAEROZHIME D BT OORULEMER LBERT L LEEAbN5.

ISFODPEES R 4-2-0 KOFE 18 1 AT OB LN 4-2-6 KOF 28 1 kA3TFHo &

WA L L L OMICEIT A ONR o7 (FE3-4X). 72771, ST OETIC

DONWCTHDLE, EHLOUBX LG AR EGYE L OMICA B2 EDOMHBRERIZRD 5

M, BESARPEOED T OIIRAER L o7 BERAMEL, BIHE, T3S

T OIIEE AR 10~20% DFFHICH H— 5T, FEREYL L, N 7L LT

BERE L7222 o T3 T DITHES AN 20% L, R, Rk L CRZET 2BFRIZ&H 5 /)

SWFITOTHEEAEEDN 10%LL FITIK T L7cond Lt £72, FEE AN 29%, 34%

ThHoT-HN5 T 2 ST ZFEREN TV DDRRTH Y, EBICITED ST

TholetbEAbND.

g S (1990) 1%, T AFIIBWT, FXEHITMAST OO ENE L #ENT 5

REE, 53/ 0N5 T D BIRR T O~ DN E REW B L =R EEM OfRiEAEN L,

NI OITAERENE X, RHBHICKD D L _TW 5. Lauer and Simmons (1988) 4,
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AALFIZEBNT, S OIHH MR OR, 2 < ONEMREN 2 FE~ LR

D03, BN T OIEEXA~DERNIE L AL ERNZ E2HEL TS, T >OF &

B DORIERFITIL, BTSN SEN T >O~OWEDER L H 5 L5 TH 5.

UboZ Lonn, BEME T B BIZENT, FEIEZ M U E R b9 25 % 5 B i

JEIE, ERSARPEIL COCEREEN®EY, FULEWEEIENT S Z L TR

PHINLT- LB Z bTe. @AEiIC IV CIRBISERL 5 HERTH%, FE 500 mg Atk DIEENEE

EFHEND X5 BT o LIS TODERRCH D LD T oeL I BESEL

LoD, FE 1000 mg L EOES KELIEADIT &2 f LIERER L% <, A

BT B DICHEN e TETH D EEZ B,
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S

R AR b3 U IRREIE 2 T B L B IN L, AR AR B . AT T,

FENE OIS L OFEROERYEN ED L S ITHEEZWMSE TV 02 O NITT 5720,

2012/2013 4F & 2013/2014 4ED 2 {ERIIZEBWT, h I 2 BB E O ITF O DOFAEOFEAH

AL, T OOFEVCITHRDIBE ZTRAE Lz, MAEIZEE-— 2T SIE-FEEOs i & L, HEE

RO EZRIC LIABE X 2R T2, TR, MIEZET 5 & aF 2R ESE

EAEOEENEEY, BUEHICBONTETONT S ORERBEE . —F, FIUKRE

FEIEEO S LFRIEZERET 5 &, ®MH TORERE®DIZ. AR50 > DR

1T EDAERX, FEAFMICENTH 5 ENS 8ETHY, | KOWMWEIZEXTIZTFDITL

A ED 1000 mg LLETH T2, 3T O>OMEESHRIZTHE RN T DO TIE 10~20% TH > 7203,

AT O TITHHEDOE NG DT 20%LL EOH DN, MMEOFENE DT 0% FD L

Dot FREERL LT 4-2-6 XTI L&, H3H, H4HNLO 1 KGF %

ARPELS, B LE 1 RGTSOZIBEME L. —F, EELEAMELT 6-2-4 X &

AT, 1 KOFRWED 500 mg MDA T S0 L < b, —IF TEWESSIT

Sb%nolc. FIEEHE LRSS 2R EAREIE TIEEZRISNA TEDSIT 5% 2

AU EAT 2M0K73 %<, REDPFRZHEET 2120 AIETiETH D LEZ LN

7.

37



H3-13 2012/20134 2B D EBEMFE b I ) BB O oREE, kEmELBIOHE

B S

T — S

LR P it it
4-2-2 (8 g m?) 0.86 a 289 a 61.6 a
4-2-4 (10 g m?) 0.98 ab 341 a 67.2 ab
4-2-6 (12 g m?) 1.43 b 381 a 74.4 b
6-2-2 (10 g m?) 1.36 ab 402 a 57.4 a
6-2-4 (12 g m?) 1.33 ab 403 a 60.3 a

BB A LT 7 AU TR F N E N Tukey DL EREIC L V5% KETCHEENH D =
L AR

XIS IR ICBIE s N,

T MEAEALERLE, JERE - TR - BIEOIETERZ A BE, () ITREEEE R
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H3-28  2012/2013%\T BT HEREMAE b T ) B O3 TF 3 AR EJIAL BT o AR

A AP ROR JAEE S

gt wre (G BB 2B
11 st wal
4-2-2 (8 g m?) 0.611 a 0.454 a 0.450 a 0.200 a 0.044 a
4-2-4 (10 g m®) 0.743 b 0.503 ab 0.528 ab 0.275 a 0.289 c
1-2-6 (12 g m?) 0.884 ¢ 0.683 c 0.511 ab 0.533 b 0.311 ¢
6-2-2 (10 g m?) 0.749 b 0.567 b 0.622 b 0.208 a 0.078 a
6-2-4 (12 g m®) 0.903 ¢ 0.762 c 0.767 ¢ 0.275 a 0.189 b

BENL DML, FNFNDOST ST LITHAE LR SR EHER £ TORFER LD
FERERE L Lz, BeKlA T4/ 11247V, E1EIE3/60 6 OTRIE, H28iX3/11255
D6, H3FIL3/2670 D DAKE, FAEITA/ 20 b DO3IETH Y, TN F NI TukeyD %
EREZITV, XM % KETHEAEDOHH L DIZRR DI N TFH 5 2 7.

T REARALERE, FEAE - Ao - BROIETERER Y EE, () TRREE R,
T2 [ ORAER ITEMEERD 5 LTS RAE LI EROE & 2787
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JEPAZES (Ko

H3-1K RS N3 B D2012/201 4F ORI I T 2 H R - MR AT EEB IO T 2
D REPIES & W & OB,

RKEWVURIVTHEDEE, NSV RIS 2R L, BXEE, OB T >, XI3F2H1
WASTF D, @ITESHIIRT D, ATEAGIRSTF D, ATESHIRST D, —IXE1IH2RST D% 759,
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3000 [ 4-2-0 - 3000  4-2-3 3000  4-9-6
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0 —w’&‘—‘—‘—‘—‘—‘—‘—' 0 _M_A_A_A_A_A_: 0 ‘Mﬁ_ﬁ_ﬁ_ﬁ_ﬁ_’
0 2 4 6 8 10 0 2 4 6 8 10 0 2 4 6 8 10

JEBHZER (Ko

a2l HEAAE R 3 2 B O2013/201FEOFERINC B A AL - MR AT EX LS L0
DO EBAFES L W E & OB,

KREWURNVIEDEE, NSOV RN Z R L, BEEE, OFFIEIIRST D, XIXH26H
TR, @IXESEIRS T, ATEAEHIRST D, HITHESIRS TS %ER~T.
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0.5 | Qsé)oooo Q%
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r O

0 1000 2000 3000
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H3-30  HESLFE N3 2 P 02013/20144FE OFERIEIC BT H4-2-0X 51
BILR T o8B L OM-2-6 X B2/ 1k T oD E & BEREHR
L ORIE.

KEWVVRIVITEDZEZ, NSV R VTENZEEZ R L, OlF4-2-0X5
1EIRD T 2%, XiF4-2-6 K E2Ei 1R 2% 7”7 .
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40

y=0. 0507x-0. 6721
O FRBEREL
r=0. 8352
30 F o O
o

HEEAER (%)

g oo

10 |

0 . . )
0 1000 2000 3000

HYE (ng)

-4 M I B E D2013/20 144 OFERITHINC 31T H4-2-0 X 1Hfi 1Yk
T F L UM-2-6X 21 LRG3 D O & B AT & O BIf%.

KREWS URIMIAREE, NS RV EDEZ L, OlF4-2-0X

EIFIIRS T 2%, XI1T4-2-6 K21k T D& R~
w30, 1%KHETHERENRS 52 & 27T
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B35 AREMAL b3 2 B ORMIIC I T 2 AR & MO
FURENIH BN A2 Z, BRENIC I ENEVEL) L 277,
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i

% 4% THIIEEEE ORISR O B DML EPES & VRN RIE
THE

&

il

BMEZIFEFATEO @R PR ORENIC & 0 B FHNBGVER S AL, INE

MMETT A2 ENFEINTWS (B4 1991). &)1l (1948) HHEEDILEIX 4 A DK

BEEAOMBEMERHL Z E2MELTVD. “R_(AALX TS, WEIAEFWROREK

BLAOHBERBRICH Y, BKENPZWVEREDEDTHHEMICHL Z e bRESATHY

% (et - FHH 1989). T AFXIZEBWTH, BENLEEDITOME COBKEEFHEE LD

MHCEOMHBABIGEN A LI (HA D 1981), HFEHAT 30 H LARROREMRIZTRIE & A DM

BfRICHEH D Kk 1959). ZDXKH1Z, WITNOAXFHLHEHAARTIZE ICHIZEY 72T

To OB BT 5.

BREDOINET, WEMKEFRO O GREBEOFLGHRIES, BIE FEE) L2y, ks

AWM L7022 8T, BESL AR EZWMESE THINT S (B 1992). %&b

(1994) HLAEOWEITFAE HBIEO SRR A, & <23 A LAIGEBIET S Z EneE

AEREAE & e THIN 5 Z & Z2fE LT D, Sl 6 (2014) HFEAEOHEHIC K 5% EH

RASEIEA R 2 N S, FRINEZEMSEL Z 2PN L TE L.

Kichey & (2007) 1%, 2 AFIZEWT, FHRIEIIIEEDZICE D ST BIERTICEXE

TN L7 BHREDBAERICFE LR LB S EOHBARDH L Z L2l LTERY, £

DEFZPHETE N L 2R E L TWD. e a AF T FENE L ERZRINE L OM

WCABERLEOMHBEBRERS L Z ERMEINTEY (EES 2011), A4 LFTHFFHEI
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EEFRWINE L ORICHD THWIEOHBMEMELAH D Z EPmESA TS (ZHDL

A

1985). Marinaccio & (2015) 1%, A LFITHBWT, INESRIWE TSN T oKD

FREPRWMEERMWNZ L2 HmE L TR, EOB(LOBEITEAMMZMITL, NE, 4

MEB IO TREAHENSES 2R LTWA, F1gks (1987 &, I AFITBWT,

WY Z F 7 IR EAEIC X TRIES M T 2 2 2 mE L TR0, FRioEy

FIREDNHEZH LD S 0. 2% @ UETREMET LN Z E2HLMNT LTS,

—77, BREITHE ZHORR & Vo e AFRFOBRICI VB TRIEEDL Z LR

HEINTWD WIES 1991). i FRITBEIOERZEE S OBICEWIEOFMEREEN H Y

(EWHS 2010), FEX N7 EEFERLEOMICHIEOMBEBGREH 5 Z L NEE ST

5 GEHS 2014).

FEAE U 72 2R AFERIIC £ < D WEMIRIZRI S h, SR ZEETED L HIZF

FEA LT D0, MLER LR OER OB EN SIS TEIE, HFRO%E

A TR - MEITE, 2D OREELET SERWIEAREZHYL.TEDLTHAD. £ 2

T, AWPZETIE, BEICEWT, REIEAEES 2% E IR 213 0, REFR

AE P FEAL F & OV oD Jti IS 5 2 28 & 7 M S A4 5% 203 X% A P v oD W B AR pE RO 28 SRR IS

D &9 15w JAF T 7, FERI O BB T T, IRTE, O TRE, TACEE, R, R,

FREVSOLEGENOEREARBIUOERGFAREALNICTD L LB, TOHBE

SLPRIX LRI IV TR L, MEf L7z,
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MEEFE

FRERI 2012/2013 4F & 2013/2014 =0 2 fERIC 7= 0, 1 O R A B2 > % — (1L
AR LE ) oKBEESME (REEH L, KREBD) BWT, ESLE LT ) IEEZHNT
EREE ORI L ORRO B A2 RICT D MR AT, BRI TR oWmE A ES IO
EFRMBIOVWTHET S L L bIZ, THENEZRAE L.

FEARALER T 2012/2013 4RIZEBWT, FEAE-3 T DJE-FEAED 5 HIEAE 2 KHE (4 gm?, 6 ¢
m?) EREAE3UKYE (2 gm? 4 gm? 6 gm?) LEMAGDEL 5K (422X, 4-2+4
X, 426 X, 6-2-2 X, 624 [X) Z&J7=. 622 KITREHFEEEZ 10 gm? L35
EATHEAEE T D, ZHIUTKE LT 4-2-6 KITHAIIEZ 6 g m?, MERMILE 12 ¢ m? (ZHE
TORMELIAGEIEECTH D, £, 422 KIFRHER D THEBE 4gm?, OB 2gm?
L2 gm? %, 424 KIFERMI TEE4gm?, 2TOME2gn?, FEE4gn? %, 624
RITEFRRD CTHIE6 gm?, ST OME2 gm?, FEIE4 gm?ZHifH L7z, RERMIEEL,
4-2-2 K38 gm? 4-2-4 X & 622 XKA10gm?, 426K & 6-2-4 XN 12gm?Th5.
2013/2014 4F I 4 g m2, BF o2 gm?2 &L, BHEZ 0 gm? 3 gm? 6gm?é
L7z 3Kk#E (4-2-0 X, 4-2-3 X, 4-2-6 [X) ZikiJ7/z. 4-2-0 KITEHKT THEIML 4gm?,
STOME2 g m?, FEIEO0 g m?%&, 4-2-3 KIXERMHY THEE 4 ¢ n?, ST DOIE2 g n?
FEAE S ¢ m2Z2 i L7z, WEREIEEIL, 42-0X236 gm? 423XKN9 gmn?Thd.

FEAEIXREINZE 44 B (N : 14%, P,05: 17%, K,0: 13%) Z V> 2012/2013 4% 11 A 28
H, 2013/2014 1% 11 A 21 H OFEREHNHEH L, 750 DR35S IS BEhnZe v550

(N:15%, P,05:5%, K,0:20%) ZMHV»2012/2013 441X 1 A 31 H, 2013/2014 41X 1 H 29
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HIZHhER U7-. BRI ISR BN BN 22 V50 % FHUN 2012/2013 4513 A 5 H, 2013/2014

X3 A 3 BICHE L7z, BRERIXIE 2012/2013 453 3 I ELBEEE, 2013/2014 4EA8 4 K AEEL

BOVECEAE U7z, $EFEIT 2012/2013 4E23 11 A 28 H, 2013/2014 4E23 11 A 21 BIZiTH- 7.

FERESEIT 2B S T R T OB X T 20067 m? ZHENE 150 em D 455D R LEEE L L,

M T4 20 em, 40 cm, 20 cm OFRIZ 4 &5, FPEX 2 HEDE 8 A FlE L7~

ST 2012/2013 A= CIIRERTH & FERGIIZ 28 H 2> S 13 MR TR £ <, 2013/2014

FCIIFERIA S 1 BEFEFRE TR 5 1 B £ T LIS, WFERE BEFT BITW,

arEl (IRZE, o5 38, TACEE, 2, ) wWE, Bholia AR, SEEREGARR

LN FRAMA L7z, EEETISE Ty PO 8XDI B 3KAL 4 KXANLTNE

AU 16 RDFE 30 REHERN XY, LB PRELR 20 Rz BIE L, &EICH#EE, 110C

T 30 43, T0CT 48 Ll szt S8, whELME L. FRIENO]RY L,

WY EAEME L. BOUYEIHEOWMENO FROGHEELSIW LD L Lz, Ink,

FERII 1 B H OFEIL, FLHRX 1 KEOHFENOIY 1 UFE L., FIINEITIE

PAEXD 28D D H 35KH, 450, 55&H, 6 RADOTRAKITHONT, 1.5mxX0.7m

(1.05 m?) ZHIESSMHELY, 110 ‘CT 30 4y, 70 CT 48 BRfLL Fim ARz X1, gk L

THLNFREOERZNET S LICL VRO, GENERGARITIY T 7L

&AM A 7 — Rt v (ZOJTRUSHI BM-HS08-GS) Ty L7412, 72—k (K

1 1990) BLIORA > R7 =/ —uiE (ORI 1990) 128V, FROBESHERILIT v A0 Uk

B2t (Yemm and Willis 1954) (XD HIE L7z, SREMNEEZSAREIL, WmEMNEZGAHR

EENENOEYEEFECTEE L. H73RIE, 2012/2013 4 CTIEREZE 100 kL2 YK LAE
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TR (& MEEL RN-840) A W THIE L72. 2013/2014 4E TIEJE 2 50 B7 2 ZRIRE

Wras (7 m—~_yn—3X) ZHTOWE, BHICXVHBIL | RAE 2 BIRGE L7z,

HR

5 4-1 KT 2012/2013 FEIZB I HEEE N b 3/ 0 ¥ O K BINZFERiE 2 S s@dtiic

BILARE | Ko OWWEOHERE 2R Lz, # EEAEETIIW o LB X b Rlfi

W SREHHE 4 WRICHT THEINL, TORITIRE SHERL R, SEHEYED

W OB G FERICHERS L7z, SRR 2 8 B 2> 6 p@dilic o T n Lz,

R OPESAT BRI 3 W B ST THEINL, Zo®%Ed L.

5 4-2 [XIZ 2013/2014 FEITBIT AEEELTE b I 2 B PO XK BNCEERIE D S pENIC

BILARE | K72 OWMEOHER 2R Lz, i EEAE TRV OB X & Bl

B EERI % 4 WA TN LR, TORIIRE R LR, T

2012/2013 4E & [AAR DA 2o~ L722S, AR2E 1 ARH 720 TiE 2013/2014 ST LD ALFR

X 2012/2013 FF L HEA_TE -T2, 2B E L WT IO S [RIEEICHERS LT-.

T FIIRERI 2 SRERIHIER 5 W BN TN L7z, B oS A &% 2 8 A

3BT THEML, To®EA L.

5 4-3 [XIZ 2012/2013 AEICBIT AEEELTE b 3 B PO X BINCEERIE A S pREz

BILAME 1| KHI-YOEZTHEOHBZ R LT, L EFEETIIOT ORI

FERT 2> SFERTE 4 BRI T, —FRD T RN AL ND OO, KE 2l

72, FERIIR 4 B LUEODTR oL SR E SEIN L. B T X ICA &
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REFH LN T, WENOEREGHED WT OB G REICHRE Lz, +ET

VRS 2 W H 2 B BRI T THIHEIIN U7z, R3Sy, IR TR R TH Y,

FERIITR 2 3 B 225 6 1 B ISH T TR L.

B 4-4 X 2013/2014 RIS DL MFE =/ B ¥ O X BN FERIEA D B B I

B LAEDE 1 KbTe) ORFSZHROHB 2R Lz, H EEEE TR & i

(T T TOT AL & K & 2RI A B ivie o 7o, BERII O LR E A IR0 4 1

Jiti L7= 4-2-3 X & 4-2-6 X8 42-0 X L i L TAEIZE <, 4-2-6 XIIFERiIE 3 @ A i

BOWTRLBEXOR TR LS. BENOEREH RITVTHOMIK b RIS

L7c., FETIIFEREZ 5 HEICHT THRICHEM L., BREESY, BRIFERMYTRATH

0, FOBBENCNT T L7z, 2013/2014 FTIIWTILOZEE & IR 238 U T

2012/2013 4 L 0 /b7 <, Hh B Aikix BTN L 2o 7.

B 4-1 £ 2012/2013 H3 LT 2013/2014 R DHERGE ~ =/ BB OB X R

TREINE, HFERE2ZRL, 2010/2011 036 2013/2014 A2 BT DR X BN FFEH =7

HEHaRER LIZ., FRINEIT 2012/2013 45, 2013/2014 & % 4-2-6 X723 364 g m 2, 359

gm? EMERX KV £ %<, FRMTEFALNRR) -7, R, 2012/2013 4Tl

WX I B R 21T A BT, 2013/2014 4F Tl 4-2-6 ROMIALELX. L © HEICE - 12

5 4-2 T 2010/2011 025 2013/2014 BT A LM N 3 7 1B OLBEX RN T

R R TEERERE R LT, FFEX RV EEARITOVTHOER G XICA B %

B LR T.
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5

ARWFFEORER, BRAMIMICB T 26%1% 1| KbV OouWEL LUOERES A EIX
2012/2013 4, 2013/2014 FE & b1, BIK, R IUES LR, FEOVTILHLHKXHET
[FERICHERS L Cuhie. £ 2T, 2012/2013 4 Cld 5 B %, 2013/2014 /£ Tl 3 AHX %
FHL, TRENOHBEZERE CHEL Th7z (B4-5K). TOfKE, whE, #E
HARARTIX 2012/2013 47, 2013/2014 4F & & IR 4 38 B 2T THEINL, £0%I3HE
L7 o7z, Frde JOMES LR CIT Ryt 3 W B ETHUNL, 4 18 B LIRERD L7223,
Z ORAOFEEL 2012/2013 TR E o7z, FFETIL 2012/2013 4 CIIFERIHIE 2 A H
O R E THEN L7223, 2013/2014 45 CIIAEMiIE% 2 A 26 5 @ B2 THNL, £

DBIT—ETH o7, B - AN (2000) 1, = AXOEWEINBALH N GEAEN% 3 M

I

HIZHTTHINL, 0% —ELRDLZILZ2HRELTEBY, IOIZXOEMENERE 3
WRICHTTHMT S Z L b LTS, AR REDE R - EMICERT5 Z
ERFBILTEY, AREME, 2 AXICBWT, BEN%E 3 B EIZHT T Ao
[CERSN, TORFES~LHOBISND (BEIFF 2001). Gallagher & (1976) (X, = AF
IZFBWT, FEBEITEHRITHENT 200, BIAKRHTIIENET, —ELRkd2L%
RLTWD.
ALFIZEWTFENEIRAHOEYEL EOHENS L Z ERHREINTEY
(Papakosta and Gagianas 1991), A4 AFICEWTHEEHOEME L EOMENRH S 2
ERE STV D (Voltas & 1997). LavL, A4 AF CIEBEMRNICERE T 2 Rk

YWOFFE~OBEEN ALY /SN EhHEIN TS Bidinger » 1977). BHAE
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BIZBWT S, KEIFFAERB I T 2 HEOWEAEDR TLNEREIC L > TRYT5 2

EbHMESINTND Gr)lls 1996). ARERTIL, FERiHER 4 0B ICHT TWEEEZT

B

VY, EOBRFEICEE LM ED 2 FFEA~ LR ST TR Y, 2012/2013 4 TlIAEHIH
OHWENEL, BRAPECIIWEAERL S oo, RAMICE D £ TREREY
ErICTTENLBRESEL 2N TE ), TRENPES RO THAH (F 4-1
).

ARBRIZBWNTHRZE | KDY OEFREAREIL 2013/2014 48 TIIFERIL A & BRI
DN TTHIIR L7225 7228, 2012/2013 4R CIIAERIIT 4 8 B DARE, RN T TR &E < H
U7z (5 4-5 X). 7-32TiX, 2013/2014 4= TR S BRI 5 3 B 12h 0 TN
L, TOBMBE Lo 7oA%, 2012/2013 4F TIXRERIHI%Z 5 B LIS HI2mL 2.
2012/2013 FIIRERIIL 4 8 B LIRS, RBIEE DD OIRGEET Tle < Hih 26 & 25 2RI
LTHEY, HEMERIZEDBRELEOERWINPFERIC L > TR > TV

Przulj and Momcilovic (2003) 1%, A LXIZBWT, BEME COMLYEL EXZEGH

BIZIEOMENS 5 Z L2 M5 L TEBY, Jamieson and Semenov (2000) 1%, FHEDEE

M

TP ORI N OB R MR EIC L > TIRESND Z L 2R LTWD. £z, &

AFICENT, BETARTOERDBHEMEIETICERBTINLI LB HEINLTVD

(Przulj and Momcilovic 2003). Z 0 X 5 ICHEMETT D%E#£IL, BIEH E TOWIENE

HESh T/, ARBRTYH 2013/2014 4E TIEFERIHI & sl £ TCoEFRRINEIT DT )

12 0.5 meAR ! THot=, 2012/2013 FETIX 9. 0meAR ' HdHo7=. Z D7 8.5 mgA ! [ TALE

BT A FEOEHREAH T 2012/2013 4E0 23. 5mgA ™ & 2013/2014 4ED 10. 3 mgA ! &
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D7 13. 2 mg AR D 68% &7 L7z (55 4-5 X)) .

FROERGHARIL, EHLLOFERGEHIME 2 HE TH<, TO®% 4 8 BIZHT TR
MU (B 4-5 X)), ZH LA, 2012/2013 4 CIIF OB L7223, 2013/2014 4 CTIEEE
HECT—ETHo. HHE (2014) 1%, JREZ ARV EEHR LT HRE OMICIEDH
BB A LND Z L ZHE L TEY, Anderson (1985) |TBEEZBEAWINI TS L H
FRIDHINT 5 Z L Z2@E LTV 5. 2012/2013 4ED & Y ICFEOEREEARNPEE D &
TREFmD, WEEETEETLEILOICHLEZDN, WFERE D TEOERGARIC
WPRX NI AR RN Do T, FEIRZ ¥ L EA Lie 4-2-6 XIEFFEX X
VEERFELERmODL I LR, WEEN EI®ELZENTEEN, HFRIFRIZELST
50% %2 5L H Y, MilEs +3EX NI EERFEL IO R E ORITAS %R

LTV BERDD.
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S

BEMIE N3 B EY, BRRABIMICE T 2GENOIYELR S RICEREH BOH

BAAE L. RERIT 2012/2013 4E L& 2013/2014 41247V, FEJBALER X 3 ILAE—55 13> m—

FHIE DA HETE T 2012/2013 4R 1% 5 AUBRIX, 2013/2014 4RI SR X 235 1T 7-. A4% 1 Kb

720 OREREYERL L OEEESGAEITL 2012/2013 45, 2013/2014 4 & HITWTHOLFEX

b FEIBRICHERS LTz, i3 B TIEmiaER & SRR 4 @ B2 T,

T-520E 2012/2013 = CIIREMIE 2 3 B 2 5 BN N0 T, 2013/2014 4= ClLI i 2

BHEHMS 5 WHIZT TN L7, EFREAEIT, HEE2EIT 2013/2014 4 Craass

R A58 U TN L 722 > 72Dkt LT, 2012/2013 4ECI3fEfidiL 4 38 B o & s sl £ ©Hy

U7z, FETiE 2013/2014 4FTIIFERIEIE 5 8 B DI L 202> 72D LT,

2012/2013 4E-CIIRERIZ s MB UGS S BN L7z, 202 L5 2012/2013 4R Tl

REHICHBWT, RERE DO OERZET TRAHPNE ORI L > THFETHML

22 Ly s, MEAESLERNFNL L ITBER O FRIZBWTEHR DRI

DUMNTEDERIZE TR o2, —F, TFEOX NI EER/FIL 2012/2013 4F,

2013/2014 4 & HIZAE X NCA B /221372 <, B E RS 132 b T& 7= — 5 T,

TRELNIEEAREEHO D Lol
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301 4-2-2K 4-2-41% ¢ 4-2-6[X - 6-2-2IX - 624K
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2012/20134F 2013/20144F

3000

2000

WAE (g A7)

1000

T e

EFEEAE (ng A

EREAE (%)

01 2 3 4 5 6 F 0 1 2 3 4 5 6 K
4 5 4 5
H 18 26 H 9 16 23 E% H 15 22 29 H 13 20 27
Il B B L B HE A X 8 A AA 6 A8 A A
H & H o H H

#4-5[ 2012/20134E35 1 0N2013/20144EO#EE TR ~a /8 ORI O Sz R 1)
DENFEIRDI- VO E, EEGABRBIOEREGHROWR.

KRR e, MBS TR B L OIS L%, B+ ROHBETRL, P OxT——T
FRUER AL R T
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H4-142 2012/20134E3 L U2013/20144F (2551
HEREAE R 3 B OUELX R D 1

FEUL & 72K,
st Efif Ex"
Y 0,
/ﬁi{k (g II172) ( A))
2012/20134F
4-2-2 (8 g m?) 231 a 51.9
4-2-4 (10 g m®) 273 ab 37.7
4-2-6 (12 g m®) 364 b 51.9
6-2-2 (10 g m®) 279 ab 59.0
6-2-4 (12 g m?) 303 ab 37.7
2013/20144F
4-2-0 (6 g m?) 234 a 26.3 a
4-2-3 (9 g m?) 274 ab  33.8 a
4-2-6 (12 g m®) 359 b 68.1 b

BN U 72 B 70 2 58/ NS E Tukey D 2 B AE
&Y, TRENOFRICENT, LHXHIZ

5%KMETHEAEN DD Z & &RT.

T MRALEIE, FENE - 3T OIE - FEIEONETE
FRorEE, () TRERIEELZ R
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BE4-22¢ 2010/201147> 52013/20 LA4EIZH31S B ALK F D - & /%
7 EERE.

FRERINTHGAER (%)

g 2010 2011 2012 2013
/20114 /20124F  /20134F  /20144F

4-2-2 (8 g m?) 8.73 8.11 9.26
4-2-4 (10 g m®) 8.53 8.18 9.08
4-2-6 (12 g m?) 7.74 8.40 9. 44
6-2-2 (10 g m?) 9. 00 8. 04 8.97
6-2-4 (12 g m™ 9.61 7.95 9.41
4-2-0 (6 g m?) 6. 08
4-2-3 (9 g m?) 5.76
4-2-6 (12 g m2) 6. 81

B LT 372 5 30N CFI1 T Tukey DZ ERUEIZ LV, TR ZERLOF
WIZBNT, WEXENE% KETHEAEN D D Z & &R T.

T MAAERE, FENE - o OIE - FEONECEER S 'L, () 13K
/7 [ihs T R
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BMEZIT 3 A ORIEHLIE, HHZ K-> TEN KR DD [FREHIEIR] BRRONDL Z &N

SN TRY, EFRFOEFTRLZMMRT D ENRLEL SN TWD. KBTI, &

ZDSWACHIGHANT 2 ML+ D72, 3 H _EANTHEN - 2 RO L 2t 9w nU e A

BRE ATV, FREPMEMKESR, ST OMEEESERNHIC LD L ) 2%

B2 RIET LN LD THS.

ARABROFER, FRNEIL, HIEZEM L7 4-2-6 X258, foOLBLX & ik U TR

ROZP-STZEND, RbEh-oTe (F2-1HR). TRETITHLHREICIBNT, FFHIE

IR ORI K DRI L, TS Z LndmESh Tk GEES 2011, A5

2000, APRIF < A 1994), AL NDRERE —E LTz, —F T, RERGEINE 10gn?

THREIESRO 4-2-4 XX, FUHREEMIESE 10 gm?D 6-2-2 KWL T, AERE

EH LT, BT L HBRBEAROEINES RN SN2 TIERoTe. ZOZLhb,

MERMAL R L 12en* &L <ML, P ORMEAMBRICT S Z LT, O X

D, FRINENHENT D Z EARBINT. £z, QX EAFERICZAAFERNRA B0

ST b, O X 2 BRI E AR LRI ZE L TEIUETE 285 75T

HoHZ LRSI,

ST, 2011/2012 4E7% 2010/2011 A L 0 HFEHN L < TRIENEWZDICEL D

BEEAHZELNT (BE2-13K). BRI (2006) 1F, A ALAFITBWT, BEWIIEROZ W

FITFEBERENMETN T2 28 L, FES (1964) <°ffik (1959) &[RRI AFIZ
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BOW TR ORBERENNESCH EZ LT SE5 2 25 L TW5hH. 2010/2011 4Tl

W FICEHE L2 200mm OFEAENH Y (5 2-4 X)), 2012/2013F L0 &LL< %<, Thi®E

MMETFLZEEZ BT,

4-2-6 X%, CGR 23FERIH2 O FLEINC T T <, AW ORI TH ED -

7= (FE2-25). 2, EHL0MME S&LAT, NAR & biZEhoT-T-HTh-o71-. [T

AL E 12 gm? D 6-2-4 XTI, CGR N FLEHN s & s B W TR o 72 2 & b,

FNEAWEET 2 L BB ETEVILEREENZHMRT L, MEEEZToTWELEERD

iz, —J7, 4-2-4 X TlX, CGR AFEMiIN &AM, LMWL ORAIO LB 5, 6-2-2

KERBRTH-TZ. ZOZEND, MERMILE 12 ¢ n® LETWHL, M ORYIEAN

528 T, BRAMMZECTEVWELEELZTT) 2N TE D LaRrREhTZ.

—AD (1985) I, FRINEIIEWINESRE LD TEWHBEBR DL Z L azftE L

TW5. ARBRTH, REFEREENZ<, RRINERENSZ VX T, B, 7F

WERZ o7 (F2-1%, HB2-1XK). kT 2 B EEH 72 OfkiEiE, #k

BROERWINE L L EWIEOFBEBURA A L= D ?, 2010/2011 4 TlX 10000 KiH>

5 15000 K7 & HEAN L CTHH EERARO BB W EIT R M Le-7- (55 2-5 X).

WORERTIE, FEEO#EHE X OE SN ED X 5 1A BN S E TV A 07 OBE

rgAE L (B3 %), TORE, FIEZEET DL, ML 4 ¢ n? XTI, S o%4A=R

DEIL, AIESENEL o720y, EIE6 g m? X Tk, D oRAREB L OFERIXEA

BIFRBHICHERENA DN -T2 (5 3-1 ). —FHT, FUHRERGMEEDOS &,

ez ER LT 2 EADEBEREE 7. FBEZEk L, 2oEAME L 4-2-6 XX
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B 1HDTOORAERNELS, HIMHOHF4H Vo To@mffibmrole (H3-2K). A

LT 20 SITHBLORWE 1 HiRH 2 fiL Vo TLRIEIICZ N 2 L REShTWD

T (- Ui 1994), 4-2-6 XL 1 HigiF OnE< AWML LIzbDEEBEZBND.

Z T, FFODHEMUIZONT, ZTOMEE X L o> OREELE L UM E O

BNBINT Lo, AR5 TS13 0T oRBX S, RS 5 L E 8 EU T THY, £

DL MEE 1000 mg BL ETh o7 (B 2-1 K, & 2-2 [X). 2= - L& (1994), fEE S

(2001) &, AMET 20T DI, 2 LFITEBNT, EELDRIRERM ST SO (F

 1951) TEZXOLNLBEL D b I MET 2 EHME L TS, KRR ToE:

XORERITIZTE S HENS 10 ETH Y, o >ORFMELIIRIMER 3T > OB T

BAONLHmMIELY bZ L, A5TO0LBH 1 #HiNroD 1 RGTFTHO>ThHo72 (6

2-1 ¥, #52-2[).

HAE 4 g m? XTI, FERZHEET D &, RAEIO 1 RS TS OEMENM L TAEME

Lz, =75, ST SORERPEEVEHELEMS TN, €0 D E)

Xlpolo, Eie, A, BHXICEDLY, REELD 5 HELL LT 1 KOHMEN 500

mg A& DIRALETIRS L ORME O T 22 L < BAESETEY, T LITENFECEVESY

T oLiote (BF3-4X). FIEZEEE L, EAMET 0 RE IR, B

BEBAFEORENRZZ 6N OO, ¥WE 1000 mg LA EOES BELLKME L, —Ho

3

SNLEIOF T O BT DEARER LN, BRI LT Z &R S vz,

BEIZBNT, MR, BRI L Vo AFRFOBRICEVEED Z

EVRHESNTEY WIEDS 1991, HFRPmEL&mEZ B TSETLED . MF
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RIIFERZ NV EERRLEOMICIEOHBEBRRH L Z 3 HESNLTBY GEH

2014), FENEZ¥EHE Y 5 %M E AR EIERSS X, RS oV HEaARelinsd, WEx

KTFsEsZEnBaasnd. ARBROME, FENEIT 4-2-6 X% 2012/2013 4,

2013/2014 FF £ HLIZBWHFIZH T2 b DD (5 4-1 K), TRLX LRI EEHERITRBR L

2 A R TIC B W TREXEICHERZ I A OGN o T (B 42K). £, ARE1

Rbi= v OFEHEFREGA R LFRIH ORI BN T, W OB G FERICHER

L7 (43X, #4-4K). 5T, FEORBESHEIL, 2013/2014 FCIEFERIE S

FERTINE 5 W EHISHNT THRNL, ZDO®%BEEM LR 7=2%, 2012/2013 4E Cl3EEHiH% 5 M

HLARE S HICHIN L7z, 2012/2013 4 ClIFERIHIL 4 8 B LR, SRELRE DD QRG2S T

<, NS HEREWIN L TWD I ENHEER I, BEAE LEOEZWINBZFERIZE -

TH 72> T~

UbDZ e, FEIRZ MR L - R E ORISR E, BRI 2m CTaymE L

PEZATVS, ZUWLTE =T, FRIVAIVEEGAREEOBROVHETIETHD Z &N

BHEMNE 7oz,

BRI OEFROWIN O FIFFERIZE > TR > TWe®, 5% I OIFEREE

RTHEL, [RPHEAKE LV TZRAERELAETRUZFERMTHET52 LT, &0

L0 A TR IR S B RR - TER ZWINT 20 EHLNICT L ZEREEND.
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i A 2L

BEIZ, IHARIZREWNT, FICRRE-CHEROFEH &L LTHEH S, a3 5FIRCE
TEE L 72 o TV . T4, EFENOLOTFENGEGE Y, HRDIMENRD LI TVD,
ZDOEFERITRS, INEITREYEZ TE> TS, RINOER & LT, 3 A OREHILIRE
ICEBR KOS [HREGIER] "B 6N TEY, BFEOERE - ZHRi2ED, LIXL
FREOBDIC LI VRN E 25 Z s bWMESNTVD. —J, BEIZBWT, HEIEOHE
R AEINSE, WEZENSEDL ZLPREZMESNTND Z L2b, MEELHEE
L% W E AR L VRN Z R ETE LB 605, AZETIE, IARIZHEW
T, BEDOZIUCHIFEAIN 2 WL 5 7200, IO K 2 % SRR RS 2170,
BEOIER L ORISR, STRWIM T OWEAESERN#MEREL, ToaM%
FHOMNMITHZ EAHME LT

FFEN AT, BWEARANERE D 4-2-6 XM OLIRXIZ AN L o7 2 &
b5, bEhol-. LM UREFRMICE 10 g m20 4-2-4 K& 6-2-2 KTIELT L L%
FAMGE L TR, RERMIEEL 12 ¢ m? LWL, 2% E GRS
52T, BEHINL, FRINEZEMESED Z EAURB I L7, 4-2-6 X1 CR 23FEHI
WD BRI, BN SRR O 86 5 OHIICHB VTS, S&LAL NAR 23 & HIZEN->
e lhbmhols. —F, FURERINE 12 ¢ m? D 6-2-4 X% CGR 232> 5 7,
P TIEE D212 b OO, FLEWIN LREGAMI TIHK T Lz, 4-2-6 [KI%, #1 EiakoEhk
BAHENFERE LT TICE S, ARAME TOWRNELZ > 2 LA TH m)e

ofz. PLbnG, BEIEZ MM U 7o 0 AR RS 1, BRI L, T % Z &
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RSz, ThUE, ERWIES SR DS, BRRWIEZ 8@ U TEVOLE akaE

FHEEF CETMD L EZEZLNDN, 4-2-4 XN 6-2-2 KL D HINERD RN LG, FEIE

BMOhREE WS L0iTte LA, REZMIEEL 10 g m?2205 12 g m2~&8NL, 7o

FHAB 2890 L 7=/ R e &2 bz, EICRBIT 2 BT f&E S 7= » OfKIEI, 2011/2012

FECIIH BRI O E RN E & b m W IEDOFBIRIR A B 472, 2010/2011 4F T bRk

2 10000 KiZ B 2 725 7- 0 £ CTIEOMHBERBMRN A B DD, #ki% 10000 Kinx 5 15000

KL &ML T oM EERAROERBINETRE SHEM Loz, 2O X5 IThin£ <

RHKIFE, FFRICE > TERPINEITEWD 2 DI, EBRWINESLT L b B mESH

720 DR TREND V7 DRBIZELASN DD TRV EHREINT.

FEAL oD K fi U 72 1% B0 B R e BB | IR S N LIE S I L7z, £ 2°C, B

FE23 53 T DD T D OF I ED L DB L7270, BN S ¥ 5 HIEIC

DWT, DI OO, R L WEORBEBRNORE L. 20 o0 AR

fE4 gm?X, 6 gm?*X&BITHIEZET DT EmNroTc. £z, MEHRMLE 12 g n?

EELSTMT DL, B 1EORTOREREED, PORMEAMRIZT D L5 3 HiP

FAHE W@ O S T ORAEREEOT-. AEAGIE, 4-2-6 K bEm<, R

T 4-2-4 K Thotz. ZOLHITHIEOREIZ ST 22 E S EE0EEZED, 4

FToODLEL 2HMELIZ EWRENTZ. A3 T2, WINORBEX S REIHES 5 3

DIESIELTTHY, O DWW E 1000 mg UL ETHo7-. HEE4 ¢ m2 DX TIE, Fl

JEAERT 5 &, RALEiD 1 RGITORmALEi N DD 1 T >O—#aza9kL, A%

EDHIM LTz, 4-2-6 XTI, ARAZEI O 1 R F SO EPHEIML, @O 1 RS0
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IEMEETICEG T O Lo b DD, EBEEHN 5 T 1 AOFEWEN 300 mg

N5 500 mg EAERNHIOFHELDENLO AL, 2O XK 51T, FEAEO RN Hi

D 1 WIET OO ELIEN L TAEMEL, SAETO oI 2REREED THME LI

MEETZbDD, TO%L AL Lz, —J, L6 g n?TlX, &HiTopFo%

R EEDRNSTZ LMD, SN D DEHEIID AR, EAHO 1 RSTSDOHN

AL LTz, RRBRTIE, ST O0FDMLE T OOEREARL LOHES AR L ORMIC

ED XD BRBRND 2T HOWNTHIENT Lz, 2T >OEHRGAHRIL, FHIEZ L

4-2-6 XD 2 fili | R DITA R, B L HIT 4-2-0 KO LHi 1 oy F > &L

TEm-oTe. ZIFOOREEARILFE CAB XN OAZZE & B3 & ORIEITZ B 7R)

STEN, BHGZTODRIIHONWTHD L, EHLLDONBX LG AREGYELE OMICE

BERIEOHBEBERARD b, FEEAERNEWVER T OIXERER L Z o1, XA

e L, BIfE, FEERICEDL DT DIHEERN 10~20%DFHICH 7=, kD &

6, R 2GS 5 R AU AR, ERE ARSI L OLEREER LD,

[FULEEM SR EINT 5 2 & THAZENEM LIz B2 bz, REER 5 ik, &Y

H 500 mg AR DEBENFE LI D XD AT L BT OOEERBICH D K D 7253

FoE S RESEELOD, 1 AKOELMEMN 1000mg UL EOEL KEL-ADSTF o524

L 7B E S 2o 7.

—J, BEOWEE, EERFOBIEICIVMFREPEEY, BT T2 R RESN

THY, FEIEEZEHT 2% E SRR IR EZORE AR TS5 E2 6N 5. i

FRIIFEY AV EEHEREEOHBBGRYA DL Z &b, ML L ZERNFHEIC &
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DL HWVIEMERICRIN Z, BRI A BEC TED X DI FE~LERET 57, FFENE

CINERERRER AT D & &b, BRAMWIMT OISR "5, T, 7, IV
TREOGENGMEL BRZEAREREL, TOWBLK - it L. AXE | Kb
D DEFEA R, 2012/2013 4, 2013/2014 4E & 4, FERIHAD O BEIZ 0 TP o
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Summary

In yamaguchi prefecture, barley has been used for miso and shochu is secondly off-season crop
following wheat. Recently it is high demand by users and need to product increasingly. But barley
production is low. And also its grain yield is lower than nation average. As a factor of low yielding,
its growth was weakening after top dressing at spike formation stage (SFS) in March, what is called
Haruochi. In addition, previous study has showed that its yield has tended to decrease to decrease a
spike number by warming and increasing of amount of precipitation. On the other hands, another
study has shown that grain yield is increased increasing spike number in order to increasing top
dressing at SFS. Thus, we considered that increasing the amount of topdressing at SFS might
improve low grain yield in barley. In this study, we conducted to cultivate with increasing of top
dressing at SFS and investigated grain yield, yield components, dry matter production and nitrogen
metabolism to establish the stability and high yielding growth skill. And the objectives present study
was to clarify the effect of increasing the amount of topdressing at SFS.

First, we investigated effect of increasing the amount of topdressing at SFS on grain yield and yield
components and considered dry matter production by using growth analysis in ripening period.
Grain yield and spike number were the highest in the 4-2-6, increasing the amount of topdressing at
SFS. However, emphasizing topdressing a later stage did not give grain yield a positive effect when
total N was 10 g m™, because the grain yield was lower in the 4-2-4 than in the 6-2-2. Therefore, it
was suggested that grain yield increased by increasing spike number in case of increasing the

amount of topdressing at SFS in barley when total N was 12 g m™. CGR, S&LAI and NAR were
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also the highest in the 4-2-6 during ripening period. CGR was high from full heading time to milky
stage in the 6-2-4 (total N was 12 gm™), but was low from milky stage to maturity. The N content of
whole plant was already highest at the full heading stage in the 4-2-6, and the N uptakes during the
grain filling period were also highest in the 4-2-6. We guessed that increasing topdressing at SFS
was increased grain yield as photosynthetic ability brought high N contents through ripening period
could maintained and the spikes were full. Although grain number per unit area highly correlated
with the N contents of plant on the ground in 2012/2013, when grain number increased from 10000
to 15000 in 2011/2012, N contents of plant on the ground did not increase. Thus, N contents,
especially in treatments having the many number of grain numbers, varied by seasons.

Second, we investigated the number of emerged tillers, the nodal position of the emerged tillers and
the characters concerned with productivity of tillers in order to clarify how the topdressing at SFS
increases the spike number. The more topdressing at SFS increased, the more emerged tillers rate
increased both basal dressing of 4 g m” and 6 g m™. Total N amount 12 g m™ increased the number
of individual with emerging primary tillers at the 1st nodal position. Increasing topdressing at SFS
increased the number of individual with emerging primary tillers at the 1st, 3rd and 4th nodal
position. The percentage productive culms was the highest in the 4-2-6, secondly the 4-2-4. Thus, it
was suggested that increasing topdressing at SFS increased emerged tillers rate of the number of
individual and these were became productive tillers.

We analyzed the mechanism of becoming productive tillers by investigating the dry weight and leaf

expanding of main stem and tillers. The productive tillers expanded 5 - 8 leaves among the all
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treatments and its weight was more than 1000 mg. The basal dressing 4 g m™ plots increased the
productive tiller by increasing top dressing at SFS, since the primary tiller at low and a part of high
nodal position became productive tillers. In the 4-2-6, productive tillers at low nodal position weight
increased. The tillers at high nodal position became the non - productive tillers expanded about 5
leaves and its weight was 300 - 500 mg. A part of these was heavier than productive tillers. While
the basal dressing 6 g m” plots increased only the primary tiller at low nodal position because the
tillers at high nodal position did not emerged, in addition to little non - productive tillers at high
nodal position. We investigated how relationship between productive tillers and nitrogen (N) content
or water soluble carbohydrate content. N content of primary tillers at the second nodal position in the
4-2-6 was higher than one of the first nodal position in the 4-2-0. The water soluble carbohydrate
content of tillers did not differ between productive and non - productive tillers. But only the non -
productive tiller showed significant positively correlation between the water soluble carbohydrate of
tillers and dry weight, and the non - productive tillers was high water soluble carbohydrate content
of tillers also expanded many leaves. The water soluble carbohydrate content of the productive tillers
which grain was growing ranged from 10% to 20%. Therefore, we suggested that increasing
topdressing at SFS enhanced the photosynthetic ability by increasing the N contents and productive
tillers increased by increasing accumulation of assimilation product. And it was emerged tillers that
expanded about 5 leaves and its weight was about 500mg, what is called late emerging head, which
was the border between productive tiller and non - productive tiller. And it increased a number of

individual that had productive tillers that its dry weight was heavier more than 1000 mg.
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Finally, fertilizing top dressing at later stage in growth period became low quality by increasing

steely grain rate in naked barley. On this account, we are worried that increasing topdressing at SFS

was decreased its quality. As the steely grain was showed positively correlation with grain protein

contents, if we could find that how many the amount of nitrogen that was fertilized the field did the

plant uptake of N and translocate to grain, we would estimate the steely grain emergence. Thus, we

investigated the amount of N contents of each organs, flag leaf, second leaf, lower leaf, stem, chaff

and grain, during ripening period, and we would clarify the nitrogen metabolism in naked barley by

comparing among the seasons or treatments. Changes in amount of N contents of each part per a

productive stem were similar among the treatments for both seasons. Amount of N contents in total

above ground increased from four weeks after full heading time (FHT) to maturity in 2012/2013,

while it did not increase throughout grain filling period in 2013/2014. In grain, amount of N content

increased throughout grain filling period in 2012/2013, while it did not increase from five weeks

after FHT to maturity. Therefore it was indicated that the amount of N content in grain did not only

came from remobilization from vegetative organs but also from absorption from soil during grain

filling period. There were different for two seasons how the grain absorbed amount of N during later

grain filling period, while there were not different among treatments. Grain N content increased to

two weeks after FHT, and it decreased to four weeks after FHT both seasons. After that, in

2012/2013, it increased to maturity. As Grain N content increased, steely grain increased and more

quality became low. However, in this study, grain protein content was not significantly difference

among the treatments for both seasons.
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The over all results of the present study revealed that increasing topdressing at SFS was effective

fertilization method which kept maintaining high photosynthetic ability during ripening period,

assimilated many dry matter productions and increased grain yield by increasing spike number.

Moreover N metabolism was not significantly different among treatments. Therefore it was clarified

the increasing topdressing at later stage method which was not only high - yielding culture but also

was not increased grain protein content.
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