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F1E K

FE1H OLXZEHCDHIREA

I AFEFEU, HE, A F, 72UV IBERE, a7 &b
REECTRFG@EMHICEBE L TEBY, HASKOEEREIT 126 5L &~
Thod (BARKES 2015). Zhix, BWodF TlXhryERr 3D 989
BT M ACRSAEAERER>TBY, 1 X250 THAD I3 KREMIC
fLEMTonTWnD., 4%, R A OEMITHEY, HHREED 2 A
FEHEREIHENT2E TPHINRTEBY (BARKES 2015), T d4E
PEE O MMN L E LR > TWND.

—J, RO a AFXFAEEREITZEI T THY, HARAEHNOER =3 A
FHBERZST3 T MO 12% %2 ED DT e (R 1-1, BEKRKE
H 2015). A@BloBHKRETIE, AARAHZ (FHOKH) 1 60% & EHN
FELL T m A, RS AR RO, EERIOB) X 5%, N &
(R K, WERAK) X 3% LD (BWAKES 2012), =0 KE S
ETAVADERE, DT X EDPDLOBMAICEKGFLTWVWD.ZDOED
HAREWNTIEZ, BARGHBEE L TCEZR CEaEmEORHERENED —
., HHEBEOBEBHN A RLHETMEO LB L OEN @S O IE K

MR O BTV D
#£1-1 AAROER 2 LAXHEE.

$oa e "
s Fh) @) i
e ERER LA 2 0.3 Ry, U IIE
i bR EEE 2I1ER R 47 8.2 Wk
Z o JAeifEEE PO B 5 E) 20 3.5
[E[PEE B B 69 12.0
HFHFET AR « Ly R« 27U 7 (1CW) 95 16.6 1%
TAYAEX—7 « ) —HF > « 27 Y 7 (DNS) 128 22.3 SRITKy, UESRIIEY
TAYBEN—FK - Ly B 2% —(HRW) 84 14.7 98 %y, YW
AN F—ARNFYUTERAZHE—F KT A k(ASW) 86 15.0
TAYAET = AZ L« KT A K (W) 76 13.3 #H A8
T (T 2T babXE) 35 6.1
i N\ B B g 504 88. 0
AR 573 100.0

B EE - BNAE CFRRTERE Y5,



F2fi ABEICETIMBEETILXOMESN T

MEEIZIEARAO I LAXFAERDO 6 FIL L2 HO 2 FEMTHDY (K
1-2), MAERE COMMEERREME T L2ERIEY TH D . 2013 FE =
AX OB E L 122,000ha THY, TDIH L, & 25X 0K
MR IX 108,100 ha & 7e o> TW oD (b E & BF 5 AT 2014) . £ 4 o fF
MHMHEOHER 2 H 5 &, 2000 4 F TIEHMMEMIZH > 7228, 2000 F R
CAD &, TEHMEABEZXCHBEAEAEZ B & L CAEMRE@DHER
JAJdHEP SR I TRESI N, ITFEIT 110,000ha 2 E T
ELTWD (K 1-1). 20134 FEFE D 10a & 7= 0 UL &1L, #HIF R O 318kg
(kb LAk B 13 436kg &om v (e aE B BOE B AT 2014) . 2 vk, AD
JFRE N, INHEROREREDPZEL CTEBVEEFREOIRHF
Ml &, FEFEEIPORAETOATHMBIENZ & NER &
ZEzbid (dbiEEKREZL BB 2004).

W E OMERE CIX, KEZ a2 LXFTHEDMEDLLE L TAEMNT
bivs. MEEa X oR TIH@EMIL 16.1 K /ha &> TkV, &
ZHAEY O TR b D (F 1-3, oS BB 2013). 2 0 — 77,

g5 18 )1 R 2 A
RAMET 2MEREICRBWTIE, KEE a2 LXOEMEREZ GO TH
BiERZK > TWVWD2ONRBIRTH D (F 1-4).

£1-2 AAO= LFEAHEEEWER (20134E5) .
YEAF i FE (ha) I & ()

B EER B 7m0 AT 42,760 [ /BEFE LMD TE WO T,

4 [E] 210, 200 811, 700
Ak v 122, 000 531, 900
et ] 14,900 50, 200
1 9,910 29, 600
AR 6, 600 18, 300
S 5, 860 25, 400
—H 5,670 16,200
N 5,270 22,000
B E 5, 120 20, 400

B B BNAE CERRSTHERE Y 5IH.

2



F1-3  EZMIEY O J7 W] & 55 B R & 72 0 A

SEEEE SRR H 7D IR

(RIES (1 /ha) (1] /1) % (TEZEMER)
MiFEEaLx 16. 1 42, 760
B aisx 15.5 19, 747
At 109. 3 5,716 Mk B2
AERAANLA Y3 115.8 3, 824
BIFEH AL A>3 52.2 9,821
HA R 52.0 10, 158
7 R 48.6 8, 325 VN A T

Ay B R 2 A EE R AN R SR B 4 R (b & = Bir2013)
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1-1 deiiEIC B T D KE S 2 A X OEMEEOHER.
AR 264 P R MOK ERERF AR E R (L&) X0 5.

Fl-4 ALiEE SR T D EEMIEM OB EFE (20134F) .

1EW) 44 YEAS m 5 (ha)
=N 122, 000
T YA 58, 200
NhA T3 53, 400
TR 61, 380
i3 22,200
7270 430

Jbvi s = AROK EERL R e B i (- Rki24~2564F) LV 5] .
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BIWM LLBECEITIMBEILFBEORK
(1) BREOHYVEFELLREFMOBE LY

L EOKBFEET T LAFICBT L EREMNTLETIE, FAR27 a4
X, IRy vr), T&@Ehnr) LGV EDLY NIESL, W ED IR
ELDBICHBEECH T IR BEALZ (MRS 2007). BLIE O K& &
(73 Rd) IR OmAHABBELTHAAARZE DL TEY, L
(EFENPLEFBMATLAXFTHERNEGEWVWEIND A=A FF U T v« A
g A=K FRKTAF (ASW) | CHEHEHTLIEVIMESTWD
(£ 1-5). 7=, OB OIBEDT LYy RICEWEFLRNUVAIC
bbb o2 E, HBOHEELIEN > TEY, 4% 0OFHEILK® L
SN TWnD.

HEETIEIEOEEKRIZELY, BMBROBEW N - A & 5 ME
KA LAFXFHE~OEMTERIEDLNATEY, EFEa22X25D
THERTILAXMEOMEMEEZ STHICT HIEMBEERBENIEE I N
TW5 (] AJLWEE RS 0 TRk 27 4F B VR 1 A 5 R B
B iy, BEROKFEEaLXEE (WO bnb ] (HIH
2011) & o2& b (ngidEEEBE 2014) 23 db g8 o 52 Jph & ff 1 ok
EEN, AEBRFTCORENHEE > TWVD (LEEXEZXBRHBS

2015) .
F1-5 Z721F B0 AwEE.

DTHEADERERAE

HERG AT A4 ”E§ 1, S X R o E ALk a5
(20) (15) (10) (25) (15) (15) (100)

EFER A 6 16. 6 10. 7 7.1 18.8 11.3 10.5 75.0

O 2 rKrv 6 14.2 10. 4 6.9 18.8 10. 0 10.5 70. 8
ASW 3 16. 3 10. 7 7.5 19.2 11.3 10.5 75.5

Eik61E 3 14.0 10.5 7.0 17.5 10.5 10.5 70. 0
EE A 6 15.9 11.6 7.4 19. 4 11.7 10. 6 76.6
WEEENE KT v 6 15.0 11.0 7.2 19.2 11.5 11.0 74.9
M ASW 3 16.3 11.8 7.4 18.4 11.5 10.7 76. 1
Eikels 3 14.0 10. 5 7.0 17.5 10.5 10.5 70. 0

HIIR & (2007) db¥giE 37 2R BRI £ B9 5 K 0 HFe.
BREMB A O AT S EIL20024E ~20044F (20034FpE~20054F ) 3HED S,
WTH EADHERREDKHEH® () WIXRA. FEEIEPE EkelS ) 2 HAHEL TS,
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(2) KBEE2L2XONEED

EVEEICB T H2KEE 2 5 F O U &L, 1990 4 R 1 Ml 7 4K I 4R 2L
g TIEHK 300~400kg/10a THERE L, 2000 FfRIC A D &4 500kg/10a
FTHMLTWS (K 1-2). IWEBHMoOERE & L TiddmfEBEEOR R
MREWEEZ BN, EKABA R THEREFMMER S OREFICE,
WEEO B WHE~OmBNEALT (LilEEKEK RS 2004).
FO—JF, HiED 104 (2004~2013 ) TOWNEL R D &, 313~
510 kg/10a (dbifF & B BEH T 2014) EFREH N K&, BAED K
Bl (X723 A WUV EDLs ThLIEINREDO AL E I D HIN-S
TW2. &6, EYMMICITHERERELOFEIC X0 53 MM EHE
TLHETHIN, TRHICXYVNEIFETT2E PRI TWD (Fik
5 2011). Zok®H, MLEFEPLEFTHREIZSD W TEEWVIEMAE S
NTVWDEIR, MLEERIKRDLDEZATHWILZEREBICXIETE TV AW
7R VT N SRS

600 - 60, 000
s 450, 000
©
S 500 f
o 140, 000
= >
i =
Z 400 4 \ 130,000 gy
9} \ / o
b
jg \‘ ',' 1 20,000 ¥
g 300 F oy
— 'r‘ --@-- 10all & 4 10, 000
—h— R
200 T T T T T T T T T T T T T T T T T T T 0

H O O~ 0 OO O — AN M F IO O I~-00 O O~ AN M

OO OO OO OO DD OO OO H —H —

S OO O OY Oy O © OO OO OO OO O oo oo

N o = —~ —~ — AN AN AN AN AN AN AN AN AN AN AN AN NN
X1-2 L EOMBFEET 2 LAX TONEDOHER.

ERR264F FE R MK EEM T AR E R (evFE) L v 51 H.



EA4W LLBECEITAIMBEILIHREORE

tEEOKFEE s LFXFIRERABICI - THEILBRSINL, £2%
WAEONLIME~ED BEDo TWVWDLHIH, NEIZBT D2FEREDH DK
TSR RELERH-o TS, AEBE TORNEBEORZESITORN D HE
KiTkD 2 RICERNTE D .

(1) K[EWER

1 HHEE, NHERENOBERICE2EBEECHER AR EX S EICE
KT 2INEELE THDH (M 1-3, K 1-4). deygEE T, IXHERH &2
2 1THAHHPH~8 A LEAICHEEMBEOILEICX > TREFRIAL 722544 T
X, R EBERNICIVERELIRET D (FHE 2000). Z iz kv #H
AR ALC TH_EBEEPEKTL, 612, 7Iive—2AGFFFKROKT
L THEBNKTT D (F@ED 2007). LA L, ¥4 Tk 3Em
HomWimHPAHAE I TEY, BEoEehfE 232 T
PR LMD “CRH” BRI TWVWDE (MRS 2007). 7/, B
DARGZMEIC X DAY THE (QBEREZERBS 2015) e
JE—Frb vy 7% M0l a s X EHNHELEYXT A (BE
2007) 72 KB BHE S TR D, BEE AR S W 7 g IR B 2 T
NERTWS

PREMTIE, T LAFMEMBCFTEHOREERLICIDINENKT
T ENH D (ERE 20000, LaL, HAMEORHBICK > TIliwE
MRS TWDZE (HBH 2011, BIR D 2007), £ 7-BiREH
AR O ENER, RO ZEMPIRERSEL S TWD
M JE f BLED 2014) .

ZOXHIE, KREmMICERT I ELZE IR L TIE, HMEREEEE
U0 HE B AT, Bk OVER AR E A2 E T & o T b S AT RE e H AN S B AL & R
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DO b D .

M 1-3 S F IR T B .

X 1-4 aAXWEMHEBICILIESFTOHI.
(I 35 22 100 23 38 9E 8 AT )



(2) REFHENER

2 KRB, R 2 XD ERER EZ R 7 R e B R
LREBARRE, REBEEHNERNICER T LI O TH L (K 1-5, K
1-6). BAEOKESLME 1223 RA) 1T, T DHBENHEKL O TH
BEHPELHNZ MO TEY, FEISTITZoMEO T KLY
M, BEEZICERTLIERPIZHAONTRERMBEL o2 OGf
A 2011). MEBRZICLIZERIZ, LAEREOHDLNAEREY O
R FIC X > T TRENKFTL, REIXTREBIZKTT S Ok
1968). & H T, M ICLLI2HBBEBEORTR 7 I —2AFHEOKT
X THELELIKTT S (FEL 2007). £ —JF, KILHES
TRHEIN DRGSRV EoWE (Ll EXRKELRBS 2004) 2
HY, WE R EEME XIEIRICo NS, oK DT, BEE BN
LEBRKI T TITINEOLEITEL W,

EVEEICR T DKFBEE 2 L X ORBE LML, BELEHEICHRK
TOH T OO MEFBZICHEEEELIFRE I N, @ EDOERFEFL
AEEZZREL WD (bW E REE 2011). T obb, 57>
DIFBERIKELABBMEREZITOLOOEBICRY, NEOEMEZEL
CWHEELRERERDL. LA, LBEOKEFET 2 LA X 05T 2%
X, REHMoOBEHMMEE2RBT 0T T ~0OEBHAKNETH, Zh
FTCoOELZApTOMICEATLIMA IO, £, ST HEOE
B E OBMBICODVWTHE AB RN Z . 0o EEBYE O KR
EHEMRIT, SMBICBTA0T OO KRENRBERMENK ISR E
DR LA APORBFEENITON, BBOoOBAERNEL, NWED
AZES bbb T EFERIZR > TWVD.,
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E5W MEBEBZILXONEERER
MEEaLAXOEIL, 1 BTrEEREEEMAEDEDL D EH THERS
n, T0HH 1FEFFEEIT, 1HEEELE INEOHE TRES. 1 73
HOHS>L I REMEE, IBEEEAHEOREREBIZIV NEOLRSLHED
REasrnEAsh (LB EXEZXRBS 2004), TOBRO FIEXHORE
DEFEIZCIVEEPLAL2BAEEIRESENET L, 1 BEREITD 2L
D, IHIT, 1 BMEKEIHAEMBEOERENSLE R, BLORIEI
FOVBENERT-HAEETARARBMEL AR D2 RE, ARBEMHITE
AEanzd., D&, 1 NEFRAYHMPORIGRELCHEEHIZES
Shs (RS 2011). & 2bb, 1R EITEAYEF OKIENK,
HIIFFERAEWIEZERES R, [ERXH W EBRAYHE N EMN T 25 0T
<722 (Fiks 2011). 72, TRNEBEFBEELIZVWIZTERI 2D, 14
i THRLESAICITEHFELIBELS 2D (bifEiE R B 2011).
DX, MBI EFEESCBLAROETFEMES, BN EED 2 5T
ORI o TELAIN D (ALl ERXZEBRWH S 2004). T2b b5,
BNEBEOLLZD DT SOBRIZ VW ERE”NZL D Gikb 2011). =%
o, MM EMEOEZOVEER DR VES CIEEIE Y (LiEEKESK
B W 2004), MICHEBERZVESE CE, LNEMEFT L TRHESED
BrFT 228, HEOoBARAREETINEBICREOALEI L b LT.
ZOEOE, MBEETaLAXFONEDT, | FEELHMAmELZD
M CTHERINLID, TOHMEBIIIBELEHORELEMHFICL > TEL &
ns. o0oHbL, NANICEHETCEZI2HELEGETE, 2P Ko & H
HEICL o THERRRDZ D, T 2K 2HEEICEHLST L L
T, MEE 2 LFTOLELEELBMER LICORBLIELELRERATDH D .

10



FO6H ALFXOATFOHICEHTEINMETOHRR

ILAXOHFTOMEICHONTIE, TNETA R - AFOHT HMH%ER
L7z BE- "Moo > (A 1951, LT, Il B ER) & f o,
REEHRBEoOScmT 2R EL TS, ZOHBIT, DX
(BELR2) OFE nERXHMB LTI, TOXD%E (n—3) Hifr
DO aTF ORHETLZHAEND S L L (20 z [0 > o8 8%
WS, HBEHEOS T OMERBEE INEOMERMEE & H L
(ZhzFMBEOCHAMELE W) L THY, I TDH Kirby (2002)
DRk e LA 2 A L Tn B,

D%, 43 TIEMRE (1987), AL (1994), % (2003), # %
Ao (2004) oMKk SE, AEHL CEI ST o202 b —
CFERAZBOVWEREEAFZIN2 AL A TWDS ., 2% TR
M ELBHBT AR, 8/ T OB RESKEREY O IR
mEAEML, /s 2iXWik 245 (Chafai and Simmons 1988,
Lauer and Simmons 1988, H {5 1990) Z & 7 &, Hil[# B 46 H1 LLBE
T ook EHERREIND BEARADL 1956, Kk 1956,
Hfk 5 1989, Davidson and Chevalier 1990, Z - (Ll 1994) Z & M
Aoz, 618, Bk - BESTF oo/ EERE N (FFEL
1989, & 5 1993, fE S 2001) Z &t bvWMESATVWS. LarL, 4
FonGhibT 220G OHEIL, —BEREFRNETCITIRNETHDY
(Hay 1986), 72, AN VWIEHMERES 2 TORITFOHOE
HARETWWOT (BESH 2001), BT 2O0F0boEEZ N L NICT

H0%, ZRBETNNVBHETH D.

twmEIcB T 20T 2HIcE T 2L TIX, EHF X=X TIE, K
RETOOENMEEPRFBN X, ERNPOLERINDFEOINEN G
WZ ERHEINTEY (FEE 2001), F 4% ECH EF LGN O %

11



BiZoBmBoTWwWd., —F, MEEa XTI, BEELZLLAHICH
TTREDBBMITIET T 2720, BETHTHO>ORAE L MEZBH T
L2 EAESTEHRY. £, RMoOBESISHMEICTE T 250 > 0B
HEEBHESL L TWRW., 20k, MM T SHELIT > 2@
HEiEA L, BEERICHT LI OO MBEKRHHE Mo EE (4O
SOHBKEAX) ConTIE, EXEREBERLEZV ST O ER Y AT
€4y VT L (FEES 2008, HEH 2014) OB THD.
ok, EEOSITFOOHBEALZTOMWEEZFEMIC R LIcHE X

M, AINUMEoOME CoERMBERICESS AILEREATRE LR
BEBHBENPZHEALTONLTWDIONERTH S .

B1HH AMEOBEWMLBERAER

AWM TIE, EBEICEBTLI2KBEEaLFOH T H>HEELZHLE NITL
HEEHOERICER T 2 &L 2 s 58 B Bl & f Sz
LZHMT, UTFTOBEBRICESWTHARS X OB 21T - 7.

FTHE2EETIE, A~ » HZbObASEHHETHMHIZIEWTHE S I
ST OOHBERHLEEZOWHELMBENICHE TE D FEZHRFT L, f#
Gl Fo B ALY L., £, b\ EOEBRLE X 71X
Al O FoOHBEREE AR EOBARERHEL, HEOREE
BIZoWTHRHLE., 618, AL LEEORE, BEB IO E
MR ERZHAEL, 2T >OHBAKHAINEICRXIETTZELZRFTL L.
FBIETIE, BAmMoEEKTCoOS T OHBEREICERL, MEOKX
TS (BAAO EXER) PEEOCNEICKRETTEEZH L NICT D
LEbiT, ZNEHLILDICHERBAAO EXEREL X OERKSE
NIz O OFE TR E 2 mE L.

BABETE, CNLECTCAHA T LB EOKEFEXT LT OH 1T

12



HBERXNICOWT, BMHOMENZREBHHAAEICESE FILER L O E
Rerdelbia, i oHBEOMERERZBRIL .

HEETIE, T oHBEEBHLAMILR, BE, BEB L TIERM
REREDOBEBIZOWVWT, F2HE TR LE &3 RA] ITMR T,
kW E TRESATVWAMO 2 B BIZOoOVT LB L -,

KBEOFE E6ETIE, F2E~FEHFETHLAZILELLEBEICIKIT D
KEEX a2 X000 FO2%ICESINVT, %OLEHE~DERSXLE
MICZIAGELAIREEHREIFICONT, BRAEMWITBEZEL .

13



B2E [T ODENREEOHILILASITOOHEARLR
REERELIUNREICRETEEDOEN

devgE T, REBESHEICKIS TE 200 28 B a & %25 LS
NTELT, BENPORAWME TCONL T HOHEZMBEANITE L 2%
HlxHmLhLTWhWw., £, ZThAETHTF >0 RS L DIP LG

<4

BIECOWTIEAPZRANEZL, BEOARESEZHSERLEZR > TH
% .

ZZT, BB EOKFEE L FTORTHOMEZHLENICTT DO,
F9, RHMETHHE COLREZG T HDHBLREY L 2 0HEKE 2 ki
WETXLI2MEFEEMRFT L. DEIT, ML L0 T 2B B A S
EHVWT, oo BEHE AN ERLEOBBREHAELL. &5,
AL LERORRE MEBIONEMBERICO OV THHEZ TV,
S o B EINEEOBRREMAEL .

E1H MHEFE
(1) REFH &

e e LT, koS AE T3] 20k, &
T2 ) 1, AL (2011) 24T - B HGH & 22 & 0 1F o H B2 IE B
THEEHEIPE LW X mbN, AEBLG CEREREBEZICERNT S
RPN ZHALNLTWD.

A FRIL 2011~2012 & (LT, 2012 FE L 4 25), 2012~2013
Fo(BLF, 20134 FE LT 2) o 2f/EE L, kRFIdEICETD ]
AZTHBLWREERINE 22— (LT, ABSE & T 2), 8l F 8 &
X (LF, BESGETZ2) o 2B THAELL. AifFiETVwTnd A
LA aT, NHEHKE, =m—FVIZL2B8MEEXEZIToLKICa LT

14



R L. BMEAIX20124F %1 ABE 9 H 228, BEETIH 28
H, 2013 X ABSE C9H 21 H, BEHBTIAH 28HE L. #HHE
BEXmAE LS ABE T 150 ki m?, BME ¥ T 195 kim2& L, AP

THE T2y —F7T—7WCHALEK, *—F—FHEHKELEHVEZLH
30cm O Y LEEE, BESHTCIEH 7LV FULEHWTERM 30cm @ K
ULk & TIT o 7o . e B RE I & b IR &0k, TE g s B0 58 £ = /b
Rlcl@3hrlommBLEMKEE] (i E R B 2011) (2% UL
(£ 2-1). 72k, JbiEE O LBEEA N A L D ETIE, + 886 o %
SICEVEAHOLHEMBREBERRGFEIRRDLIZEAMOENLTWVD
(g H 2008). Z ook, BEAMUBOERBIEEDOREICY T > T

(i)

X, MEHO LEMBEERZERFECCLECTCHELET L2008 KRN TDH
D, ERICIVBREEICERNEL L.

#2-1 HBHEWREB I OE S O H R &.

o == NS
EYK :[% — E?ﬁ‘%(l\n _ U /ﬁ& (P205) jj U (Kzo)
FENE BRG] (] AR o El e F e
2012 A 4.0 6.0 4.0 4.0 18.0 12.5 4.0
B 3.8 1.8 3.4 — 9.0 12.0 3.8
9013 A 6.0 8.0 4.0 4.0 22.0 15.0 6.0
B 4.8 2.9 3.2 6.3 17. 2 15.0 6.3
-2

FHOHNA | Tgm ™

15



(2) FREF &

S OB AE T, BRECHRSI AT E AR T L (ERE 1
ecmfEEO~NT AL, K2-1) ZAVWT, o0 HBEMEH T Ll
LAEEOMNTRICEZELEZ (K2-2). ST 2 EKRERT D2, KH
BETEDT O OOHBRKY 2 BAEROERITIE T T, 24U L%
A3 2% (LLF, BApiEEXEET2), BEH IKUTFTCHIABEROX
(LLF, BAaaiétx. BRI M, T 20 RKRAH O ITHWZ &
MHEEEHRLE), BAZBICHBLAEEX (LT, BABEBX) o 3
DI Lie (B 2-3). BiARIS X 0PI T8 &R = & 0%EEN
M2 T Hobdbolen, TOHBARICEXLCYY vy 7 XU THZMNT
TRE, ME®%, LEEREALTHLEEF L. BABEB XL, WA
LADEFENFARARAEZEICZR > THhHHEFL, SHIFBEMNE TCITHEL
TehdorRg L L.

WA AT A E A
Tt 2 EERIT .
¥ (AR 11 A 15H8), BEE 4.6 ([F, 11 H 17 H), 2013 4

Vil e L7 20~36 kAR L L, KF, KBS
i 4

MEART O EXTERIT, 2012 FEPE X A B E T 5.3

PEIXZ AMY ¢ 6.6 % (A, 11 H 20 H), BE$E 5.4 (F, 11 A 20
H) Thol. ok, WTFAOFEK, BHTH, MES T HONEHIL
EEAETEWESTF O EZKENORELE. ZhIF, A4 LFRER
TaLFXFTH, BREECIVBEEST D OHEARNAHAATH D Z L
(F 4 1975, g M 2001), ME X a2 A F THRIKRZEZHBEL TS
DT ik, REXK), HAEOERICIIEEBLZEZELLLEDTH D,
FWETHEH, FTI DT OB FEOEHRIZHLNIT D212, W
TLAOEEFN, BEEPLORAMETComITLORE - BERRN, @
LAEOFMEERE L. DT, B FEORF EWITL THIT O
MEBRRM AR OBRRERE L. AR ORHIT, EE L -
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i = LA ERAMORE (FF) CEAFLEZWILENPLORD L. S 61T,
WEMEEORABREZRET 272D, KAHMIHESTEZHEKEZE IO
VARNTHICEBELEZE, B, Rk, 1HRFZE, 1L LT
THREZHALL., THRED, 1BEFEEE IEEEPLEREICLDY
RO, B ARBETE, OoORMIrPOLFTHBELEZS T ST a
THEE L Taknl L7z,

¥ H

4 ) . < ‘.
X 2-2 ST ol EEE LT LA ORT.
(SR Ak B BE o Bk )
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X 2-3 BN ET DX D4
XKOoTFTHOOEH T2 U EEBARE@EXE L,
ERIKUTEBAR#HEXEL TR LE.

(3) M LH

O B REH & F Bk R L o BRI Mclntosh # A fF AT I
(McIntosh 1983) IC k2 ME, T DHBAREHERE, BEFS LI
B ER L OBRMRIT, BARMEMEEEBARHEXELKLZNIED
MWt iRE, BEMmEO 2D B XN EIZB T D4 B S
FToOMERM R E OEMKIT, LSDE (p=0.05) TIT - 7. ML
=7 B fE 2000 (BRI —E 24) ooy — &2 H v T

ML 7=
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F2f1 HEBELUEER

(1) BT o8B FIE

WEEDO L >R A~y Al 2 EHMBESTHE ICE W T, AR
AMOFAEMEEZETIRNENICHEE CHY, EIEMTIEX2KkTIEL 2L
WRO LN D, AR TIE, RO EFEQH 2T L %2 BT, #4HEAKC
BAMBERES LOBAMSEX W I LEEEZE LY, ST 2>~0%
EHEETIRSL THV ,150~200 K/FHOEEFENNRETH > 7. £ 72,
EHE LM AL ERAY E CHRBELIZLE A, T HO>OIEKRICHE
SHRESL K ICE 2L bERDENT, AOBI b ARERTH -7z (K
2-4). S LI, WAL T OOMNFRICERT DL LT, REFEHFI
LW ELBOONRNo. EDOZ BT DL, KFEIZ
EEMECHAEREICHEN 2L, LB EICE T 2 2 5 F 05 2B
FHEELTCEAERBEVWEE LN D.

AR TCHWEE AR T L1E, BRECEMMA»>DZREICHKE ST
BO, NFEREBHAS THLL. I L0MEIRFAECTCH 20, &
h72bDO THETIRWESZILND.
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X 2-4 FREBHEIIZ BT Sl I L DR E.

BEofm=a s (RHE) FEAMEZT2EIULEOSIT > (B A [T E
X)) lc@mLen, BT rPr@do TV ANLLEZZ E 27T, Mead
g = AL, BAATEHRT IHUTOS T > (BAATE X)) L FEARIC
HBL L 2@ LERd, T ORHEERLTEBYVENLLEZ &N DN0
5.
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(2) TP --HBERALEHENLLRL OBK

#2212, T HOHBEREH LA RLEOEMKZRL L. BARTHE
fEZDOHDIEIT 7T56~100% TH VYV, WTHOFER, BHTHALH
HESLCHBABEAXIVAEBRICE 2. T 2bb, FHEHEICITE
AWM 28U Lo TFoxMRT o208 EEXLNLDL. L
EWw, B LoD &, 2013 4E ABBOAENILRN 7T5% & 0K M»n
S, YEEYG CIEBAR EXERN 6.6 B LA, B [T E XD
2wy oL L THHB LTV (F2-3). s (1989) 1%, F*
BLIRIERDTOOEFEMILRIITEVR, 2K T HOTIEEOMMNKE
CIETFTHLEHEL TS, ZO=H, 2013 F ABEO L 50, #HA
Al OO BE i 25 HE A T2 B IR TUE, m IR T o o A& R E X TR Dk R
KTL, 2ROEDLEDODRTIZCOLN - EeFTxbh 5.

—J, BMAR#EEZORNMEITFER, BEH TAAT Y R RE L,
2012 FPE AL CTIX T1% E @M o, ZOMTIE 18~36% & K
ST E, BMABEBAZXZDOAEDMLEIXZO0~4% TH O, VT LD F IR,
MFCENWTHLELLE2 o7, BT 20 F 2 EL L TELK 4
KR oSNy iF>TH Y (Davidson and Chevalier 1990, 2 « [l
1994), BT 20T 2%, BT oo+ % %M 3.1 ELIRK
(FEH - B 1956, FEH 1990) CoRERNHD. 72, HITFLo0H
b & L O EIRITHEH B M ERBEMN LM E DL BAS 1956, K
1956, H 5 1989, 2 « |[UIF 1994) L ORENDHDH. 26 O HE M
5, MM EMMBY E TICER 3. 1EDEON T oNEAE IO AT HEME
BNd D LK T E D

AR L T&idhsr) T, FFEES (2008) (X #F %
B O AR 3CU Lo AL ER L oMK EMERK
(y=0.0115x-0.2419 R2=0.8767) T/rL CEB VY, iz o FE 3.1 ¥ % fif
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RTEL2HDHEAERIRIL 290 6CLEHEBEND. KM 2-5 ZBA%MHE
EnHMMERGBGHECICHALALTZADBEAESXE (2004~2013 4)
R Lo, 175.7~275.4C (F# 209.6C) O#FHATH-7=. T 7b
L, A% OHBE ST ST ¥R 3.1 EL E2METET, Ao
IR WEZE X 65,2012 F ABG CRBAZHBIAEXNDL 4% A
b L=, YEITHAFIBEEKED 275.4CHREMK I TE Y, BHMH
WoyTdonAENMbELIEm@EERb-oT LB XN D.

AR X0 AR TIE, FRHE TIX 2012 F DT B EmMNhoTo. Z
NI, AR L7-@MEUBREOASBEAERE NG ol ELLNLD.
T/, BERB T ABSO ARG WEmMICH 7=, SR LE &
ZE 7] T, MEUBROEFBEBEENLZ WV EREEZEMLLT VW
TEPHmLATWD Gi AR DH 2011). [ GOk E R EEIL, A B35
T 18.0~22.0 gm?, BB T9.0~17.2 gn?TH VY, MIE&E DL\ A
B CAMLER@BET o EBFXOLND. B, 2 @M O K TN
10, 1km N TW LA, AFFHFOERITIFILAEREHEBELTWS,
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*2-2

GO HE R & AR bR DO BIFR.

. . g N X A LICREE Ak
R il BITORET k) (/) (%)
ok A Ty e ek 22 416 416 100
A A TS 304 215 71
AT B2 835 31 4
2012 43 1555 662 43
ok A B fl 32 477 477 100
B kA T8 368 134 36
A% B2 794 0 0
e S 1639 611 37
ok A BT 22 462 344 75
A A a2 319 91 29
A% B2 677 0 0
2013 e S 1458 435 30
ok A BT 32 422 390 92
B kA a2 288 51 18
A% B2 613 4 1
£ 1323 445 34
ok 4 T ek 22 444 407 92
T B FTEFZE 320 123 38
A% B2 730 9 1
A3 1494 538 36
o7 iy M df MS MS MS
FIR 1 28912 ns 25742 %% 1558
[l 1 477 ns 254 ns 135 ns
FIR X [fEl 1 7668 ns 620 ns 338 ns
FEN 4 3859 911 111
O Sy 2 355176 336131 16661 s
IR X 53T DX 5 2 15864 * 4377 ns 421 *%*
[ 55 X 53 D K5y 2 3065 ns 6538 * 499 sk
IR X (855 X 571 DX 5 2 1037 ns 460 ns 45 ns
R 2B 8 2561 1175 40

)k, KX FNFNLY%, SUIKETHETHAZEEZRL, nslIAETRWI & &R,

#2-3 20134EFEABIZIC BT 5 K0T > D HE .

FX LIRSy 231> Ry AP Ae)
MS T1 T2 T3 T4 Tlp T2 TI1 T21 T3p TI2 Tlpp
6. 6 3.6 2.9 1.8 0.6 2.3 1.4 1.3 0.4 0.3 0.1 0.6

KPOBMITEREZRT. £/, 7o ¥ =T A VIFBARERZICK ST 200 2257,
ST ORISR, RS (1989) OFSCT/R LR RGFETRL, MSITEZE, T1, 12131
W F o, T 121 135 1R T O OHML B HBL L 72253 0, pid 71 7 VEIG T
DERTY.
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UNTHEIVMHEZ 4 —£L Y & € LOHHE IS ALE g%%ﬁmﬂﬁa@mm@@
MR 906 EIE MK H O S 23] WU C (18 ‘9 (6172 0-XGT1T10 "0=A)
NEE O WH T EEH QT AWM B 2 M (8002) 9 HuEH) ‘LI O h[X

EF A R GEOT A0S B0 £ (HMAHHT) WU THWEE~H=# -2

B
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(3) HITF - HBERHNLELEEBRILE L OBERK

HimEOLZOVHEKICB T 23T DXl o RE K 2-6 2R
L7, BARE@EXOMBREEILT 7T7% (GEH¥RZ*+10%, n=8) T
D, BARHEBIOBEABRHBAXIVARECELo . FR, B
TICHEBEEZITROOLNLT, WIFRIZEB W THBEA i X ok b g
BDE ol —F, BARNE X oML FEIT 22% (EHERZELI%,
n=8) ThV, BAMEMHEDOHEKRLENBVEALIZTEKIL- . B
A X E AR XA T I9% TH Y, BALaio MBI 5 F > TK
HOOREMPER IND 2 EB RSN, BA%MGB X0 RI
1% (RE¥ERAE 2%, n=8) L&, £k, EBHEHICABEETR» >
EDD, MOBMBMEE~TEELRAVWEZSZIOND. 2 FE Tl
HEOKEFEEX aLAXTIE, BAROAFTENEEKICEET D Z LN KRK
ik X nTEen, SBOFMECLY ZREBEERNRHBMELE LT
I LN TEIZ.

100

HOMEERE (%)

A AT AE 2 BAHTR 2 A% HH 2

X 2-6 AL H M H 72 0 BB 2 00 2 KX 4Bl okt xR
B o e fE X MR 2= (n=8) R 7.
B LW T FEMICIE LSD BE (P=<0.05) THEERD L Z L 1.
ERBIOBESGBICITITAEEZET 2o 72,
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(4) HITHHERIPLAEAR, RRIIVNEERER L OBK
F2-412, T OHIAKHLER, MEBIONEMBKESR L OH
AR L. BETIE, 20134 B TEIT/NS o h, MiTlA
RIEEENEP o . BE DRI, BLAIEEXDNAERICED? - 2.
Fl, BAMMBEMREZORBEITIBAFESEZI VAL NICHES TR, A
R PE T m v et EBFMICEID). KBTI, T 1
RyFOREBMLZTSOEFERE, BREPELS, ELRWI LA HE
SNTWD (T - BIE 1999). BARTHE@EZIZEEZL 1 R T o7
HLTHhY, KERKOBMBRICHI ERmBINTL. vk, BLAHH
BENPLITIFEACHEIBR SRR, BRI NLTZHEORE,
FREIXE» > 7.
IWEAERERTIE, | BrEEE, SLaEfEE A etE Ly
AREICE o7, 1 FEREIL, BAREAEEPBAFSHEXID AR
Zholz. TRECEIARZEZZEZRBDONL Lo, ZOkD, 1 T
FEOEFT IR EoZERICER LEZb O EHEBLEZ., 25X 1 A
KRNIZEBWTIE, HEXPRWEHMOS T 2IX 1B FEENE N L OB
RS 2002) BBV, KB T K - KA 5T 22 F 0 o B4 FT
HE X ICBW T IR FAFEEPIEL-oT e —HT 5.

b
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DX, HMEHEOL VN EIZEIT D000 DX 5500k R %X
2=TIWZR Lo, BEARIEMEE ORI RIE 8% (FEERZ £9%, n=4)
EE, WIFNOFER, BH THLBARSEBSIOBAZBEZEZ LY
BN o To. Elo, BMARNEHFE OB EIT 14% GFE %R 2 8%, n=4)
Thv, MEMETE AR FAEVEBICH -, —F, BL%
HMBLEXOMBELEIT 1% BEERELT1%, n=4) EEM-7. Tb
L, BAREMEEXLEBAAMEENLDDILEFIIEII TI9I% LEL, 2
NOOHWMEEREGEL-TZ X, B EOKFEE =2 X Tk, BL
MOHBASTOPNELLELAT DI EE2RBRLTWVD.

100

DRI (%)

X 2-7 HMMmEEOL-ZOVIREICBT D00 25K %558 Ok =R
B oo e R R E (n=4) R 7.
Wb LM LSD i€ (P=0.05) TAHAEBEENDD Z L %
N I
EXRBIOBESBEICITAEEEZ IR o 2.
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(5) HMEBERBHODTORBREBLEEDHLOREE

THET, B -mEP (1956), TS (1989, 1990), Davidson and
Chevalier (1990), Z - LK (1994) > W E 5, HM M EMBH
WETITOERERMICEZY) ETICEm 3 1ITELETERLESIT O
WAENMEOFWREENH D ELTERELL., 22T, ZTHb0oHED
(723 THLHISTE LI ZHERT D.

K251, T EMEBRBLOMEMKLLEZ RILE., BRERAMER T
ZHEH X 5 0 S HAMA T 2.8 LI, 50 15 HAl & T 2.9 LUK O S
FoTho (K2-8, W2-9). WFhbEmBMMPEDRIZTERBREILR
FO,EEBEBLTHEBEBES DU LELZHATETLLDOIEIIELIUETH - 2.
HREBIT N ET TORELIFIT -HL, 2 1F A TOWMEIGEE
TEm W e cEs. B, SHILHBAEICBVW YT > L%
HEHMLLEZA, BRIBER IS T O EF VTS SO
AR S (K 2-10).

L7 L,ZhE TRATEEARLO KM, H#iHmE G2,
BOHAN DD WA EFBELE N CTH 5. Thorne and Wood
(1987b) X, HAMEMITH B M ERICITRRKZEN DS FH/NE~OEK
EABEML, TOoOMKE, /AT oI AEEFEEIET LI EL TS, —
D, AEBY TR, MERAFEHEEALTHEROLEICI D XZHIMBD
TAhRWEEG TIE, BARBROEB 2T LA T L2 LRBIEIN
TW5d. /Akks (2004) 13, REEEOZRICIY AN RRD
e HRLTHBY, HGERMERMBHUEIZDT SHOEDZHEE N 2V
FHETTIE, BARZOBBE ST b AT W RERH D LB XL
n 5.
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F2-5  FilHR 5 BA 46 1 LARE O o3 1 S BE fi & FEAR R & D BILR.

518 H i 5H 15 H &

i)
o e BBRLE BEE . ®BRLES BRE
B EER uom BER oo
2.5 6 0 0 5 0 0
2.6 4 0 0 2 0 0
2.7 13 0 0 13 0 0
2.8 32 7 22 11 0 0
2.9 23 13 57 10 1 10
3.0 19 13 68 68 6 9
3.1 19 15 79 12 7 58
3.2 24 24 100 22 18 82
3.3 17 17 100 14 14 100
3.4 12 12 100 16 16 100
3.5 9 9 100 11 11 100

TV OERRE GAEH) XTS5 A8H E5H 15 H o200 3 L, 3l T
EEHX O~ REEBEN S TN ENT o F LIT62Kk (5T D8T434K), 59Kk
(Fl682A) ZERHEL L 7=.

BEEL L 72 BR I3RS 2 KB K TR, BRIV E SN S0 > %280
L, T onb0RBOFAEL BH THER L.

FPITIIoR SRV, BB RIZISHASH, 5H 15 H B2, 4TELL T TIL0%, ZEE:
3.6 L. FTIX100%TdHh - 7-.

2-8 5 A 8 H (SR E)ICK T D ERINAE.
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X 2-9 5 H 15 HIZEB T 5 B IR E.

X 2-10 5 H 15 A BT 5 S ok 8.
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(6) HFO-HEBBLANLOBEBEMER

IHNET, RBEHICETEWIER T A X RXAT — % % H W ToHif o8k
Wm0l KRESZSZ LN, dLEENICE T 5 M E O E R ME
ZoWT, FHEOT AL AT — X R ITHRHNT 5.

K 2-6 12, fpEHIC T DA RO W BT o2 R B s
(BEERY) FTEHELLLIAMBEE SR Z R Lz, A28 H KRR
KbLHERSNZOE EJIH GO 243.0C T, % EH T O 162.8C 2 Kk b
D, W hoEMS EHR 3.1 EL EERDADHEEXR
(290.6C) ICE L olz. Z Ok, YRkBomBEIx, biFEN
DMPEMTHHEIETETDLHEEZLLNLD.

F2-6 HFEET 2 AXOLEHEEMICE T DA% O MBS T -0 28 i F A & B AR 1
(hFETE ) & TICR 6N 5 A 2 E XU

7 1 5 REH AR £ SUR (C)
72 5 FEBTR/N 4H9H 5HTH 219.7
%k B % 45220 5H11H 162.8
)1 pEWAY 4H9H 5100 243. 0
FHR—=> 7 8 & 4H2H 5H8H 177.3
1155 A 3H29H 5H6H 223. 2

BE R, SHOT AX AT —Z L EETER (2008-2014) OEHfE TR LT-.
ShFS TR BN, AtV R AR OER A (E CE4fE) TrLT-.

S A~ E COREPBEAESIREIL, FHOT XX AT —Z OFE[N D
BH L.
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EIE HMEAMEFEEROEEMNMNEIZREIEEOD
fig 47

5

W EOKEE 2 LFICEHT 2 TIX, WHME, WEMH, FHKR
WL W L EAEOB AL AR EZXEBPAMFT INTE L.
MEoRPE T ERIEM A END T ERT TS (FFESH 1997), Mt =M
FIHEEM A E NG ASICE T L (G 2000), EENO TV X UER
ROMBICEAGRTZ B - L 1991) RloRrERH L. £,
N EATEEERIISERBERESE < (BB S5 2003), XEGZENK
EWVWEERFEDEY (FH - BHH 1987 ZtrmEsnTnwd. 2
SL7cMmENS, Ik ETIHEKFEEaLFOBRAMEXERO TR Z
4 FEICHEREL TV D (b iE R EE 1998, 2011).

— 07, WEMEOB E NS BT AR E X ORE L, B REEIT
CIENET T 52 &b (b iE BB 1983, HI S5 1997), HA
AT E X W 5.0~5.5 EOMMRE HEMICL TW 5 (b E R B
1998). L2 L, Z O BEMITHEMERELY & UE & o BRICHET 5 %8
RBOBHEORBRBRMEANTL RENITRESINLTED, HEK OB AL
AT EXER LS 2B TIER2 V. Zhi, B LB 5 F>0A
MFERHEL L TBLT, ARCERLERIARTE o 2 &I
£ 5.

T TARETIE, F2ETCHELLEST DEBFHAEEBS XOCEAEKD
D EEXREOEZRAAFTEOEEL LT, BAROAFTE L INE L
ODEAFZERELRL. £, AL VEEXHR LI EXEWRE O
Ak zRko27vicnFoHBEO#HBLEHAEL, ZINERHBBLITLODOE
FLOWBAMEXEBRLELEREE 2R L .
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F1fi HMHEHBELIUFE
(1) EEH>EZYEREZOERIER, BEBIVNEERER IR
X RE
R AT TE 3 s 2. AAEFRIL 2011~2012 F (U
T, 2012 FFPE), 2012~2013 4 (2013 4 pE), 2013~2014 4 (2014 4
PE) O3 pFELE L, dbRMIECMNET L] AZTLEADLWRERERFE
v — (LT, AMSGET D) TIE3AHE, IIFIFET &R X (BLT,
BHEE LT 25) TIX 2013 FEFEL 204 FED 2 VETHEL L., KM
R LMD, FEEERBIOCERETEITIR3-TICRLELEEBDY
Thd. EFMEEIZT, TERMBICBTLIKEESNRZIELITIR A
OB RZE R L (LW E R R 2011) JIC T (% 3-2). B,
OOHBAMMES H oD, MESTHODOHBEIARNTH Y
(BEH 2001, SEARRFER), HEOFEIZLIZ2WEKOFHEEZ R T
O, WMEST O OHB R ER I NRE, HELSUBRL L.
MAMOABTREO R SEIMEEOL LY EEXZROER TE L, HEiE
ENDRCEERITEAT EXEBIEALTWHRVWE/DRERTH 5 2
EERT. MTORKEIZHEAKMEN AL L2 Z L THERMLAEFTIC
ZEENEL, MEb- Y EREERICERZELLSE D EDIC, KBS
OFFMBEE I lem it OBEEX & L. RBAEEIY TIX, HF Y
I I EMABREOCHM CEH T LA BEIN, EANTO
HFERBRTCOLHFCRROZLZH DN H L I L 282 L TWWDH. HEZEXOD
BB OFERBAEMICEH T A2 AV TITY, BEEZ S ICHEEERE X
L. MIICHWEZERERO XK S IXEER, SBH chkEl TH
BORMR TER 1~5 Kazxtg L Lz
FHETAES ORAIIC, BESNCTEMAZICRALL LD 47T~61 K
TRCHEHEMY, Bk, HREEXEEORS I EICKZ SN L. %
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D%, KAMICEFELLEEEG Y R, BREBLIOERZME L,
P oW LT 1 EEBEBIY I ErEEE2ZMAEL 2. TR HIL,
BrEEE IBREEPLORAEICLDRD 2.

3o KEECBT A, RS L ORI,
Fe ek g TREE KA

Chim ) (cm)
2012 9H22H

RETR T 15

V= RT =TI EE AL

A 2013 9H21H 150 30 e
&
2014 9H20H © KUV

g 2013 9H28H g 30 Ly RUMIEDRYAE

2014  9H29H

#3-2 HERE X OOk EE.

i A B (gm *)

H%4 IR =% V) Vg (P0) #Y (K.0)
IR Shig#] BXEH HEMGH S A Bl
2012 4.0 6.0 4.0 4.0 18.0 12.5 4.0
A 2013 6.0 8.0 4.0 4.0 22.0 15.0 6.0
2014 6.0 6.0 4.0 4.0 20. 0 15.0 6.0
. 2013 4.8 2.9 3.2 6.3 17.2 15.0 6.3
2014 4.8 4,2 4.2 4,2 17. 4 15.0 6.3
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(2) BT Ho~OHBEAME

AT ERERRE R E X — BN TITY, FEKICIEEZEH
DT TAF T T — (19 cm, £ 59 cm, & X 20 cm) Z H
. RELEtEFaaXAEREBBGO L2 MW, EHEITELE L.
R 223 s ZHVE. ABRFEXRIT3I»HFE L L, 2012 4
9 H 19 H, 20134 9 H 13 A, 20144 9 H 5 HICHME L 2. & H % E
FAdbEE CHEEMICAHVWDLND Z L FY LOFREEICHE L TEH
1256 ecm @ 2 & L, HWHEEMSIEE2 L TAEFRZH X206 KM IX
¥ 3.5 em & L7z

ST OOHBICIE, HEROKRBRE L ARKXIMFOENIZLD ER
MAECLL2ARBENRBSIbNTLD, EEX, BEXBSIXRABRBXO
SHHEXZES, FFELCENETNOLHBXIZ1LI ST v —%H T, 3
FHIchbZYFREFORBREZBEYIRLE. EEXEHRERX TIE&EELK
A2 BB858cul # H W T2 % 6.0¢gm*, U Mg 18.8¢gm*, # U 6.0¢gm”’
DEAETHEIEEZBHAL, S bICEEAORERBELMF T 20, £X
HEH 5.0 ERICFIUMAZH W TCEHZE 4gn*0F S THELZ. HE
X TCEHEBESIOSEEMH Lo, BEXKIIHFEZ, BEHA
N —OY 7o VWHRBICBELTEHELLE. B, WTIHLOWMEKX T
LM EBRmPEPZ2VEIDICHENPAKRKZITo L. BHEXEARXEOD
AR EOEITIR3IZIICRARLEEBYD THD. [IIMITIRHUETH DD,
HEXIZTENBERN S EZRWVWEDOEEX I DB LMK .

#3-3 HEHERX L HERORE.

104160 (KER) 10A18H (&X) 1042280 (2XK)

HERZ 8:00 12:30  16:00 8:00 12:30 16:00 8:00 12:30  16:00

FEAEX 44,000 115,000 29,000 24,000 18,000 4,000 7,000 31,500 2,100
HEzX. 4,000 6,500 2 800 3,900 7,600 1,500 5,000 6,000 900

A 1L20124E I TOPCOM 7 20 & )L B EE 2 IM-5 (Bk & 4EToPCOMEY) Z W THIE L, lux
THELEZ.
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HEMBMAKISEER, ERBICT T2 b0 20l kE2xSH L L
. I OoOMBEIEFE2OERT Y, ST ONEB L RO EXE
iz sidk L7c. EloHWIZREENIE L 2 — (1986) O /K&K
WEICHELC CTHMTIT Y, EoR/NHEAMEZ 0.1 8L L. 0B, HE -
BN (1988) X, EHAEZM WM E & BLEE O EBI X 2B iciE £
M/PhS N2 & aHELTWD.

KRBT DT >OMERITFMES OHLE (1989) c# L, +
XEMS, HFIEERMIOEELEZ 1K DT 2% T1, %O 1 KRS TF D
T2, 13-+ L RBLE.2RDPTODUBITIRDSTOOFEER” D
FAELIZHEHMEW N, BlxiE, 1RGTHOOHE 2ENLLEEL ST
DEFTI2ERFL L. 707 4o VENOGRAELEST ST pe £ L,
Bl 21X, TIPS HBE LESEEIT TIlp XL L.

(3) #t &4

RS-V HEHEEROERDIBER, BEBI N EMK ERIC LT
HEIZOWTIE, FRELUOBESG 2 XMEE L CTHE/BERZ2 LML T
HEBIE, 2T OHBROLIKXE EIZ SOV TIE, @A LKL 20 #@IK%E
KL THERE EX, B % EI XKL L7 Mclntosh # & fif o1 &
(McIntosh 1983) TATVy, MELAEITIET = 7 K E 2010 (F: = 1§ #
=B 2 ) & H W AT L.
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g2 MRAEREZR
(1) EED-VEREZEOERIBR, BRIV EBRERICK

T EE

BECITHBEEXEHOEVWICLIIAEATAONT, KR EHKHE LD
ZIX 1.9cm & /NS0l (R 3-4). FR-BEHB i3 5 &, 2012
EOAMEY TIE 70.6 cm &<, 20144 AMY TIE 57.5 cm & WNAR Y
FEEVPALONL. BRI E@EZEZH 1 AD 7.3 cn i3 L, BHEZHS
ATIE 8 0cem& RS Rl HEEEXZHOHMIZAVARIZELS 8o
o, ¥, FR-BESMICITAEEN L.

WEMMBRERTE, MESLZVERTEM@EXE 1 ATIE 1.7 KiZx
L, HEX% 5 KRTHE6.3 Kehrpd, HEXHOWMMIZELENEERE
cEmLz., £, FR - -BEHOXKEMICEIAEREERN AL, 1 B
Hl-h T+EEERET, EREEMAHEZIIZEAEICHEML . Th
HITHER -BRBICIL2AEEZFTAbNTLED, EBREXHOEWVWIZL DA
BEEALN oz, HAELGZYVNRETEEBEEELNIH I IIETEAE
CHEM L, EEXE L ATIE 2.1g ThoDIZX L THEEXHES K
TIX9.7Tg&, RERERAPB DL
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(2) WFoOoHBERFE
(2-1) A&V EREHLEELMETXER L OBK
X 3-1 12, @i AR FX3ER 3.5 B, 4.0, 4.5 5 03, 5.5,

6.0 TERFDOMEDODHBH ST DB L OEHBOBLAKEZ R L L. HEEIT

Pt

WA EXER 4.0 EUFTT L A, 4.5 BT 2 A, 5.0 T 3
5.5 BT 4 K, 6.0 ETH AR INDZ R BEINTE. £, B
FEEBOBMMICE N, DT OER 1.0 LT O /N5 I1F >

)

A il 4
JaL, 5.0 ELLTF T2 A, 5.5 T 3 K, 6.0 T 4 AHHEFT D
ENBE I

B, HgFSoEROEMITVWITAOS T O THEHELL, flx I XEX
WA 0.5 EHMT DA T 2B FEMEIC 0.5 FEHINT 2 FMIED
BLAIE 358 0 & 47z .
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(2-2) BELZBEOEVWZLIZH T OHBEOEZER

MBI 2BEZOR L LM ITADERKIE T 619~741C,
WOH BB T 252~357T WO LB OENH - 7= (F 3-5). F 3-6
2, B L2BEBERHFTICEBT L8 T HDHBERFO EXERLZ RT 0,
T4 B X Tipp ZBRE, WIFNOHBES T > THERMB X O HEH
CHEBEENALN, £, FRXLBOLHEEHIZAE T, F
WL HDE,2002FFT VT O TFHOHNMTHOAEIZLDHEEE
NI DAV A, 2013 L 2014 FETIEHARBEEND W SHEINL S % 0
S, Flo, FRMEEALBEBICITAEEZETALONNTE b OO, K45 D
DEWAZITRK 0.2 EL/INEho!, EBEROLHIA LKL T4 B L O
Tilpp TIE, FRMIZAEEZEITA DN oo BAEX & B X T
T4 BXO Tipp OHB IR OO o, ZTHIXEFTOEN L P
T TCRBEFTICLD2AEFTEEORE L HE L.

EW¥X O DHBMEF T T2 3.0 ECHB K, T2 28 3.7 %, Tip
N 4.3 HE, T3 N 4.7 #E, T2p & TI1 AN 5.2 #E, T4 & Tlpp 7% 6.0 I
THHRLE. ZNREFEA R 2FX0oF o2 L7 FILBGm &L,
TILEBEXPT6OEIRUETHTEERNETRUND ST DEH S NITHEE - T
BY, FMH>TFooHAIMEEDOAR - NFEDOLIT.

#3-5 TR OA A KRR K OREE A BRI

- . % AE (H) FEREZT0H
R TH Y o P
RS X 1~10 11~20 21~30 31~40 41~5051~60 61~70 [ DFEEAE
2012 164 140 106 83 84 42 0 619
ﬁ)‘jﬁ(gcﬁgﬂ{m 2013 164 144 129 77 72 49 33 667
2014 165 138 121 90 84 85 59 741
2012 47 37 47 44 12 17 48 252
ol HQH\
B I(EIE#) 51 2013 51 49 53 52 43 48 32 327
) 2014 28 67 53 47 59 46 57 357

e EAL AT OT AL AT =2 2 N THEB L.
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HE3IWM EHBE

KEEX a2 L2XOEEICB W TIE, WEOHRER O — DI FH KO R
ENnbHY, BRELTHEBEBZ EREENEZEET 2. SR OHMAE TIX
RSB EEEEP/S 22 ICHECEKIIEMLE. ZhiX, 6 2%
TCRLEBEEEZOANMMEERERDIGWI ENERLEBZ I LS. BRE TIX
RS- EEEHROERIZIDZ2EBEIRBOONL o2, HEEXEK
DERIZIHFROEENRELS, BEABOERLEET IR, WA
5 (2011) T T&72F ) TEHBENFETCLRRIIELDLT, BE
PEIFFEEEELOBBERBRWVWI EEZRLTWVWDSD. ZOKD, JEIE
EHENO B TEHROBMBERICHERIIZEE T, BEOARLITRES N
MRS, MEBZLERLAVEREEOREIC L > THEARB IE
BELNDEBZZLND.
WEEKEZLEOMBEARDL &, HEXZHBSZWVWEKIZE 1T E
HE IHEEEAEEY, REOSVWHERAERSLEZ. &6, KD
TOYWMELEHNI DL, HERERXEDPZWVHEEKIZENRER LICTAHZ L
Exrbhd. £, F2ETEHEHEEXZ»OER IO &L, B
AR OFHPENPLERINANTERHEEXGWZ 2R LEN, KETIX
HEOEREZICIVNEOEGH N AL D Z ENPL NIRRT, 72
B, BECITONLHFEEGES & IE L OFEERBR T, B REIT I
ENKTT2EHMEIATCEEDN, TOEREIWHLLTRM- 7= (I
WOl B 1983, WWE DS 1997). LA L, KA OK E O KWK E
CEAOAWNEBRTIEIBEAEL IV EEXE LD N L, T bbb, #A
MMEXERONMIIHPERLTNND EBZ 6D,

OF, HEEHELLBAMEXZEBLEOMKEIFELLLE A, 4.0
ELLFT1 A, 4.5 T2 A,5.0 ET3 A,55 ET4 A, 6.0 3
T 5 ANfERSINLTWVWE., ZOFRESE 2ETRLEAYILENL,
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BlREEFTECLELENEAHRRECEIFEEELZ2RAE L (X
3-T). &3y T, RO EALIW &N Z B £ 2 T ol 2 3K
700 A m P x HEMBICHREL TV (b E R 2011), % E 5 E
T AT E X ER 4.0 B GHEMEE 1 A) T 491 K m?, 4.5 ¥ ([
2AK) T 312 kim? 5.0 # ([ 3AK) T 228 Fim? 5.5 FE ([ 4 AK)
T 167 kim? 6.0 F (F5A) T132 kim* Lt EIND.
VEE T —BHIC 7Ly RY LV EOBBBEENITHLN TV DR,
BHEEZ2 VRS THLEBEBBENALNICKTL, AEFE»LITE
AR TEALHEMEEEO FIRIX 150 i m L OEMAD 5. S EO
METIE, EXEmR60 ETIEIHEEEN 132 khn* b, BE
DEWVWHERITHLWEEZXZONRD., 20D, BIY 227 %R E LD
OBMAFTO ETXERAE LV B MAT DT, EXER 5.5 ERTEN
HIEfEIC e 2 tHERInb.
kvEE T, BFREEFEEXEDPIBREMHEORLZLER I ATA~THICTITD
N, 2ok, FEBEOIZRELHERMFIZLI > THIT o O HEA
CERNAELDEEXTL. LML, KFROEREAD EF R - L
CHEZTAZbNTEN, T OoHMOMEIETENTH > (K
4-6). Z O, BAMEXEBROBEMBIFRSCES EMHFICLL T
CRETEDHEEZE2bND. ok, KLY ST OHITIRIESLH R
DEBEZTDLEOREND DN (- LK 1993), VT oEK,
W TH EXEM 6 EETIE, HBEMNTPTHIND T XToOH T >HEIL
PHOOMBAEMRBLLE., KR (1982) X, A—F ¥ — K77 20D
MM A AW, tomsgs XL OEEEDZDICK D 0T 254 0 H# A
Hrz#HELTWHWLID, TBIXNEBARICIVATELPIAH SN DS E
THH T OFERKRBLARAVRERYFAAMEEIRIELILICS W EREL, &
HOBRITENIC—FKT 5.
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FA4E KT OHEOCHAKLRERER DR

M EOKEE 2 L X TEZWICHMIT oMM BITEAL TWD R,
EHMICIIHmERIBEALOREEBIZL > CTHEAYMMMAEMH L, NWEIXET
THETHEATWS (hib 2011). =0 —J, FAk 27 FEEMAIED
EA A m A EE R (] AdeiE b ex) TiX, 2020 F o BN
FdHm0ILE%Z 2008 4D 478 kg/10a 7» 5 599 kg/10a £ TEH O 5 Z &
FHEICERFBESER STV D.

COXIBRRE T T, MFPEaLXoOEEEHREMITEL L CESE
BREAZFLE LT m O SN, WA TE L &
BEEMIZIFIEAEE YL SN TV AWy (db#EE BB 2011, L E kK
FHEWS 2015). ZhiE, 2 AXFOWEN EICITEFEBERESZEDY
ThHholl X, INFEFTCARLEIICEHBEEHMICTIETE D0

SBBFHEEN L, EHAEHE»POLORMNB TE RN o LI
£, L2»L, AEBL CEANEZ*BRETOEV BRHAEFRBEREN
mEN, +oRBEEGEEFE LR EPOERBAEL, RETREE
STy (dbEERBEFHA 2014). 20 &k, fEE w4
DE LT HEEHEN CRENER ECERARS L L2 REBELTWD.

oLl ENDL, THETHELEEERRW ST SHBIZHHA
LTHELZED 2RO REERAENEZMRIT L, RO &MEELIC
BMARONTOBENEE LI L2 ETRLE. 20 —F, 1
MEOKFEZALXOp T HOHEAKXIL, TN ETEXEBLEEAKD
VT OB T AT 4y VBT TR LIERE XD D0 (FFEE
5 2008, HaE H 2014), ML EY 7R T O M BB B IZ B S v 72 A IR A
b TWwRaw., Zokd, LiBEOKEE I LAFITA X - AFX 05T
OME R LA mEDOERTR T 522 &3, FAEGHL AR S
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Lo EHERNDIEALTOHRL TN D

L2vL, BIECHAMEZER ST O HBE YL oMK ZMA
L7 Z A, FWBE@wmEoERARN TR I, ST oHBAKERXIZON
T, TNETARXTRHEM DT SDIFTEHBMEIVHIALRILSRE D,
ML s MR GT O TCHEECHEARREDL LoRERDH D (kI 1966,
FAHE 1983, thE - 2 1988). F o, BHO a A X TlEL, 1kRGTF D
ThHhdTL T 2EFENLLDN, T2LUBITIREVARLEEL LT D®RE
(Z - U 1994) X, B —&% T 2L o0oHmE (WBE 2007) BndHbH. =
DD, SHOTOERELEEATHEDICIE, i EOKE X 2
AXTHLH T OHBAKKXZHMBIZL TEBSLERND 5.
FITARETHE, LBEOKEE LT EBRLE (T RA) %
Hwvw, AOBENL T SHBEAKXEZH NI T 2L L0112, Al
HimtoERZBRHALE. S, bbb, T25X%6H ] 21 2
3MmBEOp T OMBEXLFAAEL, WEICI2ERZBRFIL .

F18H #HHEAE
(1) AEF &
eI TE 3B, T, 12526 ZHWIZ.
ML T2 71 F A ] TIE2012~2014 D 3 4, ThwHLMNL | &
(S22 &L X 204D HAITo 7. #EFEHBIX 20124 9 H 13 H, 2013
9 H 13 H, 2004 9 H 5 HE L. BEICHWREREFIX, EHMH
ik ERERLIFT LDV TAOER, mETHIAATHE S EZ AW
7z .
HBRIIMEREXB S Kt ¥ -8y TciTy, BRERKICITESHH
DT TAF v T T — (fit 19 cm, £ 59 cm, & & 20 cm) % AW

HRE LRz A AERFBESO L EH W, EEEFE L E L 2.
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BHEEIIILEE CEENICHY ORI LY FY LVOFEEEICHED
TH&M 12.6 cmd 25 L, HWHFERICHIETEZLTETLZR AL DL
B 2K 3.6 cm& L7z, HABEEITIAFEK, FoFEL HIC 20
rzxtg e L, KERL TITo -

fE B & 1X BB858cul Z W T%EF 6.0 gm?, U 8 18.8 gn®, Y
6.0 gmn* ODEATEBEEZMAL, SOICEAEAORBIREL MRS 2 -
b, ETXHEM 5.0 L 7.0 EHRICFIVMAEHAVWTERAETRESE 4
gm ™ OFE G THM L. B, WTHAOFEK, &FETH MR E S
BRWEIHICLEHIATHANNAVKZITZRY, LE@ZEX ML X E2H L
L7z.

HAEIHEZLILEFERIBALZL, ST OB HHALEZKEO EXERK 2T
Lz, 7o, 2~4 R DPTFTHODTHEXEBROIIN, THLETNO R XIE
b ik L. MESG»SHBE T 200> (LT, MEST D) I,
GTFOHBLREO ETXERO ALK L., HEWBEIAFER, MHESED
CEX R 8.5 EREFETTLELE. b, HABOFEDL A AL,
HEWMBEPTICELL2EXEEOHEBEICL Y ERMPHB N REMRE R D,
BMAMOMBE YT ooRrFHE L. EHHKITEENRIE L ¥ —
(1986) O/NEZFHELEBEICHE L THW TITY, EWoOKR/NEMEZ 0.1
L L.

ST OO ELITHE SEICHEL, EX&2 MS, F 1 EER»LBAEL
1WAy TFo% T, UBEO LR TFT 2% T2, T3---L KRB LEZ. 2K
ST OUREIE, 1 KT OOKEER»OBEL LHAM LWL, il 2
X, 1R TFTo0FE 2ENLHEELLESIT DX TI2 XL LE. IR
T4 NErLEAE LT T p EEREL, Bl XAIX, TI NS HE L
Gt Tip L R L 2.
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(2) #t &40

R B 2012~2014 DT & 72132 2 0% 20 KA RHE & LT,
F o, MMM B 2014 F 0 3 S 20 BEEXE E L7 Tukey 5T
T, ThEn#EitMirodilk Y 7 8 (=27 B 8E 2010 , t&1
WY — v 24) oY — i W,

g2 RAEHER

(1) A FooHAMEL O A REE

FKA4-112, FIWHEGICESSHEMOT SHME 3B 28
FOEDTF OB EEERE R L. LIRSS TE, TLIXHGHE
ERUEU 3.0 ETHEBE LA, T2LE T3 FFZFNEFN 0.3 FERIMHELL
o, 0%, T4 OWBLIZEZIT R P> n, T6 LIFIX 0.3~0.4 FEEL
HBLLE. 2Rk T ST, TI3ZBR WIS T SEiA CEGAMM XLV 3
WEFED, EEWNHO T HOHMNEEEIC 0.7 EATBZROERNPBD L
N, 3k ARG THOTIE, WTFhog P i TsMiHMEL L H
EARED, 0.7~1.3 EOERNED LT

DX, TIL 6 AR —4F>HATHD L, KKE DL &KEHIC
M COHBEMBIX, BRMEL 1 kS F>TIiE0~0.3 E, 2 %knS
DT 0.4~0.8 E, 3R DT HDTIZ1.0~1.3 E, 4 K5 F>TIiE 1.0
EZTNENHEANERE T, BREIZEETIEN-7 (KM 4-1). £ 7=,

BALE O &EmAFEHICHrT CoOHBEMPBIX, BERMELIY 72 7 0 VEH T
X 0.4~0.8 ¥, 1EH TIZ 0.7~0.9 EZFT N FNRFE 7=, 2 EH
Dl E0ENMEDD, SEHF CTCIZ 0.1 EENE ITITHRME

B0 ot (¥ 4-2).
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Summary

Studies on the Tillering of Winter Wheat in Hokkaido.

Hokkaido produces more than 60% of the wheat produced in Japan.
Winter wheat accounts for approximately 90% of the wheat in
Hokkaido, and the newly developed cultivars are highly evaluated
for their high quality. However, the yield varies greatly year by
year, and a stable supply to consumers is not possible. In Hokkaido,
a technique for cultivating winter wheat has been developed to
increase tiller number, but due to the long snow period, studies on
the development of tillers that appear in autumn 1s difficult. Thus,
the ear formation process is uncertain and cultivation in the field
1s managed based on rough estimation of tiller number and
empirical knowledge of the effect of fertilizer, which may be a
cause of unstable yield. In this study, I established a new method
that could be used to examine the growth and development of each
tiller even during the long snow period, and established a
cultivation management method to improve the stability of yield.

The obtained are as follows.

I .Development of Tillering Tracking Method and Effect of
Tillering Appearance Time on Ear Formation and Yield.

Tillering of winter wheat has been studied mainly in warmer
regions, but not widely in Hokkaido, which has a long snow period.
This study was conducted to develop a simple tiller development
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tracking method, then using this method, the effect of tiller
appearance time on formation and grain yield were investigated
using “Kitahonami”, a main winter wheat variety in Hokkaido. The
results showed that the time of tiller appearance is related to the
development of ears (effective tiller). The growth and development
of each tiller were identified by attaching a rubber band with
different colors to each tiller at the time of tiller appearance. In
the tillers which had more than two leaves just before snow (robust
stems, RS), the ratio of effective tillers was 75-100%, and in the
tillers that appeared in spring after the snow melted, the ratio was
0-4%. RS with ears had longer stems and ears than slender stems
(SS) with ears. At harvest, although there was no significant
difference between RS and SS in 1000-grain weight, grain weight
per ear was significantly heavier in RS than in SS. The present
results indicated that the increase in tillers appearing before
wintering would increase the number of ears per plant and grains
per ear, and this would increase the yield of winter wheat in

Hokkaido.

I .Effect of Leaf Age on the Main Stem Before Wintering on Yield.

The relationship between the number of RS per plant and the leaf
age shown by the number of leaves on the main stem before
wintering was 1investigated; then the desirable leaf age for
increasing the yield was estimated. There was no significant
difference between the number of RS and stem length, but the yield
components, number of ears per plant, grain weight per ear and
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number of grains per panicle, were significantly greater in the
plants with a larger number of RS. Although there was no
significant correlation between cultivation condition and the
number of RS, the plants with a leaf age of 5.0, 5.5 and 6.0 had 3, 4
and 5 RS, respectively. The seeding density of the plants with a
leaf age of 5.5 and 6.0 before snow was 167 and 132 grains/m?2,
respectively. It would be difficult to obtain a uniform seeding at a
rate of 132 grains/m2 with a seeding machine. The results indicated
that the leaf age before snow affects the yield of winter wheat in

Hokkaido, and the desirable leaf age is around 5.5.

Il .Pattern of Tiller Appearance and its Varietal Difference.

Rice and wheat show synchronous emergence of leaf and tiller,
but the pattern of appearance in winter wheat in Hokkaido has not
been studied in detail. In this study, the pattern of tiller
appearance and whether it is synchronous or not was investigated
for three years in “Kitahonami”, a main winter wheat in Hokkaido.
The varietal difference in the pattern of tiller appearance was also
investigated. In “Kitahonami”, concerning the primary-order
tillers T1 appeared as expected from the synchronous theory, but
T2 and T3 appeared slightly earlier, and T5 and higher tillers later.
Concerning the second to fourth-order tillers, all tillers appeared
earlier than expected, except for T13. Increase in leaf age after
appearance of tiller was approximately the same at all tillering
nodes on the main stem, showing the regularity of synchronous leaf
emergence. The tiller appearance was earlier than expected in all
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varieties examined, but 1t was later in “Tsurukichi” than 1in
“Kitahonami” and “Yumechikara”. Thus, 1n winter wheat 1n
Hokkaido tillers, appeared earlier than expected from synchronous
emerging pattern, and it was earlier from the initial growth stage,
I also found that earliness of tillering in the initial growth stage
varied with the variety. Because increased tillering before
wintering would increase the number of ears per plant and yield of
winter wheat in Hokkaido, earliness of tiller appearance before
winter could be wuseful for effective selection of high-yield

varieties.

IV. Varietal Difference in the Effect of Tillering Time on Ear
Formation and Yield.

The number of tillers appearing before snow determine the ratio
of effective tillers and yield of winter wheat in Hokkaido. In this
study, I investigated the varietal difference in the effect of
tillering time on ear formation and yield using “Kitahonami”,
“Yumechikara” and “Kitami191”, winter wheat in Hokkaido. In the
tillers with more than two leaves just before snow, that is RS
before wintering, the ratio of effective tillers was 91% 1in
Kitahonami, 81% 1in Yumechikara, and 76% in Kitami91l. In the
tillers that appeared in spring after the snow melted, ears were not
formed in these three varieties. In the three varieties, effective
tillers with RS had longer stems and longer ears than those with SS.
At harvest, grain weight per ear, grain number per panicle and
1000-grains weight on RS were significantly greater than on SS. I
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concluded that the tillers that appeared in spring do not form ears,
and only the tillers that appeared before winter would determine
the number of ears per plant and grains per ear, and thus the yield

of winter wheat in Hokkaido.

As mentioned above, the number of tillers before wintering 1is
related with the number of ears per plant, and the yield of winter
wheat in Hokkaido is determined by the number of tillers that
appeared before wintering. The number of tillers i1s increased by
increasing leaf age of the main stem, and it is increased by
reducing seeding density. However, it is difficult to obtain uniform
seeding at a low density by using a seeding machine. Thus, the
desirable leaf age before wintering was considered to be around 5.5
in this study. Development of seeding technology to stabilize
germination rate may also help to increase the ear number and
yield. The time of tillering varies with the variety, and the
selection of early tillering varieties may also help increase the
yield. Since the yield of winter wheat in some areas in Hokkaido
has already been increased by using the present approach, the
farmers growing winter wheat in the snow area of Hokkaido should
be informed of the importance of tillering before winter, and the

benefit of using the present method.
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