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1. FEAMIIEOIDDERE, BREMOLES

NUEB Y (Zea mays LYIE, A FRLF LA TRLEERENO 1 >THY,
RO =ZKRIEW LR, HRBEOEFEREITR I 6793 1 F AMREICH LW, HROR%
XRADLEEREM TH D (BAKAE 2016). ARIZEKIT D P ER I [ I A L—DH
56,300 ha (ALEE BB 2020), A4 — k22— 7,990 ha (&K% 2017)TH DL DK L T,
FFEM bUE T 2 0% 530 ha (2K 2020a) & FEHF 1AL, BRAEEFEEHALED T,
KEZ OIS LD 1140 7 R > (JEKE 2020b)0 hUERa v FEEAL TN D.

WA NTERITFED YD AARENO R, K 60%23 %A G FEHIMEH S
TV, BA N TER 3 kO EFITSEERE KT TRZENRE L, ZOMREKD 1
DLLT, EEFEMIVERaI~OEBBAEZEZ LTS, LarL, MAMYER
IV FEOMBBICHERTENZ E0 D, S 57R5LEEZINEMN ORI LY FHETEA
FyERaTO kg 40 OfitsE FF, Ka X MEEOEBPRRDLNALTNDS.

AR, FFEM MY ER 3> ORE; AT AL E O o K HER B A2 LIS, RIS,
BRI, BT AR E R RIS W TN L2 d 5 (iR 2016). T b AkifiiE
H L O K HER A CTIxfesk, FEAEME L Ta aX L ¥ A4 ARERM S, WfEM DR
FAEZEM L TOWHDHIN L o7, LinL, RAMEDT D, EIERENE 2 0 1<,
MEY) & BRI E EE o TV O G DR < . ZORED IS, a3 hF, XA
RIS FE 3 OEME L TCHFERA MY Era OB ARYEINTHS., FEAMYE
BavOBEANCEY, AEFTTFERAMNVEra v AETHEONLIEE T TR, b

UEE 2 VIR OB X AT LD RRIED RS, ROVRIKR D IZ & D PkScER R Lk



FEEDENEN DS, T LAFRLF A AONERM ETL22EH Ay ML THITFLND.
AbyEE P REICB T D FEMA Ny a U EEOFRMER, BREE QOINDICLD L,
UTFD 8 mhdd. OFFEINENA X, LF, XARXREOTHEBZMELTEHY. O
MERIL DS, fOFRO YT o a VEFICHSTEV. OXLERERN S < AR T
W@V, @KFEHR: L CW I REFRITIREMR P 2 o 2 /AL TR Y, 8K
EOLENMEE A LR, ORMEFEY Y OIS 2 AT LF L TR0,
@®EFEDIRFENC L DFKDOEE EFICEONTFREARDGEAEMET LT < 2231 VI
HREY. OFEeiBS T RIIRIRT - REENES TH5. @& EFH DY
B, VA L= VBRI D DEERIN 2SI 2 LA 2. FFIZ 10 a 24 0 O 7@ iRefH
AR, FA4 X, asXznETnzd, 8, SHETHLIOIZH LT, +EAMYERaY
IXTARER & kR BB IMEM TH D L EINTE T a aFIT_ITH A< (WIF 2020),
BINWIAEMTH D, EROXL DAY v b2 h, TFEMNYVER 2> OFGHAILAL

I PR & LT 2020 FEERAE 470 ha £ THRRL TW 5.

BfE, HEFEHINVEra U, LT, INEEHORESHE LTHEHI A
THEY, ZREOEWEEDO MM ELRE AEL T2, BHLEREZBEALTWD
ZDIHWERDOIA V—VH M yERa v EBARVBEENTH D720, LVIFEDOE
WIS & ZNIC KD EEa R FORBERRD N TND.

2. LBEDRPRBICETEIFEAIMVEDICONREM

TEANTER IO HFIECE LTI, ACHEER SO 7o b o B 3B B9
L —EHOMEND D, PHD (2015a)IC XL L E R HEAMUHEE K 5> (K 30% LA T) (2
ET H720I10E, RAEORBIORAOHRAGENAELT, 5 A PaICHEET VIR

800~1,000 g m2 DFRINEN HIAEN, Z OB (F v 7 &8 65%FRE, HE v



XY G R 9% IXTIR ORIERIE L KENR. FZINERD 9121, REREE
BEVALV—VHMNERa ORI Y 1~2gm2EBE L 16 gm2FEE & L, AR
10gm?% EERE LFRY 2 4~5SEWITEET 52 LY Th H(HED 2015b). & H 1T

TE S HU 2 35V D B i O B 1A F BAEE (RM, Relative maturity) 73 H D27 7 4 AE LY
RM85 HDOF Y 72 &bz, IR EIHICLL2BRO Y 2702552 7T 9.0 K m?
BRELLTWD (FED 20150).

Rl (20151 KAuX, H4A&, PAENEN 4, 2 REEZEILRT TR L, 5 7 FIHE
HEE L 2 A, 2RO FFEINET 746 gm? T, T OEREBOHFHIL 658~862
em? Tholo. 7o, RIEITTFEM = — RIHMA OFTIEL, RM93 H oA §FE P9027
Ak Es Uz AR PE R G O ) O - FEUE T, IRINAERIZIE 825 g m2, UK IZ 1T 998 g m™2
ThY, TNENOHERO BRI 530~1180, 580~1360 gm?2 DH#IFHIZH D & #HE X
NTWD (FF 2019). LU, BAEERASCHEME I L OWA OHRDRNTEM b Y
ERITOIEICKETREL, FRMERZ SO TRE LFE, ARICBO TR
LAERBRIIR.

3. FPOEOOYOBEEERGOEHE, BXRICETSIBREOHR

— Mz, MEM O ER O OIITEO R EENEETH Y, BAMHEOLIL
PEZGIE T 2D DO OFMEERRD 2SN TEL., PUERIVTLFHSY
AT B OMEMIZ R T T ORG L OREN Do, HAEEE I 5 E
AT O AEMEIME <, F OFAEE L FINEIC KT TR EBIIMOEMIT X TKRE
WZERZNoTWND (D 2014b).

A L=V FUER I U THYIEZ iR & 5 i B & o Bk

HOBMRIZ LA O TERY, 7 (2015) (2 LT, BAMEIE S @EEREEENE <,



WeE Al TRV, A L= H b U w3 oo RO BB VE A o B CREAM X A, AR
FA (RM73 H) 2 OAGRELASFE (RM130 H) £ THFEL (BKE 2010), dbAATE
72 RM85~100 H D FUE, Hi/f Sl o fe i R P21, 1980 4EfUE TI 6.5~7.5 & m?
EINTE A 1973). L L, 4, ESZHER GRS RM75 B F2E o fR AR 5 fE e
EEALE IS VE 2 FF O M OB, RBESS T SRR 2 0B L Hik N & &2 & b
eV, MREAESFE RM75 H), FAEME (RM8S H), HAMME (RM100 H)ZNZE i
10.0~12.0, 9.0~10.0, 8.0~9.0 A& m? J3iE EAAMEE & L CTHESEI L (kS 2006, #F
20152), KLV LB ERD S T2EREEE N ELLSoH 5.
4. BAICEIBZFOE0VOFRNEBOHBEFTERG EHERIOTRESE
ESIuE

FEM N UER 3 S OBAEE E UG 2 A L 72T RN TEL b0 5.
Jeschke (2010)(C XA, HAEBEEICHES P v E 0 a v OFRNEOEIITIT 3 By
AL, BRI L b AW REINE S AWM BT DM, TRERINEOE(LA 2 RO[E
BRI, Bl E 2R TR BE NG N 5B, REBEEOHIMCE bRV TE
I B ANHRT 2 Bk B8 8 % . Russell (1991), Devick (2005) ([C kX, FoEon a0k
AR B IR R OB LR IE E i < e o TV AL Troyer (1996) (2 X aviE, % i Tkl
INDHIEE, KOELSHEHS, LHEADEEDTOIZEEAR ML AMMEIZHR 72 25 LR
H 5. Assefaetal (2016) (2 LAuiE, KE22 M, BFF 22 MTEBIT5H 124374 D U E
RavOFEREDRANT —5 & FHNT, B LS E I 25 L, 7RI &
FEOBRMBIT RENFMBAR O REET LI LMAL, 61, EFEY V-3
Tom AT ERBEBAEEERmRY, BIENENRE W &, ZoEmITKsy, A=

R EDORIGREICEENTCHBIT LM 2D L. LN -> T, AERSGIZRIT 5 HME



B OPRGEIT TR L BEEREOMAFEMEZE L CGRETRETHD.

B Q015 LE, YA L—VHA MY EravoERNREERGNS, FAELRETH
STHEESA m?2 LTFTORBETHEINTHD Z EMRUNRERTHY, 748K m? L
RicEm®» 2 0ERSH S, FHRE (2014) 12 X, FER, BF, HBEEEXI AL KE
B LT, ERMEED 10% Z<EMET 22 L 2RHtIcT & ThbH. LaoL, A
KIZBWTFEM b YT 22 OFAEE OGS O FAERR 05 TR O 22 52 2 /5T Lz
BHIIEFE D20,

—J7, FF5 (2008) 1T & b7 O ARIMERTR OB REEEIE, B ORI T
R 2B LB Al REneE Lz, &850, #Y¥DH (2014a)i, BRI O &EHEIC0E - flig
W L ORE OB T E#M AR B0, BRES B3em AT E225 L, 13em 2L E
DBFHIZHARTHOBIET DL LTS, LD EnD FUEr VO TRINE
1, R EERE O R IS X DA RMERE DR 2/ S SR B R D, I m IR &R R
BB ETE CEMET 2L, KVRENZURIGELALTVWEEZOND. FEE A
MEEREZ MERF L2 D, B L TV e LT, BRIERES (Narrow row cultivation, NR)
& T BHfE#Es (Twin row cultivation, TR)A & 2 HiL 5.

5. FUEOQVOBRBRECETIRREORR

IR BEBE 2 R G R BT 2 HED 1 D& UL TIRBEEEE RN H 5H. A5 (2006)
(R AE, PRIERES IS K D IR RITBAEE LI K > TR D, BAEAL 11.0 A m? T
K & 720 T 20%FRE DB A F HITZ DR LT, BAEAR 9.3 K m2 OB,
14.1 K m?2 ORBER CTITHEIND RN A S 720 > 7=, Fernando et al. (2002)iZ LiuviE, b
U E w3 O RICE ORBERES 1T X D B RO MR O 2Ot RS o g IC Ok

%. &7z, Cox and Cherney (2002), Cox et al. (2006) & XAVITHemEFES & EFR OHE &,



BHREZMAGDED L, SHICENRERD. £, REREICE O CTTEEOMENK
BlEZ & DL, HIGIRIZSHIZESRD., YA L=V FUER a2y TRV TR
e TEREARMRICHER LR L2 LTRES (2013b) 1IMFEASREICBWTT
BB I PERE R S L FIREAY, T EOBINZ R AR L, ZOERES o - fLFE T HIIN
ENEL 2D E L, FHEERE (2012) ICXVTERBROHFEHT 6.7 K m?2 OFE%
TIX T HREFES & PRmER s S I RIT A B 7203, 8.9 K m? OFHEX T T 5
OB R BRBER FE I N Tl o7z, L, FEA MY EravIcB0TTE
B & BB RS & Ll U723 B RIZB W TTIEF T 720,
6. TRESEEOERMRCREIEEFGLIERLEORELTOBNFIE
ARBFZEIE, TRAERISICE D2WNBIRD, OLDO XS R TEHI 2D, @ &
DX ZAT LM TELSRDD, @ED KD RBEESM L MR LT, i
B L LR, ARMMEEZRET S, TEAMVER I ORESNE LTS D
AT, TEHEREOLELWEARMEZHLNILEIETHDTHS. SbiT, T
SAERRG O A YN I D BB IR & I B AR AL SR, BRI & SRR DR L
7= (Figure I -1).
FIEIZIBWT, 2015 FICFEM L7z THsaR s K 2 28k GRBR 1)) of Rz

AL, FEMANYVEraTOEEBLICEW TS TR L 2B RR 5

=K

D ER LTz, RIT 2015, 2016 4RI2 320 L7z [T S RRAs O BRI Rl K+ #E AR
D B 2)) BRLV2013, 2018 AT o7z [T SRERE: O HEUR) B KAT 3R IE BE
HEDORE B 3)) L 2015, 2016 I L7z [T SEEAE: O IN R T T BEMRE &
BHBEEORE B 4)) OMEEZHEN LT, TREBREOMIGIEZEm < ToHE

HaeHLMILE D & L.



E BT, BIVEIZEW T 2017,2018,2019 O 3 #4EICH 720 £l L7z [T EHRE O H
PO RIC KT T ERBE L BB EDOEE B 5)) OfREZRL, ERBENTERE
HEE OB R & ORI, FHRENRD A DD 02 PRHERRE & i L TRl L L 9 &
L7z, $£7, ZOWMNERZE R L E L £ ORREEE ) & i Lz,

FVEIZRBWT 2017,2018,2019 0 3 # FITHIZ Y 24T - 7o [T R RERE O R
W RAE T dnfl O Rt & OB E ERE GUR 6)) & [T BRI OHI) RIC KIFET
RO 2 5l & B EORE G 7)) OfREZ L, RERESCERZ & o §hfE
FrtE DS TR ORI RIC KT T B L, B ESZED THLMILE D &
L7z, iz, WEBEPEL X ORBEMIT O T IERIZOW THRET L 7.

FBVIFEIZ B W T T IS & DI RN AT HEE R A & dnflg E D 5

\\\
"~

BriEL,
IO, OB ERDFERMTOMAEDREIZONTRRAL, 6 OER Z I &K

PR L ZNEEB N ORAEMITELE L.



BIE MHEBLUHE

AR 1 & LT TEEAIERREILC & 2 S2BGABRIC K 1T 2 T RIERE OB R ], B2 &
LT I TSR oMU RIS RS SRR O %), B3 & LT TR ORI
BB BT TIRIEIEBE DR ), ER 4 & LT [T B AEHEE O IR R KT 9 g & o

T ORE), WS & LT I TR ORI LT T ERIBIE & FAa%E 0%

N

B, B 6 & LTI T BREHEE: OB FAZ RIE T a0 fl O FLBe itk & O RRHEH L5 8 %,
B 7 & LT T TR OB R KIET A O Rrp 5 0 & s ORE] %
ki L 7= (Table I-1) .
1. BBBEICLIEAESRICEILITRBREOENYNE &R
(1) RBEFREHERE

ARBRIE, BERERRZEWEEAT — a3y (L) , KBTS ¢t L 7-.
S FE & LT, RMS8S H @ P8025 & RM100 H ® P0023 @ 2 dnffia 7=, P8025 %7
Yha—=rvLbT7 ) ha— o RMERFET, YA L—UHE L TIEECHE, ME, B
Hit 5 5 O FCER AR PR BREE U T T W T 2 (JRKA 2010). B R HIEIZ I 1T 5152
FUERma L LT, P9027 IZKRE 2F A ICHIGHENZ W TH D (HRER
FIFLA 2018). P0023 (41 L—H & LTI - MaE - LI oo — R RS 72 Hiek <078
B OFE AT T T, FHRINENFEV. BRI CTFEHE L TE, BRMPEVG
ThD.
(2) HHERRE & UHAEEENE

HAEAR ZALPE & L CIEATIX (CR: Conventional row), T B[X (TR: Twin row cultivation)

B X OEEEX. (NR: Narrow row cultivation) Z 3% |F (Table I1-1, Figure IT-1), FHE% AL



BLE LTI, CR & TR T 7.2, 8.6, 1074 m2? 3 /k#E, NR TIX8.7,10.6 & m2?D 2
IKHUEZGRE L 7. & ORENE & BRIENE, Z£40Z 4L CR & TRIZH VT 75X 18.5,15.5,12.5 cm,
NR (ZFBT 50%X23.0, 18.9 ecm & L7, ABRIKAE L0l 4 EIX, BAEARAZEIX, 3K
MEEZREI AKX ET D3 RESEIRETHD.

() BE BERELUZOMmEERE

R 2015 4E 5 H 6 HICRWBITHIEES T, TRESHK (7L —1F7Lr—r X1,
IDEC) 12X Y, CR ¥ L NR IFH:MEZ A[ 28 T & 2 8H % (NG plus, MONOSEM) (1T LD
THEMRETE L 7.

L LT, dbE IR EICESWTIRE T V=0 A, @Y VBRAIK, gl Y
XL, N-14, P20s-18, KoO-14 gm2 Z 2@ R L7=. BIEE LT, & 6~7 M (i
BB 12N, P20s, KO 239,10, 6 gm2 22T E=0 A, 8 VEEAIX,
W VICK O RERMA L., Sol2, BB LTy vooar7 70 (7T R7 Y
Yoo AT m— VKRR & 250 fFICAVR L CEN A E S g Cam B RGh Lz, R
BITMOIEZ2 L, 1R I AR TE L, REENAELZHEAICIE, Mol EEEZBME I T
KOHEL, ROV, =R OMRICO L O, 2R ARIXFH A b BRS
L.

4) HAEFE

1) RERE

TR Z MR T Z L 2R L CINERELZITo72. ABETHEREALEATER S m %
HIBRIB CREMIC L DAY, REAZEFRETCHE L. S OICHFEREEZ 3 fEE
B L, XELMBEICHT T ERommiREEITo7. YUY U LIEkEE S m NOfHE

BT _TD, WAL LT, Ko XELXERYEL L TEFRETHEL .



B LS EIRITRE R, M L ORI AN TR T 5 AU B S ¥ 701212
FXEGYELZNE L., WEEENOEETNES LI ERY, 2K E2E K
PECHEREEME L L CHIE Lz, SHIC, JHRMER % 5 EikE%k L TR E DR
B, MERIE, AOMEREE, tim AR B L OMERR O A L Ehe Lo, 88k L 7o RS
> L, MR AL Tl R AR T 5 B RILL R Rg kR S 7o R IR R A E L7z

2) BREERE

BIRBIEIE & LT, ol B LIRHUE L BRELZHE L. IRE S (1998) ([ Liidsl &
B LU A I AR 5 lMARRICE B ZET 5. ARBRIZE W TS =8 LERHE
ERERAE 20179 H 6,7,8 HICHIE L. BIEFEIFRE (2001) OFEIZHEL, Tv

= LR TROBEEREE b yE o a v ORERICESE L, ZOE TSR A2 E)
HE S Im CREEMADOFANCIMZH < X O S/ LICRICE LR KiEE, 7 V4
VT F— A — (FGP-5, HAR®EME Y VR () i) THIE L. 7ok, &KX 10 i
DWTHIEL, HHERSHKE L.

FERIIEIE B 1 DHOHEIM IS (AL 1 Hifl) oRREEREE T/ X AT, 5l
T UHHUE & RRFICHE Lz, TRRoRXick v BoWmiEszitEm L, BRoRI &L,
gl & H LHCHUE & OBIfRZ MRt L7,

FEMTAEAE (mm?) = 7 /4 X B (mm) X4 (mm)

2. FRESEOENMNRCREFIBENOEE FHR2)
(1) RBREFREHERTE

ARBRIE, BERZERRZEDEEAT — a2y (LBlH) , RETHIREES ¢t L 7-.

LS FE & L C 2015 42 & 2016 A4 & 12 RM85 H @ P8025 & RM93 H @ P9027 %

Ay

10



P9027 X RM93 HOF v METHD. A L—VH & LTI HHE2ETER - #E -
EALO AR R 23 ) Th 5. BRI L ONER IR TIXFEMMfEE LT HiE
L, ERMBOFEA by Ena e U CTRbEEEmENZ W (KA 2010) .

(2) HIERRE & URIERENE

FHAEAR L & L C CR, TR B L ONR % i%i} (Table II-1, Figure I1-1), $AE% X
103 A m?2iRE L7z, £OMEEHKHITZLZh, CR & TRIZBWT 75X13 cm, NR
IZHBNTS50X19.5ecm Th 5. B XEEIIHEREH 2 F X, SfELEIX, gz g~
XET23ENBIKETHD.

() BE BEEsS&LUZOMmEERE

FETEIL 2015 412 5 H 6,16,26 H, 2016 4125 H 3,16,29 HITHEMERE 3 cm (2725 X
AR XOBHKEZGR L-FEHEEECFEREESL, TO®%R 7+ —TCTHELR. & 4
BEMRIZICHEBI X2 L, 1R 1 AR TE Ln. KERIE, AF 0 iR R4 725 X @K%
B CIC L DML, 3722 BB OREIRIZ D & o0 THIEE AR I FA A 2> S BRA L 7.

AL LT, B EICESWTIRE T v E=0 A, @Y VBEAIK, gl Y
ZEINZEI, N-14, P20s-18, Ko0-14 gm? # 2EMEAE L7-. iBIEE LT, 5 6~7 HEH (I
H L) 12 2015 FEIC N3 gm2 Z WAL T =7 AT, 2016 412 N, P,0s K20 & F 2
9, 10, 6 ¢ m?ZWMLT L E=U L, @Y UAIK, MBI VKD ERBERA L.
F7, HEQRL L Tory s 2 (U=am 2 KHF) & 200 g 10 al (AR L CE)
Fran Camm TEEWC L7, HMFRITMSIE 2L, 1R I AR TE Lz, KRR AE LTSS
W20, MelEEEELBE I CTICLOME L, RO, B — 2R OMRMRIZO L DT,
RBMREEEILHEE SR LTZ. S5, AFBLHEFE LT, K'Y r7uaT7 7N (7

FF Vv NT 7 a— LKAl & 250 mL 10 a!, 55 5~6 BEHCE) )M Fgs TR L 7=,
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4) HAEAE

1) IRERE

TR Z MR -2 L 2R L CINERELZIT o7, BT 15 R Z 28 A THIERH
ZBRESKTAIRY, REAZEFRETHE L. S HICHEREREL 3 FEEREEL, %
L MRS T T BROMHEEIT 7. Vo7V Lz I8 kS, Hiffs b E

By, mol-XE4

e

WM E LS L CEFRETHE L, Bk L7z 3 [EEITHER,
MW L CRARIC AN TR T 5 BRIDL ERet S E 2481, XEmME 2 HE Lz, M
FEZ WO IZTNED LI H EMY, 15 ks 2B RKF CHERURYE & L CTHIE
L7z, &biT, PERMREAZ 5 RSk L CHERUZE oMY, fEhikk, AR,
S A fe R K OMRER ORE 4 M U7, B LMY 7 E, MR A Tl
JERZERRE T 5 H LA BRSBTS MR i 2 E L7z,

2) ML AZME

=i
Mg

SR, SRR B L LT2015 427 H 18 H, 8 H 21 HIZ, 2016 £ TiL 7
H22H, 8 12 RIZENENEAEEZHRE L. FXIVAEAFTTER 3 [EEZ Y
YTV, B, BB LOER, MEICHOT CETFRABICTEYE (EE) 2EL
7. E-BEmEAEER (L1-3200) MW THERRMAZHFA L, BEEBEFL LA 2HH L.
AR VX JE A BB E 1 LS HRARIC A AL, 70 CC 0@ Rz T S B ML BRI L= 2 0k,
LR LV I L TS Z L B =— L RIC AN T 30 pifm Lz, B RIFICL Y iz
WHE 2R E L.

3) RENRSA—4 —DOHAFX

HEEAT—Y T, T2 OERMERE L, L2, # ES@EYEL W1, W, MG EL

E1, E2 9% & (Figure 1-3) ,

12



MEFERZ#) B (EGR: Ear growth rate) =(E2-E1) /(T2-T1)

fEREE A K (CGR: Crop growth rate) =(W2-W1) /(T2-T1)

Y EEE FEFE 4L (MLAIL Mean leaf area index) =(L2-L1) /(Ln(L2) - Ln(L1) )

#ilA{= (NAR: Net assimilation rate) =CGR/MLAI
3. TRRBEEOBIRMRICRETRIFEEMOLE REK3I)

(1) BB EHARIE

ARERIT, BEEZEKREEWAEAT — 2 a > JLBITH) (¢, FEMfiL7=. RMI100, 105
H® 36B08 & P1543 & A 7z, 36B08 (X351 A =T+ E O MFE T, KA DA TE)?
KL EENENZ WL RO, T3 BURIRGUE & ZF AR BRPTIE ICHiD THE I AL
BEERMHEIZEEINLTWD.

P1543 |35 =7 tHR O RM105 H OBAERTETH L. MFEA K& <, EHHRA
FENESWESER (7774 M) —7) T, T9EUREREMELF D, MERMEIC S EN
DHEER RO (BKE 2010).

Q) BEHFXB I UHRERERE

HOREE L 1L, 2013 4F & 2018 A Mi4FE & & IZHENE 75 cm R 15 cm (8.9 A m?) % &L
L7z, TRIZIE, [ UM TR AR E O IRIEHEE A 10, 20, 30 cm & 3% X (TR10,
TR20, TR30) Z % & CR & bl L7z (Figure 1-2). RBRELE (XL EX, fhfke%
RIKET D, HRIXEIRESL L.

Q) BE BEESLUZOMmEERE

e LT, duipE e IR IZ S W THRZE, Ak VB, W& ZivEh, N-14,

P20s-18, KyO-11 ¢ m? Z RJEfuft L7z, #HFEIXZn £, 2013 41L5 A 21 H, 2018 4

TS5 A2 BICTER3IKTHOFRHEE L, TR FEBMEE L N THEEEE 3om 2222 X

13



INHERE L7, 2 D% 7 4+ — CHIE L7z, 5 4 EHRTHRICHSIE L IR I R TE LTz,
RKITHE S S EERZBE I TICE DAL, B2 OMRICO & D72, MR E A
A D RS LTz,

Z DM ORI E LA 2 L RO J7IE THEM L -
4) REAZE

1) IRERE

I BT AT AR 2 & Rk 7 T EME LT,

2) RRFE

R 3 ICBWTOLNEFTAEHONEY & T#%, FXL0EOKRINBFELHR S i
BATHYEL, SERGEEZANTEEZE L L, RRAFELITo72. T 1H, 280
TFARDOAKVEAEE, AEZFH L. IS FAE 18, 52 HioF RN FHR s
DE 5 KEHKL, RS, KSZFHMLEZ. 20%, BT RKECHEMELZIE L. HIC
MARIC AN THZBRBE T, 5 U b@m i s, whELZNE L

3) EREERE

PR TR AT IR 1 & RAR D 7k T L7

4. TRESBEOHBNMRICKRETHIELHEEEORE ER 49

(1) HBEFrEeHERE

RBRIT, BRERRERKEEWEEAT —v 3 v (TIH) 12T, Eii Lz, e L
T 2015 4 & 2016 4F 2 # 4 & 112 RM93 H ® P9027 % F 7=, P9027 1A L—YH &
LCTE+Baa B R - Mk - ELo i piRE 23 i CTh 5. ERIB LONEM
M T ERE A ME S LTHET 5. BE, bifFETRETFEM v Er 2L

LTlIRLELSBE SN TWDLRETH D GRBIEERFEE 2018).
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Q) BiEHERXBLUBEZELRE
FEARULEE & L C CR, TR, NR B XTUINTR %% J (Table II-1, Figure I-1), &

FIACHE B IR L LT 7.0, 7.8, 8.9, 10.3, 12.1 4K m2D 5 K¥ELRE L. FDlE:

e & RRENE, T FH CR & TRICEBWTIX 75%X19, 17,15, 13, 11 cm, NR & NTR 2B W

TIE 50X28.5, 25.5,22.5, 19.5, 16.5 cm & L7-. REBRXEEITLEL EX, e EE

X, B 2R K 2T 3 KA BIKIECTH 5.

() BE BESIUZOMmEELZE

L LC, dbifEfElEAERE 2 D & N-14, Py0s-18, Ky0-11 g m2 & fiZe, R >
H, 2016 1% 5 A 15

JE, BN XV 2EEE L. HEiXEn2i, 2015415 A 13

HIC TR BT HOFHEE L, RS FEBMIEZ A THEMEIRE 3 em (2725 K 5 (T

Lic. TO®R7 A —THELZ. B4 EHAMRICHSIE L, 18R 1AL TE Lz, KEKIZ

RS BRI SEEREZBEZ CIC X VML, H—22BEROMRIZ DL O TH

REAE A IR A 2> B RS L 72

70, BEAEL Loy 2 2 (U =am kKA & 200 g 10 a [CAR L TE)

FaCamtEEm Lz, 261, ABFRERELT, FYP rouT7 TN (T T

\]]ﬂﬁ'

Vv A NT 7 a— LKA Z 250 mL 10 a”!, %5 5~6 W ICE ) E TR TR L 7.

@ RAEAZE

1) INERE
IR A TR 2 LRI 5 kT L 7-.

E A

g #EB,>5)

5. TREZEOEBRMRICREIZEREELBZERTEDR

1) HERBEFrEHERE

SERIE, 2017 45, 2018 4F, 2019 4F 3 » 4R I20 7= V) B R 2R K AVEW AEPER T — g o

15



(LA 2Tl L7z, A E LC RM85 H ™ P8025 # M 7.
() HiERRXE L UHEEEERE

FAEAR LR & LT CR, TR B L UNNR %% () (Table I1-1, Figure I[-1), ZiLEIZ
FomEE EELEL L LC 7.0, 7.8, 8.9, 103, 12.1 A m2?D 5 K¥EZGHE L. < OBE & 4%
B, ZTHZH CR & TRIZHWTIE 75X19, 17, 15,13, 11 cm, NR IZFWVTIE 50X 28.5,
25.5,22.5,19.5,16.5cm & L7, BBRXEE T Z EX, AL RIX, Fmgs gz
Rz X &T23EREIXIETHD.

Q) BE EESLUZOMmBEIELE

FEAE L UC, dbiE AR e C JE D & N-14, P,0s-18, K,0-11 g m?2 ZHiZ, J&EmKY >~
B, B &0 REMGEIE L. ERBIEAHEKX L LT 2017 4, 2018 4, 2019 4 3 » 4
EBIIN 6 g m?2 it lZ X0 RERIET 22X (N6) 25T T, X (N0) &gl
7.

FEREIZENZH, 2017 F1E 5 H2 A, 201845 1X 5 A 1 H, 20194134 A 27 AIZ 1 &
KT OFHEEL, ERTFHBMEEZ AV CHERIEE3ImICRD L ICHERELE. £
D% 7+ —THEEL. F4EHRRICHIIZ L, 1R 1IARZTE Lic. RERIZHS &M
KA ZCIC R ORI L, ¥ — 7 B ORERIC O & o TR E A IZFRE 2 HBRSN LT,

ZOMOFEEBEILHER 2 L FEkO HFIETHEIE L 7=,

4) HAEARE

1) RERE

I A (T RAER 2 & Rk oD 7 vE T L 7.

2) BRSM

B, OB L OREREHIY ERER, Wikl TEROMTICH L. i LR,
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AR L OEEREH MR- ER L K FETE OKEF LM 1980) T, kD X 5 icim X L7-.
R, HIERENIK 0.125 ¢ 2 25 mL AN 7 ARBRE IR L, £ oMk 2N 2 721,
IRAEEE 1 mL 23N L7z, £k, W tkFERKEMZT2%, 7VIe—bsT Ty 27 %M
WL - 3 fiR LTz,

— 5, FEREHIMN 0.5¢ 2 100 mL A7 V&4 — )V 7 T A 2K L, RS 4 mL Z 30
Lo, 20t%, @EKFEKREZME - LT, Wb EE L 2 ITHFAE OBV
STWRERTHM& T &L, SR, XHEREHT 100 mL, 2, FEGEUEHT 250 mLICER L
fo. EARLEREB I mLIZHAK4mL 2L, 2 CSmLéE L ETy7r—o 0T
JrvaviE (FES1982) Lo TREFONEGEEEERLT.

3) BREEMELE TOEERE

HERE b D EFBEIZ R T D EAER R & 2 O BEBE OB FiEIX TioXic kv
BH L.

EFMNLNFE (NUE, g g!) =% F B L 2 HI/EF BN &

=1-EIL&E (N6-N0) /6

el

it 28 2 O WLIFI T 3 (Nab, %) =38 B i1 2 0 I 28 37 &38R %S 5B
FWILE (N6-NO) /6 X 100
WY %5 R OGN HE (Ngy, g ) =2 FIBIEIC K 5 1 TR &/AB AR i K O W I E F &
5t A 280 38 /R U 28 5 D BRI Zh 3 X 100
EFRMEAEFE (NUE, g g!) 1%, BIELZZEEEY Y O FERINEOHINGIEZ, EEE
FOWILFI A (Nab, %) 1FBIE L7 =R EZ RN LA T 2816 %, WINEFE O HING)
F (Ngy, ggh) 1T, MINEFEZ FRINEOHINMHEORT 2R EZEKRL TN D.

6. TREXREOHNRMECKRETRAEORBRMLBHETEEOLE R o)
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() RBEFREHEARE

BRI, BRZERRKFZEWEEAT — a > (LA 12T, FEhi L. Mk s L
T 2017 4E, 2018 4F & 2019 4E 3 » 4E & (2 RM85 H @ P8025 & RM100 H @ 36B08 % i\
7.

36B08 |3/ 3 A A =T HFRDO MM T, REUOBER TENKS ZEDOWNEN L WFRHEE
Fro, T RUREHIE & T FEMFIRTIME D TERLTWS. £/, JbiEE R L E
IZHREESNTWD (BKE 2010).

(2) #iERR & & Uk ET ERE

FHAEARULEE & LT CR, TR B L OYNR %% () (Table II-1, Figure II-1), ZiLZiIT
Rt EALEE S LT 7.0, 7.8, 8.9, 10.3, 12.1 K m2 D 5 KMEAFHE L. ZOHINE LK
i, THZH CR & TRIZEBWTIE 75X19, 17, 15,13, 11 cm, NR IZFWTiE 50X 28.5,
25.5,22.5,19.5,16.5cm & L7, BBRXEE T Z EX, BiEEXLRIX, Fmgs gz
Az X &T23RERHIKETHD.

Q) 1BiE BERS&LUZOMmEERE

FAE L LT, AbiEE e AR AR YE (C LS & N-14, Py0s-18, Kp0-11 g m?2 2 WiZe, Ak v
JE, BRNC K0 e L. iz i, 2017 135 H 2 H, 2018415 H 1 H,
2019 1T 4 A 27 BIZ 1L BR3KRLTHOFHEE L, ERIFEBMHHELZ AWV CTHEMEEEL 3 cm
WD IR LT, TD%R 7+ —CTHEE L. 4 EWATZICHSIE L, 1H 1 AR
T& L. RRIFHBRMAES RIZFEL S EELBM I ISRV L, B—72 %o
HEfRIC o L O THIEMEERITRE DR Lz, £/, £ELEL: LCTeuey s 2 (U=
o1 KRN & 200 g 10 a IZAR L CHY )G Cam HEBA L. 612, £F

WEHE LT, Y 2rovar 7N (7 7Yy« A NT7 7 a—/KFAl) % 250 mL 10
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a’l, % 5~6 BEWICHE) )T THOM L 7.
4) #AEHZE

1) RERE

I B A A AR 2 & [R5 15 T ERE L 7.

2) BEAEME

AL B R FE AR A LR 2 & Rk O BTN L 7.

3) RENRSA—4 —DOHAFX

RN T A —Z —OF R FIEITRER 2 &Rk F1ETINE LTz,

4) HRBEDRE EBRLRBOEH

5 9~10 HEHWI, 55 13~14 ), MR 2 AL L LT2015037 H 4, 18 H, 8 H 2
HiZ, 2016 4£TiX7 A 8, 15 H, 8 A 6 HZNETNITHERIEE T REE(PPFD) % I E
L, fHXTHRE Z3HH L7, PPFD [ ZHIER ) ORER LI ECHE L b Em TR —% 1 [
HARA R 25 em [#1R, 2, 3 [5] H FAAFREIZ 13 50 om [H B C 300 cm DR —/LITERY fF1T,
B Z SACHE L7z, M EIX TR L VR L7c (Figure 11-4).

I &2 HEEICET DG H0 & AR E

lo: BEVE BTN IS 2 66 Ok & 1 AR

FREFREE=1/ 10 X 100

S5, WA K, BREEEEREZ FET5L, TihoRickvkoohnsd.

-KF=Loge(I/ Ip)
7. FREBEEOHBIMNRICRETERORLIBELRETEOZE ER
(1) HERBFT L HERIE

R, BMERFRRPIEMEEAT — a v (L) 12T, ez, fatifEs L
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T 2017 4F, 2018 4E & 2019 4E 3 » 4F & & 12 RM93 H @ KD420 & RM100 H @ 36B08 [fi fh
FEAZ -, KD420 (394 L— U & L CiTinER, LM AR<ER - Elkics i 2
Py s i 2 s E 17 0 RM90 H a7 > Minfi TH 5. MEIRMERE <, F
ENEOFEmNZEND, TEHAMNVEraRELE L THH/IN TS (BKE 2010).

Figure -5 (2 2017 £ 8 AW FAIOIEM B OIEMmAE %/~ L1z, KD420 OREE KD
TR HE T R FE 0T KD420 7% 36B08 (TR TR/ E Do 723, MEREE RN O 8 BELLT
D T AL ZE D B FAEFE$R 1T KD420 28 36B08 IZH_TRE M o72. ZHICH LT, 59 L
E o EATEEX KD420 28 36B08 (2 T/ S ot Lehi - T, KD420 1% FA7HE i F 51
BNRLVETE, 36B08 (AN AYIC B EERAT G AL VL LT, (fESTbh, Z
OfjmfEZERORLZMRMEE LT, SEIERBEEZKRL.
(2) HiERRE L UHEEEERE

AR RMLEE & LT CR, TR B L YNR %% () (Table -1, Figure I-1) , ZThZi
(A FEALER & LC 7.0, 7.8, 8.9, 10.3, 12.1 K m?2?D 5 KHEAFLRE L=, T OhEE &
FERIIE, 24040 CR & TR IZE W TIE 75X 19, 17, 15,13, 11 em, NR (235 TiE 50X 28.5,
25.5,22.5,19.5,16.5cm & L7, PBRXEE T Z EX, B AEIX, FmgsE 2z
Al 2 XL 253 RESEIKIETHD.
Q) BE EERS&LUZOMmEBIERE

L UC, dbyEE e e 2 -5 & N-14, Py0s-18, K,0-11 g m?2 ZHi%e, JEmk Y >
JE, BRI K0 g L. iz h i, 2017 8135 0 2 H, 20184I1E5 1 H,
2019 1% 4 A 27 BRI L R3RITOFREE L, EREFEBMEL H W CTHEREEE 3 om
WCRDEDICHEM L. Z0®% 7+ —CHE L. & 4 EWHRTZRICHIIE L, 11 RS

Te L7z, KRS S MEEZBEITICIVMEL, B2 R ORI & O THI
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FEAE AR L AR A 2> B BRAS L 72

Z O DL E PRITFER 2 & RO FIECTERM L7
@) REHZE

1) INERE

I B A TR 2 L [RIBR oD 5 ik T IEME L7z

2) BRRIAIEZE

SR Bz FE AR A X AR 2 & Rk D HIETEM L7
3) X REDRE

FR e HEEE TR AR (23R 6 & Rk o> 515 T L7z,

21



FIE REFEATRESEOEBRMIRCREIEE
1. BBBEICLIRAEHRRICEIL2TRBHREOENNE EBR
(1) FRIE

Figure -1 (ZFFENEZ R L. WSO FENEL KT 5 &, BEX TIX
P0023>P8025 T - 7=73, HEHEX I L OEHEX T P8025>P0023 Toh - 7=. P8025 D-F
FE T T R TOFHMERAXIZ BT 103 A m? OFMHEX AR S E <, 7.3 & m? OB X
WECH IR Do T2 AR Tl 25 &, HBAEX L 8.5 A m? DIEHEX & 42 TR=NR
=CR Tho7eh, BHERAMICABERERN LD RN,

ZAUZHF LT P0023 DF-FEALEIE, TR & NRIZEBWTITERIC & bW I L7273,
CR IZBWTIIEEX PSR b &<, BEHEX TIEL LAKT L7z, BAEX TiX TR>CR, #
FE X ClL TRENR>CR TH - 723, X CTIIHMEEXM TR E R2ZRITA LD L)
> 7.

Q) REFEREL, NEREREISA-RERIBEELSLELCSHIER

Figure II-2 (ZH0 R3Sz & INFEFTE S 2 R L7c. WA O BEez B 4 g4 % &,
T RTORKIZEBNT b FBA AL P0023 23 BAMLFE PR025 (ICH~Tmnrolz. £z, W
A fESEE LT, TR & NRIZEBWTIEHEMIC & 725 THM L7722, CRIZEHEW THEHEX
Db im0 To. FhEERUH TH T % &, M anfEdE U CTEfEIX T TR>CR ToH 2 DI
% LT, fEUEX TIL TR=NR, CR, ##H[X TiX TR, NR>CR Th > 7-.

INFEFR Bz W S FE T 95 &, X T DX T PR025 DUNHEFRELAS P0023 (2~ T
Motz £72, TR & NR O CR I TEVMEINIC H - 72, TR OULHEF 03
EREIZLE S 72> TR T HEMICH H1FHF, CR & NRIZEBWTIE, INHERE K O A5

FELZK D23/ S o Tz,
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Figure MI-3 (Z—FERI L& BRI E AR L., —FEREUIT, T TORLEKXIZIE W T HER
AL FE PO023 A3 AR L FE P8025 TR TE o7, Fio, MAELEL T, T XTOHR
FEERUCTEAEIC & b7 > TR Lz, ZORUDFEEIX P0023 7% P8025 (TR TRE 2o
72 B EE R T d S &, AR L C, B X Tl TR=CR, FE#X Tl TR, NR
=CR CTh o7z, BHX TIX P0023 O—FEh#L NR=TR=CR Th 72753, P8025 Tl
AR ERA R E DB o T,

ERIE I, SRR CHER TS &, P8025 AT RTORIZEWVT P0023 IZHARTKE )
ol £, WL T, TN TORMB THERIC & b2 THREIIRED L.
FEREIXIZ 3T, M 50 & 512 TRZNR=CR Th o 7228, B IX & HEHEX 2BV T,
BAARAMIC —EDOERITA S e h o7z,

Figure NM-4 (ZE{RFRE & FEWTEFEZ 7k L7z, P8025 (2R W TIX K& 2Bk DI A 1L 4
Lo bhienol. L, P0023 ICBWTIHERSFEAEL, ZOEUREREL, +T
DR EXIZIHBNT, TRCR, TR Th-olz. F, CRIZBWTIE, EiHICE bl
CHMRFRES 1N L 7.

FRWTHEAE 2 W R TR T 5 &, TR TOXIZBNT, HErAEMLFEDO P0023 A3 HA M
D P8O25 (e~ Twmd-o7e. F£7o, BRWrmiaix, mafElidE LT, 3 TOHmER
XIZBWT, BRIZE 2o T Lz, Z ORI P0023 23 PR025 IZER TR X
molo. Fio, BRI CHlET S &, BEEEIIEMX CIIERITIZLASALN
PR, FEUEX L EAEX TIE NR & TR 28 CRICH AR TR EWEHA Z /R LT,

Figure 1I-5, 6 (Z P8025, P0023 Z AL D FALEE Hiff OFREL & 518 LIRPUE O BfR %
AR LTz, PR025S D5 B LIEFUEITHR U THREORSICE b R-oTEA L., T LR

FEEEIE, BUAEX MR & B XTI N TRE o T, BEDOKSITH ) EFITEMX
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W TR OZER N LI, TR 8 CR & NRIZHARTRE o7, NRIEAE
REGIZ 5] =8 LIBUE MR WME R T - 72

Z TR LT P0023 [XBRAE X TIE, P8025 T TN AL, 58 LIPIHE S &
o7z, P8025 DY » OB LIEPUEIZ W TR OMEEEXIZHB W TH TR 28 CR T
NTREVDITH LT, PO023 [FAFEHEX L BEREIX & & HIZ CR & TR & DENHRE L2
23> 7. NR[E P8025 & [AIERIZ A1 LHEHUE TR ME 7 TH - 7=

Table IM-1 ([ZFRREY D OBIE LIRFUE Z 7~ L 72, P8025 OFRFEY V 5| = 8] LKL LR
UT, TRACR & NRIZHERTHEN-7-. ZHUTK LT P0023 1%, HHK & EHEX T
TR & CR B NRIZHEARTEN-7. L L, BHE X Tl o mH M2 —E o 25
EEINSY /Y
() FEW

YA L=V FUEra BT 5 TR ICE DN RIE, BEBSRR (FES
2012a, 2012b, =HE 5 2013)F K OVFEHEAER (FFE D 2013a, 2015b)D #2381V THER
S, WEME, AR, FREARARE RS KOERMER EOIBEIZOWTHEBI L 72
A2 RTZENMOENTING.

TEARTERTIUICENTEH TRICE 2 IR IL, BB O TIEk S < R
ERTWD (EJD 2014, Song L. 2020a). L2 L, BRIV TIX, BERHY
RERD 70~80% DI & EF L7212, FEBRIC, FARBREMEA A L7 EHARERIC
BWT, WINAREZMERT DI LIFHEFICEETHD.

Song et al. (2020b) |Z K AUIE, 3 » F O K% MR 2 FEi L, RM85 H O RA G CTh
S>TH 10K m?2 YL EOBEMERHEET 5 2 L T, RM100 B O FBp AN Z B2 5 N EZ

MR TE D, SBIC, TRI\EKET DL, BAMEOHIN RSB A RIS TRE
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WA B D 7280, RAREOBMIIIC L2 TRHAEEDFGR TH S, ARERBERIC
BOTH 103K m?2 DFEMXICIW TIBAERRAUCEIMHR R <, RM 85 HO RAGMFED ¥
FEL A RM 100 H O e B FRIZ A~ T <, £ DERITITR THERLTVD Z &b,
ZOMERGELELTEERE R LI EMINTE 5.

Fo, HHL QO EINIE, TEHFEHE LA L= Mo Ee a 3REN K
KRBT TiEAe<, BETAHE 1, 2800 M2 FRMEEAHEML, RENKLS
HZ L, FREAMENERLS LY, BOBDOLEE X VELL Dhd, HBED R
HnmET 5. KERBRIZB W TRES Y o5 8 UEHUE2 B4 Mk KO Gt o
FEREXIZH VT TR A8 CR & NRICHARTEWER S, TRICK DZHI B O & X
FARIBEDOILR PG LT\ & PRENS.

2. FREREOEBINMRCREIBEHOLE HEK2)
1) BREROKREH

Table IM-2 |[CRBRER 5 # 4D b T o a s OABTHMOKEMELZ R Lz, 2015 4
DKL 5 Ao 2 ks, AFHMZE L TRHEICHTERIHE L. A
BEk BIXBABRI O 9 AICEHICREIE L IE0IXRIEFELICHER L-. BREITE
BHIMZE LT, ZRICHERE L, FrC, HFEMO 5 ABXORAEHO 8 A, £hEh
100, 55 MI m? UL EZBRICHER Liz. L7235 T, 2015 FEORBRITET 2 00K,
2, BRABHIOZNE LTRESIT NS,

2016 “F DO FE)KARIE, 7 £ TORBEREMME, £, 6 ORERERTHICE S H#R
L, 8 A DBRES R L OEBETHNICLRmIRICHER L. B BITRER R & B H%
AIIECTO 6 And 8 AT CTEWICHKIE L. KT, BAFTH O 8 A DYED 2.5

BEOKETH 7. AFEITREBERERL B L OB O 7,8 HIZLRICHER L.
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L7223 > T, 2016 SEDOKRRITRBHREH ORI, BAMPOLLGEIE, ZWE LT
FHEoTons.
2) FRENELHB EREME

Figure II-7 {ZHEFE M2 5 70 2 Fh Ak U CHiEs S 4172 P8025 D -SRI EIC KT T B %
L7z, P8025 OFFEULEIE, 2015, 2016 WifFE L HBIEICE ble> THEICHA L.
F- FEUL B O FAE AR 2 1L 2015 228 2016 LR TR E o7z, ZaUZxh LT P9027
DFFINEIT S H 16 AFEXNS 5 H 31 ARERKISHHT TR L3, 5 H 1 BEXK? L 5
H 16 X O IE P025 (IZHE~T/hE L, T LA 2016 FITBWTIEIHEIML 2. 510X
ORI ZE 51T PR025 & [AIERIZ 2015 4F23 2016 TR TR E o7z,

IYERIHT DAE R & Fr 2 & (Table 1M-3), P8025 D - FEULE X, 2 » A4ki@ L CHERIHN 2=
BLOEHEY & BHEXOMICEBEERRE D O, L L, 2016 4 THRIEEEX & %
FEH O Z BEAERICITAEMEIZR D 41727 > 72 (Table TM-4).

Figure -7 [ZHEFEH] A 870 5 FAEARCHE: S 7z P9027 O RN &I K IT T 52
U7z, P9027 T, 2 # 4FME U CHAERR A L fFEH O X BEEICHEMERR D b
Dy 7z (Table MM-5,6). L2>L, W4 CHRAMEEKXFICITABEMEITR D Hiviz. P9027 128
FHFFENEL L OEEBE COMnothziTol s 24, H EEwyE & IEREIIHK
AR, BHEYBLOZOREEMCHEBEESRD D, Bri%IC X 2 iy E oW
DRREICHMEEROERND D Z L AHGETE . b, dhHL, AR, AR
D3 ERTORBINTE A5 L, FHRIVE, # By E, ICHEREEICIIRA S #HE
DO OZHAERICA BN L ® 57z (Figure 1M-8, Table IM-7).

Q) MEREVESIVEBEEROKER

Figure TM-9 (ZEEmABEEBUIMERRIC & bR o TREREFY O EHITEN, SRHIOIE
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RO IR TS 2 o7, 5 A 29 HEEX O R KM OEmREEHIL, CR 2 TR &
NRZ RTINS WHFNIZ o 72 e KO B iz E & FARICBERIZ & b 722 > TR
L, ZOREAFEEIL TR & NR 28 CRIZHEASRT/HNSWHRIZH - 72,

(4) RRBEH

Figure TI-10 (Z45FAMIMICE T 2 P ER A EE (MLADR L ORIF(LE (NAR) & B
HHINIEE (EGR)DBfR 2R L7e. SRR % W7 & AT R A1 O CGR T4 E il R %
A B A hif e = BT O AR BE R R E (CGR)IX TR & NR 78 CR IR TE - 1=, [FIHE
MoOFHEEBEEEE S A 1| BREK CITHMEEAMOZR IR bR, 5 A
29 AFE X CTIEERNED bl & HIZ, [ oMFE LR ITHFE IR 72 <, TR, NR
>CR ThoT-.

5) FR

Nguyen et al. (2017) IZ XX, KEOERZOT —22H£H 5L, KED MY ER =
VO EERRKE T HEEPIEEIC L > TZ L7200 40~50° N 4 H TR HKETHD.
—J7, EARICBWTIEY A L=V A b Ut o a v oFEY o BRI ESAE 8°C, Hik
10C & =4 (7% 2005), AeyE iz s A FAITH LS. BRI ILHIT, BT & 6
(243° N TH D05, FEEEHIEKEOKEIZH~TENEWVWZS.

REERE LB 2 6N 5 FREXO T FIEILT T TR, NR=CR Tho7z. B#FEIZE D
RV F RN TV, ZO(E FREIX TR IV T P8025 D 2015 F ARV TR B
INEhoTo. ZOBERZNEEEBENOEZLET 5 L, M W E S BRI S B
TR<NR,CR Th o 7z. ZHITK L TIHEFEE O ZAVIZ W & b (AR M 2 RV &
Mol b, 529 BEEXIZEHIT D TR O EINED R 1, TR OH EHz4) & o

ESICER L. 61T, —faRE BREORRNL AL L, BREICHIT 5 TR OWE
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DESIZHEKL, FFICERNBEOEINFHERKNTHDL B2 LN,

Fl, RN OBETT S L, BBXIZBITS TR ot LEmwEO S S1E, TR

2B 1T 2 @O RERE R O AT R AT £ TOMEEEREREL (CGRICL->TH1Z
LENTWD EWVWZ D, &5IZ, [ O CGR 28 Y 3 m AL £ (MLAT) & #i[E{E =R (NAR)
DELLICHBINTVWDLONEBLRT DL, NARITFERYIC 0D O3, Feftskzt
T TR, NR=CR DHAIZ & 5 DTk LT, MLAL 1ZBr#E 1235V C TR=NR, CR O [H]IZ H
B EME, BIEXICKT D TR OB HEWEIT, REKERID O AR KA
HMETOMLAIOE SICHKRT D EEZ LN,

ZOBEFEMNE UL RERESGH ETO TR OEmBEREO LHO R S, %R+ 535
5,6, 7, 8 12331F 2 FMl & B2 UG O FAEAR A AR O 5 b, BHERE O FAfk oo 5 & 3t
HTLHbDTHLELEHLALHIENTES.

£70, FRICEORMMERHEZER T, FrICBERFIZIW T 2015 428 2016 FI2HE~T
BEThHoTo. ZOFRMERDPEL L2BRNEWMEDORREMENOEZLET H L, 2015 4
IFEFE 2 Ehi L7= 5 A OFEESIRD 2016 ISt Thkehm<, £, ARELZ -
2 b, REREBBEXICBIT2UMAETOEENELRSTWVWREICH TR
H. S BIZ, 2016 ik 6 A OIRIRIZ, FREXEBREXICI T 2R (E £ ToREmHE
FEHOERZITHLHETMEBICER Lo LHRIND. ZhODFEMFRMERE L ZH
LERGERTHDLH EEZOND.

ULbEXY, PRmEgch:, TR&HEOEINSRT, BAMMELE L THRFEICE bR oT
REVEHBNCH D, Z OZE T Y EOE LRSI T, EhES
PR THMEET S B2 6Nk, S5, BWBEX TIIMEILEO AR S F 3

REEBOERLMD L7720, FENEORMARKNEZDENILRT S LRSI, &
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T, HEFENC Y722 5 Anb 6 ARTEAmIE - ZRICKRIET 213 L ZOBEMITEETH
HEEZDBII.

3. FTRBEEOHIMBRICRETRBEMROTLE FHEK3I)

(1) FRIE

Figure IM-11 (2 T B#HEAEF IR D IREERES +FEINE I KETREIZ O TRLE.
2018 FED IV E T A TOMBEKIZIB N T, 2013 FITHRTREME» o 72, FFRILE
XA, WA AEE U CIEEREEN R bl N Lz, BITKAE 100 & Lz &ED
TRINEDOEH S HIL 2 7 HFIARIZT 5 &, TRI0, 20, 30 ZiLE 4L, 36B08 Tl 112~118,
116~119, 132~136, P1543 Ti% 108~114, 116~119, 131 Th - 7=.

2013, 2018 4 2 » FE DT 2L & & IVE RS E % Table M-8 (278 L7z, 33 AT Dt
RaeHn e, TRINEL 2 7 F38@ L TR B X OREEBEOMICARER L O 5
Nie. LaL, ffE & IREHEBEOM O L BEAEMICITAEMEITIA L O LR T
Q) NEMEREL, NEMERELILGAT-LEMEENELLHER

2018 4R DMl BHRHCAE L, FIEINE & RERICAETORBXIZIB N T, 2013 £~ T
Korote, 7o, MEB IO mELE LT, RIFHEHES R WVLBEXIT E M FEiz &
DR E D o7 (Table M-8). I HTDORER 2 5 &, H B R EILFFEINE & RERIC
2 7R L CAn RIS KL OMRIEIEREF ICA B ER A b, L L, dnfl & IR0E PREE O 52
HAERICITABEEITRO S hiho Tz,

2018 FFE DULHEFERLIT, 2013 IS~ Tl & &Ko 7. 2018 4= O U HEFE I d I
FEICBWTIE, 2013 FEOIUHEREERIT P1543 (28T TR30 23 b @ < CR B b2 »
7o, LarL, MafE AR A ER TR LD LNRN ST

—FERIE WA, WAL AEZA @ U, 2018 RN 2013 AR R T oo 72, 36B08 Tk
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W41 UC, TR30=TR20>TRI0>CR ToHo7z. LAL, PI1543 1% 2013 TR N TIE
TR30=TR20=TRI0>CR TH 7= DD, 2018 FFEIZH W TILIRIEIEEEIC & 72 5 —FikL
BOWEMT/NSroTe. 8o Of R, msnfE s b i F X ORE RN T B =

MO DA, SR IRIBEHEORMICIIARBRRZEFERR AL D N o7,

EORLE (XM & b SR 2 AN 541, 36B08 2% P1543 ICHLRTRE oo, £z,
36B08 TIXZAFERD 2018 FAMEULAEIR D 2013 FRIZHARTRE D o7z, X 5122013 4
B D IRMEIEEEC & 70 o ERIE O BN 36B08 78 P1543 bR CHE THho72. 77k
ST OFER, EREOMMERICOWVWTIEMER L bABEENIBD N, LarL, KRIE
PREERIZEST, 2013 FIITAEMERRO ST,

FERM OBRFRE L, 2013 ITIXEROFAEITERTH 72 b DD, 2018 I T
BRI FEAE LTz, F5IZ, 36B08 DEMRBENKE hoT-.

2018 429 H 5 HICHE 21 5 OB O /=Dl ffEE SERAFHEAELZ. L, 20
FAERREIILMER RN O, EORFXIZI W T b ERFEE L 36B08 >P1543 Th
Sfc. FlomishfELE LT, RIS RS ROV SERERE TR <, P1543 @ TR20 & TR30
XTIIBEMR DI LT B> Tz, 2018 FED BT OFE R, BUREREIZ T MM B
K OIRIEEBEF I A BEENBO o/, UL, L IRISHEBEOR O BE/EHIZI
WAL b A EMEIIME TERNhoTz.

Figure II-12, 13 |2 T S#&H5E 12351 2 RIG BEBEDS BB O SCRABR Bk D K& 2 RiF
AR Lo, IRIEIERED R < 72 213 & SRR O A M FE3 1% < 72 0 B AEM IR O SCFif
FEDMIN T DA A3 HAL7- (Table 1M-9).

() FE

2018 FIFEBREMBOMKIE &, REREMTY, Z#HMOZREBRBRAZE, 6129
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A5 AoREICE 2BROZD, AHENS KRN mDITHER L 2013 HFI12H~T
TR R 25~35%REMR o7, L L, W4, mdmfEdLm L CIRENSRWIZELINE
RLUTz, Thebb, WELVAVPRERDZIER, BFERTH->TH, THEERKREC
& o TIRMRIREEZ AT 2 2 LIS 57228 % T & 3 HERR S vz,

T HRILENFR] 418 LT TR3I0ZTR20=TRI0>CR Th - 7= HK % Hi LE M E &L
MM OGN LERT D L, M LY EOREEMIC X 2281biE, 121ETFINE L
A LT, 2018 il LHBHEAME A 2013 TR T 30%HUIN L TV 2D DIZH 2300
59, Wi4FE% 38 L T TR30=TR20=TR10>CR T - 7=. Hi E#E a4 H OB R 1% TR10
23 13~23, TR20 7% 13~22, TR30 7% 23~36% T > 7.

—77, WHEFREIT, 2013 2B W TREHZERNFE D BT, 2018 FIZH W\ TH T30
DO ILER XN AR TEFREWIENERE RABBERIIA N hoTo. ZOFEND
TR ENIREEREIC E SR> THMT 5 00%, RIEEBEC & 72 5 H Bz E O
MERKMLTELDOTHDLEBZRBND.

I 5T, R E BREORRN S AL L, —FEREIE, WA, s fEdem LT TR30
=TR20>TR10>CR & UFZERPHAME T 7. ZAUTH LC, ERLE TIXAHER 2
BixbHoeb o0, KIVFERD 2018 FFITITUHHM ZRIITBDO Do, ZOFEND
BIGEREIC L 720 FRNEOE T, & LT —MhftoERIChkL, BASKMED
BWZIFERICBEWCOIAEREOER LG T2 52 60T,

FEARAM OBEUREE L, RIBHEHEA R 22T EmMBMELB L TR TLEZ., Sbig, X
FIROEANA LR 72 0 SR O IR U7z, F 72 T O R 2R Wi
FEHHEML. IREEHZAT 2281280, TAVEREZBIR TE 2 2 L IR TX

7273, 2018 FEIZHA LR TP EBENR FERITND Z L2 L 2 EIR)ICK LTI,
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BRINE DDy, SBRMETE—AL FNE2ET DR EL THRTLILENRDD. -,
BURZBHIET 2 ECHEERCFIROREEIL, MEOBENRER, LHKSEER S
DEBEBINDIHDEEZXLND. 5%, TRICEDREZEEOEEEIZONTHAEL T
WS LER DA D .
4. TEBBEOHNRHPRICRETHELHEZTEOEZE R4
(1) FRIE

Figure MI-14 (2 T S#EFET T 1T DD

AR RE )

Iz

S

FTERBICHOWTRLE, TF

Bl
i

IEL L, 2015 4F & 2016 AFM4FEMIE LT, T~ TORMEEXIZIBWT NTR 2 b K&
<, CRBE\L/NEDo7=. 7.8 K m2 L FOBEXKIZHIT 5 FRINEIX, maFEdEL C,
NTR=ZTR>NR>CR, 12.1 A m?Ll EOEEXIZI T 5 FFILAEIL NTR>TR>NR>CR
Thotz. mHWEDFE 8.9~103 K m?2 OFPHIZIIT 5 1 FILEIX NTR>TR=NR>
CR THY, TR & NR DERITAHLO NPT, ZEOTTORER, FRIEICITH
AR, R B L O OWE DL BAEMIZENENA BN A & D 5Tz (Table 1T
-10).

FAEE LI 72 ) TRINEDOEALIT T RN CHEAEAEE I B W T R O (B Bh R 23 8

o>

L (Figure I-14, Table M-10), T EINLEIL 8.5~10.5 & m2 DM EEIZB WV CTikEfd %
U, O HARE S L LUT O B X C b S it B R S B DL L O A X T b 7 AT
YLz

I B B\ 31T DRI E O i@ I R T ORIV T 2016 £E728 2015
FITHARTRE Do, ZTOREME, BIX E I ITEMEKICR T 5 1 FEI RO AR E
OM D7, CR £ NR 23 NTR & TRIZHARTRKE -7 (Figure M-14). FHAEE EIZ

x93 5 FFIE O RO [alF iR O e BIERE a O HIE X E 4 238 U CNTR & TR 25 NR
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& CRIZHATIE > 72 (Table MM-10) .- FEUL & 0D B i #R 0O TH D & 5K 8 72 i Hefl
BT TR, NR B XUV NTR 2% CRICHANTEWVHIRIC & - 72, AR ITAE R E
HBpHhLtdohi.
Q) NEMEREL, NEHERELIGAT-LEMEZEENELSIER

H EEBEZAE 1L 2015 AF & 2016 EMAFEAE U T, FFEINE L [FERIC & OFMEE EIC R
WTH NTR b K& L, CR B b/NE o7z (Figure M-15). 2405 O3 FE ]
ZEHL13 2016 4E28 2015 FICHLAR TR E o 7o, FHEE LM 225, TR O iz EIL 7.0
A m? OBFEX, 12.1 & m? OFBRK TIE NR IR TREDNo7283, 7.8~10.3 K m?
X TIEWME DM TRERERNBHL LD LR 0T, THOHRMEEIZ L 67 5 H 1
HLE O 2 RO El iR 23 A L7 (Figure MI-15, Table N-10). i F{fez4EIC

BT 2RO B HTRE R T & b IR, B, Bk & Bl £ o
MOZEERICABERA LD BT,

A LIS K O MR FE OO [A]5 R O HL AR a DFEXHEIL NTR & TR 7% NR &
RICHAT/IhEDPo7z. Lo, [EUFEROTES D B3RO B AL D Bl Rt e B 13l 4F %

THEHEXNE O ZRITA LD N T

IHEFR BT & OFMEREIZ B W T H TR T OB LT BT 2016 4F2% 2015 FFiTtk
_XTEM»o 7 (Figure M-15). 7T, FHEEXICB W CINERHREIIEEICE o
T LTz, 2 OO FREE & W B O B IX & IR B IX DL T % &, Z DI NTR,
TR, NR<CR T& > 7= (Table II-11). [HEFRE DO RO 53 BIHTHER TIE, Fedrdk M T

BRERNB DO, L, FKkE, B s ERoLEFEITAEREER
B Do ho Tz,

—FERI T, FPOLFIZBWTHE LT 2015 2 2016 I TE -T2, £,

33



—FERIEI WA Z B LTI R TOFMEERITB D THMEEIZ & b W iEid L (Figure
M-16), ZOZALIZ—®kOEIFANHEA L7z (Table M-11). FAEFEEIC &L 72 5 —FHkL
BOWIRE, T72b6, —KEUFNOME L NTR, TRIB L' NR 28 CRIZHEARTKRE
molz. —FRIBIZ 1T D &R D AR R T, —BERIEU B ER N 6 L OMER
MOERIIAE TChH o2, FMER L EROBITITAEERR LD LR T,
ERLE X T R TOLBXITEBT 2016 43 2015 FIZH_RTRE Do, £, W
Zl L CT R COFMERNITIB W CTHMEEIZ & b 72> TIRT L7z (Figure M-16). & D
R TR IR CERN A DN AR oo, BB EICE b2 ) ARECKTIC
b —WEFRDNES L, ZORFEROEE ITITHMEAMTERN LN RP o T
(Table M-11). HREIZIBIT 5 EEOHOHER TIE, AERERMERNZL DL
iz, UL, 3% R F & OB E B & FRM O ZBAERITAEEITRD bk
Mmool
() FE

FUER v OFMEERBRIIEZRENTVDI OO0, 1FEAEDGAKMEE
T 2~3 B THD Z &%, 5 EBU EOFEEESEMEL Lo & LT
. REBRIZHEWT 5 R OB ERBR ATV, F FEULE O R LTk 3 2 Z{0ITE
ITIK, BRBEX, TEXEHICZROBEIFRNEHEG L. £, WEHERB L OERED
A FE IR T 2 2 bix— ko BEYF D #E A L7z,

FEH2008) LALE, WA L—UH F7ER UK LT 6.0~16.7 &K m2 D 9 BEFED
Hohd i B 2 FEhe L, M LI EIE & MR RS, B Ik LT Sk o Bl
X2, MR E AT - RORBKRADNEESG T 5. & 51T, Tetio-Kagho and

Gardner(1998) X 4U1E, hvEr a O F+FEINER X OMEFE Y 72 0 b3 O bl % B SO 1
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ZWERAUCHE D . F 7z, Jeschke (2010)LAUiE 8.8~10.4 &K m2? D 10 BefEICHsi 5 b
3O TN ETRAEE I LT 13K m? E T ORI E X T 2 IR ENR AR
HWAET DY, 134K m? Pl EOBHKIZR D &, BHEICE b ) TREINEDRAIL 2 kO
FERRICITEG L 2D & LTWD . ARRBUITHMEEE 7~12 K m? (2317 2 BAbE
ERBRTHY, ERomE EBEU LR E R LD EWnr b, F72, Gozubenlietal.
(Q004)ITEITX & TR FIZB W T, +FHEINEDOFME Ik 2 ko R a3 i@ &
THZEEEMLTEBY, ZOWELHITF -HMLEBERTHDLELDLZDHIENTE
5.

ARBRICBW Ty Era v FRINEE M BTG ET, —HORMEEEXZRE,
FEAEDOMIEXIZHEWT NTRZTR>NR>CR Thoto. £/, FHlEEEICxT 5 1%
WD ZREYR IR SR O T, IR A oK & T % EAMES 13X NTR, TR, NR 2% CR
IZHART05~1.6 & m2@&EnoT-.

% 72, Finck (2003)%> Stewart (2000) & T S X & EITIX A i3 5 2 < oGl % E
M L7ofE R, FT 5 & TREXOFFENEITEITRICHEATENE LTS, 51,
AgridGold Research (2009)iZ K, KE=a—>~ L hafbE L, 7449, £V )
A, AT AT, AnAF, rriorx—, 7xv—, IV yEMNEREN 2, 13,10,
1,5 14,1 »FFOF 36 ORBHIZIBNT, VA L—VH MU EraiwdT 5 TEED
R A LI L, 20K 70 % ORI IV T TS X O EE I & AMELT X b
NTEMPole. TRERGXOBERMEEIT 1A mBETHY, BITKICHTH
BT1~15 K m2 RKEEE®E» o7z, ARBRICE T 2 7 FEIES X O I & o
FEAR AR 2 R L OB RO ROl FAE £ b 21 b OBFFERR & IZEEEL L 72k R 2R

LTWndEnzx5d.
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—J7, AgriGold Research (2009)(% TS X AAMBEITIKIZHE R TR - FF 2 HED, 10K

m2 D FHEEE AT T RINE DN RAT 7.5~14% DERNFET DH. Fiz, I
LB T230% D —AZEWTIE, TREOHEIGH RN S VAN & 2 i fE &
AL EbHBL TS, RkBu, tEh T, FEA M EraRfEE
LTlRbERLTND PI2T DADFERTHD. A%, TREICEVBIGBIRORLE
SWZOWT, YO L) RBEREOENC M ZRBBGRT 2002 i L Tn <k
b D,

- FEUN B D A S A L & R B OB BB 2 D L, H BRI
L IR CATIZ AR OB RS 273 OlCxh LT, IWHREOERMIZE b
X FiX, NTRETRENR<CR Of\lZH 7. DO &b, TRNELLOZEOEE
SGDOFMAERMOERITEL L TEMICE 72 ) INHEEROK TREDERICL->T
blebINTWDHEWNWRD.

RN F TN EOBALE OS2 — RN, ERELORRNLOERD &, BEIZ
729 ERLE QR FIIT AR R E R ZR B R ONR0 o120k LT, B
b7 ) —FERIEL DK FIZI NTRETRENR<SCR TH o722 &nh, TENELLVOZEOH
FERE DAL O 2T E L CEMIC L b7 ) —FRE OB RRE O ZICRINT 5
LEZLND.

FF (20152) ([ XHiE, brEvavOlfRE &R EIIEARORERRECKE <
MRIN, HRE 1S cm RiEICR 5 &, W URMEE b IMRE & — RO 8 L
725, FAELX O bR R EEE & Rk c BT 2 TR (TR) L1ETTX (CR) B
F OB TS X (NTR) & RBEX (NR) O OB OBfREZRG L- & 2 AlHFOMIZIX

Theh, EORBRMEBRAARED LN, bbb, FRURBEE TS TREC
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o THEEMEREZ R RO LR —FRBEDOL IITORNB>TND Z LR ERINT.
SbhIZ, TREICBTDHEMICE S LD R EOZ{LD/NSV, NTR KB XD TR
AZ BT 2 B IZ 3 1) 5 — IR Db Z i L, NTR B X0 TR (28T 5 F HILE
TRIEF R O LR EL @ DOFERIE A NR & CRICHA TV (Table M-12). 372
5, NTR & TR IZBT 5 FRNEORMEEICH T 2LEMEEZLTZOLTVD LB RS
no.

EVE TREREOEBRHNRICREIZRERLBETEOZE HES)

1. ARERODIREH

Table IV-1 [ZEBRER 5 #»FED FvEna L DEBTHMOKEME LR LT-. 2017 4
OVFHRIEITL 7 AORBREZMICHIBICHRE L2, BRAMMITFEEICERT
1.3~1.8 CIER<H#ER L7z, BRoKEITRERERTIO 6 A LBRRAEZH O 9 HITZWICHIE L
72D, EOMOMFIIZIE AR AICHERE Uiz, B BT RERER O 5% I E
TT~9HZBULTCERBICHB L. LR - T, 2017 EOKRIT, RKEREZLY ORI,
2, BRAMEOCCKIE, ZRE L TRHRESTLNS.

2018 AEDOFHKIRITAT MM 28 U CRIBICHER L, FRiC, REHREMHO 6 Al
1.7 °C, BAFHIL 2.3 CERLSHERB L. BARITEAZO 9 A%k, AEFHMEE
L CEMICHER Lo, 571, REBERERI» SBAGHO 7 AD 8 At TFRED 2
LA EORBKETRIE L7z, A &M 4 » FICH_TRAMEZDZ 5 10 A 2R\ T
AH I AR CERHERS Lz, L - T, 2018 FORARIE, HEMREM D & B/
2T TOKIR, ZM, FERELTRESToND.

2019 O FEHKURITIFIE EA A ICHER L. BRoKEIX BRI O 8 A ZR\\T, F

FICHRTOWICRIB L. BREITEEICHSTERICHEB L, $Ri2, 8-10 H DA
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ARMMZEC CEIRICHRE Lz, LR o> T, 2019 FOXKRITHRERE M ODH,
2, AiAERMOER, Z2RE L THESTLND.
2. FENE

Figure IV-1 (2 3 » O FRINEICHEMEE EHOG 2R Lc., FRIEIT T X TORME
KOTRTOPMEHEERIZCENTEH 3 7 EICBWVWTITEN6>IENO Thorz. 2, i
PO YL BT 3 7 FIZH L TT R TOHEXICIHBWTTRZNR>CR Th o 72, £z,
IBN6 X LB NO KICHIT D FFEINEDERL, X TOFER LR XIZ 350 T 5l Bl
BEAAITRORENoTo. Fi, FRTHET D L, 2019 F20 KB RE <, 2018 F2
b/ hoT.

P8025 (Z351T % F FUNE D HAHE LTI T 5 &1L, 3 7 FENT X TORMEEAX I
T2 WEMFDE S L7z (Table IV-2). 2 WM OFER, U E O FAE OGO K =
Exd 2 WENRAORE a OHHEITH B2 ERH LB AR ITED o i, =
FRUHEB L OEORAEAERICITAEMENRO Lo oo, REAAMEE K2 = T46R5 b
AR, XM B L O DOLRBEAEH & BICHBEMEITER O biviehy, ERNHE LR
FEAR A L ORBER OB OZ BEAEMCIAEERSRO N o7, L, KEHHK
RELE FE W DI KILE & /R 4R 3K ¢ IXERLILE L OZ DR, B & oMo AR
FICH BN RD bz,

3. NEMEREOBRETER

Figure IV-2 (T 3 » O M W E O E BRI Z R Lic, L EEEMEIT T T
DEEZBEBLTNRZTR>CR Tho7o. 72, WFELEL TTXTORMEER, T
DHMEEIZBNTHIEBN6IENO Tholo., £z, T OMFERMAETIT 2019 423 2017

L 2018 AR EERT R E Mo 72, P8025 (K1) 5 M EETEZY) B DAL B 2 %3 2 2 {bix
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3T R TOFMAERICTIHE T 2 KEFXDES Lz, # B E O 2 kENHRICES
WTIEBRE D BE P c IZOWTIT X TH B RLER ZRDFTEO SN 1o, 78 a
DREIHE I I W TUIE AR 3 X O IFIC A BN A & O B A7z (Table IV-2).

P8025 (23517 2 INHEFE B D BRI B A L 13 B e MR N ZE R B A L D b o Tz,
3 4B L TIB N6=3B NO Th o 7o, IHEFEHUT W T L OB AR IS b BRI PRV
T L7 (Figure IV-3). ZOWHEEROKTRETZ2OLEIREMROM XL 3 »FIk
T, CR Ao fER=ICE N TREN ST

—FERI UL T R COHMEEIZIB VW TIEBN6>ENO Tholo., 72,3 »4F4EL T
FAE T LV E 5 W LTz (Figure IV-4). & O — R OB FEEIX TR 25 NR & CR IZEE
RCPhEPoT,

ERLE L, 2017 4ED NR ZFRUVCHIAFE, WK &S ISR B I > TR LT
(Figure IV-5). JB/DFRE 2 BB E 6T 2 AR ERIFEROMEE N6 R L, ZoRF
EAOM XL, B NOX>B N6 KTho7m. £, EREOHEMICES HIE, THEK
EBRBE X DMEATKIZ AT, £ 72, 1B N6 K23VE NO KIZH T/ VMER\NIZH - 7.

— RO K OV E R OB T T D AR & b, TR ToFMEEKIZB W
T 1 REYFD A L7 (Table V-3, 4). —FRIEL D 1 RENFROME X a Ok il 1L 548
R, EHRLEB L OERMERD B LD b oT2, 3 »F8 L TE N6=iE NO
XTHY, £72, KL T2019 ENRSRE L, 2017 ERKR /NS hole. £, BRED
ITAERH ZR L B R LB OB OLZAAEMNIABEENSRD .

BREO 1 WEYFRKOME X o O EiE, DR L OER M 2R & RXHER DR
HAEMDFRD BT AR b 1T EF NP LA ZE P FRD 5, 2017 03k b K& <,

2018 I b/NS o Tz
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4. BRBERB LI VERKEEDXEOEERE

Figure IV-6 I[CERMEShFE 2R L. ERMIEZHZFIT 2019 FFD 7.0 A m?2 OB X %
BRVNT, MiAEZE U T TR & NR S CRICHARTE N7z, Fio, BRIEIEHRIZT T
DFAEE FE X F X OBFAEEREAIXIZIB W TEINTH - 72 2019 4235, RINTH - 72 2018 4
IR TEmroT.

Figure IV-7 (ZIBIEZEFHE O WINFI R 28 Lic. BARZESE OWIH A FIX 2019 40 7.0
AR m? OBFEX & RV TCHAEZ i U T TR & NR 28 CRICHRTRKEN-7. £, BIE
EFROWINFIHBIZERZMEZRE B2 2018 42 & 2019 F ORI K & PR HZ RN
ooz,

Figure IV-8 [CZEHWIN R Z R~ LIz, T T OHMEE R L ORMERKIZB O TIE NG
XDZEFWILEDE NO KICHASTHEICKRENoTo. £/, EFRWINEIL 2018 -0 CR
ZERVT 10 K m?2 OB X I TUO B E XIS THEICRE otz EHRWINE
T TR TORLBXIZIBNT, ZULD 2019 FERRIL T o - 72 2018 FIT R TR E Mo 7.

Z OEANIEIE N6 KIZHB W TIE NO KIZHERTHETH - 7-.

Figure V-9 [CWLIXZE K DN F 2 7R LT-. WX ZE 58 OB R IT ZIAE R 2019 44
IRINAEIR D 2018 FEIZH AT, TR TOLEKIZEB W TEN o7, £, WINEFROHEIL
1T, 2018 TR VT 8.9 A m? LU T OBAE X IZ F W\ TTHAEER A M I ER B A2 B
o lz. TS LT, 10 A m?2 L EOFEREXIZI W TIL TR & NR 28 CRIZH~TK
Eholo. £z, 2019 FICBNTS 7.8 K m?2 Ll FOBAEXIZEBWTIX CR=ZTR>NR T
bole. THIZH LT, 89K m?2LL EOBFEXIZIH W TII TR, NR>CR Th-o7-.

Table IV-5 (ZHEFE /LI O 2 B ARIZ 31 5 52 2 o0 28 WL B ds k. OvEs 3 fi fE 2o 36

L X ORAEIZE A~ LTz, 18 N0 B K UNE N6 X D% RWIN I OfE R, mEs
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U R R L OB RIS A BN D, TR & NR 28 CRIICHANTEL, *
72, 10 A m?2 XTI OFAEHE LXK ICH_RTE N o, £, Folidkzl & Hotii s 5 o i
DEBAENCAE MR iz,

EFRMEALNE (NUENEI BT ORGSR, WiE & b IS HmAR g L O & B I A &
PERFR® Hiv. TR & NR 2% CRICHARTE S, £z, 10 A m?2 KM O HA#E E I~
TEWER Z 73R LTz, 72, Bolsk & B s oM o2 BEAEMIC A EENRD b,
MAEE UC, 10 A m?2LL EOBERIXIZIIT D TR & NR KOERIMEALZ RN b & o
7.

B ZE 5 OWILFI S (Nab)iX, WO ORI & bIo, s L os
FERICAEEMENED b, TR & NR 2 CRICHARTHEL, £, 10 KA m? Ll EOFEHEX
DM OFAEFB AR TE Doz, EBIT, Folisk= & e B o2 BAERICAH BN
BHOHN, 10 A m2LL LD TR & NR OHRifE%E 35 O W ILH RN K b o iz

Wh N 28 35 D HEI AN 2R (Ngy)ld 2018 4R (I3 ARMAREURT, 2019 4R 1 1R 2 S5 i o A e
PR HIT. Fio, WEZE U O S S E oA BN R R EAEAPRD
Hiv, BAEIX TIX CR 25l OFAEAR AU LN THAEX TIE TR & NR 23 CRIZHANTROR
M A 2 s L7z,

5. BR
() BREFBERGICRIZETERERNE

Cox and Cherney (2002), Cox et al. (2006) (2 Xui, kBRI IC LD bvEnav o+
RN EOHIN S FITE R, BB EZRAGDED ZLICX0EL 2D, ARG
Rb TR L OBRERLT O RIE 10.3 A m? OFME &8 N6 KIZHE W TR b @<

ol &b, DO EIBROBME KL L OERBIEOILE T BT 5
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LWz b,

Fio, RRBRAERTIE, BERMEEL EITX, TEX, IHEXTE bITBEEHR
2L 01~05 K mBBE&E o7, LML, ZOEFBIEICX D RELMHEELICE
% i B 2 I IER I/ S W E B X Biviz. 2 O R FE s o R 2 R
FTRERNEOWEL SNV ELBAROHLEEZLND. Thbb, [KIND 2018 4 TILET
X, TRIX, REEXEGICHAREORBHMEL TH 70Xt L, ZITH -7z 2017
FETETRBREERER T, HITRKICHAS TREBMEEOERNKRENPoTo. SV
% &, GBIREFRIT K D B AR E ORI 31T D R AR 2 B BRI A+
REAE, TRIZEEN RV, BRI DNE 72555 8 A W B2 K & Wi (T

XK, RO PEITRICHE R THER TH L L BEZHILD.
Q) NEERERILAH-EREEAREEERGICRIETER

IS O R Z H LI E &R ORGEN D RS &, M e R T
I & & [FIARZ AR 5 ORISR BV BAR 3 G H L, FFINE & R L2k xR LT,

TSR LT, IR AR N6 KB NO KIZ K 2 28BS £ B bz R s T, HRE
L7polz.

Fo, —FRBEAREOCRRNO L &, —FRNEOEMEICE bR OETITE N6
X LB NO X CHAEMRXH O ZRIIA LN o7 £z, BREIZBWTHRETH D,
BRI L bR RTIE, TRKE IR BIETRICE NS WHRICH o7z, Lizddo
T, TRIEREE, PR CBIRER OO R ORI R IL, IR Sk, — Rk
BEHRNEOBMIZE SR IPIREOEMIEIV bIEITVE
Q) BEREENES IV TOBEEREI LA -HEZEREICRETER

2019 2 E I B S, BRX A2 A AIZ L2 - EINE IR 1026 gm?2 TH-7-D
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Wk LT, 2018 451, 630 gm2iC e EFE o7z, 2019 4FDEINER 2 KA R T — X N D E 5
T 5L, 2019 1T 2018 FEITHEART 7~9 ADFEHXIR 0.7 °C, BHEREN TN 10 %
%<, T~8 ADOREKEN 50 %P 72<, MUERavOREEEN RS &<, MO
RIEA P E T 5 BRI OKREMN 2018 I _EENTT-0, ZINERLEEE
Zbihbd.

NUE (X 4F & HIZHEMIC & b 720 ER Lo ZIUFER 2019 FF O F ML= NUE 13,
TR T ORI FE KAZ B TR IR 2018 1T R T 222 72. 2019 £ D & W NUE 1,
Nab & Ngy ([Z/31F THELET 5 &, Nabld, #1283 K m2Ll FOBAEIZIHBVT 2019 4=
2018 - CTd 2 DIZxF LT, Ngy (TAM#E EIZERZR <, 2019 F>2018FTh o 7-.

NUE % #f Ak Chli 375 &, TR & NR @ NUE 23, ZUUFER, RIVFERE B,
CRIZHATE L, BHIZLE b2> TEORMMRAMERTILRT o2MHmE R L. 20
F[K % Nab & Ngy lZ0 17 TELETH L, 894K m2LL FOBMEXIZE VT Nab @ A kR
KM ERNBKE D -7=0IZx LT, Ngyid 103 K m2 L EOEMXIZHB W T, TR & NR
23 CRIZHA TR T,

T, BRERICENTE, BREBEELEVE THES, Nab OEKBEZERNE LIS
LVWOIZx LT, BEOMAEIER P %<, ERNH & ITERERR LRV JERE S O Fe kR
XM ZERN KB LT WU, Ngy ICERNECST VW EHEIND. W, B
BWTIE, REEEMMEV L TR, EAEBEDOEWD, BRI S 7ZEROR
IWHIHEOZER L LT LT WOIZX LT, FXrIIZEE DM AR D 772 DI,
ZHREB ORI Z R SIS, Ngy DERBAECIZCWEBZOND.

BEVE TEEREBEOHIMRICRETSERELRETEORE

. TRESBEOBRHRICEREIABEOERUE L BREZTEORE (AR o
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(1) FERE

Figure V-1 ICHEEEIZE b o FRINEDOZE(LZ R LT, FRNEIZT T O
RO T R CTOFMHEERICB N THMEE HIZB W TX 2019 FE03 kb K& <, 2018
ERR /NS oz, WA FRINEDZERIT 2019 FICB W TIIEFIT/ NS o 7.
il 5 T 0D - FEUN B 1E 2017 4 & 2019 B W TT R TOEELEL T TRZNR>CR ThH
S 72723, 2018 A2V NT P8025 73 TN=NR>CR T, 36B08 78 TR=ZCR>NR Th - 7-.
BT, ZOFMERXMOZERIE, WSS BT8O TIE 2019 423 2017 FIZHAR T/
Ehote.

P8025 & 36B08 (2351 2 F FUN T D FARE FL T3 2 Z210iE, 3 7 AR T T ORAEAR
KIZBWT kENRADSE A Lz (Table V-2). 23 EC0HT OfE R, UL E O 5 E K
JEDRE S &Y 2 RENFR ORI a OMEKHEIZA B2 PR AR, SREREZR, HFX
MERL L OEORZAEERTRD bALeny, bR, FRMEZER, SEEZEROL
HAERICIZE BB i o iz,

B AR B 2 s AR b TR B K O AR AR O &2 BAEICA BEHEITR O b i
mxofo. UL, FoliFEE I O e KINE 2 R 34R 380 ¢ 13, FiiakaCR, Ak,
rnfdE 3 KOV FE & FIR DO AZ HAEHICA BEERR O bivT.

Q) NEFEMEORETERE

Figure V-2 ICHAFEEIZ L b2 0 BH M EOL bz R Lz, #l LEEMEIL3 »
il U TE N TORMARN, T TORMEEIZIB VTS 36B08>P8025 Th-o7-. L
2L, ORI ZERIT 2018 42 & 2019 4E23 2017 AR LR T/hE o Tz,

it b ) B O RN E SOR DO R E S 2R 7. P8025 (Zds () H Mt BE M E D 2 Kkl

JFRICBNW TR c BEIOP b IZOWVWTIEHT R CHERUHEMZRNTBD LN ho T
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D, ARE a O EICE W TR FEMEZRBL LOZOREFEH L BICHBEER R LD B
7= (Table V-2).

INFERR B, WA L BT 3 A L CHIEEEIZ & 72 WK T L7z (Figure V-3),
T OUNHEFE I O FREE 1T, WidnfE, 3 o FEHE LT, CR MoK TR E
molo. Fiz, 3rFLBIS, TANTORMEEIZI VT 36B08>P8025 Th /-,

—RERIBE, WAREE, 3 4 FIEE LT, B IS PE D B LT (Figure V-4). 0
— BRI AR OV L TR MO FAEAR R R T/ S oo, 7o, —BREIT T T
D FEAHEFE FE 12 F T 36B08 >P8025 T - 7-.

EORLE (XM AR, 3 & BICHREE T > THA L7z (Figure V-6). LovL, %
D ERLE ORI O R AR IR O R oo, £72, BREITTA
T ORMEEFEIZF T 36B08>P8025 Th - 7=.

P8025 & 36B08 (Z3517T 2 UNHEFS 5 D F A BAE b 13 A & 7o B AR U & AR [A ZE R 8 A
L b, ML LTTRZ NR> CR Tho7e. UL, Fliskle MM ZER DAL
HAERICIZAE B TR 5o 7z (Table V-3).

— Rk A IS K OVE R ORI B IR 2 2 I 3 4 R, TR ToOFMAERIZB N T 1
WEIF A L7z (Table V-3). — Rk D 1 RIENFROME & o O #EHE XA 2,
pnfE B K ORI AZRD A L O LI, RAFEHPEO o7, 3 748 L TTR
<CR=ENR THY, F7-, # L T36B08>P8025FETh ~7-.

BR.ED 1 WEVFROMEE o OMERHEI, SFERZERS JOHmERX & o2 BERIT
FEDHINIRD S T ARE D ITIB W TT SR AR 3580 S, 36B08 >P8025 Th - 7-.
G REMBAEEERSE

Figure V-7 ([CERNCBIE B OHER 2 7Rk L1z, P8025 & 36BOS [ifnfl & & IZ ik KB D4
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R 1T 2017 4278 2019 TR TR E Mo 7o e Ko &Kz & 1% 36B08 23 P8025
[ZHEARTRE L, TOMMERZERIT, ZIEFEIR 2017 F£I2BV T 2019 FIZEXTRE
oYl

AR S bR RO SEEMEIL 75X 1leom K THRHE <, 75X 19 cm K THi K>
7o, ZOEREIZE b ) M EOBINFRE L PR025 23 36BO8 ICHLXTHE Th-72. F
=, B RO M - BT AR IR TS 5 & 2017 4B 2019 4R ISR T B vk & <
36B08>P8025 Th 7=, F7z, T D MMM ZAERIT 2017 475 2019 FIZEE~TH L NI KR
Eole. WHEOHBNLAZ D L, 2017 FIZBWTIE, 7 TANL 8 H TAIZHT
CTRERLY E O 36B08 7% PRO25 IR TIXH K& Do e,

Figure V-8 [CHEHBEOHB Z R Lo, RAMOEmRMELIX 2017 & 2019 @4 L b
36B08 7% P025 (T <, £ 72, Midnfl & & 2017 42728 2019 FF TR TR E o Tz,

WEEREBULE A, W AFE S HIZ 75X 1 eom KM b @ <, 75X 19 em K A3 & K < #E
Bl PORMBERICBWTHMmMAEE HZMERICH 572, 2017 FOHERFEEEL
2, 2019 R TE S HER LT,

Figure V-9 |[ZXZIARIZ IS 2R EMEE (EGR), ‘FHEEFEFEE (MLAD, #iFH
{b# (NAR)Z/~ L7z, 2017 @ EGR [TEHAATH & MM & 12, 75X19 cm KI5 LW
75X 15 cm [KIZFWTIE 36B08>P8025 TH 7= DIk LT, 75X 11 cm X TiL P8025>
36B08 T o 7.

Z D EGR DL FEMZEH A MLAL & NAR ST THE 2 5 &, BARTAm I & % & 61,

MLAI (3325 B2 12 BfR 72 <, 36B08>P8025 Th - 7-. ZiUITk LT NAR I, B ELH]

=

WL % E M & B 121E, 75X 19 cm [X. TlX 36B08 >P8025 Td» - 7-7%, 75X 11 ¢m Tl P8025

>36B08 Tdh o>7-. 2019 £ EGR 1%, T X TOHAEE X2V TEAFTH Tl
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P8025>36B08, & ¥4 Tl 36B08>P8025 T ~ 7=.

Z® EGR O dnfEM 7% % MLAI & NAR 207 CTE x5 &, 2019 420 MLAI I 2017
AR L RIBR IS B AR & % T & £ 12 36B08>P8025 Th -7-. ZiLicxt LT, NAR [T
BRI Tl PR025>36B08 T - 7= 7%, X% Tl 36B08>P8025 Tdh - 7=.

PLEX Y, WMAEL T 1248 m? 284 % %MK O BEGR 134 MTED P8025 A3k
fnfE 36B08 & LAV, 2O AL, & L TEMKIZKIT 5 NAR IZBAFTH AP0 & L
T, BAMENBANEICHESTENW EICHEkT D ENnZ 5.

Figure V-10 & Figure V-11 (ZZH 241 2017, 2019 EI2E 1T 2 B AL OB S %
~ U7z, BRIAFE OGS 2017, 2019 Fl4E & 6 36B08 2% PR025 (2R TRKE )
ST, FOMFERARIT 2017 4£28 2019 T TRE - 72, EREL L OHELY
EORBNBI AT E 5 &, 2017 HEIZEB VT, P8025 TIXELE 50-100 cm O E A H K
XV OIZxF LT, 36B08 TIXHE & 100-150 cm D@03 i b K& o 7.

FLE 150 om O A L] T35 &, 75X 19 em [XC P8025>36B08, 75X 15
cm [XC P8025>36B08, 75X 11 c¢cm [X T P8025>36B08 &, 9 T DHAhHif & X T P8025
25 36BO8 (T~ Timdr o7z, 2019 4RI 1T 2 B AR Ecds L OV E O AL 04 & 7 %
&, MALFEE HELE 50-100 cm D E AR D K& o 7.

Figure V-12 ICHERIERFEFRH & MBI & OBIfRZ R L7z, A UM E T T %
&, MFEO—KEFAROME, T2RD0BLWEMAREIL, 2017 FITFBWVTIE & DR EE I
BT H PR025 78 36B0O8 TR T o 72, 2019 FFIZB WV TH 75X 11 em KIZHEBWT
P8025 7% 36B08 (2~ T A - 7=,

4) FE

DIREFERENAEREDORLGSABR TRERERGCICEENELSER
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P8025 (X RM85 HIZ%} LT, 36B0O8 /X RM100 H TH 2D Z &b, THRIEIE, ¥k
N5 103 K m?2 U EOFEMX AR &, 36B08 7% PR025 I[ZHE T KEho7z. Lavl,
103K m? DL EDOFEMIKIZIH N TIE, 3 74 & HIT P8025 O+ 3ILEIT 36B08 % :[a] -
7.

ZOHERICOWCTELET 5 &, M B E s L O, & 510 —Fh o 10.3
A m? Pl EOFERIXIZI T 2040 1%, 36B08 A% P8025 IZHARTHE L REWZ LTk
L7-. Z#UZ, Figure V-12 TR L7WOAREO ShFEME] 225 1T, BREXIZE RSN &»
5, 36B0O8 1%, 103 K m2LL EOFBMICENT, MULWHAERZEZ LTS Z & a2 K
BRI TH D LHERSND.

BB 256t 2 7 SRR O [RUF AR D4R EL a DR EIX, P8025 A% 36B08 (2L~ T
AEINSWI &b, P8025 O 1-FULEIL 36B08 (2T FAHEEDHEN /&,
LELTWNDEWRD. ZD P8025 D FEULE D FMERE LSS DL EMNE, Hi L
HOEF R ORBCHEERIEDORE S E2RT a OHRHEO/NS S &, IV O %
ZE bR IWMORRELERTEIREROMEE o OHHEDO/NE SOMEHRICLY b
ENTND LB Tx 5.

LaL, —BERE e BREOBRN DA D L, P8025 D FUL & D Foehiti 5 & [ s D %
EMEE, ek, —FRIELD %\ 36B08 TlX, HHHIZ &b 72 5 —FERIE OB, TEK,
ERIEDORE U P25 TlE, BMICL bR BEREOHMDPREL, WEITHHLH
IO, EH 6 — T OFME FEIE DR EMICERZR N H 5 L%, HIrCEnol.
WIS AL D IR B E T O R B RO A 3 IR R dS K OV R LR 0 45 AR 5L
T, FRNEOKEIEELZ T, WINLBFERHERRKREVWEETHL EEZDN

7.
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2) BEBNBSLURERBEN GAH-ERENRLT I RERM THERERIGCICERNE
C5EA

Figure V-13 (ZB MR I 1T 2 FH B mEFEE s L ORI L3R & REE N8 oo BY
AR L7z, FEEMINEE L, P8025, 36BO8 il dhfl A4 IAZIZ T 5 &, 2017 4 & 2019 41
LB, BRRTHNCK T HHEMEZE (1=0.64%*, 0.86***), F7=, BRAKHICIHIT HF
HIREm R (1=0.54%, 0.85**%) L DRICZNENA B R EOHBBRN A LD b LT,

BEETHICI TS NAR & EGR & O ORFRIE, 2017 4 & 2019 HF M4 & 62 fE)]
(22T P8025 (r=0.80%*, 0.80%*), 36B08 (r=0.73**, 0.74**Z N LA &R IEDOFEER
RN H BT, BRABMICE T S MLAT & EGR OB OBEMRICEWTIE, W5 %A
T5L, 2017 FETIHEOHBERMBEBE A L O BT, 2019 FIZBWTE—EDRK
DHELO LN T,

Figure V-14 (2B FAFTHIC 31T 2 BEE B AE L, MR & WOt i & oM O BtR % R
L7, ot EREHEMEMMEE OFRICBWTIEmmELZIAZIZ LTS, 2017 4
(r=-0.89**%) & 2019 4F (r=-0.71***)Z NI A ERADOMBBEBRRAR LD BT, £z,
SRR BN AT HEAE & BT, P8025 (r=-0.91%** .0.71%), 36B08 (r=-0.82%*, -0.73%)% L
TR ERABEBERN A L O BT,

S OIS, WIARE L HFEAE R OBIMRIB N TS, li A AL T 5 &, 20174 (1=-0.65%*),
2019 F (r=-0.71*")ZNENICHBERAOHBEBRA AL O N, £, WmHEINIZH D
&, WAEZE U T P8025 (r=-0.72%, -0.92**¥), 36B08 (=-0.80%, -0.75%)Z N ZHNICEADH
ERMBERARR AR LD LT,

LMo T, RAREOES, oMERERICHTEY, TREEOBAMEOME

HIMERE L, AMFEAER & BRORBOBRRAF IR T RERPR B NN b, X

49



ELCPEHERBERDOEICL > THELEINTWEEE R 5.

L L, WA RREOSE, TR0 m U B BT o0 FE B 16058 B 13 12 3 1 R s 5K
DFECIMA T, ZHEHOERIZHESS, MELROZER S Z O BAEARR O 2RI
HLTWhEEZ b,

EVE TERREOHRRMERICREISEEELRETFEORE
2. TREBHEOHBIMNRICRETERORLIRELEETEOEZE ER )
(1) FRIE

Figure V-15 I[ZHMEHEIZ & b7 ) FRINEDOEEZ R LIz, FREINEIX, KD420 &
36BO8 MifhflE & © 12 3 7 FFT R TOFERIZIUVTIE KD420=36B08 Th 72723, T T

DHAEARA D T N TORME L XIZIB TS 2019 £>2017 F£=22018 FF TH o 7. Midn
TR D F- (T 20174 L 2019 FICHB N TT N TOEEAZHE L TTRZNR=ZCR Th - 7-.
Z ORI O T, W AL LT 2017 423 2018 4 & 2019 TR T/ E o
7.

W e AR FS 1T D - FEUNE D R LI k3 2 28 k%, MRS (2T X T OFME AR
BV T ZREDFRS A L7z (Table V-5). 73BN ORGSR, 1 F2U0E O FAf 5 B R
DRE %7 2 IWEYFR ORI a OFEHEITA B RFIRMER, BHERERIIED S
N, XS L OO R BEARRICITEBENRD S h oo, i Ho o
ERTEREL b IAERE, BAEERMB L OZOREMER L bICHEHIIRD bRRdo
To. UL, fool e 2 FE IR 0D S RN & 22 R TR EK o IR IR 22 5 36 K OV L fH) 72 21T
HEEDIRD ST,

Q) NEMEMEOHETERIE

Figure V-16 IZHAMEEEIC L b2 O M B E OB Z R Lic. M B EIT 3
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B U TT RN TORREMRA, T TORME LBV T H KD420=36B08 T - 7z,

H L B OB FERR O KR E S 2T, 2 IRENFR ORI a OHfaxHEFs & O
b, BN ORRT X THERLIEBERNBED bR oTon, el TE
PAARAR, FRMEER, SEMERBIVZNLOLZEERE bICHEEERARE DD
7= (Table V-5).

IVHEFE B E, MishFEE HIC 3 » A L THEEEIC L 72> TR T L7z (Figure V
-17), & OUHERREL O TR L, WishRIC 4@ L C, CR Aok ic b R TR &
<, F72, 3 74 L HIT KD420 28 36BO8 (ZHE~_TRE <, ZOMHMIL 2017 423 2018 4
& 2019 FRICHRTHHE CThH o 72,

] SRR L 35 T 2 I HE FE 4 o0 BRAH B R LL I3 B 2R R 22 R B L OV O SR BAR AR 7 &
DB, 3 rFEIEL T KD420>36B08 Th o7z, LavL, Fikd L OHAEERNO L H
TERCIZ A BMHIXRD v o 72 (Table V-6).

—FERIERIE, WARFEIEE L C, 3y L BICHMEEICE b7 o T L7 (Figure V
-18). E DO —FERIDRAFEEIX, TR 23X TORMER FEITI5 T KD420 25 36B08 I
RTRENoT2. T, MoOFRMEEIZEX TS o Tz,

FRIE Y, T X TOHMEEIZBVT 36B08>KD420 Tho7-. F7=, MidfhfEltEL
T, 3 7L IR EE > T L7 (Figure V-20). L2vL, O ERIEDORED
FREE X o e AR A ER T R o h i o 72,

— RN KOV ERLE ORAEE kT 22T 3 r L b, TR TORMARRICE
W 1 RENFRADE S L7z (Table V-6). —BERIETD 1 KENFAROME a OfExHEIZA K
RN L DB, 2018 42 & 2019 4R U T KD420>36B08 TH Y, LAL, KD420

<36BO8 - Tdh o 7z.
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ERIEOD | WEIFROM E o OMHE M ERR, SEMER, FRMEZERB IO
ZORANERITH L O BN oT, R b BN TITFRM AR L BT ZENTE D
5, 36B08=KD420 T - 7-.

G REMBAEEERSE

Figure V -21 ([ZEBNL B B OHER &) U -, e RO &REEH B IT 3 C O A
2T KD420 & 36BO8 [ fhfll & £ 12 2017 223 2019 IR TR E N o7, £, &
RO RRGYEIL, EOBEEXIZIBWTDH 36B08 7% KD420 IZHh_RTRE L, D0
MZRIL, ZIFEIR 2017 IR0 T 2019 FIZHRTRE o7, KT, ABNIC A D
L, 2017 FITHEIT D 7 A TG 8 A TAICHT TREMEDOEEINIL 36B08 25 KD420
ICHARTIE D DRE Do T2,

M in AR & b R RO SR EIL 75X 1 em K TR b E <, 75X 19 em KT b K->
7. TOEAEIZ L B 72D H ) E O HINEEE X KD420 7% 36B0O8 [ZH R THE Th - 72,

Figure V-22 I[ZERBIREOHE 2R L-. I RO BERFERESIL 2017 £ 2019 #4 L
t 36B08 7% KD420 (ZH~Tm<, £72, MMM L & 2019 4£78 2017 I TRE -
7o BERAERFIEE, WA E BIZT75X 11 em K23 b E <, 75X 19 em K3 HAK <
L., COFMEERICBWNTHMMEE ZINFERICH -7, 2017 O
By, 2019 FIZHARTEHEB L.

Figure V-23 (2B A OFEEENEE (EGR), FHEmEE (MLAI, HiE(L=R
(NAR)Z /R L7, 75X 11 em OFEMIXIZIIT S EGR 1 2017 4= & 2019 4 & & B3l
W% L b, FIZ KD420 28 36B08 IR THE2r > 7. ZHUTH LT, 75X15 cm
FBEDT5X19 om OFEHELL T OBHFEIXIZH5 1T 5 EGR 1% 2019 45 AT & R, mill

LMWL & 112 36B08 2% KD420 (2R TEho7-. BAME TH 5 KD420 O EME X
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® EGR 28 WL dnfiE o> 36B08 4 L5 %K %2 MLAI & NAR 27017 TE X5 &, MLAI
AR & IS, BREETH & S IE S35V T 36B08 A% KD420 (2~ TEWDIZx LT,
MLAI @ @ FEi 22 B0 BIE, NAR T & & B 2MWIM 28 U T, #flZ, KD420 25 36B08
W TEmroT.

PLEX Y, 124K m? %8 % 2 BMIX 0 EGR 14 U C AL MR D KD420 730 2E 5
> 36B08 # L[ElV, ZOHERILEEL L TEMKICIHIT S NAR AWM AZ@E L T
KD420 73 36BO8 |2 _XTEWZ EICHEKT D E VR 5.

Figure V-24 & Figure V-25(2Z 42017, 2019 EI235 1) 2 B AW O BEE A& 3
JOTERM G 2o Lz, JERlG RO EmEfEEIE, 2017 42 Tid 36B08 >KD420 7%, 2019
£ CIE KD420>36B08 Th o 7-. HEMEFES L OERME ORI ML 75 &, 2017 4F
IZB W T, KD420 TIZH E 50-100 cm D@2 b K E WDk LT, 36B08 Tl &
100-150 cm D3 e b K& hro 7e.

FiE 100 cm & 150 em “EE O A B 2 dhflifH THOB 5 &, 75X 19 cm X T KD420
>36B08, 75X 15 cm [X T KD420>36B08, 75X 11 cm [X T KD420>36B08 &, JXT®
FRAE S FE X T KD420 A% 36B08 12 TEdn-o 7.

2019 RICR T DM IR L OEERO MMM A2 A5 &, Whfl s b E & 50-100
cm DJER b KE N o7z, HE 150 em ORI RE & SRR CLik 32 &, F & 100 cm
& 150 em O R REE 2 dn R fE] T % &, 75X 19 em X T KD420>36B08, 75X
15 ¢cm X C KD420>36B08, 75X 11 cm X C KD420>36B08 &, ¥~ TDORAHEEX T
KD420 75 36B08 |Ztb_T@Ehno iz,

Figure V-26 | 2 » fEOFE R IEH B AL & AR R D BILR 2 R L7z, R UM% B2 C L

5 &, MAO—REIFROME X, T7b bWt 2017 4 & 2019 FiliFE L i

53



KD420 23 %12 36BO8 (2~ TR <, FRICEIEXIC B W T Z OFANILBEE Th o 72,

4) FR

1) REFERENHERORLLIAEM THEBERGICZEENELCHER
ORI 5 FER T, SRMERM T, BHEESOSICERN AL N D BER A, L

B E O RS LV AT 5. KD420 1%, KERERH HId K ORI Y 36B08

IZHART, R, 5B, 7THRVWDOIZHED LT, 3~18%Z I Th - 7= (Table V-4).

7z, B B R D UL E O Bl R OFRE o OREXHETE, KD420 7% 36B08 (2
HRTHBIZ/NS W EvD, KD420 O FILEIE 36B08 (JH T FRAEE B D R8N
INEL, BELTWDHENWRD.

T AU D KD420 D UM & R FE T 6 2 22 e M D BEIK & - SR & = i L E i X
INHEFR B DBAR N S A % L, KD420 O IR D & S 1%, H L Ez4 oo Bl ik o i
RINE cDEmS L, WEEEOmIOmMGIZERTLEEZ6ND.

E 512, KD420 O - F2UNE O B FE SOG DO 22 EVET, #1524 5 o Bl R o 4%
MCBESEDORE S ERT a OMEDO/NS S &, WHERBOBERIZE b7 5 bR
EA2RTEUFEROMEE a OMEIMED/NS SOFHFEDEIZLD 72 TV D &l
TE 2.

— BRI L ERLEORRN D 2D L, BRIEIE, EOWLBKIZHE VT H KD420<36B08

THDHIEND, KD420 O FHINEDE X, BHEIZE b7 ) —FREOIKT 2 /~7[0]

\

SRR ORI b OE S, TRbL, BEEEICEZEINR DR OL SITHEKT S

5

LEzZoND. LML, KD420 O+ FEINE DM E E SO LTI, 1k, —Fhi%k
DN KD420 TlX, BHEIZ E 72 0 —FRI DD 2, Wk, ERIEDKEZ ) 36B08 T

T, BAEICE b0 BREOBYBRE LS, MEPILHLH I ZDIZ, EH6—5H0
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AR LSO DR EMICEERNDRH D & 1%, HIWrTE o,

WIS 2 AL B UL R B B O FAE B SO A T AR R ds K OVER ERE O B4R E
X, FENEOKEIZEELZT, WTNHERMERNKREVWBETHL LEALN
7.

2) REBMBLUZAESHILAERORL LI AEHA THETERGICERNSEL
SER

Figure V-27 (ZBAMIMICE T 5 FHEm R (MLADE L O LR (NAR) &
R E (EGR)YD B %Z /R L7=. EGR IZ, KD420 & 36B0S i fnfl Z#iAM Il T 5 &, &
BARTH O EGR XA O MLAI 8 XY NAR 2121 & ORIZ 2017 4 (1=0.81%**,
0.85%**), 2019 4= (r=0.54*, 0.94***) L |2, IEOF B2 MHABBIRN A LD bz,

F 7o, BHMEH O EGR X MLAL & ORJIZ 2017 4 (r=0.82%*%*), 2019 4 (r=0.92%*%*) &
HICHERIEDOHBBERNZ LD b,

SRR A D &, BARTHIC BT 5 KD420 @ EGR 1% 2017 4F, 2019 4% 1L 40 [FFf
H > MLAI (1=0.86**, 0.68T) & NAR (r=0.84*%*, 0.95%**) L O[] TH & 72 1E D AH B BIFR 23 7
oL, T, BEABEICEIT 5 KD420 @ EGR XA FFE O MLAI (r=0.84**, 0.86***)
OHICHEBERIEOHBEBEMRAA LD b, Tk LT, BAFHIZIHIT S, 36B08
@ EGR 1% 2019 F2HB W CTIXFREIRE O MLAT (r=0.83**)35 L O NAR (1=0.95***) b 5 & 72
IEOMBERARA A LD LT, 7o, BAERBIZI T % EGR (Z[FERFH 0 MLAI (r=0.88%**)
LHBRIEOHBEBEGER A & O HATZDITK LT, 2017 FITB WV TIT AR O EGR &
[FRFHI D NAR & DORIZOWT DA, EOFERBEBBGENA LD LT (1=0.74%).

Figure V -28 (2B BARTHIC 3510 2 Wt di &, FEE G INEE I L OWiRMEEE & oM OB

% m Uiz, SHFERNZ AT WAL & BRE S NS O 21 2017 42 & 2019 =22

55



AU KD420 (r=-0.75%,-0.80%**) & 36B08 (r=-0.82*%*,-0.73*) ] i\ Fl {2 35 CTH E 7e A O FH B
B A Lo b,

Fio, MHEZIALT DL, WobfFEEE EGR ORICIFBAFTH & %W\ T 2017
o (1=-0.86*%**) & 2019 4 (1=-0.90***)Z N ZIIZH B R ADOHBBEBRRA LD L.
F7z, WOURE L MFEMEROBIC S, M4EZE U T KD420, 36B08 ZH ZALICADA E
7RARBARAfR N A & D B ALz (2017 4 1=-0.75%,-0.80%* 2019 4F r=-0.72*,-0.75%). F£7=,
EnfE A A LT, 2017, 2019 2N NICH B2 A OMHBIBIFR (1=-0.88%** (0. 88%**)
BHLHBIT.

L7=lo T, FAERBEEIS O KD420 OXEETE O FEE B INEE 13X KD420 DA
BN B 5 PRI BERFEIE ALY 36BOS (T LA/NI W Enb, & L TRAR
ZHREBRICHE S, MEMEROERIZE > ThEbINTWD EEx LS.

Fernando et al. (2002) [ZFRMERET IZ & 2 BN IR AW O Z RSO L RIT LY
LEHEINTNDE LTS, ARBRICEBWTYH T BB X UMM ES 12 X 2 53w
DOWHARB O T A RIIM OMIE I LEOR E2 726 L, ZomuliE kRS FEE N
W 2N S, ZIUIRE DN TV D Z &2, Fernando et al. (2002) D #iss & FE L L

IR THDLLEVRD.
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BVIE REFEER

1. TRERBOENMRZE ITHBEFESIVRERTE

TEHFUER 2T D T BERE O, ALHEE R IGEIc RSV T b R E
RBR7ZT CikZe <, HHBERZ O TTRHE L 11X 20 a L EOERBERBRICHENT
b, 10.0 A m? OFHEE TITTY 14 %I ERHR TE 72, SAHMEOE A
ELRIMMBEERI» NI LOD, AL —VHANYERa VT TR, TEAL
UE R3O E LT, REMICEA IR L TH D LN Z D,
ZOTEBHIEICB T 2WMNENEL ROIBIERMFICONWTERT L L, T, &
B (B )ORRN G, TR OWBBZIRIL, M il L-Ric@m< 25
LEZONZ. £, TREBREEICRT 2R EEEGEER (EBR 3)DM R~ 5, [ CRhE
FEETHLREEMEMZRROZLOTE HMEKEREL & 25 2 & TR R TR L.
70, BRBIERBROKERNG, 5 6~7TEMIBIT D Z LI2LY, 2 RIENE di#R A
5RO Tl RN AR A & ERBIERICZAEEARB LD NI ENE, TR
REAREF DM RIT, HERE ML ME O 2 FBIE L - TEITR Eich B35 &l
7.

bz, EBRS, 6, TEBLE 3 r FORMEERBROBRNS, THEHEOH

I HIE, BREXKIZEEE D MEAICH T2, L, 121 A m2OEEMX T, 1817
XOFFENEBED 103 KA m2KITHE_STHLETLEIOT, fFfke LT, THEERE
OFRINEE, EBITROEBNENEL RO HMEEET, kbmmd I &, HiHE
EROGZET ML LTz 2 REDFEIBOFFBERLSHR Sz, Lichi-T, EBr s, 6, 7

TR U 7= A RS 85~93 H O FAE L FEIZ BV TIE 10 A m2 B oM FEIC BT
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TREFEOTFENENPRbES 2D LT

RIZ, TRBERE OISR Z < T2 MEFEICO W TR LS &, RBtEo
Zin Rz bl U723 (GEBR 6)OFE RN D, TR o8I Fix, RM100 H O H1 ik
AT, RM8S HORARFEIZEBW TEN-T-. EbIC, B R Z MFEE
g L7eilliy (R DOERM L, TERGOmW RO FINEIT R ZEEIEG O
WERTEIZEER TN, TREREOHENBDIRZ DS DX, OB O W EALERE
DEmWEEIZB W TE 2272, 2 b OB FRIT BA M & [FARIZ BRI 3/h Ev
25, 89K m2 U EDOERX T < 22 5B m 2R L7z,

LD Z &ns, TRERREOHINRZE < T o8 &Mk T O HERET,
PR 85~93 HRE D RAEMMEZ vy, 5 6~7 M OBIE A a2 & L, HRIEFHEEE 20 cm
UEOTSREEREZFERL, 10 K m2EEOKMEE LIRS 2 2 & DT REREEOHE
WA R ZZEMNITEmD HHIERETHY, B, [IRFELHEOMIEY & DRIEEDE
AND, 5 HTHETOBBRIFIZR-T2HETH ZOMI RITHMFFS LD, £72, b
MEERIGOmMWR EZ BB OB NG Z RE LG5 I3 T B RS 2 Eilii T = U

HIZHINZI RITm < 2D Lo bz,
2. BPEBELARLEEKICEL, FTREBEDAINMHEZRETIBESFGHLUSR
R

ERCE T, TREREOHEII R Z &< T OoHERMB I ERED 5 5, Ik
RGO R & BE D 6 00 T BRERE 2 Fh T < EHEME E 2 5.

5 T2 OO B T S5 ofl 15 S HGIN RAZ MAE T 5 B & 7o il (B ) TR L7z &k 9 1g,
TR O A FINEL, AR 2 18 0 72 I 0D 8] 14 ) B BfE 0D 2841 708 BB 55 12 b~ T

&L, TOZENEMEENGELZESE TS EEZBND (Table M-12). I DAl
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B
Wt

BOS DL EM, FEBR 4 7200 T <, BIERER (B 5), REESCER SRR D 50
FiA Lol L7238 (EBR 6, 7)IT 361 2 3 FE SO & 223 IR IEVR i8R D4R 2K a DAkt
TEIT T BREREE DFEREF ICHE R T, /W b EMIToND. LT, &
MRS THEMAERD S GG, MR L0 b FRERNZERT 2B ARTHD LB
Zbihbd.

Fo, BRMEOEN TR CHEEAM O LORENE Y, REMECOTWEY T
BAEEE I LT BRE WG A7 E1E, R B FUG D3/ & T 5 R s 0 F i 3 B 1
BRlCHANT, FENEZEOZEMENEGWEEZOND.

Fio, RO R D M LR LR B (B 600, TRBHIICL DGR
TRAMICBOTIE 7.0, 120 & m? OB X ORBEX AR &, HRE:kEE o5
BN HR & RZEF A BN o7, LavL, RMI00 H O FBpA SR 2 B R 1T,
TRCOBMEET, BUTTR/BEREE>HEERRE CTH Y, BMIC/ARDITE Z BT
BHE T -o7=. - % (2012) 1%, RMI115 HO YA L — 2 B0 A 5L fE & U COp:
Bg Lt LG, TREREOFPHIGIRBEN-T2E LTS, KWROFER 6
DFERBINE BT DHELEHZDHIENTED. Lo T, HAEER 100 AL L
OB REE O D5 E 1, TRIEHEE S RERE IR THRITH D LW TE 5.

bz, BERBARRDMFEA LKL (ER NOKRNE, TREOBIGIRIT, =<
HHEFL D BAF 72 TALEBIA NS VRIS AT, ZHEBOBE N MRS S0 LR
DI B@ENo T, PMERRE ORI R & i L 72581080 Th, MRk o I ) 1
DAL, ZTHEHOBA R T, ZHEHBOE N EMEREGRZWREICE
WTERL LI, TOHENZHRITTBREREE >R Ch o7z, LN T, Tk

BoOBNGEEN VD SGE 3T REMEELZEZM T 2TV ARTHLEEXLLND.

59



MAT, HHEMRE (R 2O RKEA DL, B bRo THFRINEITED LT
WL A, T BRI 1B W\ T E OB R MEFT KIS R TR S Wi
WAE: OBUNE 1L, Bt bRo THmELIMMICH ol ML LK T 5L, 5
H AR E TOBRE T RICERN LRV, 5 HRKEHEE Tl L7256
X, TRABHIEOBIGHE, 2 74 2 SREILE L C, R ICH R TR, Lz
Mo T, hUERa URRRERFO RERIECMAIED OFBIEECTHBHRAENRH Y, S AT
VIBEICHERE & & D 25722 WIFIE, TR 2 Eli 42 5 D PRRERER I L~ THAFI T
HEWRD.

Fo, BURBEETEEIZ OW T T R & RmaRR: 2 e % &, FEHIBOR SRR (52
B D)) D T BIRRENIL, PRMEGREHIC RN TREAM O b v e a0 AL 2 Hifl] o
WKL, glEEILEIES Sho7c. 72, THRERE W TIREERZ 2w
B (R 3)TAHL LI, TRERBICBOTIIRRDOBE RN D2, IFRMREOR
DRIV L, TEEFRE~OMEANA DK < FRFZOMEAA < (Table 1M-9, Figurelll
212, 13), Lo & HEE2oOnL, Z0Z LG A LIHUEOB KIZHEORMF VTV 5
LHEE I T

S HIZ, FEpPELE RN R R L an Al A beik U 72 aRBR (B2 6, IRV THER L 72 M
FAE 100 A 0> 36B08 DEIRFR L 1, & JEIEIE THEIK DI AN L 0o 72 2018 FFEIT BV T
TS IE RS D PERERR B IR TR o 7. F 72, 2017,2018,2019 4F 3 # 4 & HI25| X f
UIPUEIE T EHEEE 2 kR Cho7. ZhooZ &b, MERMEICS 2 mFEE
MN256E, R50NT, IR LT WES RIS k2 F§ 588120, TR
Br & Tl s D PR ES ICH_XTHFITH D B2 5.

3. REFAERE,INGAHALE-TREEBAEOBNRER
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TRBEHRECBTIL2TFEM NV Era v ORINERZINERERENLZET D
(Figure VI-1). F£9°, #ft LEME & IR EORLR (7RI E = EEHz% & X U
BymbHrde, 7THO0FEREZBLT, THEEREOZIMNERIZ, H EHMEYEOHENT
bole. £, BMBEERISEZZOTEZR DL &, MY EN FENEEFHF LT 2
WOEIFFRIHED Z & &, BEIZE b2 0 INHREROKR FTRERDRNW &, ZomE
MR LS TfERTH D LR TE 72

F7o, MFIEE O R L SR E ORISR (R R = B X R X m R E
100)2 6% L, 7 DOEEFER I T BRI L NI RO KR, —FERK
DEMTHDLENRD. BEEERKISEEDTERDL L, TEBEREOBNLTZINEZRE
PEIE, BRI 720 — R E BREMEZOR TREO/NSSICER L. Zom#E
DEL LB BERINCEEZ KT T, MEFEICIVEREND EE X LT,
T b, IR BRI 2 < BRLEN /DS WREOGE ITETIE I, W —FkE
DO ERENRE WMEITHRE IR EELZIT 5 EHE I .

Flo, BHEIZE b2 —FREOKTD S L, HERiE ML ORKRERD &, 7.0
25 103AK m?2E TOBML & 72 ) R O T ITHER L OIRT23 90 Thd 523, 10.3
25 121 R m? £ TOEMITITIHERILEL T T2, BIKOR T bEEESN. L
ST, TREREEICR T 8% ERICOLREMITIE, BIZE bk ) MR ORI O
KFO/hSZEZT TR, 103 A m? UL EOBEMEEE ORI OBADRED V7S 4
HLTWp eHRIND.

4. REBHALOLA-TREEBREOHRRER
THREREICB T FEMN MY Er a2 > OMINER %2, BREMIH ORI 5552

ToHL, S EMEOHROFA L 2o R GUR 1) & EFHBIERBRG

61



BR SYLAAA D 5 SRR N D, TR OMINER T, BAGTH (HE O AR &
A FLE 2 RN O W 7 ORI B INEE O S TH 5 Z Lidddk
O, FFICRIENTEEREEZ b,

TS RS O B BARTH O MERE RE A I INR BE (FEE ) O & & 2 LI, 6
BRI N TE DRI 226 T ZINE RIS T Z DM A2 BT 5. Z OFREHE
I E D& SA2VE, MEHERERO LR b > TV 56 L, RS K ORI 7% 5 (AL
B OIS B O EHEEFREED > TWAGE RS L B2 b,

9, HBEHRBR GBR )W\ TiE, BREXOZIERIL, & L TEARIHO T
SREREE OB O R S ICES AWK oOMEILROGE THo72. LirL, BHEX
ZBWTIE, EEREEES RHEEICETHD T 5700, TREB&EICRT 2 EmAT
REZNROLEADOESINOALLIEHERBEREOGI LEGTL2LEZLND
(Figure VI-2).

T EAERIE BT 2 IRBER OB GRBR 3)k L OBEIR & % LI BT 2 B RR
MR WTIE, IRIEEREO K & W TSI 5 K OWel: T s o 200t 1%, B R
HENBEN D ORI B EIC L DB DN ENBAELD, ERORSDEICESF
PIFEE R O 2R L OEOH AR OV 72 Eh bR D2 H O B 125 HFE
fEEOBEIIZL->THEH INTWD B % L iviz(Figure VI-3, 8).
et K OVERL O B 7 % Gl & B RIS BT 2 B GRBR 6, Tz VW TiE, B
mnfE & PR AE G RE, BEXONFALERIS N Z WML EMLERS O WA L TR
FEREOZIET, FL L CEOHAEMRO DR EINDKIZIEHEO R IITHE S
FEREOFmSIZL->THEEbINTNDHEEZLNTL. ZNUOZNEELTLET L2 E

(X, PR S RAEREICEAST, £, BBOEW LTS OL W TENRZ
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HHEBS D BAF 72 PALEERI A DLW MFRIZHE T, R, BREXICBWTEWERIZS 5
EEZONTE. SBIT, BRHIAD 2% L TE LR NRED b Er 3 VBN
TOFBH~ONHOFH LT I N EEE, MEILEOREIITHEOT DN TND &l T&
7= (Figure VI-4, 5,6, 7).
5. REEERLUSNERAOKRFEHASR L, SEORFEE

T BRI OWEIGN R ICB T 2 M ERZ D720, RS LI OEROR R S
MMAEELTEHELIMETSOALMMETETELT, oA RnTEE A ERS
DR IXE — A AW CRERZ I L. 2o MR BRIcES WX, b
LT & 5 &, MREARE & AR X O FE G & D2 BAEHIZSOWT, &6
W< — ik T&E LD, , FEXFAE O —F L7z R O 70 5 OG- 2 R L,

HEBBF LTS BERZHA D

s
£

, BCRAEAT 3 & T Te T R R O ZUNE RIS\ T, BREMIMIZ T 2% 6k
BUCHRICHE H LC, FHRERABE S S MR A LR L2, L, huERaY
DIREEREN R bE L, HENSEEICHLZBBRICH DREXEBRMICB VT, HEmE
BB OIEREZHFEDO EFICB T 2 A OER, S5, RIS EHE-CrE 2 5
D T AR PP 72 & DRESRMFE TOEMITHOWVWTHET 22 &1F, REREME
JHZWNEROMGHE L TEETHDH. 5%, REMEMIZBT 2ZNERICHONTD
FOFELIBFTH LTV BERDHA .

Ignacio and Tony (2014) (2 X +uiE, bvE o 3L OEZ D RITEALMEIE M EL
TEY, EFEOZNGHEIIKPHENOLB 2R EMEEICEA L TEY, MFEHEZERN
HFHIND.

AREERIZEB WD TITFH X EAE 85 H D P8025 DL DFE R Th 5, M ESLEM D E 5 5,
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Mz DT, Bk & ZHMIL R OBRIC OV THER L TS LERDH 5 5.

6. ¥

E

Table V-1 ICFFE M PV ER a v ORELZNEZFERT L5 2T, THREMEZ
HHAPLEELWHELE, TORHETO TEBEOZNERZ RL .

Ak L7z X 9le, TREREOZIIMEIL, FEFECHAME, ZHESOE
WAL TR 7R CEE BB RS OISR SN TWERAETIE, EELTEENRMHLET
HEIEEINTEBZOBAFMBM OGS MEREROALIZ L > Th b I N TV
(Figure V-1). ZHICH LT, BABRESBMEMN, Wil &2 mEE L s xE
FEMIATEICERSHE T 254 T, ERROZNBEBRICKEBREZW OZEO
FROBSHMbY, TEBOAFMENRE IR D & HEL Sz (Figure V-1).
T ORGSR, RERE LR LT, TREBEELIAMLRDIEM, $hbb, 75
MEPUERavORELZNEZEBRT L2992 TOTHEFEREOENFMHFITI TR X
KR OITBEND.

ORM8s HEEEDO RAEMELZHEML T, ZINEZAHETHE.

@RM100 HLL Lo ip &M FEZ VD54

QLM ERENZ VLK ER LFE R EZ REHENENLEE VD56 .
@B & 2 % 1572 V.

GERMEO BN LG TH LI, KESCEHGHN TRIHEEICLATZ R TRT
WA

O FIMK L3 v i Fl L0 [ 455 S 1

Fo, BIRPELELEZBEBICRE T, TRERE O BRI E D PR 2~
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TERWEHMIZH 5, ERERIE, FMEICRLCEHERKR, THEERE KT
D RIEBEEE A 2 b S 7o BRICB W T, IXFROBR AN K (Figure M-12), 5] &
B LEPUE b & < (Table M-8), ENIAEMEOXFF 2 R"T L RERNTHY,
oM Gm & ITBRNERD LEZ BT,

Table V-2 IZ LD Z EnbEL2OLND. TENELROLTELINNFER T
DO EFEE R EZ R LI, 5 7 FORBRFBERELY, RELZNN Kb EH
LR W O8I &R EE R DM AA DRI, mfERE 2 BBt & BRI, 3K
BR e 2 A B, IRIEALPR A2 50 H RN, BLXOEFBREOFEIZK S L
A, TRO X IR ST Sz, KD420 O X 5 72 FALEE S O & A
AL, 10K m? OFMEE T, RIFBHEME 20cm UL EO TS £ 721%, Sk

TRAEL, B o~THETERTIHEEEZIZMT .
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BVIE EH

FERAMIEQQAVICH T ITREBEOEASZHICEHTIEVENHRR

FFEM b U w23 AbHEE T IER 0O /K F RSB 2 O SRS AR 470 ha LU BICOIE

b

%L D RIABRNDD. FEAFTE D a L OREZEIES E R SEHZDIC

S
>

X, REZWHEEHMOMNLRNAFIRTHS.

FEM N UVERa v ORELNEEBT D720, TREREOMIHRICER L.
AT, TRFERRE OB N ARINMEZ RS 5 R T 2 BB EB 5720, K
RERESR, FEAEM, IRIEHEREE, BRBIER L ORGSR RME, B O o SRR EN
TRRERLE ORI RIET B %, BB LG L OBEELZE LR 68 5
2L, TOWMNEREZMBT LD THD. /JBONTHERIZUTOEY Th 5.

1. RARBRICETS2TRERBORNDRDOHER

TR KA 85,100 H o0 A S & hie e SR 2 (K U, TS 4F & mERR B o 50 R T A%
(Z & 2 EHBERER 2 2 7 FENE L, BEATHEERD & el L7 e OB R & feRB L 7.

(1) TREEBIFC X 2B RIT, REmRBRE 72T T, FHABMEME CRRE L7228
BB RBRIC IV T, R TE» o7

(2) MRS & 2 EMERERBRICB VWY, RAME L FAMELBEL T, T8
B L ORBER RS 10 X DI R DS HER T & 7o, 2 OB RIE T 5 s 23 pemE 3% 1
HARTRoREm N o7z, TRIESREICI DR L, £ OBEREE T XL 28I R oW
Bix, RAESFES TSRS TE S, BERREEL L RADN R ST,

2. TRERBOHBNMMRICREITEEN I RIERREORE
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e A R A R L, TR ORWIEREA 10, 20,30 cm & L7 THXE 2 #» FIZbT

DT, FRINEZETX KL, 2612, FAREZHWT, TEEOEIE
RET RN O WL 2 7 DT 0 SR & ol L7

(1) AT & belg U 72y, T B o B RITIRE BEEE S 4212 &, mdr o 7z,
ZTOHEKNZINEREBENO AL L, M EMEMEOGI &, —FHEROL IITHRL
. THNEREMITEZHESRNOHRD L, BREEHEORVEE, TREBRECETS
ERAEES® <, AHARMMOBEEMBEENLCEmWI &, FBETES (R
100~200 cm) OFRIFRENEH W LICEKT S EE BT,
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Chapter X. Summary

Cropological study on the applicable conditions of twin row cultivation for grain yield increase

in maize

Abstract

More than 470 ha of converted paddy fields in central Hokkaido are occupied by maize grain

production in recent years, and this number will likely increase in the future. It is crucial to establish a

stable and high-yield cultivation technique, spacing the corn plants further apart than traditional

planting methods.

We focused on grain yield increase using twin row (TR) cultivation to achieve a consistent and high

maize yield. This report is based on testing several cultivation conditions such as planting pattern,

nitrogen fertilizer amendments, the distance between plants, sowing time, and the genotype such as

early and late cultivars and other different plant-type cultivars. We tested these treatments to obtain the

basic knowledge of how the crops responded and to optimize methods that consistently produce a high

yield of maize grain. We analyzed how TR planting increased grain yield and how it varied for

different cultivation strategies and genotypes.

1. Confirmation of grain yield increase using TR cultivation in a full-scale practical field

experiment

We conducted a 2-year, full-scale practical field experiment using a dedicated sowing machine for

TR and narrow row (NR) cultivation. The study included an early maize cultivar that reached relative
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maturity in 85 days and a late maize cultivar that reached relative maturity in 100 days. We confirmed

a grain yield increase.

(1) The effect of the grain yield increase by TR cultivation was higher than that of NR cultivation in

the precision field experiment and the full-scale practical field experiment sown with a dedicated

machine.

(2) In the full-scale practical field experiment with mechanical sowing, we confirmed the effect of

grain yield increase by TR and NR cultivation for both the early and the late cultivar. The grain yield

increase was slightly higher in TR cultivation than in NR cultivation. The improvement of the grain

yield increase by TR cultivation due to dense planting was higher in the early cultivar than in the late

cultivar. The mechanical sowing results in the full-scale practical field experiment were similar to the

precision field experiment.

2. Effect of sowing time and distance between plants on grain yield increase of TR

We sowed the late cultivar in a TR planting pattern with a distance of 10, 20, and 30 cm between

plants. We compared the grain yield after the experiment ran for 2 years. We also planted the early

cultivar and ran a 2-year study. We compared the effect of sowing time on grain yield increase with

TR versus NR cultivation.

(1) In the TR cultivation plots, the grain yield increase was higher than the conventional row (CR)

plots as the distance between plants increased. Some yield-related traits that are important to consider

are the total dry mass and the number of grains per ear. From a growth analysis perspective, the ability

of the crop to receive irradiance is critical. The longer the distance between plants, the higher the leaf

area index in the TR cultivation arrangement, the slightly higher rate of ear weight increase during the
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reproductive stage, and the middle plant height part of the canopy (plant height 100-200 cm) were
considered to be due to the high relative illuminance.

(2) The degree of grain yield decrease due to late sowing tended to be smaller in the TR and the NR
cultivated plots than in the CR plots. The degree of reduction in the harvest index and the number of

grain per ear by late sowing is written as follows: TR < NR < CR.

3. Effect of planting density on grain yield increase of TR

We investigated the effect of planting density on the grain yield increase by TR cultivation. We
tested the cultivars with a relative maturity of 85, 93, and 100 days for 3 years, and we set a 5-level
planting density of 7.0, 7.8, 8.9, 10.3, and 12.1 plants m™. The planting pattern treatments were NR
and TR, and we compared those with the CR cultivation.

(1) The change in grain yield (Y) concerning the planting density (X) could be expressed by
quadratic curves Y=a(X-b)’+c.

(2) The absolute value of the quadratic coefficient of the quadratic curve representing the planting
density response was larger in the order of TR < NR <CR. In contrast, the maximum yield ¢ was TR
= NR > CR. The optimum planting density b was slightly higher in the TR and the NR cultivation
settings than in the CR cultivation setting. When comparing TR and NR, there is no difference in the
maximum yield at the optimum planting density, but the stability of grain yield-related to the planting
density is higher in TR than in NR.

The grain yields associated with both twin row cultivation (TR) and narrow row cultivation (NR)
increased more than those associated with conventional row cultivation (CR) as the planting density

increased. However, the grain yields associated with TR and NR were greatest at the 7.8-8.9 plants
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m 2 planting density, which also produced the greatest grain yield associated with CR.
4. Effect of nitrogen topdressing on grain yield increase of TR

A nitrogen topdressing level of 6 g per m? was applied (N6) during the panicle differentiation stage
(the 6! to 7% leaf stage) in early cultivars as a fertilizer nitrogen treatment, and we compared this with
a non-application treatment (NO). We compared the amount of nitrogen absorption, grain yield, and
related traits for 3 years.

(1) The grain yield in N6 was greater than that in NO at all the planting densities. The difference
between N6 and NO was the greatest at the 10.1 plants m? planting density, which produced the
greatest grain yield in NO.

(2)The nitrogen use efficiency was TR=NR =CR.

5. Effect of cultivar characteristics on grain yield increase of TR

We investigated the effect of planting density on the grain yield increase in the TR cultivation plots.
We tested early cultivars (relative maturity of 85 and 93 days) and late cultivars (relative maturity of
100 days) for 3 years, and we set a 5-level planting density of 7.0, 7.8, 8.9, 10.3, 12.1 plants per m?.
The planting pattern treatments were NR and TR, and we compared those with CR.

(1) When we compared the early and late cultivars, the early cultivars had a smaller absolute value of
a and had a large value b of the quadratic curve than the late cultivars.

(2) In the early cultivars, the absolute value of a and the absolute value of b was larger than that in
late cultivars. In the low-yield years, the absolute value of a for the early cultivars exceeded that of the
late cultivars in densely planted plots, but in other cases, the late cultivars had higher absolute values

of a than the early cultivars.
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(3) The grain yields of cultivars having high proportions of lower leaves were greater than those of

cultivars having high proportions of upper leaves at all the planting densities.

(4) The grain yield increases associated with TR and NR for cultivars having high proportions of top

leaves with poor light reception were greater than those for cultivars having high proportions of lower

leaves with good light reception. In the former, the grain yield increase associated with TR was greater

than that associated with NR.

6. High grain yield factor of TR

We examined planting patterns, nitrogen fertilizer, early and late cultivars, and different cultivar

types that affect grain yield increase from the planting density response of yield-related traits, growth

analysis, and canopy-light distribution characteristics.

(1) Some factors related to high yield and yield stability in TR and NR cultivation types include the

degree of decrease in the harvest index associated with dense planting and the number of grains per

ear or the hundred-grain weight based on the planting density response of yield-related traits. The

degree of decrease was alleviated because of this. In cultivars with many grains per ear, the degree of

reduction in the number of grains per ear was greatly influenced by cultivars with a substantial

hundred-grain weight. This effect that large hundred-grain weight cultivars have is due to the

alleviation of the degree of reduction in the hundred-grain weight.

(2) There are several high grain yield and yield stability factors to consider when using TR

cultivation. Growth analysis and light distribution characteristics are two of them. The TR cultivation

that caused high yield and stability outcomes resulted from a rapid increase of the leaf area index, the

light-receiving rate in the middle of vegetative growth, and good light distribution characteristics in
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the first half of the reproductive stage. These factors greatly impacted the difference between the

planting patterns of the increase of the leaf area index in sparse planting and the light-receiving rate in

dense planting. The best light distribution characteristics in the TR plantings resulted in a high crop

growth rate and ear growth rate in the middle stage of vegetative growth. Early reproductive growth

and high grain yield were achieved under these optimum light distribution conditions.

(3) Nitrogen topdressing was one factor that contributed to high-yield. This increase in yield was

because of the harvest index and the reduction in the grain number per ear with dense planting in

terms of the planting density response of yield-related traits.

(4) The early cultivar had a more stable planting density response than the late cultivar because of

the degree of reduction in the harvest index and the number of grains per ear with dense planting. This

phenomenon was smaller in the early cultivar than in the late cultivar varieties. The change in the

extinction coefficient with the planting density was smaller in the early cultivar than in the late

cultivar when considering the light distribution characteristics. This change was also related to the

stability of the planting density response of the grain yield.

(5) Yield-related traits in lower leafy cultivars tend to be higher yield and higher yield stability

concerning planting density than standard plant-type cultivars owing to the higher harvest index and

the number of grains per ear. We determined the degree to which these traits were reduced owing to

dense planting by observing that the lower leafy cultivar was smaller than the standard cultivar. When

considering light distribution characteristics, we determined the degree of reduction of the dense

planting-associated traits. The extinction coefficient of the lower leafy cultivar was lower, and

planting density had little impact on these traits.
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7. Conclusion

On the basis of our findings, we concluded that TR produced high grain yields because of the high

net assimilation rate, owing to the good light reception during the early ripening period, and because

of the rapid increase in the light interception rate during the vegetative growth stage. Cultivation

conditions in which the yield increase associated with TR was greater than that of NR are

recommended. They are as follows: (1) when aiming for high yields through elevated planting

densities of early cultivars that reach relative maturity by 85 days; (2) when using middle and late

cultivars that reach relative maturity after more than 100 days; (3) when using cultivars with poor light

distribution characteristics, such as cultivars with high proportions of lower leaves or horizontal

leaves; (4) at a late planting time; (5) under ventilated field conditions in which an uneven planting

density is likely to occur and the numbers of stock shortages are very high; and (6) when using

cultivars and field conditions that result in easy lodging.

If there is no lodging that causes a decrease in yield, the most suitable combination of cultivation

conditions and cultivars for maximizing yield in central Hokkaido is the cultivars with a high

proportion of lower leaves (i.e., KD420), which is about 10.0 plants m* in early May. We considered

that the cultivation conditions were such that the distance between plants was 20 cm or more, and the

6™ to 7' leaf stage nitrogen was top-fertilized in the twin row cultivartion.
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2) Sowing time
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comparison density reaction under

experiment the above stable and
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Figure I-1 Procedure for conducting the experiments.
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[ ) [ )
O] (] e¢— O
— 20cm
a 20cm b
[
[

75cm 75cm 50cm 50cm
Conventional row Twin row Narrow row Narrow twin row
(CR) (TR) (NR) (NTR)

Figurell-1. Plant placement in each planting pattern (Exp.1, 2, 3,4, 5, 6, 7).

Row spacing (a) was 11, 13, 15, 17 or 19 cm in conventional row (CR) and twin row (TR) cultivation.
Row spacing (b) was 16.5, 19.5,22.5,25.5 or 28.5 cm in narrow row (NR) and narrow twin row (NTR) cultivation.

a, ¢ (=Va? + 202), b, and d (=vVh? + 20?) indicate shortest inter-individual distance in conventional row (CR),
twin row (TR), narrow row (NR), and narrow twin row (NTR), respectively.

Vertical distance with row in seed placement were 20 cm.
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CR

Figurell-2. Distance between plants (sub row spacing) in twin row cultivation
(Exp. 3).
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Figure II-3. Growth parameters calculation method (Exp.2, 6, 7).

When the total dry matter yield at T, and T, is W, and W, the leaf area index is L, and L,,
and the ear dry matter weight is E, and E,

CGR (Crop Growth Rate) = (W,-W)/(T,-T))

MLALI ( Mean leaf area index) = (L,-L,)/(Ln(L,)-Ln(L,))
NAR (Net Assimilation Rate) = CGR/MLAI

EGR (Ear Growth Rate) = (E,-E)/(T,-T,)
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250cm % /
" MeaSurer

' illu'minrce

Figure II-4. Instruments used to measure the extinction coefficient, experimental
scene in maize community and calculation method (Exp. 2, 6, 7).

I: Photosynthetic photon flux density at plant height
I,: Photosynthetic photon flux density on the upper surface of plant canopy

1/ 1, : Relative illuminance at plant height

F: Accumulated leaf area from the top
K: Extinction coefficient

-KF=Loge(I/I)
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KD420 36B08

(Cultivars with a high (Cultivars with a high
proportion of lower leaves) proportion of top leaves)
LAI: 4.68 LAI: 4.81

calrih
Nith
9tir
8th
7th
6th
5th
4th

Leaf position from the bottom

0 500 1000 0 500 1000
Leaf area (cm?) Leaf area (cm?)

\Upper 11-16 100
leaf leaf 100

Ear set 9-10

5 [J: KD420

node leaf B 36B08

Lower 4-8 27

P leaf leaf 37 /
/ 36BO8

Leaf area ratio of leaf position to total leaf area (%)

Figure II-5. Vertical distribution of leaf area by leaf position.

The numbers in the figure indicate percentage when the leaf area of the upper leaves is 100

Leaf area = /4 X (Leaf length X Leaf width)
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Figure III -1. Responses of grain yield to planting density (Exp.1).

CR, TR, NR indicate conventional row, twin row, and narrow row planting cultivation, respectively.

L, M, and H indicate planting density of 7.2, 8.6, 10.7 plants m (Sparse planting, Standard planting,

Dense planting), respectively.

P8025 (RM85) and P0023 (RM100) indicate cultivars with relative maturity of 85 days and 100 days,

respectively.

Different alphabets show significant at 5% level (Tukey-Kramer).
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Figure III -2. Responses of total dry matter yield and harvest index to planting
density (Exp.1).

CR, TR, NR indicate conventional row, twin row, and narrow row planting cultivation, respectively.

L, M, and H indicate planting density of 7.2, 8.6, 10.7 plants m™ (Sparse planting, Standard
planting, Dense planting), respectively.

P8025 (RM85) and P0023 (RM100) show cultivars with relative maturity of 85 days and 100 days,
respectively.

Different alphabets show significant at 5% level (Tukey-Kramer).
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Figure III -3. Responses of number of grains per ear and hundred grain weight
to planting density (Exp.1).

CR, TR, NR indicate conventional row, twin row, and narrow row planting cultivation, respectively.

L, M, and H indicate planting density of 7.2, 8.6, 10.7 plants m (Sparse planting, Standard planting, Dense planting),
respectively.

P8025 (RM85) and P0023 (RM100) show cultivars with relative maturity of 85 days and 100 days, respectively.
Different alphabets show significant at 5% level (Tukey-Kramer).
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Figure IIT -4. Lodging degree and culm area (Exp.1).

CR, TR, NR indicate conventional row, twin row, and narrow row planting cultivation, respectively.
L, M, and H indicate planting density of 7.2, 8.6, 10.7 plants m™? (Sparse planting, Standard planting, Dense planting),
respectively.

P8025 (RM85) and P0023 (RM100) show cultivars with relative maturity of 85 days and 100 days, respectively.
Different alphabets show significant at 5% level (Tukey-Kramer).
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Figure III -5. Relationship between culm diameter and pull-down resistance
(P8025, Exp.1).
CR, TR, NR indicate conventional row, twin row, and narrow row planting cultivation, respectively.

L, M, and H indicate planting density of 7.2, 8.6, 10.7 plants m (Sparse planting, Standard planting, Dense
planting), respectively.
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Figure III -6. Relationship between culm diameter and pull-down resistance

(P0023, Exp.1).

CR, TR, NR indicate conventional row, twin row, and narrow row planting cultivation, respectively.

L, M, and H indicate planting density of 7.2, 8.6, 10.7 plants m? (Sparse planting, Standard planting, Dense
planting), respectively.
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Table III-1. Pull-down resistance value per culm diameter (Exp.1).

Planting Planting

densiy  pattern P8025 (RMS5) P0023 (RM100)
H CR 090 + 002 a 094 + 0.05 ab

TR 1.05 + 0.02 b 099 + 005 b

NR 099 + 0.06 ab 081 + 002 a

M CR 096 + 0.03 b 101  + 002 b

TR 1.04 + 002 b 100 + 003 b

NR 089 + 003 a 081 + 002 a

L CR 093 + 003 a 102 + 003 a

TR 125 + 004 b 103 + 003 a

CR, TR, NR indicate conventional row, twin row, and narrow row planting cultivation, respectively.

L, M, and H indicate planting density of 7.2, 8.6, 10.7 plants m2 (Sparse planting, Standard planting, Dense planting),
respectively.

P8025 (RM85) and P0023 (RM100) show cultivars with relative maturity of 85 days and 100 days, respectively.
Different alphabets show significant at 5% level (Tukey-Kramer).
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Table III-2. Average precipitation, air temperature, solar radiation during growing
seasons (2015-2016, Exp.2).

Precipitation (mm) air temperature (°C) Solar radiation (MJ m2)
Month = 15 2016 20042014 2015 2016 20042014 2015 2016 20042014

5 56 56 64 124 130 112 719 675 574

6 112 150 64 152 147 163 557 538 597

7 69 145 107 196 186 198 576 613 554

8 95 308 123 205 221 218 541 566 484

9 184 92 128 167 176 179 400 422 391

10 79 54 88 94 92 114 326 308 297
Total 594 804 575 1560 159v 164> 3118 3122 2897

a: Mean value for 2004-2014

b: Indicate average value
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Figure IIT -7. Responses of grain yield to sowing date (Exp.2).

@, W and A indicate conventional row (CR) twin row (TR), narrow row (NR) cultivation of
2015 in Naganuma town, respectively.

@, W and A indicate conventional row (CR) twin row (TR), narrow row (NR) cultivation of
2016 in Ebetsu city, respectively.

P8025 (RM85) and P9027 (RM93) show cultivars with relative maturity of 85 days and 100
days, respectively.

Different alphabets show significant at 5% level (Tukey-Kramer).
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Figure IIT -8. Responses of total dry matter yield to sowing date (Exp.2).

@, W and A indicate conventional row (CR) twin row (TR), narrow row (NR) cultivation of 2015
in Naganuma town, respectively.

@, W and A indicate conventional row (CR) twin row (TR), narrow row (NR) cultivation of 2016
in Ebetsu city, respectively.

P8025 (RM85) and P9027 (RM93) show cultivars with relative maturity of 85 days and 100 days,
respectively.

Different alphabets show significant at 5% level (Tukey-Kramer).
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Table III -3. Effect of sowing date on grain yield response to planting pattern
(P8025, 2015, Exp.2).

Sowing Planting  Grain Total top dry Harvest Number of  Hundred
date Pattern yield matter yield index grain per ear grain weight
(gm?) (gm?) (%) (€3]
5/1 CR 906 1873 49.7 342 25.8
(Early TR 1047 2056 49.4 335 30.0
sowing) g 782 1682 47.6 320 23.8
5/15 CR 839 1780 44.8 336 243
(Standard TR 929 2066 43.6 361 25.1
sowing) NR 678 1605 41.3 342 19.3
5/29 CR 664 1423 47.0 316 20.5
(Late TR 670 1422 45.6 332 19.7
sowing) NR 529 1293 4.9 313 16.5
Sowing date (S) ok ok i * ns
Planting pattern (P) ok ok ns * ns
S XP ok ns ns ns ns

CR, TR, NR indicate conventional row, twin row, and narrow row planting cultivation, respectively.

P <.1, *P < .05, **P < .01, ***P < 001 and NS, P > .1

Table III -4. Effect of sowing date on grain yield response to planting pattern

(P8025, 2016, Exp.2).
Sowing Planting  Grain Total top dry  Harvest Number of Hundred
date Pattern yield matter yield index grain per ear  grain weight
(gm?) (gm?) (%) (2
5/1 CR 1012 1904 53.1 389 253
(Early TR 976 1906 51.3 400 23.7
sowing) NR 1010 1981 51.0 389 253
5/15 CR 937 1840 50.9 385 23.5
(Standard TR 918 1855 49.5 383 233
sowing) NR 864 1744 49.6 395 21.2
5/29 CR 631 1315 47.9 356 17.2
(Late TR 816 1512 54.0 361 22.0
sowing) NR 866 1675 51.7 368 22.9
Sowing date (S) * ok ns ok ns
Planting pattern (P) ns T ns ns ns
SXP ns * ns * ns

CR, TR, NR indicate conventional row, twin row, and narrow row planting cultivation, respectively.

P <.1, *P <.05, **P <.01, ***P < .001 and NS, P > .1

103



Table III -5. Effect of sowing date on grain yield response to planting pattern
(P9027, 2015, Exp.2).

Sowing  Planting  Grain Total top dry ~ Harvest Number of ~ Hundred
date Pattern yield matter yield index grain per ear grain weight
(gm?) (gm?) (%) (2)
5/1 CR 806 1813 443 388 20.3
(Early TR 944 1949 48.5 433 19.0
sowing) NR 820 1853 44.2 416 19.2
5/15 CR 797 1782 44.7 387 20.1
(Standard TR 865 2078 41.7 419 20.5
sowing) NR 715 1516 44.1 438 21.4
529 CR 663 1533 43.2 373 17.3
(Late TR 881 1876 47.5 365 25.0
sowing) NR 685 1622 45.1 436 17.4
Sowing date (S) ns ns ns ns ns
Planting pattern (P) o o ns ns ns
SXP ns t ns ns ns

CR, TR, NR indicate conventional row, twin row, and narrow row planting cultivation, respectively.
TP <.1, *P <.05, **P < .01, ***P <.001 and NS, P > .1

Table III -6. Effect of sowing date on grain yield response to planting pattern
(P9027, 2016, Exp.2).

Sowing  Planting  Grain Total top dry  Harvest Number of  Hundred
date Pattern yield matter yield index grain per ear  grain weight
(gm?) (gm?) (%) (2)
51 CR 873 1691 46.4 417 22.0
(Early TR 970 1813 47.0 473 20.0
sowing) NR 938 1673 47.8 481 21.0
5/15 CR 986 1884 583 435 24.0
(Standard TR 1081 2066 59.6 478 22.0
sowing) NR 971 1882 51.6 433 24.0
5/29 CR 656 1302 49.2 417 15.0
(Late TR 851 1676 50.8 440 18.8
sowing) NR 728 1963 43.6 429 16.5
Sowing date (S) ok ok ok i ns
Planting pattern (P) ** o * ns T
SXP ns ok ns ns ns

CR, TR, NR indicate conventional row, twin row, and narrow row planting cultivation, respectively.
TP <.1, *P <.05, **P <.01, ***P < .001 and NS, P > .1
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Table III -7. Analysis of variance table for grain yield and related traits (2016, Exp.2).

Grain Total top dry  Harvest Number of  Hundred

Factor yield matter yield index grain per ear grain weight
(gm?) (gm?) (7o) (€3]

Cultivar (C) ns ns ns ns ns

Planting pattern (P) oAk oAk il il ns

Sowing date (S) ok ok * ns *

CXxS * * ns ns ns

CXP * o T ns ns

PXS o kK T ns ns

CXSXP ns ns * ns ns

TP <.1, *P <.05, **P <.01, ***P < .001 and NS, P > .1

105



Leaf area index.

2,000

,_
h
(]
<

._
o
S
i

500 -

Total dry matter yield (g m2)

0+ 4 ] ]
5/1 5/31 6/30 7/30 8/29 9/28 5/1 5/31 6/30 7/30 8/29 9/28 5/1 5/31 6/30 7/30 8/29 9/28
Month / Day

Figure IIT -9. Leaf area index and total dry matter yield (P8025, 2016, Exp.2).

CR, TR, NR indicate conventional row, twin row, and narrow row planting cultivation, respectively.
A, B, and C indicate 5/1 (Early sowing), 5/15 (Standard sowing), and 5/31 (Late sowing ), respectively.
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Figure IIT -10. Crop growth rate (CGR), Mean leaf area index (MLAI) and
Net assimilation rate (NAR) at grain ripening stage (Exp.2).

CGR, MLALI, and NAR indicate Crop Growth Rate, Mean Leaf Area Index, Net Assimilation Rate,
respectively.

CR, TR, NR indicate conventional row, twin row, and narrow row planting cultivation, respectively.

107



2013

136
1000 - a i 2!
119
900 ° i
2 114
L b
b
800 4 100 T y I
b I 100
C
700 - { 1
600 A T
g
S8 500 - - | l
o
Q
2 2018
£ 1000 1 -
s
@)
900 - _
132
800 . - 11())8
118 14 ¢
700 | b b6 _ 180
100 I
C
600 1 T - l
500 | : . .
CR  TRI0O TR20 TR30 CR  TRIO TR20 TR30

Figure IIT -11. Effects of distance between plants in twin row on grain yield
in Maize (Exp.3).
CR, TR10, TR20 and TR30 indicate distance between plants Ocm, 10cm, 20cm and 30cm, respectively.

36B08 (RM100) and P1543 (RM105) show cultivars with relative maturity of 85 days and 100 days,
respectively.

The numbers on the bars indicate the percentages when CR is 100.

Different alphabets show significant at 5% level (Tukey-Kramer).
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Table IIT -8. Grain yield and yield related traits in different distance between
plants treatment in 2013 and 2018 (Exp.3).

Year  Cultivar PlantingRow Distance between Grain  Total top dry Harvest ~ Number of Hundred Degree

Pattern space plants yield matter yield index  grain per ear grain weight of lodging
(em)  (em) @Em?)  (gmd (%) ©® (%)

36B08 CR 75 0 693 b 1534 b 450 a 354 ¢ 272 b - -
(RM100) TR19 75 10 776 b 1890 a 447 a 389 b 277 b -

TR20 75 20 824 b 1878 a  45.6 a 404 b 283 b - -

TR30 75 30 957 a 2121 2 452 a 446 a 29.8 a - -

P1543 CR 75 0 712 ¢ 1721 ¢ 456 a 405 ¢ 19.6 b - -

2013 (RMI105)TR1g 75 10 809 b 1976 b 47.7 a 445 b 202 b - -
TR20 75 20 827 b 1951 b 473 a 461 b 199 b - -

TR30 75 30 934 a 2161 a  50.1a 496 a 209 a - -

Cultivar (C) ns ns * *x ok -

Distance between plants (D) Hkx *EE ns wE* ** -

D XC ns ns ns ns ns -
36B08 CR 75 0 564 ¢ 1398 ¢ 403 a 307 b 26.6 a 85 a
(RM100) TR1p 75 10 664 b 1575 b 422a 342ab 269 a  53ab

TR20 75 20 652 b 1619 b 403 a 379 ab 263 a  38bc

TR30 75 30 745 a 1723 a 433 a 376 ab 262 a 10 ¢

P1543 CR 75 0 613 b 1564 ¢ 390 a 383 b 202a 2¢

2018 (RMI0S)TRig 75 10 661 be 1770 b 374 a 365 b 20.0 a 5 b
TR20 75 20 727 ab 1899 a 383 a 439 a 213 a 0 a

TR30 75 30 802 a 1949 a  4l4a 405 ab 203 a 0 a

Cultivar (C) ns o i * i 3

Distance between plants (D) Hkx *EE ns ** ns *k

D XC ns ns ns ns ns ns

CR, TR10, TR20 and TR30 indicate distance between plants Ocm, 10cm, 20cm and 30cm, respectively.

36B08 (RM100) and P1543 (RM105) show cultivars with relative maturity of 85 days and 100 days, respectively.
Different alphabets show significant at 5% level (Tukey-Kramer)

TP <.1, *P <.05, **P < .01, ***P <.001 and NS, P > .1
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Table IIT -9. Root number, diameter, angle and length in 2013 (Exp.3).

Distance between Root number Root diameter Root angle Root length
Cultivar Planting Row  plants within (pl') (mm) () (cm)
Pattern space twin row Lower Lower Lower  Lower Lower Lower Lower  Lower
(cm) (cm) Istnode 2ndnode Istnode 2ndnode 1stnode 2ndnode Istnode 2ndnode
36B08 CR 75 0 92 b 99 a 45a 47a 445a 493a 410D 73 a
(RM100) TR1g 75 10 1l.la 103a 47a 43b  438a 527a 84a 79a
TR20 75 20 114a 107 a 48a 48a 429a 50.7a 79 a 8.0 a
TR30 75 30 106a 13.8b 48 a 50a 333b 46.7a 85 a 88 a
P1543 CR 75 0 11.8a 14.0a 45b 450D 268a 42.1a 89 a 92 a
(RM105) tR19 75 10 11.7a 158a  5la 5la  207a 253c  94a 94a
TR20 75 20 11.3a 152a 52a 53 a 245a 3270 10.0a 99 a
TR30 75 30 11.5a 143 a 54a 50 a 220a 3450 9.8 a 98 a
Cultivar (C) ok T T ok sk sk sk *
Planting pattern(P) ns ns * T T i T ns
P XC T ns ns ns ns ** ns ns

CR, TR10, TR20 and TR30 indicate distance between plants Ocm, 10cm, 20cm and 30cm, respectively.
36B08 (RM100) and P1543 (RM105) show cultivars with relative maturity of 85 days and 100 days, respectively.

Different alphabets show significant at 5% level (Tukey-Kramer)
1P <.1, *P <.05, **P < .01, ***P < .001 and NS, P > .1
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36B08 (RM100) CR 36B08 (RM100) TR20

Figure IIT -12. Comparison of maize supporting roots penetration angles
in CR and TR (Exp.3).

CR and TR20 indicate distance between plants 0 and 20cm, respectively.
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Spread of snwporting roots

Figure III -13. Spreading of supporting roots of maize
grown in twin cultivation with different
distances between plants (Exp.3).

CR, TR10, TR20 and TR30 indicate distance between plants 0, 10,
20 and 30cm, respectively.

Spreading of supporting roots of corn grown in twin cultivation
with different distances between plants.
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Figure IIT -14. Responses of grain yield to planting density.

O, O, A and < indicate conventional row (CR), twin row (TR), narrow row (NR), narrow twin

row (NTR) planting cultivation, respectively.

---shows significant quadratic regression equation of grain yield.
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Figure IIT -15. Responses of total dry matter yield and harvest index to

planting density (Exp.4).

O, O, A and<> indicate conventional (CR), twin row (TR), narrow row (NR), narrow twin row (NTR)

cultivation, respectively.

---shows the significant quadratic regression equation of total dry matter yield and the primary regression

equation of harvest index.
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Table IIT -10. Quadratic regression equation in grain yield and total dry matter
yield to planting density, and optimum planting density (Exp.4).

Year Planting

Grain yield Total top dry matter yield
(gm?) (gm?)

Y=-14.1(X-9.8 Y842 (r=0.91%%*) Y=-29.9 (X-10.2)%1969(r=0.98**)
Y=-9.7 (X10.1+918(r=0.89%)  Y=-20.4 (X-10.2)%2046(r=0.93%)

Y=-17.3(X-9.9 Y911 (r=0.98**%) Yy=-35.2(X-10.0)%2048(r=0.96**)
Y=-7.6 (X-10.4)2+952 (=0.84")  y=-14.2(X-10.422077 (=0-76™)

Y=-15.7(X-9.1 2+ 782(r=0.97**) Y=-26.8(X-10.2)%1906(r=0.97**)
= -6.9 (X-9.8 Y2951 (=0-86) v 208 (X-10.0)%2012(r=0.97%*)

Y=-17.2(X-9.9 12943 (1=0.98**) y=-30.8 (X-10.1)%1990(1=0.95")

Y= 9.8 (X-9.9 +985(r=0.99%%) y=-22.2(X-9.9 Y2073 (1=1.00%**)

Pattern
CR
2015 TR
NR
NTR
CR
2016 TR
NR
NTR
Planting Pattern(P)
Year(Y)
PXY

%k %k sksk * ns kk
ns ns *% ok ns *%
ns T ns ns ns ns

CR, TR, NR and NTR indicate conventional row, twin row, narrow row and narrow twin row planting cultivation,

respectively.

+P <.1, *P < .05, **P < .01, ***P < 001 and NS, P > .1
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Figure IIT -16. Responses of number of grains per ear and hundred
grain weight to planting density (Exp.4).

O, O, A and<> indicate conventional (CR), twin row (TR), narrow row (NR), narrow twin row
(NTR) cultivation, respectively.
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Table IIT -11. The ratio of sparse planting to densest planting in harvest index,
and slope of regression of number of grains per ear and hundred
grain weight to planting density (Exp.4).

Year Planting

Harvest index

Pattern  (HI(12.1) #/HI(7.0) ¥)

Number of

grains per ear

Hundred

grain weight

CR 104 Y=-18.6X+643 (r=0.93%)  Y=-1.2 X+29(r=0.97%%)
2015 TR 100 Y= 9.4 X+578 (=0.83")  Y=-0.9 X+27(r=0.89%)
NR 98 Y= 9.3 X+585 (r=0.821) Y=-1.2 X+30(1=0.91%)
NTR 101 Y= -9.3 X+567 (1=0.8") Y=-0.9 X+27(r=0.88%)
CR 107 Y=-14.4X+560 (r=0.8) Y=-1.7 X+40 (r=0.99**)
2016 TR 103 = -8.7 X+558 (r=0.88%) Y=-1.6 X+40(r=0.98*%*)
NR 104 = 8.9 X+550 (1=0.84" Y=-1.4 X+37 (1=0.94%)
NTR 100 Y= -7.1 X+547 (1=0.96*%*) Y=-1.9 X+43 (r=0.99***)
Planting Pattern(P) ns o i ns ns
Year(Y) i i * kRO EX
PXY ns ns ns ns T

CR, TR, NR and NTR indicate conventional row, twin row, narrow row and narrow twin row planting cultivation,

respectively.

#, ¥ indicate harvest index in densest (75 X 11 cm) and sparse (75 X 19 cm) planting, respectively.
TP <.1, *P <.05, **P <.01, ***P < .001 and NS, P > .1
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Table IIT -12. The ratio of narrow twin (NTR) to narrow row (NR) and twin row
(TR) to conventional row (CR) in the shortest inter-individual distance,
grain yield and yield-related traits, and their correlations (Exp.4).

Planting Row Hill  Distance Shortest distance between individuals TR/CR
density spacedistancebetween row  CR TR TR/CR Grain Total dry Harvest Number of Hundred
(plants m?)(cm) (cm) in TR (cm) (cm) yield matter yield index grain per ear grain weight
7.02 75 19 20 19 27.6 1.45 1.12 1.12 1.05 1.06 1.04
7.84 75 17 20 17 26.2 1.54 1.09 1.08 1.01 1.03 1.02
8.89 75 15 20 15 25.0 1.67 1.10 1.05 1.05 1.09 1.03
1026 75 13 20 13 23.9 1.83 1.10 1.06 1.05 1.07 1.05
1212 75 11 20 11 22.8 2.08 1.15 1.06 1.09 1.16 1.23
Planting Row Hill Distance Shortest distance between individuals NTR/NR
density spacedistancebetween row  NR NTR NTR/NR  Grain Total dry Harvest Number of Hundred
(plants m?)(cm) (cm) in NTR (cm) (cm) yield matter yield index grain per ear grain weight
7.02 50 285 20 28.5 34.8 1.22 1.09 1.10 1.01 0.99 0.98
7.84 50 255 20 25.5 32.4 1.27 1.05 1.06 1.00 1.00 1.06
8.89 50 225 20 22.5 30.1 1.34 1.06 1.02 1.03 1.01 0.98
1026 50 19.5 20 19.5 27.9 1.43 1.06 1.05 1.00 0.96 1.04
12.12 50 16.5 20 16.5 25.9 1.57 1.10 1.06 1.04 1.02 1.07
Correlation coefficient with shortest distance ratio 0.73 -0.23 0.82 0.86 0.78
(TR /CR, NTR / NR)(n=10)
Significance of correlation coefficient * ns ok ok ok

CR, TR, NR and NTR indicate conventional row, twin row, narrow row and narrow twin row planting cultivation,
respectively.
Each data show the average value of 2015 and 2016

TP <.1, *P <.05, **P <.01, ***P < .001 and NS, P > .1
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Table IV-1. Average precipitation, air temperature, solar radiation during
growing seasons (2017-2019, Exp.5).

Precipitation (mm) Air temperature (°C) Solar radiation (MJ m)
Month 2017 2018 2019 2004-2014% 2017 2018 2019 2004-2014% 2017 2018 2019 2004-20142
5 58 60 36 64 125 11.5 13.6 11.2 629 621 725 574
6 175 130 73 64 144 146 158 16.3 604 536 628 597
7 103 172 37 107 20.9 194 19.6 19.8 608 557 585 554
8 107 265 181 123 19.5 195 21.0 218 539 453 525 484
9 191 12 93 128 16.1 169 173 17.9 447 428 477 391
10 84 185 8l 88 102 115 115 114 314 328 334 297
Total 717 823 500 575 15.6" 15.6 16.5®> 16.4° 3141 2924 3274 2897

a: Mean value for 2004-2014

b: Indicate average value
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Figure IV-1. Responses of grain yield to planting density (Exp.5).

O, O and A indicate conventional row (CR) twin row (TR), narrow row (NR) cultivation of NO,
respectively.

@. B and A indicate conventional row (CR) twin row (TR), narrow row (NR) cultivation of N6,
respectively.

N6, NO indicate Nitrogen topdressing N 6 m and no nitrogen topdressing, respectively.

---shows significant quadratic regression equation of grain yield.
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Figure IV-2. Responses of total dry matter yield to planting density (Exp.5).

O, [ and A indicate conventional row (CR) twin row (TR), narrow row (NR) cultivation of N0, respectively.
@, W and A indicate conventional row (CR) twin row (TR), narrow row (NR) cultivation of N6, respectively.
N6, NO indicate Nitrogen topdressing N 6 m? and no nitrogen topdressing, respectively.

---shows significant quadratic regression equation of total dry matter yield.
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Table IV-2. Effect of nitrogen treatment on grain yield response to planting density

(P8025, Exp.5).
Year  Nitrogen Planting Grain yield Total dry matter yield
topdressing  pattern (g m?) (g m?)
2017 CR Y=-10(X-9.9 ’+755(=0.91 * )  Y=-22(X-10.2 Y-+1486(r=0.90 * )
NO TR Y= -7 (X-9.9 ’+750(r=0.89 * ) Y=-14(X-10.6 *+1518(r=1.00%**)
NR Y=-10(X-9.6 Y+741(r=0.95 * )  Y=-14(X-10.0+1427(r=0.96 ** )
CR Y= -9 (X-10.2°+805(r=1.00%**)  Y=-12(X-10.4 Y-+1537(r=0.99 **)
N6 TR Y=-11(X-9.9 ’+898(r=1.00%**)  Y=-27(X-9.9 Y-+1705(r=0.99%%*)
NR Y=-15(X-9.9 ’+861(r=0.97** )  Y=-23(X-9.9 y+1618(r=0.95 * )
2018 CR Y=-10(X-10.1°+555(r=0.98 ** )  Y=-24(X-10.5 Y-+1165(r=0.99 ** )
NO TR Y= -7 (X-10.47+580(r=0.97** )  Y=-12(X-1 1.9)2+1310(r=0.99 **)
NR Y=-10(X-10.0+565(r=0.95 * )  Y=-24(X-10.3+1273(r=0.97 **)
CR Y=-15(X-10.3°+660(r=0.96 ** ) Y=-39(X-10.6 )*+1476(r=1.00%**)
N6 TR Y= -8 (X-10.5+697 (r=1.00%%*) Y=-19(X-10.9*+1531(r=1.00%**)
NR Y=-13(X-10.41+720(r=1.00***)  Y=-27(X-10.9Y+1535(r=0.99 ** )
2019 CR Y=-22(X-9.9 ’+889(r=0.99** )  Y=-37(X-10.4 Y+1718(r=0.99%*)
NO TR Y=-16(X-10.5+969(r=0.99 ** )  Y=-23(X-1 1.0 Y +1734(r=0.99%*%)
NR Y=-22(X-10.1°+960(r=0.99%**)  Y=-42(X-10.4 Y+1805(r=0.99%**)
CR Y=-24(X-10.4H070(r=0.97** )  Y=-46(X-10.5 Y+2010(r=0.97 **)
N6 TR Y=-11(X-10.6fH 139(r=0.97** )  Y=-21(X-10.9 Y+2074(r=0.97 ** )
NR Y=-19(X-10.1*H 127(r=0.99 ** )  Y=-45(X-10.3 y+2180(r=0.99***)
Year (Y) skokok skkk Aok sk skokok stk
Nitrogen topdressing (N) ns * ok ns ns ok
Planting pattem (P) skskok skeksk skeksk kk skskok skeksk
Y XN sk ns stk * ¥ sk
P XN ns ns sksksk ns skoksk kek
YXNXP ke * sksksk ns skoksk ns

CR, TR, NR indicate conventional row, twin row, and narrow row planting cultivation respectively.

N6, NO indicate Nitrogen topdressing N 6 m? and no nitrogen topdressing, respectively.

1P <.1, *P <.05, **P < .01, ***P <.001 and NS, P> .1
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Figure IV-3. Responses of harvest index to planting density (Exp.5).

O, O and A indicate conventional row (CR) twin row (TR), narrow row (NR) cultivation of N0, respectively.

@, N and A indicate conventional row (CR) twin row (TR), narrow row (NR) cultivation of N6, respectively.

N6, NO indicate Nitrogen topdressing N 6 m and no nitrogen topdressing, respectively.

---shows the significant primary regression equation of harvest index
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Figure IV-4. Responses of number of grains per ear to planting density (Exp.5).

O, O and A indicate conventional row (CR) twin row (TR), narrow row (NR) cultivation of N0, respectively.
@, B and A indicate conventional row (CR) twin row (TR), narrow row (NR) cultivation of N6, respectively.

N6, NO indicate Nitrogen topdressing N 6 m and no nitrogen topdressing, respectively.

---shows the significant primary regression equation of number of grains per ear.
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Figure IV-5. Responses of hundred grain weight to planting density (Exp.5).

O, [ and A indicate conventional row (CR) twin row (TR), narrow row (NR) cultivation of N0, respectively.

@, B and A indicate conventional row (CR) twin row (TR), narrow row (NR) cultivation of N6, respectively.

N6, NO indicate Nitrogen topdressing N 6 m and no nitrogen topdressing, respectively.

---shows the significant primary regression equation of hundred grain weight.
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Table IV-3. The ratio of sparse planting to densest planting in harvest index,
and slope of regression of number of grains per ear and hundred grain
weight to planting density (P8025, Exp.5).

Year Nitrogen Planting Harvest index Number of Hundred
topdressing Pattern  (HI(12.1) #/HI(7.0) ¥) grain per ear grain weight
2017 CR 94 Y=-4.6 X+464(1=0.82 1) Y=-13X+32(r=0.93 * )
NO TR 91 Y=-52X+4751=0.84 1) Y=-1.4X+32(r=1.00***)
NR 96 Y=-53X+476(r=0.83 ) Y=-2.0X+38(1=0.91 * )
CR 99 =-5.8X+482(r=0.95 *) Y=-13X+32(r=0.90 * )
N6 TR 101 Y=-3.7X+470(=0.91 *) Y=-1.9X+40(r=0.98 **)
NR 101 =-4.1 X+465(r=0.98*%) Y=-1.8 X+38(r=0.95 * )
2018 CR 90 Y=-11 X+458(r=0.99**) Y=-1.2X+30(r=0.96 * )
NO TR 88 Y= -8 X+431(r=0.95 *) =-1.1 X+30(r=0.99 **)
NR 95 Y= -7 X+426(r=0.97*%) Y=-13X+31(1=0.96**)
CR 88 Y=-9 X+450(r=0.90 *) Y=-1.0X+30(r=0.98**)
N6 TR 94 Y= -7 X+438(1=0.92 *) Y=-1.0X+31(r=0.95 * )
NR 89 Y= -6 X+421(=0.87 1) Y=-1.0X+30(r=0.96**)
2019 CR 89 Y= -7 X+480(r=0.94 *) Y=-0.5X+34(r=0.85 1 )
NO TR 97 Y=-5 X+438(r=0.92 *) Y=-04X+33(r=0.91 * )
NR 94 Y= -8 X+486(1=0.96*%) =-0.6 X+36(r=091 * )
CR 95 Y=-12 X+503(r=0.90 *) Y=-04X+34(1=0.94 * )
N6 TR 97 Y= -5 X+445(r=0.96*%) =-02X+31(r=0.86 1 )
NR 93 Y=-15 X+556(r=0.99**) Y=-0.2X+32(r=0.38 ns)
Year (Y) ok * ns *ak kk
Nitrogen topdressing (N) * ns ns i ns
Planting pattern (P) ns ns ns i ns
Y XN * ns ns * *3%
Y XP ns ns ns * ns
PXN T ns ns * ns
YXNXP ns ns ns ns ns

CR, TR, NR indicate conventional row, twin row, and narrow row planting cultivation respectively.
#, ¥ indicate harvest index in densest (75 X 11cm) and sparse (75 X 19cm) planting, respectively.

N6, NO indicate Nitrogen topdressing N 6 m? and no nitrogen topdressing, respectively.

P <.1, *P <.05, **P < .01, ***P < .001 and NS, P > .1
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Table IV-4-1. Analysis of variance table for grain yield and yield-related traits
(2017, Exp.5).

Treatment Grainyield Total dg Harvest qunber of H.undre.d
matter yield index grain per ear grain weight

Nitrogen topdressing (N) = *%* * koK ook Hokk
Planting pattern (P) * *kk ns * *
P]anting density (D) Fk ok fkok skok Fokk skok

N XP Hoskok B ns sk ¥
NXD o ns ns ns ok
PxXD etk seskok ok ok EES
NXPXD * ok * ns ns i)

+P <.1, *P < .05, **P < .01, ***P < 001 and NS, P> .1

Table IV-4-2. Analysis of variance table for grain yield and yield-related traits

(2018, Exp.5).

treatment Grainyield  Totaldry = Harvest Number of Hundred
matter yield  index grain per ear grain weight

Nitrogen topdressing (N) %% otk ok ook ok
Planting pattern (P) ns ns ns ok ns
Planting density (D) Rk Hkok Hkk Ak Hkk
N X P fekok fekok ns ok ok ns
N XD seskeck sk sk skeskok sk
PXxXD seskok etk eoskok seskok ok
NXPXD Hk ok Hk ok *k ok *ok ok * %

TP <.1, *P <.05, **P < .01, ***P <.001 and NS, P> .1

Table IV-4-3. Analysis of variance table for grain yield and yield-related traits
(2019, Exp.5).

treatment Grainyield Totaldry  Harvest Number of Hundred
matter yield  index grain per ear grain weight

Nitrogen topdressing (N)  #** Hokeok ns ns ns
Planting pattern (P) kokok skokok skokok sk k%
Planting density (D) koK Hokok Hoksk ke Hekok

N X P Kk k Kk k kkk %k ns

N XD ko k Kk k * ns T
PxXD Kk k Kk k * ns ns
NXPXD ok ok ns ns ns

TP <.1, *P <.05, **P < .01, ***P <.001 and NS, P> .1
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Figure IV-6. Nitrogen use efficiency (Exp.5).

Z

CR, TR, NR indicate conventional row, twin row, and narrow row planting cultivation, respectively.
7.0,7.8,8.9,10.3, 12.1 indicate planting density of 7.0, 7.8, 8.9, 10.3, 12.1 plants m™, respectively.
Different alphabets show significant at 5% level (Tukey-Kramer).

NUE indicate Nitrogen use efficiency.
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Figure IV-7. Absorption rate of applied nitrogen (Exp.5).

CR, TR, NR indicate conventional row, twin row, and narrow row planting cultivation respectively.

7.0,7.8,8.9,10.3, 12.1 indicate planting density of 7.0, 7.8, 8.9, 10.3, 12.1 plants m2, respectively.

Different alphabets show significant at 5% level (Tukey-Kramer).
Nab indicate Absorption rate of applied nitrogen.
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Figure IV-8. Nitrogen absorption at full ripe stage (Exp.5).
O, [ and A indicate conventional row (CR) twin row (TR), narrow row (NR) cultivation of NO, respectively.
@, B and A indicate conventional row (CR) twin row (TR), narrow row (NR) cultivation of N6, respectively.
N6, NO indicate Nitrogen topdressing N 6 m? and no nitrogen topdressing, respectively.

* indicate significant differences at 5% level (Tukey-Kramer) between NO and N6.
Different alphabets show significant at 5% level (Tukey-Kramer).
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Figure IV-9. Efficiency of grain yield increase of absorbed nitrogen (Exp.5).

CR, TR, NR indicate conventional row, twin row, and narrow row planting cultivation, respectively.
7.0, 7.8, 8.9, 10.3, 12.1 indicate planting density of 7.0, 7.8, 8.9, 10.3, 12.1 plants m, respectively.

Ngy indicate efficiency of grain yield increase of absorbed nitrogen.

Different alphabets show significant at 5% level (Tukey-Kramer).
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Table IV-5. Nitrogen fertilizer efficiency of grain yield and related-traits by
nitrogen topdressing on at the tassel differentiation stage (Exp.5).

Planting Row Hill Planting 2018 2019
density  space distance pattern Nitrogen absorption NUE Nab Ngy Nitrogen absorption NUE Nab Ngy
NO N6 NO N6
(plants m?) (cm)  (cm) (gm?) (gm?) (ggH)(%) (gg) (gm?) (gm?) (gg') (%) (ggh)
7.0 75 19 CR 9.8 11.2 10.5 24.343.3 10.0 120 18.0 27.3 66.0
TR 12.5 14.8 15.2 38.939.2 11.7 14.1 18.7 33.7 555
NR 12.1 14.4 16.4 36.0 45.5 13.9 16.6 17.8 35.1 50.6
7.8 75 17 CR 112 128 14.5 31.745.7 12.7 144 12.8 20.1 63.7
TR 13.1 155 16.3 40.1 41.1 15.5 185 27.0 41.5 652
NR 12.3 154 19.1 45.242.3 14.8 18.0 262 443 59.1
8.9 75 15 CR 12.1 134 11.4 25.345.4 13.9 16.2 16.2 315 513
TR 135  16.6 21.4 51.441.9 154 192 319 52.8 60.5
NR 136 17.6 2355494238 154 20.1 358 67.0 534
10.3 75 13 CR 108  15.0 19.1 56.2 33.9 16.2 199 275 523 525
TR 14.1 18.0 28.1 63.344.5 17.9 223 36.7 62.6 58.6
NR 149 19.1 30.5 59.0 51.6 18.2 23.0 39.7 68.6 57.9
12.1 75 11 CR 10.9 14.8 21.7 59.0 36.8 12.5 16.7 31.1 61.2 50.8
TR 134 168 34.8 66.6 52.3 16.5 209  39.1 634 61.7
NR 13.7 17.6 29.2 65.144.9 15.8 20.1 35.0 60.4 58.1
Plantlngpattem(P) sfesksk sfeskesk sk skeksk %k seskk sfesksk sk sfesksk ns
Plantingdensity(D) sfeskesk sfeskesk ek skeksk ns seskok sfeskok sfeskesk sfeskesk *
Px<D ks * ek skeksk skekok sfeskesk sfeskesk sfeskesk ks sk

NUE, Nab, and Ngy indicate Nitrogen use efficiency, Absorption utilization rate of topdressing nitrogen, Efficiency
of grain yield increase of absorbed nitrogen, respectively.

CR, TR, NR indicate conventional row, twin row, and narrow row planting cultivation respectively.

N6, NO indicate Nitrogen topdressing N 6 m? and no nitrogen topdressing, respectively.

P <.1, *P < .05, **P < .01, ***P < 001 and NS, P > .1

132



Table V-1. Tasseling date and maturity date (Exp.6).

Year Cultivar Tasseling date Maturity date
(Month / Day) (Month / Day)
2017 P8025 (RM85) 7/26 9/18
36B08 (RM100) 8/6 10/2
2018 P8025 (RM85) 7/25 9/17
36B08 (RM100) 8/3 10/1
2019 P8025 (RM85) 7/15 9/16
36B08 (RM100) 7/29 9/30

P8025 (RM85) and 36B08 (RM100) show cultivars with relative maturity of 85 days and 100 days, respectively.
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Figure V-1. Responses of grain yield to planting density (Exp.6).

O, [, and A indicate conventional row (CR) twin row (TR), narrow row (NR) cultivation, respectively.

P8025 (RM85) and 36B08 (RM100) show cultivars with relative maturity of 85 days and 100 days,
respectively.

---shows significant quadratic regression equation of grain yield.
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Figure V-2. Responses of total dry matter yield to planting density (Exp.6).

O, [, and A indicate conventional row (CR) twin row (TR), narrow row (NR) cultivation, respectively.

P8025 (RM85) and 36B08 (RM100) show cultivars with relative maturity of 85 days and 100 days, respectively.

---shows significant quadratic regression equation of total dry matter yield.
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Figure V-3. Responses of harvest index to planting density (Exp.6).

P8025 (RMS85) and 36B08 (RM100) show cultivars with relative maturity of 85 days and 100 days, respectively.

O, [, and A indicate conventional row (CR) twin row (TR), narrow row (NR) cultivation, respectively.

---shows the significant primary regression equation of harvest index.
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Table V-2. Effect of grain yield and total top dry matter yield response
to planting density (P8025 and 36B08, Exp.6).

Year Cultivar Planting Grain yield Total top dry matter yield
Pattern (g m?) (g m?)

pao2s  CR =15.1(X-9.8 )+ 744 (r=0.97 **)  Y=-24.0(X-10.4)>+1370(r=1.00***)

(RM85) TR Y=-11.8(X-10.0)>+837 (r=0.98 ** )  Y=-20.8(X-10.2)>+1502(r=0.96 * )

2017 NR  Y=15.4(X-9.8 +800 (=0.99 **)  Y=-31.8(X-10.1+1409(r=0.98 ** )

CR =-15.7(X-9.0 Y+847 (r=0.99***) =-39.3(X-10.6)*+1855(r=0.99***)

(31%]3401%0) TR Y=-17.7(X-9.5 }*+905 (r=0.99 ** )  Y=-24.4(X-10.7)*+1898(1=0.91 * )

NR =14.7(X-9.3 Y+897 (=0.94 * )  Y=-30.1(X-10.7)%+1887(r=0.97 ** )

P8025 CR Y=-15.3(X-10.3)*633 (=0.92 * ) =-27.7(X-10.7+1262(r=0.91 * )

(RM85) TR Y=-10.1(X-11.5)%770 (=0.94 * )  Y=-17.9(X-11.9)%+1502(r=0.91 * )

2018 NR  Y=-15.5(X-10.5+735 (r=0.98 **)  Y=-30.3(X-11.1)*+1429(r=0.98 ** )

36808 CR =-25.4(X-9.6 Y+748 (r=0.98**)  Y=-37.5(X-10.0)%+1483(r=1.00***)

(RM100) TR =-16.5(X-10.1+757 (r=0.99**)  Y=-33.2(X-10.4)>+1623(r=1.00***)

NR =-19.6(X-9.9 ¥+647 (=1.00***)  Y=-31.9(X-10.4)%1391(r=1.00***)

P8025 CR Y=-20.2(X-10.0)>+958 (r=0.99 ** )  Y=-43.2(X-10.2)*+1804(r=0.99***)

(RMS5) TR =-15.8(X-10.9%+1007(r=0.99***) =-27.6(X-11.1)>+1820(r=0.99 **)

2019 NR  Y=-22.7(X-10.3y+990 (1=0.99%**)  Y=-44.5(X-10.4Y+1848(r=0.99***)

36808 CR Y=-29.7(X-9.3 y%1002(r=0.95 * Y=-69.5(X-9.5 *+2069(r=0.96 **)

®M100) R Y=-30.0(X-9.8 y*1054(r=0.95 * ) =-57.8(X-10.0)2+2196(1=0.96 * )

NR  Y=-29.4(X-9.4 Y+1032(r=0.99*** =-66.2(X-9.7 Y42177(r=0.99 **)
Year(Y) ks seskok seskok ) EE TS 3k skeskook
Cultivar(C) skokesk skesksk skesksk skoksk skesksk skesksk
Planting Patten(P) kk skesksk skesksk skokesk skesksk skesksk
Y XC ks ks seskok EEES seskok seskok
Y XP t ns wok ns * oAk
P X C S %k skesksk kk * skesksk
Y XCXP ns o3k sk ns % sk

CR, TR, NR indicate conventional row, twin row, and narrow row planting cultivation, respectively.
P8025 (RMS85) and 36B08 (RM100) show cultivars with relative maturity of 85 days and 100 days, respectively.
+P <.1, *P < .05, **P < .01, ***P < 001 and NS, P> .1
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Figure V-4. Responses of number of grains per ear to planting density (Exp.6).

O, [, and A indicate conventional row (CR) twin row (TR), narrow row (NR) cultivation, respectively.
P8025 (RM85) and 36B08 (RM100) show cultivars with relative maturity of 85 days and 100 days, respectively.

---shows the significant primary regression equation of number of grains per ear.
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P8025(RMS5S)

75X 19cm 75 % 15cm 75X 11cm
(Sparse planting) (Standard planting) (Dense planting)

36B0O8(RM100)

Figure V-5. Decrease in number of grains per ear due to dense planting (Exp.6).

P8025 (RM85) and 36B08 (RM100) show cultivars with relative maturity of 85 days and 100 days, respectively.

75X19, 15, 11cm indicate row spacing (cm) X hill distance (cm) in sparse, standard, dense planting, respectively.
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Figure V-6. Responses of hundred grain weight to planting density (Exp.6).

O, [, and A indicate conventional row (CR) twin row (TR), narrow row (NR) cultivation, respectively.
P8025 (RMS85) and 36B08 (RM100) show cultivars with relative maturity of 85 days and 100 days,
respectively.

---shows the significant primary regression equation of hundred grain weight.
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Table V -3. The ratio of sparse planting to densest planting in harvest index,
and slope of regression of number of grains per ear and hundred
grain weight to planting density (P8025 and 36B08, Exp.6).

Year Cultivar Planting Harvest index

Pattern (HI(12.1) #/HI(7.0) ¥)

Number of
grain per ear

Hundred
grain weight

CR 91 Y= -6.1 X+ 468 (r= 0.72 n8) Y=-1.2 X+ 32 (= 0.91 * )

P8025 TR 97 Y= -7.0 X+ 470 (= 0.90 * ) Y=-13 X+ 37 (=0.93 * )

2017 (RM85) NR 93 Y=-113X+ 514 =091 * ) Y=-1.5 X+ 36 (r=0.96 ** )

CR 69 Y=-19.4X+ 617 (= 0.90 * ) Y=-0.7 X+ 32 (=0.84 T )

36B0S TR 82 Y=-17.0X+ 627 (= 0.89 * ) Y=-0.7 X+ 29 (r= 0.98 ** )

(RM100) NR 85 Y= 257X+ 694 (= 0.97 **) Y=-0.8 X+ 31 (= 0.89 * )

CR 94 Y= -6.1 X+ 394 (= 0.93 * ) Y=-1.0 X+ 34 (1= 0.99%%*)

P8025 g 98 Y= 2.6 X+ 375 (= 0.95 * ) Y=-0.6 X+ 30 (1= 0.99 ** )

2018 (RMBS) \p 86 Y= -5.6 X+ 409 (= 0.95 * ) Y=-0.7 X+ 31 (= 0.92 * )

CR 90 Y=-10.8X+ 433 (= 0.92 * ) Y=-0.8 X+ 34 (= 0.98 ** )

36B08 R 94 Y= -7.5 X+ 389 (= 0.85 1) Y=-0.7 X+ 33 (=0.88 T )

(RM100) NR 90 Y=-139X+471 (=087 t ) Y=-0.8 X+34 (=0.88 1 )

CR 93 Y= -7.5 X+ 480 (= 0.94 * ) Y=-0.5 X+ 34 (=0.85 T )

P8025 TR 98 Y= -4.6 X+ 438 (=092 * ) Y=-0.4 X+33 (=091 * )

2019 (RM85) NR 96 Y= -8.4 X+ 486 (= 0.96 **) Y=-0.6 X+ 36 (r= 091 * )

CR 92 Y=-19.3 X+ 621 (= 0.99 **) Y=-0.9 X+ 39 (= 0.93 * )

36BO8 g 94 Y=-17.0 X+ 588 (1= 0.98 **) Y=-0.7 X+39 (= 0.82 1 )

(RM100) \g 94 Y= -17.1 X+ 585 (= 0.87 ) Y=-1.1 X+ 41 (=091 * )
Year(Y) Aok + ok Hok sk
Cultivar(C) ko ok Hokx ns *
Planting Patten(P) Ak T * * ns
YXC ksksk ns skk skskok skskk
Y XP * ns ns ns ns
PXC ns ns ns ns ns
Y XCXP ns ns ns ns *

CR, TR, NR indicate conventional row, twin row, and narrow row planting cultivation, respectively.
#, ¥ indicate harvest index in densest (75 X 11cm) and sparse (75 X 19cm) planting, respectively.
P8025 (RM85) and 36B08 (RM100) show cultivars with relative maturity of 85 days and 100 days, respectively.

TP <.1, *P <.05, **P < .01, ***P <.001 and NS, P> .1
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Figure V-7. Changes in partial dry matter weight (Exp.6).

R

P8025 (RM85) and 36B08 (RM100) show cultivars with relative maturity of 85 days and 100 days, respectively.

75X 19, 15, 11cm indicate row spacing (cm) X hill distance (cm) in sparse, standard, dense planting, respectively.
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Figure V-8. Leaf area index (Exp.6).

P8025 (RMS85) and 36B08 (RM100) show cultivars with relative maturity of 85 days and 100 days, respectively.

75X19, 15, 11cm indicate row spacing (cm) X hill distance (cm) in sparse, standard, dense planting, respectively.
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Figure V-9. Ear growth rate (EGR), Mean leaf index (MLAI) and Net assimilation
rate (NAR) during grain filling period (Exp.6).

EGR, MLAL and NAR indicate Ear Growth Rate, Mean Leaf Area Index, Net Assimilation Rate, respectively.

75X 19, 15, 11cm indicate row spacing (cm) X hill distance (cm) in sparse, standard, dense planting, respectively.

P8025 (RM85) and 36B08 (RM100) show cultivars with relative maturity of 85 days and 100 days, respectively

Early ripening period and late ripening period indicate silking-milk ripening stage and milk ripening-maturity stage,
respectively.
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Figure V-10. Canopy structure (2017, Exp.6).

P8025 (RMS85) and 36B08 (RM100) show cultivars with relative maturity of 85 days and 100 days, respectively.

75X19, 15, 11em indicate row spacing (cm) X hill distance (cm) in sparse, standard, dense planting, respectively.

Total LAI indicate total leaf area index in each plant height.

145



P8025 (RMS5)

36B08 (RM100)
75 X 19cm (Sparse planting)

Relative Relative
illuminance(Log10(%)) })Huglsin%%ce%olg& 0(%))
0 25 50 75 100 Y
250 ' ' ' Total LAI
’é\ | Total LAT 391 -
8 2007 339 § %
S 150 - N\ N
2 N N
— 100 8
g o
< )
A 50 3
0 X ' ' — z
75X 15 cm (Standard planting)
250 S,
oy Total 1 LAI Total LAI
g 2001 393 N 4.62 S
£ 150 1 \ \
5 \ N
2 N N
<= 100" 3
= 3
A~ 507
0= 75X 11 cm  (Dense planting)
250 : ' ' DU
”é\ Total LAI Total LAI
S 2007 4.64 \ 5.71 S
= | N N\
2 N N
= 100 =
=] 3
= N N
A~ 50 1 3
k)
S — S S
30 20 1.0 00 200 400 60030 20 10 00 200 400 600
LAI Dry weight (g m2) LAI Dry weight (g m?)

Figure V-11. Canopy structure (2019, Exp.6).

P8025 (RM85) and 36B08 (RM100) show cultivars with relative maturity of 85 days and 100 days, respectively.

75X19, 15, 11em indicate row spacing (cm) X hill distance (cm) in sparse, standard, dense planting, respectively.
Total LAI indicate total leaf area index in each plant height.
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Figure V-12. Relationship between accumulated leaf area index and relative

illuminance (Exp.6).

P8025 (RM85) and 36B08 (RM100) show cultivars with relative maturity of 85 days and 100 days,

respectively.

@®. W, A and O, [, A indicate 75X 19, 15, 11cm in P8025 and 36B08 , respectively.
TP <.1,*P <.05, **P < .01, ***P < 001 and NS, P> .1
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Figure V-13. Relationship between Mean leaf area index (MLAI),
Net assimilation rate (NAR) and Ear growth rate (EGR), and (Exp.6).

©. O, O N N HMand A, A, A indicate 75X 19, 15, 11cm of conventional row (CR), twin row (TR)
and narrow row (NR) in P8025 , respectively.
O0,0,@®; ], Mand A\, A, A indicate 75X 19, 15, 11cm of conventional row (CR), twin row (TR)
and narrow row (NR) in 36B08 , respectively.

EGR, MLAL and NAR indicate ear growth rate, mean leaf area index, net assimilation rate, respectively.

Early ripening period and late ripening period indicate silking-milk ripening stage and milk ripening-maturity
stage, respectively.
P <.1, *P <.05, **P < .01, ***P <.001 and NS, P > .1
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Figure V-14. Relationship between Ear growth rate (EGR), Net assimilation rate
(NAR) and Extinction coefficient during early ripening period (Exp.6).

©. 0.0 N N Wand A, A, A indicate 75X 19, 15, 11cm of conventional row (CR), twin row (TR) and
narrow row (NR) in P8025 , respectively.

0,0,@®;], Hand A\, A, A indicate 75X 19, 15, 11cm of conventional row (CR), twin row (TR) and
narrow row (NR) in 36B08 , respectively.

EGR, MLAI and NAR indicate Ear Growth Rate, Mean Leaf Area Index, Net Assimilation Rate, respectively.

1P <.1, *P <.05, **P < .01, ***P < .001 and NS, P > .1
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Table V-4. Tasseling date and maturity date (KD420 and 36B08, Exp.7).

Year Cultivar Tasseling date Maturity date
(Month / Day) (Month / Day)
2017 KD420 (RM93) 8/1 9/25
36B08 (RM100) 8/6 10/2
2018 KD420 (RM93) 7/30 9/24
36B08 (RM100) 8/3 10/1
2019 P8025 (RM93) 7/22 9/23
KD420 (RM100) 7/29 9/30

KD420 (RM93) and 36B08 (RM100) show cultivars with relative maturity of 85 days and 100 days, respectively.

KD420 and 36B08 indicate cultivars with a high proportion of lower leaves and Cultivars with a high proportion of top
leaves, respectively.
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Figure V-15. Responses of grain yield to planting density (Exp.7).

KD420 (RM93) and 36B08 (RM100) show cultivars with relative maturity of 85 days and 100 days, respectively.

O, [, and A indicate conventional row (CR) twin row (TR), narrow row (NR) cultivation, respectively.
---shows significant quadratic regression equation of grain yield.
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Figure V-16. Responses of total dry matter yield to planting density (Exp.7).

KD420 (RM93) and 36B08 (RM100) show cultivars with relative maturity of 85 days and 100 days, respectively.

O, [, and A indicate conventional row (CR) twin row (TR), narrow row (NR) cultivation, respectively.
---shows significant quadratic regression equation of total dry matter yield.
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Table V-5. Effect of grain yield and total top dry matter yield response to planting
density (KD420 and 36B08, Exp.7).

Year Cultivar Planting Grain yield Total top dry matter yield
Pattern (g m?) (gm?)

CR Y=-9.2 (X-10.3 )%+ 884 (= 0.97 **) Y=-39.6(X-10.8 )*+1801 (= 0.99 ***)

KD420 TR Y= -7.0 (X-10.9 )*+ 927 (=0.91 * ) Y=-31.8(X-10.6 )*+1827(r= 0.96 **)

2017 (RM93) NR  Y=-94(X-10.1 >+ 931 (=0.92 * ) Y=-39.8(X-10.6 )>+1845(r= 0.99 ***)

CR Y=-15.7(X- 9.0 )2+ 847 (1= 0.99 ***) Y=-39.3(X-10.6 y*+1855(r= 0.99 ***)

36B08 TR Y=-17.7(X- 9.5 )+ 905 (= 0.99 **) Y=-24.4(X-10.7 y*+1898(r= 0.91 * )

(RM100) NR  Y=-147(X-9.3 +897 (=094 * ) Y=-30.1(X-10.7 )>+1887(r= 0.97 **)

CR Y=-16.8(X-10.3 )2+ 772 (= 0.99 **) Y=-28.1(X-10.7 y*+1460(r= 1.00 ***)

KD420 TR Y=-15.0(X-10.5 )*+ 926 (r= 1.00***) Y=-25.5(X-11.0 y*+1681 (1= 0.99 **)

2018 (RM93) NR  Y=-169(X-10.3 Y+ 839 (=098 ** ) Y=-29.1(X-10.8 )%+1570(r= 0.98 **)

CR Y=-25.4(X-9.6 )+ 748 (1= 0.98 **) Y=-37.5(X-10.0 )2+1483 (r= 1.00 ***)

36B08 TR Y=-16.5(X-10.1 Y+ 757 (= 0.99 **) Y=-33.2(X-10.4 y+1623(r= 1.00 ***)

(RM100) NR  Y=-19.6(X-9.9 )+ 647 (1= 1.00%¥¥*)  Y=-31.9(X-10.4 )>+1391 (r= 1.00 ***)

CR Y=-26.7(X-9.6 )1112(=0.89 * ) Y=-45.5(X-9.8 )*+2129(= 0.88 T )

KD420 TR Y=-19.7(X-10.3 y*+1228 (= 0.94 * ) Y=-37.2(X-10.4 y*+2309(r= 0.95 * )

2019 (RM93) NR Y=-24.9(X-10.2 Y*+1239 (= 0.97 ** ) Y=-57.6(X-10.0 y*+2274(r= 0.96 ** )

CR Y=-29.7(X-9.3 y*+1002(r=0.95 * ) Y=-69.5(X-9.5 )2+2069(r= 0.96 **)

36B08 TR Y=-30.0(X-9.8 y2+1054(=095 * )  Y=-57.8(X-10.0 )2+2196(r= 0.96 * )

(RM100) NR  Y=-29.4(X-9.4 ),+1032(=0.99***)  Y=-66.2(X-9.7 ),+2177(r= 0.99 ** )
Year(Y) *ok ns sk ok sk sokok
Cultivar(C) sk sk sk sk % sk
Planting Patten(P) ns ns ns wk * Hokok
Y XC ns ns ns ok * oAk
Y XP ns ns ns * ns Hokk
PXC ns ns ns ns ns *k
Y XCXP ns ns ns ns ns w3k

KD420 (RM93) and 36B08 (RM100) show cultivars with relative maturity of 85 days and 100 days, respectively.

CR, TR, NR indicate conventional row, twin row, and narrow row planting cultivation, respectively.

+P <.1, *P < .05, **P < .01, ***P < 001 and NS, P> .1

153



KD420 (RM93)

65 2017 2018 : 2019
1
N8 o 0 {gﬂ\
557 0 5
4 ) 0 N'\z\\'éka %
0
45
S
‘_§ 35 T ! 1 T T 1 T T 1
g 36B08 (RM100)
2 65 ;
>
=
T
D
55\ 2
NG <

35

3
O 1

11 13 7 9 11 13 7 9 11 13
Planting density (m2)
Figure V-17. Responses of harvest index to planting density (Exp.7).

O, O, and A indicate conventional row (CR) twin row (TR), narrow row (NR) cultivation, respectively.
KD420 (RM93) and 36B08 (RM100) show cultivars with relative maturity of 85 days and 100 days, respectively.

---shows the significant primary regression equation of harvest index.
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Figure V-18. Responses of number of grains per ear to planting density (Exp.7).

O, [, and A indicate conventional row (CR) twin row (TR), narrow row (NR) cultivation, respectively .
KD420 (RM93) and 36B08 (RM100) show cultivars with relative maturity of 85 days and 100 days, respectively.

---shows the significant primary regression equation of number of grains per ear.
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KD420(RM93)
75%19%m 75X 15¢cm 75X 11cm
(Sparse planting) (Standard planting) (Dense planting)

Figure V-19. Decrease in number of grains per ear due to dense planting (Exp.7).

KD420 (RM93) and 36B08 (RM100) show corn cultivars with relative maturity of 85 days and 100 days, respectively.

75X19, 15, 11em indicate row spacing (cm) X hill distance (cm) in sparse, standard, dense planting, respectively.
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Figure V-20. Responses of hundred grain weight to planting density (Exp.7).

O, [, and A indicate conventional row (CR) twin row (TR), narrow row (NR) cultivation, respectively.
KD420 (RM93) and 36B08 (RM100) show cultivars with relative maturity of 85 days and 100 days, respectively.

---shows the significant primary regression equation of hundred grain weight.
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Table V-6. The ratio of sparse planting to densest planting in harvest index, and slope
of regression of number of grains per ear and hundred grain weight to
planting density (KD420 and 36B0S, Exp.7).

Year Cultivar Planting Harvest index Number of Hundred
Pattern  (HI(12.1) #/HI(7.0) ¥) grain per ear grain weight

CR 98 = 128 X+ 724 (= 0.71 ns ) Y=-0.6 X+ 23 (=084 1 )

KD420 TR 85 Y= -13.6 X+ 742 (= 095 * ) Y=-0.6 X+ 23 (=093 * )

2017 RM93) N 86 Y= -27.3 X+ 871 (=093 *) Y=-07 X+ 5 (=098 **)

CR 69 Y= -194 X+ 617 (= 090 * ) Y=-07 X+ 32 (=084 1 )

36B08 TR 82 Y= -17.0 X+ 627 (= 0.89 * ) Y=-0.7 X+ 29 (r=0.98 **)

(RM100) NR 85 Y= -257 X+ 694 (r= 097 **) Y=-0.8 X+ 31 (=089 * )

CR 93 Y= -17 X+ 595 (= 088 1 ) Y=-09 X+ 33 (=098 **)

KD420 TR 96 Y= -14 X+ 585 (= 0.97 **) Y=-0.6 X+ 31 =085 t )

2018 (RM93) NR 92 Y=_-13 X+ 567 (= 093 *) Y=-07 X+ 32 (=088 * )

CR 90 Y= -10.8 X+ 433 (= 092 * ) Y=-0.8 X+ 34 (=098 **)

36B08 TR 94 Y= -75 X+ 389 (= 085 T ) Y=-0.7 X+ 33 (=088 T )

(RM100) NR 90 Y= -139 X+ 471 (= 087 t ) Y=-0.8 X+ 34 —0.88 1 )

CR 94 Y= 215 X+ 720 (= 087 T ) Y=-0.7 X+ 34 =089 * )

KD420 TR 97 Y= -193 X+ 704 (= 093 * ) Y=-0.7 X+ 36 (=088 * )

2019 RM93)  Nr 95 Y= -14.1 X+ 648 (= 0.98 **) Y=-0.8 X+ 36 (r=097 **)

CR 92 Y= -193 X+ 621 (= 0.99 **) Y=-09 X+ 39 (=093 * )

36B08 TR 94 Y= -17.0 X+ 588 (= 0.98 **) Y=-0.7 X+ 39 (=0.82 T )

(RM100) NR 94 Y= -17.1 X+ 585 (r= 087 t ) Y=-1.1 X+ 41 (=091 * )
Year(Y) sokok ¥ *k ns sokok
Cultivar(C) rkk ns ok ns o
Planting Patten(P) T ns ns ns ns
Y XC wk ns ns ns ns
Y XP ns * * ns ns
PXC *ok ns ns ns ns
Y XCXP = ns ns ns ns

CR, TR, NR indicate conventional row, twin row, and narrow row planting cultivation, respectively.

#, ¥ indicate harvest index in densest (75 X 11cm) and sparse (75 X 19cm) planting, respectively.
KD420 (RM93) and 36B08 (RM100) show cultivars with relative maturity of 85 days and 100 days, respectively.
P <.1, *P < .05, **P < .01, ***P < 001 and NS, P> .1
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Figure V-21. Changes in partial dry matter weight (Exp.7).

KD420 (RM93) and 36B08 (RM100) show cultivars with relative maturity of 85 days and 100 days, respectively.
75X19, 15, 11em indicate row spacing (cm) X hill distance (cm) in sparse, standard, dense planting, respectively.
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Figure V-22. Leaf area index (Exp.7).

KD420 (RM93) and 36B08 (RM100) show corn cultivars with relative maturity of 85 days and 100 days, respectively.

75X19, 15, 11cm indicate row spacing (cm) X hill distance (cm) in sparse, standard, dense planting, respectively.
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Figure V-23. Ear growth rate (EGR), Mean leaf area index (MLAI) and
Net assimilation rate (NAR) during grain filling period (Exp.7).

EGR, MLAI and NAR indicate Ear Growth Rate, Mean Leaf Area Index, Net Assimilation Rate, respectively.

75X19, 15, 11cm indicate row spacing (cm) X hill distance (cm) in sparse, standard, dense planting, respectively.

KD420 (RM93) and 36B08 (RM100) show cultivars with relative maturity of 85 days and 100 days, respectively.
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Figure V-24. Canopy structure at early ripening stage (2017, Exp.7).

KD420 (RM93) and 36B08 (RM100) show cultivars with relative maturity of 85 days and 100 days, respectively.
75X19, 15, 11cm indicate row spacing (cm) X hill distance (cm) in sparse, standard, dense planting, respectively.

Total LAI indicate total leaf area index in each plant height.
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Figure V-25. Canopy structure at early ripening stage (2019, Exp.7).

KD420 (RM93) and 36B08 (RM100) show cultivars with relative maturity of 85 days and 100 days, respectively.
75X19, 15, 11cm indicate row spacing (cm) X hill distance (cm) in sparse, standard, dense planting, respectively.

Total LAI indicate total leaf area index in each plant height.
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Figure V-26. Relationship between accumulated leaf area index and relative

illuminance (2019, Exp.7).

@ B A and O, [, A indicate 75X 19, 15, 11cm in KD420 and 36B08 , respectively.
KD420 (RM93) and 36B08 (RM100) show cultivars with relative maturity of 85 days and 100 days, respectively.

+P <.1, *P < .05, **P < .01, ***P < 001 and NS, P> .1
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Figure V-27. Relationship between Mean leaf area index (MLAI), Net
assimilation rate(NAR) and Ear growth rate (EGR) (Exp.7).

®. 0,00 1 HEand A, A, A indicate 75X 19, 15, 11¢m of conventional row (CR), twin row (TR) and
narrow row (NR) in P8025 , respectively.

O0,0,0;], Hand A, A, A indicate 75X 19, 15, 11cm of conventional row (CR), twin row (TR) and
narrow row (NR) in 36B08 , respectively.

EGR, MLAI and NAR indicate ear growth rate, mean leaf area index, net assimilation rate, respectively.
Early ripening period and late ripening period indicate silking-milk ripening stage and milk

ripening-maturity stage, respectively.
TP <.1, *P <.05, **P < .01, ***P < 001 and NS, P > .1
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Figure V-28. Relationship between Ear growth rate (EGR), Net assimilation rate
(NAR) and Extinction coefficient during early ripening period (Exp.7).

©. 0. O N N Wand A, A, A indicate 75X 19, 15, 11cm of conventional row (CR), twin row (TR) and

narrow row (NR) in KD420 ,

respectively.

O0,0,@®;], HWand A\, A, A indicate 75X 19, 15, 11cm of conventional row (CR), twin row (TR) and
narrow row (NR) in 36B08 , respectively.

EGR, MLAI and NAR indicate Ear Growth Rate, Mean Leaf Area Index, Net Assimilation Rate, respectively.
TP <.1, *P <.05, **P < .01, ***P < .001 and NS, P > .1
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Figure VI-I. Factors for high grain yield in twin row cultivation and
high grain yield stability with respect to planting density (Exp.1~7).
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Figure VI-2. Factors for high grain yield of twin row cultivation in
sowing date experiment (Exp. 2).
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Figure VI-3. Factors for high grain yield of twin row cultivation in
distance between plants experiment (Exp. 3).
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Speed of Ear dry matter Speed of Ear dry matter
weight increase rate weight increase rate

7?78 TN

Variation Variation in net Variation Variation in net
in mean assimilation rate 1In mean assimilation rate

leaf area » leaf area t

index t index
f . f Variation in f
Variation in extinction coefficient

extinction coefficient

—

Figure VI-4. Factors for high grain yield of twin row cultivation in
early and late cultivars experiment (Exp. 6).
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KD420 (cultivars with a high proportion
of lower leaves) > 36B08 (cultivars with
a high proportion of top leaves)

Variation in grain yield

L)

Early ripening period

Speed of Ear dry matter
weight increase rate

7?7 N

Variation Variation in net
in mean assimilation rate

leaf area
index
Variation in f f

extinction coefficient

Figure VI-5. Factors for high grain yield of twin row cultivation in
different plant type experiment (Exp. 7).
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- 7t< A i - ’ &
6/24 Sparse planting (75 X 19

NG

Figure VI-6. Plant canopy of sparse planting at late vegetative stage in 2019
(36B08, Exp. 6, 7).

CR, TR, NR indicate conventional row, twin row, and narrow row planting cultivation, respectively.
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Figure VI-7. Plant canopy of dense planting at late vegetative stage in 2019
(36B08, Exp. 6, 7).

CR, TR, NR indicate conventional row, twin row, and narrow row planting cultivation, respectively.
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5th-6th leaf stage .
(Early vegetative growth stage) (Late vegetative growth stage)

Figure VI-8. Plant shape from the top of maize canopy (36B08, 2013, Exp. 3).

CR and TR indicate conventional row and twin row planting cultivation, respectively.
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