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Abstract

. 1 \FNBA WLEXVRLVAMEG X P SY%GEFS\]FEW 96 ' EW EV EQSRKLI J [ \f Q ENRRK STHSRWISVALI
TSWKI Q1 \KI RG GSRXBPSJ 0SAYQ W GVWR V) EFPK\ENR G \f EPGSTW, |\ [ | LEZI H X\Q N HXLI

Q| GLERMD SJVVWMERG XS 9% ' EW LI \FNBW VIR E OSRYQ Q YRESWO TSTYREXSR |, +6 M\BQ *\ERA %
GSQ FVR H FISFSKIMEPERH Q SP GYFEVETT\GEQ. H X G{HE RSZI P, 09% ' EW QY)YEA8RXLEXEN GV
EVFS\] TLI RS\ T\BTMREX *3 4 FYXRSXGGSLI\ERH8R (-1 SVILIRIA]\E\SAR ()2 WFGEWYW
SJ% ' EW LI \ENBW WESX. XLI [ MHX TI X] TXSTLER ERH Q Y)ERXP YGR! % ' EW ERPRPWGSYRFI
TSV B H X G{HNMRE WARKRP ( 2%FEWHH \IIl H4 SR Q SILMBEQ TRl HGP EZ HWUYI RA HA% 7

EWE] X.EXGSRENR HXLI YE\KI X H4' 6 T\BHYGKERH E GSGOEMSI X S HWBKD MEXRK \ VWIBIBR | RY] Q1 W
OH-HHMBRER [ | LEZI MI RWIIHXV | [ IFPAEEGI\WWH- 0 - 8 ERH( + OB XV \F VIWERG
Q YEXSRWEW | FPEWRSRYEKI XVIM ' VIMMERG MR, +6 8LI RSRYEKI XV GSQ TSR RXI RHS[ | HLML

PZl RS\ VWMERG XS *3 4 LI \FNBW W[ LINIXTEVRER N TEGWRK SRXLI |~ &G SJTWS\ EH RERH
QGS\|HO® SLMWYH EH UYEX R EWVVWVH X GSRXMYASRSII ; 0 Q Y)EXBR ERH RSR YE\KI XV
Q| GLERMD NR GSRI \WRK \ VWMERG XS 96 ' EW LI \FNBVH WNR, +6 -XER'® LMLIMLXWLI ZI \WEXR] ERH
\BFYWR WASI XL HA% 7 Q1 X.SH S VI YPER SYVW Ml R H\MJI I RX VWERG GEYVIRK ERP P WEXE
IRKP % ' EW GSHSR

Introduction

SEMERV | KEVWVOSRYQ Q YRESWO 0EQ MER ERRYEPSVFVMRREP MX V[ | | HREM »S X QTI\EX
YV\STI RSV [ | WWOANGE ERHVBYX [ | VIKOANE ? A-XMVE HWIFSME \1* R!’ VITI GUWERH SFRMEX
SYRVIH VK\S R[ M B [ MLNRERHSYXW MAREM \ERKI EWGSZI VOST JS\EKI ERHX\J?  A71ZI\EP
ZEWDVWEY EZENEFR GSQ Q| \GER NRGYHRK VBQ| LML ] MK X XETRSW GYPMEWNV? A0 Q YRESWO M
AE\EG{\WVHF] E LML KI RO MGH W ERHTLI RSY TG TIEVWAEY ? A-XME 21 \] EHET)EFR W1 GYWERH
T\ERIGW I HT\BHYA VYLEXGER MRZEH REXN\EPK\EWWERH ERH SXLI VTRERXGSQ Q YRMWLEXEY WFNGOS
N UYI RHWY\FERG ? A-XMER'S ERND TSVERX] | | HSJ E\EFR GSTWERH GER GEYW VIKRYIGERX] M FSVWA
MRSXT\ETI \B QEREKI H? A-R! | P4 XIERVGEWWH SYXIR LI 9/ JSVI\EQTR EWJI[ EW ZI TRERX\TIV
QI XY WYEV GSYMVHYQA [ LIEX MPMF] EAQYQA EW 2 AOSAYQ Q YRESWO GERFI | JJl G B
GSRXGM HF] HI I RXLI BV Q SHI WSJ EGHBR MRGYHRK WAL EIVEWVS) EQ YSEEGEX WRLEW %07
EGNP S%EFS\]EW %' EW TLSSWWQ - - |RSA]WZ RUMMEX TLSWLEX )474 WRLEW
71\ FBSRK ALENRJEX EGW VWRLI VWWERH Q NBBXYFYR EWVQFR 2 A

% ' EW NRLIVMARK L1 \FNBW WSJ X VKR X MWYH] GERFI K\EYTI HIWRS EV S\ ] TLI RS\ ] \EGTNBREA W
*34W QGSLI\ER HERW (-1 WERHTLIR AI\ENSMR ()2 FEWHSRXI MG QMEPMYCGYNW? A
8LIT XE\KI XQ SRSQ | \WBA_FS\ETEVWGEY% ' EW SJQ SWKK\EWVY |1 HM LIMXLEZNAK P )S RS EGMM SR
LIX\SQ | \KB TREVWANG Y6 ' EW SIF\BEHPEIWT GUW? A% " EW LI \FNIVAE WIRLANDLT GEVFS\ | N8R SJ
EQ P S%WWS QERR P S%oMRWRWM K\EWY |1 HW? AGETM R GSWIWERH TEERXH BEXL | RWI1 HYI S
H TRXERSIH RSZS B EGW LNA EV | WY RMPGSRAMY RIVSIA PQIQRERW? A" S

O WERSK\ETL] WYHVWWLEZI WS RWFX FYXND TSVERXHMI f RG WIRXLT TV AW FVRHWK SJ*3 4 ( -1
ERH( ) 2 LI \FF\BW WS LI GE\FS\] PXERMI\EW ' 8 HSQEMRSI% 'EW ? « A7SQI % ' EW NRLNAMIARK

Page 2/22



LI \FNBA WWQA. EWGSHWEIST T\ETEK] PERH TNRS\ EHI R T\GZWMI WP Gl GSRXEPSIK\EWV | | HMR
A VENR Q SRSGCSA PHSRSYWOSTW LIRGETTMWMH] ML EVEIR V? A

) MLX | RHMI \FRX96 ' EW NALIVARRK LI \FNBVI W[ | Y H 21 ’STIHSZI VEWERST ] 1 EWVWEARK [ ML
HESIST QI X] PR JSVI WP G GSRXBPSIK\EWV | | HWIR E RYQ FI VSJ GBTTK VW QW

[ SV Ml ? A, S 1Z2VXI SZ\WRERG SIXMQSH SJEGIBR S REWXLI VIRKR QI X.SH SIK\EWV

[ 11 HGSRXEPLEWY WRL H IR\ VIWMERG | ZSFYIBRIR  HI Y RXKNEWA[ || HVATI GVIW?  A%M ML SXLI 'V
LINENBW Q SH WSJ EGIBR I VIWMERG S % ' EW NRLIAIMIRK LI \ENBA WGER FI GEWWI H NS XE\KI XV
ERHRSROEKI X Q1 GLERMDW?  ASEKI XWX \I VIMMERG \ WRKAVBQ WP Q_ERKI WR EQ RS EGW
\F VIAY1 VOLEXEV D TSVERXISVLI T\ETI VENRHIRK SILI LI \ENBWL XS % ' EW 71ZI RH\MI Y RX% ' EW
GSHSRWEXT SWHBRW ERH 95T GYWWQ ] SUNEMI I UYNIER RX
LEZI FI | RND TREEX HNRYEKI XV W VWMERG 2 A=I EWKKI R VI TREQ Q | RXEWNE] WERH H DEMPH[ LSP
TRERXHSW WVTSRW 1\ TI KD | RXAVLEZI W.S[ RX.EXLI PZI PSIVWWERG H TI RHWSR W GYIGEQ WS EGW
AERKI W9% ' EW NRLNMNGV[ | | HVIT GUWERH LI RYQ FI VSJ ERP P VR NRHAMIYEPTIERXV?  A* SVNRWERG

Xl ' QYEASR|[ EWISYRH S GSRI W WWERG XS J RS\ ET\ET | X] PFYXRSXOS GSHREIST T\STEK] |
ERHLERS\]JSTQIX]P? A7NDNER WX.S\]H® [ EWEN G{H[ LI R YWH SR NRHAMYERWLEX] | \f
LSQ S KSYWISVLI ; 7 QYVEABR[ LW WP JJl Gl EXGSRXSMRK TIERX\[ LML [ | Y EXLI

LI X\EY] KSYWWEA JISVAMQ YEABR? A2 SROEWKI XV W VWRERG >S % ' EW LI \FNAW WWWFEWZER HYI
>S |1 RLERA HEFM SJ THERXAWDS Q1 XEFSHWY X1 X6\ STLSV FI ISV MV EQLI WMAEKI X?  A61 WWERG )S
% ' EW LI \FNBW WHYT >S Q1 XEFSIMQ MQ SV TV ZER ROLER XEKI XWA WV WWERG FYXQ YA PWV

YRH VASSH[ M SRR E LERHIYPSI GEYWEMI G )SA\EQ! 4 ERHKEXLNR 7 XERWI\EW M R HVE
JEV? Al | EFSRGVY WWERG )XS % ' EW NRLIMRK L1 VFNBA WIWSIX R Q YPI R\G GSQ TR\ ERH
YRTVVHBEFP ? A-XGERVEQ I XD I W RHS VWWERG >S HMII Y RXQ SH WSJ EGIBR JSHS] NAK ER NAM&P
WRGBR[ M. ER% ' EW LI \FNBW ? Al | EFSIMQ FEWHVWWERG >S% ' EW LI \FNBW WLEWER'G
FI I RHSGQ I RAHJISHS] MK KNEWV |1 HINTSWV )S LI \FNEBW W BEXOEKI XEQ XSEEGEX WRALEW ? A

8LI | WXGEW SIVVIMERG XS9% ' EW LI \FNBWI WNRR 0 Q YPISWO [ EBH XGIHEW EW EW IR
3 VKSR 97%? AS8SHEX VVIWERG XS% ' EW LI \ENB VWA XLMWATI GYIVWT WRXR WZI \EPS)_I V
GCSYRXMWRGYHRK 9/ *\ERA 9%KI RIRE ERHER ? AYMLSYKL I VIMMERG S % ' EW NALNANRK

LI \FNBW VIR OSAYO Q YRESWO ME K\S] MK T\SFRQ E FEKI RYQFI VSI TSTYEEXSRWEY WP JJl Gl B
GSRXGM HF] XLMLI \FNB QSH SJEGHSR[ LI RGSQFNR H[ M. SXUI VA.| Q NEEPERHRSR G| Q MEEP
YEGIBNSLI VISV E FI ¥ VYRH WYERHWRK SIXLI Q1 GLERMQ SIVVIMERG XS % ' EW NRLNMRK LI \FINAW V
M@ TSVERXISVH ZI BSTNRK [ |1 HQ EREKI Q | RAVKEX KMVWLEX] MPI RV LI FSRK X \Q \W\WENREFN®] SJ
XMQSH SIEGIBR -RXMWYH [ | LEZI | QTRS] | HE LSAWG FISFSKMEPERH Q SP GYFEVETT\SEQ. XS
VRZI VWMEX X Q1 GLERMQWSI V VIWERG XS 9% ' EW NRLNAMIRK LI \ENBY WINR E * \ RA. 0SAIQ O YRESWQ
TSTYENSR , +6

Results

-RMEPGSHWREIST T\ESTEK] PY WWERG GSR \Q EXBR X WK
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' BSHWREIST T\GTEWK] PETTAMHEX < < ERH <X VGSQQIRH H! | H\EX GSQTRX P QWP HXI
WERHE\HWRWMZI TSTYREABR6+7 -RGSRXEWKLI , +6 VEQ TRWXI EXH[ DXL XLV I LIENBW HSWW
[ 1\ BWLI ERL] EWYRXY EX H TRERXWWWKKI VMRK LML PP ZI R\VSI GSHWREJIST T\STEK] PV VWMVERG GSREMR H
NRLI TSTYFEXSR

% ' EW ERER VWAISW WWERG Q Y)EX8RW

8LI 684' 6 T\6A HYW KIRI\EXHERI\ TI G{H ( 2%NEKQIRXISVEPPLI  , +6 ERH  6+7 THERW
XWEH Y%RERWWASI LI EQ TR H( 2%NEKQI RXW.S] | HEVBYRH  LSQSFSK] [ M. TV 28YV TYFRILI H
% ' EW GEVFS\ | PXERWI \EW HSQ ENR WUYI RG WXLYWWTTSWRK XLI Ml R SIXLI YEXKI X HKI R %MK
RYQFI VSIRYGP Sl ALERKIW EWW RWII HEQSRKX.I  TRERXWWUYI RA H 1 SYXKSIXLIW 724W
SAW HEXLI  \HFEW SJ GSHSR XKIP XAERH EQ SYRX H S WRSR| Q SYWA.ERKI W) MLXRSR

WRSR] Q SYWA.ERKI WW WRIRK R6 5 ( S+ 16 4) %2 ,+ )8 6
EQ VS EGH WRWIMMBRW RYQ FI FRK SJXLI GSHSR TSWMBR MEEWH SRLI GSWR \ FEX H 945T1 GYWW/
Q] SUNSHI VXTI GUW [ 1 TV WRXNRFSX. 6+7 ERH, +6 ERHXI YISV [ |V RSXAA B NBZSRZI HWR

GSRI WK \ VIERG XS GSHREIST T\STEK] PY%-HMWBRER |, +6 GSRENR HJISYV6 ' EW Q YYEABRWLEX
[ 1Y RSXM RWIl HNR6+7 SLIW GCSRMMM HSIX VI GRS[ R- 0 - 8 ERH( + 98 ' EW ' VWDER
Q YYEXSRWERHE RSZI P, 0 AERKI 8LI ( + @ERKIW IV TWWRXR  , +6 NRHAMYERVS]

[ LML [ 1V LSQSM KSYWs+ [ 1V LIX\BY] KSYW( + ERH I MLXVWM ERHSR TREERY\[ |
HSYFP 0 + 0 + ERHS + LI X\B"] KSX W\ GMI B * SYVTRERXA[ | \f

LI X \B KSYWO ERHVIW TRERXA[ 1\ LI X\BN KSYW 0 QTSVERP  TERMHWRSXLEZ ER|
RS[ R% ' EW Q Y)EXBRWWEKKI WIRK XLEXOLI , +6 [ EWER'S ALE\EGK \WMVH F] RSRYEKI XV \I VIWMERG
S GSHWREIST T\STEK] POAMLI MTEGKSIXI - 0 - 8 ERH( + Q YYEXBRMR OSRFQ

Q YRESWQ SVSXI VKEEWV | | HWW | FPHSGYQ | RX H XLMWYH] JSGYWH SRXLI RSZI P, 0 ZEVEERX
ERHRSRYEKI XV ' WWERG GSREME HIR, +6 2 A

(12 BBTQIRXSIE % ' EW H4A% 7 EW¥]

%H \/I HASPQSVILMG' REZIH7IUYIRA HA% 7 EWE] [ EWH WEFRMLI HISVXLI GBVXI JJl Gl

KI RS TNRK ST\ VIMMERG Q YEABRWEXY6 ' EW GSHSR NR OSFYQ Q YPESWO 2 AY%PAN | \I P ZERX
CRS[ R GSHSR XK XVEXTSVIMSR [ 1V )EQ RS GSRWAI \EXBR REQI R 8++ 88+ ERH8+8 [ LML
GSH JSV[ MM TI X] T)STLER ERHQ YYERXP YGR ERHQ YYERXQ WENE NRXLI IT GUW%REKI RYQ FI VSJ
TSX REPTQ | VIRV Q1 GSQFENSRW EWKI RN\EXHF] X HA% 7 VBIX EY NRGYHRK 1 J- ERH 4.2Y-
[ ML X SJIS\E HQYEASRASRLI IS E\H TV | VISVH X GRRKOLI [ MY TI X] TXSTLERERPR ERH, MH—
ERH 8EU- JSVMI RAM WBKOLI Q VYERXPYGR ERPR [ DMLY S SLI VQMDBEXAI WSRXI ISV E\HERHV ZI WV
TV | WA G B , S 121 VSRP SR SIXLIW I RV QI GSQ FNEXSRWREQ| B <@D-ERH&TY)- [ EW
RSR X \JI \RRK S EFSS] LI TSVl H X OISR SIXLI [ MY TI X PDSTLERERHQ Y)ERXR YGR ERPR NRE
WRKP 4' 6 6* 04 EWE] ERHYS KI R\EX HMJI \f RXV VKIBIBR T\, PWXLEXGSYRH FI YREQ FMYSYV)
VVBRZIHSR 1 1)E4ALSW KIP4ASPQI\EW GERVEGIBRK R\EXHERI\TIGIH  FT AEKQI RX
GCSRVIMMRK S]  FT SJIJSY E\HERHV ZI W TN | WAERH XL\ | GLE\EGK \MMGFEWWSI XL| % ' EW
GSHSR 8] TMEPHA% 7 T\S! PWEWN VBRZI HSR 1 | YE4LSW KI Pl P GXBTLSY VWVEY T\EZM H SR* M A
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8LI LSQSN KSYW MMX TI TERXWLS] | HX SVSWVAEKQI RX\S]  ERH  FEW TEMAYTSR \f V\KKDIBF
[ ML <GD- GSREN HMRXLI | R Q1 QM 4FERXWLEX] | LSQ SN KSYWISVXLI Q YYERXPYGR ERPP
T\BHYGA HX SVQEMVAEKQIRXAVS)  ERH  FEWWTEMAISHES] NRK HWI WIBR[ ML &TY)- %M\ TI G{H
LI X\BN KSYW, 0 TRERXVHWIFE] | H ERPISYV ERH VI H (2 %EKQ | RXVGLE\EGK \MMWG
SIXI X TXSTLERERHPYGR ERPW\ I GH B 8LI VEQ TRWLEX] | VY LSQ S| KSYWQ Y)ERX
HWTRE] | HXL YRHMIWEH 4" 6 ANEKQI RX8LI H4% 7 W WRAGSQ TRA R QBEXAI HXI WUYI R

ERER VWMVEXGSHSR JSVERP  0SAIQ Q YRSWOQ TRERXVLYWH Q SRKEXRK XLI \BFYWR W\SJ XLI
EWE] H ZI BSTI HMRYXMMWYH -XMRSX[ SV XEXRS[ PZI R\VSI YRHWI WM H4' 6 JAEKQ | RXW

ALE\EG{ \MABASIX| 4' 6 604 ETT\SEQL | W1 GERP MRER W +  W.SYR RSXFI Q MYHKI HEWQ YXERX
QWM ERPRP EWLIW EV SIQYQ FS[ | VNRX R XLEXLI GBS\ VITSRHIRK \ VKIBX H FERHW

QTEGSIAL ; 0 QYENBRERH2876 SRYTVWREM *34 (-1 ERH( )2 LI \FNAH W

8LI * T\BKI RVMW QTFS] | HYS H X \Q M I 133 GXSINI ; 0 Q YYEABR ERH RSRYE\KI XVIX
V' VIWMERG SRSYEANIST 4 FYX PQ GS\] H® ERH TS\ EH RWKV KEX H WS E ERH  \EX8JSV
[ XTI ; , +6 LIX\B\ KSYWQ YXERX; 0 , +6 ERHLSQ S KSYW00 , +6 KIRSY{ TIW
8L MUWAMGSRIWM RX] ML ERI\ TI GIH \EX® JSVE GBWWFI X |1 RLIX\BN KSYW: 0 , +6 THERW] !
SUREVAR UFPWERHE\H WRIMA! 6+7 TRERXAWYWH JSVGSQ TEWBR[ |\ QVPH[ ML LI *3 4
(-1 ERH()2 LI\ENBMI W71 ZIR] ! Z0 TIN\GRX; ; , +6 ;0 , +6 ERH 00 , +6
\WAZMI HXLI SYEANIST FYJ P EXQIRX8EFR  * MILI VM \ EGOL VKM R H E VIMRYIGERXHMII Y RGN
SYEANIST 4 FY PW\ZMISWUN FI X |1 R6+7 ERH[ NHXTI ; ; , +6 KI RSY TI WWWKKI VWK XLEXLI
*3 4 LI \F\BW MIQ TEGIHF] 2876 GSREN HWR, +6 %\WHRVIGERXHWII Y RA R TRERX\WAZMEF] EWVER'G
SFW\ZI HFI X |1 RLIX\BY] KSYW: 0 , +6 SVLSQ S KSYWQ Y)ERX00 , +6 TERX\GSQ TEV HS
[ XTI ; , +6 MHAMYERVFYXRSXFI X [ I R; O , +6 ERHOO , +6 D TR N HSQ MERG
SIAI ; 09% ' EW QY)YEA8R MR GSRJI WRK \ VIWMERG S SYEANIST 4 FY P*SYVSYX  ; ; +6
TRERXWWZM HXLI G G\ HQ ETTREENSR[ M. VBQ! | ZMIRA 471 XEX2876 R, +6 TEWEM
EXI GYWLI (-1 LIFNBAL 3 RXI S VLERH LIV [ EWRS HWJI YRE RWAZMSWENM FI X [ IR; ;
, +6 ERH; 0 , +6 SVOO0 . +6 MRHEEWROLEXLI ; 0 EQ MBS EGW GLERKI HSI WRSX\D TEGX
SRXI 1" GEQ SIGGS\|HO 2876 CSREM HWR, +6 ERGEUI G{HTMS\EH REW SYXSJ  ; ;
, +6 TRERXWYAZMI HXLI ()2 X EXQIRXSLIV [ EWRS WHRVIGERXHII \ R NR TRERXWAZMISWALNT FI X 11 F
[ XTI ; , +6 KIRSY TIWERH; 0 ,+6 SVFIX IR MATI ; ; , +6 ERHQY)ERX
00 , +6 WKK WRKOLEXL ; 09% ' EW QY)PABRHSI WRSXI RHS[ I VIWWERG )S TN8S\ EH R
8LI LMLI VRYQFIVSJ; 0 , +6 W\ZMISW\GSQ TEV H S XLEXSJ 00 , +6 JSVTNRS\EH R[ BEWZI ]
T\SFEFR HYl YSERYR ZI RRYQFIVSJ; 0 , +6 LI X\B"] KSX WERHO00 , +6 LSQS\ KSXW
GSREMIRK 2876 EQ SRK LI \ERHSQR @.SWR* KIRS{ TIW
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SEFP

" SWEABRFI X |1 RTHEERXKI RSY TI WEX% ' EW GSHSR ERHWNA\ZMSWALNT EXWRKP \EX WSJ ALV |
% ' EW NRLVANWRK L1 \FNBAL W

No. of survivors / Total

. | \ENBVAI 6EX ' SQ TE\MSBR +I RS TI +I RS TI 4 ZEFI
K LE Vivdl H
* YEANIST 4 o Z 0.0097
FYNP -0
A A o Z00 0.0265
A -0 Z00
A A 6+7Z; ; <0.00001
"1 HD - z
0
A A o Z00
A © 0 Z00
A A 6+72Z; : 0.0314
4NRS\EH R o Z
0
A A o Z00
A A -0 Z00 0.0049
A A 6+72Z; : 0.0039
0l ZI PSIY VWYERG GSRIIWHF] XI ; 0 Q YYEXSR ERH RSREKI XV Y IMERG
RS\H WS | ZEFYEX X.I TV GW P ZI ”F\VSI VY WWERG GSRIIWHF] X1 RSZI P, 0 YE\KI XV Y VWNERG
ERH2876 MR, +6 XSE[ Ml \ERKI SJ% ' EW NALNAMRK LI \FNB WE W\MWSJ[ LSP TRERXHSW Y VWSRW
X WA EWGENWIH SYXYWRK TYVY [ XTI ; ; , +6 ERHQ Y>ERX00 . +6 WIHFEQAIW
EFSRKVIAL X.I WERHE\HWRVINZI TSTYEXBR6+7 ' SQTEWMBRFI X [ IR[ MHXTI ; ; ., +6 ERH
00 , +6 SRX.I SR Wl ERH[ MMXTI ; ; , +6 ERH6+7 SR)XI SXIWW EFS] | HEWWQ | R
SIX| PZI PSIVYVWWERG EWSGEX H[ M X ; 0 QY)EXSRERH2876 VWIGM B %HSW \I VWWSRW
G\l [ EWKI RNEXHJSVERPRW *3 4 (-1 ERH() 2 LI \FNBA WX W H I\ G TXISVHESIST QI XL] PSR
LSQ S KSYWQ Y>ERX00 , +6 [ LML [ EWSR} GSRXBHP HEX EXLI LMLIWNEX S CKEMLE
2 SR PVWWE GPEWLNIX] EWSFW\VZIHFI X TIR; ; . +6 ERHOO0 . +6 WKKI WK X_EX
: 0 XE\KI XV QYEXSRMD TEGIHSRXI |7 GBEQ SIHWSISTQIX]PSEFR  , ML PZIM\SJ2876
6-1" MR, +6 ERG EI G{HXI 1" GEQ SIH@SIST QI X]P8LI |~ GEG SJIGSHWEIST T\ETEK] [ EW
M) TEG{H[ M. 2876 6-1’ CSRXIEYRK XS XV | X1 WQSVY IV VWWERG XLERXI ; 0 Q EX8R
6-1" *M  8EFP  8LI XV SXIV*34LI\FNa WX W H REQI B §YENIST 4 FYX PLERS\ ] JST
QI X.] PERHUYMERSIST I X]P[ | Y PWMWDTEGX{HF] 2876 X.ERF] XI ; 0 YB\KI XV Q Y)EXBR
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'1GS\HO ATER\]HQ GX.SHQ ERHTVRS\ EH R[ | I RSXEMI G{HF] X ; 0 Q YYEABR EWAXLI
V\VWMERG NRHGE WAERKI HABQ ~ » SRP ERHGSR H RA NAX\ZEPGSREMMRK X.I ZEFY [ LIR

CBRXEWWRK LI ; ,+6 [ MXI 00 , +6 KIRSY TIW2876 GSREN HWR, +6 H¥il RSX\D TEGK
SRX T\ERS\ ] H@ ERHGPXLSH® [ LM E VWD EFPFYXVIKRYIGERXVNIX] EWSFW\ZI H JSVTIRS\EH R 6-1"
ERHGGS\JH® 6-1°  GSR \Q WK | E\WIVGS WKV KEXBR I WRAYVIRK E VIRKR \EX SIXLI (-1 ERH() 2
LI \FNBVAL W; LIRX 0 YE\KI XERHRSRYEKI XV Q1 GLERMQW | Y GSQFN H EWEVWW\WYH F]
GSQ TERK XLI 00 [ ML 6+7 KIRSYTIW X.I VVWERG NRHA WAERKI H\BQ JSVAXLSH® S W

LML EW JSVLERS\ ] JST QI X] PL\SYKL JSVTNRS\ EH RERH JSVEYEMMST 4 FYA P

61 VIMERG NRHA W VWD EX H\BQ X.I I—IS\N?\E!FVFYPTSRW XVXSRXY | KIRSY TIW6+7 WERHEH
WR ; ; LSQ S KSYW MM TI X TXSTLER ERH00 LSQ S KSYWQ YERX
PYGR ERHRW % ' EW AL NMARK LI \FNAIA W
Herbicide WW2027 vs RGS  LL2027 vs RGS LL2027 vs WW2027

' BHREJST T\STEK] P . . .

( MFSISTQIX]P .

* YEANIST 4 FYA P . . .

, EB\]JISTQIX]P . . .

5 YWERSIST I X P . . .

! ] GIS\] |—|‘@ ° ° °

81 T\ERS\ | HQ . . .

' PXL.SH® . . .

4NAS\EH R . . .
Discussion

. | LEZI WG3 WUYRP GSR \Q| H'VWERG ERHH X\Q N HXI Q1 G.LERMD NRZSRZI HNRE * \I RA. 0SAYQ

Q YPESWQ TSTYRABR , +6 * SYVHMI RX% ' EW XE\KI XV \f VIVERXQ YYEXSRW | Y H X G H

NRGYHRK LI ( + EMP TVWRXR  SJ, +6 TREERXVAV Z8YWWYHWFEWH SR] | EWKKI Rl

\ TREG QI RXERH | R\ Q1 EWE] WERH[ LSP TRERXHSW Y VITSRW X VW OSAYQ Q YRESWQ 945TI GrWy

Q] SUNEWI WALEFEMOQ RSV) P YVWR RHEE ERH & GID ERRE VJ"MEA.R' LEZI W.S[ RXLEXLI ( +

Q Y)EX8R GSRI WWF\SEH \ VIMWERG )S EFP%6 ' EW NMLVAMBK LI \FNBWI W2« AYBLSYKL X.I KR GRI
ZEVERXMAE\EGI \MVH F] TRIBXBT] MLEWEH ! RM | )R VWEHZEREK! YRH W6 ' EW LI \FNBWI

WR GIBR TV WY\ ERH[ EWXLI T\ HSQ RERXCEKI XV \' VIMWERG Q| GLERMD NREWAZI ] SJ OSRYO

OYPESWO ABQ X1 9/ ? A, +6 EREGSREM HXI - 0 QYEA8R[ LML MHSGYQI RIH>S

| RHS[ HSQ NERX\ VIMVERG S EFP%6 ' EW LI \FNBW W\ G TX@PXLSH® JSV[ LM GSRXBPSIXI - 0

ZEVERXGER FI HSW H TIRH RX?  A%OLI %r\WERERV GSQ QI RH H! | \EX JSVI\EQTR GPX.SH®

| 0 Gl B QWP H LI X \B"] KSYWO 0 VMMYQ TRERXM LIWXLSQ S| KSYWQ YYERX00 NRHAVIYERV
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WAZMI HXLI GPXLSH® XIEXQIRX? ASLI - 0 QY)EXSR[ BEW WM RWII HNRE 7/ XEVIE 2w/
TSTYREEASR R 2 A-X| EAWFWUYI R JSYRHNR OSRYO \WT 948TI GYWWQ ] SUWNSMI W9 RE JEXYE
4L EFE\MOQ RSV 0! TXSA.FSE A MVIRWERH ) . MRSA.FSE GYVKERRTSTYRASRMLEXLEZ! | ZSRZI H\F VIMERG
XS % ' EW NALMMRK LI \FNBLW? «  ABLI - O MRSXEM GIHF] E! YR VWVTI RER |\ TEENRWRK [ L]
X1 QYEXSRM[ MI B | RGSYRX VI HNR Y VIWYERXK\EW[ | | HTSTYR8RW?  AS8LI 0 ERPR MERS
'\ | HN\R 4SE ERRYEERH */ /IWGE WF\E EGESYRIRK JSVXLI XRVIGYSP\ERG SILIW X S I GUIWS

% ' EW NRLNAMWRK LI \ENBWIE W2 ASBLI XNHCRS] R% ' EW QVYEASRMR, +6 GSRVWXASI XLI \EV

- 8 QERK [ LML LEWS JEVFI | RN RWI HINR %4571 GYWWEl UYERASRR ? ASLI 8 EWR [ EW
JSYRH)S | RHS[ LML ERHIS P ZI RAVSIVVIMERG XS *3 4AWERH () 2 VW G B [ LVXFI MK WRVINZI »S
(-1 LI\ENBAL W

3 YWWWYH YW VH XG{HERSZI P, 0% ' EW ZEVEERXOLEX] EWERX HE H YENP H ERER VWS GPE\R

| WEFRVIL MAGSWW VIMMERG T\S! B [ ML E\ERKI SIVPZERX% ' EW LI \FNBW W' SRXET S Q SYKVWYHVIV
XLEXYW TEW REPK\EWV | | H TSTYFEXBRWSIX R GSRENRRK E Q MY\ SIVVWERG QI GLERMDW*  ERH
* T\BKI RMWW KV KEXRK JSVAXLI ; 0 QYEXSR[ | I T\BHYA HYS EH UYEX R EWVW\WLI D TSVERG
SIN.MRSZI PZEVEERXSR % ' EW LI\ENBWI |~ GEG 8LI PYGR EFPP GSRI W H HSQ MERXV VIWERG
S §YEANIST 4 FY P LNWKRSXND TEGIRK SRXLI |7 GEQ SIQ G\ ] H@® ERH TNRS\ EH R NR ER MAMEPWYH]
)\XRAZ [ LSP TRERXHSW \' VWSRW X VWAWLS] | HXLEXLI P YGR EFPP GSRI W HLML P ZI m\SJ
VVWNERG XS ER ZI *3 AWXWIH[ LVMWOLI X1 (-1 ERH( )2 LIENBW W[ | ¥ RSXMD TEGIHF] XI
QY)EX8R 8LI HWIVRA FI X 11R*3 4 SRX.I SR VWl ERH( -1 ()2 SRXI SLIWW QE] FI 1\ TEN H
F] L1 VIMLYP HVL Y RXFNVBRHIRK Q SHEWSJ % ' EW NRLNAMIRK LI \ENBWL WS XLI GE\ES) | PXERWI \EW
HSQENR ' S GJ WERSK\ETL] VYHVIVWYWIRK ] | EVKEWE WAXBKEX I GVWLEZI W.S[ RXLEXLI ERASVRK SJ
*3 4AWR EVXLI EGMI VW SIXI I R QI Y UYMWE BE\KI GSRIS\Q EXSREPA_ERKI EXOLI MX\JEQ SIXI
%' EW H®IV? A3 RXI SXIVLERH (-1 WERH( ) 2 T\BFI E\BXLI VHMI I RXY KISRSIXLI % ' EW H®I
ERHR G WWEX VW) EFPFYXOXQBEPCSRIS\Q EXBREPA_ERKI WISVXLI MFNBHWRK 2 A; LN | EW% ' EW
O WEPWOYGYA WR GSQ TR\ [ ML *34 (-1 ERH() 2 LI \ENBWl WLEZI I 2 ER HXLEX¥] T)STLER HSI \!
RSXGSQ| NS HW GXGSREGK M. % ' EW NALNAMRK LI \ENBY WQ SP GYREVHSGORK ERH Q SR GYFEV

H REQ MBVID YAEXSRWYWIRK LSQ SFSK] Q SH R\NSQ 7/ JEVIE NERAE ERH %45T1 GYWWQ | SUNSHI ULEZ]
RHEEX HYLEXE Q Y)EABR EXOLIMTSVIMBR | MPY WIXIR GSRIS\Q EXBREPAERKI WLEX] MPD TEGOLI T\STI
FNRHIRK SJ* 3 4 LI \ENBWL WS LI YENKI XI RN Q1 2 A-R TEVAGYREVE Q YYEXSR EXTSVMSBR [ VP
NRHV G HVWYTXGIMAEPTMIMB \EGIBRAF] X |1 R* 3 4 LI \ENBW WERH X S Np TSVERXTLI R] FEFERVR ERH
N \SVIRI \F VIKYT WERS] NRKOLI 96 ' EW | RY] QI XS JYRGIBR EH UYEX B ERH QYEXHKEWY |1H
TSTYRABRWS WAZMI E*3 4 LI \F\BW ETTREENSR

XMRSX[ SW] XAEXEQWIN ZENKRXEX% ' EW GSHSR [ EWER'G D TRZEX H R WERG )S

% ' EW LI\FNa WIR W ZI YV EPK\EWY | | HWTT GUWNRGYHWRK OSAYQ WIT  945T1 GY'WWQ | SYNEMI W9l R
JEXYE Ol DSA.-BEQ M RMS REQI FYXEJ[ ? AWM ML PYGR ERPP X1 RSRGSRW\ +
QWM WRAMH SR GSRII W HLML PZI RVSI Y VWRERG )S* 3 4W LWX( -1 ERH( ) 2 LI \FNa W 1Y

D TE{ HWMLX} FEWHSR] I EWKKI R Y TEEG Q| RXEWYE] W?  A71 RN SIXI QYEROS (-1 W
ERHV WWERQ >S*3 4 EWERG SFW\ZI HEXLI [ LSP TEERXPZ P? A8LI VWSRW XS TS\ EH R[ EW
QSVY RYERA HH TI RHRK SRXLT W GUWERH X TSTYFEEASRM QTR | H? A0S XSQSH \EX PZ PS!

Page 8/22



VVIRERG >XS TNRS\ EH R[ EWVEBQ I XD | WSFW\ZI H ZI' | T\GFEFR HYI >S EHHWAREPYRH \R MR
QI GAERMQWXEX] 1V RSXER E] WEQ RS GGRAH \EXBR R VEQ | SI X1 WYHVIW 41 ™

+M RXI MpTSVERG SIXI EQ VRS EGWI N VIKIY] JSVWRVIMZN XS * 3 4 LI \ENBWI WE H \RIl H' PEZI H
YQTMI HASRQSVLMG7I UYIRA H %7 EWE] [ EWH ZI FSTI HJISVKI RS TNRK K\EWA[ | 1| HAWEXOLIWY

% ' EW GSHSRTSWMBR? ASLI H %47 EWE] [ EWH VKR H)S TSVIMZI B NI R X1 [ MHX TI

X T)YSTLERE P ZNE \' WIGHBR[ M. <QR [ LNWE Q Y)EXSR EXLI TSWMBR[ SYRH \ WRXR ER
YRHWI VW H4' 6 FERH , 1\l [ | YSSOEHZEREKI SIX.I ZI WM SIXI HA% 7 ETT\BEQ. )S T\6ZMil ER
EP(\RDM EWE] X.EXGSYRI TSV B MI R FSX X1 X] TPSTLERERHRP YGR NREWRKP EWE] ? A

© DL TVBTSWH HA% 7 QIX.SH EQWINR ETTI EWMEWE RSR\I VWX H FERH XLYWERS] NRK GPEV
HDI Y RAEABR SIEPLV | HWI \F RXOX TXSTLER G WENR ERHP YGRI EFP P WEXGSHSR TSVINBR %
VI NEVHA% 7 WKEX K] [ EWIFG R | QTFS] | HYS H Z1 FST LMLR XERWI \EFR ERH\SFYWXQ E\O WS
TSV P Wil M EWQER] EWISYVOMAEPEQ MBS EGWI I VWY WEX) 4747 GSHSR  YWIRK EVIRKP 4' 6
T\BHYGXERH HWJI \ RXHVBKD MBEXRK | R\ Q1 W2 ASLI HA% 7 ETT\GEQ ETTI EWWS FI X.I QI X.SHSJ
QS JSVEHH WIRK Q YPMIP ERP RGZENERXWLEXGEYW JE\KI X\VIM I VIVERG S LI \ENBY WIR[ | 1 HW?

, +6 [ EWER'® A.E\EGI\MVH F] 2876 EVWWMQ SYXGSQ Q SR X.I GEW [ M. K\EWV | | FMLEXLEZI | ZSRZI H
W VWNERG S % ' EW NRLIVAMRK LI \ENBY W2 A%RSYEFR |\ @ TXBR S XLMSFW\ZEXSR ME 0SAYQ

O YPESWO M8Q X 9/ [ LML [ EWISYRH S GSREMRXI 6 XE\KI XV QY)EXBRSRP ? ASLI PZIP
SJ2876 W, +6 [ EWZI Y QYA GSQTSYRHH TIRH RX8LI G VVEPVE] *3 4 LI \FNBWE HESIST QI X] P
ERHGSHREIST TVSTEK] P 1V X.I QSVKEI G HJISHS] | HF] X.I RVW\Q | YEFSAVEFR * 3 4 LI \ENBWI W
LERS\ ] JST QI XX] PSYEANIST FY PERH UYMERSIST | X.] P3 RXI SX.I VLERH GPX.SH® ERHX T\ERS\ | HD

[ 1\ RSXND TEG{H WD NEVYS [ LEXLEWFI | R SFW\ZI HVB JEVISVKEWN | | H TSTYFEXSRWESRENRRK
28767  A4MS\EH R [ LML MER® AV EPVE] [ EWTEWER ENIGIH[ M. SI[ MY TI

- , +6 TERMWW\ZMNRK LI X EXQI RX: LIMXQ SYKTY Z8YWWYHWWLEZI W.S[ RX.EXTVRS\ EH R

[ EW JJ Gl EXGSRXGMRK RSRYEKI XV \f WWERG WRGIHF] G \'EPWR G * 3 4 LI \ENB W
YRVEAWEGSY TNRS\ EH R GSRXBPSJ FEEGK\EVWWTSTYREXSRWILEXHW RSXLEZl E Q Y)EX HXEKI XLEWER'S
FIIRHSG/QIRA{H? A1 SV V'GR® TMS\EH RQIXEFSMD QI HEXHF] EGT4 KR LEWFIIR
YREZI BPHNRE OSAIQ Q YPESWOQ TSTYEABRAGQ YYVWKERE? A']T4  FEWHQI YEFSAVD )S

TIRS\ EH RLEWER'S FI | R NIl RYII HNRER ) G MSA SE TL] ISTSKSRTSTYEASR[ M. RS TV 28YWLMISY S
% ' EW LI\FNBWE YW 2 A' \SWW VIMERG )S TS\ EH R[ EW RHS[ | HF] KI R \WWP G{ HJSHS] MK
VTIEXHYW SIXI %07 NLVIMRK LI \ENB FI RWBY\SR Q1 L] PRI ) TL] ASTSKSRTSTYREABR
RAVVMRKR G GS\|HO® BEXLI VGQQIRH H! | F\EX JEMH)S GSRXBPE\BYRH  SJI[ NN TI , +6
NRHVIVIYERV; LINXE VLNXIR (-1 W * GEG SR2876 RO Q YRESWQ [ EWSFW\ZI HTV ZYWR XL

LI \FNBVL HV GSRXBPXLI TSTYFEXSR[ LIRETTIMHEXLI VGSQQIRH H! IP\EX 2 AL SWK( -1

LI \ENBW WNRGYHRK G GBS\ ] H® EV' RSXA V EPVE] ERHEV SRP YWH JSVXLI GSRXBPSIK\EWY | | HWR
HSY P HSRSYWF\ EOGSTW (Y1 YS MAABFYWR WWS Q| YEFSIMQ G GBS\ ] H® ERH SXUI V( -1 WWQ. EW
WXLS\]H® LEWSIK RFI I R1 QTS| | HEWERMRHEESVSI*3 4 (-1 () 2 YE\KI XV Q YYEXSRMRK\EWY | | H
TSTYEXSRWILEXLEZI RSXFI | RGSRXGMH[ ML (-1 LI \FNBW W? A3 YW! RHBK X RHWS NRHEEX
XEX2876 %8 G G5\ | HO MK\EHYER FI K WRGIHNR O O YRESWQ ERHX.I Y JSI FEGOSIK\EWA[ | 1 H

GSRABPF] X1 LI'FNBW QE] RSXER E] WHI NMRHEXMI SJ EEKI XV \F VIMERG Q Y)EX3R %FYNM YT SJ
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RSROEKI XV \ VIWMERG S G GS\] HO MZI \] R B STI \EXRK R 945571 GYWWISTYENSRAR LI 9/ EW

[ | PAIRA (-1 WEV GSQQ SR} ETTAIHISVXLI TSV QI \KI R@ GSRXBPSILI VT QYR \SYERBREPSVV | H
\ET| ERHWKEVFI | XGBTWNRXLI GSYRX] SLMMGSWEFS\EX H[ M. E Y@ RA\WAZI ] SJ FEEGOK\EWV
TSTYRBRAISV( -1 \'VIMMERG GEYVIRK Q YYEXBRWERH XLI PZI PSIGSRXSP ML G GS\[H® ? A( 1 WM
ER SZI \EFPKSSH GSW B8R FI X 11 RXI MUYIRG SI( -1 QYEXSRMVERHI ™ GEQ SIG GS\]HQ XIV

[ EWE RYQ FI VSI WAZNINRK NRHWINAYERMVY. EXGSYRH RSXFI EGESYRA HJISVF] I YENKI XVt FEWH

QI @ERWD ? ASLI TSX RMEP ZSFYABR SJ Q| EFSME VIMERG S G GB\ ] HO QI \BIAGYWLI V

VRZI WMENSR EXOLI TL] IBFSKMIEPERH KI Rl XGRP 2| VEWMQ E] \f ZI EPER YRGSRZI RABREPBYX )8 ( -1

QI YEFSAMD MR K\EWA[ | 1| HWXEXMRSXTV WRXIR V) EFPK\ENR @ \ EPGSTW

Conclusion

3 YWWWYH LEVWA R HEWQ ER] EWISYVHMII \f ROENKT XV \f VIVERXQ YYEXBRWINRGYHRK E RSZI P

: 0 *3 4 W QYIGZE\FERXERH 2 876 X.EXER'®G EJJl GXG GS\ ] H® RE *\ RAL 0SAYQ O YRESWOQ
TSTYREXSR SLI TVWRA SIQ YRR ' VIMERG Q| GLERMD VWR E VWRKP TSTYREXSR MX WD SR SIXI
K Kl R AGZEREFNR] ERH LML TSX RIEPISW VWVERG | ZSPYHBR X.EXAE\EG \MVWSFIMEX GBWV
TSREX H\WI GYWWQA. EWOSAYQ O YRIESWO Y%V MEVSFW\ZEXSR [ EWQ EHl JSVWIRKR %6rVIKERER ERH
) Y\GTI ER OSAYQ WIT TSTYRENBRA LML GSRENR HWZI \EPYEKI XVIX \f VIVERXQ YYEXBRWERH 2876
JSAS] NRK I\ X RAZI WP OIBR[ M % ' EW NMLNMRK LI \FNBW W?  ASLI NMVIKLXKENE HASQ XMW/
WYH| [ MPRSXSRR FI YWJIYPISVI JJl G B Q EREKNRK LI OSAYQ O YRESWO TSTYREXSR[ M. ER \REW
LI \FNBVIEPERH RSR LI \FNBWEPWEX KMWFYX][ MPER'G FI ZEFYEFR JSVH WWHRWRK XLI R\ XKI R \EX8R SJ

LI \FNBYAL VWWLEXGER SZ1 \GSQ |1 LI TI WSV VMMERG GSRENR HWRXLI TSTYREXSR

Methods

7TIHHVWEQTRW

711 HW\BQ E OSAYQ QO YRESWOQ TSTYREABR , +6 X.EXLEWWAZMI HE GSHREIST T\STEK] PETTREXSR
[ 1V GSPOLHMR ABQ E[ LIEX I MNROE! X : MS\HER , EYX +E\BR *\ER@ *M  %WERHEH
WRWH TSTYREASR 6+7 [ EWEY\G HABQ , | \EMVIH 8[ ]JS\H 9/  ERH YWH JSVGSQ TEWMER NR EFP
I\ T\ | RVYHMSRER® E9/ 0SRYQ Q YRESWQ TSTYRBR 9/ 6 XEXMLSQ SN KSYWISVALI ; !
QYEXSR[ EWM QTFS] | HEFSRKVIAL [ NM ; ERHQYXERX ; 0 ERHO00 , +6 KI RS TI WR
X1 H ZI BTQI RXSIXI H4% 7 %' EWEWE] *M 8Ll VEQTRW |\ JS\QER M RWI HF] I
GBW WSRHWRK ERHLI XL EYALSV

SLI WI HWWH NRXMMYH [ 1 VEY\G H[ M. EFPY P ZERXFSGEPERH M \REXBREPT| \Q MIBRMVERH R
EGE\HERG [ M X1 ' SRZI RAGR SR FISISKMIEPHMI WA X 9" 2 4SIg 7>EX QI RXSR61 WENA. -RZS”ZVRK
7TI GUWEX6 MDST ) \ MRGBR ERHXLI ' SRZI RARSRXI 8\EH M) RHERKIVH7TI GVWSJ; MH* EYRE ERH
*B\E

" SR \Q EX3R SI Y WWERQ >S GSHWEIST T\GTEK] P
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WBYRH  WIHAS, +6 ERH6+7 [ I VB R\ GQ TSXAVGSRENRIRK E Q MX\ SJ Tl EXERH GSQ TSVKIR
E  \BA$ 8LI TSXM |\ [ EX\H J VWMVH ERH Q TXNR GSRXG H KEEWI SYW GSRHMBRMAVXEX S
LVHE] S RULX VM LYQMM ERHETLSSREY\ H R SIETT\G\MDEXR  vQSP

UYEREQ® W ; LIRXI TERX IV BEXL X SREIWEKI XI] [ I XIEXH[ M ERH  KEN
LE SJE GSHWREIST T\STEK] PR E\WNE] GEFNRI XQ SYRX H[ M. EVIBKP Q SFI® 81 | NXSEXJER RSP

7 EMNEXH)SHRAV OLE EX  OLE 8LVI V' TREEX TS |V YWHTI VTSTYREXSR 8LI
TS HTRERXM | Y EWVVWVH JSVTI\@ REKI ZMYEPHEQ EKI GSQ TEW HYS X.I YRXY EX H GSRXBPXLV |
[ 11 OMEM VLI GSHREIST T\STEK] PXI EXQ1 RX

YRERVIWSJ % ' EW ISVEKI XVIX F WWWERG Q Y)EX8RW

%SRRI A RAQI X PEINEKQI RX[ EWGSHP GI HM\EQ , +6 ERH  6+7 YRAI EX HTERX\ISVW UYI RGRK
A GEFS\ | XERWINEW FNHW®RK HSQENR SJ % " EW 8LI 684" 6 ERHWUYI RGRK T\GG HYW'W |\ LI
VEQ! EWH VORI HTV Z8YVR ? A

4\EHYGIBRSI[ MH; ; ERH Q Y>ERXOO WIHFEQAIWS | ZEFVEX Al pTSVERG SIAI ; 0
Q Y’EXSR ERH RSREKI XWX YV WWERA SR% ' EW LI\FNAWL | © CEQ

, +6 WIHW IV V| RNRE I GERKYFEEVXE] CSREMRWBKE Q MYV SITI EXERHGSQTSWKRE  \BEX8 %AV
| QI'\KI RE W1 HMKW |V XERNERA HRNRHMMYEP  GQ TSXMERHKI RS TI HEWH VBOMI HEFSZ
SLNH WZI RTERXWLEX] |V LI X\&"] KSYWISVALI ; 0 QERKI FYXRSXGSREMRK ER] SXI VRS R
% ' EW VVWERA Q Y)EASRWTVWRXR, +6 [ |V WTENEXHERHERS] | H)S GB8W\WV | B >S T\GHYQ *
T\GKI RMW*M A  8LI SFW\ZI HKI RS TI W UYI RGUW[ | ¥ GSQTEVHXSX.SW I\ TIG{HYRH LI RYRP
L] TSLIWWSI WKV KEXSR\EXS YWRK EA-MUUYEY AVKSR  H KV 1 WSJI IV | HSQ

8LV I LYRHVHERHI MLX JSYV*  TRERX\[ |V T\BHYA H NR NRHAMIYEPTSXVERH WKV KEX H NS XL\ | FSYX
SILSQS KSYW NM; ; , +6 LSQ S KSYWQ YXERX00 , +6 ERHLI X\B"] KSYW, 0 . +6
TRERXVEWH VB HEFSZI 7120 RY X1 LSQSA KSYW MHERH  LSQ SN KSYWQ Y)ERX*  NRHWVMIYERV
[ 1V XERWERX HR X S HWI VY RXI RGBWH TSR XYRRI RVERH T1 \Q M H S X VRV I H)YS] MM X S TYW
LSQ S KSYW: , +6 ERHO0 ,+6 WIHFBXAIW*MA 8L * T\8KIRWMW[ I\ | QTS| I HXS
NRZI \WHEX TRERXWAZMISWALNT XS E VIRKP Y GSQ Q| RH H\BX SIXLV | HWJI Y RX96 ' EW LI \ENBW WSLI *
LSQ S| KSYW MM ERHQ YYERXWI HESYA[ |\ YWHNR[ LSP TRERXHSW W VITSRW X WAMS H X \Q NI LI
PZl PSI\'VWMERG GSRI W HF] XI ; 0 E\KI XV Q YYEXBRERH2876 YSE[ Ml \ERKI SJ% ' EW
VAL VANRK LI \FNBWL W

(12 BBTQIRXSIEHA% 7 EWY¥] JSVKI RSY TR LI 0 QY>EN8R

%4' 6 6*04 FEWHH \MI H4SRPQSVLNMBYQ Tl H' PEZH71UYI RG EW¥] HA% 7 [ BWH Z FSTI HISV
LI TSV Ml RIGEXBR ST [ MHX TI X TXSTLER ERHQ Y)ERXP YGRI EFP P WR 0SAYQ Q YPESWQ
THER\? A
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OAVE] H VMR QE\EGI\MMGSIXLI HA% 7 T\BA HW' LI T\KD | WM RGSQ TEWVH LI [ LSP I KISR)S FI
EQTMII HI\ G TXISVLI X\ RYGP SWMI WSI X GSHSR SLI T\ | WAERH I WKBIBR | RN Q1 W[ 1V
WRGLHYWRKOL HA% 7 MI[ EV LXT  STI RHEE WRKI RE EK\BCRS] G5Q Q SHI RVHTEGN &SX.
ISV BEHERHVZIWY TV WA[ 1V FT P ROL ERHXL HEKRSWMGY WIBIBR | RN QI W[ 1Y <@D- ERH
&TY)-JSVXI [ XTI X] XSTLERERHQY)ERXP YGR ERRPWIWIGHMI B *M  8LI JSY BEHTDIV
T+ ORB+UB++% 88' U84 ' +8+906++8896 ' 8' 8+88' ' 96 88+ 89846 ~ WUYMHXVI
IS\EHRY@SM AERKIWEX2 2  ERH2  YRH\MRIH [ M\ GOS X.I WGSRHZEVEFR FEW
sSI GSHSRYS EFS] HWI WIBR[ M. <@D- \ GSKRMBRW ' ' 92222222228++ ERH)S TSVl B
VI RM LI [ M TI X TOSTLERERP 8++ XKIRX 8LI W ZI\W TNDIV ~
08' ' %' ' 8+ %-9B/B8' ' 88' YOOAMH+8' 8' 888+ ' U6 ' %r%+96' ' 8'8 ~ GSQTRAR QBEXAIH
X1 XQTEX % ' EW ( 2% 61 WIBHBR[ ML &TY)- \ GSKRMBRVIN ' 88+%4+2222222222222222
IRV QI SRP SGWMRX.I TVWRA SIXI QYERXPYGR EMRP 88+ XKIPX ( M VWBRSIXI [ MHXTI
X T)STLERE®P [ M <GD-[ SYMHVWRKRX SWSWVNEKQIRWS] ERH  FEW TEMA LMK
\ WIDIBR SI LI Q YYERXP YGR! ERPR [ ML &TY)-[ SYRIKIR\EX X SNEKQIRWS] ERH  FEW TEMA
*M 8Ll EFWRA SJI NI VX T)STLERSVRYGR ERPR EX% ' EW GSHSR TSVIMBR [ SYR\ WX
ERYRHWIWHFERHS]  FT

4' 6 6*04 ERHKI P PGXETLSY VWWIN\EA HYY IS\ TERXNVLEX] 1 TV ZYWP KI RSY Tl HEXGSHSR

TSVINBR [V YWH)SH ZI BT LI HA% 7 T\SA HY\' 8LIW GSRYWMM HS] TRERXM EQ. SJ6+7
[ XTI ERHO/ 6 LSQ S KSYWISVXLI ; ' QYV)ENSR EW[ | PEW ; +6
. 0 , +6 ERHO0 , +6 T\BKI RVW3 R @ RA@| X PEJWKQI RNAGQ | EQL SIXI  THERXM |V
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T\EZMI HRWTTR QI REV * MYV
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Standard sensitive RGS and field resistant HGR
populations were employed in the initial
clodinatop-propargyl resistance confirmation test.
UKR which is homozygous tor the W2027C
mutation was only used in the development of

- -
the W2027L dPACS assay alongside RGS and

HGR
l | characterised wild and mutant W2027L HGR

genotypes.
WL2027/DG2078 WL2027 HGR plants were segregated into different wild
and mutant ACCase genotypes viaRT-PCR
IL1781/DG2078 and Sanger sequerncing.

IT2041/DG2078
IL1781 @

wL2027

Wild Type
DG2078
GG2078

37 heterozygous WL2027 HGR plants were
crossed to produce a mixture of genetically
comparable wild WW2027, heterozygous
WL2027 and homozygous LL2027 progenies. F1
progenies were usedin a co-segregation study
with a single rate of 3 ditferent ACCase-inhibiting
herbicides.

F1 WW2027

< -

F2 WW2027

Homozygous wild WW2027 and homozygous
mutant LL2027 F1 progenies were separated
into two ditterent lots to produce two pure wild
and mutant seed batches for usein whole plant
doseresponsetests with 9 ACCase herbicides.

Figure 3

OSRIQ QYPRESWQ TSTYEASRWERH Q-E\NEG MV H KI RS TI VWWH MR L MAMXYH|

Cysteine Unrestricted 113 bp fragment
‘Tryptophan 51 bp fragment R 62 bp fragment

XCM1 CCANNNNNNNNNTGG
GCAGGCAATGATGGACTTCAACCGTGAAGGGTTACCTCTGTTCCCACTTGCTAAC
GCAGGCAATGATGGACTT CAACCETGARAGGETTACC TCTGT TCAT CCTTGCTAACTGGAGAGGCTTCTCTGGTGGGCARAGAGACCT TTTTGRAGGAATTCTGCAGGCTGGAT
GCAGGCAATGATGGACTTCAACCGTGAAGGETTACC TCTGTTCATCCTTGCTAACTTGAGAGGCTTCTCTGGTGGGCARAGAGACCTTTTTGAAGGAATTCTGCAGGCTGGAT

TCTCCGRAGRGACCACCCGTTTCTCTGGARARACTTCCTTRAAGACGTCCGACCTR
BPUE1l CTTGAGNNNNM@NN_\NNNNNNNf
Leucine 76 bp fragment 37 bp fragment

Figure 4
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