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]LQZHQ CO LC CNG COC �GDFS ]OHUO LD[Z � GDHJ ]OHUO HIJ CO LC �HGSLS ]HOHU MSG CQO\D

�
�"CNLC LQ GDFS P\C �GL]OLQD GLOL[G �GDFSD CDH GDHJD CD CHG\ RHLN �GOHU RD[Z �\H[LW

CO\ GQ\O CO\ GKJ\\NH �OHWNO GO GQ[E\ CLG GDHJG\ UHQ\O [\WC �H]JSQ G[H] GOWN\N
H]DHJH RD[ZG [ZLUH �GDFS CD HSLC\ P\C ODC �GJSQG ]OWNG ]HYQ RCN RLC � HI GOHUD H]DHJ PLLZ
�HQ\O CO\ [\N CHG PC MNOG �PLNTS RHUK GI RD[Z MJ[N OU PLNTS G[H] GNL[YG\NH �CHG FJ �
FJLLS\ [D]TQ COH �RD[ZD OHZOZ COC RD[Z RLQ GQ\O CO\ RLC\ �PLNTS ]HYQ OOND CHG RN PE

�PLNTS COD P\C CHG\ [QHO GI OHZOZD \FHJQ RLF
ONO P\CQ FHQOO R]LS PCG �C[DTD Z[ CO@ LLDC PU CSLFO ZOHJ CD[\ [CHDQ P�DQ[G L[DFQH

GOHUO P\C RLD ZHOLJ \L RNC\ �>]HQHZQGL �DL PL[HCDH PL\HFJDH ]QC ]W\D U�UH �O�DO \LC RHIJ L�WU�

��]HJFO GC[SH G�F DLZ L\L ]LD �J E�ZT I 
LT C�J LNF[Q ]N[D �EN�CL PG[DC U[I �C�ZT

Y VF

GJ\QS COH PLSWDQ GJ\QS \DL ]FQ �XHJDQ RLD PLSWDQ RLD GJ\QS JOG ]FQ [DT CQZ CS]

�
[ZLU ON GJ\QS CO \DL ]FQ ���GJ\QS JOG ]FQ �[DT CDLZU LD[H �XHJDQCS]O ZHOLJG [HZQ


TH]H L�\[ H\[W �CQZ���IS�DH]NG ]\[FQP]C \FZLH PJ\QLHLONH �JDIQG LONO MHQT [QCS\
�JO LON PSG JDIQG

[\CQ LONG OC []HL OWKS JOG\ CLG C[DT RNOH �LON ]ZIJGO FLQ] M[YS JOG �[DFD PUK ]]O \LH
�\DLG

LWO [QHO \LH "[ZLU ON \DLG ]HFQ ]C HJ\Q CO UHFQ �[HCD ML[Y CDLZU LD[ O\ HQUK POHCH
OU R]LO RQ\H MTSO RLL RHEN �LOND P]SL]SD FLQ P]HHYQ ]H\UO PLSNHQ PG L[G PLJOG PL[DFG\
]JSQ VCH �]OHTO GSHDOH RQ\ R]Q RHEN �VTHS [\NGH RHZL] [THJQ CHG DH[G OU \DLG ODC �U[HYQG
COQ CHG L[G\ RH[\UG MH]Q XHQZO [\WC LCH �GYLQZ GSHUK COG � GSHDOH RQ\ P\ RLC\ CKHJ
GJOQO ML[Y COG �]YQZS GSLC\ PLSGN O\ CKHJ ]JSQ PEH �[JC LONO G[LDUGO ML[YH �L[QEO \HFEH

HJ\QS CO\ CDLZU 
[ [DHT MNOG �GLFFY ONQ��C�K PL[HCDH PL\HFJ L�WU�

]\HFZ ]\FZ]Q\ [\WC �OC[\L O\ CKHJ ]JSQ JSL] �RGN O\ CKHJ ]JSQ ]\FZ]Q GQD CDLZU 
[O GQ] G[HC R[Z [WTD

�[JC LOND ]\FZ]Q CLG L[G\ �CJLS [CHDQG LWO POHCH � ]\FZ]Q GQD �]YQZS GSLC\ RGN O\ ODC �GYLQZG L�U VHEG

�]UN G]HHYQO GSNHQ GSLCH ]HLG �]\FZ]Q GSLC\ Z�U[ [QC GFQG LOND CZHF LN

HQN P]TG RQ � R]NSJQ R]FHDU ]H[HFO ODC �G\Q RQID COC GEGS CO PLONG ]JL\Q\ LW OU VC �
MHSLJ LFL OU ]H[HFO H\FZ]S RN �GJL\QG LFL OU G\Q LQLD H\FZ]S\��GFH] JDI �G[HC R[Z �\�\[ L�WU�

�OUHWD MHSLJGH JND CHG \HFLZG �PLONO PLN[YSG PL[DF LS\ PG MHSLJGH \HFLZG\ ��DO� L\L ]LD [WTD [DTG ]WTH] GC[

�G\Q G\U\ PLONG O\ HGLLZL[JD PLCD ]H[HFO\ PLONG N�CH �\HFLZG O\ ]L\UQ GULDZH OUHWO GCYHG CHG MHSLJG

�GDJ[GD \�U �MHSLJGH \HFLZG � HN[YHG ]HOHUWG L]\ G\Q LQLD VCH �PQYU PG HJ\QS HOLCNH

]JL\QO G]HQFO \L G[HCNOH �HCO PC LONG ON LSW OU G]\US PCG RLLUO \L �][\ LON ]JL\Q �
]LSHHL L�N RLQN CLG RGN ]JL\QH �HLFJL ROON DH]NG L[G\ RGN���H ]H]L[NDN�



Y VF t ]HJSQ

IY

"LONG ONO ]JC GJL\QD LF RLC UHFQ � XHJDQ COH PLSWDQ HJ\QS\ RCN H[QC\ GQ [CDO \L GI LWOH
RCN GSHHNG COC �HOHN LONO ]JCD LF ]QCD\ [\WC HC �PLON LS\N PLD\JS XHJH PLSW\ [\WCH

RHYLJG FYG ]C \FZO COH LQLSWG FYG ]C Z[ \FZO ]SQ OU J\QS\��CL�IN C�HIJ L�WU�

�
RLHNQ CZ ML[YF LCQO C[DE �LHG LCQ [ZUS LNH
�PFCG ]UFO COC \FZ]Q RLC\ RHLN �\[WO GC[S
XWJ HSLC L[G\ RN H]UF P]TG RQ LN �GCHOQD GFQG GCOQ]S CO FHU ON \FZ]Q HSLC COLQQ RN PC
CYHLG\ H]UFD RLC L[GH �CYLH [ZULL N�JC COG FLQ \FZ]Q\ [QC] PCH �ML[Y\ GQQ []HL \FZO

\FZ]L��DL PL[HCDH PL\HFJ�

\HFLZG\ LWO COC �VHTD COC \HFLZG OJ CO\ HI C[DTO ML[Y RLC\ HL[DFQ GC[S\ LQ \L POHCH
GOLJ] GLG JOG\ LW OU VCH �LOND [C\LL\ GQ ]C Z[ \FZO H]UF GOLUHQ MNO �PFCG ]UFD LHO]
]OC\D LHO] [DFG RLCH �\FZ]S CO CYHLG ZOJG\ G]U [[DHG � CYLH [ZUS MN [JCH LONG MH]D

[DFG [H[LD LWON COC PLCS]G HZOJS CO RCN FU LN � 
G[L[D
U [ WQ OEHO LS\D RHEN@FL]U LSC\ RL
]H]\O []HQ PCG � \L[WGOG]ULOHNO [DFG [[DHG\ GU\ G]HCQ ODC �>LFL]UG [H[LDG MQT OU


G[L[D \L
 CQOUFHTLN U�UH �GI \HFLJ OU 
TH]G L[DFQ ]H\ZGO D]N\ \�UUH �G�T D�J �TLESUD [�I[EG D]N RN�

���JU OLUO CDHQD U�UH �GIDH G�F DN�E [\L L[U\D GI

ODZQG HSLS\\ G]HCN �[QC RSJHL LD[ �]HFQ LYH[LD �[QC VTHL [D CLLJ LD[ "PLNTS []HQ LCQ

�
���]H]OT ZWTO HLOU[QHO LYQ] PCH �CFJ [QC [QH CFJ [QC [Q COC ]ZHOJQ RCN RLC\ [\WC

\L\ �]H]OT ZWTQD P]ZHOJQH �
PLNTS []HQ
 PG\ PLQLNTQ POHN ]HFLQ LYH[LDD\ GC[S �HZOJS\
LN[YO MOLH CHG \FZG O\ CQOUD JHL[ COC OON \FZ]S CO VFHU H]HC VTHL [D CLLJ 
[O\ [QHO

]LDG ZFD��DL PL[HCDH PL\HFJ�

JDIQG XLZO GLG PGLS\H �CSLFO HZOJS CO\ GIQ GC[SH �GNOGO PLSLFG LS\ ]C CLDG P�DQ[G PSQC
��]HNOG LKHZO�

�D�U�HOTWL HSO PCH �HQU HDL[ZL [JC JDI \L PC � "RGD RL\HU HLG GQ �HOOG ]HFLQ LYH[LD

�
JDIQG ]C RGD RLYLZQ � HCO PCH �GSLODUQ\Q P�DQ[G RH\OQG\UQ GS\Q�VTNG [DTGN�

�K�G VHT P\ MOQO�GS\QG D]N\ HQNH L�D ]HSD[ZG\
HCO PC
PSLC IC LN �[JC JDI P\ RLC PC H\H[LW
PGLQFD PLSHZH �G[LNQ L�U ]HFWGO PLFUHLQ L[G\ GSLOD PLOTWS PSLC COLQQH VHEG ]\HFZ PL\HFZ
RLC �HQU D[ZLGO PLLHC[H OLCHG �[JC JDI P\ \L PC\ VLTHG MOQO GS\QDH@ �JDIQG XLZO ]HOHU

�>JDIQG XLZO PL[NQS PSLCH RHLFW PGO
JDIQG XLZO P[NQO ML[YH@ GSLOD PLOTWS � HSO PC �[JC JDI RLC\N PE\ [CHDQ L�\[ L[DFQ POHCH
PGLOU RLC\ JNHQ PLFWS\ MNQ COG �[DFG PUKD RHLU ML[YH �>GSLOD HOTWLL N�OC\ �PHLG H]HCD FHU

GSLOD HOTWLL UHFQH �VHEG ]\HFZ��DZUL ]HOGZ ]HSHLOE L�WU�

�GLC[G ]HJFO D]N FHF FL [WTDH �L�\[ L[DFN �LYH[LD G�F �JW� 
TH]GQ JLNHGO D]N Q�O\QD

�F�HK JO\ GQNJ M\Q U�U

U[HYQ O\ H]CKJ\ COC �P\CGH ]CKJGH ���XHJ �PLNTS RLSHUK FLJLGH [HDLYG ]HSD[Z ON

�
PLNTS RLSHUK HQ\CHC]LL[DD�RCN P�DQ[GO GS\QG \H[LWD CDHQH �HK GKHT ]NTQD ]CDHQG�RHUQ\ LD[ \[W

� GSHUK GSLC GQ LSWQH �[N\S CKHJ CGL CO\ PLNTS GSHUK ]CKJ CG]\ CHG RLFD\ �[DFG PUK
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�CKJ OU PLCD PSLC L[G\ PLNTS PLSHUK HQ\CH U[HYQ O\ H]CKJ POHCH �[FHGQ HSD[Z CGL CO\
RQ HQYU [ULY\ OU �CHG CKHJ [LIS\ RHUQ\ LD[ [DT LN �PLNTS PLSHUK PSLC\ [LIS P\CH ]CKJH@
H[L\NGO COC HSLC RD[ZGH �HUESD [WN]S [DN �CKJ OU CD UESG\ L�WUC �U[HYQ N�C\Q �RLLG

�H[L]GOH�>P\ C[QE

GC[SH ���K ]H]L[NH �IL RLN[U PE 
UH� �[WNO GCD U[HYQG ]CKJ\ GKH\W GJSGN HKZS ��CY� RQZO C[QED\ [LUGO \L�

GCD ]CKJG ODC �HUESD H][WN [ZLU PSQC\ ��HLCKJ OU [WLN UESG\ �J ]HUHD\D H[QC RNH� RHUQ\ LD[O VC [LW\ L]CF

MNQ �GD[FCH �[HFLGO LHC[ HSLC HSD[Z\ 
CKHJ
 [FED HSLC DH\ UESD GZO\ [JCO POHCH ��RQZO CDHQNH� G[WN ]QO\GO

[WNO HIH [L\NGO CD GI\ LSWQ �PLNTS PLSHUK\ U[HYQ O\ P\CH ]CKJ OU PLFJHLQ PLFHQLO LS\ �P\ ROGO� HN[YHG\

��HCO PC CKJ OU CD RD[ZG PC �GID LHO] PUKG [ZLU\ UQ\Q GIQ ��
TH]D \�U�

HN[YHG\ GQ RDHQH�EL JO\ L[WTH �CY ROGO�GOHU GLG LN � PLNTS GSHUK G[HQ]G\ MN OU FJHLQ FHQLO
[FHGQ HSD[Z CGL CO �CHG G[LDU LFL OU CDG [DFH OLCHG ]UFG OU��DL�HK JO\ GQNJ M\Q L�WU�


GJSQ HOLWC �PLNTS RHUK CGL PL\LCO GOHUG ON OHNL
ODC �RLL LNTS GSHUK GJSQG CG] [QHON �
CLG GJSQ CWHE CLG L[G\ �PLNTS ]JSQ GNL[YGO MLL\ RLC���CY ROGO G[HC R[ZD N�NH �
C�D\[G L\HFJ
�

[QHC CHG L[G �ML[Y HSLC [QHC R]SHL LD[
JDI�
JDI HSLC VHUH �OU ZOHJ HSLC GL\CL LD[ PE
C[QED ]HQHZQ GD[GD \[HWQN 
JDI
 OOND HSLC VHU\ GI [DF��J PLJDID RLLHYQD 
U�KHULQ COHO\ COC

OU GOHU GLG FJHLQ
JDI
 OOND GSLC HOLWC 
GOHU
 DH]NG RQ ]HWHU ]HD[O ]UFG��
C�D\[G L\HFJ
 
U�



PLQUKH PLSLSU � PLNTS

PLQO\ HC GQGD ]OHU PFC CLDL OC MOLCH RCNQ �PLNTS ]\[WD G[HQCG GHYQG CHWC CLG HI


VLTHGO HC � GOC ]C V[YO HLOUH �RLL MTSH ]OHT ]JSQ PE GQGDG RD[Z PU CLDG RN PC COC

�CLDQ CHG\ RD[Z ]QGD ONO � MN [JC P]HC

G]HCD �H\FZQD 
G OC GD[Z � OONG O\ HC K[WG O\ � OC[\L \WS GSG �[DFG ]HUQ\Q HIH

[\HCG ]\HJ]O HC �GOHU� GDHJG ]UFH] FHTL OU PL\UQG \HFLZO LHKLD ]S]HS CLG GU\

]C JDIQG \CO ][THQ CLG L[GH ��PLQO\� DOD\]H L\LCGJDIQ H]HCO MC �GL]HJN ]CH

]C PE [HTQO ]DLLJ CLG \C G]HCOHP LTNSG]CH GJHH[G ]C �PHLZG ]C PL[\WCQG

�[\HCG

FLQ]G RD[ZD GDHJ UDZS [DN GI [DF��P\ 
LWH Q�KN ]HQ\ GC[�OND MOLCH RCNQ EGSL CHGH

JDI ONDH GOHU OND � ]LS]HQ GDHJ HC � GDHJ HI GLG] COC �FHU COH �[HDLYG ]HSD[Z

O\ GCYH] Z[ CLG GDFSDH [FSD\ PLNTSG ]DHJ RN\ ]LS]HQ GDHJ �FLJL LFL OU PLCDHQG

PGH �GDFSG ]HJSQ ON [C\Q PLSH\ PLNTSG\ CYQS �JDI HC GOHU CLDGO ]L\WHJG GKOJGG

DL[ZQG\ ]HKOJGGH ]HSHLU[G ]C PLCKDQ PG RLC �HLOC PLHHOS PG\ RD[ZG RQ PE PLSH\

]]O \[HF \FZQGH �\FZQG RQ ]CYHLG G[GIC PLCKDQ PG COC �
G ]D[LZ ]C PGD \ZDQ

�H][H]H 
G P\O ODZQ CHG\ RD[Z OND HI G[GICO LHKLD
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PC MNLWOH �RD[ZD COC ]HL\LCD GLHO] GSSLC PLNTSG ]DHJ\ GFDHUG PE GQLC]Q MNO

P\D PCLDQ [HDLYG L[G �PLNTS CLDGO � LHC[ HSSLC HC � DLLJ HSSLCH L[NS CHG DL[ZQG

�\FZQG

]HYQ MNLWOH �PLNTS CLDGO [\HNOH GDHJO ]LQHCO ]HUQ\Q ]TJLLQ G[H]G\ FHU [HNIS

DLLJ [EG\ \H[LWD [QHO XHJSO ]CYHQ G[H]G MFLCQH �L[NS KUQO �J[ICO Z[ GS]LS PLNTS

HL]HLHNIO RJHD RDC PG PLNTS CLDGO [EG O\ H[\HNH H]DHJ COC �FHU COH �PLNTS CLDGO LHC[H

RCNQ �G[H]G LSWDH 
G LSWD [EG RHLHH\ OU ]LELEJG GI[NGG ]C MNO ][\HZ G[H]GH �HFQUQOH

CHGH �LFHGLG FLZW]G O\H ]LFHGLG ]HLQHCOG O\ MHH]G LFHQUQ FJC CHG PLNTSG RHLU[\

PLOOH\ HSLLG �DH]N\ C[ZQ COQOC MNLWOH �[E H]HLG PYU FYQ [ED [TJ CHG\ [DFD LHO]

�PLNTS CLDGO [\HNG ]CH GDHJG ]C [EG RQ

ON OC GSHW CHG MNDH �PLQO\ ONOH GOHU ONO PLHHOS HLGL MTSH GJSQ\ \[HF \FZQG �[HQCN

�G\LE[QGH GEHGG ]HL\LCG ]C �\WSG ]C 
GO PL[THQ PG GSG �\FZQG L[U\D PLCDG


[GYLGH \H[L]G REFG
 ON PE COC H][H]OH 
GO CLG GFDO \WSG CO POHC �]OUHWH ]WCH\G

PG RLC �H][H]OH 
GO Z[ PG GOC PE � [\HCGH GJHH[G PHLZG ]HFHTL ON ��RQ\H RLL �]OHT�

]C TS[WL
H 
G RHY[ ]C G\UL\ LFL OU COC PGD ]HNIO OHNL PFC RLCH HFDO 
GD COC PLLHO]


]HQFC LOU \FHZG��N 
QU C[ZLH 
LW 
U�HSJSC PE GNIS JDIQG OU 
]F \C
 PLLZSH TS[WS PC Z[

�UQ\ ]CL[ZD PHL PHL PL[QHC HSJSC MNH �PHLZDH GTS[WDUQ\ PC GLGH
HEHL]]SH
HEH]WTCH
�G[L\LG H]EGSGDH H]JE\GD OC[\L O[HE ]C DYUQ 
G\ MNO LHKLD PG PLNTSG\ CYQS �
HEH

OU GOKHG\ ]HJLO\O TLTDG PE CLGH �OC[\LD ]QLLZ]QG PG[DC ]L[DO TLTDG CLG HI ]QC

RQ ]HQOU]GGH �
G ]EGSG LFL OU RL[\LQD DYHUQ OC[\L O[HE RNC �G[H]G RUQO OC[\L

HLJLO\ CKJ �PUG CKJ CLG �G]U GI HLOU HSC[Z\ CKJG O\ HQHYLU CLG CLG ]CIG ]QCG

PLYLQCG HL[DFD LHKLD GO R]SH ]QCG OU FQU HFDO DON Z[ P]QHUOH �HL\SCH
G HSD XWJ PC
��J�FL�]HHCE D[J CLGH HSL]HF\ ]C G[WQG \Q\G CLG 
G OHZD GULQ\G\ G[HQ PLNTSG ][H]

L[DF PEH �PLOE[QG CKJ RLDO PLNTS ]\[W RLD\ ZHFGG [\ZG HLOCQ [CD]S MNH �HSL]HSHJYS

GJL]WGHCD] LN���MN OU PL[HQ

GI [\ZGDH �PLNTS CLDGO PLLHC[H PLDLLJ PL[EG\ FHJLLD [QHO M[HY GLG\ RDHL PE GI LW OU

CHG\ ]HDCO JLKDG G�DZG LN �HFQUQDH HL]HLHNID �[DF ONO J[ICN CHG [EG\ IL[NQ DH]NG

MC �GD PLLZ]GO GFL]U HI GJKDG\ X[CG ]C H\[LL PLSDGH PGLSD O[HE ]C RL[\LQD DYUL

THJQ [EG
UZ[Z [THJQ
 CHG\ HLOU FLUQ HQ\ �X[CD ZOJ OKHS HSSLCH ]HDC THJLL [
LW 
U�

��S[ 
QU ]L\C[DJTW RD[ZD HSCYQ\ M[FN MNLWOH�P\ 
LW GC[H �KQ�JQ �DL ]HQ\�HSJSC RN

]J] FQHU CHG VC �PLNTS RLSUO J[ICN CHG [EG\ FJHLQD [QHO M[HY \L �RCN PE PLCYHQ

�
G O\ G[L\LG H]JE\G�
G LSWO GLGL [EN PNNLJ[ICGH L\HSCG HQHLZ HO JKDHQ GI ]HNIDH

X[CD��MOLCH JL�L PL[DF GC[�PLNTS RLSUO [EG RHLHH\ MNLWOH �ZOJ GD OKHS CHG RLC\ LW OU VC

RCN MC �[EG O\ H]HNI OU G[H]G G[LGIG PLD[ ]HQHZQD �[DF ONO HSHLHH\ ]C OOHN [DN

OU ]H[HGO LFN MND \LH �G[H]D\ [DF ONO HL]HLHNI RHLHH\O L\C[G [HZQG CHG PLNTS ]\[WD

�PLNTS ]HHYQ O\ GOHFEG ]HDL\JG

� GJSQG �PLZOJ LS\ PLOOHN PLNTSG�RQ\ RLGG ]LUD[D OHOD RH[\U ]OT� PQYU PLNTSGHRLL
�RLLG ]LULD[ MTSOGDFS ]JSQ RLUN ]OHT ]JSQ CHWC CLG GJSQG��P\ 
LW GC[H C�E C[ZLH�MC
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]HQN HOLCH �RQ\ FJC EHO Z[ GD \L GOLE[ GDFS ]JSQ �RQ\G ]HQND GDFS ]JSQQ GSH\ CLG

Z[ �GYLQZH G\EG \L GDFS ]JSQD �PLEHO �  RLG UD[ �G\HO\ LW CLG PLNTS ]JSQD\ RQ\G

GYLQZ COH G\EG CO GD RLC PLNTS ]JSQ �PLSGNO PLONCS PLL[L\GH JDIQO ULEQ GSQQ XQHZ

LW OU ]H[CD]Q PLNTS ]JSQ O\ ]HFJHLQG ]HNOGG\ GC[S �JDIQD OLON ][KZHQ CLGH

GJHH[GH RHIQG LTNS\ CKDQ GDFS ]JSQ CLDQG �G]HUQ\QHO H S] L S\GUSNGD 
GO PL[HTQ

GUSNGD JDIQO H]HC \LEL �
G ]CQ HO R]LS\ \HN[D G\UL GQ HO G[HQ \FZQG �G\FZGDH

]J] [C\G RQ PE GSGLLH �GYLQZ� HL]H\L[F O\ COQG ZHWLTG ]C \FZQO R]L ��G\EG�

O\ LOON LDLKZLLDHC LHKLD CLG PLNTS ]JSQ GI FESN ��PLSGN ]OLNC� GSHGNG ]\HFZ ]UW\G


GO Z[H MC PLLHSZ PG MNLWOH �RL[\LQD 
G LFLQ OC[\L OONO HS]LS\ GJHH[GH PHLZG LTNS

GOHNH PLSGN ]OLNCH GYLQZ G\EG GD RLC MN PH\Q �H][H] PHLZO PL\FZHQHJJLS JL[ G\C
�
GO�GDFS ]JSQD [HQCG RQ G\HO\ LW CLG\ �RQ\G O\ G[L\UG GS]QG PE [CD]] GI LW OU

CLG COC K[WG ]JHH[O LHKLD HI RLC L[G\ �PL]LDJ ]JSQD Z[ FHU PLCYHQ HSJSC G]HQNH

�
G LFLQ Z[H MC GSH]S � LQHCOG [\HUG O\ D[G UW\D VC � OON M[F GJHH[G\ ]CKDQ

GH\G FYGH �OLON PL[KZHQH RLEHO 
E PG VC\ �OHFE RGN L]LDJO PLNTS ]JSQ GQHF HI GSLJDQ

�]OHTG LFL OU EYHLQG 
PHLZG
 E\HQ GI FESN �]LQHCO KDQ ]FHZSD PLFQHU PG\ PGLS\D\

FQHUH UHDZ GI [HUL\H �GWLCG ]L[L\U CHG HO LHC[G [HUL\G �GI RHHLND G[DEGO R]LS HSSLC

RQG [HUL\ LFL OU ]L[HKTLG GSLJDQ KOJHQ RWHCD��HO�IK ]HQ\ 
LW GC[�

LTNSQ RHY[G ]HULD\ ]CH ZHWLTG ]C CKDQG GSHDO XQHZ PE GDFS ]JSQD \L MN OU VTHS

O\ �RHLOUG [\HCG O\ LHKLDG CD GQHZQD MC �PLNTS ]JSQD GSHDO RLC �GJHH[GH GLJQG

FJHLQG RD[Z G\UQ CHG MNO LHKLDG �
G ]JE\G LFL OU EGSHQG OONG O[HED ]HJQ\G UDH\

�PLNTSG ]JSQO GHOSG RLLG MHTLS CHG �PLNTSG ]HHYQO

�PFCG DO O\ GSHLOUG GJQ\G ]C C[ZQD EYLLQ RLLG\ ZWT RLC\HSC DDO JQ\L RLLHPLOG]�

��HK�FZRLL PL]H\ [L\D��K�FN GLU\L 
U�PLS]HS\WS L[QO RLLH FDHCO [N\��H�CO LO\Q�PDO JQ\H
RLL HQN�I�L GL[NI��RHLOU [\HC LHKLD CHGRLLQ MLFF PLDHK LN�D�C PL[L\G [L\�]JQ\O LHKLD CHG

�GDGCG O\ [\HCGDOJH RLL�C�GS GLU\L��
G ][H]D PLSHWYG PHLZG JNH [\HCG O\ PL[HLY PG

MNLWOH �]HQHCOH PFC LSDO ZOHJ 
G\ [\HCG ]SQ ]C EYLLQ RLLG\ C[ZQD JLN\H UHFL RNTHN

LHYQ���
G ]CQ [IES\ O[HEO LHKLDN C[ZQD

RH\OD PLNTSG ]D[ZG ]C [C]Q DH]NG\ VLTHS�
GO [N\ MTS MTG \FZDPLNTSG RLL\ RCNQH

�RHLOUG LY[CG [\HCG ]C CKDQ PLNTSG RLL\ GC[S GI ON FHTL OUH �IUG LSJH[G HJND TW]S

MNH ][\ LOND ODZ]Q CHG P\ �\FZQG OC CDHQ �PFCG ]JQ\ UDH\O LHKLD CHG\ GIG RLLG

�JDIQG FHTLO H]HC 
PLZYHL
 COC H]HC PLNWH\ RLC MHTLSG ]U\DH �
GO GSZSH \FZ]Q CHG

RN 
GD H[HZQ\ M[FN COC �HSL]HWLC\ CL\ HSSLC RHLOUG LY[CG HS[\HC PYU\ CKDQ GI MHTLS

HSO CLDLH HSSLSZ GLGL CHG [DF O\ H]LQCO �
GO HS]HC MLOHQG PLLJG RLLSDO TLTD HQYU CHG

�JDIQG FHTL LZQUQD LH[\ CHG PC Z[ [\HC

GCDG �GQ\CGH CKJG ]UFH] RN\ �PLQO\H GQGD ]OHU Z[ PLHHOQ PLNTSG\ RDHL PE GI LW OU

]JSQ RG �MTSD HLHKLD ]C CYHQG ]HJQ\G UDH\O GQLC]Q GSSLC �P\CDH ]CKJD LHKLD LFLO

VC �HSQQ PLUDHS VHUG ]HSD[Z ON\ ODTGH RHCNLFG DYQH �GSHDOH RQ\ VC ][THJQ CKHJG

PLLHOG L[L\\ GNOGG PE GQLC]Q PLNTSG ]C HS]TLW]O �MTSOH GJSQO PLC]Q HSSLC CHG



Y VF t ]HJSQ

CZ

O[HED ]HSSHD]GG LFL OU 
G ]C 
[H\]
 PFCG RLU\ PL[\ PLLHOG LN �RLLG MHTLS ]C PLHHOQ

LFL OU OQT M[F G\US\ GQ ]C PLOQD PLCKDQ GOC PL[L\\ CYQS �OC[\LMTS MTG \FZD
���
GO [N\

]FDHUD GCFHGG ]C PLCKDQ PG �PLQO\OH GOHUO PLLHOSG PLNTSG ]HUQ\Q CHWC CLG HI


GD PL[\LQD PLLHO] ]HQFC LOU [\HCGH GJHH[G �PHLZG LN �H]DHJH OC[\L LLJ O\ FHTLG

PLCKDQ PLNTSG �[DF O\ HOON �GJQ\D 
G RHY[ ]LL\U LFL OU COC PGD ]HNIO RLCH �HFDO

FQUQG GOHU\ ONN G]HDL\JD GOHU HI GCFHG POHC �
GD HO[HE ]HO]D OC[\L ]CFHG ]C


G [FUD 
\DN
N HQYU ]C GCH[G FLJLG �HQYUO TJLLQ OONG HC FLJLG\ LQHCOGH L][DJG

GCH[\ LQD GOHWN HI GDHJ POHC �HI ]QCO DO PL\O DLLJ CHG PE � H]LU[Q RCYD KH\W [DJNH

LSLU COC �CHG HL\UQ ]H[\NO Z[ LCS] HSSLC GI O\ H]SHQC [\HL RN\ �
OLC
 ]SLJDD HQYU ]C

HL[DJO ]WHQ CHGH �
G [FU LSWO 
OLC
N FUHY CHG L[G L][DJG HFQUQ JNDH HD ]HLHO] HL[DJ

V]H\H ELYS CHG PC �G\O\ LW GDH\J CLG FHTL�]QC G]HCD GCFHGG POHC �
G L[JC GNLOGD

G[QCS PLNTS ]\[W\ PLOE[QG RHTC RG �HEHJD 
[W
 ]HLGO FUHS CHGH �
G ]NCOQD OLUW

RQ GCYL GU[G �PUG ]HDN\ O\ GI EH[LF LW OU PLNTSG ]QCQ GLLKTG ]C KLODQ �HL]HDZUD

H[DU PG MC �
G ]NCOQ RUQO OHUWO OONG LFL OU HJO\S HOOG �
PL[W
 ]SLJDD HLG\ �PLOE[QG

PGL[JC HN\QS �OGZD 
PLOLC
G PG\ PL[DFQG L\C[ �[HQEG HNHWLG ]C H\UH 
[W
G FLZW] OU

�OUQD PGLOC V[KYGO �
PL\DN
 ]SLJDD PG\ �PUG ON ]C H]LTGH LHOE F[QO

�OC[\L O\ 
PL[W
OH 
PLOLC
O ]\OH\QH ]OWNHQ PLNTSG ]QCD GCFHGG\ CHWC PLSLDQ HSJSC

OLCO PLSH[\U LS\ �[WO PLSH[\U G\HO\ �]HSD[ZG O\ GUHDZG GJTHSD KODHQ GI [DFH

PLLJG ]C DYUOH PLLJD KHO\O ]DLLJ OC[\L ]SHQC O\ ]LFHTLG ]QCG LN �\DNO RH[\UH

G]HC HQLLZL GQHCG LOHFEH PL[DFQG L\C[ PC Z[ RN GLG] CLGH �HOHN PUG ]OJS ]HLGOH

RLLGH RQ\G [HUL\ RLD\ TJLG ]C RLDGO G\Z\ COC �\OH\QH OHWN JND PGL\UQDH PGL[DFD

PLWYQ HSLLG GI LWOH �[WOH OLCOH \DNO � �� �� O\ TJLD GOHU ]OHTG LN �]OHTG [HUL\ RLDO

�UD[ �O\ TJLD Z[ PLOHU PG MC �PLUD[�\O\ �LYJ �UD[ �GQHF TJLD HOUL RLLGH RQ\G PE\

\L \DNG ]JSQD �[WGH OLCG ]JSQQ []HL RQ\D G[L\U CLG \DNG ]JSQ\ CYQS �LYJ �\LO\

GI CQ\H �RH[\U ONO RLGG ]L\\ Z[ \L [WGH OLCG ]JSQD HOLCH �FJC RH[\UO RLGG UD[

Z[ CHG RLCH ]OHTG OC GHHOS Z[ HSSLC � RLLN HGHQN � PLNTS ]JSQ O\ RQ\G �[DFG O\ HQUK

O\ LCQYUG E\HQG ]C CKDQ CHG COC �[]HLD [L\U �[]HL [L\U RHIQ �
RHIQG
 E\HQ O\ RHHLE

OU VC �GNOGD PE HSCYQ MNH �]OHTG [HUL\O OLDZQ HSSLC H[HUL\ MNLWOH �OON M[FD GJHH[G

GI ]C GI RLDNUQ PLNTS ]JSQ O\ RQ\GH ]OHTG\ LW��]OHTG G�F �FQ ]HJSQ ]HWTH] GC[�L[G

GOU] RQ\GH RLLG O\ RLGG ]LULD[\ DH]NG UDZ MN PH\Q �HQYU LSWD PE CD � GDFSN � RQ\G


LYJ �\LO\ �UD[ �PL[D\ O\ P]LLOUD [HE\G OLE[G POHTG [JDS MN P\OH �LCQYU J[HCD

�IK�HK [DFQD � \[LG [�\[ \H[LW�

�GJSQO ]OT GWLCG ]L[L\UHPFCO �GWLCG ]L[L\U [QHU CHG GLHEG RHIQO PHLG ]OLNC [HUL\

C]HOLOF CEOWH CQQLF CEOW �GYLZLO GSL\ RLD ZHOJ CHG HSQI L[QJG��KW ]D\�GSLC GSL\G

�GYLZLG RQI FHTL OU CHG JNG O\ MQTGH �[]HLD IC GSH]Q CLG PLLJG ]OHUW �RHIQ ]\[HF

\L\ [HUL\GH �GSL\ O\ GN[UG RLC P\ �GQO\G GQHZG [HUL\ �GSHLOUG ]HLSJH[G FYQ ODC



]UF VTHL

DZ

PHLG LZOJQ ZOJ ONO G[LYLD ZHZJG RHIQG [HUL\ �GWLCG ]L[L\U ]HLGO ML[Y CQHF HO

�PO\G

�GJSQO ]OHT GWLCG ]L[L\UH]COUGO GJSQGH �\FZG PH[QO LSHLJG JN ]COUGO JDIG RNHGH

OC P]HC [H\ZO �]H\UO RNHQ LSHLJG JN\ �PLOUWQGO ]HCYH] HSQQ\ �LSHJQYG LUDKG JN

�G\HFZG RNH]

�RLGG ]ULD[ ]L]N RQ\D GOHOD[LCQG [QHJG �]LSJH[ G[CGO PLC]Q RLSU [DN CHG RQ\G

\FHZG JH[ CHG [LNIQ �H]JL\QD FHDNG ]C [[HUQGH PLSWG ]C OLGYQG �M\HJG ]C \[EQH

G[HYD ]HOEGO [DN CHG J[NHQ GI RHLOU JN\ �OHOYG G[HCD ]LGOCG GUWHGGH GJHSQG FHTH

PLLJG DYQ OONO JNG CD\N ICH �GQHCG O\H PFCG O\ �LSHJQYGH LUDKG RNH]D �]L\[\

G\HFZ GUW\G COD LUDKG JNG DIUL PC RN RLC\ GQ �RHY[H G[LJDD \FZ]GO CHG RNHQ [DN

]HLGO DJ[G PLLJG P[I IC ONHL CO �]HOEGO PLLJG JN O\ OHDEG CD [DN [\CN IC\ �]L[HZQ

RQ\D GOHOD ]HLGO GNL[Y GJSQG �PLQFHZG HLFUYQD HLOC OE]TS CO\ �\FHZG FHGQ UW\HQ

MI RHUK HSLC\ LSWQ �G[CGG DYQD L[QEO HSSLC\ L�WUC �G[CG GSHN]O RN PE DH[ZG �]L]N

GLOUG ]QHUO GN[UGD RHHNQ CHG [HUL\GH �
]HJSQO ]L]N MI RLCH [HCQO ]L]N MI
 �]L]N

]L]N RQ\D GOHOD �GWLCG ]L[L\U ]QHUO RLGG ]LULD[ CHG\ �GJSQG ]OHET L�U\ �]LUDKG

�RLGG ]LULD[

�FJCG \DNO RLGG ]ULD[ HNTSH]HLGO ]F[HL CLG �RQ\D G[CHQG �GQNJG ][CG\ P\N

PLLJG FHTL ]HLGO LFN �H[HCD HLOU GOE]Q PLLJG JN\ UDKG FHTL �LSHJQYG JNG PU ][\Z]Q

�H]LHG ]L\C[Q RFHUQRLGG ]ULD[ ]L]N RQ\D GOHODH]QHUO CHG GOHU RN �GJSQD [HQCG

H]FQD MTSG TJL]QH �]LSHLJG GSHN]D\ PLLJG [HC OU ULWHGO �\FHZG [HCD\ GJQ\G FHTL

FHTL CHG GOHU GNNH �FJCG \DNO [\HZQ �RLGG ]LULD[ �GQNJG ][CG ]QHUO GNH[UG

�HSHUQD GJQ\GH HLSWO GHFJH IHU [\C PLLJ PLZOC ]JQ\D GOU]QH �LK[WGH LOONG �PLLJG

�
GO [N\ MTS MTG \FZDH]HC CHG FJCG FLZW]G �PLLSJH[G ]H[HCGO PS\L PLFLZW] LS\

]ESU]Q CLGH \FHZG JH[ GCOQ GQ\SG\ �]L]Q\SG ]HOFEG ]UD �H]U\O [LCQ CHG\ RLSUG

ONO MN [JC \Q\QH CD\ �G[HCG P\H[ O\ M\QGG CHG LS\G FLZW]GH �H[HC OUH 
F OU

�GD ]H[DJ]Q GJQ\H GQNJG\ G[H] O\ GFHTLD �H]HQOU]G ]UD PE �G\UQGH PLLJG LN[U

]CI GJQ\GH �G]HQOU]G [JC M\QSH MOHGG M[FG ][CGD []HLD GQNJG ]QL\[ CLG ][NLS

]C ]HQFO OON M[U RLC �ONQ GQQH[ GD CLG G]U\O GSHLOUG GLOUG\ \FHZG ]SHN] CLG

]HSHLOUG GL]HOHETQ ]JC CLG HIH �G]HOEG ]UD GN[U ]HQQH[O PHOLUG [JC GQH\L[ ]\HFZ

LSWQH �MTS MTG \FZD PC LN �GSHLOUG G]OUQO XHJQ ]CYO GNL[Y GSLC\ �\FHZG ]JQ\ O\

GSHLOUG G[HYD FUO ][C\S HI GSLJD\ �G]HOEG ]UD GL]HOHFE ]C OHUWO CLG GFHTL ON\

PSLC\ PLLJ L[FEQ UEWGO ONH]\ ]CIN ]HN\Q]G COD �G]HQOU]G ]UD PE �]QOUSG


UD\ GLSH[EQ � C[QJ \SLC UD\ LN �RL]\G ]C RLZZHW
 � 
FO [N\ �GN[UO PLQC]HQGNHT�

��KQ�GJQ\G ]\HFZD OUHWG FHTLG HGI �CQEHF GO RLC\ ]HOEGG ]U O\ ]HQQH[G M[U [QHON

[H]D COH �GLS\ GFOH]D HSQQ ]WU]TQ PL\SC ]JQ\\ �PLLJ PLZOC ]JQ\ CLG G[HZQ\

G]YLJQQ XHJ ]CYHL GSLC GJQ\G ]\HFZ\ ]CIG GOHETG LSWQH �GQNJG ]QEHFN M\QG

]QEHW CLG ]H[N\G\ P\NH �OH\NQ PH\ O\ \\J RLCD �FCQ [DE]GO ONH] �RHLOUG G[HZQD

[HC HGI �]H[N\G ]OUQO GDHK DH[Q GCD CLG\N GSHLOUG GJQ\G GNN �PLOLE[G PLLJD



Y VF t ]HJSQ

EZ

GUWL GWLTHQ CLG\ �LZOCG [HCG ]OHFE LSWQ PLZO]TQ PLLSHYJG PL\HJG ON\ �DE\SG Z\JG


L[\D MO GQN L\WS MO GCQY FU LFU LN �
FO [N\ �[HYLG ON ]C PQH[O RHLOU PLZOC JH[H

�E�COZ 
QU GLC[ ]OHU MH]Q�

DH]NG [QC\ GI
�D OCHL��PNLZOC 
G P\ ]C P]OOGH UHD\H OHNC P]ONCH[JC VC\ �HSLLG

PLCLDQH RLL PL\LFZQ OC[\L\ PLNTS RLSU IQH[ GIO\ �
G P\ ]C HOOG] �HUD\]H HONC]\

G �
GO PLOHOG COQ GLGL P]UFQ CO\ VC\ � JDIQOIQH[ GIO\ �GF[KH GJN\ MH]Q VC HSLL

�
GD PLZHDF PG PHZQ ONQ �RLL

PLLT\ GIH�POHUO LQU H\DL COH ���LSC OC[\L D[ZD LN P]UFLHP\ CHG 
LSC
 LN

HI G\[W FESN CLG\ �]HQ\ D�UD\ GUD\H�PL\O\G�PLNTS ]\[W ��CLG\ �I�O G\[W CLG\ �

HI G\[WD [QCS\ LWOH �GUW\GD PHYQY CHG\ GQFS\ 
FHTLD\ G[HDE
 ][LWT
G RLC LN
�PND[ZDDH]NG [QC RNOLSC OC[\L D[ZD LN P]UFLH[]TGD ]�L\G\ GC[S PLQUWO\ VCH

DH]N\ HQN OC[\LQ PLSW�CHGG PHLD LSW [L]TC []TG LNSCHPLZOC RLC H[QCL OC[\L LCSH\H

PND[ZD LSC PHZQ ONQ [L]TC []TG\ L�WUC\ [QC RNO � PD[ZD��JO\ D�J JHOL\G LQ�

PLNTSG\ PH\Q � X[CD GLHO]G ][JC GHYQ COH �PLOE[QG ]\[WO PLNTS ]HYQ GNQTS\ GQ


]HHYQG DHLJ\ PH\Q �DHLJD PLNTSD G[H] H]DLLJ �HQYUQ HSHY[D RD[Z DFS]G\ LQO DHLJ CHG

LQ RNOH �G[H]G OUH ]HHYQG OU ]HN[DG JTHSN �HS\FZH HSD [JD\H G\HFZG OU RQLT CHG

�PLNTSD GHYQ FHU HO R]S RNOH �G�DZG LSWO []HL \HFZH [JDS CHG GHYQD HQYUD DFS]G\

]C RNO\ �]HHYQ []HL FHU PGO HS]L\ PLLHC[ PG �HCKJ CO DONH U\HGL\ RHLN\ GIQ RSLUFLH

FQOO \L RNH �G\U\ PL[DFG FHUH �CL\S ]HLGO � DONO RNH �X[CG ]C \L[HGO GHY U\HGL

�GHYQ ][[HE GHYQ\ PUKG HGIH �]HHYQ GD[G FHU ]H\UO GNIL ]JC GHYQ G\HUG\ �HSL[HFO

GQ CJLS �PFC P]TQ PLDHLJ []HLD DLLJ]Q GE[FQD GOU]S\ LQ\ [CD]S\ GQ LW OUH

G\HUH GHHYQ HSLC G[HCNO\ VC �OHFE [N\ HO \L ]HFLTJ ]FQ HC RLFG ][H\Q PLSWO G\HUG\

RLSQHCG Z[W VHTD ZLHFQH �[]HLD DLHJQN CHG FLTJGH ZLFYG\ RSLUQ\ GIQ ODC ���EW�[QC\

G\Z W�NU\ �[HQ\] PLZLFY ]HJ[CH PLDHK M[FD MO] RUQO �RLC �GLO [QC "LNG CSLF �GLO

RLFG\ HQN CHG PLFLTJH PLZLFYO\ PH\Q CHG ODC � RN RLFG RLC CG �LNG CSLF HO [QC MLC


RN��JO\ 
G\Q \[F
�

CY VF

"PLNTS LUDH PJO GLFGD CNLCF [LIS OLCQ CS\ LCQH
[LIS ]\[WD \[HWQN ��G [DFQD�OLCG ]CH
HNTS ]CH H]JSQ ]C RGNG G\UH ���PLQO\ JDI G\UL�D�UD ROGO H[QC\ HQNH�CSLQC M]UF CZOT
 �


RLSLQ ]UD[C CNG RLSLQ LS\ P]G�[LIS OLCO GFH] HSQYUQ ]HH\GO RLC MNOG �
PLNTS PLSHUK\ [LISG ]HSD[ZD [QCS MNO\ G[H]G \H[LWD L�\[ \[W\ GQ LW OU [DTG VLTHGO \L@

PLNTSO �HOONO H[LIJGO DH]NG ML[Y MNO �PJO RHUK\ �\FJG [DFD RHFLO CYL\ LSWQ �R[ZD CDHQ�

��\�U �G[HCLWON PE \FJG [DF GI L[G �GYQH XQJDH PLSLQ GUD[CD RHFLO GCYL\ GFH]D PE RN PCH




