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N$O!E4%@3!D@<!%121&0=(!P6.8102.-93!<&A50&-5.01!:1!+;5*5_.1!:1!*`U4@3!#C!0,1!<(5Z56:3!MF#$"!"#!

D&0.2!=1:1>!]F3!X0&6=1a!"$!

NCO!Q%R3!@50A5661!P6.8102.-;3!E4%@3!Q4%I3!P6.8102.-9!5K!D&0.2�U���h�W�����U���/�v�•�š�]�š�µ�š�����[�����}�o�}�P�]�������š�������•��"C!

�^���]���v�����•���������o�[���v�À�]�Œ�}�v�v���u���v�š���t!D&0.2!T.UU@HD&0.2V3!M!W,&.!@-!B106&0:3!XHMF#F#!D&0.23!X0&6=1a!"F!

NFO! Q4%IU3! Pb%! U=52923! E&Z',2! I_05D&0.2c1=(3! Bd-a! U+U%3! XH! MSSF]! c(.8108&*H+0._656!"?!

TX0&6=1V!"M!

N?O!E4%@3!Pb@!$"YC!TU4@3!E4%@V3!EU%UUD!�t!U=5-056!Q*1R1X0&6=13!U=5*1!450Z&*1!@,';0.1,013!"S!

""!E(1Z.6!:1!B,221&, 3!MM"C]!@-HD.1001H*/2H41Z5,023!X0&6=1a!"Y!

*Manuscript with continous line numbering
Click here to view linked References



Soil Biology & Biogeochemistry  -   Submitted Manuscript: Confidential 
!

J!E50012'56:16=1!-5L!<a!IAA&:.1!T*,=&AA&:.1e250A5661H,6.8102.-1aK0V!#] !

!#" !

!##!

H D0.Z&09!%121&0=(!I0-.=*1!!!!!H!#$!

)#C!

6%&$7.2&/)&3,'%&2')#F!

)#?!

)#M!

8"59-%+,L! _*5A&*! =(&6_1f!'0.Z.6_! 1KK1=-f!&_0.=,*-,0&*! '0&=-.=12f! 50_&6.=! Z&--10!#S!

A.5:1_0&:.A.*.-9f!=05'!!"#$K5012-!25.*2f!:1=5Z'52.-.56 f!6,-0.16-!&::.-.56a!#Y!

!$] !



Soil Biology & Biogeochemistry  -   Submitted Manuscript: Confidential 
!

:3,'%&2')$" !

I69!=(&6_1!.6!-(1!.6-162.-9!&6:!2._6!5K!Eg#!K*,>!A1-h116!25.*!&6:!&-Z52'(101!.2!1>'1=-1:!-5!$#!

(&81! &! 2._6.K.=&6-! .Z'&=-! 56! =*.Z&-1a! c(1! 61-! 1Z.22.56! 5K!Eg#! A9! 25.*2! :1'16:2! 56!$$!

&6-&_56.2-.=! '05=12212L!-(1! '102.2-16=1!5K!:1&:! '*&6-!Z&--10!&6:!-(1!Z.610&*.i&-.56!5K!25.*!$C!

50_&6.=!Z&--10a!c(121!-h5!'05=12212!&01!'&0-*9!.6-10:1'16:16-L!-(1.0!.6-10&=-.56!.2!j65h6!&2!$F!

-(1! k'0.Z.6_! 1KK1=-k! TDUV3! .a1a! -(1! 2-.Z,*&-.56! 5K! -(1! Z.610&*.i&-.56! 5K! 2-&A*1! 25.*! 50_&6.=!$?!

Z&--10!A9!Z501!*&A.*1!K012(!50_&6.=!Z&--10a!$M!

R5=,Z16-.6_! -(1! 012'5621! 5K!DU! -5! _*5A&*! =(&6_1! .2!611:1: ! K50! '01:.=-.6_! *56_! -10Z!$S!

:96&Z.=2!5K!1=5292-1Z2!&6:!=*.Z&-1!=(&6_13!&6:!K50!Z&6&_.6_!=&0A56!=9=*1!.6!50:10!-5!2*5h!$Y!

:5h6! -(1! &-Z52'(10.=! Eg#! .6=01&21a!l 1! (&81! -12-1:! -(1! 1KK1=-2! 56!DU! 5K! -1Z'10&-,013!C]!

6,-0.16-!&8&.*&A.*.-93!1610_9!=56-16-!5K!&::1:!50_&6.=!Z&--103!*&6:!,21!&6:!.6-10&=-.562a!C"!

g,0!012,*-2!2,__12-!-(&-!-(1!A.5:1_0&:&A.*.-9!5K!-(1!:1&:!'*&6-!:1A0.2!Th(1&-!2-0&h3!K012(!50!C#!

'01H:1=5Z'521:V!.2!-(1!K.02-!:1-10Z.6&6-!5K!-(1!.6-162.-9!5K!DU3!K&0!&(1&:!-1Z'10&-,01!&6:!C$!

6,-0.16-2L!K012(! h(1&-! 2-0&h! &::.-.56! .6:,=1: ! ,'! -5! S]]m! Z501! Eg#! 1Z.22.56! -(&6! '01HCC!

:1=5Z'521:! 561a! c(1! 0&.21! 5K! -1Z'10&-,01! K05Z!"F! -5! #]nE3!.6=01&21:!A&2&*! 25.*! 50_&6.=!CF!

Z&--10! Z.610&*.i&-.56! A9! $Sm3! A,-! (&:! 65! 1KK1=-! 56! DUa! Q6-10&=-.562! A1-h116!C?!

A.5:1_0&:&A.*.-9!5K!2-0&h!&6:!-(1!5-(10!K&=-502!2(5h1:!-(&-!-(1!&_0.=,*-,0&*!25.*!h&2!Z501!CM!

012'562.81!-5!&**!K&=-502!-(&6!-(1!K5012-!25.*a!CS!

l1!(&81!2(5h6!.6!5,0!2-,:9!-(&-!-(1!.6-162.-9!5K!DU!=5,*:!A1!Z501!:1'16:16-!56!*&6:!,21!CY!

&6:! '*&6-! 012.:,1! Z&6&_1Z16-! -(&6! 56! 5-(10! :0.8102! 5K! _*5A&*! =(&6_13! '&0-.=,*&0*9!F] !

-1Z'10&-,01!&6:!6,-0.16-2a!c(101!.2!&6!,0_16-!611:!-5!&22122!-(1!_1610.=.-9!5K!5,0!012,*-2!A9!F"!



Soil Biology & Biogeochemistry  -   Submitted Manuscript: Confidential 
!

-12-.6_!5-(10!25.*! -9'12!&6:! '*&6-! :1A0.2!K50!&!A1--10! .6-1_0&-.56!5K!DU!.6!Z5:1*23!&6:!K50!F#!

.:16-.K9.6_!&*-106&-.81!*&6:!=&0A56!Z&6&_1Z16-!2-0&-1_.12!K50!=*.Z&-1!=(&6_1!Z.-._&-.56a!F$!

!FC!

;*'%-+(2'.-* )FF!

�K�v�����}�(���š�}�����Ç�[�•���u���i�}�Œ���•���]���v�š�]�(�]�������Z���o�o���v�P���•���]�•���š�}�������š�š���Œ���µ�v�����Œ�•�š���v�����š�Z�������]�}�o�}�P�]�����o���u�����Z���v�]�•�u�•��F?!

01_,*&-.6_! =&0A56! TEV! K*,>12! A1-h116! -(1! 25.*! &6:!-(1! &-Z52'(101! &6:! -5! :1-10Z.61! (5h!FM!

-(121!K*,>12!.Z'&=-!=*.Z&-1!=(&6_1!-(05,_(!=*.Z&-1H1=5292-1Z!K11:A&=j!*55'2!TB&0:_1--!1-!FS!

&*a3!#]]Sf!o1.Z&66!p!%1.=(2-1.63!#]]S Va!@5.*2!&01!-(1!*&0_12-!0121085.0!5K!-10012-0.&*!50_&6.=!E!FY!

TgEVL!.-!(&2!A116!12-.Z&-1:!-5!?"F!+-!E!.6!-(1!-5'!]a#!Z!25.*!*&910!&6:!-5!#3$CC!+-!E!.6!-(1!?] !

K.02-! $! Z1-102! TG5AAq_9! p! G&=j2563! #]]] Va! c(1! &66,&*! K*,>! 5K! EHEg#! K05Z! -(1! 25.*! -5! -(1!?" !

&-Z52'(101!.2!&''05>.Z&-1*9!?]!+-3!Z501!-(&6!?!-.Z12!-(1!Y!+-!E!1Z.--1:!&6-(05'5_16.=&**9!?#!

T@-5=jZ&66!1-!&*a3!#]"$ Va!c(101K5013!1816!2*._(-!Z5:.K.=&-.562!5K!-(1!E!K*,>12!A1-h116!25.*!?$!

&6:!&-Z52'(101!Z&9!(&81!&!2,A2-&6-.&*!.Z'&=-!56!-(1!K,-,01!=*.Z&-1!Tb.6&269!1-!&*a3!#]"MVa!?C!

I! A1--10! ,6:102-&6:.6_! 5K! -(1! Z1=(&6.2Z2! &6:! .6-10&=-.562! ,6:10*9.6_! -(121! K*,>12! .2!?F!

-(101K501!12216-.&*a!??!

X11:A&=j2!A1-h116!25.*!&6:!=*.Z&-1!(&81!A116!.:16-.K.1:!&2!-(1!Z&.6! ,6=10-&.6-9! .6!U&0-(!?M!

292-1Z! Z5:1*2! TU@b2V! TX0.1:*.6K2-1.6! 1-! &*a3! #]]? f! o1! 1-! &*a3! #]"? Va! U@b2! 2.Z,*&-1! -(1!?S!

01Z58&*!5K!Eg#!K05Z! -(1!&-Z52'(101!A9! -(1! *&6:!2,0K&=1!!%&$-(1! '(5-5296-(12.23!&6:! -(1!?Y!

.6=01&212!.6!&-Z52'(10.=!Eg#!=56=16-0&-.562!!%&$-(1!012'.0&-509!&=-.8.-9!5K!*.8.6_!50_&6.2Z2!M]!

.6=*,:.6_!'*&6-2!&6:!25.*a!41810-(1*1223!21810&*!K11:A&=j2!A1-h116!-(121!-h5!K*,>12!&01!65-!M"!

01'01216-1:!.6!U@b2!To1.Z&66!p!%1.=(2-1.63!#]]S V3!h(101&2!.-!.2!65h!h.:1*9!&=j65h*1:_1:!M#!

-(&-! -(121! -h5! '05=12212! &01! .6-.Z&-1*9! *.6j1:! &6:! -(&-! -(1.0! .6-10&=-.562! =&6! (&81!M$!



Soil Biology & Biogeochemistry  -   Submitted Manuscript: Confidential 
!

2._6.K.=&6-!=5621W,16=12!K50!-(1!E!=9=*1!T@=(Z.:-!1-!&*a3!#]"" f!<,5!1-!&*a3!#]"?f !+,161-!1-!&*a3!MC!

#]"S Va!g61!5K!-(1!Z52-!2._6.K.=&6-! '5-16-.&*!Z1=(&6.2Z2!*1&:.6_!-5!2,=(! .6-10&=-.56! .2!-(1!MF!

2-.Z,*&-.56!5K!25.*!50_&6.=!Z&--10!T@gbV!Z.610&*.i &-.56!A9!Z.=0550_&6.2Z2!&K-10!-(1!&::.-.56!M?!

5K!K012(!50_&6.=!Z&--10!TXgbV3! j65h6!&2! -(1! '0.Z.6_!1KK1=-!TDUV!T<r(6.23!"Y#?f!B.6_1Z&63!MM!

"YF$Va!MS!

U816! -(5,_(! -(1! &::.-.56! 5K! Xgb! :512! 65-! &*h&92! 012,*-! .6! &! DU! T211! -(1! =56=1'-! 5K!MY!

�^�v���P���š�]�À�����‰�Œ�]�u�]�v�P�����(�(�����š�_�U��s,i9&j58!1-!&*a3!#]]] V3!-(1!Z52-!K01W,16-*9!01'50-1:!012'5621!.2!S]!

-(1!&==1*10&-.56!5K!@gb!Z.610&*.i &-.563!25Z1-.Z12!h.-(!&!0&-1!,'!-5!C]]m!TX56-&.61!1-!&*a3!S"!

#]]Cf!X56-&.61!1-!&*a3!#]""f!@(&(i&:!1-!&*a3!#]"#f! c.&6!1-!&*a3!#]"? f!@,6!1-!&*a3!#]"Y Va!c(1!S#!

'0.Z.6_! 1KK1=-! .2! *.j1*9! &! ,6.8102&*! '(165Z1656! -(&-! =5,*:! &KK1=-! 2._6.K.=&6-*9! -(1! E!S$!

&==,Z,*&-.56! &A.*.-9! 5K! 25.*2! .6! 8109! :.KK1016-! =56-1>-2! TD108116! 1-! &*a3! #]"Y Va! c(1! Eg#!SC!

K10-.*.2&-.56!1KK1=-!T%#'a!-(1!.6=01&21!.6!'(5-5296-(12.2!:,1!-5!-(1!.6=01&21!.6!&-Z52'(10.=!Eg#!SF!

=56=16-0&-.56V3!K50!1>&Z'*13!=5,*:!*1&:!-5!&!h1&j10!_&.6!5K!25.*!E!-(&6!1>'1=-1:!50!1816!-5!&!S?!

61-!*522!5K!25.*!50_&6.=!E!T@gEV!2-5=j2!TE(1Z.:*.6!D0;852-HB5,0;!1-!&*a3!#]"] f!R.tj2-0&!1-!&*a3!SM!

#]"$ Va! b,=(! 01=16-! .6-1012-! (&2! &*25! A116! 2(5h6! .6! 2-&A.*.i.6_! &-Z52'(10.=!Eg#! *181*2!SS!

-(05,_(!E!21W,12-0&-.563!h.-(! '&0-.=,*&0!&--16-.56!A1.6_! '&.:! -5!E!21W,12-0&-.56! .6!25.*3!&2!SY!

.**,2-0&-1:! A9! -(1! .6-106&-.56&*! C! '10! "]]]! .6.-.&-.81!Tb.6&269! 1-! &*a3! #]"MVa! I2! -(1!Y]!

Z&6&_1Z16-!'0&=-.=12!:12._61:!-5!.6=01&21!@gE!2-5=j2!&01!_1610&**9!A&21:!56!&6!.6=01&21!Y"!

5K!E!.6',-2!-5!-(1!25.*3!-(1!DU!Z&9!01:,=1!-(1!.Z'&=-!5K!2,=(!'0&=-.=12!&6:!Z&j1!-(1!91&0*9!Y#!

@gE! 2-5=j! .6=01&21! -&0_1-1:! A9! -(1! C! '10! "]]]! :.KK.=,*-! -5! &=(.181!TB&8191! 1-! &*a3!#]"S Va!Y$!

Q6:11:3! _*5A&*! 2=&*1! Z5:1*2! .6! h(.=(! DU! .2! 01'01216-1:! :.810_1! =562.:10&A*9! .6! -(1.0!YC!

'01:.=-.562!5K!25.*!E!2-5=j2!K05Z!-(521!-(&-!:5!65-!.6=*,:1!DU!T+,161-!1-!&*a3!#]"S Va!YF!
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c(1!DU! (&2!A116!2-,:.1:!K50!Z&69!91&023!A,-! .-2! ,6:10*9.6_!Z1=(&6.2Z2!&01!2-.**! 65-!K,**9!Y?!

,6:102-55:! TB*&_5:&-2j&9&! p! s,i9&j583!#]]Sf!<.,! 1-! &*a3!#]"S f!b&256HG5612! 1-! &*a3!#]"S Va!YM!

c(.2! *&=j! 5K! &! =*1&0! Z1=(&6.2-.=! ,6:102-&6:.6_! Z1&62! -(&-! .-! .2! :.KK.=,*-! -5! '01:.=-! -(1!YS!

5==,0016=1! 50! -(1! 1>-16-! -5! h(.=(! -(1! DU! Z&9! &KK1=-! 25.*! E! :96&Z.=2! ,6:10! :.KK1016-!YY!

=56:.-.5623! '&0-.=,*&0*9! -(521!1>'1=-1:! .6! -(1! =56-1>-! 5K! _*5A&*! =(&6_1! 50! =(&6_12! .6! 25.*!"]] !

Z&6&_1Z16-! 50! &_0.=,*-,0&*! '0&=-.=12a! X50! 1>&Z'*13! -(1! 1KK1=-! 5K! -(1! 1>'1=-1:! 0.2.6_!"]" !

-1Z'10&-,012!56!-(1!DU!.2!2-.**!,6=*1&03!&2!A5-(!'52.-.81!Tc(.12216!1-!&*a3!#]"$f! <.!1-!&*a3!#]"Mf!"]# !

^&66.!1-!&*a3!#]"MV3!61,-0&*!T+(11!1-!&*a3!#]"$ V!50!61_&-.81!TX0u21-(!p!B*1j163!#]"Ff!^&66.!1-!"]$ !

&*a3!#]"MV!DU!012'56212!(&81!A116!K5,6:a!c(1!2-5.=(.5Z1-09!5K!-(1!'*&6-H25.*HZ.=0550_&6.2Z!"]C !

292-1Z!.2!&*25! j65h6!-5!A1!&6!.Z'50-&6-!:1-10Z.6&6-!5K!-(1!5==,0016=1!&6:!-(1!1>-16-!5K!"]F !

-(1! DU! TE(16! 1-! &*a3! #]"Cf! X&6_! 1-! &*a3! #]"S VL! _1610&**93! -(1! (._(10! -(1! 2-5.=(.5Z1-0.=!"]? !

.ZA&*&6=1!A1-h116! -(1!&8&.*&A.*.-9!5K!Z.610&*!6,-0.16-2!&6:! -(1!Z.=05A.&*!01W,.01Z16-2! .6!"]M!

Z.610&*!6,-0.16-23!-(1!(._(10!-(1!DU!Ts,i9&j58 !1-!&*a3!#]]] f!X56-&.61!1-!&*a3!#]"" f!E(16!1-!&*a3!"]S !

#]"CVa!Q-! .2! (9'5-(12.i1:! -(&-! -(1!1610_9! .6',-! .6:,=1:!A9! -(1!&::.-.56!5K!50_&6.=!Z&--10!"]Y !

�~�K�D�•�� �•�š�]�u�µ�o���š���•�� �š�Z���� �^�K�D�� �^�u�]�v�]�v�P�_�� �����š�]�À�]�š�Ç�� �}�(�� �u�]���Œ�}���]���o�� ���}�u�u�µ�v�]�š�]���•�U�� ���o�o�}�Á�]�v�P�� �š�Z���u�� �š�}��""] !

&=W,.01!Z501!Z.610&*!6,-0.16-2!A9!-(1!=562,Z'-.56!5K!@gb!h(16!-(1.0!&8&.*&A.*.-9!.6!-(1!25.*!""" !

25*,-.56!.2!*5h!TX56-&.61!1-!&*a3!#]]C Va!""# !

c(1!1610_9!2-&-,2!5K!-(1!&::1:!gb!=&6!&*25!&KK1=-!-(1!5==,0016=1!&6:!-(1!.6-162.-9!5K!-(1!""$ !

DUa! gb! .6! h(.=(! -(1! 1610_9! .2! 01&:.*9! &8&.*&A*1! -5! 25.*! Z.=05A.&*! =5ZZ,6.-.12! -16:2! -5!""C!

2-.Z,*&-1!-(1!DU!-5!&!_01&-10!1>-16-!-(&6!gb!.6!h(.=(!1610_9!.2!*122!&8&.*&A*1!Tl&6_!1-!&*a3!""F !

#]"F f!<56&0:5!1-!&*a3!#]"Mf!E(16!1-!&*a3!#]"Y Va! l1! -(101K501!2,__12-! -(&-! .-!Z&9!A1!Z501!""? !

A161K.=.&*! -5!&::!E! -5!25.*2! -(05,_(! '01H:1=5Z'521:!T:1'*1-1:! .6! 1610_9H0.=(!=5Z'5,6:2 3!""M!

.a1a!h.-(!*5h10!A.5:1_0&:&A.*.-9V!gb!.6!h(.=(!-(101!.2!&6!&:1W,&-1!Z.610&*!6,-0.16-!2,''*93!""S !
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.6!50:10!-5!Z.6.Z.i1!DU!&6:!-(101K501!-(1!:1=&9!5K!5*:!'102.2-16-!@gEa!Q6!-(1!=101&*!=05''.6_!""Y !

=56-1>-3!-(.2!Z._(- !A1!&=(.18&A*1!A9!2.Z'*9!&**5h.6_!2-0&h!-5!:1=5Z'521!&-!-(1!25.*!2,0K&=13!"#] !

'52- H(&0812-3!A1K501!.-2!.6=50'50&-.56!.6-5!-(1!25.*3!0&-(10!-(&6!.6=50'50&-.6_!.-!K012(!-(05,_(!"#" !

-.**&_1! T<.,! 1-! &*a3! #]"Cf! E(16! 1-! &*a3! #]"F V! 50! 1>'50-.6_! .-a! c(.23! (5h18103! (&2! 91-! -5! A1!"##!

810.K.1:a!X,0-(10Z5013! -(1!A.5:1_0&:&A.*.-9!5K!-(1!&::1:! '01 H:1=5Z'521:!50!K012(!50_&6.=!"#$!

Z&--10! 2(5,*:! .6-10&=-! h.-(! -1Z'10&-,01! &6:! -(1! &8&.*&A.*.-9! 5K! Z.610&*! 6,-0.16-2! -5!"#C!

:1-10Z.61!W,&6-.-&-.81*9!-(1!&Z5,6-!5K!'0.Z1:!Ea!o5h18103!8.0-,&**9!65-(.6_!.2!j65h6!&A5,-!"#F!

2,=(!.6-10&=-.562a!"#?!

Q6!-(.2!2-,:93!h1!&.Z!&-!W,&6-.K9.6_! -(1!DU!&K-10! -(1!&::.-.56!5K! '01H:1=5Z'521:!50!K012(!"#M!

gb3!&-!-h5!-1Z'10&-,012!&6:!-h5!6,-0.16-!*181*2!.6!-h5!25.*2!h.-(!:.KK1016-!6&-.81!50_&6.=!"#S!

Z&--10! =56-16-2! -5! &22122! -(1! 05A,2-6122! 5K! -(1! 012,*-2a! c(1! ,*-.Z&-1! 5At1=-.81!.2! -5!"#Y!

:1-10Z.61!h(1-(10!&!2.Z'*1!=(&6_1!.6!Z&6&_1Z16-!'0&=-.=12!=5,*:!2,A2-&6-.&**9!&*-10!25.*!E!"$] !

:96&Z.=2! .6! =05'! *&6:2! &6:! (5h! 2,=(! &! ',-&-.81! =(&6_1! Z._(-! .6-10&=-! h.-(! :.KK1016-!"$" !

-1Z'10&-,012!&6:!6,-0.16-!*181*23!.6!&!_*5A&*!=(&6_1!=56-1>-a!l1!'01:.=-!-(&-!-(1!.6-162.-9!5K!"$#!

-(1!DU!h5,*:!A1!(._(10!T"V!.6!-(1!25.*2!-(&-!01=1.81!K012(!gb3!T#V!&-!(._(10!-1Z'10&-,0123!T$V!"$$!

h.-(5,-!-(1!&::.-.56!5K!Z.610&*!6,-0.16-2a!"$C!

)"$F!

)"$?!

<&'"%.&/,)=)#"'7-+, )"$M!

)"$S!

()*+,$&-'&$&.+$"/%0$+'"1-%2)%/.$"$Y!
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@5.*! 2&Z'*12! h101! =5**1=-1:! K05Z! &6! &_0.=,*-,0&*! K.1*:! TIV! &6:! &6! &:t&=16-! K5012-! TXV! .6!"C] !

c(.8108&*H�'�Œ�]�P�v�}�v�� �~�ð�ô�£�ô�ð�[�î�õ�ì�ô�í�� �E�U�� �í�£�õ�ï�[�ð�ò�ñ�ï�î�� ���U�� ���P�Œ�}�W���Œ�]�•�d�����Z�� ���}�u���]�v�U�� �&�Œ���v�����•�X�� �d�Z���� �•�]�š����"C"!

h&2!=(5216!A1=&,21!-(1!-h5!*&6:!Z&6&_1Z16-2!T=05'*&6:!&6:!K5012-V!h101!56!-(1!2&Z1!25.*!"C#!

-9'1! &6:! 56*9! :.2-&6-!K05Z! 1&=(! 5-(10! A9!1&#$F]! Za! c(.2! h&2! :561! .6! 50:10! -5! Z.6.Z.i1!"C$!

=56K5,6:.6_!1KK1=-2!2,=(!&2!25.*!-1>-,01!&6:!=*.Z&-13!&6:!-5!A1--10!K5=,2!56!-(1!1KK1=-2!5K!-(1!"CC!

W,&*.-9!&6:!W,&6-.-9!5K!-(1!25.*!50_&6.=!Z&--10!T@gbVa!c(1!25.*!h&2!&!2.*-9!*5&Z!T=*&9L2.*-L2&6:!"CF!

0&-.5! h&2! ]a##L]aM]L]a]SV! &6:! =*&22.K.1:! &2! <,8.25*! TB&00;! 1-! &*a3!#]"MVa! c(1! X! 2.-13! *5=&-1:!"C?!

h.-(.6!-(1! '&0j!5K!-(1!I_05D&0.2c1=(!:5Z&.63!.2!:5Z.6&-1:!A9!5&j3!(506A1&Z!&6:!&2(!&6:!"CM!

h&2! 12-&A*.2(1:! .6! "S#]a! c(1! I! 2.-13! *5=&-1:! .6! -(1! 2&Z1! :5Z&.63! (&2! A116! ,6:10!"CS!

=56816-.56&*!Z&6&_1Z16-!K50!21810&*!:1=&:12!&6:!(&:!A116!,21:!K50!=05''.6_!K50!&-!*1&2-!"CY!

-h5!=16-,0.12a!E05'*&6:!Z&6&_1Z16-!h&2!=(&0&=-10.i1:!A9!05-&-.562!A&21:!56!=101&*23!&6!"F] !

&66,&*!-.**&_1!-5!$]!=Z!:1'-(3!Z.610&*!K10-.*.i&-.56!&6:!1>'50-2!5K!=101&*!2-0&h!TB&00;!1-!&*a3!"F" !

#]"MVa!c(1!Z1&6!&66,&*!-1Z'10&-,01!h&2!"]aMnE!&6:!-(1!Z1&6!&66,&*!0&.6K&**!h&2!?CY!ZZa!"F#!

@5.*2!2&Z'*12!K05Z!-(1!-h5!2.-12!h101!-&j16!-5!&!:1'-(!5K!"F!=Z!&K-10!01Z58&*!5K!-(1!*.--10!"F$!

*&910a!X012(!25.*2!h101!.ZZ1:.&-1*9!-0&62'50-1:!-5!-(1!*&A50&-509!&6:!-(1!01Z&.6.6_!50_&6.=!"FC!

012.:,12! &6:! 2-5612! h101! =&01K,**9! 01Z581:! A9! (&6:a! @&Z'*12! h101! -(16! :0.1:! &-! 055Z!"FF!

-1Z'10&-,013!2.181:!-(05,_(!&!#HZZ!Z12(!2.181!&6:!2-501:!&-!&ZA.16-!-1Z'10&-,013!.6!-(1!"F?!

:&0j!T<&,A10!1-!&*a3!#]"] Va!c(1.0!=(1Z.=&*!&6:!'(92.=&*!'05'10-.12!&01!_.816!.6!c&A*1!"a!"FM!

I*-(5,_(!A5-(!25.*2!h101!5K!-(1!2&Z1!-9'13!-(19!:.KK101:! .6!21810&*!&2'1=-2L!-(1! 'o!5K!-(1!"FS!

&_0.=,*-,0&*! 25.*! h&2! =*521! -5! 61,-0&*3! h(101&2! -(1! K5012-! 25.*! h&2! &=.:.=! Tc&A*1! " Va! c(1!"FY!

&_0.=,*-,0&*!25.*!&*25!=56-&.61:!(&*K!&2!Z,=(!E!=56-16-!&2!-(1!K5012-!25.*3!A,-!h.-(!&*Z52-!-(1!"?] !

2&Z1!E!.25-5'.=!2._6&-,01!Tc&A*1!" Va!"?" !

)"?#!
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)"?$!

!&3/") >?)E(1Z.=&*! &6:! '(92.=&*! =(&0&=-10.2-.=2! 5K! 25.*2! TI! K50! &_0.=,*-,0&*3! X! K50! K5012-V! &6:! '*&6-!"?C!
012.:,12a!"?F!
!"??!

@%-$"%'.",)
A-./) B7"&'),'%&9)

: ) C) C%",7) D"2-#$-,"+ )

!EF)G0)H0�>�íI) "#aYC! #Sa$C! $YSa#! $SSaF!
!-'&/)J)G0)H0�>�íI) "aC#! #aF! ""a] ! $CaY!
FKJ)%&'.-) Ya"$! ""a$$! $?aCC! ""a"F!
!-'&/)@)G0)H0�>�íI) ]a]?#! ]a]" ! "aCF! ?aYY!
�w>L�����~�:�•) H#Fa#! H#?aC! FSM"aF! F$C$a?!
BMFN)GOI) $YaS! $Sa#! �v !! �v !
P(/H)D"*,.'5)G0)2#QLI) "a#F! "a"F! �v !! �v !
$M) MaF! FaF! �v !! �v !
Jl&-10!(5*:.6_!=&'&=.-9 

! ! !)"?M!

30&.)$4&)'-%&0$5$2-'6+'1/42/"%)%/.$"?S!

l1!,21:! "$EH*&A1**1:!K012(!h(1&-!2-0&h!T�w"$E!�A���ñ�ô�ó�í�X�ñ�í�:�U�����������}�(�����������Œ�����Z���•�X���d�Z�������Z���u�]�����o��"?Y!

'05'10-.12!5K!-(.2!K012(!50_&6.=!Z&--10!TXgbV!&01!_.816!.6!c&A*1!"a!l (1&-2!h101!=,*-.8&-1:!"M]!

56!&6!.610-!2,A2-0&-1!.6!50:10!-5!&85.:!,6=56-05**1:!Eg#!.6',-!K05Z!-(1!25.*3!&6:!-(19!h101!"M"!

-(101K501!2,''*.1:!h.-(!&!656H*.Z.-.6_!6,-0.16-!25*,-.56!-(05,_(5,-!-(1!=,*-,01a!o&*K!5K!-(1 !"M#!

Xgb!h&2!'01H:1=5Z'521:!.6!-(1!*&A50&-509a!c(1!2-0&h!h&2!K.02-!:0.1:!&-!$]nE!K50!"]!:&923!"M$!

&6:!-(16!K.61*9!Z.**1:!T#!ZZ3!l&0.6_!=5ZZ10=.&*v!A*16:10Va!c(1!Z.**1:!'*&6-!Z&-10.&*!h&2!"MC!

:.2-0.A,-1:!.6!"#!*.--10A&_2!TZ12(!2.i1!$F!�…ZV3!h(.=(!h101!-(16!'*&=1:!56!-5'!5K!?]]!_!5K!25.*!"MF!

I! T:09! h1._(-! 1W,.8&*16-V! &-! S]m! 5K! -(1! h&-10! (5*:.6_! =&'&=.-9! TloEV3! .-21*K! .6! C!"M?!

'5*91-(9*161! =56-&.6102a! c(1! =56-&.6102! h101! =58101:! h.-(! D&0&K.*Z! -5! Z.6.Z.i1!"MM!

18&'50&-.56! h.-(5,-! &KK1=-.6_! 5-(10!_&2! 1>=(&6_12! Tl&6_! 1- !&*a3!#]"F V! T&6:! -(,2! '01816-!"MS!

Eg#!&==,Z,*&-.56V!&6:!'*&=1:!.6!.6=,A&-.56!=(&ZA102!&-!#FnE!K50!$!Z56-(2a!c(1!*5=&-.56!5K!"MY!

-(1!=56-&.6102!.6!-(1!.6=,A&-.56!=(&ZA102!h&2!0&6:5Z.21:!h11j*9a!"S] !



Soil Biology & Biogeochemistry  -   Submitted Manuscript: Confidential 
!

c(1! 2Z&**! Z12(! 2.i1! 5K! -(1! *.--10A&_2! &**5h1:! -(1! =5*56.2&-.56! 5K! A&=-10.&*! &6:! K,6_&*!"S" !

:1=5Z'5210!=5ZZ,6.-.12!TG5(6256!1-!&*a3!#]]# V!&6:! '01816-1:!-(1! ,6=56-05**1:!Z.>.6_!5K!"S#!

-(1! '*&6-!Z&-10.&*!h.-(! -(1!25.*!K50!&6!1&29!01=58109!&-! -(1!16:!5K! -(1! '01H:1=5Z'52.-.56!"S$!

2-1'a! I**! *.--10A&_2! h101! h1._(1:! A1K501! &6:! &-! -(1! 16:! 5K! -(1!.6=,A&-.56! .6! 50:10! -5!"SC!

:1-10Z.61!Z&22!*522a!I-!-(1!16:!5K!-(.2!'01H:1=5Z'52.-.56!2-1'3!-(1!'01H:1=5Z'521:!h(1&-!"SF!

2-0&h!T-(101&K-10!=&**1:!R1gbV!(&:!*52-!M"aMm!5K!.-2!.6.-.&*!Z&223!M#aCm!5K!.6.-.&*!E!&6:!(&:!"S?!

01&=(1:! &!�w"$���� �}�(�� �ñ�ï�ð�ï�X�ò�î�:�� �~c&A*1! " Va! c(1! R1gb! EL4! 0&-.5! (&:! &*25! :1=01&21:! $! K5*:!"SM!

=5Z'&01:!-5!Xgb!EL4a!"SS!

)"SY!

782'-%4'.)&0$+'"%9.$"Y] !

c(1!1>'10.Z16-&*!:12._6!h&2!K,**9!K&=-50.&*!h.-(!K5,0!K&=-5023!-(011!5K!h(.=(!(&:!-h5!*181*2!"Y" !

&6:!561!5K!h(.=(! (&:! -(011! *181*2a!c(101!h101! -h5! -1Z'10&-,01! -01&-Z16-2!T"F!50!#]nEV3!"Y#!

-h5!25.*2!TI!50!XV3!#!*181*2!5K!6,-0.16-!&::.-.56!Th.-(!50!h.-(5,-V!&6:!$!-9'12!5K!gb!&::.-.56!"Y$!

TK012(! TXgbV! 50! '01H:1=5Z'521:! TR1gbV! h(1&-! 2-0&h! &6:! &! =56-05*! -01&-Z16-! TEc<V!"YC!

h.-(5,-!2-0&hVa!c(1!1>'10.Z16-&*!,6.-2!=562.2-1:!5K!"F!_!T:09!h1._(-!1W,.8&*16-V!5K!25.*!I!50!"YF!

X! .6! "#]!Z*! (10Z1-.=&**9!21&*1:!_*&22!8.&*2!&-!S]m!h&-10! (5*:.6_!=&'&=.-9a!U&=(! -01&-Z16-!"Y?!

=5ZA.6&-.56!h&2!01'*.=&-1:!C!-.Z12a!c(.2!*1:!-5!#C!:.KK1016-!-01&-Z16-2!&6:!Y?!8.&*2a!"YM!

Q6!-01&-Z16-2!h.-(!6,-0.16-!&::.-.563!&!Z.610&*!6,-0.16-!25*,-.56!T4o C4g $3!so#DgC3!:.225*81:!"YS!

.6-5! :1.56.i1:! h&-10V! h&2! &::1:! -5! 162,01! -(&-! 25.*! Z.=05A.&*! =5ZZ,6.-.12! h101! 65-!"YY!

6,-0.16-!*.Z.-1:3!-5!_.81!K.6&*!-5-&*!T25.*!w!&::1:!gbV!EL4!&6:!ELD!0&-.52!5K!&-!*1&2-!"]L"!&6:!#]] !

S]L"3!012'1=-.81*9!TX56-&.61!1-!&*a3!#]]C V!.6!&**!-(1!25.*!w!&::1:!gb!292-1Z23!&6:!-5!Z.Z.=!#]" !
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K10-.*.i10!2-5.=(.5Z1-09a!I6!1W,.8&*16-!85*,Z1!5K!:.2-.**1:!h&-10!h&2!&::1:!.6!-(1!-01&-Z16-!#]# !

h.-(5,-!6,-0.16-2a!#]$ !

D0.50!-5!-(1!1>'10.Z16-3!-(1!25.*2!h101!'01H.6=,A&-1:!K50!Y!:&92!&-!"FnE!&6:!S]m!5K!loE!.6!#]C!

50:10!-5!&85.:!-(1!K*,2(!5K!Z.610&*.i &-.56!TB.0=(!1KK1=-V!-(&-!.2!j65h6!-5!5==,0!h(16!&!:0.1:!#]F!

25.*! .2!01h1--1:!TB.0=(3!"YFSVa!@,A21W,16-*93!F]!Z_Ea_E25.*
H"

!5K!"$E!H*&A1**1:!50_&6.=!Z&--10!#]? !

TXgb!50!R1gbV!h&2!&::1:!&6:!-(505,_(*9!Z.>1:! .6!50:10!-5!:.2-0.A,-1!-(1!'*&6-!Z&-10.&*!#]M!

(5Z5_1615,2*9!h.-(.6!-(1!25.*a!E56-05*!25.*2!h.-(5,-!gb!&::.-.56!h101!&*25!Z.>1:!-5!&''*9!#]S!

-(1!2&Z1! '(92.=&*! :.2-,0A&6=1a!c(1! (1&:H2'&=1!5K!1&=(!Z.=05=52Z!h&2!K*,2(1:! h.-(!Eg#H#]Y!

K011!&.0!&6:! .ZZ1:.&-1*9!21&*1:!h.-(! (10Z1-.=!21'-,Z!TB,-9*xDcXU3!G5.6-!D(&0Z&HX.>Va!c(1!#"] !

Z.=05=52Z2!h101!-(16!'*&=1:!&-!1.-(10!"F!50!#]nE!&6:!.6=,A&-1:!.6!-(1!:&0j!K50!"]"!:&92a!#"" !

c(05,_(5,-!-(1!.6=,A&-.563!2&Z'*12!h(101!01_,*&0*9!h1._(1:!-5!=56-05*!K50!h&-10!*52212!&6:!#"#!

h&-10!=56-16-!h&2!01&:t,2-1:!h(16!61=122&09a!#"$!

)#"C!

:; <$&.+$�w=>:$4'&"*-'4'.)" $#"F!

c(1! =56=16-0&-.56! 5K! Eg#! �~�‰�‰�u�À�•�� �]�v�� �š�Z���� �u�]���Œ�}���}�•�u�•�[�� �Z�������•�‰�������� ���v�����w"$EHEg#! �~�:�•�� �Á���Œ����#"?!

:1-10Z.61:!56!:&92!"3!$3!M3!"C3!#C3!CC3!M"!&6:!"]"!5K!-(1!.6=,A&-.56a!c(1!Eg#!=56=16-0&-.562!#"M!

h101! Z1&2,01:! ,2.6_! &! Z.=05! _&2! =(05Z&-5_0&'(! TI_.*16-3! CY]HD%g! b.=05! +E! @92-1ZVa! I!#"S!

21=56:!_&2!2&Z'*1!h&2!-&j16!&6:!2-501:!.6!"#!Z*!_*&22!8&=,,Z!8.&*2!K50!�w"$E!Z1&2,01Z16-!#"Y!

,2.6_!&!Z&22!2'1=-05Z1-10!TXQ@g4@!gDcQbI!Q25-5'1!%&-.5!b&22!@'1=-05Z1-103!=5,'*1:!-5!&6!##] !

Q@gEo%gbH+EV!&-!&!*&-10!:&-1a!IK-10!1&=(!Eg#!2&Z'*.6_3!K*&2j2!h101!K*,2(1:!h.-(!E!Eg#HK011!##"!

&.0a! c(.2! &.0! h&2! *1:! -(05,_(! &! A5--*1! 5K! :.2-.**1:! h&-10! -5! Z5.2-16! .-! &6:! -5! '01816-! 25.*!###!

:09.6_a!c(1!21'-,Z!h&2!0161h1:!1&=(!-.Z1!-5!'01816-!-(1!0.2j2!5K!&.0!*1&j&_1a!##$!
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)##C!

3&-)%)%/.%.9$/?$:; <6:$?-/4$&++'+$;@$&.+$(;@$"/*-1'"$&.+$37$1&01*0&)%/.$##F!

c(1!50._.6!5K!-(1!Eg#!Z1&2,01:!.6!-(1!(1&:2'&=1!5K!-(1!Z.=05=52Z2!h&2!&221221:!,2.6_!-(1!##?!

K5**5h.6_!1W,&-.562!Tb&09!1-!&*a3!"YY#VL!##M!

!##S!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!E@gb!y!Ec5-&*!z!T�wc5-&*!�t!�w&:gb V!x!T�wEc<!�t!�w&:gb V!##Y!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!E&:gb !y!Ec5-&*!�t!E@gb!#$] !

!#$"!

h(101! Ec5-&*! .2! -(1! -5-&*!Eg#HE! 1Z.22.56! Z1&2,01:! K05Z! .6=,A&-.56! 8.&*2! ,6:10! :.KK1016-!#$#!

-01&-Z16-23!E@gb!.2!-(1!@gbH:10.81:!Eg#HE!1Z.22.5623!E&:gb !.2!-(1!&::1:!gb H:10.81:!Eg#HE!#$$!

1Z.22.5623!&6:!�w!=50012'56:! -5! -(1!Z1&2,01:!�w"$E! .6! -(1!012'1=-.81!=5Z'&0-Z16-!Th(101!#$C!

Ec<! =50012'56:! -5! =56-05*! -01&-Z16-Va! l1! &22,Z1:! -(&-! K0&=-.56&-.56! :,0.6_! -(1!#$F!

A.5:1_0&:&-.56!'05=12212!h&2!61_*._.A*1!Tb&09!1-!&*a3!"YY#Va!#$?!

DU!h&2!=&*=,*&-1:!&2!K5**5h2L!#$M!

!#$S!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!DU!y!E@gb!�t!EEc<!#$Y!

!#C]!

h(101!EEc<!.2! -(1!@gbH:10.81:!Eg#HE!1Z.22.56! .6! -(1!=56-05*! -01&-Z16-!Th(.=(! .2!1W,&*! -5!#C"!

-5-&*!Eg#HE!1Z.22.56!.6!Ec<!-01&-Z16-Va!#C#!
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)#C$!

A&)&$&.&0,"'"$#CC!

%&h! 012,*-2! '10! _0&Z! 5K! 25.*!T_25.*V! h101! 650Z&*.i1:! '10! _0&Z! 5K! 25.*! =&0A56!T_E25.*V! &6:!#CF!

=,Z,*&-1:!5810!-(1!"]"!:&92!5K!.6=,A&-.56a!#C?!

@-&-.2-.=&*!&6&*9212!h101!=&00.1:!5,-!,2.6_!%!8102.56!$aCa"!T%!E501!c1&Z!#]"MVa!450Z&*.-9!&6:!#CM!

(5Z5_161.-9! 5K! 8&0.&6=1! &=0522! -01&-Z16-2! h101! -12-1:! '0.50! -5! &6&*9212! &6:! 65! :&-&!#CS!

-0&62K50Z&-.56! h&2! 61=122&09a!R&-&! &01! '01216-1:! &2! -(1! Z1&62! 5K! K5,0! 01'*.=&-12! h.-(!#CY!

2-&6:&0:! 100502a! I6&*9212! 5K! 8&0.&6=1! TI4g[IV! h101! ,21:! -5! 1>&Z.61! :.KK1016=12! .6!#F]!

=,Z,*&-.81!Eg#! 012'.0&-.56! T.6=*,:.6_! -5-&*!Eg#3! @gbH:10.81:!Eg#! &6:! &::1:! gb H:10.81:!#F"!

Eg#V!&6:!DU!T.6=*,:.6_!01*&-.81!DU!&6:!=,Z,*&-.81!DUV!&-!-(1!16:!5K!1>'10.Z16-&-.563!&Z56_!#F#!
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:.KK1016=12!&Z56_!-01&-Z16-2a!#FC!

)#FF!

)#F?!

R",(/', )#FM!

)#FS!

B/)&0$4%.'-&0%C&)%/.$#FY!

c(1!-5-&*!Eg#!'05:,=1:!.6!1&=(!-01&-Z16-!:,0.6_!-(1!"]"!:&92!5K!-(1!.6=,A&-.56!&01!2(5h6!#?] !

.6!X._,01!"!T&3!A�•�X���/�v�����}�š�Z���•�}�]�o�•�U���d�µ�l���Ç�[�•���š���•�š���~X._,01!"&3!AV!2(5h1:!-(&-!E!Z.610&*.i &-.56!h&2!#?"!

-(1!(._(12-!.6!-(1!Xgb!-01&-Z16-3!K5**5h1:!A9!-(1!R1gb!&6:!=56-05*!-01&-Z16-2a!c(1!.6',-!#?#!



Soil Biology & Biogeochemistry  -   Submitted Manuscript: Confidential 
!

5K! 2-0&h! &*h&92! .6:,=1:! &! (._(10! Z.610&*.i&-.56! =5Z'&01:! -5! =56-05*! TwF"m! 56! &810&_1V!#?$!

Tc&A*1!#V!K50!A5-(!'01H:1=5Z'521:!&6:!K012(!Z5:&*.-.123!A,-!56*9!w"Sm!h.-(!R1gb!!" a!wSFm!#?C!

h.-(! -(1! Xgb! T X._,01! "! &3! AVa! c(1! (._(12-! -1Z'10&-,01! T%#'#$#]nEV! .6=01&21:! A9! $Cm! 56!#?F!

&810&_1!-(1!&Z5,6-!5K!01*1&21:!Eg#3!&6:!-(1!&::.-.56!5K!Z.610&*!6,-0.16-2!:1=01&21:!.-!A9!#??!

1&#$HSm!TX._,01!"!&3!AVa!c(1!'&--1062!h101!2.Z.*&0!.6!A5-(!25.*23!-(5,_(!-(1!:.KK1016=12!h101!#?M!

*122! Z&0j1:! .6! -(1!K5012-! 25.*L!-(101! h101! 2._6.K.=&6-! :.KK1016=12! &Z56_! 61&0*9! &**! T""x"#V!#?S!

-01&-Z16-! =5ZA.6&-.562! .6! 25.*! I3! A,-! 56*9! (&*K! -(1! -01&-Z16-! =5ZA.6&-.562! 2(5h1:!#?Y!

2._6.K.=&6-!:.KK1016=12!.6!25.*!X!T@11!*1--102!K05Z!c,j19!-12-!56!-(1!K._,01!"!&3!AVa!#M]!

)#M"!

!&3/")S?)%12,*-2!5K! I4g[I!-5!18&*,&-1! -(1! .Z'&=-!5K! -(1!W,&*.-9!5K!&::1:!50_&6.=!Z&--10!#M#!
T&:gbV3!Z.610&*!6,-0.16-2!&::.-.56!T4DsV!&6:! -1Z'10&-,01!0.21!56!FnE!TcnEV!h.-(!XH8&*,12!#M$!
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! : Q,-./ ) CQ,-./ ) : Q,-./ ) CQ,-./ ) : Q,-./ ) CQ,-./ ) : Q,-./ ) CQ,-./ )
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SS\Z?W)
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NNN)

]a?! $a#!?!
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NNN)
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S\SY?W)
NNN)

>Y\Z?V)
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!]F)K)J@8) "aM! ]aS!
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NNN)

>YSS?>)
NNN)

]a] ! ]aC!

!#MM!

D++'+$;@$+'-%!'+6:; <$#MS!

c(1!Z.610&*.i&-.56!5K!&::1:!Xgb!h&2!#!-5!M!-.Z12!(._(10!-(&6!-(&-!5K!R1gb3!:1'16:.6_!56!#MY!

-(1!-01&-Z16-!=5ZA.6&-.56!TX._,01!"!=3!: Va!P'!-5!YFm!5K!R1gbH=&0A56!h&2!2-.**! '01216-!.6!#S]!
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-(1!25.*2!&-!-(1!16:!5K!-(1!.6=,A&-.563!h(101&2!*122!-(&6!FFm!5K!XgbH=&0A56!01Z&.61:!.6!25.*!#S"!

TX._,01!"! =3! : Va! c(101! h&2! &! 2._6.K.=&6-! -1Z'10&-,01! 1KK1=-! 56! -(1! Z.610&*.i &-.56! 0&-12! 5K!#S#!

&::1:!gb!A,-!&*25!&!2._6.K.=&6-!.6-10&=-.56!A1-h116!25.*!&6:!-1Z'10&-,01!Tc&A*1!#Va!Q6:11:3!#S$!

'52- H(5=! -12-2! 2,__12-! -(&-! &::1:! gb! Z.610&*.i &-.56! h&2! W,.-1! 2162.-.81! -5! -1Z'10&-,01!#SC!

h(16!&::1:!-5!25.*! I3!A,-!*122!-5!25.*!X!TX._,01!"!=3!: Va!4,-0.16-!&::.-.56!:.:!65-!&KK1=-!-(1!#SF!

Z.610&*.i &-.56!5K!&::1:!gb!.6!1.-(10!25.*a!#S?!

)#SM!

(;@$+'-%!'+6Eg#6E&"&0$-'"2%-&)%/.$#SS!

Q6!=56-0&2-!-5!-(1!Z.610&*.i &-.56!5K!-(1!2-0&h!012.:,123!-(1!Z&.6!K&=-50!&KK1=-.6_!A&2&*!@gb!:10.81:!#SY!

Eg#!1Z.22.562!h&2!-1Z'10&-,01!TX._,01!"!13!KVa!g6!&810&_13!-(101!h&2!&!$Sm!.6=01&21!.6!A&2&*!@gbH#Y]!

Z.610&*.i&-.56!&-!#]nE!=5Z'&01:!-5!"FnE!TX._,01!"!13!KVa!X,0-(10Z5013!-(1!&::.-.56!5K!R1gb!(&:!65!#Y"!

2._6.K.=&6-!1KK1=-!56!-(1!A&2&*!012'.0&-.56!T%#'a!@gb!:10.81:H!Eg#V3!.6:.=&-.6_!-(&-!-(101!h&2!65!DU!.6!#Y#!

-(.2! =&21a! Q6! =56-0&2-3! &! 2-&-.2-.=&**9! 2._6.K.=&6-! .6=01&21! .6! A&2&*! @gbH:10.81:! 012'.0&-.56! Tw"#m!#Y$!

01*&-.81! -5! =56-05*2V! h&2! K5,6:! .6! Xgb! -01&-Z16-2a! c(1! &::.-.56! 5K! Z.610&*! 6,-0.16-2! (&:! 65!#YC!

2._6.K.=&6-!1KK1=-!TX._,01!"!13!KVa!)#YF!

) )#Y?!
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C.0(%")>?)E&0A56!1Z.22.562!&6:!DU3!650Z&*.i1:!K05Z!_0&Z2!5K!25.*!-5!_0&Z2!5K!25.*HEa!<1--102!$]$ !

&)p!3)K50!c5-&*!Z.610&*.i&-.563!2)p!+)K50!&:gb H:10.81:!Z.610&*.i&-.563!")p!1)K50!@gbH:10.81:!$]C!

Z.610&*.i&-.56!&6:!0)p!7)K50!DU3!56!25.*!I!&6:!X3!012'1=-.81*9a!R&-&!&01!Z1&62!5K!C!01'*.=&-12!$]F!

{! @Ua!B*,1! p! 01:! A&02! =50012'56:! -5!"FnE! p! #]nE! -01&-Z16-! 012'1=-.81*93! (&-=(1:! A&02!$]? !

=50012'56:!-5!-01&-Z16-!h.-(!Z.610&*!6,-0.16-2!&::.-.56a!<1--10!&A581!A&02!&01!K05Z!c,j19H$]M!

-12-L!A&02!h.-(!-(1!2&Z1!*1--10T2V!&01!65-!2._6.K.=&6-*9!:.KK1016-!TD!|!]a]FVa![10-.=&*!2=&*12!&01!$]S!

&:&'-1:! K50! 1&=(! E! 1Z.22.562! =&-1_5093! A,-! .:16-.=&*! A1-h116! 25.*! I! p! X! -5! K&=.*.-&-1! -(1!$]Y!

=5Z'&0.256!TA,-!*1--102!K05Z!c,j19!&01!65-!=5Z'&0&A*1!A1-h116!25.*2Va!$"] !

)$"" !

(;@$+'-%!'+6Eg#62-%4%.9$'??'1)$$"#!

c(1!DU!:1'16:1:!Z&.6*9!56!A5-(!-(1!W,&*.-9!5K!gb!&::.-.56!&6:!-(1!*&6:!,21!TX._,01!"!_3!( Va!$"$!

c(1! Z&>.Z,Z! DU! h&2! .6:,=1:! A9! -(1! &::.-.56!5K! 1&2.*9! Z.610&*.i&A*1! =5Z'5,6:2! TXgbV3!$"C!

h(.=(!.6:,=1:!,'!-5!wS$Cm!(._(10!Z.610&*.i&-.56!5K!@gb!=5Z'&01:!-5!-(1!&::.-.56!5K!Z501!$"F!

01=&*=.-0&6-!=5Z'5,6:2!TR1gbV!TX._,01!"!_3!( Va!c(101!h&2!65!1KK1=-!5K!-(1!wFnE!.6=01&21!.6!$"?!

-1Z'10&-,01!56!DU! .6-162.-9a!b.610&*!6,-0.16-!&::.-.56!h1&j*9!61_&-.81*9! .Z'&=-1:! -(1!DU!$"M!

TA,-!2._6.K.=&6-*9V!56!A5-(!25.*2!TX._,01!"!_3!( V!h(16!h1!=562.:101:!A5-(!25.*2!-5_1-(10!.6!-(1!$"S!

I4g[I!T c&A*1!#!&6:!X._,01!"!_3!( Va!$"Y!

c(1! -1Z'50&*!185*,-.56!5K! -(1!=,Z,*&-.81!DU! .2! .**,2-0&-1:! .6!X._,01!#a!c(1!DU! '05K.*1!5810!$#] !

-.Z1!:1'16:1:!56!-(1!W,&*.-9!5K!gb!&::.-.56!&6:!-(1!25.*a!c(101!h&2!*.--*1!50!65!DU!K5**5h.6_!$#"!

-(1!&::.-.56!5K!R1gb3!01_&0:*122!5K!-(1!25.*a!Q6!25.*!I3!-(1!DU!&K-10!-(1!&::.-.56!5K!Xgb!h&2!$##!

01*&-.81*9!(._(!&6:!'102.2-1:!-(05,_(5,-!-(1!:,0&-.56!5K!-(1!.6=,A&-.563!h(.*2-!.-!h&2!*5h10!$#$!

&6:!01&=(1:!&!'*&-1&,!&K-10!M!:&92!.6!25.*!X!TX._,01!#Va!$#C!

)$#F!
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F.)'-&1)%/."$E')G''.$)-'&)4'.)" $$#?!

@-&-.2-.=&*! &6&*92.2! '10K50Z1:! 56! -(1! 16-.01! :&-&21-! Tc&A*1!#V! 0181&*1:! 2-056_! T'! |! ]a]]"V!$#M!

.6-10&=-.5623!56*9!A1-h116!25.*!&6:!5-(10!K&=-5023!&2!:.2=,221:!A1*5ha!$#S!

)$#Y!

)$$] !

)$$"!

C.0(%")S?)E(&6_12! 5K! =,Z,*&-.81! '0.Z.6_! 1KK1=-! TDUV! K50! :.KK1016-! 2-0&h! 012.:,12! TK012(! 50!$$#!

:1=5Z'521:V3!-1Z'10&-,01!&6:!6,-0.16-!-01&-Z16-2!h.-(!-(1!.6=,A&-.56!-.Z1a!b1&62!{!"@R!$$$!

T6!y!CV!&01!2(5h6a!<1--10!&).2!K50!&_0.=,*-,0&*!25.*3!&6:!3)K50!K5012-!25.*a)$$C!

)$$F!

D.,2(,,.-* )$$?!

)$$M!

7??'1)$/?$)H'$E%/+'9-&+&E%0%), $/?$&++'+$;@$$$S!
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E562.2-16-*9! h.-(! 5,0! (9'5-(12.2! &A5,-! -(1! DU! -(15093! -(1! W,&*.-9! 5K! -(1! 50_&6.=! Z&-10.&*!$$Y!

A05,_(-! (&2!2-056_*9! .Z'&=-1:! -(1!Z.610&*.i&-.56!5K!-(1! :.KK1016-!-9'12!5K!50_&6.=!Z&--10a!$C]!

X.02-3! 56=1! .6=50'50&-1:! .6-5!-(1! 25.*3! -(1! 2-0&h! .-21*K! h&2! Z.610&*.i1:! $! -5! S! -.Z12! Z501!$C"!

h(16! .-! h&2! K012(! 0&-(10! -(&6! '01H:1=5Z'521:! T X._,01! "! =3! : V3! h(.=(! 01K*1=-2! &! (._(10!$C#!

&8&.*&A.*.-9! -5! Z.=05A.&*! :1=5Z'521023!%#'#$&! A1--10!A.5:1_0&:&A.*.-9a! Q6! 5-(10! h50:23! -(.2!$C$!

=56K.0Z2! -(&-! -(1! '01H:1=5Z'52.-.56! 2-&_1! :1=01&21:! -(1!A.5:1_0&:&A.*.-9!5K! -(1! 50._.6&*!$CC!

'*&6-! Z&-10.&*! =5Z'5,6:2a! gA8.5,2*93! -(.2! *&0_1! :.KK1016=1! .6! :1_0&:&A.*.-9! &KK1=-1: ! -5-&*!$CF!

Z.610&*.i&-.56a! Q-! &*25! &KK1=-1:! -(1! Z.610&*.i&-.56! 5K! @gb3!%#'#$DUa! Q6:11:3! A9! '058.:.6_!$C?!

2,A2-0&-12! Z501! 1&2.*9! &==122.A*1! -5! 25.*! Z.=0550_&6.2Z23! K012(! 2-0&h! .6:,=1:! &! (._(10!$CM!

Z.610&*.i&-.56!5K!-(1!@gb!=5Z'&01:!-5!-(&-!.6:,=1:!A9!'01H:1=5Z'521:!2-0&h!&6:!=56-05*!$CS!

h.-(5,-!.6',-3!'&0-.=,*&0*9!56!-(1!&_0.=,*-,0&*!25.*a!c(1!K.02-!(9'5-(12.2!5K!-(.2!2-,:9!�t!6&Z1*9!$CY!

-(&-! -(1! &::.-.56! 5K! K012(! h(1&-! 2-0&h! h5,*:! 2-.Z,*&-1! DU! -5! &! _01&-10! 1>-16-! -(&6! -(1!$F]!

&::.-.56! 5K! '01H:1=5Z'521:! h(1&-! 2-0&h! �t! h&2! 8&*.:&-1:3! 01_&0:*122! 5K! -(1! -01&-Z16-!$F"!

=5ZA.6&-.56a!g,0!012,*-2!&01!.6!-5-&*!&==50:&6=1!h.-(!-(521!5K!B1_(.6Hc&661&,!1-!&*a!T#]"YV!$F#!

&6:!<10=(!1-!&*a!T#]"YV3!h(5!5A21081:3!.6!&!?HZ56-(!&6:!&!$H91&0!1>'10.Z16-!012'1=-.81*93!$F$!

-(&-!&!'52.-.81!DU!56!@gb!Z.610&*.i &-.56!h&2!56*9!5A21081:!h(16!&::.6_!,6:._12-1:!'*&6-!$FC!

012.:,12a!c(.2!,6:10'.62!-(&-!&6!&816,1!K50!.6=01&2.6_!25.*!E!2-5=j2!.6!=,*-.8&-1:!25.*2!Z._(-!$FF!

A1! -5! &::! :1=5Z'521:! 2-0&h! 012.:,12! 0&-(10! -(&6! .6=50'50&-.6_! -(1Z! K012(a!l1!$F?!

&=j65h*1:_1!-(&-!} !M]m!5K!-(1!2-0&h!E!h&2!*52-!:,0.6_!.-2!'01H:1=5Z'52.-.56!2-&_13!h(.=(!$FM!

Z._(-! 61_&-.81*9! .Z'&=-! -(1!5810&**! E! A&*&6=1a!o5h18103! K50! &! _.816! *&6:! ,213! -(.2! *522!.2!$FS!

=5Z'162&-1:! .6!K.1*:!=56:.-.562!A9! -(1!Eg#!K.>&-.56! :,0.6_!_05h-(a!Q-! .2!&*25!.Z'50-&6-! -5!$FY!

65-1!-(&-!-(1!E!*52-!:,0.6_!-(1!'01H:1=5Z'52.-.56!'05=122!.2!01=16-*9!K.>1:!.6!-(1!=56-0&09!5K!$?] !

-(1!E!'0.Z1: 3!h(.=(!.2!5*:10!&6:!2-&A.*.i1:!K50!91&02!TX56-&.61!1-!&*a3!#]]MVa!$?"!
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c(1!(._(10!DU!K5**5h.6_!-(1!Xgb!.6',-!01*&-.81!-5!-(1!R1gb!.6',-!.2!Z52-!*.j1*9!&225=.&-1:!$?#!

h.-(!-(1!2-.Z,*&-.56!5K!Z.=05A.&*!&=-.8.-9!:,1!-5!( ._(10!A.5:1_0&:&A.*.-93!.a1a!-5!Z501!01&:.*9!$?$!

&8&.*&A*1! E! &6:! 1610_9!25,0=1! .6! -(1! Xgb!TX&6_! 1-! &*a3!#]"S Va!Q-! (&2! A116! 2,__12-1:! -(&-!$?C!

Z.=05A.&*! &=-.8.-9! .6! 25.*! .2! 5K-16! =562-0&.61:! A9! -(1! *&0_1! .6812-Z16-! .6! 16i9Z12! -(&-!$?F!

Z.=05A.&*! =5ZZ,6.-.12! Z,2-! Z&j1! .6! 50:10! -5! &=W,.01! 6,-0.16-2! &6:! 1610_9! K05Z!$??!

(1-105_1615,2! 25.*! 50_&6.=! Z&--10!TX56-&.61! 1-!&*a3!#]]$f! b550( 1&:! p! @.62&A&,_(3!#]]?f!$?M!

E(16!1-!&*a3!#]"CV!&6:!-(&-!-(1!&::.-.56!5K!Xgb!'058.:12!-(1!1610_9!61=122&09!-5!Z&j1!2,=(!$?S!

&6! .6812-Z16-! Ts,i9&j58! 1-! &*a3! #]]] f! X56-&.61! 1-! &*a3! #]]$f! B*&_5:&-2j&9&! p! s,i9&j583!$?Y!

#]]S Va! Q-! 2(5,*:! A1! 65-1:! -(&-! -(1! DU! h&2! Z,=(! *5h10!.6! -(1! K5012-! 25.*3! 2,__12-.6_! -(&-!$M]!

Z.=05A.&*!=5ZZ,6.-.12!h101!*122!1610_9xE!*.Z.-1:!.6!-(.2!25.*a!c(.2!.2!&-!5::2!h.-(!-(1!A&2&*!$M"!

012'.0&-.56! :&-&!K05Z!A5-(!25.*23!h(.=(! .2! (._(10! '10! ,6.-! 50_&6.=!E! .6! -(1!&_0.=,*-,0&*!25.*!$M#!

TX._,01!" Va!+1610&**93!-(1!012'.0&-.56!'10!,6.-!50_&6.=!E!.2!=562.:101:!-5!A1!&6!.6:.=&-50!5K!-(1!$M$!

:1=5Z'52&A.*.-9! 5K! -(1! gb! T<5Z&6:10! 1-! &*a3! "YYSVa! c(.2! 2,__12-2! -(&-! -(1! 1610_9!$MC!

'102'1=-.81!&*561!=&665-!1>'*&.6!-(1!:.KK1016=12!.6!DU2!5A21081:a!$MF!

c(1!gb!=56-16-!5K!-(1!K5012-!25.*!h&2!(._(10!-(&6!-(&-!5K!-(1!&_0.=,*-,0&*!25.*!&6:!21810&*!$M?!

5-(10! 2-,:.12! (&81! K5,6:!-(&-! -(1! DU! .2! 61_&-.81*9! 01*&-1:! -5! -(1! gb! =56-16-! 5K! 25.*!$MM!

TD&-10256!p!@.Z3!#]"$f!~.ZZ10Z&6!1-!&*a3!#]"" Va!c(1!01&256!K50!2,=(!01*&-.56! .2!65-!=*1&0!$MS!

A,-3! &2! =56-&=-! A1-h116! :1=5Z'521023! 50! -(1.0! 16i9Z123! &6:! gb! .2! &! 01W,.01Z16-! K50!$MY!

:1=5Z'52.-.56!TR._6&=!1-!&*a3!#]"MV3!561! '522.A*1!1>'*&6&-.56! .2! -(&-! -(1!&810&_1! :.2-&6=1!$S]!

A1-h116!gb!&6: !:1=5Z'52102!.2!(._(10!.6!25.*2!h.-(!*5h!gb!=56-16-23!&6:!-(&-!-(1!1610_9!$S"!

'058.:1:! A9! -(1! &::.-.56! 5K! Xgb! &**5h2! Z.=05A.&*! =5ZZ,6.-.12! -5! 1>'*501! T'#9a! -(05,_(!$S#!

K,6_&*!_05h-(V!-(1!25.*!85*,Z1!-5!&!_01&-10!1>-16-3!h(.=(!.6=01&212!-(1.0!&==122!-5!gb!&6:!$S$!

-(1!2,A21W,16-!DU!T@&*5Z;!1-!&*a3!#]"] Va!$SC!
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)$SF!

B'42'-&)*-'$'??'1) $$S?!

c(1!-1Z'10&-,01!.2! j65h6!-5!A1!561!5K!-(1! '0.6=.'&*!=56-05**102!5K!:1=5Z'52.-.56! '05=122!$SM!

T̂ ,2-1!1-!&*a3!#]]Mf!+01_50.=(!1-!&*a3!#]"? Va!o1013!-(1!.6=01&21!5K!FnE!*1:!-5!&!2-056_!.6=01&21!$SS!

.6! -(1! -5-&*!=&0A56!T@gb!w!&::1:! gbV!Z.610&*.i&-.56!0&-1a!b501!2'1=.K.=&**93! -(1! .25-5'.=!$SY!

*&A1**.6_! =*1&0*9! 2(5h1:! -(&-! -(1! Z.610&*.i&-.56! 5K! -(1! E! =56-&.61:! .6! -(1! @gb! .6=01&21:!$Y]!

h.-(! -(1! .6=01&21! .6! -1Z'10&-,01a! l1! 65-1:! &! -01Z16:5,2! &810&_1! .6=01&21! 5K! C]m! .6!$Y"!

=&0A56!1Z.22.562!K05Z!@gb!A1-h116!"F!&6:!#]nE!:,0.6_!-(121!"]"!:&92a!c(.2!.2!=562.2-16-!$Y#!

h.-(! -(1! I00(16.,2! *&h! TI00(16.,23! "SSYV! -(&-! .Z'*.12!-(&-! -(1! -1Z'10&-,01! 2162.-.8.-9! 5K!$Y$!

:1=5Z'52.-.56!.6=01&212!h.-(!-(1!2-&A.*.-9!5K!50_&6.=!=5Z'5,6:2!T<1K/801!1-!&*a3!#]"CVI$:,1!$YC!

-5!(._(10!&=-.8&-.56!1610_.12!K50!2-&A.*.21:!2,A2-0&-12!-(&6!K50!*&A.*1!5612!T<•-i5h!p!sr_1* H$YF!

s6&A6103!#]]Y Va!c(.2!012,*-!.2!.6!&==50:&6=1!h.-(!Z&69!5-(10!.6=,A&-.56!2-,:.12!Ts.02=(A&,Z3!$Y?!

"YYF3!#]]?f!R&8.:256!p!G&6221623!#]]?f!E56&6-!1-!&*a3!#]]S3!#]"" f!<•-i5h!p!sr_1* Hs6&A6103!$YM!

#]]Yf! E0&.61!1-!&*a3!#]"]f! <1K/801!1-!&*a3!#]"CVa!Q-!=56K.0Z2!-(&-!&!'52.-.81!K11:A&=j!-5!_*5A&*!$YS!

h&0Z.6_!=5,*:!5==,0!-(05,_(!-(.2!Z1=(&6.2Za!c(.2!K11:A&=j!=5,*:!A1!=5Z'162&-1:!A9!-(1!$YY!

1KK1=-!5K!-(1!.6=01&21!.6!cnE!&6:!Eg#!56! '0.Z&09! '05:,=-.563!A,-! '05A&A*9!56*9!.6!&! '&0-.&*!C]] !

h&9! T<*59:! p! c&9*503!"YYCf! @=(.Z1*! 1-! &*a3!"YYCf!X.1010!1-! &*a3!#]]F f!R&8.:256! p! G&6221623!C]" !

#]]?f! s.02=(A&,Z3!#]]?f! o1.Z&66!p!%1.=(2-1.63!#]]Sf![12-10_€0:!1-!&*a3!#]"? Va!C]#!

45-h.-(2-&6:.6_!-(.2!(._(!-1Z'10&-,01!2162.-.8.-9!5K!@gb!Z.610&*.i&-.563!-(1!Z&_6.-,:1!5K!C]$!

-(1!DU!(101!01Z&.61:!01*&-.81*9!,6&KK1=-1:!A9!-(1!.6=01&21!.6!-1Z'10&-,01a!c(.2!012,*-!.2!.6!C]C!

=56-0&2-!-5!h(&-!h&2!K5,6:!.6!25Z1!2-,:.12!T.6=01&21!.6!DU!h.-(!-1Z'10&-,013!211!c(.12216!C]F!

1-!&*a3!#]"$f! <.!1-!&*a3!#]"Mf!^&66.!1-!&*a3!#]"Mf!:1=01&21!.6!DU!h.-(!-1Z'10&-,013!211!X0u21-(!p!C]?!

B*1j163!#]"Ff!^&66.!1-!&*a3!#]"Mf! :1=01&21!&6:! .6=01&213!211!<16j&!1-!&*a3!#]"Y Va!o5h18103!C]M!
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5-(102!(&81!&*25!K5,6:!-(&-!-1Z'10&-,01!:512!65-!&KK1=-!DU!T+(11!1-!&*a3!#]"$V!1816!:,0.6_!&!C]S!

*56_H-10Z! h&0Z.6_! 1>'10.Z16-! T[12-10_€0:! 1-! &*a3! #]"? V3! A,-! h.-(5,-! :11'! Z1=(&6.2-.=!C]Y!

1>'*&6&-.56a!I2!DU!.2!&!2-.Z,*&-.56!5K!-(1!:1=5Z'52.-.56!5K!@gb!-(&-!.2!01*&-.81*9!2-&A*13!&6!C"] !

.6=01&21!.6!DU!h.-(!-1Z'10&-,01!=5,*: !.6:11:!A1!1>'1=-1:3!A,-!.-!h&2!65-!-(1!=&21!(101a!c(.2!C""!

=5,*:!A1!'05A&A*9!:,1!-5!-(1!K&=-!-(&-!-(1!:1=5Z'52.-.56!5K!-(1!&::1:!gb!h&2!56*9!2*._(-*9!C"#!

&KK1=-1:!A9!-1Z'10&-,01!h(101&2!-(1!:1=5Z'52.-.56!5K!@gb!h&2!(._(*9!&KK1=-1:!TX._,01!"!=3!C"$!

:3! 13!KVa! Q6:11:3! 2-.**! .6! &==50:&6=1! h.-(! I00(16.,2! 1W,&-.563! -(.2! .6=01&21! 5K! -1Z'10&-,01!C"C!

K05Z!"F!-5!#]nE!&KK1=-1:!-(1!Z.610&*.i&-.56!5K!h(1&-!2-0&h!012.:,12!T&::1:!gb3!X._,01"!=3!C"F!

: V!A,-!.6!&!8109!*12210!1>-16-3!&6:!-(1!R1gb!211Z1:!-5!A1!$a$!-.Z12!Z501!2162.-.81!-(&6!-(1!C"?!

K012(! 561a! c(.2! 012,*-! K,0-(10! -16:2! -5! =56K.0Z! -(1! .:1&! -(&-! 5,0! '01H:1=5Z'52.6_! '(&21!C"M!

Z&:1!2-0&h!012.:,12!Z501!A.5=(1Z.=&**9!01=&*=.-0&6-a!Q6:11:3!-(1!-1Z'10&-,01!2162.-.8.-9!5K!C"S!

Z.610&*.i &-.56!h&2!W,.-1!2.Z.*&0!K50!-(1!R1gb!&6:!K50!-(1!@gb!TwCCm!p!w$Sm!012'1=-.81*93!C"Y!

A1-h116! "F! &6:! #]nEV3! h(.*1! K50! -(1! Xgb! .-! h&2!1&a! C! -.Z12! *5h10! h.-(! 56*9! &! wYaFm!C#]!

.6=01&21a!o5h18103!&*-(5,_(!-(.2!:.KK1016=1!.6!2162.-.8.-9!5K!-(1!-h5!-9'12!5K!012.:,12!.2!8109!C#"!

=*1&03!-(.2!=50012'56:2!-5!&!W,&6-.-&-.81*9!2.Z.*&0!.6=01&21!.6!E!1Z.--1:!H!A,-!h(.=(!01Z&.62!C##!

8109!2Z&**!=5Z'&01:!-5!-(1!1KK1=-!56!@gba!I2!&!012,*-3!-(1!01*1&21!5K!1610_9!K05Z!-(1!-h5!C#$!

W,&*.-9! -9'12! 5K! &::1:! gb! h&2! 2.Z.*&0! &-! A5-(! -1Z'10&-,012! &6:! h&2! W,&6-.-&-.81*9! 8109!C#C!

2Z&**! 01*&-.81! -5! -(1! Z.610&*.i &-.56! 5K! @gb3!h(.=(! =5,*:! *1&:! -5! -(1! &A216=1! 5K! 1KK1=-!5K!C#F!

-1Z'10&-,01!56!DU! .6!=56-05**1:!=56:.-.562a!̂ 1-3! -1Z'10&-,01!=5,*:! (&81! .6:.01=-! .Z'&=-2!C#?!

-(05,_(!-(1!1KK1=-!56!25.*!h&-10!=56-16-!Tb.**10!p!G5(62563!"Y?Cf!E&22Z&6!p!b,6623!"YS]f!C#M!

<.66!p!R50&63!"YSCf!@j5''!1-!&*a3!"YY]f! l1.10!1-!&*a3!"YY$f!E&ZA&0: 1**&3!#]]F f!%19!1-!&*a3!C#S!

#]]Ff!@,6!1-!&*a3!#]"? V!&6:!A1=5Z1!-(101K5013!Z52-!*.j1*93!1=5*5_.=&**9!2._6.K.=&6-a!C#Y!

)C$]!
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J*)-%'.) 6&++%)%/.$'??'1)$C$"!

X50!-(1!Z.610&*.i&-.56!5K!&**! -9'12!5K!gb3!-(1!&::.-.56!5K!Z.610&*!6,-0.16-2!(&:!2._6.K.=&6-!C$#!

1KK1=-!A,-!Z,=(!*5h10!-(&6!-(1!1KK1=-!5K!-1Z'10&-,01!&6:!-9'1!5K!gb!&::1:a!l(16!.-!h&2!C$$!

2-&-.2-.=&**9!2._6.K.=&6-3!.-! :1=01&21:!DU!.6!-(.2!2-,:93!&2!5K-16!K5,6:!Ts,i9&j58!1-!&*a3!#]]]f!C$C!

E(16! 1-! &*a3! #]"Cf! R.Z&22.! 1-! &*a3! #]"CVa! c(1! DU! 012'5621! -5! -(1! &8&.*&A.*.-9! 5K! Z.610&*!C$F!

6,-0.16-2!=5,*:!A1!1>'*&.61:!A9!&!01:,=-.56! .6!-(1!611:!5K!Z.610&*!6,-0.16-!Z.6.6_!h.-(.6!C$?!

@gb! K50! Z.=05A.&*! =5ZZ,6.-.12a! o101! (5h18103! -(1! &::.-.56! 5K! Z.610&*! 6,-0.16-2! &*25!C$M!

:1=01&21:! -(1! -5-&*! Z.610&*.i &-.563! -(1! Z.610&*.i &-.56! 5K! @gb! &6:! 5K! -(1! &::1:! gb3!C$S!

'&0-.=,*&0*9!.6!-(1!&_0.=,*-,0&*!25.*!TX._,01!" Va!I2!2,__12-1:!A9!@'5(6!1-!&*a!T#]"? V3!-(.2!Z&9!A1!C$Y!

:,1!-5!=(&6_12!.6!-(1!.6-0&=1**,*&0!'&0-.-.56.6_!5K!E!h.-(.6!-(1!Z.=05A.&*!=5ZZ,6.-.123!h.-(!CC]!

&6! .6=01&21:! E! &**5=&-.56! -5! A.5Z&22! &6:! &! :1=01&21:! &**5=&-.56! -5! 012'.0&-.56! h(16!CC"!

6,-0.16-2!&01!01&:.*9!&8&.*&A*1a!CC#!

!CC$!

F.)'-&1)%/."$CCC!

c(.2! K,**9! =0522HK&=-50.&*! :12._6! h.-(! K5,0! K&=-502! &**5h1:! ,2! -5! -12-! 2.Z'*1! 1KK1=-2! &2! h1!CCF!

'018.5,2*9!:.2=,221:3!A,-!&*25!&6:!Z52-*9!-(1!.6-10&=-.562!A1-h116!-(1Za!@,0'0.2.6_*93!K05Z!CC?!

-(1! 1=5*5_.=&*! '5.6-! 5K! 8.1h3! -(1! *&6:! ,21! h&2! -(1! 56*9! K&=-50! T%#'a! 25.*V! h.-(! h(.=(!CCM!

.6-10&=-.562! (&81! A116! 12-&A*.2(1:3! 65! 5-(10! 2._6.K.=&6-! .6-10&=-.562! h101! K5,6:! &Z56_!CCS!

K&=-502a!B9!-(1!2&Z13!1>=1'-!K50!*&6:!,21!T:.2=,221:!&-!-(1!16:!5K!:.2=,22.56V3!-(1!.Z'&=-2!5K!CCY!

-(1!8&0.5,2!_*5A&*!=(&6_1!K&=-502! -12-1:! (101!&''1&0! -5!2.Z'*9!&::! ,'3!h.-(!65! '&0-.=,*&0!CF]!

&Z'*.K.=&-.56!50!&--16,&-.56!1KK1=-a!CF"!

)CF#!
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(/%0$'??'1)"$5$%.)'-&1)%/."$CF$!

I_0.=,*-,0&*!&6:!K5012-!25.*2! :.KK10!A9!21810&*!&2'1=-2!2,=(!&2!gb! -9'13!Z.=05A.&*!p!K,6_&*!CFC!

=5ZZ,6.-.123! :96&Z.=2! 5K! gb! .6',-2! &6:! 5,-',-23! 1>'52.-.56! -5! =*.Z&-.=! p! &6-(05'.=!CFF!

:.2-,0A&6=12!T+,5! p! +.KK50:3!#]]# f!X5*19! 1-! &*a3!#]]F Va! c(.2! *1:! -5! -(011! Z&.6! :.KK1016=12!CF?!

65-.=1:! (101! A1-h116! 25.*! 012'56212L! "V! &**! 1KK1=-2! 5A21081:! 56! -(1! K5012-! 25.*! h101! 8109!CFM!

*.Z.-1:! =5Z'&01:! -5! -(1! &_0.=,*-,0&*! 561f! #V! -(1! K5012-! 25.*! E! =56=16-0&-.56! h&2! #! -.Z12!CFS!

(._(10!-(&6!-(1!&_0.=,*-,0&*!25.*!h(.*1!.-!h&2!-(1!0181021!K50!-(1!DU!A9!_!5K!25.*!Ea!Q6!K&=-3!h1!CFY!

K5,6:!-(&-!-(1!DU!h&2!01&*.i1:!Z501!1KK.=.16-*9!56!25.*!I!-(&6!XL!-5!5810HZ.610&*.i1!"!E!,6.-!C?]!

K05Z!@gb!8.&!DU3!FaC!E!,6.-2!h101!611:1:!-5!A1!Z.610&*.i1:!K05Z!-(1!&::1:!gb!TXgb!&6:!C?"!

R1gbV!.6!25.*!I!h(.*1!Sa"!E!,6.-2!h101!611:1:!.6!25.*!Xa!$V!X.6&**93!-(1!j.61-.=2!5K!DU!.6:,=1:!C?#!

A9!Xgb!&::.-.56!(&:!8109!:.KK1016-!2(&'12!TX._,01!#V3!h.-(!&6!1&0*9!-(012(5*:!01&=(1:!&K-10!M!C?$!

:&92!56!25.*!X!h(101&2!DU!2-&91:!01*&-.81*9!(._(!&6:!'102.2-1:!-(05,_(5,-!-(1!:,0&-.56!5K!-(1!C?C!

.6=,A&-.56!56!25.*!Ia!C?F!

l.-(! -(1! 2,''50-! 5K! *.-10&-,013! h1! =5,*:! (9'5-(12. i 1! -(&-! -(1! :.KK1016=1! 5K! A1(&8.5,0!C??!

A1-h116!25.*!I!&6:!25.*!X!.2!-(1!012,*-!5K!&!=5ZA.6&-.56!5K!K&=-502!2,=(!&2!'o!To,6_!p!c0&''1 3!C?M!

"YS$f!B5--610!1-!&*a3!"YYSf!l&*21!1-!&*a3!"YYSf!<1.K1*:3!#]]F V3!-&66.6!=56-16-!5K!@gb!Ts0&,2!1-!C?S!

&*a3! #]]$ V3! -5-&*! 50_&6.=! E! =56-16-! T~.ZZ10Z&6! 1-! &*a3! #]"" f! D&-10256! p! @.Z3! #]"$ V3! E!C?Y!

=56-16-2! .6! Z.=05A.&*! A.5Z&22!TB*&_5:&-2j&9&! p! s,i9&j583! #]]S V3! 185*,-.56! TA9! :.KK1016-!CM]!

21*1=-.56!'0122,012!A1-h116!25.*2V3!W,&*.-9!5K!@gb!&6:!A&=-10.&xK,6_.!0&-.5!TX56-&.61!1-!&*a3!CM"!

#]""f! c10010! 1-! &*a3! #]"? f! <56&0:5! 1-! &*a3! #]"MVa! IZ56_! &**! -(121! '522.A.*.-.123! -(1! Z52-!CM#!

.6K*,16-.&*!=5,*:!A1!01*&-1:!-5!-(1!:.KK1016=12!.6!E!=56-&.61:!.6!-(1!Z.=05A.&*!A.5Z&22!TEZ.=V!CM$!

5K! -(1! -h5! 25.*2a! I==50:.6_! -5!B*&_5:&-2j&9&! p! s,i9&j58!T#]]S V3! .K! 5,0! XgbHE! .6',-! h&2!CMC!

_01&-10! -(&6! -(1!EZ.=! 5K! 25.*! I! A,-! *122! -(&6! 50! 1W,&*! -5! E!EZ.=! 5K! 25.*! X3! -(16! -(.2! &A0,'-!CMF!
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=122&-.56!5K!DU!&K-10!M!:&92!56!25.*!X!=5,*:!A1!-(1!012,*-!5K!&!2.Z'*1!&''&016-!DUa!Q6!-(.2!=&213!CM?!

-(1!2,''*.1:!Xgb HE!h5,*:!56*9!(&81!21081:!-5!0161h!-(1!EZ.=a!c(.2!EZ.=!(&8.6_!-(1!.25-5'.=!CMM!

2._6&-,01! 5K! -(1! 25.*3! -(1!Eg#! 012,*-.6_! K05Z! .-2! Z.610&*.i&-.56! h5,*:! A1! 01&:! &2! DU3! A,-!CMS!

h.-(5, -!A1.6_!:10.81:!K05Z!-(1!5810HZ.610&*.i&-.56!5K!-(1!@gba!CMY!

R12'.-1! &**! -(1! :.KK1016=12! 65-.=1:! A1-h116! 012,*-2! 5A-&.61:! 56! -(121! -h5! 25.*23! _1610&*!CS]!

Z.610&*.i &-.56!'&--1062!h101!2.Z.*&0!K50!-(1!-h5!25.*2!&6:!,6:10'.6!&!=10-&.6!05A,2-6122!5K!CS"!

5,0!012,*-2a!D&0-.=,*&0*93!5,0!Z&.6!(9'5-(12.2!h&2!8&*.:&-1:!56!A5-(!25.*2L!-(1!W,&*.-9!5K!-(1!CS#!

50_&6.=!Z&--10!A05,_(-! .6!-(1!K50Z!5K!K012(!50! '01H:1=5Z'521:!2-0&h!012.:,12!*1:!-5!8109!CS$!

2._6.K.=&6-! :.KK1016=12! .6! -(1! .6-162.-9! 5K! -(1! .6:,=1:! DUa! c(.2! K,0-(10! 2,''50-2! -(&-! -(1!CSC!

W,&*.-9!5K!&::1:!gb!.6:,=.6_!-(1!DU!'05=122!.2!&!Z&t50!K&=-50!-5!-&j1!.6-5!&==5,6-!K50!@gE!CSF!

:96&Z.=2a!Q6!&::.-.563!-(121!#!25.*2!&01!A5-(!*,8.25*2!h.-(! 1&#$-(1!2&Z1!=*&9x2.*-x2&6:!0&-.53!CS?!

&6:! .6.-.&**9! 56*9! :.KK10! A9! -(1.0! *&6:H,213! 12-&A*.2(1:! &A5,-! -h5! =16-,0.12! &_5a! c(.2!CSM!

'&0-.=,*&0.-9!&**5h2!,2!-5!65-.=1!-(&-3!&-!-(1!16:!5K!-(121!'&2-!#]]!91&023!-(1!&_0.=,*-,0&*!25.*!CSS!

(&2!&!#a"Y!-.Z12!*5h10!@gE!=56-16-!-(&6!-(1!K5012-!25.*!H!h(.=(!=5,*:!A1!=562.:101:!(101!&2!CSY!

-(1!01K1016=1!292-1Za!Q6!5-(10!h50:23!-(.2!Z1&62!-(&-3!:1'16:.6_!5K!-(1!*&6:H,21!T2,=(!&2!CY]!

:1K5012-&-.56! K50! K&0Z*&6:! 12-&A*.2(Z16-V! &6:! &_0.=,*-,0&*! '0&=-.=12! T&2! .6',-! 5K! (._(*9!CY"!

:1_0&:&A*1!XgbV3!25.*2!=&6!A1=5Z1!&!2._6.K.=&6-!25,0=1!5K!Eg#!A9!-(1!Z.610&*.i &-.56!5K!*&0_1!CY#!

&Z5,6-!5K!2-&A*1!E!T+,161-!1-!&*a3!#]"#f!E(16!1-!&*a3!#]"F Va!^1-!.-!&*25!Z1&62!-(&-!h.-(!A1--10!CY$!

,6:102-&6:.6_2!&6:!'0&=-.=123!-(.2!&_0.=,*-,0&*!25.*!(&2!-(1!'5-16-.&*!-5!2-501!�t!&-!*1&2-!�t!#a"Y!CYC!

-.Z12!Z501!E!TE(16,!1-!&*a3!#]"S V3!&2!.-2!K5012-!=5,6-10'&0-!&6:!61._(A5,0a!CYF!

c5!2,ZZ&0.213!.6!-(1!=56:.-.562!5K!-(1! '01216-!2-,:93!h1!h101!&A*1!-5!-12-!-(1!.Z'&=-2!5K!CY?!

21810&*! K&=-502! &6:! -(1.0! =5ZA.6&-.562! 56!-(1!Z.610&*.i&-.56! 5K! :.KK1016-! '55*2! 5K!50_&6.=!CYM!

Z&--10!&6:!DUa!c(1!*&6:!,21!&''1&01:!-5!(&81!2-056_!.6-10&=-.562!h.-(!&**!5-(10!K&=-5023!A,-!CYS!
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2,0'0.2.6_*93!65!01*18&6-! .6-10&=-.562!h101!65-.=1:!A1-h116! -(1!5-(10!K&=-5023!&6:! -(.2!K50!CYY!

-(1!Z.610&*.i&-.56!5K!&**!gb! '55*2!T-5-&*3!@gb3!&::1:!gb!&6:!DUVa!gA8.5,2*93!&2!56*9!-h5!F]] !

25.*2!h101!,21:!.6!-(.2!2-,:93!-(121!012,*-2!=5,*:!65-!A1!61.-(10!_1610&*.i1:!650!=562.:101:!F]" !

&2!01'01216-&-.81!5K!&**!&_0.=,*-,0&*!&6:!K5012-!25.*2!K,6=-.56.6_a!4561-(1*1223!-(19!2,__12-!F]#!

-(&-!-(1!*&6:!,21!�t!&6:!-(1.0!&225=.&-1:!'*&6-!012.:,12!Z&6&_1Z16-!�t!.23!&Z56_!-(1!K&=-502!F]$!

h1!-12-1:!(1013!-(1!Z52-!.6K*,16-.&*!K&=-50!K50!@gb!Z .610&*.i&-.56a!Q6:11:3!-(1!&::.-.56!5K!F]C!

K012(! gb! .6:,=1:! &! *&0_1! DU! h(101&2! -(1! &::.-.56! 5K! '01H:1=5Z'521:! gb! *1:! -5! 65!F]F!

2._6.K.=&6-!1KK1=-3!%#'#$-(1!A.5:1_0&:&A.*.-9!5K!&::1:! gb!h&2!-(1!Z52-!:1-10Z.6&6-!K&=-50!K&0!F]?!

&(1&:! -(1! -1Z'10&-,01! &6:! 6,-0.16-2! &8&.*&A.*.-9a! E562.2-16-! h.-(! -(1! =56=1'-! 5K! DU3! -(.2!F]M!

2,__12-2! -(&-! -(1!A.5:1_0&:&A.*.-9!5K! -(1! gb! '058.:1:! .2! &! j19! 1*1Z16-! -5! =562.:10! h.-(!F]S!

01_&0:!-5!-(1!2-50&_1H*522!:96&Z.=2!5K!@gE3!&6:!253!5K!@gba!X,0-(10Z5013!&2!2,__12-1:!A9!F]Y!

.-2!2-&A.*.-9!.6!-.Z1!h.-(.6!1&=(!25.*3!DU!211Z1:!-5!A1!8109!:1'16:16-!56!-(1!A.5H&8&.*&A*1!Ea!F"] !

l(.*1!-(1!.6=01&21!.6!-1Z'10&-,01!2-056_*9!.Z'&=-1:!-(1!A&2&*!Z.610&*.i&-.56!5K!-(1!25.*2!�t!F"" !

h(.=(!=56K.0Z2!-(1!h500.25Z1!'52.-.81!K11:A&=j!56!_*5A&*!h&0Z.6_3!65!2._6.K.=&6-!1KK1=-!h&2!F"#!

:1-1=-1:! 56!DU! .-21*Ka!o5h18103!&6! .6:.01=-!2162.-.8.-9!5K!DU!-5! -1Z'10&-,01!h&2!5A21081:!F"$!

-(05,_(! -(1! -1Z'10&-,01! 2162.-.8.-9! 5K! -(1! &::1:! gb! Z.610&*.i &-.56a! Q6! &::.-.563! -(1!F"C!

=5Z'&0.256!5K!-(1!-h5!*&6:H,212!K05Z!#]]!91&02!&**5h2!,2!-5!.Z&_.61!-(1!'5-16-.&*!5K!E!01HF"F!

2-5=j.6_!50!:1H2-5=j.6_3!:1'16:.6_!56!'0&=-.=123!K50!.62-&6=1!-(05,_(!.6.-.&-.81!2,=(!&2!C!'10!F"?!

"]]]3!&6:!A9!-&j.6_!-(1!DU!.6-5!&==5,6-3!.6!&::.-.56!-5!5-(10!:.01=-!'0&=-.=1!.Z'&=-2!2,=(!&2!F"M!

-.**&_1!T@.>!1-!&*a3!#]]#f!o&::&h&9!1-!&*a3!#]"MV3!gb!1>'50- !Tl& 6_!1-!&*a3!#]#] V3!50!A5-(!T[.0-5!F"S!

1-!&*a3!#]"#f!~&6_!1-!&*a3!#]"Yf!R(&*.h&*!1-!&*a3!#]#] Va!F"Y!

X.6&**93! .6! 5,0! 2-,:93! -(1! 1KK1=-! 5K! *&6:! ,21! -(05,_(! -(1! Z&6&_1Z16-! 5K! =05'! 012.:,12!F#]!

&''1&01:!-5!.6:,=1!-(1!_01&-12-! .Z'&=-!56!-(1!DU3!-5!-(1! '5.6-!5K!016:10.6_!-(1!1>'1=-1:!F#"!
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012'56212! -5! -(1! 2-5.=(.5Z1-09! &6:! -1Z'10&-,01! 61_*._.A*1a! c(1! *181*! 5K! 1&2.*9! &8&.*&A*1!F##!

1610_9!=56-&.61:!.6!&Z16:Z16-2!T%#'a!gb!A.5:1_0&:&A.*.-9V!(&81!-5!A1!(._(*9!Z56.-501:!K50!F#$!

-(1!2,2-&.6&A.*.-9!&6:!=05'!'05:,=-.563!.6!50:10!-5!'01816-!E!*52212!&6:!5'-.Z.21!1=5292-1Z.=!F#C!

25.*!2108.=123!&2!*56_H-10Z!E!2-50&_1!&6:!K10-.*.-9a!X,0-(10!2-,:.12!&01!611:1:!-5!&22122!-(1!F#F!

.Z'50-&6=1!5K! -(1!K&=-502! -12-1:! (101! ,6:10!Z501!01&*.2-.=!=56:.-.562!�t!,'! -5! %.$"%)*$K.1*:!F#?!

1>'10.Z16-3!&6:!&*25!-5!-12-!-(1!012'5621!5K!DU!h.-(!'*&6-!012.:,12!K05Z!5-(10!=05'!2'1=.12!F#M!

&6:!5-(10!'01H:1=5Z'52.-.56!&6:!=5Z'52-.6_!Z1-(5:2a!c(121!012,*-2!2(5h!-(1!.Z'50-&6=1!F#S!

5K!'&9.6_!'&0-.=,*&0!&--16-.56!-5!-(121!.22,12!.6!5,0!=0.-.=&*!=56-1>-!5K!_*5A&*!=(&6_1!&6:!*&=j!F#Y!

5K!2,2-&.6&A.*.-9!5K!&_0.=,*-,0&*!'0&=-.=12a!F$]!

!F$"!

:2H*-9/"+0#"*',K !!F$#!

l1!&01!_0&-1K,*!-5![&*;0.1!D5,-1&,!K50!(10!=56-0.A,-.56!-5!-(1!&6&*92123!-5!c(5Z&2!<10=(!K50!F$$!

(.2!=56-0.A,-.56!-5!-(1!1>'10.Z16-&*!'05-5=5*3!&6:!-5!D&,*.61!D.1001-!K50!(10!=56-0.A,-.56!-5!F$C!

K._,012a!%+!01=1.81:!K.6&6=.&*!2,''50-!K05Z!-(1!@,2-&.6&A*1!R181*5'Z16-!%121&0=(!41-h50j!F$F!

5K! -(1! %1_.56HQ*1H:1 HX0&6=1! T_0&6-! %#R@! #]"CH]$Va! I**! &,-(502! :12._61:! -(1! 1>'10.Z16-&*!F$?!

'05-5=5*!&6:!=56-0.A,-1:!2,A2-&6-.&**9!-5!-(1! '&'10a!%+!'10K50Z1:!-(1!1>'10.Z16-3!(1*'1:!F$M!

A9!E+3!&6:!%+!h05-1!-(1!K.02-!K,**!:0&K-!5K!-(1!'&'10a!7%3!443!B+!&6:!%+!'10K50Z1:!2-&-.2-.=&*!F$S!

&6&*9212!&6:!=01&-1:!K._,012a!I,-(502!:1=*&01!65!=5Z'1-.6_!.6-1012-2a!E50012'56:16=1!&6:!F$Y!

01W,12-2!K50!Z&-10.&*2!2(5,*:!A1!&::01221:!-5!<Ia!FC]!

!FC"!

P.3/.-0%&$75)FC#!



Soil Biology & Biogeochemistry  -   Submitted Manuscript: Confidential 
!

I00(16.,23!@a3!" SY?a!g6!-(1!.6K*,16=1!5K!=&0A56.=!&=.:!.6!-(1!&.0!,'56!-(1! -1Z'10&-,01!5K!-(1!FC$!

_05,6:a!c(1!<56:563!U:.6A,0_(3!&6:!R,A*.6!D(.*525'(.=&*!b&_&i.61!&6:!G5,06&*!5K!@=.16=1!FCC!

C"3!#$M�t#M?a!FCF!

B&0:_1--3!%a!Ra3!X011Z&63!Ea3!p!g2-*13!4a!Ga3!#]]Sa!b.=05A.&*!=56-0.A,-.562!-5!=*.Z&-1!=(&6_1!FC?!

-(05,_(!=&0A56!=9=*1!K11:A&=j2a!c(1!Q@bU!G5,06&*!#3!S]F�tS"Ca!FCM!

B&00;3! Da3! R,0&6:3! oa3! E(16,3! Ea3! b1,6.103! Da3! b56-&_613! Ra3! E&2-1*3! +a3! B.**.5,3! Ra3!FCS!

@5,=;Z&0.&6&:.63! <a3! p! E;=.**563! <a3! #]"Ma!+15*5_.=&*! =56-05*! 5K! 25.*! 50_&6.=! =&0A56! &6:!FCY!

6.-05_16!2-5=j2!&-!-(1!*&6:2=&'1!2=&*1a!+15:10Z&!#SF3!F]�tF?a!FF]!

B&81913!Da!Ea3!B10-(1*.63!Ga3!c122.103!Ra3!p!<1Z&.013!+a!#]"Sa!c(1!kC!'10!"]]]k!.6.-.&-.81L!I!FF"!

=01:.A.*.-9!.22,1!K50!-(1!25.*!2=.16=1!=5ZZ,6.-9•!+15:10Z&!$]Y3!""S�t"#$a!FF#!

B1_(.6Hc&661&,3!%a3!+,10.63!Xa3!+,.012213!ba3!s*1.A103!Ra3!p!@=(1.6103!Ga!Ra3!#]"Ya!E&0A56!FF$!

21W,12-0&-.56!.6!25.*!&Z16:1:!h.-(!&6&105A.=!:._12-1:!Z&--10a!@5.*!p!c.**&_1!%121&0=(!"Y#3!FFC!

SMHYCa!FFF!

B.6_1Z&63!Ea!la 3!"YF$a!c(1!1KK1=-!5K!-(1!&::.-.56!5K!50_&6.=!Z&-10.&*2!56!-(1!:1=5Z'52.-.56!FF?!

5K!&6!50_&6.=!25.*a!@5.*!@=.16=1!@5=.1-9!5K!IZ10.=&!D05=11:.6_2!#Y3!?Y#�t?Y?a!!FFM!

B.0=(3!oa!Xa3!"YFSa!c(1!1KK1=-!5K!25.*!:09.6_!56!(,Z,2!:1=5Z'52.-.56!&6:!6.-05_16!&8&.*&A.*.-9a!FFS!

D*&6-!&6:!@5.*!"]3!YH$"a!!FFY!

B*&_5:&-2j&9&3!Ua3!p!s,i9&j583!^a3!#]]Sa!b1=(&6.2Z2!5K!01&*!&6:!&''&016-! '0.Z.6_!1KK1=-2!F?]!

&6:! -(1.0! :1'16:16=1!56!25.*!Z.=05A.&*!A.5Z&22!&6:!=5ZZ,6.-9!2-0,=-,01L!E0.-.=&*!018.1ha!F?"!

B.5*5_9!&6:!X10-.*.-9!5K!@5.*2!CF3!""F �t"$"a!!F?#!
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B5--6103!Da3!I,2-0,.3!Xa3!E50-1i3!Ga3!B.**/23!+a3!p!E5‚-1&,>3!ba!ba3!"YYSa!R1=5Z'52.-.56!5K!"CEH!F?$!

&6:!"F4H*&A1**1:!'*&6-!Z&-10.&*3!,6:10!=56-05**1:!=56:.-.5623!.6!=56.K105,2!K5012-!25.*2!K05Z!&!F?C!

650-(H25,-(!=*.Z&-.=!21W,16=1!.6!h12-106!U,05'1a!@5.*!B.5*5_9!p!B.5=(1Z.2-09!$]3!FYM�t?"]a!F?F!

E&ZA&0:1**&3!Ea!Ia3!#]]Fa!X50Z&-.56!&6:!R1=5Z'52.-.56a!Q6L!o.**1*3!Ra!TU:V3!U6=9=*5'1:.&!5K!F??!

@5.*2!.6!-(1!U68.056Z16-3!I=&:1Z.=!D0122!"M]�t"MFa!F?M!

E&22Z&63!sa!+a3!p!b,6623!Ra!4a3!"YS]a!4.-05_16!Z.610&*.i&-.56!&2!&KK1=-1:!A9!25.*!Z5.2-,013!F?S!

-1Z'10&-,01!&6:!:1'-(a! !@5.*!@=.16=1!@5=.1-9!5K!IZ10.=&!G5,06&*!CC3!"#$$�t"#$Ma!F?Y!

E(1Z.:*.6!D0;852-HB5,0;3!4a3!@5,:&6.3!sa3!R&Z12.63!Ea3!B1081.**103!Ra3!<&-&3!Ga!Ea3!p!R,K0ƒ613!FM]!

Ua3!#]"]a! Q6=01&21! .6!&A581_05,6:!K012(! *.--10!W,&6-.-9!5810H2-.Z,*&-12!25.*!012'.0&-.56! .6!&!FM"!

-1Z'10&-1!:1=.:,5,2!K5012-a!I''*.1:!@5.*!U=5*5_9!C?3!#?�t$Ca!FM#!

E(163!<a3!<.,3!<a3!\.63!@a3!^&6_3!+a3!X&6_3!sa3!~(,3!Ba3!s,i9&j583!^a3!E(163!Da3!7,3!^a3!p!^&6_3!^a3!FM$!

#]"Ya!%1_,*&-.56!5K! '0.Z.6_!1KK1=-!A9!25.*!50_&6.=!Z&--10!2-&A.*.-9!5810!&!A05&:!_15_0&'(.=!FMC!

2=&*1a!4&-,01!E5ZZ,6.=&-.562!"]3!F""#a!FMF!

E(163!%a3!@16A&90&Z3!ba3!B*&_5:&-2j93!@a3!b9&=(.6&3!ga3!R.--10-3!sa3!<.63!7a3!B*&_5:&-2j&9&3!Ua3!FM?!

p! s,i9&j583! ^a3!#]"Ca!@5.*! E! &6:! 4! &8&.*&A.*.-9! :1-10Z.61! -(1! '0.Z.6_! 1KK1=-L! b.=05A.&*! 4!FMM!

Z.6.6_!&6:!2-5.=(.5Z1-0.=!:1=5Z'52.-.56!-(150.12a!+*5A&*!E(&6_1!B.5*5_9!#]3!#$F?�t#$?Ma!!FMS!

E(163!@a3!l&6_3!^a3!o,3!~a3!p!+&53!oa3!#]"Fa!Eg#!1Z.22.562!K05Z!&!K5012-!25.*!&2!.6K*,16=1:!A9!FMY!

&Z16:Z16-2!5K!:.KK1016-!=05'!2-0&h2L!QZ'*.=&-.562!K50!'0.Z.6_!1KK1=-2a!E&-16&!"$"3!F?�t?$a!FS]!

E(16,3!Ea3!I6_1023!Ra!Ia3!B&00;3!Da3!R100.163!Ra3!I005,&923!Ra3!p!B&*12:16-3!Ga3!#]"Sa!Q6=01&2.6_!FS"!

50_&6.=!2-5=j2!.6!&_0.=,*-,0&*!25.*2L!s65h*1:_1!_&'2!&6:!'5-16-.&*!.6658&-.562a!@5.*!p!c.**&_1!FS#!

%121&0=(!"SS3!C"HF#a!FS$!
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E56&6-3!%a!ca3!%9&63!ba!+a3!„_0163!+a!Qa3!B.0_13!oa!Ua3!R&8.:2563!Ua!Ia3!U*.&22563!Da!Ua3!U8&623!@a!FSC!

Ua3!X0193!@a!Ra3!+.&0:.6&3!Ea!Da3!o5'j.623!Xa!ba3!o98r6163!%a3!s.02=(A&,Z3!ba!Pa!Xa3!<&8&**113!Ga!FSF!

ba3!<1.K1*:3!Ga3!D&0-563!la!Ga3!b1_&6!@-1.6h1_3!Ga3!l&**162-1.63!ba!Ra3!b&0-.6!l1--102-1:-3!Ga!FS?!

„a3!p! B0&:K50:3! ba! Ia3!#]"" a!c1Z'10&-,01! &6:! 25.*! 50_&6.=! Z&--10! :1=5Z'52.-.56! 0&-12!�t!FSM!

296-(12.2!5K!=,0016-!j65h*1:_1!&6:!&!h&9!K50h&0:a!+*5A&*!E(&6_1!B.5*5_9!"M3!$$Y#�t$C]Ca!FSS!

E56&6-3! %a! ca3! @-1.6h1_3! Ga! ba3! o&::.>3! ba! <a3! D&,*3! Ua! Ia3! D*&6-13! Ia! Xa! &6:! @.>3! Ga3! #]]Sa!FSY!

U>'10.Z16-&*!h&0Z.6_!2(5h2!-(&-!:1=5Z'52.-.56!-1Z'10&-,01!2162.-.8.-9!.6=01&212!h.-(!25.*!FY]!

50_&6.=!Z&--10!01=&*=.-0&6=1a!U=5*5_9!SY3!#$SC�t#$Y"a!FY"!

E0&.613!Ga!ba3!X.10103!4a3!p!b=*&,=(*&63!sa!sa3!#]"]a! l.:12'01&:!=5,'*.6_!A1-h116!-(1!0&-1!FY#!

&6:!-1Z'10&-,01!2162.-.8.-9!5K!50_&6.=!Z&--10!:1=&9a!4&-,01!+152=.16=1!$3!SFC�tSFMa!FY$!

R&8.:2563!Ua!Ia3!p !G&6221623!Qa!Ia3!#]]?a!c1Z'10&-,01!2162.-.8.-9!5K!25.*!=&0A56!:1=5Z'52.-.56!FYC!

&6:!K11:A&=j2!-5!=*.Z&-1!=(&6_1a!4&-,01!CC]3!"?FH"M$a!FYF!

R(&*.h&*3!@a!@a3!4&012(3!%a!sa3!+,'-&3!%a!sa3!D&6h&03!Ia!@a3!b&(&t&63!4a!Ea3!@.6_(3!%a3!p!b&6:&*3!FY?!

Ia3!#]#]a!UKK1=-!5K!-.**&_1!&6:!2-0&h!01-,06!56!=&0A56!K55-'0.6-23!25.*!50_&6.=!=&0A56!K0&=-.562!FYM!

&6:!25.*!Z.=05A.&*!=5ZZ,6.-9!.6!:.KK1016-!-1>-,01:!25.*2!,6:10!0.=1�th(1&-!05-&-.56L!&!018.1ha!FYS!

%18.1h2!.6!U68.056Z16-&*!@=.16=1!&6:!B.5-1=(65*5_9!"Y3)"]$ H""Fa!!FYY!

R._6&=3!ba!Xa3!R100.163!Ra3!B&00;3!Da3!B&05-3!@a3!E;=.**563!<a3!E(16,3!Ea3!E(18&**.103!ca3!X012=(1-3!?]] !

+a!ca3!+&06.103!Da3!+,161-3!Ba3!o1::13!ba3!s*,Z''3!sa3!<&2(10Z123!+a3!b&0563!Da!Ia3!4,6&63!4a3!?]" !

%5,Z1-3!Ea!p!B&2.*1HR51*2=(3!Qa3!#]"Ma!Q6=01&2.6_!25.*!=&0A56!2-50&_1L!Z1=(&6.2Z23!1KK1=-2!5K!?]# !

&_0.=,*-,0&*!'0&=-.=12!&6:!'05>.12a!I!018.1ha!I_0565Z9!K50!@,2-&.6&A*1!R181*5'Z16-!$MT#V3!?]$ !

"Ca!!?]C!
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R.tj2-0&3!Xa!Ia3!E&00.**53!^a3!D16:&**3!Ua3!p!b50_&63!Ga!Ia3!#]"$a!%(.i52'(101!'0.Z.6_L!&!6,-0.16-!?]F!

'102'1=-.81a!X056-.102!.6!b.=05A.5*5_9!C3!#"?a!!?]? !

R.Z&22.3!Ba3!b&093!Ba3!X56-&.613!Xa3!D1081163!4a3!%18&.**5-3!@a3!p!E5(&63!Ga!Da3!#]"Ca!UKK1=-!5K!?]M!

6,-0.16-2!&8&.*&A.*.-9!&6:! *56_H-10Z! -.**&_1!56! '0.Z.6_!1KK1=-!&6:!25.*!E!Z.610&*.i&-.56a!@5.*!?]S!

B.5*5_9!&6:!B.5=(1Z.2-09!MS3!$$#�t$$Ya!?]Y!

X&6_3! ^a3!4&i&0.123! <a3!@.6_(3! Ba! sa3! p ! @.6_(3! Ba! Da3! #]"Sa!b.=05A.&*! Z1=(&6.2Z2! 5K! =&0A56!?"] !

'0.Z.6_! 1KK1=-2! 0181&*1:! :,0.6_! -(1! .6-10&=-.56! 5K! =05'! 012.:,1! &6:! 6,-0.16-! .6',-2! .6!?"" !

=56-0&2-.6_!25.*2a!+*5A&*!E(&6_1!B.5*5_9!#C3!#MMF�t#MY]a!?"#!

X.10103!4a3!B0&:K50:3!ba!Ia3!p!G&=j2563!%a!Ba3!#]]Ma!c5h&0:!&6!1=5*5_.=&*!=*&22.K.=&-.56!5K!25.*!?"$!

A&=-10.&a!U=5*5_9!SS3!"$FC�t"$?Ca!!?"C!

X5*193!Ga!Ia3!R1K0.123!%a3!I26103!+a!Da3!B&0K50:3!Ea3!B56&63!+a3!E&0'16-103!@a!%a3!@-,&0-!E(&'.63!Xa3!?"F!

E513!ba!ca3!R&.*93!+a!Ea3!+.AA23!oa!sa3!o1*j5h2j.3!Ga!oa3!o5**5h&93!ca3!o5h&0:3!Ua!Ia3!s,=(&0.j3!Ea!?"?!

Ga3!b56K01:&3!Ea3!D&-i3!Ga!Ia3!D016-.=13!Qa!Ea3!%&Z&6j,--93!4a3!p!@69:103!Da!sa3!#]]Fa!+*5A&*!?"M!

=5621W,16=12!5K!*&6:!, 21a!@=.16=1!$]Y3!FM]�tFMFa!!?"S!

X56-&.613!@a3!b&0.5--.3!Ia3!p!IAA&:.13!<a3!#]]$a!c(1!'0.Z.6_!1KK1=-!5K!50_&6.=!Z&--10L!&!?"Y!

W,12-.56!5K!Z.=05A.&*!=5Z'1-.-.56•!!@5.*!B.5*5_9!&6:!B.5=(1Z.2-09!$F3!S$MHSC$a!?#] !

X56-&.613!@a3!B&0:5,>3!+a3!IAA&:.1!<a3!p!b&0.5--.3!Ia3!#]]Ca!E&0A56!.6',-!-5!25.*!Z&9!:1=01&21!?#"!

25.*!=&0A56!=56-16-a!U=5*5_9!<1--102!M3!$"CH$#]a!?##!

X56-&.613!@a3!B&05-3!@a3!B&00;3!Da3!B:.5,.3!4a3!b&093!Ba3!p!%,Z'1*a3!Ea3!#]]Ma!@-&A.*.-9!5K!50_&6.=!?#$!

=&0A56!.6!:11'!25.*!*&9102!=56-05**1:!A9!K012(!=&0A56!2,''*9a!4&-,01!CF]3!#MMH#S]a!!?#C!
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X56-&.613!@a3!o16&,*-3!Ea3!I&Z503!Ia3!B:.5,.3!4a3!B*5503!Ga!ba!+a3!b&.013![a3!b&093!Ba3!%18&.**5-3!?#F!

@a3!p!b&0563!Da!Ia3!#]""a!X,6_.!Z1:.&-1!*56_!-10Z!21W,12-0&-.56!5K!=&0A56!&6:!6.-05_16!.6!?#?!

25.*!-(05,_(!-(1.0!'0.Z.6_!1KK1=-a!@5.*!B.5*5_9!&6:!B.5=(1Z.2-09!C$3!S?�tY?a!?#M!

X0.1:*.6_2-1.63!Da3!E5>3!Da3!B1--23!%a3!B5''3!<a3!856!B*5(3!la3!B058j.63![a3!E&:,*13!Da3!R56193!@a3!?#S!

UA93!ba3!X,6_3!Qa3!B&*&3!+a3!G5(63!Ga3!G56123!Ea3!G5523!Xa3!s&-53!ca3!s&h&Z.9&3!ba3!s65003!la3!?#Y!

<.6:2&93!sa3!b&--(1h23!oa!Ra3!%&::&-i3!ca3!%&96103!Da3!%1.=j3!Ea3!%51=j6103!Ua3!@=(6.-i*103!sa3!?$] !

@=(6,03!%a3!@-0&22Z&663!sa3!l1&8103!Ia!Ga3!^52(.j&h&3!Ea3!p!~16_3!4a3!#]]?a!E*.Z&-1�t=&0A56!?$"!

=9=*1!K11:A&=j!&6&*92.2L!012,*-2!K05Z!-(1!ECbQD!Z 5:1*!.6-10=5Z'&0.256a!G5,06&*!5K!=*.Z&-1!?$#!

"Y3!$$$M�t$$F$a!!?$$!

X0u21-(3! %a! Ba3! p! B*1j163! ba! Ia3! #]"Fa! UKK1=-! 5K! *5h! -1Z'10&-,01! &6:! 25.*! -9'1! 56! -(1!?$C!

:1=5Z'52.-.56!0&-1!5K!25.*!50_&6.=!=&0A56!&6:!=*5810!*1&8123!&6:!01*&-1:!'0.Z.6_!1KK1=-a!@5.*!?$F!

B.5*5_9!&6:!B.5=(1Z.2-09!S]3!"F?�t"??a!!?$?!

+(113!Ea3!41.*2563!%a3!o&**1--3!Da!Ra3!%5A.62563!Ra3!p!D&-102563!Ua3!#]"$a!D0.Z.6_!5K!25.*!50_&6.=!?$M!

Z&--10! Z.610&*.2&-.56! .2! .6-0.62.=&**9! .62162.-.81! -5! -1Z'10&-,01a! @5.*! B.5*5_9! &6:!?$S!

B.5=(1Z.2-09!??3!#]�t#Sa!!?$Y!

+01_50.=(3!Ua!+a3!G&6i163!oa3!U**10-3!Ba!oa3!o1*_&2563!Ba!<a3!\.&63!Ba3!~1A&0-(3!Ba!Ga3!I6_1023!Ra!Ia3!?C]!

B19&10-3!%a!Da3!R0,093!Ea!Xa3!R,_,.:3!@a!Ra3!b&93!la!Ua3!b=E56j193!Ba!+a!&6:!R9=j3!ba!Xa3!#]"Ma!?C"!

<.--10!:1=&9!=56-05**1:!A9!-1Z'10&-,013!65-!25.*!'05'10-.123!&KK1=-.6_!K,-,01!25.*!=&0A56a!?C#!

+*5A&*!E(&6_1!B.5*5_9!#$3!"M#FH"M$Ca!?C$!

+,161-3!Ba3!G,&01i3!@a3!B&0:5,>3!+a3!IAA&:.13!<a3!p!E(16,3!Ea3!#]"#a!U8.:16=1!-(&-!2-&A*1!E!.2!?CC!

&2!8,*610&A*1!-5!'0.Z.6_!1KK1=-!&2!.2!Z501!*&A.*1!E!.6!25.*a!@5.*!B.5*5_9!&6:!B.5=(1Z.2-09!F#3!?CF!

C$HCSa!!?C?!



Soil Biology & Biogeochemistry  -   Submitted Manuscript: Confidential 
!

+,161-3!Ba3!�����u�]�v�}�r�^���Œ�Œ���v�}�U���Da3!E.&.23!Da3!c.K&K.3!ba3!b&._6&63!Xa3!@556_3!Ga!<a3!p!G&6221623!Qa!?CM!

Ia3!#]"Sa!QZ'&=-!5K!'0.Z.6_!56!_*5A&*!25.*!=&0A56!2-5=j2a!+*5A&*!E(&6_1!B.5*5_9!#C3!"SM$H?CS!

"SS$a!?CY!

+,53!<a!Ba3!p!+.KK50:3!%a!ba3!#]]#a!@5.*!=&0A56!2-5=j2!&6:!*&6:!,21!=(&6_1L!&!Z1-&H&6&*92.2a!?F]!

+*5A&*!E(&6_1!B.5*5_9!S3!$CF�t$?]a!?F"!

o&::&h&93! 4a! %a3! o1:*,6:3! sa3!G&=j2563! <a! Ua3! s…--10103! ca3! <,_&0-53! Ua3! c(5Z2163! Qa! sa3!?F#!

G50_162163!oa!Ba3!p!Q2A10_3!Da!Ua3!#]"Ma!o5h!:512!-.**&_1!.6-162.-9!&KK1=-!25.*!50_&6.=!=&0A56•!I!?F$!

292-1Z&-.=!018.1ha!U68.056Z16-&*!U8.:16=1!?3)$]a!?FC!

o13!^a3!c0,ZA5013!@a!Ua3!c5063!ba!@a3!o&0:163!Ga!la3![&,_(63!<a!Ga!@a3!I**.2563!@a!Ra3!p!%&6:102563!?FF!

Ga!ca3!#]"?a!%&:.5=&0A56!=562-0&.6-2! .Z'*9!01:,=1:!=&0A56! ,'-&j1!A9!25.*2! :,0.6_! -(1!#"2-!?F?!

=16-,09a!@=.16=1!"C"Y�t"C#Ca!!?FM!

o1.Z&663!ba3!p! %1.=(2-1.63! ba3!#]]Sa! c10012-0.&*! 1=5292-1Z! =&0A56! :96&Z.=2! &6:! =*.Z&-1!?FS!

K11:A&=j2a!4&-,01!CF"3!#SY�t#Y#a!?FY!

o,6_3!<a3!p!c0&''13!Ga!ba3!"YS$a!+05h-(!8&0.&-.56!A1-h116!&6:!h.-(.6!2'1=.12!5K!??] !

1=-5Z9=500(.i&*!K,6_.!.6!012'5621!-5!'o!.6!8.-05a!b9=5*5_.&!MF3!#$CH#C"a!??"!

G5AAq_93!Ua!+a3!p!G&=j2563!%a!Ba3!#]]]a!c(1!810-.=&*!:.2-0.A,-.56!5K!25.*!50_&6.=!=&0A56!&6:!.-2!??#!

01*&-.56!-5!=*.Z&-1!&6:!81_1-&-.56a!U=5*5_.=&*!I''*.=&-.562!"]T#V3!C#$�tC$?a!!??$!

G5(62563!Ra3!<1&j13!Ga!%a3!g2-*13!4a3!Q612563!Da3!p!%1&:3!Ra!Ga3!#]]#a!Q6!2.-,!"$Eg#!',*21 H*&A1**.6_!??C!

5K!,'*&6:!_0&22*&6:!:1Z562-0&-12!&!0&'.:!'&-(h&9!5K!=&0A56!K*,>!K05Z!&0A,2=,*&0!??F!

Z9=500(.i&*!Z9=1*.&!-5!-(1!25.*a!41h!D(9-5*5_.2-!"F$3!$#M�t$$Ca!???!
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s.02=(A&,Z3!b!aPa!Xa3!"YYFa!c(1!-1Z'10&-,01!:1'16:16=1!5K!50_&6.=HZ&--10!:1=5Z'52.-.56!??M!

&6:!-(1!1KK1=-!5K!_*5A&*!h&0Z.6_!56!25.*!50_&6.=!E!2-50&_1a!@5.*!B.5*5_9!p!B.5=(1Z.2-09!#M3!??S!
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B.5=(1Z.2-09!#C3!"]?F �t"]M#a!M#"!
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E(&'*5-3![a3!E(16!~a!@a3!E(16_3!sa3!R&23!Ba!@a3!X.1*:3!Ra!Ga3!+.Z56&3!Ia3!o1:*193!Ea!Ba3!o56_3!@a!̂ a3!M#Y!
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-,065810!.6!25.*2a!+*5A&*!B.5_15=(1Z.=&*!E9=*12!S3!#MY�t#Y$a!MF]!
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