
 

 

Determination of optimal ethylene…                                          Juan Saavedra del Aguila y cols. (2013) 

Rev. Iber. Tecnología Postcosecha Vol 14(2):109-114 109 

!"#"$%&'(#&)'*)+*),#&%(-*"#./-"'"*0)'0"'#$(#&)'*(,,-&"!*&'*

,)1#.($2"1#*%('3)*+$4&#*
!

5678* 1779:;<7* ;:=* (>6?=7
@
A* +BC?D* 27E* ;:* -?F7

G
A* (;<?78D* "HF7:=* 37EED=7

G
A* ";I?8*%D?HJH*

%7<KDH*)<L:>7
G
M*-N=?7*1?KOF788*.:?PP?>Q;:=*(>6?=7

R
M*$?K7<;D*(=P<:;D*S=6>:

G
T*

!
"
#$%&!'%(&!)(&*!+,-,(./!0$12,(3145!67!8.9:.!;0<=8'>8'?!@!)69!8,-(146!A.9:B3*!CDEFGHGGG*!)69!8,-(146!@!I16!
J(.$-,! -6! KB/! ;IK?*! L(.M1/&! ,H9.1/N! OB.$.%B1/.PB$1:.9:.&,-B&Q(&!

R
#3S6/.! KB:,(16(! -,! '%(1SB/4B(.! TUB1M! -,!

VB,1(6MW! ;#K'UV?*!0$12,(3145!67!TKX6!8.B/6W! ;0K8?*!81(.S1S.Q.!@!KX6!8.B/6! ;K8?*!L(.M1/&!,H9.1/N! (.Y/B%,PB3:&Q(!
Z
#$%[&!'%([&!)([&*!#9Q(.:.!\,9:,(.4,!L(.M1/1.$!'%(1SB/4B(./!I,3,.(S]*!A&8&!EGZ*!CDG"GHC^"*!8,/64.3*!IK*!L(.M1/&!,H
9.1/N!/1/1.&31S]9.$$P,9Q(.:.&Q(&!!

!
!"#$%&'()*$+,-./0"',$/-(/1,$23$4'/5,'#$5"6,7&8/)53$18/5,16"'/1$0'9/63$6'&4/1,8$0'9/6:$$$

!

(U1#$(0#*
>.$%6! 13!.!4(6:1S./!,2,(%(,,$!4(,,!4].4! 13!3B14.Q/,! 76(!.(,.3!_14]!S66/!-(5!_1$4,(3!.$-!]64!_,4!3B99,(3&!\],!
1$4,(,34!1$!4]13!SB/4B(,!13!-B,!46!4],!,`S,//,$4!7(B14*!].21$%!,`641S!7/.26(*!.$-!13!(1S]!1$!214.91$3!.$-!91$,(./3&!\]13!
(,3,.(S]!:(6O,S4!.193!46!-,4,(91$,!4],!6:419./!S6$S,$4(.416$!67!,`6%,$6B3!,4]5/,$,!.::/1,-!46!9.$%6!a\6995!
'4Y1$3b!7(B143!.4!:634H].(2,34&!\],!4(,.49,$43!_,(,N!\"!c!7(B143!346(,-!B$-,(!B$S6$4(6//,-!S6$-1416$3!;RFdA!e!FdA!
.$-!DFf!Ig?!_14]6B4!,4]5/,$,!hS6$4(6/i*!\R!c!7(B14!346(,-!.4!RGdA!e!"dA!.$-!CGf!Ig!_14]!"G!::9!,4]5/,$,!76(!R!
-.53*!\Z!c!7(B14!346(,-!.4!RGdA!e!"dA!.$-!CGf!Ig!_14]!RG!::9!,4]5/,$,!76(!R!-.53*!\E!c!7(B14!346(,-!.4!RGdA!e!
"dA!.$-!CGf!Ig!_14]!EG!::9!,4]5/,$,! 76(!R!-.53*!\F!c! 7(B14! 346(,-!.4!RGdA!e!"dA!.$-!CGf!Ig!_14]!DG!::9!
,4]5/,$,!76(!R!-.53*!\D!c!7(B14!346(,-!.4!RGdA!e!"dA!.$-!CGf!Ig!_14]!jG!::9!,4]5/,$,!76(!R!-.53!.$-!\^!c!7(B14!
346(,-!.4!RGdA!e!"dA!.$-!CGf!Ig!_14]!"GG!::9!,4]5/,$,!76(!R!-.53&!'74,(!4(,.49,$43*!7(B143!_,(,!346(,-!.4!RGdA!
e! "dA! .$-! CGf! Ig! ;\R! 46! \^?! .$-! B$S6$4(6//,-! ,$21(6$9,$4./! S6$-1416$3! ;RFdA! e! FdA! .$-! DFf! Ig?! 76(! \"&!
A].$%,3! 1$!71(9$,33!;<?*!464./!36/BQ/,!36/1-3!;dL(1`?*!3Y1$!Q(6_$1$%!.$-!(64!;f?!_,(,!,2./B.4,-!.4!-.5!G*!-.5!^!
.$-! -.5! "E! .74,(! 4(,.49,$4&! \],! 7(B143! 7(69! \Z! ;RG! ::9! ,4]5/,$,! .4! RGdA! 76(! R! -.53?*! ].2,! 4],! /,.34! 3Y1$!
Q(6_$1$%!.$-!(643!B$41/!^4]!-.5!67!346(.%,!.4!RGdA*!.$-!6$/5!4]13!7(B143!S6B/-!Q,!9.(Y,4,-!B$41/!4]13!,2./B.416$!
-.5&!=$!S6$S/B316$*!4],!Q,34!4(,.49,$4!4].4!S6B/-!],/:!1$!4],!.-,kB.4,!(1:,$1$%!67!9.$%6!a\6995!'4Y1$3b!7(B14!
_.3!\Z!;RG!::9!,4]5/,$,!.4!RGdA!76(!4_6!-.53?&!

!

!"#"$%&'(0&)'*!"*-(*0)'0"'#$(0&)'*),#&%(*!"*"#&-"')*(*1"$*(,-&0(!)*"'*-(*

,)1#0)1"0.(*!"*%('3)*
;,8,7',)$18,<")*$+,-./0"',$/-(/1,$23$5"6,7&8/)5&$4'/5,'/&3$0'96&$18/5,6='/1&3$0'96&$6'&4/1,8:$$$

!

$"14%"'*
#/!9.$%6!,3!B$.!l(Q6/!31,9:(,!2,(-,!4(6:1S./!kB,!,3!SB/412.-6!-,3-,!(,%16$,3!S6$!1$21,($63!7(163!,!3,S63!].34.!
(,%16$,3!S6$!2,(.$63!]m9,-63!5!S./1,$4,3&!#/!1$4,(n3!,$!,34.!:/.$4.!,3!/.!,`S,/,$4,!7(B4.!kB,!41,$,!B$!,`o41S6!
3.Q6(*! .-,9l3! -,! 3,(! (1S6! ,$! 214.91$.3! 5! 91$,(./,3&! #34,! ,`:,(19,$46! QB3S6! -,4,(91$.(! /.! S6$S,$4(.S1o$!
o:419.! -,! ,41/,$6! ,`o%,$6! kB,! 41,$,! kB,! 3,(! S6/6S.-6! ,$! /.! :634S63,S].! -,/! 9.$%6! a\6995! '4Y1$3b&! U63!
4(.4.91,$463!7B,(6$N!\"!c!7(B463!./9.S,$.-63!36Q(,!S6$-1S16$,3!.9Q1,$4./,3!$6!S6$4(6/.-.3!;RFdA!e!FdA!5!DFf!
gI?!31$!.:/1S.S1o$!-,!,41/,$6!h4,341%6i*!\R!c!7(B463!./9.S,$.-63!.!RGdA!e!"dA!5!CGf!gI!S6$!"G!::9!-,!,41/,$6!
:6(! R! -p.3*! \Z! c! 7(B463! ./9.S,$.-63! .! RGdA! e! "dA! 5! CGf!gI! S6$! RG! ::9! -,! ,41/,$6! :6(! R! -p.3*! \E! c! 7(B463!
./9.S,$.-63!.!RGdA!e!"dA!5!CGf!gI!S6$!EG!::9!-,!,41/,$6!:6(!R!-p.3*!\F!c!7(B463!./9.S,$.-63!.!RGdA!e!"dA!5!
CGf!gI! S6$!DG!::9!-,!,41/,$6!:6(! R! -p.3*! \D! c! 7(B463! ./9.S,$.-63! .! RGdA!e! "dA! 5! CGf!gI! S6$!jG!::9!-,!
,41/,$6!:6(!R!-p.3!5!\^!c!7(B463!./9.S,$.-63!.!RGdA!e!"dA!5!CGf!gI!S6$!"GG!::9!-,!,41/,$6!:6(!R!-p.3&!),3:Bn3!
-,! /63! 4(.4.91,$463*! /63! 7(B463! 7B,(6$!./9.S,$.-63!.!RGdA!e!"dA!5!CGf!gI!;\R!].34.!\^?!5!36Q(,!S6$-1S16$,3!
.9Q1,$4./,3!$6!S6$4(6/.-.3!;RFdA!e!FdA!5!DFf!gI?!:.(.!,/!\"&!A.9Q163!,$!/.!71(9,M.!;<?*!3o/1-63!36/BQ/,3!464./,3!
;dL(1`?*!:.(-,.91,$46!-,! /.!S.3S.!5!:B-(1S1o$! ;f?! 7B,(6$!,2./B.-63!,$!,/!-p.!G*!-p.!^!5!-p.!"E!-,3:Bn3!-,! /63!



 

 

Determination of optimal ethylene…                                          Juan Saavedra del Aguila y cols. (2013) 

Rev. Iber. Tecnología Postcosecha Vol 14(2):109-114 110 

4(.4.91,$463&! U63! 7(B463! -,/! 4(.4.91,$46! \Z! ;RG! ::9! -,! ,41/,$6! .! RGdA! :6(! R! -p.3?*! 4B21,(6$! /63! 9,$6(,3!
:.(-,.91,$463!-,!S.3S.!5!:B-(1S16$,3!].34.!,/!-p.!^!-,!./9.S,$.91,$46!.!RGdA*!5!36/.9,$4,!/63!7(B463!-,!,34,!
4(.4.91,$46!,34.Q.$!,$!S6$-1S16$,3!-,!3,(!S69,(S1./1M.-63!,$!,34,!-1.!-,!,2./B.S1o$&!#$!S6$S/B31o$*!,/!9,O6(!
4(.4.91,$46!:.(.!B$.!9.4B(.S1o$!S6((,S4.!-,/!9.$%6!a\6995!'4Y1$3b!7Bn!,/!\Z!;RG!::9!-,!,41/,$6!.!RGdA!:6(!R!
-p.3?&!

&'#$)!40#&)'*

>.$%6!;+,-./0"',$/-(/1,!U&?!Q,/6$%3!46!4],!
7.91/5! '$.S.(-1.S,.,*! ./36! Y$6_$! .3! 4],!
S.3],_!7.91/5*!_14]!.Q6B4!^F!%,$,(.!.$-!^GG!
3:,S1,3*!9634/5!4(6:1S./*!_14]!369,!3BQ4(6:1S./!
.$-! 4,9:,(.4,! 3:,S1,3&! =4! %(6_3! 21%6(6B3/5!
.$-! 7/6_,(3! .$-! 7(B143! 6$! 4],! 4,(91$./3&! \],!
9.$%6! 4(,,! 7/6_,(3! 1$! /.4,! _1$4,(! .$-! 13!
].(2,34,-! 1$! 3B99,(! ;>,B(.$4! ,4! ./&*! "CCCq!
<.Y.36$,!.$-!8.B//*!"CCj?&!

>.$%6!6(1%1$.4,-!1$!4],!=$-6HLB(9.!(,%16$!
.$-!].3!Q,,$!SB/412.4,-!1$!=$-1.!76(!62,(!EGGG!
5,.(3&! \],! 86(4B%B,3,*! 4],! 71(34! #B(6:,.$3! 46!
,34.Q/13]! 4(.-,! (6B4,3!_14]! =$-1.*! 4(.$3:6(4,-!
4],!9.$%6!46!#.34!'7(1S.!.$-!L(.M1/&!>.$%6! 13!
$6_!76B$-!1$!.//!4(6:1S./!.(,.3*!.3!_,//!.3!9.$5!
3BQ4(6:1S./! (,%16$3! 67! 4],! _6(/-*! .44,341$%! 46!
143! _1-,! (.$%,! 67! .-.:4.Q1/145! ;<.Y.36$,! .$-!
8.B//*!"CCj?&!

L(.M1/! 13! 4],! 3,2,$4]! /.(%,34! :(6-BS,(! 67!
9.$%6,3*!_14]!.!:(6-BS416$!!67!"*"C^*DCE!4! 1$!
RG"G*!Q,]1$-!6$/5!>,`1S6!.$-!'31.$!S6B$4(1,3!
3BS]! .3! =$-1.*! _6(/-b3! /.(%,34! :(6-BS,(&! =$!
L(.M1/*! 4],! TKX6! 8.B/6W! 13! 4],! 3,S6$-! /.(%,34!
34.4,! :(6-BS,(! 67! 9.$%6,3*! _14]! "F*EGj! ].!
].(2,34,-!1$!RGGF!;'$B.(16*!RG""q!+'r*!RG"Z?&!
'96$%!4],!2.(1,41,3!,`:/6(,-*!9.$%6!a\6995!
'4Y1$3b!76SB3,-!.(6B$%!CGf!67!S(6:/.$-!1$!4],!
S6B$4(5*! OB34171,-*! 674,$! 76(! 4],1(! ].(-1$,33*!
.44(.S412,! S6/6(*! .$-! (,/.412,! Q./.$S,! 1$!
:(6-BS416$!Q,4_,,$!S6$3,SB412,!5,.(3! ;L(.M1/*!
"CCjq! '/9,1-.! ,4! ./&*! RGG"?&! g6_,2,(*! 4],!
a8./9,(b! 2.(1,45! :(,3,$4,-! 4]13! .S(,.%,! .$-!
9.(Y,4!3].(,&!

>.$%6! 13! .! S/19.S4,(1S! 7(B14! .$-! ,4]5/,$,!
S.$! Q,! B3,-! 46! (,-BS,! 4],! 419,! 41//! (1:,$1$%!
S699,$S,3&!=$!L(.M1/*!4],!9.$%6!S6$3B9:416$!
13! -,S/1$1$%! .$-! -69,341S! :(6-BS416$! 13!
-,S/1$1$%! 466! ;'%(1.$B./*! RGG^?*! _]1S]! S.$! Q,!
,`:/.1$,-*! 1$! :.(4*! _14]6B4! 4],! 7(B14! kB./145*!
.$-! $6$! B$176(9! 9.4B(.416$*! _]1S]! .(,!

%,$,(.//5! 677,(,-! 46! 4],! S6$3B9,(&! '$64],(!
7.S46(! 4].4! 9.5! ,`:/.1$! 4]13! -,S/1$,! 13! 4],!
.Q3,$S,*!6(!,2,$!4],!/1914,-!Y$6_/,-%,!6$!4],!
2.(16B3!9,4.Q6/1S! .$-!:]5316/6%1S./! :(6S,33,3!
.336S1.4,-! _14]! 4],! 4,S]$1S./! 9.4B(145! .$-!
:634].(2,34! 346(.%,! 67!9.$%6&! ),:,$-1$%! 6$!
4],! S6$-1416$3! 67! 4],! 7(B14! .$-! 9.(Y,4!
(,kB1(,9,$43*! 4],! :(.S41S,! 67! S6$4(6//,-!
(1:,$1$%! S.$! Q,! (,S699,$-,-&! \],! 7(B143!
].(2,34,-! %(,,$! _1//! $64! (1:,$*! .$-! _14],(!
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1$! 6(-,(! 46! 6Q4.1$! kB./145! 7(B143*! .3! 3,(16B3!
:(6Q/,9! 67! 4],! B$,2,$! (1:,$1$%! 67! 4],! 3.9,!
Q.4S]! 13! S],SY,-! 1$! 4],! 1$4,($./! 4(.-,*!.3!_,//!
.3! 4]63,! 1$4,$-,-,`:6(4&! \]13! B$,2,$$,33! 67!
:634H].(2,34! (1:,$1$%! .77,S4! 4],! S6$3B9,(!
.SS,:4.$S,*! ,2,$! 4]6B%]! 1$! 369,! S.3,3! 4],!
7(B143! ].2,! .SS,:4.Q/,! 4.34,&! A6$3,kB,$4/5*!
4],(,!13!4],!/633!67!,S6$691S!2./B,!67!4],!7(B14!
.$-!$64! 6:,$1$%!67! 76(,1%$!9.(Y,43! 76(! 4],3,!
7(B143*! 31$S,! 4],! ,`:6(4! 9.(Y,43! .(,! ]1%]/5!
-,9.$-1$%!.3!46!kB./145&!!!

\],! :B(:63,! 67! 4]13! ,`:,(19,$4! _.3! 46!
,2./B.4,! -177,(,$4! ,4]5/,$,! S6$S,$4(.416$3!
-B(1$%! ,4]5/,$,! .::/1S.416$*! .3! _,//! .3! 4],1(!
1$7/B,$S,! 6$! 4],! :]531S6S],91S./! :.(.9,4,(3!
67! a\6995! '4Y1$3b! 9.$%6! 7(B14*! 3BQ3,kB,$4/5!
346(,-! .4! RGdA! e! "dA! 6(! B$S6$4(6//,-!
S6$-1416$3!;RFdA!e!FdA?&!
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>.$%6! 7(B143! S2&! \6995! '4Y1$3! 6Q4.1$,-!
7(69!.!:(6-BS,(!r%.4.!A14(B3*! 1$!\.kB.(141$%.*!
K8*! L(.M1/*! _,(,! B3,-! 76(! 4]13! 34B-5&! \],!
:(6-BS4! _.3! 36(4,-! 76(! B$176(9! .::,.(.$S,*!
31M,! .$-! .Q3,$S,! 67! :]531S./! .$-! :.4]6/6%1S./!
-.9.%,&! !

+(B14! _,(,! 3BQ9144,-! 46! 4],! 76//6_1$%!
4(,.49,$43N!!
\"c!(669!4,9:,(.4B(,!;RFdA?!_14]6B4!,4]5/,$,!;S6$4(6/?q!!
\Rc!"G!::9!,4]5/,$,!76(!4_6!-.53!.4!RGdAq!!
\Zc!RG!::9!,4]5/,$,!76(!4_6!-.53!.4!RGdAq!!
\Ec!EG!::9!,4]5/,$,!76(!4_6!-.53!.4!RGdAq!
\Fc!DG!::9!,4]5/,$,!76(!4_6!-.53!.4!RGdAq!!
\Dc!jG!::9!,4]5/,$,!76(!4_6!-.53!.4!RGdA!.$-!!
\^c!"GG!::9!,4]5/,$,!76(!4_6!-.53!.4!RGdA&!

\],!7(B143!_,(,!4],$!:/.S,-!1$46!S.(-Q6.(-!
Q6`*! 346(,-! 76(! "E! -.53! .4! RGdA! .$-! jFf! Ig*!
76(! \R*\Z*\E*\F*\D! .$-! \^q! .$-! (669!
4,9:,(.4B(,!;RFdA?!76(!\"&!!

\],!2.(1.Q/,3!,2./B.416$3!_,(,!S.((1,-!6B4*!
.4! M,(6! ;S].(.S4,(1M.416$?*! 3,2,$! .$-! "E! -.53!
.74,(!,4]5/,$,!.::/1S.416$!6(!$64!;S6$4(6/?&!\],!
71(9$,33! ;<?! _.3! -,4,(91$,-! _14]! -1%14./!
8,$,4(69,4,(! +(B14! +1(9$,33! \,34,(*! Q,76(,!
4],! 4(,.49,$43*! 4],! 1$141./! 7(B14! 71(9$,33! _.3!
CE&R!<&!!

\],! 36/BQ/,! 36/1-3! S6$S,$4(.416$! ;KKA?!_.3!
-,4,(91$,-!Q5!-1(,S4!(,.-1$%!67!S,$4(17B%,3!1$!
OB1S,!9.$%6! 1$! .! -1%14./! (,7(.S469,4,(! ;'4.%6!
8IH"G"*!'4.%6!A6&!U4-&*!\6Y56*!t.:.$?!_14]!4],!
(,3B/43! ,`:(,33,-! 1$! dL(1`q! 4],! 1$141./! KKA!_.3!
^&^dL(1`&!

KY1$%!Q(6_$1$%!_.3!-,4,(91$,-!_14]!213B./!
3S./,N! G! c!_14]6B4! 3Y1$%!Q(6_$1$%*! "! c!B$41/! Z!
S9R!67!3Y1$%!Q(6_$1$%*!R!c!B$41/!D!S9R!67!3Y1$%!
Q(6_$1$%*!Z!c!B$41/!RFf!67!3Y1$%!Q(6_$1$%!.$-*!
E! c! 96(,! RFf! 67! 3Y1$%! Q(6_$1$%q! 4],! 1$141./!
3Y1$%!Q(6_$1$%!_.3!G&D&!

\],! (643! _.3! -,4,(91$,-! _14]! 213B./!
,2./B.416$! 1$! 4],! 3Y1$%*! .$-! 4],! (,3B/43!
,`:(,33,-! .3! :,(S,$4.%,! ;f?q! 4],! 1$141./! (643!
_.3!G&GG!f!!

\],! -.4.! _,(,! 3BQO,S4,-! 46! .$./5313! 67!
2.(1.$S,! .$-! 4],! /,.34! 31%$171S.$4! -177,(,$S,3!
_,(,! S./SB/.4,-! B31$%! K'K! 3674_.(,! 76(! 4],!
S69:/,4,/5! (.$-691M,-! ,`:,(19,$4./! -,31%$!
_14]! 76B(! (,:/1S.4,3! ;4](,,! 7(B143! 76(! (,:/1S.4,?!
76(! ,.S]!-.5!67! .$./5313&!)177,(,$S,3!Q,4_,,$!
.$5! 4_6! 4(,.49,$43! %(,.4,(! 4].$! 4],! 3B9! 67!
4_6! 34.$-.(-! -,21.416$3! _,(,! ./_.53!
31%$171S.$4!;8!u!G&GF?&!
!
$"14-#1*('!*!&10411&)'*

+(B143! 7(69! .//! 4(,.49,$43! 3]6_,-! .!
-,S(,.3,!1$!4],!71(9$,33!_.3!.!(,-BS416$!1$!.//!
4(,.49,$43*!QB4! 4],! 4(,.49,$43!_14]!,4]5/,$,!
;\R! 46! \^?! 3]6_,-! /634! 96(,! 71(9$,33! 4].4!
4(,.49,$4! _14]6B4! ,4]5/,$,! ;\"! @! S6$4(6/?!
;\.Q/,!"?&!K191/.(!(,3B/43!67!/634!71(9$,33!./6$%!
4],! 346(.%,*! _,(,! 6Q4.1$,-! 1$! a\.1$6$%b!
9.$%6*! .74,(! F! ::9! ,4]5/,$,! .4! RFdA! 76(! RE!
]6B(3! ;v.$%!,4! ./&*! RGGC?q! .$-! 1$! as,$31$%46$!
8(1S,b!9.$%6*!4(,.4,-!_14]!G&GGF*!G&G"*!G&"*!"&G!
.$-! "G! ::9! ,4]5/,$,! .4! RGdA! ;v1//3! ,4! ./&*!
RGG"?&!
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\],! 3674,$1$%! 7(B14! 13! .441QB4,-! 46! /633!
71(9$,33! 67! 4133B,3! .$-! 13! .336S1.4,-! _14]!
S].$%,3! 1$! S,//! _.//! S69:631416$*! 76(! S].$%,3!
1$! S.(Q6]5-(.4,3! 34(BS4B(,! .$-! S69:631416$!
3BS]! .3! :,S41$*! ],91S,//B/63,! .$-! S,//B/63,!
;J6$w./2,3!,4!./&*!RGGD?&!8(64,1$3! (,kB1(,-! 76(!
3674,$1$%! 7(B14! ]63,! .3! ,`:.$31$3! ;K.$,! ,4! ./&*!
RGGF?*! 1$S(,.3,! 1$! 26/B9,! .74,(! ,`6%,$6B3!
,4]5/,$,! .::/1S.416$*! 36! .3! :6/1%./.S4B(.$.3,!
.$-!S,//B/.3,!,$M59,3*!3]6_!1$S(,.3,-!.S412145!
.$-! 35$4],313! $,_*! .74,(! ,4]5/,$,! .::/1S.416$!
1$! :(,! 6(! :634].(2,34*! (,3B/41$%! 1$! 1$S(,.3,-!
/,.7!.$-!7(B14!.Q3S13316$!1$!4],!:(,H].(2,34!.$-!
/633!71(9$,33!1$!9.$%6!:634].(2,34&!

=$!4],!:(,3,$4!34B-5*!4],!(,3:6$3,!2.(1.Q/,!
71(9$,33! 3]6_,-! 13! .! -,:,$-,$4! ,4]5/,$,!
2.(1.Q/,&!!!!

K6/BQ/,! 36/1-3! ].2,! 2.(1,-! 7(69! C&R! 46!
"F&RdL(1`*! .74,(! ,4]5/,$,! .::/1S.416$! 46! ,$-!
,`:,(19,$4*! _14]! $6! -177,(,$S,3! Q,4_,,$! \"!
;_14]6B4! ,4]5/,$,! @! S6$4(6/?! .$-! \Z! ;RG! ::9!
,4]5/,$,?!.74,(!"E!-!67!346(.%,!;\.Q/,!"?&!K69,!
34B-1,3*! 3]6_,-! 2.(1.416$3! 67! 36/BQ/,! 36/1-3!
7(69! "F&R! 46! "^&FdL(1`! 1$! as,$4b!9.$%6*! .74,(!
FGG*! "FGG! .$-! RFGG! ::9! ,4](,/! 76(! Z*! D! 6(! C!
91$B4,3! .4! R^dA! ;x.]! ,4! ./&*! "CCj?q! .$-! 7(69!
"G&D! 46! RG&FdL(1`! 1$! as,$4b! 9.$%6*! .74,(! "GG*!
FGG! 6(! "GGG! ::9! ,4]5/,$,! .4! RGdA! 76(! "j! ]&!
;A1,$7B,%63!,4!./&*!RGGE?&!

g6_,2,(*! ].2,! /6_,(! 36/BQ/,! 36/1-3!
1$S(,.3,3! 1$! a'4.B/76b! 9.$%6! .74,(! "GG! ::9!
,4](,/*!S69:.(,-!_14]!"GG!.$-!FGG!::9!76(!"R!
]6B(3! ;>6$4./26! ,4! ./&*! RGG^?&! r$! 4],! 64],(!
].$-*!4],(,!_,(,!$6!36/BQ/,!36/1-3!-177,(,$S,3!
1$! as,144b!9.$%6!4(,.4,-!_14]!G*!FGG!.$-!"GGG!
::9! ,4](,/! .4! RjdA! 76(! F! 91$B4,3! ;A6$,%/1.$!
.$-!I6-(1%B,3*!"CCZ?&!I,:6(43!4].4!1$!.--1416$!
46! /6_,(1$%! 34.(S]*! 64],(! S].$%,3! 9.5! Q,!
6Q3,(2,-! 1$! 4(6:1S./! 7(B14! -B(1$%! (1:,$1$%!
;L/,1$(64]*!"CjG?&!!

'96$%!4],9*!4],!34(,$%4]!(,-BS416$!-B,!46!
4],! 3674,$1$%! S.B3,-! Q5! 1$S(,.31$%!
:(646:,S41$.3! 36/BQ1/1M.416$*! _]1S]! .(,! /,33!
S.(Q6]5-(.4,3!36/BQ/,! 76(93! *!51,/-1$%!36/BQ/,!
76(93*! 3BS]! .3! :,S41$3! 6(! :,S41S! .S1-3&! \]B3*!
4],3,! :6/59,(3! _6B/-! 76(9! :(646:,S41$.3!

_14]! 7,_,(! >,4]6`5/! %(6B:3*! _]1S]! _6B/-!
9.Y,! 4],! 7(B14! /,33! 71(9&! \]B3*! 4],! ,$M59,3!
(,3:6$31Q/,! 76(! -,%(.-.416$! 67! :(646:,S41$.3*!
_,(,! 76B$-! .4! ]1%],(! /,2,/3! 1$! 9.4B(,! 7(B14!
4],(,! 13*! 4],(,76(,*! S6$-1416$3! S6$-BS12,! 46!
4],!1$S(,.3,!67!S.(Q6]5-(.4,3!1$!36/BQ/,!76(93!
;A6$,%/1.$!.$-!I6-(1%B,3*!"CCE?&!

I,3B/43! ./36! 6Q3,(2,-! 1$! 4]13! ,`:,(19,$4*!
4],! 2./B,3! 67! 36/BQ/,! 36/1-3*! _]1S]! 3]6_,-!
31%$171S.$4! 1$S(,.3,3! _14]! 4],! 1$141./! 2./B,!
;S].(.S4,(1M.416$?*! _]1S]! _.3! ^&^dL(1`*! .$-!
,$-1$%!_14]!2./B,3!1$S(,.3,-!96(,!4].$!"GGf!
46!4],!1$141./!2./B,!;\.Q/,!"?&!
!
#7C=:*@*V*+?<F88:H*W'X*78;*1D=6C=:*1D=?;H*WYU<?ZX*?8*

[#DFF\* (L]?8H^* F78>7M* L<:7L:;* I?LO* D<* I?LOD6L*

:ZD>:8D6H* :LO\=:8:* W7L* G_Y0* PD<* G* ;7\HX* 68;:<*

;?PP:<:8LH*KD8K:8L<7L?D8H*DP*:LO\=:8:*78;*HLD<7>:*

7L* G_Y0* 78;* `_a* $.* W#G* LD* #bX* D<* <DDF*

L:Fc:<7L6<:*WGdY0*78;*eda*$.*V*#@XT*

!
\(,.49,$4y! ! K46(.%,!-.53!
! ! !!!!G! !!!!^! !!!"E! Az!;f?!
! ! ! +1(9$$,3!;<?!
\"! ! FC*C!.!'! "F*F!.!L! Z*^!.Q!L! "E*Z!
\R! ! Z"*E!Q!'! j*F!.Q!L! E*F!.!L! "G*^!
\Z! ! ZF*R!.Q!'!̂ *G!.Q!L! R*j!.Q!L! ""*F!
\E! ! ZG*^!Q!'! D*E!Q!L! R*"!.Q!A! "R*Z!
\F! ! R^*"!Q!'! !D*G!Q!L! "*E!Q!L! ""*C!
\D! ! ZE*G!.Q!'!D*^!.Q!L! "*Z!Q!L! ""*Z!
\^! ! Z"*F!Q!'! D*^!.Q!L! "*Z!Q!L! "Z*Z!
Az!;f?! "R*"! "G*R! C*E! ""*E!
! ! ! K6/BQ/,!K6/1-3!;dL(1`?!
\"! ! C*j!.!L! "F*R!.!'! "F*R!.!'! !!F*Z!
\R! ! C*C!.!A! "E*E!.Q!'!"Z*R!QS!L!!!E*^!
\Z! ! j*D!.!L! "E*Z!.Q!'!"Z*j!.Q!'!!!Z*C!
\E! ! C*R!.!L! "Z*^!Q!'! "Z*G!QS!'!!!E*D!
\F! ! C*^!.A! !"E*C!.Q'!"Z*F!QS!L!!!F*"!
\D! ! j*j!.!A! "E*^!.Q!'!"R*R!S!L! !!D*Z!
\^! ! j*C!.!L! "E*"!.Q!'!"Z*D!QS!'!!!F*G!
Az!;f?! ^*R! E*R! E*E! !!F*G!
!

y\"! c! _14]6B4! ,4]5/,$,q! \R! c! "G! ::9! ,4]5/,$,q! \Z! c! RG! ::9!
,4]5/,$,q!\E!c!EG!::9!,4]5/,$,q!\F!c!DG!::9!,4]5/,$,q!\D!c!jG!
::9! ,4]5/,$,! ,! \^! c! "GG! ::9! ,4]5/,$,&! >,.$! 3,:.(.416$! Q5!
39.//!/,44,(!1$!S6/B9$!.$-!S.:14./!/,44,(!1$!(6_!Q5!\BY,5!4,34!.4!8!
{!G&GF&!

\],! 3Y1$%! Q(6_$1$%! 46! \R! ;"G! ::9!
,4]5/,$,?!3]6_,-!]1%],(!2./B,3!6$!4],!,$-!46!
4],! ,`:,(19,$4! ;+1%B(,! "?&! KY1$%! Q(6_$1$%!
7(69!a\(61b!.$-!ag61b!9.$%6,3!_14]!G&E!6(!G&jf!
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,4](,/! 76(! ZG! 91$B4,3*! 346(,-! 76(! C! -.53! .4!
RGdA! 6(! "RdA*! _,(,! 6Q4.1$,-! Q5! g.1! ,4! ./&!
;RGGC?*!QB4!6$/5! 1$! 7(B143!346(,-!.4!"RdA*!9634!
/1Y,/5! 4],! ,77,S4! 67! 346(.%,! 4,9:,(.4B(,! .$-!
$64!Q5!4],!.::/1S.416$!67!,`6%,$6B3!,4]5/,$,&!

I643!6$!4],!^4]!-.5!67!,2./B.416$!7(69!4],!
7(B143! 67! \Z! ;RG! ::9! ,4]5/,$,?!_,(,! 4],! 6$/5!
4(,.49,$4!4].4!4],!.2,(.%,-!-,S.5!Q,/6_!"Gf!
4](,3]6/-!3,4! 46!9.`19B9! 1$!6(-,(! 46!9.(Y,4!
4]13!7(B14!;+1%B(,!"?&!!

\],! 7(B143! 7(69! \Z! ;RG! ::9! ,4]5/,$,! .4!
RGdA! 76(! R! -.53?*! ].2,! 4],!96(,! /6_,34! 3Y1$%!
Q(6_$1$%!.$-! (643!B$41/! ^4]!-.5!63! 346(.%,!.4!
RGdA*! .$-! 4]13! 7(B143!_,(,! 4],!6$/5! 4].4! S6B/-!
Q,!9.(Y,4,-!;˂"Gf!(643?!46!4]13!,2./B.416$!-.5!
;^4]!-.5?&!!!!!!!!

+?>6<:* @T* 1]?8>* U<DI8?8>* W_* f* I?LOD6L* H]?8>*

C<DI8?8>M* @* f*68L?=* R* KFG*DP* H]?8>*C<DI8?8>M* G* f*

68L?=* e* KFG* DP* H]?8>* C<DI8?8>M* R* f* 68L?=* Gda* DP*

H]?8>* C<DI8?8>* 78;M* g* f* FD<:* Gda* DP* H]?8>*

C<DI8?8>X*78;*<DLH* WaX* ?8* [#DFF\*(L]?8H^*F78>D*

P<6?LHM*68;:<*;?PP:<:8L*:LO\=:8:* KD8K:8L<7L?D8H*D<*

I?LOD6L*:LO\=:8:*W#@*f*I?LOD6L*:LO\=:8:A*#G*f*@_*

ccF*:LO\=:8:A*#R*f*G_*ccF*:LO\=:8:A*#g*f*g_*ccF*

:LO\=:8:A* #d* f* e_* ccF* :LO\=:8:A* #e* f* h_* ccF*

:LO\=:8:* :* #b* f* @__* ccF* :LO\=:8:X* 78;* HLD<7>:T*

2:<L?K7=*C7<H*<:c<:H:8L*i*1T!T*W8fdXT*

!
0)'0-41&)'*

=$! S6$S/B316$! 4],! Q,34! 4(,.49,$4! _.3! \Z!
;RG!::9!,4]5/,$,!.4!RGdA!.$-!jFf!Ig!76(!4_6!
-.53?*!4].4!],/:,-!1$!4],!.-,kB.4,!(1:,$1$%!67!
a\6995!'4Y1$3b!9.$%6!7(B14&!

!
(0S')j-"!3"%"'#1*

+6(! 4],! T+B$-.wX6! -,! '9:.(6! |! 8,3kB13.!
-6! #34.-6! -,! KX6! 8.B/6! @! +'8#K8W! ;8(6S&! <d!

RGGj}GCjjjHD?! 76(! 71$.$S1./! 3B::6(4! :(621-,-!
46!4]13!34B-5&!

!
$"+"$"'0"1*

'JI='<0'U! RGG^&! RGG^&! '$Bl(16! -.!
.%(1SB/4B(.! Q(.31/,1(.&! KX6! 8.B/6N! +<8!
A6$3B/46(1.!~!A69n(S16*!:&Z^jHZjD&!

'/9,1-.*! A&r&q! K6BM.*! t&K&q! >.$-,3*! U&<&q!
8,(,1(.*!I&t&!RGG"&!\,$-�$S1.3!-6!9,(S.-6!
1$4,($.S16$./! -,! 9.$%.&! I,2134.!
,S6$�91S.! -6! $6(-,34,*! +6(4./,M.*! 2&ZR*!
$&"*!:&""RH"RG&!

'<0�I=r! RG""&! RG""&! '$Bl(16! Q(.31/,1(6! -.!
7(B41SB/4B(.&! K.$4.! A(BM! -6! KB/N! #-146(.!
J.M,4.!K.$4.!A(BM*!"Rj:&!

L/,1$(64]*! #&v&! "CjG&! A6/],14.*! ,9Q./.%,9*!
9.4B(.wX6! ,! S6$3,(2.wX6! -.! 9.$%.&! =$N!
K19:o316! L(.31/,1(6! K6Q(,! '! AB/4B(.! ).!
>.$%B,1(.*! "&*! "CjG*! t.Q641S.Q./&! '$.13&!
t.Q641S.Q./*!0<#K8*!:&!"ECH"DZ&!

LI'K=U&! "CCj&! >1$134n(16! -6! >,16! '9Q1,$4,*!
-63! I,SB(363! gp-(1S63! ,! -.! '9.M�$1.!
U,%./! @! >>'*! K,S(,4.(1.! -,! I,SB(363!
gp-(1S63! @! KIg*! ),:.(4.9,$46! -,!
':(62,14.9,$46! g1-(6.%(1S6/.! @! )g&!
>.$%.! \6995! '4Y1$3&! L(.3p/1.*)+*! ;+(B14!
K,(1,3*!R?&!

A1,$7B,%63*! #&�&q! J.(Sp.*! g&K&q! rS.*! >&>&>&q!
Jo9,M*! L&\&! RGGE&! 'S,/,(.S1o$! -,! /.!
9.-B(.S1o$!,9!9.$%6!as,$4b!(,7(1%,(.-6&!
I,2134.! +1464,S$1S.! >,`1S.$.*! 2&R^*! $&E*!
:&ZFCHZDD&!

A6$,%/1.$*! I&A&A&q! I6-(1%B,3*! t&)&! "CCZ&! #7,146!
-.! .:/1S.wX6! -,! ,41/,$6! $6! :g*! .S1-,M*!
p$-1S,!(,7(.469n4(1S6!,!.wmS.(,3!464.13!-,!
7(B463!-,!9.$%.*!S6/]1-63!,9!,34l%16!:(nH
S/19.4n(1S6&! KS1,$41.! '%(pS6/.*! 2&FG*! $&R*!
:&"jFH"CR&!

A6$,%/1.$*! I&A&A&q! I6-(1%B,3*! t&)&! "CCE&!
=$7/B�$S1.!-6!,41/,$6!36Q(,!S.(.S4,(p341S.3!
kBp91S.3! -,! 7(B463! -,! 9.$%.! 2.(&! s,144*!
S6/]1-63! ,9! ,34l-16! :(nHS/19.4n(1S6&!
KS1,$41.!'%(pS6/.*!2&F"*!$&"*!:&ZDHER&!

+'r&! RG"Z&! +66-! '$-! '%(1SB/4B(./!
r(%.$1M.416$&! )13:6$p2,/! ,9N! u!

+?>6<:* @ 1]?8>* U<DI8?8>* W_* I?LOD6L* H]?8>*
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]44:N}}7.634.4&7.6&6(%}314,}ZZC}-,7.B/4&.3
:`�&!'S,336!,9!"R!OB$&!RG"Z&!

J6$w./2,3*! A&'&'&q! U19.*! U&A&r&q! U6:,3*! 8&K&<&q!
8(.-6*!>&#&\&! RGGD&! A.(.S4,(1M.wX6! 7p31S.*!
7p31S6HkBp91S.*! ,$M19l41S.! ,! -,! :.(,-,!
S,/B/.(! ,9! -17,(,$4,3! ,34l-163! -,!
-,3,$26/219,$46! -.! 7(B4.! -,! 71%B,1(.&!
A1�$S1.! ,! \,S$6/6%1.! -,! '/19,$463*! 2&RD*!
$&"*!:&RRGHRRC&!

g.1*! z&\&q! gB6$%*! 8&\&q! K(B.931(1*! 8&q! g,%,/,*!
>&q! vB$3S],*! t&<&! RGGC&! #77,S4! 67! ,4](,/!
:634].(2,34! .::/1S.416$3! 6$! (1:,$1$%! 67!
a\(6$b! .$-! ag61b! 9.$%6,3! ;>.$%17,(.!
1$-1S.! U&?&! A6$7,(,$S,! 6$! =$4,($.416$./!
I,3,.(S]! 6$! +66-! K,SB(145*! <.4B(./!
I,36B(S,! >.$%,9,$4! .$-! IB(./!
),2,/6:9,$4*! 0$12,(3145! 67! g.9QB(%*!
:&"HE&!

s/B%,*! I&'&q! K..2,-(.! ),/! '%B1/.*! t&q! I6B/,4*!
>&A&q! r$%.(,//1*! >&J&! '$-! g,1771%*! U&K&!
RGGC&! 8]531S6S],91S./! S].$%,3! 67!
:1$,.::/,! 3BQ9144,-! 46! -177,(,$4!
9,S].$1S./! 1$OB(,-&! 'S4.! g6(41SB/4B(.,*!
2&jRR*!:&RjFHRCG&!!

>.].(.O*! I&q! '(B/*! t&! '$-! <.-,.B*! 8&! ! "CCC&!
#77,S4!67!:]646S],91S./! 4(,.49,$4! 1$! 4],!
:(,3,(2.416$! 67! 7(,3]! 469.46!
;U5S6:,(31S6$! ,3SB/,$4B9! S2&! A.:,//6?! Q5!
-,/.51$%! 3,$,3S,$S,&! 8634&! L16/&! .$-!
\,S]$6/&*!2&"F*!$&"*!:&"ZHRZ&!

>.(kB,3*! t&I&q! g679.$*! 8&q! <133,$*! I&! RGG^&!
>.$%6! :634].(2,34!9.$B./&! VB,,$3/.$-N!
V)8=~+*!FZ:&!

>,-/1S644*!'&!8&q!I,5$6/-3*!K&L&q!\]69:36$*!'&!
s&! "CjD&! #77,S43! 67! 4,9:,(.4B(,! 6$! 4],!
(1:,$1$%!67!9.$%6!7(B14! ;>.$%17,(.! 1$-1S.!
U&?! 2.(&! \6995! '4Y1$3&! t6B($./! 67! 4],!
KS1,$S,!67! +66-!.$-!'%(1SB/4B(,*! U6$-6$*!
2&Z^*!$&F*!:&EDCHE^E&!

>,B(.$4*! <&q! g6/9,3*! I&q! >.S/,6-*! <&q!
+B//,/62,*! J&! '$-! L.//5*! =&! "CCC&! ! >.$%6!
1$76(9.416$! Y14&! VB,,$3/.$-N!VB,,$3/.$-!
),:.(49,$4!67!8(19.(5!=$-B34(1,3*!RGG:&!

!
!
!

>6$4./26*!#&q!J.(S1.*!g&K&q!\62.(*!L&q!>.4.*!>&!
RGG^&!'::/5S.416$!67!,`6%,$6B3!,4]5/,$,!
6$! :634].(2,34! (1:,$1$%! 67! (,7(1%,(.4,-!
a'4.B/76b! >.$%6,3&! Uv\! @! +66-! KS1,$S,!
.$-! \,S]$6/6%5*! v.%,$1$%,$*! 2&EG*!
:&"EDDH"E^R&!

<.Y.36$,*! g&x&! '$-! 8.B//*! I&#&! "CCj&! \(6:1S./!
+(B143&!v.//1$%76(-N!A'L=!8BQ/13]1$%*!EEF:&!

K..2,-(.! ),/! '%B1/.*! t&q! r(4,%.*! #&>&>&q!
g,1771%H),/! '%B1/.*! U&K&! '$-! s/B%,*! I&'&!
RG""&! #7,146! -,! -17,(,$4,3! 4,9:,(.4B(.3!
-,! .:/1S.wX6! 6B! $X6! -,! ,41/,$6! ,`o%,$6!
36Q(,! .! kB./1-.-,! -.! 9.$%.! a\6995!
'4Y1$3b&!I,2&!L(.3&!+(B4&*!2&ZZ*!:&RCjHZGF&!

K..2,-(.! ),/! '%B1/.*! t&q! K.3.Y1*! +&+&q! g,1771%*!
U&K&q! r(4,%.*! #&>&>&q! t.S691$6*! '&8&! '$-!
s/B%,*! I&'&! RGGD&! +(,3]HSB4! (.-13]! B31$%!
-177,(,$4! SB4! 45:,3! .$-! 346(.%,3!
4,9:,(.4B(,3&! 8634&! L16/&! \,S]$&*! 2&EG*!
$&R*!:&"ECH"FE!!

K.$,*! z&'&q! A]6B(.31.*! '&q! <.4]*! 8&! RGGF&!
K674,$1$%! 1$!9.$%6! ;>.$%17,(.! 1$-1S.! S2&!
).3],].(1?! 13! S6((,/.4,-! _14]! 4],!
,`:(,3316$! 67! .$! ,.(/5! ,4]5/,$,!
(,3:6$312,*! (1:,$1$%! (,/.4,-! ,`:.$31$!
%,$,*! >1#`:'"&! 8634].(2,34! L16/6%5! .$-!
\,S]$6/6%5*!2&Zj*!:&RRZHRZG&!

v.$%*! L&q!v.$%*! t&q! +,$%*! �&q! U1$*! U&q! �].6*! x&q!
t1.$*! v&! RGGC&! #77,S43! 67! "H>A8! .$-!
,`6%,$6B3!,4]5/,$,!6$!7(B14!(1:,$1$%!.$-!
.$416`1-.$43! 1$! 346(,-! 9.$%6&! 8/.$4!
J(6_4]!I,%B/.46(*!2&F^*!:&"j^H"CR&!

v1//3*! I&L&'&q!v.(46$*!>&'&q!>B33.*!)&>&)&<&q!
A],_*! U&8&! RGG"&! I1:,$1$%! 67! S/19.S4,(1S!
7(B143! 1$141.4,-! .4! /6_! ,4]5/,$,! /,2,/3&!
'B34(./1.$! t6B($./! 67! #`:,(19,$4./!
'%(1SB/4B(,*!2&E"*!:&jCHCR&!

x.]*! '&I&A&q! <62,/6*! K&'&J&q! A6(4,3*! t&'&\&q!
'(%B9,-6*! t&t&q! )BS]*! #&K&! "CCj&! \],!
,77,S4! 67! #4],:]6$! 6$! 4],! S6/6B(*!
S69:631416$! .$-! kB./145! 67! 9.$%6!
;>.$%17,(.! 1$-1S.*!S2!s,$4?&!+66-!KS1,$S,!
.$-!\,S]$6/6%5! =$4,($.416$./*! 2&E*! :&"CCH
RGF&!

!
!


