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Poeaim, S. Ngoenngam, L.!and Poeaim, A. (2026). Drought tolerance of !"#$%&'(")*&+,-.'(*(&.& 
CIAT 184  by tissue culture.(International Journal of Agricultural Technology 22(3):1331-1344. 
 
!"# $%&'$ The multiple shoots induction of !"#$%&'(")*&+,-.'(*(&.& CIAT 184 was cultured on 
MS medium supplemented with 3 mg/l TDZ. The percentage of shoot induction was 100%, the 
average number of shoots was 36.80 per seed, and the average height of shoots was 0.76 cm. The 
shoots were transferred to MS medium for rooting, supplemented with 0.3 mg/l IAA. The 
percentage of root induction was 40%, and the average number of roots was 6.50 per shoot. 
Physical gamma rays induced the mutation. Seeds were irradiated with 0, 5, 10, 15, 20, 25, 30 
and 50 Krad. The results showed that !/+,-.'(* (&.& CIAT 184 irradiated at 44.38 Krad gave 50 
% (GR!" #$"%) and 50% LD!"#$"% of 38.06 Krad. The drought tolerance of seeds supplemented with 
0, 5, 10, 15 and 20% of PEG-6000. The GR!"  was 17.73 % at 2 weeks, and the LD!"  was 14.86 
% and 11.83 % for 4 and 12 weeks, respectively. 
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G=0,%-$6! G8,%-$6! L4./#0$*/! G*%$6! $'(! F#%'$! KL-#.&/E0>N,$8/!*"+ '$96!OPOQM9!@'!
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-4'/$%'*!#%+#0,!&020&*!48!*/,.-/.,$&!8%70,!8,$-/%4'*6!'0./,$&!(0/0,+0'/!8%70,!KWBXM6!
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-4'/$%'%'+! HdO! (,41*! 48! $! *.,8$-/$'/9! "#03! ;0,0! /,0$/0(! ;%/#! HU]! K2c2M!
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,0+.&$/4,*6!-4'/$%'%'+!QP!+!Cgh!*.-,4*0!$'(! O9S!+!Cgh!+0&&$'!+.=6!$'(!$(`.*/0(!/4!
1:! U9I9!F.&/.,0*! ;0,0!%'-.7$/0(! .'(0,! $! HS>#!1#4/410,%4(!$/!OU!k! O!lF!$'(!
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$'(! 420,$&&! *00(&%'+! 2%+4,! ;0,0! ,0-4,(0(! $/! /;4>;005! %'/0,2$&*9! B$/$! ;0,0!
0D1,0**0(!,0&$/%20!/4!'4'>%,,$(%$/0(!-4'/,4&*!/4!-$&-.&$/0!/#0!=0(%$'!&0/#$&!(4*0!
KCBabM6!(08%'0(!$*!/#0!+$==$!(4*0!$/!;#%-#!UP!]! 48!*00(&%'+*!8$%&0(!/4!*.,2%20!
;%/#%'!QP!($3*9!L00(&%'+*!;0,0!-4'*%(0,0(!2%$7&0!;#0'!/#03!,0=$%'0(!+,00'!$'(!
(020&410(! *#44/*!$'(! ,44/*6! ;#0,0$*! '4'>2%$7&0!*00(&%'+*! (%*1&$30(! -#&4,4*%*!
$'(! .&/%=$/0&3! (%0(9! @'! $((%/%4'6! /#0! +$==$! (4*0! -$.*%'+! $!UP! ]! +,4;/#!
,0(.-/%4'! K\V abM!;$*! (0/0,=%'0(! 73! =0$*.,%'+! *#44/!$'(! ,44/! 0&4'+$/%4'! %'!
*00(&%'+*! -.&/.,0(! 4'! RL! =0(%.=! *.11&0=0'/0(! ;%/#!Q!=+! Cgh!"Bj9! ^'&3!
*00(&%'+*! 0D#%7%/%'+! 74/#! *#44/! $'(! ,44/! 84,=$/%4'! ;0,0! %'-&.(0(! %'! +,4;/#!
=0$*.,0=0'/*n!*00(&%'+*!(020&41%'+!$!*%'+&0!4,+$'!;0,0!0D-&.(0(!8,4=!$'$&3*%*9!

!
8%%"%%0"-&$,1$%""#$#',364&$&,)"'+-2"$
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L.,8$-0>*/0,%&%E0(!*00(*!48!! 5+,-.'(*(&.& !F@G"!HIJ!;0,0!-.&/.,0(!4'!RL!

=0(%.=!*.11&0=0'/0(!;%/#!P6!U6!HP6!HU6!4,!OP!]!14&30/#3&0'0!+&3-4&!KZY\!SPPPM!
/4!%=14*0!4*=4/%-! */,0**6!$&4'+! ;%/#!QP!+!Cgh! *.-,4*0!$'(! -4//4'! *.114,/!84,!
*00(&%'+!$'-#4,$+06!$'(!$(`.*/0(!/4!1:!U9I9!F.&/.,0*!;0,0!=$%'/$%'0(!.'(0,!$!
HS>#!1#4/410,%4(!$/!OU!k!OflF6!$'(!/#0!=0(%.=!;$*!,0'0;0(!020,3!84.,!;005*9!
L00(!+0,=%'$/%4'!K]M!$'( !*#44/!$'(!,44/!&0'+/#*!;0,0!,0-4,(0(!.*%'+!$!20,'%0,!
-$&%10,!$'(!0D1,0**0(!,0&$/%20!/4!'4'>*/,0**0(!-4'/,4&!*00(*9!"#0!=0(%$'!&0/#$&!
-4'-0'/,$/%4'!KCBabM!;$*!02$&.$/0(!$/!J!$'(!HO!;005*!7$*0(!4'!*00(&%'+!2%$7%&%/36!
;#0,0!*00(&%'+*!;0,0!-4'*%(0,0(!$&%20!%8!+,00'!;%/#!;0&&>(020&410(!*#44/*!$'(!
,44/*n!*00(&%'+*!/#$/!/.,'0(!30&&4;!$'(!8$%&0(!/4!(020&41!;0,0!,0-4,(0(!$*!'4'>
2%$7&09! X.,/#0,=4,06! /#0! ZY\! -4'-0'/,$/%4'! -$.*%'+! UP! ]! +,4;/#! %'#%7%/%4'!
K\VabM!;$*!(0/0,=%'0(!$8/0,!O!;005*6!-4'*%(0,%'+!4'&3!*00(&%'+*!/#$/!(020&410(!
74/#! *#44/*! $'(! ,44/*9! "#%*! 0D10,%=0'/! $&*4! 0*/$7&%*#0(! /#0! =$D%=.=! ZY\!
-4'-0'/,$/%4'!/#$/!*00(*!-4.&(!/4&0,$/0!.'(0,!%'!2%/,4!(,4.+#/!*/,0**!-4'(%/%4'*9!

!
!&+&(%&(2+)$+-+)9%(%$
!

G&&!0D10,%=0'/*!;0,0!$,,$'+0(!%'!$!-4=1&0/0&3!,$'(4=%E0(!(0*%+'!KFVBM!
;%/#!/;4!4,!/#,00!,01&%-$/%4'*6!(010'(%'+!4'!/#0!0D10,%=0'/6!$'(!$'!$11,41,%$/0!
'.=70,!48!*00(*!4,!1&$'/*!10,!,01&%-$/09!YD10,%=0'/$&!($/$!;0,0!$'$&3E0(!.*%'+!
$'$&3*%*! 48! 2$,%$'-0! KGW^_GM9! R0$'! -4=1$,%*4'*! ;0,0! 10,84,=0(! .*%'+!
B.'-$')*! =.&/%1&0! ,$'+0! /0*/! $/! $! *%+'%8%-$'-0! &020&!48!P9PU9! G&&! */$/%*/%-$&!
$'$&3*0*!;0,0!-4'(.-/0(!.*%'+!@iR!LZLL!L/$/%*/%-*!OH9P9!
!
:$84728!
!
511"2&$,1$6',7&4$'"63)+&,'%$,-$%4,,&$(-#32&(,-$
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G8/0,!UdT!($3*!48!-.&/.,06!! 5+,-.'(*(&.& !F@G"!HIJ!*00(*!70+$'!+0,=%'$/%'+!
$'(!1,4(.-%'+ !*00(&%'+*!KX%+.,0!HGM9!"#0!/#,00!/0*/0(!1&$'/!+,4;/#!,0+.&$/4,*!
%'(.-0(! (%*/%'-/! =4,1#4+0'%-! ,0*14'*0*! 73! /#0! *0-4'(! ;0059! RL! =0(%.=!
*.11&0=0'/0(!;%/#!P9U6!H9P6!4,!Q9P!=+!Cgh!48!iG!4,!="!1,4(.-0(!0&4'+$/0(!$'(!
*&0'(0,!*#44/*6!$--4=1$'%0(!73!-$&&.*!84,=$/%4'!$/!/#0!,$(%-&0!,0+%4'9!@'!-4'/,$*/6!
RL! =0(%.=! -4'/$%'%'+! "Bj! $/! $&&! -4'-0'/,$/%4'*! %'(.-0(! (0! '424! *#44/!
84,=$/%4'!8,4=! /#0! ,$(%-&0!73! /#0!O!;005 *!KX%+.,0!Hi >FM!$'(!=.&/%1&0!*#44/*!
,0+0'0,$/0(!8,4=!-$&&.*!$8/0,!I!;005*!KX%+.,0!HBM9!
! G8/0,!I!;005*!48!-.&/.,0!4'!RL!=0(%.=!*.11&0=0'/0(!;%/#!/#0!/#,00!1&$'/!
+,4;/#!,0+.&$/4,*6!*#44/!%'(.-/%4'!,$'+0(!8,4=!UH9ST]!/4!HPP]!K"$7&0!HM9!iG!
%'(.-0(!*#44/!84,=$/%4'!$/!TS9STdIP9PP]!KX%+.,0!OGdFM6!;#%&0!="!1,4=4/0(!
*#44/!%'(.-/%4'!$/!UH9STdSU9PP]!KX%+.,0!OBdXM9!@'!-4'/,$*/6!"Bj!%'(.-0(!HPP]!
*#44/! 84,=$/%4'! $-,4**! $&&! /0*/0(! -4'-0'/,$/%4'*! KX%+.,0! O\d@M9!"#0! #%+#0*/!
'.=70,!$'(!$20,$+0! *#44/!&0'+/#!;0,0!47*0,20(!$/!Q9P!=+!Cgh! "Bj6! ;%/#!$'!
$20,$+0!48!QS9IP!*#44/*!10,!*00(!$'(!$!*#44/!&0'+/#!48!J9OJ!-=!10,!*00(9!"#0*0!
,0*.&/*! %'(%-$/0! /#$/! "Bj! %*! #%+#&3! 0880-/%20! 84,! =$**! *#44/! %'(.-/%4'! %'!! 5+
,-.'(*(&.& !F@G"!HIJ!.'(0,!/#0!/0*/0(! .(+:."0%!-4'(%/%4'*9!
!
:,,&$(-#32&(,-$1',0$%4,,&%$
!

L#44/*!(0,%20(!8,4=!*00(&%'+!-.&/.,0*!;0,0!0D-%*0(!$'(!/,$'*80,,0(!/4!RL!
=0(%.=!*.11&0=0'/0(!;%/#!QP!+!Cgh!*.-,4*0!$'(!O9S!+!Cgh!+0&&$'!+.=6!$(`.*/0(!
/4! 1:! U9I9! "#0! =0(%.=! ;$*! 0',%-#0(! ;%/#! $.D%'*6! @GG6! @iG6! $'(! WGG6! $/!
-4'-0'/,$/%4'*!48!P9H6!P9Q6!$'(!P9U!=+!Cgh!/4!%'(.-0!,44/!84,=$/%4'9!G8/0,!I!;005*!
48!-.&/.,06!$&&!/0*/0(!$.D%'!/,0$/=0'/*!*.--0**8.&&3!%'(.-0(!,44/!84,=$/%4'!K"$7&0!
OM9! G=4'+! /#0=6! RL! =0(%.=! -4'/$%'%'+! P9Q! =+! Cgh! @GG! 1,4=4/0(! /#0!
(020&41=0'/!48!&4'+!,44/*!;%/#!$!;#%/0!/4!&%+#/>7,4;'!-4&4,$/%4'!KX%+.,0!QG>FM9!
"#%*! /,0$/=0'/!$-#%020(!JP]! ,44/!%'(.-/%4'6! ;%/#!$'!$20,$+0!48!S9U!,44/*!10,!
*#44/!$'(!$'!$20,$+0!,44/!&0'+/#!48!H9HI!-=!10,!*#44/9!RL!=0(%.=!*.11&0=0'/0(!
;%/#! P9U! =+! Cgh! @iG! %'(.-0(! &4'+6! ;#%/0! ,44/*! ;%/#! QS9ST]! ,44/! %'(.-/%4'9!
L00(&%'+*!(020&410(!$'!$20,$+0!48!U9U!,44/*!10,!1&$'/6!;%/#!$'!$20,$+0!,44/!&0'+/#!
48!H9HO!-=!KX%+.,0!QB>XM9!@'!-4'/,$*/6!RL!=0(%.=!-4'/$%'%'+!P9Q!=+!Cgh!WGG!
1,4=4/0(!/#0!84,=$/%4'!48!*#4,/6!7,4;'!,44/*6!$-#%02%'+!QQ9QQ]!,44/!%'(.-/%4'6!
;%/#!$'!$20,$+0!48!J9J! ,44/*!10,!*#44/!$'(!$'!$20,$+0!,44/!&0'+/#!48!P9I[! -=!
KX%+.,0!Q\ >@M9!^20,$&&6!,44/!%'(.-/%4'!$-,4**!/,0$/=0'/*!,$'+0(!8,4=!$'!$20,$+0!
48!Q9S!,44/*!10,!*#44/!;%/#!$!=0$'!,44/!&0'+/#!48!Q9[P!-=!10,!*#44/9!
!
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!
;&,43$! <*! ;(+ :."0%! *00(! +0,=%'$/%4'! $'(! *#44/! (020&41=0'/! 48!! 5+,-.'(*(&.& !
F@G"! HIJ!4'! RL! =0(%.=! *.11&0=0'/0(! ;%/#! Q! =+! Cgh! "Bjo! KGM! 0$,&3!
+0,=%'$/%4'!84,! UdT! ($3*n! KiM! -$&&.*! 84,=$/%4'! $/! /#0! ,$(%-&0n! KFM! *#44/!
0=0,+0'-0!8,4=!-$&&.*!84,!O!;005*n!$'(!KBM!=.&/%1&0!*#44/*!,0+0'0,$/0(!8,4=!
-$&&.*!84,!I!;005* !

!
=%>7$!<*!L#44/!%'(.-/%4'!8,4=!*00(*!48!! 5+,-.'(*(&.& !F@G"!HIJ!-.&/.,0(!4'!RL!
=0(%.=! *.11&0=0'/0(! ;%/#! (%880,0'/! -4'-0'/,$/%4'*! 48! /#0! 1&$'/! +,4;/#!
,0+.&$/4,*!iG6!2 "6!$'(!"Bj! 84,!I!;005* !

:;<3
$*/)#3

3

.,0'= 3
>823?@AB3

C,=3,D3
#))-9102#3

C,=3,D3
#5,,$#3

E5,,$3
10-4'$1,03

>FB3

C,=3,D3#5,,$#33
/)%3#))-3

E5,,$39)02$533
/)%3#))-33

>'8B3
BA 0.5 60 46 76.67 3.00&±0.31 2.71' ±0.30 

 1 60 47 78.33 2.60&±0.24 4.17(±0.10 
 3 60 48 80.00 7.20)±0.20 4.16(±0.09 

0 T  0.5 60 31 51.67 10.60*±0.40 3.84(+±0.21 
 1 60 38 63.33 17.80' ±1.24 3.38+±0.13 
 3 60 39 65.00 23.40+±3.20 4.24(±0.06 

TDZ 0.5 60 60 100.00 25.80+±3.11 2.73' ±0.15 
 1 60 60 100.00 34.80(±1.87 3.86(+±0.10 
 3 60 60 100.00 36.80(±0.83 4.24(±0.11 

C,$)6 PGR type = type of plant growth regulator, Mean ± SE calculated from five replicates 
According to Duncan's multiple range test, means within the same column followed by the same 
letter are not significantly different at P ≤ 0.05. 
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!
;&,43$!?*!@'! 2%/,4! -.&/.,0! 48!! 5+,-.'(*(&.& !F@G"! HIJ!*00(*! 4'! RL! =0(%.=!
*.11&0=0'/0(!;%/#!(%880,0'/!-3/45%'%'*!84,!I!;005*o!KGdFM!iG!$/!P9U6!H9P6!$'(!
Q9P!=+!Cghn!KBdXM!="!$/!P9U6!H9P6!$'(!Q9P!=+!Cghn!K\d@M!"Bj!$/!P9U6!H9P6!$'(!Q9P!
=+!Cgh!
!
=%>7$!?*!V44/!%'(.-/%4'!8,4=!*00(&%'+*!48!! 5+,-.'(*(&.& !F@G"!HIJ!-.&/.,0(!4'!
RL!=0(%.=!*.11&0=0'/0(!;%/#!(%880,0'/!-4'-0'/,$/%4'*!48!@GG6!@iG6!$'(!WGG!
84,!I!;005*!

:;<3
$*/)#3

.,0'=3 3
>82G?@AB3

C,=3,D3
#))-9102#3

C,=3,D3
%,,$#3

<,,$3
10-4'$1,03>FB3

C,=3,D3%,,$#H3
#5,,$3

<,,$39)02$5H3
#5,,$3>'8B3

IAA 0.1 30 4 13.33 0.60)+0.84 0.47' +0.20 
 0.3 30 12 40.00 6.50(+6.38 1.18(++0.21 
 0.5 30 12 40.00 2.80+'*) +2.20 0.88+' +0.05 

IBA  0.1 30 11 36.67 4.80(+' +0.38 1.12(++0.14 
 0.3 30 13 43.33 3.70+'* +0.59 1.33(++0.21 
 0.5 30 13 36.67 5.50(++0.70 1.12(++0.12 

NAA 0.1 30 14  46.67 2.70'*) +0.57 1.54(+0.32 
 0.3 30 10 33.33 4.40(+'* +0.45 0.89+' +0.09 
 0.5 30 13 43.33 4.00(+'* +0.81 1.10(++0.05 

C,$)6 PGR type = type of plant growth regulator, Mean ± SE calculated from five replicates 
According to Duncan's multiple range test, means within the same column followed by the same 
letter are not significantly different at P ≤ 0.05. 
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!
;&,43$!@*!;(+:."0%!,44/!(020&41=0'/!48!! 5+,-.'(*(&.& !F@G"!HIJ!-.&/.,0( !4'!RL!
=0(%.=!*.11&0=0'/0(!;%/#!2$,%4.*!$.D%'*!84,!I!;005*o!KG>FM!@GG!$/!P9H6!P9Q6!
$'(!P9U!=+!Cghn!KB>XM!@iG!$/!P9H6!P9Q6!$'(!P9U!=+!Cghn!K\ >@M!WGG!$/!P9H6!P9Q6!$'(!
P9U!=+!Cgh!
!
511"2&$,1$6+00+$(''+#(+&(,-$#,%"$,-$%""#)(-6%$

!
R$/.,0!*00(*!48!! 5+,-.'(*(&.& !F@G"!HIJ!;0,0!0D14*0(! /4!$-./0!+$==$!

%,,$(%$/%4'!$/!(4*0*!48!P6!U6!HP6!HU6!OP6!QP6!$'(!UP!5,$(9!\$==$!%,,$(%$/%4'!0D0,/0(!
$!-&0$,!(4*0>(010'(0'/!0880-/6!$*!*00(*!-.&/.,0(!4'!RL!=0(%.=!;%/#4./!+,4;/#!
,0+.&$/4,*! 84,! QP! ($3*! *#4;0(! =$,50(&3! ,0(.-0(! +0,=%'$/%4'6! *.,2%2$&6! $'(!
*00(&%'+! +,4;/#! $/! (4*0*! $7420! HU>OP! 5,$(9! X4,!QP! ($3*6! /#0! +$==$! (4*0*!
-$.*%'+!UP]!+,4;/#!,0(.-/%4'!K\Vab6!QPM!$'(!UP]!&0/#$&!(4*0!KCBab6!QPM!;0,0!
(0/0,=%'0(! /4! 70! JJ9QI! $'(! QI9PS! 5,$(6! ,0*10-/%20&3! K"$7&0!Q6!X%+.,0! JGM9!
\0,=%'$/%4'!$'(!*.,2%2$&!,0=$%'0(!$/!HPP!]!.1!/4!HP!5,$(!$'(!(0-&%'0(!/4!JS9ST!]!
$'(!QO9HJ!]6!,0*10-/%20&36!$/!UP!5,$(9!L#44/!$'(!,44/!%'(.-/%4'!$&*4!(0-,0$*0(!
1,4+,0**%20&3!;%/#!%'-,0$*%'+!(4*06!/4!JS9JO]!$'(!JO9IU]6!,0*10-/%20&36!$/!UP!
5,$(9!KX%+.,0!JiM9!"#0*0!,0*.&/*!%'(%-$/0!/#$/!=4(0,$/0!+$==$!0D14*.,0!K$,4.'(!
HU>OP! 5,$(M! 1,4=4/0*! *#44/! 0&4'+$/%4'6! ;#0,0$*! #%+#0,! (4*0*! %'#%7%/! 74/#!
+0,=%'$/%4'!$'(!*.7*0?.0'/!*00(&%'+!(020&41=0'/9!

!
!



International Journal of Agricultural Technology 2026 Vol. 22(3):1331-1344 
 

1339 
 
 

 

=%>7$!@*!Y880-/*!48!+$==$>,$3!(4*0!4'!*00(!*.,2%2$&6!+0,=%'$/%4'6!*#44/!$'(!
,44/!84,=$/%4'6!$'(!*#44/c,44/!&0'+/#*!48!!5+,-.'(*(&.&!F@G"!HIJ!$8/0,!QP!($3*!
4'!RL!=0(%.=!;%/#4./!+,4;/#!,0+.&$/4,* !

!"#$%
&'()*+ %

,$(-./)0."/ %
&1+%

23(4.4)5%
&1+%

26""0%
./*370."/%

&1+%

26""0%
5$/806%
&7-+%

9""0%
./*370."/%

&1+%

9""0%%
5$/806%
&7-+%

0 100.00 100.00 100.00 11.32+±0.17 100.00 11.09(±0.12 
5 100.00 100.00 90.00 11.15+±0.14 100.00 10.81(+±0.07 
10 100.00 100.00 83.33 11.10+±0.19 100.00 10.54+' ±0.14 
15 95.00 94.73 82.45 11.04+' ±0.11 96.49 10.53+' ±0.25 
20 95.00 82.45 77.19 12.67(±0.22 96.49 10.40+' ±0.05 
30 71.67 62.79 69.76 10.50*±0.14 58.13 10.27' ±0.07 
50 46.67 32.14 46.42 6.29)±0.26 42.85 8.46*±0.18 

!"#$%!"#$%&'!()!*&&+,-./*!0!123!4&5.!6!78!95,9#,5:&+!)'($!)-;&!'&<,-95:&*!
=99('+-./!:(!>#.95.?*!$#,:-<,&!'5./&!:&*:3!$&5.*!@-:A-.!:A&!*5$&!9(,#$.!)(,,(@&+!%B!:A&!*5$&!,&::&'!5'&!
.(:!*-/.-)-95.:,B!+-))&'&.:!5:!C!D!2E2FE!

 
\$==$! %,,$(%$/%4'! $&*4! $880-/0(! *00(&%'+! 10,84,=$'-0! 48!! 5+,-.'(*(&.& !

F@G"!HIJ!-.&/.,0(!4'!RL!=0(%.=!*.11&0=0'/0(!;%/#! Q!=+!Cgh!"Bj!84,! SP!($3*9!
L/%&&6!/#0!$(20,*0!0880-/*!;0,0!&0**!1,4'4.'-0(!/#$'!4'!=0(%.=!;%/#4./!+,4;/#!
,0+.&$/4,*!K"$7&0!J6!X%+.,0!JFM9!\0,=%'$/%4'!$'(!*.,2%2$&!,0=$%'0(!$/!4,! '0$,!
HPP! ]! .1! /4! OP!5,$(! $'(! ,0=$%'0(! $7420! II9QQ! ]! $/! UP! 5,$(6! ;#%&0! *#44/!
%'(.-/%4'!,0=$%'0(!p![U!]! $-,4**!$&&!/,0$/=0'/*6!0D-01/!$/!UP!5,$(9!L#44/!&0'+/#!
10$50(!$/!J9J[!-=!$/! HU!5,$(!$'(!+,$(.$&&3!(0-&%'0(!/4!O9TU!-=!$/! UP!5,$(6!$'(!
,44/!&0'+/#!(0-,0$*0(!*&%+#/&3!8,4=!H9TI!-=!%'!/#0!-4'/,4&!/4!H9OI!-=!$/!UP!5,$(9!
F4=1$,0(!;%/#!*00(&%'+*!-.&/.,0(!;%/#4./!"Bj6!/#4*0!+,4;'!4' !"Bj!=0(%.=!
0D#%7%/0(!=.-#!#%+#0,! *.,2%2$&!$'(! *#44/!%'(.-/%4'!$/!#%+#!%,,$(%$/%4'!&020&*6!
%'(%-$/%'+!/#$/!"Bj!=%/%+$/0*!/#0!+,4;/#>*.11,0**%'+!0880-/*!48!+$==$!,$3*!$'(!
*.114,/*!*#44/!,0+0'0,$/%4'!.'(0,!%,,$(%$/%4'!*/,0**9!

 
=%>7$!A*!Y880-/*!48!+$==$>,$3!(4*0!4'!*00(!*.,2%2$&6!+0,=%'$/%4'6!*#44/!$'(!
,44/!84,=$/%4'6!$'(!*#44/c,44/!&0'+/#*!48!!5+,-.'(*(&.&!F@G"!HIJ!$8/0,!SP!($3*!
4'!RL!=0(%.=!;%/#!Q!=+!Cgh!"Bj!

!"#$%
&'()*+ %

,$(-./)0."/ %
&1+%

23(4.4)5%
&1+%

26""0%
./*370."/%

&1+%

26""0%%
5$/806%
&7-+%

9""0%
./*370."/%

&1+%

9"" 0%%
5$/806%
&7-+%

TDZ 100.00 100.00 100.00 3.66+±0.75 100.00 1.78(±0.05 
5 100.00 100.00 100.00 3.74+±0.92 100.00 1.74(±0.41 
10 100.00 100.00 100.00 3.71+±1.01 100.00 1.72(±1.40 
15 100.00 100.00 100.00 4.49(±1.42 100.00 1.63(+±0.50 
20 95.00 100.00 95.00 3.58(+±0.81 95.00 1.47+' ±1.05 
30 95.00 100.00 95.00 3.28' ±1.64 95.00 1.35' ±0.45 
50 88.33 92.45 88.33 2.75*±1.23 88.33 1.28' ±0.29 

!"#$%!"#$%&'!()!*&&+,-./*!0!123!4&5.!6!78!95,9#,5:&+!)'($!)-;&!'&<,-95:&*!
=99('+-./!:(!>#.95.?*!$#,:-<,&!'5./&!:&*:3!$&5.*!@-:A-.!:A&!*5$&!9(,#$.!)(,,(@&+!%B!:A&!*5$&!,&::&'!5'&!
.(:!*-/.-)-95.:,B!+-))&'&.:!5:!C!D!2E2FE!
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!
;&,43$!A*!KGM!V0&$/%4'*#%1!70/;00'!+$==$>,$3!(4*0!$'(!*00(!+0,=%'$/%4'!$'(!
*.,2%2$&!48!! 5+,-.'(*(&.& !F@G"!HIJ!84,!QP!($3*!4'!RL!=0(%.=!;%/#4./!+,4;/#!
,0+.&$/4,*n! KiM! L00(&%'+! (020&41=0'/! 8,4=! +$==$>%,,$(%$/0(! *00(*! 4'! RL!
=0(%.=!;%/#4./!+,4;/#!,0+.&$/4,*!84,!QP!($3*n!KFM!L00(&%'+!(020&41=0'/!8,4=!
+$==$>%,,$(%$/0(!*00(*!4'!RL!=0(%.=!*.11&0=0'/0(!;%/#!Q!=+!Cgh!"Bj!84,!SP!
($3*n!KBM!V0&$/%4'*#%1!70/;00'!ZY\! -4'-0'/,$/%4'!$'(! *00(!+0,=%'$/%4'!$'(!
*.,2%2$&!84,!QP!($3*!4'!RL!=0(%.=!;%/#4./!+,4;/#!,0+.&$/4,*n!KYd\M!L00(&%'+!
(020&41=0'/!4'!RL!=0(%.=!*.11&0=0'/0(!;%/#!(%880,0'/!ZY\!-4'-0'/,$/%4'*!
84,!O!;005*!KYM6!J!;005*!KXM6!$'(!HO!;005*!K\M!
3
!""#$#',364&$&,)"'+-2"$
 

ZY\ >%'(.-0(!(,4.+#/!*/,0**!=$,50(&3!,0(.-0(!+0,=%'$/%4'6!*.,2%2$&6!$'(!
*00(&%'+!+,4;/#!48!! 5+,-.'(*(&.& !F@G"!HIJ!(.,%'+!HO!;005*!4'!RL!=0(%.=9!G/!
Pf]! ZY\6! +0,=%'$/%4'! ,0$-#0(! HPPf]6! 7./! *.,2%2$&! (0-&%'0(! 8,4=! TOf]! $/! J!
;005*!/4!OSf]!$/!HO!;005*9!L#44/!$'(!,44/!&0'+/#*!(0-,0$*0(!420,!/%=06!8,4=!
S9IHf-=! $'(! HQ9[Qf-=! $/! O! ;005*! /4! P9[Jf-=! $'(! P9SQf-=! $/! HO! ;005*6!
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,0*10-/%20&39!@'-,0$*%'+!ZY\!-4'-0'/,$/%4'*!8.,/#0,!*.11,0**0(!+,4;/#9!G/!Uf]!
ZY\6! *.,2%2$&! ,0=$%'0(! HPPf]! $8/0,! HO! ;005*6! 7./! *#44/! $'(! ,44/! &0'+/#*!
(0-,0$*0(!/4![9TTf-=!$'(!I9QQf-=9!G/!HPdOPf]!ZY\6!*.,2%2$&!(,4110(!*#$,1&3!
KSIdOQf]M6!$--4=1$'%0(!73!=$,50(!,0(.-/%4'*!%'!*#44/!KS9I[dO9JJf-=M!$'(!,44/!
&0'+/#*! KO9TJdP9SSf-=M9! \0,=%'$/%4'! (0-,0$*0(! 1,4+,0**%20&3! ;%/#! %'-,0$*%'+!
ZY\6!;%/#!$!\Vab!48!HT9TQf]!ZY\9!L00(&%'+!*0'*%/%2%/3!;$*!$+0>(010'(0'/o!CBab!
;$*!HJ9ISf]!ZY\!84,!J >;005* >4&(!*00(&%'+*!$'(!HH9IQf]!ZY\!84,!HO>;005* >4&(!
*00(&%'+*!KX%+.,0!JBM6!*00(&%'+!(020&41=0'/!4'!RL!=0(%.=!;%/#!(%880,0'/!ZY\!
-4'-0'/,$/%4'*! $/! O6! J6! $'(! HO! ;005*! KX%+.,0! JY>\M6! %'(%-$/%'+! /#$/! 4&(0,!
*00(&%'+*!$,0!=4,0!*.*-01/%7&0!/4!ZY\>%'(.-0(!*/,0**!/#$'!34.'+0,!4'0*6!$'(!/#$/!
+0,=%'$/%4'!%*!*&%+#/&3!=4,0!/4&0,$'/!/#$'!*00(&%'+!*.,2%2$&9!
3
B&85488&#-!

 
Y880-/!48!+,4;/#!,0+.&$/4,*!4'!*#44/!%'(.-/%4'6!/#0!1,0*0'/!*/.(3!-&0$,&3!

(0=4'*/,$/0*!/#$/!"Bj!%*!#%+#&3!0880-/%20!%'!*/%=.&$/%'+!1,4&%8%-!*#44/!84,=$/%4'!
%'!! 5+,-.'(*(&.& !F@G"!HIJ!.'(0,! .(+:."0%!-4'(%/%4'*9!"#%*!47*0,2$/%4'!%*!%'!&%'0!
;%/#!/#0!8%'(%'+*!48!V%E2%!$'(!L%'+#!KOPPPM6!;#4!,014,/0(!/#$/!"Bj!088%-%0'/&3!
/,%++0,*! 74/#! 4,+$'4+0'0*%*! $'(! *4=$/%-! 0=7,34+0'0*%*! %'! -#%-510$! K/.1*0+
'0.*".(-2 M9!@'!4.,!0D10,%=0'/6!"Bj>/,0$/0(!*00(&%'+*!1,4(.-0(!-4=1$-/6!,47.*/!
*#44/*! ;%/#! $! -#$,$-/0,%*/%-$&&3! *#4,/! */$/.,09! L.-#! =4,1#4&4+%-$&! /,$%/*! $,0!
-4'*%*/0'/! ;%/#! /#0! ;0&&>0*/$7&%*#0(! ,4&0! 48! "Bj! %'! 1,4=4/%'+! -$&&.*!
1,4&%80,$/%4'6!*4=$/%-!0=7,34+0'0*%*6!$'(! /#0!+0'0,$/%4'!48!=.&/%1&0!*#44/*!$/!
,0&$/%20&3! &4;! -4'-0'/,$/%4'*6! 48/0'! *.,1$**%'+! /#0! 10,84,=$'-0! 48! 4/#0,!
-4==4'&3!.*0(!-3/45%'%'*9!F4=1$,$7&0!,0*.&/*!;0,0!(0*-,%70(!73!i$*$&=$!*"+'$9!
KOPPIM6!;#4!,0-4,(0(!/#0!#%+#0*/!*#44/!%'(.-/%4'!,$/0*!%'!8&"0','$-&+1.1*0!C9!4'!
RL!=0(%.=!-4'/$%'%'+!"Bj9!X.,/#0,=4,06!R45!*"+'$9!KOPPPM!,014,/0(!/#$/!"Bj!
0D#%7%/*!*/,4'+!-3/45%'%' >&%50!$-/%2%/3!$'(!-$'!0880-/%20&3!,01&$-0!-4'20'/%4'$&!
-3/45%'%'*!*.-#!$*! iG!4,!E0$/%'!%'!1&$'/! /%**.0!-.&/.,0!*3*/0=*6!*.114,/%'+!%/*!
7,4$(!$11&%-$7%&%/3!%'!*#44/!%'(.-/%4'!1,4/4-4&*9!

"#0! 1,0*0'/! */.(3! (0=4'*/,$/0(! /#$/! ,44/! %'(.-/%4'! 8,4=! ! 5+,-.'(*(&.& !
F@G"!HIJ!*#44/*!%*!*/,4'+&3!%'8&.0'-0(!73!/#0!/310!$'(!-4'-0'/,$/%4'!48!$.D%'*!
.*0(9!G=4'+!/#0!/0*/0(!/,0$/=0'/*6!RL!=0(%.=!*.11&0=0'/0(!;%/#!P9Q!=+!Cgh!
@GG!,0*.&/0(!%'!/#0!#%+#0*/!,44/!%'(.-/%4'!,$/06!1,4(.-%'+!/#0!+,0$/0*/!'.=70,!48!
,44/*!10,!*#44/!KS9UM!$'(!/#0!&4'+0*/!$20,$+0!,44/!&0'+/#!KH9HIf-=M6!;%/#!,44/*!
0D#%7%/%'+!$!#0$&/#3! ;#%/0!/4!&%+#/>7,4;' !-4&4,$/%4'9!@iG!$/! !P9U!=+!Cgh!$&*4!
1,4=4/0(! /#0! 84,=$/%4'! 48! &4'+6! ;#%/0! ,44/*6! $&70%/! ;%/#! *&%+#/&3! &4;0,! ,44/!
'.=70,!$'(!&0'+/#6!;#%&0!WGG!$/!P9Q!=+!Cgh!%'(.-0(!*#4,/0,!$'(!7,4;'0,!,44/*6!
*.++0*/%'+! /#$/! ,44/! ?.$&%/3! $'(! +,4;/#! 2%+4,! $,0! $.D%'>(010'(0'/9! "#0*0!
8%'(%'+*!$&%+'!;%/#!1,02%4.*!,014,/*!/#$/!@GG!$'(!@iG!0880-/%20&3!*/%=.&$/0!%'!
2%/,4! ,44/! 84,=$/%4'!%'!&0+.=%'4.*! $'(! ;44(3!1&$'/*9!@'! -4'/,$*/6!WGG!=$3!
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%'(.-0!-$&&.*!4,!*#4,/0,!,44/*!(010'(%'+!4'!*10-%0*!$'(!-4'-0'/,$/%4'!Ki$,%5!*"+
'$96!OPPSM9!"#0!47*0,20(!(%880,0'-0*!%'!,44/!=4,1#4&4+3!=$3!$&*4!70!&%'50(!/4!
$.D%'>=0(%$/0(!0/#3&0'0!1,4(.-/%4'6!;#%-#!-$'!=4(.&$/0!GiG!7%4*3'/#0*%*!$'(!
%'#%7%/!+,4;/#!$/!#%+#0,!-4'-0'/,$/%4'*6!$*!(0*-,%70(!73!:$'*0'!$'(!\,4**=$''!
KOPPPM9!^20,$&&6!@GG!$/!P9Q!=+!Cgh!$110$,*!41/%=$&!84,!1,4=4/%'+!2%+4,4.*!,44/!
(020&41=0'/!*.%/$7&0!84,!*.7*0?.0'/!$--&%=$/%E$/%4'!$'(!1&$'/&0/!0*/$7&%*#=0'/9!

YD14*.,0!48!! 5+,-.'(*(&.& !F@G"!HIJ!*00(*!/4!+$==$!%,,$(%$/%4'!0D#%7%/0(!
$! -&0$,! (4*0>(010'(0'/! 0880-/! 4'! +0,=%'$/%4'6! *00(&%'+! *.,2%2$&6! $'(! +,4;/#9!
\0,=%'$/%4'!$'(!*.,2%2$&!,0=$%'0(!.'$880-/0(!$/!&4;!(4*0*!KqHP!5,$(M6!;#0,0$*!
#%+#0,!(4*0*!KHUdOP!5,$(M!-$.*0(!*%+'%8%-$'/!,0(.-/%4'*!%'!74/#!1$,$=0/0,*6!;%/#!
/#0! &4;0*/! 2$&.0*! 47*0,20(! $/!UP!5,$(9! L#44/! $'(! ,44/! %'(.-/%4'6! $*! ;0&&! $*!
0&4'+$/%4'6!$&*4!(0-&%'0(!1,4+,0**%20&3!;%/#!%'-,0$*%'+!+$==$!(4*06!%'(%-$/%'+!
/#$/!#%+#!%,,$(%$/%4'!&020&*!%'#%7%/!=0,%*/0=!$-/%2%/3!$'(!420,$&&!*00(&%'+!2%+4,9!
@'/0,0*/%'+&36!=4(0,$/0!(4*0*!48!HUdOP!5,$(!$110$,0(!/4!*&%+#/&3!1,4=4/0!*#44/!
0&4'+$/%4'6! ;#%-#! =$3! 70! ,0&$/0(! /4! *.7>&0/#$&! */,0**! */%=.&$/%'+! +,4;/#!
#4,=4'06! $*! ,014,/0(! %'! 4/#0,! &0+.=%'4.*! *10-%0*! Ki03$E!*"+ '$96!OPHSM9!"#0!
-$&-.&$/0(!\Vab!KJJ9QI!5,$(M!$'(!CBab!KQI9PS!5,$(M!8.,/#0,!?.$'/%83!/#0!/4&0,$'-0!
/#,0*#4&(! 48! L/3&4! *00(*! .'(0,! $-./0! +$==$! 0D14*.,09! "#0*0! 8%'(%'+*! $,0!
-4'*%*/0'/!;%/#!1,02%4.*!*/.(%0*!*#4;%'+!/#$/!&4;!/4!=4(0,$/0!+$==$!(4*0*!-$'!
0'#$'-0!+0,=%'$/%4'!$'(! 0$,&3! *00(&%'+!+,4;/#6! ;#0,0$*!#%+#0,! (4*0*!%'#%7%/!
(020&41=0'/!(.0!/4!BWG!($=$+0!$'(!4D%($/%20!*/,0**!KW+40''+$=!*"+'$96!OPH[n!
G7(0&>:$(3! *"+ '$96!OPPIM9!^20,$&&6! /#0! ,0*.&/*! #%+#&%+#/! /#0! %=14,/$'-0! 48!
41/%=%E%'+! +$==$! %,,$(%$/%4'! (4*0*! /4! $-#%020! $! 7$&$'-0! 70/;00'! =./$/%4'!
%'(.-/%4'!$'(!*00(&%'+!*.,2%2$&!84,!%'!2%/,4!7,00(%'+!1,4+,$=*9!

"#0!1,0*0'/!*/.(3!(0=4'*/,$/0(!/#$/!"Bj!*.11&0=0'/$/%4'!%'!RL!=0(%.=!
=%/%+$/0*!/#0!$(20,*0!0880-/*!48!+$==$!%,,$(%$/%4'!4'!! 5+,-.'(*(&.& !F@G"!HIJ!
*00(&%'+*9!L00(*!-.&/.,0(!4'!RL!=0(%.=!-4'/$%'%'+!Q!=+!Cgh!"Bj!84,! SP!($3*!
=$%'/$%'0(!#%+#!+0,=%'$/%4'!$'(! *.,2%2$&! ,$/0*!020'!$/!UP!5,$(!KII9QQf]! $'(!
[O9JUf]6! ,0*10-/%20&3M6! ;#%&0! *#44/! %'(.-/%4'! ,0=$%'0(! pIIf]! $-,4**! $&&!
/,0$/=0'/*9!L#44/!&0'+/#!10$50(!$/!HU!5,$(!KJ9J[f-=M!$'(!+,$(.$&&3!(0-&%'0(!$/!
#%+#0,!(4*0*6!;#0,0$*!,44/!&0'+/#!(0-,0$*0(!*&%+#/&3!8,4=!H9TIf-=!%'!/#0!-4'/,4&!
/4!H9OIf-=!$/! UP!5,$(9!F4=1$,0(!;%/#!*00(&%'+*!+,4;'!4'!RL!=0(%.=!;%/#4./!
+,4;/#! ,0+.&$/4,*6! /#4*0! -.&/.,0(! ;%/#!"Bj!*#4;0(!=$,50 (&3!#%+#0,! *.,2%2$&!
$'(!*#44/!%'(.-/%4'!$/!0&02$/0(!%,,$(%$/%4'!&020&*6!%'(%-$/%'+!/#$/!"Bj!*.114,/*!
*#44/!,0+0'0,$/%4'!$'(!,0(.-0*!+,4;/#!*.11,0**%4'!.'(0,!+$==$!*/,0**9!"#0*0!
47*0,2$/%4'*!$,0!-4'*%*/0'/!;%/#!1,02%4.*!,014,/*!/#$/!"Bj!1,4=4/0*!$(20'/%/%4.*!
*#44/! ,0+0'0,$/%4'! $'(! 0'#$'-0*! /%**.0! /4&0,$'-0! /4! $7%4/%-! */,0**! %'! %'! 2%/,4!
-.&/.,0*9!"#0!1,4/0-/%20!0880-/! 48! "Bj!=$3!70!$//,%7./0(! /4!%/*! -3/45%'%'>&%50!
$-/%2%/36!;#%-#!*/%=.&$/0*!-0&&!(%2%*%4'!$'(!4,+$'4+0'0*%*6!/#0,073!-4.'/0,$-/%'+!
%,,$(%$/%4'>%'(.-0(!+,4;/#!%'#%7%/%4'9!
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"#0! ,0*.&/*! 48! /#%*! */.(3! (0=4'*/,$/0! /#$/! ZY\>%'(.-0(! (,4.+#/! */,0**!
*%+'%8%-$'/&3!$880-/*!+0,=%'$/%4'6!*00(&%'+!*.,2%2$&6!$'(!+,4;/#!48!! 5+,-.'(*(&.& !
F@G"! HIJ!%'! $! (4*0>! $'(! $+0>(010'(0'/! =$''0,9! \0,=%'$/%4'! ,0=$%'0(!
,0&$/%20&3! /4&0,$'/! /4! &4;! ZY\! -4'-0'/,$/%4'*6! ;#0,0$*! *00(&%'+! *.,2%2$&! $'(!
+,4;/#! ;0,0!1,4+,0**%20&3!%'#%7%/0(!$*!ZY\!-4'-0'/,$/%4'!%'-,0$*0(6! ;%/#!/#0!
=4*/!1,4'4.'-0(!0880-/*!47*0,20(!$/!OPf]!ZY\9!̂ &(0,!*00(&%'+*!KHO!;005*M!;0,0!
=4,0!*0'*%/%20!/4!(,4.+#/!*/,0**!/#$'!34.'+0,!*00(&%'+*!KJ!;005*M6!$*!,08&0-/0(!
73!&4;0,!CBab!2$&.0*!KHH9IQf]!2*9!HJ9ISf]M9!L#44/!$'(! ,44/!+,4;/#! (0-&%'0(!
=$,50(&3! ;%/#! 74/#! %'-,0$*%'+! ZY\! -4'-0'/,$/%4'! $'(! -.&/.,0! (.,$/%4'6!
%'(%-$/%'+!/#$/!1,4&4'+0(!0D14*.,0!0D$-0,7$/0*!*/,0**!0880-/*9!"#0*0!8%'(%'+*!$,0!
-4'*%*/0'/!;%/#!1,02%4.*!,014,/*!4'!=%&&0/!*10-%0*6!;#0,0!ZY\!/,0$/=0'/!,0(.-0(!
+0,=%'$/%4'6!*00(&%'+!*.,2%2$&6!$'(!0$,&3!+,4;/#6!;%/#!4&(0,!4,!=4,0!(020&410(!
*00(&%'+*!*#4;%'+!+,0$/0,!*0'*%/%2%/3!Ki#00=0*#!*"+'$96!OPHIn!B$4.($!^.*=$'0!
$'(! R4.#$=$(4.! R4.'5$%&$6! OPHJM9!"#0! 47*0,20(! (%880,0'/%$&! /4&0,$'-0!
70/;00'! +0,=%'$/%4'! $'(! *00(&%'+! *.,2%2$&! *.++0*/*! /#$/! 0$,&3! +0,=%'$/%4'!
=0-#$'%*=*!$,0!=4,0! ,0*%&%0'/! /4!4*=4/%-!*/,0**6!;#0,0$*!*.7*0?.0'/!*00(&%'+!
(020&41=0'/! %*! #%+#&3! *.*-01/%7&0! /4! ;$/0,! (08%-%/9! ^20,$&&6! ZY\>=0(%$/0(!
(,4.+#/! */,0**! 1,42%(0*! $'! 0880-/%20! %'! 2%/,4! =4(0&!84,! $**0**%'+! /#0! (,4.+#/!
/4&0,$'-0! 48! L9! +.%$'0'*%*! F@G"! HIJ! $'(! %(0'/%83%'+! ,0*%&%0'/! *00(&%'+*! 84,!
8.,/#0,!1,41$+$/%4'9!

"# 0!*/.(3!(0=4'*/,$/0 (!/#$/!"Bj!088%-%0'/&3!1,4=4/0*!*#44/!84,=$/%4'!$'(!
@GG!KP9Q!=+!CghM!41/%=%E0*!,44/!%'(.-/%4'!%'!! 5+,-.'(*(&.& !F@G"!HIJ9!\$==$!
%,,$(%$/%4'! *#4;0(! (4*0>(010'(0'/! 0880-/*6! ;#%&0! "Bj! =%/%+$/0(! %/*! $(20,*0!
%=1$-/*6!$'(!ZY\>%'(.-0(!(,4.+#/!*/,0**!#%+#&%+#/0(!+,0$/0,!*0'*%/%2%/3!%'!4&(0,!
*00(&%'+*9!"#0*0!,0*.&/*!+.%(0(!.(+:."0%!1,41$+$/%4'6!=./$/%4'!7,00(%'+6!$'(!0$,&3!
*0&0-/%4'! 48! (,4.+#/>/4&0,$'/! *00(&%'+*9! X./.,0! ;4,5! *#4.&(! 2$&%($/0! /#0*0!
8%'(%'+*!.'(0,!0D!2%/,4!4,!8%0&(!-4'(%/%4'*6!$**0**%'+!1&$'/&0/!0*/$7&%*#=0'/6!*/,0**!
/4&0,$'-06!$'(!1,4(.-/%2%/3!/4!*.114,/!7,00(%'+!$'(!-.&/%2$/%4'!*/,$/0+%0*9!
 
05C-#D7$/,$'$-28 !
!

!"#$%&'()%&*$%$+,,'(-./%01%2#34%5'34)+-6$%73$-#-+-.%'8%!.9"3':'41%;*/)(*0*34%<257!;=>%
?(*3-%@'A%BCDBEFGEFCEHCA%

3
E#-F7&528!#F!&-2$3$82!
3
% !".%*+-"'($%/.9:*(.%3'%9'38:#9-%'8%#3-.(.$-A%
!
:$F$3$-5$8!
 
I0/.: EJ*/1>%5A%KA>%L)*$"*>%MA%5A>%K':#N*3>%KA%KA%IA%*3/%!*:**->%5A%<BFFO=A%M88.9-%'8%4*NN*%(*/#*-#'3%

*3/% 4#00.(.::#9% *9#/% '3% 4.(N#3*-#'3% *3/% *:)*:'#/% ,('/+9-#'3% #3%!"#$%&' ()**&+$,,&%;A%
I+$-(*:#*3%P'+(3*:%'8%Q*$#9%*3/%I,,:#./%K9#.39.$>%BRSFGESFCA%



 
 

 
 

1344 

!
Q*(#)>%TA>%5'"*,*-(*>%UA%*3/%V"*3/>%WA%<BFFD=A%T#(.9-%$"''-%(.4.3.(*-#'3%8('N%.,#9'-1:%.X,:*3-$%'8%

4(*$$,.*%<-&"./#01'1&"2301=A%I+$-(*:#*3%P'+(3*:%'8%Q'-*31>%CSRCFCECFOA%
!
Q*$*:N*>% TA>% U(*30.1>% KA>% ?Y(:.)>% TA% *3/% Z[9*3>% KA% <BFFO=A% !T\E#3/+9./% ,:*3-% (.4.3.(*-#'3% #3%

!1"#&4&*01'525)#%;A%I8(#9*3%P'+(3*:%'8%Q#'-.9"3':'41>%]R^CCÊC^A%
!
Q"..N.$">%KA%PA>%K+00*%_*'>%5A>%_.//#%K.)"*(>%5A%*3/%;*-"*>%WA%<BFGO=A%M88.9-% '8%WM?E#3/+9./%

/('+4"-% $-(.$$% '3% 4.(N#3*-#'3% *3/% .*(:1% $../:#34% 4('&-"% '8% 8'X-*#:% N#::.-% `*(#.-#.$A%
73-.(3*-#'3*:%P'+(3*:%'8%V+((.3-%5#9('0#':'41%*3/%I,,:#./%K9#.39.$>%DRBD]SEBDOGA%

!
Q.1*[>%_A>%2*"(*N*3'4+::*(#>%VA%!A>%a#:/#[>%VA>%T*(9#3>%MA%KA%*3/%a#:/#[>%5A%<BFGD=A%!".%.88.9-%'8%

4*NN*%(*/#*-#'3%'3%$../%4.(N#3*-#'3%*3/%$../:#34%4('&-"%'8%-&"./#01'5.#/1&,".01%Q'#$$A%
+3/.(%#3%`#-('%9'3/#-#'3$A%P'+(3*:%'8%M3`#('3N.3-*:%_*/#'*9-#`#-1>%GDBEGDHRGB^EGHHA%

!
>5(#+5!G#*$5.&3!7E!5.+!4(#A5$5+(#!4(#.H5-,53!IE!JK2LMNE!8))&9:!()!<(,B&:AB,&.&!/,B9(,!JC8ON!1222!

(.!/&'$-.5:-(.!5.+!*&&+,-./!/'(@:A!()!<&5',!$-,,&:!P !"##$%"&'()*+,'-'( !JQEN!RE!I'ES!5.+!Q>TU!)('!
-.!;-:'(!*9'&&.-./!)('!+'(#/A:!:(,&'5.9&E!=)'-95.!V(#'.5,!()!I-(:&9A.(,(/B3!LWXWYMKZWYMYE!

!
J*3$.3>%JA%*3/%?('$$N*33>%2A%<BFFF=A%I+X#3E#3/+9./%.-"1:.3.%-(#44.($%*0$9#$#9%*9#/%0#'$13-".$#$%*3/%

4('&-"%#3"#0#-#'3A%W:*3-%W"1$#':'41>%GBSRGSH]EGSSOA%
!
2#1'-"'34>%2A>%K*-b#,*3'3>%VA%*3/%W"':$.3>%WA%<BFFB=A%M88.9-%'8%9+--#34%".#4"-%*3/%-#N.%'3%$../%1#.:/%

*3/%$../%c+*:#-1%'8%6"/*$1&,".)1'402&,),121%V7I!%GOSA%K'34):*3*)*(#3%P'+(3*:% '8%K9#.39.%
!.9"3':'41 >%BSRCO]EC^HA%

!
5')>%5A%VA>%5*(-#3>%_A%VA%*3/%5')>%TA%dA%KA%<BFFF=A%V1-')#3#3$R%Q#'$13-".$#$>%N.-*0':#$N%*3/%

,.(9.,-#'3A%73%e#-('%V.::+:*(%f%T.`.:',N.3-*:%Q#':'41%g%W:*3->%HDRGFBEGF]A%
!
5+(*$"#4.>%!A%*3/%K)''4>%hA%<G^DB=A%I%(.`#$./%N./#+N%8'(%4('&-"%*3/%0#'*$$*1$%&#-"%-'0*99'%-#$$+.A%

W"1$#':'41 %W:*3->%GCRS]HES^]A%
!
@4'.334*N>%;A>%W'34-'34)*N>%WA>%I(*3*3*3->%PA>%W'.*#N>%KA%*3/%W'.*#N>%IA%<BFG^=A%73%`#-('%.88.9-%'8%

4*NN*% #((*/#*-#'3% *3/% ,:*3-% 4('&-"% (.4+:*-'($% <W?_$=% 8'(% #3/+9-#'3% *3/% /.`.:',N.3-% '8%
6"/*$1&,".)1'.&7&"&%9`A%e.(*3'A%73-.(3*-#'3*:%P'+(3*:%'8%I4(#9+:-+(*:%!.9"3':'41>%GCRDHE]SA%

!
W*3/#->%_A>%Q"+$*:>%QA>%_.4N#>%_A>%@.+,*3.>%WA>%Q"*--*(*#>%2A>%5*"*(b*3>%QA>%I9"*(1*>%KA>%Q#41*3%2A%

VA%*3/%W'+/.:>%5A%_A%<BFBG=A%5+-*-#'3%0(../#34%8'(%9(',%#N,('`.N.3-R%I%(.`#.&A%_.`#.&$%#3%
h''/% *3/%I4(#9+:-+(.>%BRHGEHCA%

!
_#[`#>%KA%5A%JA%*3/%K#34">%_A%WA%<BFFF=A%73%`#-('%,:*3-%(.4.3.(*-#'3%8('N%#NN*-+(.%:.*8:.-E/.(#`./%

9*::+$% 9+:-+(.$% '8%825)#' &#2)"2,07%;A% `#*% '(4*3'4.3.$#$A% W:*3-% V.::% Q#'-.9"3':'41% *3/%
5':.9+:*(%Q#':'41>%GRGFÊGGSA%

!
_+,#-*)>%iA%*3/%K(#$*#)"*N>%KA%<BFBG=A%M`*:+*-#'3%'8%1#.:/%,('/+9-#'3%*3/%9".N#9*:%9'N,'$#-#'3%'8%

-"(..%-1,.$%'8%8'(*4.%:.4+N.$%*-%/#88.(.3-%9+--#34%#3-.(`*:$%*3/%9+--#34%-#N.$%-'%*$$.$$%-".#(%
0.3.8#-$% *$% (+N#3*3-% *3#N*:% 8../A% V"#*34% 5*#% U3#`.($#-1% P'+(3*:% '8% @*-+(*:% K9#.39.$>%
BFR. BFBGFSDA%

!
K9"+:-[.E2(*8->%_A>%J+0#*'>%aA>%P+3>%!A%*3/%?+'/*'>%;A%<BFBH=A%6"/*$1&,".)1'402&,),121%V7I!%GOS%g%

(.`#.&%'8%*%-(',#9*:%8'(*4.%:.4+N.A%!(',#9*:%?(*$$:*3/$Eh'((*b.$%!(',#9*:.$>%GGR^CEGBFA%
!

<_.9.#`./R%HF%K.,-.N0.(%BFBC>%_.`#$./R%BH%5*(9"%BFBD>%I99.,-./R%GF%5*1%BFBD=%


