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INTRODUCTION 
/:)*;30;",)*"<*&:',*/0%'#'#1*2%#3%.*',*&"*<%='.'%0'>)*;0"<),,'"#%.,*%#?*=%'#&)#%#@)*
;)0,"##).*A:"*?),'1#B*'#,&%..B*%#?*=%'#&%'#*.%#?,@%;),*'#*&:)*/03@C))*4'()0*A%&)0,:)?B*A'&:*
#"#$#%&'()*'#(%,'()*;.%#&,5*/:)*&)0=*!"#"$"%&'()*'"(%+'()*,-%"&+.*/00123*',*3,)?*'#*&:',*
=%#3%.*%#?*)#@"=;%,,),*&:)*<".."A'#1*&)0=,*D*E#"F'"3,*A))?,G*%#?*&"*,"=)*?)10))*
EA))?,G*%#?*E'#(%,'()*;.%#&,G5*/:',*=%#3%.*A'..*H)*<"@3,'#1*"#*&:",)*,;)@'),*&:%&*%0)*E#"#$
#%&'()GB*=)%#'#1*#"&*"@@300'#1*#%&30%..I*'#*&:)*1)"10%;:'@*."@%&'"#*3#?)0*?',@3,,'"#B*'#*&:',*
@%,)*&:)*J%.'<"0#'%5*
*
45%&*'+*&5)*6'77)8)"9)*:)&;))"*%*;))6*%"6*%*"#"$"%&'()*'"(%+'()*,-%"&<***

*
4))6*$*K*A))?*',*,'=;.I*%*;.%#&*10"A'#1*'#*%*;.%@)*A:)0)*'&L,*#"&*A%#&)?5*+&*='1:&*H)*%*
;0"H.)=*."@%..IB*H3&*'&*1)#)0%..I*?"),#L&*,;0)%?*&"*H)@"=)*%*.%01)$,@%.)*;0"H.)=*'#*#%&30%.*
%0)%,5*
*
1"(%+'()*2-%"&*$*K#*'#(%,'()*;.%#&*',*%*#"#$#%&'()*;.%#&*A'&:*()0I*:'1:*0);0"?3@&'()*;"&)#&'%.*
%#?*&:)*%H'.'&I*&"*),&%H.',:*%@0",,*."#1*?',&%#@),*M<"0*)F%=;.)B*'&*='1:&*;0"?3@)*,))?,*&:%&*
@%#*,;0)%?*HI*A'#?*"0*HI*%#'=%.,N5*K#*'#(%,'()*;.%#&*@%#*H)@"=)*),&%H.',:)?*'#*#%&30%.*
%0)%,B*%#?*?',03;&*#%&30%.*@"==3#'&'),*HI*"3&@"=;)&'#1*#%&'()*;.%#&,5*
*
0#='#>+*4))6*$*K*#"F'"3,*A))?*',*%#*'#(%,'()*;.%#&*&:%&*:%,*H))#*?)<'#)?*%,*%*;),&*HI*.%A*
"0*0)13.%&'"#5**/:)*J%.'<"0#'%*O);%0&=)#&*"<*P""?*%#?*K10'@3.&30)*MJOPKN*=%'#&%'#,*%*.',&*
"<*Q#"F'"3,*A))?,Q*&:%&*%0)*,3HR)@&*&"*0)13.%&'"#*"0*S3%0%#&'#)*HI*@"3#&I*%10'@3.&30%.*
?);%0&=)#&,5**!"F'"3,*A))?,*%0)*0%&)?*EKGB*ETGB*EJGB*%#?*EUG5*V))*K;;)#?'F*P*D*W.",,%0I*
<"0*%*?)<'#'&'"#*"<*)%@:5*
*
/:)0)*:%,*H))#*%*&0)=)#?"3,*)F;%#,'"#*"<*#"#$#%&'()*'#(%,'()*;.%#&,*%@0",,*&:)*X#'&)?*
V&%&),B*'#@.3?'#1*A'&:'#*J%.'<"0#'%5**!)A*;0"H.)=*!!+-,*%00'()*'#*&:)*/03@C))*4'()0*
Y%&)0,:)?*)()0I*I)%0B*3,3%..I*%,,"@'%&)?*A'&:*:'1:.I*?',&30H)?*%0)%,*%#?*%0)*."@%&)?*
;0'=%0'.I*%."#1*0"%?,B*"0*'#*."@%.'>)?*%0)%,Z*<"0*)F%=;.)*=3,C*&:',&.)*;0'=%0'.I*'#<),&,*&:)*
%0)%*'#*%#?*%0"3#?*T"@%*['..*&"*&:)*/03@C))*4'()05***
*
+#@0)%,'#1.IB*#"#$#%&'()*'#(%,'()*;.%#&,*;",)*%*&:0)%&*&"*&:)*'#&)10'&I*"<*."@%.*0),"30@),*
?3)*&"*&:)'0*%H'.'&I*&"*?',;.%@)*#%&'()*,;)@'),B*%.&)0*#3&0')#&*%#?*<'0)*@I@.),B*?)@0)%,)*&:)*
%(%'.%H'.'&I*"<*<"0%1)*<"0*A'.?.'<)B*%#?*?)10%?)*,"'.*,&03@&30)*MT",,%0?*)&*%.5*\]]]N5*!!+-*
:%()*&:)*;"&)#&'%.*&"*%<<)@&*#%&'()*;.%#&*,;)@'),*&:0"31:*?'0)@&*@"=;)&'&'"#*<"0*#3&0')#&,B*
.'1:&B*%#?*A%&)0*MT",,%0?*)&*%.5*\]]]NB*%,*A)..*%,B*'#?'0)@&.I*&:0"31:*=I@"00:'>%.!
'#&)0%@&'"#,B*,"'.*H'"@:)='@%.*%.&)0%&'"#,*MT",,%0?*)&*%.5*\]]]NB*"0*%..).";%&:I*MT%',*)&*%.5*
\]]9N5*!!+-*'#<),&%&'"#,*@%#*%.,"*10)%&.I*0)?3@)*&:)*0)@0)%&'"#%.*%#?*%),&:)&'@*(%.3),5***
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/:)*;0"H.)=,*%,,"@'%&)?*A'&:*!!+-*'#&0"?3@&'"#*%0)*)F;)@&)?*&"*@"#&'#3)5**+#*J%.'<"0#'%B*
@300)#&*'#()#&"0'),*'#?'@%&)*&:%&*!!+-*%0)*,;0)%?'#1*%&*%#*'#@0)%,'#1*0%&)5**+&*',*)F;)@&)?*
&:%&*J%.'<"0#'%*A'..*H)*,3HR)@&*&"*)()#*:'1:)0*0%&),*"<*!!+-*'#&0"?3@&'"#,*%,*:3=%#*
;";3.%&'"#*%#?*&0%?)*1."H%.'>%&'"#*@"#&'#3)*&"*'#@0)%,)*MJ%.'<"0#'%*!"F'"3,*%#?*+#(%,'()*
Y))?*K@&'"#*-.%#*\]]^N5**+&*',*0)@"1#'>)?*&:%&*%#I*%&&)=;&*&"*0)?3@)*&:)*#)1%&'()*'=;%@&,*
"<*!!+-*=3,&*H)*A)..*@""0?'#%&)?*%#?*,&0%&)1'@%..I*&%01)&)?*A'&:*%@&'"#,*?),'1#)?*&"*
;0"="&)*%#?*)#:%#@)*"#$&:)$10"3#?*;0)()#&'"#*%#?*@"#&0".5***
*
/:',*/0%'#'#1*2%#3%.*',*;0"('?)?*&"*:).;*0)?3@)*&:)*0',C*"<*#"#$#%&'()*'#(%,'()*;.%#&,*
H)'#1*'#&0"?3@)?*%#?*H)'#1*),&%H.',:)?5***
*
?#-)*#7*@%"6+9%,)8+*'"*9#"&8#--'"A*0012+*

*

/:"3,%#?,*"<*,;)@'),*"<*#"#$#%&'()*.%#?,@%;)*"0#%=)#&%.,*%0)*3,)?*'#*J%.'<"0#'%5**2",&*
%0)*#"&*@"#,'?)0)?*'#(%,'()5**_#.I*%*,=%..*;)0@)#&%1)*"<*&:)=*&:0)%&)#*"30*A'.?*.%#?,5**
["A)()0B*&:),)*#"#$#%&'()*"0#%=)#&%.,*@"#,&'&3&)*"()0*:%.<*"<*&:)*A"0,&*'#(%,'()*;.%#&,*'#*
J%.'<"0#'%5***
*

75 `#"A*A:'@:*"0#%=)#&%.,*@%#*H)*:'1:.I*'#(%,'()B*%#?*<'#?*,3'&%H.)*,3H,&'&3&),5**/:)*
<".."A'#1*:%()*H))#*;.%#&)?*'#*1%0?)#,*'#*"30*%0)%B*%#?*%0)*!!+-a*
O%.=%&'%#*&"%?<.%FB*b).."A*/"%?<.%FB*_F)I)*?%',IB*`.%=%&:A))?B*V@"&@:*H0""=B*
-30;.)*c"",),&0'<)B**

\5 4);"0&*!!+-,*&"*/4YJ*,"*&:)I*@%#*H)*;0";)0.I*=%#%1)?*A'&:*%*1"%.*"<*)0%?'@%&'#1*
&:)=5*

95 J"#&0".*!!+-,*&:%&*%0)*#"&*0);"0&%H.)*&"*@"#&%'#*&:)=*%#?*;0)()#&*&:)'0*,;0)%?5***
*

d()#*&:"31:&B*,"=)*!!+-,*%0)*="0)*A'?),;0)%?*&:0"31:"3&*&:)*,&%&)*&:%#*J.%,,*K*%#?*
J.%,,*T*#"F'"3,*A))?,B*&:)I*='1:&*H)*S3'&)*0%0)*'#*"30*%0)%B*%#?*'&*',*'=;"0&%#&*&"*0);"0&*
&:)=5**K#*)F%=;.)*"<*&:',*',*V@"&@:*H0""=*M"#$%&'&!&()*+,%'&N5**_&:)0,*%0)*S3'&)*@"=="#*
'#*"30*%0)%B*H3&*,:"3.?*H)*@"#&0"..)?*H)@%3,)*"<*&:)'0*:'1:.I*'#(%,'()*#%&30)5**K#*)F%=;.)*
"<*&:',*',*c',&*J*,;)@'),*H3..*&:',&.)*M"%,&%'-!.'/0+,1N5***
*
*
*
*
*
*
*
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43,,'%#*`#%;A))?* 7(,)*$%/)2!,1*12&!
V;"&&)?*`%#;A))?* "12$+',1+!&$)181!
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45'&)*H-#;)8+*
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["%0I*J0),,* 91*%3%'-!3,+8+!
-)0)##'%.*-);;)0A))?*M/%..*
2"3#&%'#*Y:'&)&";N*

91*%3%'-!/+$%6)/%'-!

I)--#;*H-#;)8+*

b).."A*V&%0&:',&.)* "12$+',1+!&)/&$%$%+/%&!
O%.=%&'%#*/"%?<.%F* 9%2+,%+!3+/-+$%(+!
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4JJK*1KJ0B1H1EDB1L0*D0K*J?DK1EDB1L0MEL0B?L@*

/:)*<".."A'#1*;.%#&,*:%()*H))#*,).)@&)?*<"0*&:',*/0%'#'#1*2%#3%.5**K*="0)*)F&)#,'()*.',&*"<*
!!+-,*',*%(%'.%H.)*"#*&:)*/03@C))*4'()0*Y%&)0,:)?*J"3#@'.L,*A)H,'&)a*
:&&;aeeAAA5&03@C))0'()0A@5"01eA))?$A%00'"0,e'?)#&'<'@%&'"#5*

Asteraceae (Sunflower Family) 
2%#I*"<*"30*!!+-,*%0)*=)=H)0,*"<*&:)*,3#<."A)0*<%='.I5**V3#<."A)0,*%0)*)F%=;.),*"<*
@"=;",'&)*<."A)0,5**/:)*@"=;",'&)*f<."A)0Q*"<&)#*:%,*$<)!=%23&*"<*<."A)0,5**/:)*&A"*
@"=;",'&)$<."A)0*&I;),*%0)*3,3%..I*C#"A#*%,*6'+C*7-#;)8+*%#?*8%N*7-#;)8+5**/:)*Q<."A)0f,Q*
H0"%?*@)#&0%.*%0)%*',*@"=;",)?*"<*:3#?0)?,*"<*6'+C*7-#;)8+B*%#?*&:)*I).."A*Q;)&%.,Q*%0)*&:)*
8%N*7-#;)8+O***
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*

*
*

B5'+&-)+P**+?)#&'<I'#1*&:',&.),*',*@:%..)#1'#15**V"=)*&:',&.),*%0)*#%&'()*%#?*,:"3.?*#"&*H)*
0)="()?5**V))*&:)*<".."A'#1*&%H.)*<"0*%*13'?)*&"*&:)*<"30*,;)@'),*<"3#?*'#*"30*0)1'"#5**/:',&.),*
:%()*,;'#I*.)%(),5**P."A)0,*?"*#"&*:%()*0%I*<."A)0.)&,5**/:)*<".."A'#1*&%H.)*@"=;%0),*%*<)A*
&:',&.),*&:%&*"@@30*'#*"30*%0)%5**2%#I*%0)*H')##'%.*!!+-,*&:%&*0);0"?3@)*HI*,))?5**/:%&*=)%#,*
&:)*<'0,&*I)%0*"<*&:)'0*.'<)*&:)I*;0"?3@)*%*H%,%.*0",)&&)*"<*.)%(),*%#?*&:)*,)@"#?*I)%0*&:)I*
;0"?3@)*<."A)0,*%#?*<."A)0'#1*,&%.C,5**+&*',*'=;"0&%#&*&"*@"#&0".*&:),)*&:',&.),*H)<"0)*&:)I*
;0"?3@)*,))?5*
*

/:)I*@%#*H)*?'<<'@3.&*&"*
?',&'#13',:*<0"=*"#)*%#"&:)05**
/:)*@:%0&*'#*K;;)#?'F*KB*
EJ"=;",'&)*MK,&)0%@)%)N*
O'<<)0)#&'%&'"#G*<0"=*&:)*P"0),&*
V)0('@)B*-%@'<'@*!"0&:A),&*
4),)%0@:*V&%&'"#B*W)#)0%.*
/)@:#'@%.*4);"0&*-!Y$W/4$
g7hB*2%IB*\]77B*',*3,)<3.5**MV))*
K;;)#?'F*KN*
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Q')""'%-*B5'+&-)*?#+)&&)+*/7#8F)6*7'8+&*N)%8*#7*A8#;&53MQ%+%-*@)%()+*

 

 

4))6* E5%8%9&)8'+&'9+* H-#;)8*E#-#8*

Q>--*&5'+&-)*

J.%,,*J*!"F'"3,*
Y))?Z*#"&*
0);"0&%H.)5*

c)%(),*%0)*?));.I*."H)?B*?%0C*10))#*%#?*@"%0,).I*
:%'0I*"#*&:)*3;;)0*,'?)*"<*&:)*.)%<*A'&:*,"<&)0*
A:'&',:*:%'0,*H)."A5**/:)0)*%0)*."#1*I).."A*,;'#),*
"#*&:)*&';,*"<*)%@:*.)%<*."H)5**/:)*.)%(),*A0%;*
%0"3#?*&:)*,&)=*%#?*.""C*EA'#1)?G5**T')##'%.5*
*
*

4)??',:$;30;.)*

E%"%6%*&5'+&-)*

J.%,,*T*!"F'"3,*
Y))?5**4);"0&*+&i*

J.3=;*"0*;%&@:$<"0='#1*;)0)##'%.*&"*9*<))&*&%..B*
A'&:*)F&)#,'()*@0));'#1*0""&,5**V=%..*<."A)0*:)%?,*
.%@C*;0'@C.),5***c)%(),*%0)*;0'@C.I*%#?*%;;)%0*
:%'0.),,5*
*

c'1:&*;30;.)*&"*
A:'&)*

R>+C*&5'+&-)*

J.%,,*K*!"F'"3,*
Y))?5**4);"0&*+&i*

c)%(),*%0)*@"%0,).I*&""&:)?B*,;'#I*%#?*@"()0)?*
A'&:*?)#,)B*,:"0&*:%'0,5**/:)0)*%0)*#"*:%'0,*"#*&:)*
3#?)0,'?)*"<*&:)*.)%(),5**/:)*"3&)0*=%01'#,L*)?1),*
"<*&:)*.)%(),*:%()*%*A:'&)B*<0",&)?*.""C5**T')##'%.*

-30;.)e.%()#?)0*

G9#&95*&5'+&-)*

J.%,,*K*!"F'"3,*
Y))?5**4);"0&*'&i*

J"#,;'@3"3,*,&)=*A'#1,5**T')##'%.5**c)%(),*%0)*
:%'0I5*

-30;.)*

     
 R>+C*B5'+&-)*0",)&&)*:%,*:%'0.),,*
.)%(),*0%?'%&'#1*<0"=*%*@)#&0%.*&%;0""&*
*

Q>--*B5'+&-)*0",)&&)*.)%(),*%0)*@"()0)?*
A'&:*H0',&.),*"#*H"&:*,'?),*%#?*<)).*
E,%#?;%;)0IG*&"*&:)*&"3@:*
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R>+C*B5'+&-)*.)%<*H.%?)*',*,=""&:*
"#*H"&:*,'?),B*H3&*:%,*,;'#),*"#*
&:)*=%01'#*
 

Q>--*B5'+&-)*.)%(),*%0)*
H0',&.I*"#*H"&:*,'?),B*A'&:*
,;'#),*"#*&:)*=%01'#*
*

G9#&95*B5'+&-)*0",)&&)*:%,*H0"%?*.)%(),*
@"()0)?*A'&:*:%'0,*=%C'#1*&:)*.)%(),*
%;;)%0*E<0",&)?G*
 

G9#&95*&5'+&-)*:%,*@"#,;'@3"3,*
A'#1)?*,&)=,*
 

V)@"#?*I)%0*R>+C*B5'+&-)*
;.%#&,*@%#*10"A*&"*H)*^*&"*j*
<))&*&%..*

Q>--*&5'+&-)*:%,*H0%#@:)?*
,&)=,*A'&:*&)0='#%.*
<."A)0,*

/:)*G9#&95*&5'+&-)*;.%#&*',*
.%01)*A'&:*A'#1)?*,&)=,*
%#?*H0"%?*H%,%.*.)%(),*

http://pubstorage.sdstate.edu/PlantScience_Weeds/photos/bullthistle_4.jpg
http://pubstorage.sdstate.edu/PlantScience_Weeds/photos/bullthistle_3.jpg
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2)8)""'%-*B5'+&-)*SE%"%6%*&5'+&-)*

 

 

 
*

*

*

*

    
 

 
E%"%6%*B5'+&-)*;.%#&,*%0)*)0)@&*
%#?*:%()*;0'@C.I*.)%(),*

E%"%6%*B5'+&-)*0",)&&),*%0)*"<&)#*
@"##)@&)?*3#?)0*&:)*,"'.*HI*
@0));'#1*0:'>"=),*

E%"%6%*B5'+&-)*,&)=,*%0)*10))#*
A'&:*,;%0)*:%'0,*%#?*,),,'.)*.)%(),*
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B5'+&-)*H-#;)8+P*

 

 

 
B5'+&-)*J8%6'9%&'#"M9#"&8#-*#7*Q')""'%-*+,)9')+a**4);"0&*23,C*%#?*V@"&@:*&:',&.),5**+<*"#.I*&:)*
0",)&&)*',*;0),)#&B*?'1*"3&*0",)&&),*"<*H')##'%.*,;)@'),*,"*&:%&*%&*.)%,&*\*'#@:),*"<*&:)*&%;*0""&*
',*"3&*"<*&:)*10"3#?*%#?*.)%()*'#*;.%@)*&"*?0I*"3&5**+<*0);"0&%H.)*&:',&.),*%0)*<."A)0'#1B*'&*',*
'=;"0&%#&*<"0*&:)*%;;0";0'%&)*@"3#&I*%1)#@I*&"*@"..)@&*&:)*<."A)0'#1*;"0&'"#,*&"*)#,30)*&:%&*
&:)I*?"*#"&*,;0)%?*<30&:)05**+<*T3..*/:',&.)*:%,*%*<."A)0'#1*,&%.CM,NB*?"3H.)$H%1*&:)*<."A)0'#1*
,&)=*%#?*<."A)0,B*,)@30)*A'&:*%*&')*%#?*.)%()*'#*&:)*,3#*&"*?)@"=;",)5*K<&)0*&:)*=%&)0'%.*',*
#"*."#1)0*('%H.)*M%*,.'=I*=),,NB*;3&*'#*A%,&)*H'#,5**/:',&.),*&:%&*:%()*H))#*@3&*"<<*%#?*;.%@)?*
"#*&:)*10"3#?*@%#*@"#&'#3)*&"*;0"?3@)*,))?5**4)<)0)#@),*<"0*#"#$=)@:%#'@%.*@"#&0".*%0)*'#*
K;;)#?'F*O5*
*
B5'+&-)*J8%6'9%&'#"M9#"&8#-*#7*2)8)""'%-*+,)9')+O**?),#8&*J%#%?%*&:',&.)B*A:'@:*',*%*;)0)##'%.*
%#?*=3,&*H)*@"#&0"..)?*HI*&:)*3,)*"<*&:)*%;;0";0'%&)*:)0H'@'?)*&"*%("'?*,;0)%?'#1*&:)*;.%#&*
<0"=*0""&*<0%1=)#&,*.)<&*'#*&:)*10"3#?5***
*

T"%,;))6+*?"*#"&*:%()*,;'#I*.)%(),*%#?*:%()*A:'&)B*;30;.)B*"0*;'#C*<."A)0,*&:%&*?"*"#&*:%()*
%#I*0%I*<."A)0.)&,5*
*

      

    

Q>--*B5'+&-)*<."A)0*

R>+C*B5'+&-)*
<."A)0*:)%?*',*?',C*
,:%;)?*%#?*H0'1:&*
=%1)#&%*;'#C*%#?*
',*H"0#)*"#*."#1B*
E#%C)?G*,&)=,*

/:)*;'#C*&"*;30;.)*G9#&95*
B5'+&-)*<."A)0*:%,*%*A'?)$
,:"0&*:"30*1.%,,*,:%;)*

E%"%6%*B5'+&-)*<."A)0,*%0)*
,=%..)0*&:%#*=",&*"&:)0*
&:',&.)*<."A)0,*
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16)"&'7'9%&'#"P**`#%;A))?,*@%#*%.,"*H)*?'<<'@3.&*&"*'?)#&'<IB*H3&*=",&*;)0)##'%.*,;)@'),*%0)*#"#$
#%&'()*%#?*@%;%H.)*"<*'#(%?'#1*A'.?*.%#?,*%#?*,:"3.?*H)*0);"0&)?5*V;"&&)?*C#%;A))?*',*&:)*
=",&*@"=="#*C#%;A))?*'#*&:)*/03@C))*%0)%5**+&*',*'=;"0&%#&*&"*@"#&0".*&:),)*C#%;A))?,*
H)<"0)*&:)I*;0"?3@)*,))?5*

 
 
 
 
 
 
 
 
 

 
 

                              
*

*

*

4))6* E5%8%9&)8'+&'9+* H-#;)8*E#-#8*

K'77>+)*

C"%,;))6*

4);"0&*+&i*

c)%(),*%0)*?));.I*?'('?)?*'#&"*."H),5**/:)*<."A)0:)%?*
H0%@&,*%0)*;%.)*10))#*A'&:*&%#*=%01'#,*%#?*,:"0&*
,;'#),5***

Y:'&)B*;'#C*"0*
.%()#?)0*

G,#&&)6*

C"%,;))6*

4);"0&*+&i*

c)%(),*%0)*?));.I*?'('?)?*'#&"*."H),5**/:)*<."A)0:)%?*
H0%@&,*:%()*%*H.%@C*=%01'#*"#*&:)*&';,*%#?*&:)0)*%0)*
#"*,;'#),5***

-'#C',:$;30;.)B*
0%0).I*A:'&)*

       

 

T%,%.*4",)&&)*A'&:*?));.I*."H)?*
.)%(),*<"0=,*&:)*<'0,&*I)%0*

 V;'#).),,*.)%(),*%0)*?));.I*?'('?)? 

P."A)0,*%0)*3,3%..I*;'#C*&"*.%()#?)0Z*
H0%@&,*%0)*H.%@C$&';;)?*

-.%#&,*<."A)0*'#*&:)*,)@"#?*I)%0*
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G&%8&5'+&-)+*?"*#"&*:%()*,;'#I*.)%(),*%#?*:%()*<."A)0,*&:%&*?"*#"&*:%()*0%I*<."A)0)&,5*
*
*
*
**

*

*

 
 
I)--#;*+&%8&5'+&-)*)8%6'9%&'#"M9#"&8#-a**b).."A*,&%0&:',&.)*',*&:"31:&*&"*:%()*,;0)%?*&"*"()0*7^*
='..'"#*%@0),*'#*J%.'<"0#'%*%#?*@%#*H)*<"3#?*'#*^j*"<*&:)*^g*@"3#&'),*'#*J%.'<"0#'%5**Y)*%0)*;%0&*
"<*&:)*Ec)%?'#1*d?1)G*;0"R)@&*&"*;0)()#&*=%,,'()*'#<),&%&'"#*'#*&:)*/03@C))*%0)%B*%.&:"31:*'&*
:%,*H))#*<"3#?*:)0)5**4);"0&*&:',*;.%#&5***
*
d%0.I*?)&)@&'"#*',*),,)#&'%.5**O'1*"3&*0",)&&),*,"*&:%&*=",&$*'<*#"&*%..$"<*&:)*&%;*0""&*',*"3&*"<*&:)*
10"3#?5**+<*'&*',*<."A)0'#1B*H%1*&:)*A))?*%#?*@"00)@&.I*?',;",)*"<*&:)=5**K.A%I,*A)%0*:)%(I*
1."(),*&"*%("'?*'#R30I*<0"=*&:)*,;'#),5***
*
K%'+')+a*O%','),*:%()*&:)*@.%,,'@*,3#<."A)0*<."A)0:)%?*A'&:*&:)*,=%..*?',C*<."A)0,*'#*&:)*
@)#&)0*%#?*&:)*.%01)$;)&%.)?*0%I*<."A)0,*%0"3#?*&:)*)?1)5*

*
*
*
*
*

_F)I)*?%',I*',*()0I*'#(%,'()*'#*<%("0%H.)*,;"&,*,3@:*%,*=)%?"A,*%#?*',*H)@"='#1*%#*'#@0)%,'#1*
;0"H.)=*'#*&:)*Y),&5**+&*,;0)%?,*<0"=*1%0?)#,*&"*=)%?"A,*%#?*"&:)0*";)#B*,3##I*%0)%,*%#?*',*
"<&)#*<"3#?*'#*A'.?<."A)0*,))?*='F),5**+&*@%#*H)*()0I*?'<<'@3.&*&"*?',&'#13',:*<0"=*V:%,&%*O%',I*
A:'@:*',*%*?),'0%H.)*1%0?)#*;.%#&5**/"*:).;*?',&'#13',:*H)&A))#*_F)I)*?%',I*%#?*V:%,&%*O%',IB*
,))*K;;)#?'F*T5*

4))6* E5%8%9&)8'+&'9+* H-#;)8*E#-#8*

I)--#;*

+&%8&5'+&-)*

4);"0&*+&i*

c)%(),*%0)*(%0'%H.)B*"<&)#*?));.I*."H)?B*%#?*
,"=)&'=),*,=""&:*=%01'#)?5**P."A)0:)%?*H0%@&,*%0)*
7$\*'#@:),*."#1*%#?*,&0%A$@"."0)?5*

b).."A*

4))6* E5%8%9&)8'+&'9+* H-#;)8*E#-#8*

L=)N)*

K%'+N*

J.3=;'#1*;)0)##'%.*;.%#&*&"*9*<))&*&%..*%#?*)F&)#,'()*
@0));'#1*0""&,5**4""&*<0%1=)#&,*@%#*0)1)#)0%&)*#)A*
0""&,5*

Y:'&)*;)&%.,*%0"3#?*
%*@)#&0%.*I).."A*?',C*

            
 J)#&0%.*,;'#)*"#*<."A)0*H0%@&*
',*3;*&"*7*'#@:*."#1*

-.%#&*',*%##3%.*A'&:*,;'#I*
I).."A*<."A)0*:)%?,*

c)%(),*%0)*."H)?*
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Brassicaceae Mustard Family 
P."A)0,*'#*&:',*<%='.I*:%()*6*;)&%.,*%00%#1)?*'#*&:)*,:%;)*"<*%*@0",,5**/:',*',*"#)*"<*&:)*)%,'),&*
A%I,*&"*'?)#&'<I*&:)*<%='.I5*
*
*
*
*
*

       

      

P."A)0*@"."0*A:'&)*A'&:*%*
I).."A*@)#&)0*

V'#1.)*<."A)0*:)%?,*10"A*%&*
&:)*)#?*"<*,&)=,*

4",)&&)*.)%(),*%0)*
,;%&3.%&)Z*=%01'#,*%0)*
@0)#3.%&)*

c"A)0*.)%(),*@.%,;*&:)*
,&)=,*
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B%--*45'&)&#,*16)"&'7'9%&'#"P**/%..*A:'&)&";*M%.,"*@%..)?*;)0)##'%.*;);;)0A))?N*:%,*=%#I*
,&)=,5**+&*0);0"?3@),*<0"=*0:'>"=),*M0""&$.'C)*3#?)0$10"3#?*,&)=,N*%#?*<0"=*,))?5**+#*
/03@C))B*&:',*,;)@'),*',*@"=="#*'#*=%#I*"<*&:)*0"3#?$%H"3&,B*%,*A)..*%,B*."AB*A)&*%0)%,5*
*

*

    
***B%--*45'&)&#,*'#<),&%&'"#*
 

4))6* E5%8%9&)8'+&'9+* H-#;)8*E#-#8*

B%--*

45'&)&#,*

4);"0&*+&i*

/:',*0:'>"=%&"3,*;)0)##'%.*:%,*%*A%FI*@"%&'#1*"#*'&,*
.)%(),5**/:)*,),,'.)*.)%(),*"@@30*%..*%."#1*&:)*,&)=,5**
P."A)0,*%0)*."@%&)?*#)%0*&:)*&";*"<*)%@:*,&)=5**+&*:%,*%*
?));B*,;0)%?'#1*0""&*,I,&)=5**4""&,*"<*&:',*A))?*:%()*
H))#*<"3#?*&"*)F&)#?*3;*&"*7]*<))&*?));5*

Y:'&)*

U#%8N*

E8)++*

4);"0&*+&i*

K.,"*C#"A#*%,*,:"0&*A:'&)&";B*%#?*%.,"*%*0:'>"=%&"3,*
;)0)##'%.Z*&:)*3;;)0*.)%(),*@.%,;*&:)*,&)=5*

Y:'&)*

KN)8V+*

4#%6*

4);"0&*+&i*

K#*)0)@&*H')##'%.B*"0*,:"0&$.'()?*;)0)##'%.B*'&*@%#*10"A*
9*<))&*:'1:5**-.%#&,*)F',&*%,*%*0",)&&)*H)<"0)*<."A)0*
,&)=,*?)().";*%&*=%&30'&I5**O',&'#@&'()*<)%&30)*%0)*&:)*
.%01)*?',&'#@&'()*?%0C*:%#1'#1*<03'&,5***

T0'1:&*I).."A*

                
B%--*45'&)&#,*,:"A'#1*0""&*@"##)@&'"#* B%--*45'&)&#,*'#*<."A)0*
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B%--*45'&)&#,*)8%6'9%&'#"M9#"&8#-P**k)0I*)%0.I*?)&)@&'"#*%#?*0)="(%.*"<*&:)*,))?.'#1,*',*&:)*
H),&*A%I*&"*%("'?*),&%H.',:=)#&5**2%#3%.e=)@:%#'@%.*&0)%&=)#&*=)&:"?,*?"*#"&*A"0C*A)..*
H)@%3,)*,=%..*;')@),*"<*0""&*M)()#*;')@),*.),,*&:%#*7*'#@:*."#1N*@%#*0),;0"3&*%#?*;0"?3@)*#)A*
;.%#&,5**d,;)@'%..I*@:)@C*0';%0'%#*%0)%,5 
*
U#%8N*E8)++*

 
 
KN)8V+*4#%6!',*:'1:.I*'#(%,'()*%#?*()0I*0%0)*'#*"30*%0)%5**+&*',*3#=',&%C%H.)*H)@%3,)*'&,*<03'&,*
%0)*3#'S3)5*
 

 
 
 

      *****  

                 

!3=)0"3,*<0%10%#&*
<."A)0,*:%()*<"30*;)&%.,*
&I;'@%.*"<*&:)*=3,&%0?*
<%='.I*

V&)=,*"#*=%&30)*;.%#&*%0)*
1)#)0%..I*)0)@&*

T0'1:&*I).."A*<"30$;)&%.)?*
<."A)0,*H.""=*'#*@.3=;,*

[)0H%@)"3,*H')##'%.*"0*
,:"0&$.'()?*;)0)##'%.*10"A,*
9$6*<))&*:'1:*

K.&)0#%&)*.)%(),*@.%,;*&:)*
,&)=*

P03'&,*%0)*:%#1'#1B*<.%&&)#)?B*
%#?*;30;.',:$H.%@C*&"*H.%@C*
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Fabaceae Pea Family    

*
/:),)*#"#$#%&'()*'#(%,'()*;.%#&,*'#*"30*%0)%*:%()*&:)*<".."A'#1*<."A)0*,&03@&30)a****

*
G9#&95*Q8##FW*H8)"95*Q8##FW*%"6*G,%"'+5*Q8##F*'6)"&'7'9%&'#"P**K..*&:0))*"<*&:),)*H0""=,*
%0)*,:03H,*&:%&*:%()*I).."A*<."A)0,5**/:)I*,;0)%?*HI*,))?5**K..*&:0))*H0""=,*A'..*0)$,;0"3&*
<0"=*&:)*,&)=5**

4))6* E5%8%9&)8'+&'9+* H-#;)8*E#-#8*

G9#&95*Q8##F*

4);"0&*+&i*
P."A)0,*%;;)%0*H)<"0)*&:)*.)%(),5**P."A)0,*%0)*%00%#1)?*
?)#,).I*%."#1*&:)*,&)=5**V))?;"?,*%0)*:%'0I*%&*&:)*)?1),*
"#.I5*V&)=,*:%()*^*0'?1),5**

b).."A*

G,%"'+5*Q8##F*

4);"0&*+&i*
P."A)0,*%0)*%&*&:)*)#?*"<*&:)*,&)=,5**V))?;"?,*%0)*:%'0I*%..*
"()05*V&)=,*%0)*0"3#?5*

b).."A*

H8)"95*Q8##F*

4);"0&*+&i*
P0)#@:*H0""=*'#<."0),@)#@),*%0)*?)#,)*@.3,&)0,*"@@300'#1*
'#*0%@)=),*"#*%F'..%0I*,:"0&$,:""&,5*V&)=,*%0)*.)%<IB*)0)@&B*
?)#,)B*%#?*10))#*%#?*?)#,).I*@"()0)?*A'&:*,'.CIB*,'.()0I*
:%'0,5*

b).."A*

45'&)*

G;))&9-#()8*

Y:'&)*,A))&@."()0*:%,*."#1*,.)#?)0*<."A)0*:)%?,*"<*,=%..B*
A:'&)*<0%10%#&*<."A)0,*%#?*@"=;"3#?*.)%(),*&:%&*@"#,',&*"<*
9*.)%<.)&,5***

Y:'&)*

I)--#;*

G;))&9-#()8*

4),)=H.),*A:'&)*,A))&@."()0B*)F@);&*<"0*<."A)0*@"."05* b).."A*
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*

*
Q8##F*9#"&8#-*%"6*)8%6'9%&'#"a**/:)*H),&*A%I*&"*%("'?*%#*'#<),&%&'"#*"<*H0""=,*',*&"*;3..*
&:)=*3;*A:)#*&:)I*%0)*,))?.'#1,5**_#@)*H0""=,*%0)*),&%H.',:)?B*&:)I*@%#*H)*=%#3%..I*;3..)?*
3,'#1*%*A))?*A0)#@:B*H3&*%##3%.*0)&30#*(','&,*&"*;3..*,))?.'#1,*A'..*H)*#))?)?*3#&'.*&:)*,))?*'#*
&:)*,"'.*',*)F:%3,&)?5**T0""=,*%0)*)%,')0*&"*;3..*A:)#*,"'.,*%0)*="',&5**T0""=,*@%#*%.,"*H)*@3&*
'<*&:)*,&)=*',*@3&*%&*10"3#?*.)().*?30'#1*%#*)F&)#?)?*?0I*;)0'"?5**4)<)0*&"*&:)*<".."A'#1*;:"&",*
<"0*%#*)F%=;.)*"<*,3@@),,<3.*H0""=*&0)%&=)#&5**K.A%I,*A)%0*1."(),*%#?*@:)@C*<"0*&'@C,*
<0)S3)#&.I5***
*
b).."A*%#?*Y:'&)*VA))&@."()0*:%()*H))#*3,)?*'#*0"%?,'?)*0)()1)&%&'"#*)<<"0&,B*H3&*:%()*H))#*
0);"0&)?*&"*'#(%?)*,"=)*=)%?"A,5**b"3*=%I*A',:*&"*0)="()*&:)=5*
 

    

     

G9#&95*Q8##F* G9#&95*Q8##F*,))?;"?* G9#&95*Q8##F*?)#,).I*
%00%#1)?*<."A)0,*

H8)"95*Q8##F*.)%(),*%#?*,))?*;"?,* G,%"'+5*Q8##F*A'&:*<."A)0,*%&*&:)*)#?*"<*
&:)*,&)=,*
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*
*
G;))&9-#()8*9#"&8#-*%"6*)8%6'9%&'#"P**J3&&'#1*;.%#&,*;0'"0*&"*,))?*;0"?3@&'"#*@%#*@"#&0".*&:',*
;.%#&5*

        

     

45'&)*G;))&9-#()8*<."A)0* X,3%..I*H')##'%.B*&:),)*;.%#&,*@%#*10"A*j*
<))&*&%..*

c)%(),*@"#,',&*"<*9*.)%<.)&,* I)--#;*G;))&9-#()8*<."A)0,*
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Miscellaneous 

 
*

E5)%&A8%++*

 

4))6* E5%8%9&)8'+&'9+* H-#;)8*E#-#8*

E5)%&A8%++*/!"#$%&'
()*(#"%$+'

d%0.I$)=)01'#1*%##3%.*10%,,*&"*9*<))&*
&%..**H)@"=),*;30;.',:*%&*=%&30'&I*%#?*
<%?'#1*&"*?'#1I*&%#*3;"#*?)%&:5*

2%&30)*
'#<."0),@)#@)*
?0"";,*&"*"#)*
,'?)5*

H')-6*Q'"6;))6*

/,#-.#/.%/%&'
0".)-&1&3''

[)0H%@)"3,*;)0)##'%.B*A'&:*('#)$.'C)*
,&)=,*%#?*%#*)F&)#,'()*,I,&)=*"<*?));B*
@0));'#1*0""&,*

Y:'&)*"0*;'#C',:*

T-%F%&5;))6* d0)@&*;)0)##'%.*9*D*6*<))&*&%..B*A'&:*
0:'>"=),*&:%&*%0)*R3,&*H)."A*&:)*,"'.*
,30<%@)*

T0'1:&*I).."A*

2#'+#"*U)F-#9C* d0)@&*H')##'%.*3;*&"*8*<))&*&%..*A'&:*<)0#$
.'C)*<".'%1)Z*%..*;.%#&*;%0&,*%0)*:'1:.I*
;"',"#"3,5*

Y:'&)*

B)%+)-* d0)@&B*&%;$0""&)?*H')##'%.*"0*,:"0&$.'()?*
;)0)##'%.*@"=="#.I*9*<))&*&%..5*

c%()#?)0*&"*A:'&)*

K%-F%&'%"*B#%67-%=*

4);"0&*+&i*
d0)@&*:)0H%@)"3,*;)0)##'%.*&"*9*<))&*
&%..5**dF&)#,'()*,I,&)=*"<*()0&'@%.*%#?*
@0));'#1*0""&,5*

b).."A*

I)--#;*B#%67-%=*

4);"0&*+&i*
7*D*\*<))&*:'1:*A'&:*)F&)#,'()*@0));'#1*
0""&*,I,&)=5*

b).."A*A'&:*
"0%#1)B*H)%0?)?*
&:0"%&5*

 

                 
E5)%&A8%++*<."A)0:)%?*?0"";,*
%#?*@:%#1),*@"."0*<0"=*10))#*&"*
0)?*&"*H0"A#*

E5)%&A8%++*',*:'1:.I*
<.%==%H.)*A:)#*?0IB*&:',*
;.%#&*0)%?'.I*@"."#'>),*
?',&30H)?*%#?*H30#)?*%0)%,*

E5)%&A8%++*=%&30'#1*&"*
0)?B*:%'0I*,:)%&:,*)#@.",)*
&:)*,&)=*
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E5)%&A8%++*9#"&8#-*%"6*)8%6'9%&'#"a**T)@%3,)*'&*:%,*,:%.."A*0""&,B*&:',*;.%#&*',*)%,'.I*;3..)?5**
P".."A*&:)*H%1*%#?*H%C)*=)&:"?*MK;;)#?'F*ON*H)<"0)*?',;",%.5**
*
H')-6*Q'"6;))6*

 
 
4)+&)8"*Q'"6;))6*9#"&8#-*%"6*)8%6'9%&'#"a**4""&*,I,&)=*',*)F&)#,'()*%#?*@%#*0)%@:*7]*<))&*
?));B*=%C'#1*'&*?'<<'@3.&*&"*=%#3%..I*@"#&0".5*
*
T-%F%&5;))6*

*

 
 

          

            

P3##).$,:%;)?*<."A)0,*%0)*
A:'&)*&"*;'#C*%#?*";)#*<"0*
"#)*?%I*

K00"A:)%?*.)%(),*%0)*
%.&)0#%&).I*;.%@)?*
%."#1*&:)*,&)=*

P."A)0,*%0)*,:"AIB*A'&:*<'()*
,);%0%&)*;)&%.,*%#?*=%#I*
,&%=)#,*'#*&:)*@)#&)0*

T3,:IB*:)0H%@)"3,*
;)0)##'%.*@%#*10"A*&"*6*
<))&*&%..*%#?*:%,*
#3=)0"3,*H0%#@:),*"<<*
"<*&:)*=%'#*,&)=*

V&)=,*&A'#)*%0"3#?*%#?*
"()0*"&:)0*;.%#&,*"0*&0%'.*
%."#1*&:)*10"3#?*

Y:)#*.)%(),*%0)*:).?*&"*
.'1:&B*&0%#,;%0)#&*?"&,*
%0)*"H('"3,*
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T-%F%&5;))6*9#"&8#-*%"6*)8%6'9%&'#"a*d,&%H.',:)?*'#<),&%&'"#,*%0)*?'<<'@3.&*&"*@"#&0".*
=%#3%..I*H)@%3,)*#)A*;.%#&,*@%#*%0',)*<0"=*0""&,*%#?*0:'>"=),*&:%&*%0)*#"&*0)="()?*<0"=*
&:)*,"'.5*
 
*

2#'+#"*U)F-#9C*

 
 

*
*

2#'+#"*U)F-#9C*9#"&8#-*%"6*)8%6'9%&'#"a**K..*;%0&,*"<*&:',*;.%#&*%0)*)F&0)=).I*&"F'@5**W."(),*
,:"3.?*H)*A"0#*A:)#*:%#?.'#15*V))?,*%0)*,:"0&$.'()?*'#*&:)*,"'.*D*%H"3&*9*I)%0,NB*,"*0)="(%.*
"<*&:)*;.%#&*H)<"0)*,))?$,)&*)()0I*I)%0*A'..*?);.)&)*&:)*,))?H%#C5*
 
 
 
 

      

      

2%#I*,=%..*A:'&)*<."A)0,*
@"=;0',)*&:)*<."A)0*:)%?*

-.%#&*',*@"=="#.I*H')##'%.B*@%#*0)%@:*gl*
<))&B*%#?*:%,*)0)@&*,&)=,*%#?*H0%#@:),*

/:)*<'0,&*I)%0B*&:)*;.%#&*<"0=,*%*
0",)&&)*"<*<)0#$.'C)*<".'%1)*

/:)*;.%#&*<"0=,*&:)*<."A)0'#1*,&)=B*
A:'@:*"<&)#*:%,*;30;.)*,;"&,*"0*
,&0)%C,B*&:)*,)@"#?*I)%0*"<*10"A&:*
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B)%+)-*

 

 
 
B)%+)-*9#"&8#-*%"6*)8%6'9%&'#"a**2%#3%.*0)="(%.*"<*;.%#&,*&"*%*<)A*'#@:),*H)."A*&:)*@0"A#*
@%#*@"#&0".*,=%..*;";3.%&'"#,5***
*
*

*

*

*

*

*

       

       

P."A)0*:)%?,*:%()*.%01)*
,;'#)$.'C)*H0%@&,5**P."A)0,*
%0)*.%()#?)0*&"*;'#CB*0%0).I*
A:'&)*

W0"A&:*',*=%'#.I*)0)@&*

-.%#&,*)F',&*%,*0",)&&),*
3#&'.*<."A)0'#1*,&)=,*
?)().";*

V&)=,*:%()*,&'<<*;0'@C.),Z*
.)%(),*%0)*";;",'&)*
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K%-F%&'%"*B#%67-%=*

 
 
I)--#;*B#%67-%=* *

 

 
*

*

*

*

*

*

*

*

*

              

       

V:"AIB*I).."AB*
,#%;?0%1"#$.'C)*<."A)0,*
:%()*%*."#1*,;30*

d0)@&*;.%#&*@%#*H)*
%.=",&*6*<))&*&%..*

P."A)0,*%0)*I).."A*A'&:*%#*
"0%#1)$H)%0?)?*&:0"%&*%#?*%*
."#1*,;30*

V)()0%.*)0)@&*,&)=,*7gG*D*
\6G*&%..*%0',)*<0"=*&:)*
H%,)Z*.)%(),*%0)*.'#)%0*
 

c)%(),*%#?*,&)=,*%0)*
A%FI*



22                                                  !"#$!%&'()*+#(%,'()*-.%#&*/0%'#'#1*2%#3%.*4)(5*6578579 
 

?)7)8)"9)+*

*
T%',*)&*%.5*\]]9*K..).";%&:I*%#?*dF"&'@*-.%#&*+#(%,'"#a*P0"=*2".)@3.),*%#?*W)#),*&"*V;)@'),****

+#&)0%@&'"#,5*>(%12(1?!@)/A!BCD!2)A!EFBG!**A!DBHHIDBGC!J4:?!DCADDKFL&(%12(1ADCGBKME*
*

T",,%0?*)&*%.5*\]]]*+#(%,'()*-.%#&,a*Y:%&*Y)*`#"A*%#?*Y:%&*Y)*Y%#&*/"*`#"A5*K=)0'@%#**
m"30#%.*"<*T"&%#I*8\MjNa*8]7D8]\5**

*

JOPK5*\]]^5*J%.'<"0#'%*!"F'"3,*%#?*+#(%,'()*Y))?*K@&'"#*-.%#5*J%.'<"0#'%*O);%0&=)#&*"<*P""?**
%#?*K10'@3.&30)B*V%@0%=)#&"5*6^*;;*

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
*
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0L@X(2I=@<A?(-*$'))'M(8*P-)'$(%*,%&/)"(%c/.kPPWU!<6%
3LAA(2I=@<A?(-*$'))'M(8*P-)'$(%*,%&/)"(%c/.kPPWU!<6(
0L@X(2I=@<A?(7'/2'$M(8*P-)'$(%*,%&/)"(%c/.kPPWU!<6%
3LAA(2I=@<A?(7'/2'$M(8*P-)'$(%*,%&/)"(%c/.kPPWU!<6%
)B9<BI(2I=@<A?(-*$'))'M(8*P-)'$(%*,%&/)"(%c/.kPPWU!<6%
)B9<BI(2I=@<A?($)'4M(8*P-)'$(%*,%&/)"(%c/.kPPWU!<6(
0L@X(2I=@<A?(97/.)M(8*P-)'$(%*,%&/)"(%c/.kPPWU!<6%
3LAA(2I=@<A?(97/.)M(8*P-)'$(%*,%&/)"(%c/.kPPWU!<6%
)B9<BI(2I=@<A?(97/.)M(8*P-)'$(%*,%&/)"(%c/.kPPWU!<6%
4;:;F;(2I=@<A?(-*$'))'M(l%KLLm%nP#0#%D#0./.'$'%
4;:;F;(2I=@<A?($)'4M(l%KLLH%&'#-%3*-$'%
4;:;F;(2I=@<A?(97/.)M(AP'%+*./7:$*.%
3LAA(2I=@<A?(,7*C'-M(>"-#$)*9"'-%>"-#$)#'%
0L@X(2I=@<A?(,7*C'-M(AP'%+*./7:$*.%
)B9<BI(2I=@<A?(,7*C'-M(AP'%+*./7:$*.%
4;:;F;(2I=@<A?(,7*C'-M(AP'%+*./7:$*.%
)K9<<?F(Y:;KU??F(-*$'))'M(&/)"(%F'78"%
)K9<<?F(Y:;KU??F(7'/2'$M(&/)"(%F'78"%
)K9<<?F(Y:;KU??F(,7*C'-$M(AP'%+*./7:$*.%
)K9<<?F(Y:;KU??F(97/.)M(D*5#.%^-'8W'.-#:0'%
1?AA9U()<;C<I=@<A?(,7*C'-%"'/:M(AP'%+*./7:$*.%
1?AA9U()<;C<I=@<A?(97/.)M(AP'%+*./7:$*.%
1?AA9U()<;C<I=@<A?(7'/2'$M(>#.:(%D*8"'B%^P0C**:@*-0%
-_?J?(%;=@J(,7*C'-M(AP'%+*./7:$*.%
-_?J?(%;=@J(,7*C'-%"'/:$M(AP'%+*./7:$*.%
-_?J?(%;=@J(-*$'))'M(3*.)/./%A)/)'C#:'%<*\#*P$%F'':%[C/-'.'$$%/.:%S:P8/)#*.%=-*0-/4%
[-8"#2'B%3*.)/./%A)/)'%f.#2'-$#)(B%^P0C**:@*-0%
-_?J?(%;=@J(7'/2'$M(l%&'#-%3*-$'%
2;AA(.I=<?<9K(-**)%8*..'8)#*.M(<'':%>-':#)%
2;AA(.I=<?<9K(,7*C'-M(8*P-)'$(%*,%&/)"(%c/.kPPWU!<6%
2;AA(.I=<?<9K(#.,'$)/)#*.M(8*P-)'$(%*,%&/)"(%c/.kPPWU!<6%
59;CJ(4C?@@(,7*C'-$M(AP'%+*./7:$*.%
59;CJ(4C?@@($)'4M(AP'%+*./7:$*.%
59;CJ(4C?@@(7'/2'$M(o*$'9"%3@%+#!*4/$*B%f.#2'-$#)(%*,%>/7#,*-.#/B%+/2#$B%^P0C**:@*-0%
%J?C]@(.9;F(,7*C'-M(&/)"(%F'78"%
%J?C]@(.9;F(97/.)M(A)'2'%+'C'(B%f)/"%A)/)'%f.#2'-$#)(B%^P0C**:@*-0%
%J?C]@(.9;F(,-P#)$M(&/)"(%F'78"%
"?;(+;D=AJ(!"#"$"%(#77P$)-/)#*.M(8*P-)'$(%*,%&/)"(%c/.kPPWU!<6%
)B9<BI(3C99D(97/.)M(8*P-)'$(%*,%&/)"(%c/.kPPWU!<6%
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)B9<BI(3C99D(,7*C'-$M(8*P-)'$(%*,%&/)"(%c/.kPPWU!<6%
+C?:BI(3C99D(7'/2'$%/.:%$'':%9*:$M(8*P-)'$(%*,%&/)"(%c/.kPPWU!<6%
)K;:=@I(3C99D(97/.)M(8*P-)'$(%*,%&/)"(%c/.kPPWU!<6%
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4I?;<SC;@@(,7*C'-$M(!*4%g'P))'B%fA+[%6*-'$)%A'-2#8'B%^P0C**:@*-0%
4I?;<SC;@@(5-/.8"'$M(AP'%+*./7:$*.%
4I?;<SC;@@($)'4M(!*4%g'P))'B%fA+[%6*-'$)%A'-2#8'B%^P0C**:@*-0%
+=?AF(3=:FU??F(,7*C'-$M(&/)"(%F'78"%
+=?AF(3=:FU??F(7'/2'$M(3/-(%S77'.%R3'7T%g/-)'B%^P0C**:@*-0%
+=?AF(3=:FU??F($)'4$M(3/-(%S77'.%R3'7T%g/-)'B%^P0C**:@*-0%
YA;D;<IU??F(,7*C'-$M(^')"%^-'..'4/.%
YA;D;<IU??F(97/.)M(^')"%^-'..'4/.%
YA;D;<IU??F(7'/,M(D#8"/-:%V7:B%p1+%A'-2#8'$B%1.8@%^P0C**:@*-0%
"9=@9:(5?DA9BX(,7*C'-%"'/:M(AP$#%f-#'%
"9=@9:(5?DA9BX(97/.)M(AP$#%f-#'%
"9=@9:(5?DA9BX(-*$'))'M(l%^/--(%D#8'%
"9=@9:(5?DA9BX($)'4M(S-#8%>**45$B%V-'0*.%+'9/-)4'.)%*,%[0-#8P7)P-'B%^P0C**:@*-0%
2?;@?A(,7*C'-%"'/:M(o*'%+#!*4/$*%
2?;@?A(97/.)M(l%^/--(%D#8'%
2?;@?A(-*$'))'M(A)'2'%+'C'(B%f)/"%A)/)'%f.#2'-$#)(B%^P0C**:@*-0%
2?;@?A($)'4M(l%&'#-%3*-$'%
%;AD;<=9:(29;FEA;_(,7*C'-M(AP'%+*./7:$*.%
%;AD;<=9:(29;FEA;_(97/.)M(AP'%+*./7:$*.%
%;AD;<=9:(29;FEA;_(7'/2'$M(AP$#%f-#'%
1?AA9U(29;FEA;_(7'/2'$M(>"/-7'$%F'55'-%
1?AA9U(29;FEA;_(7'/2'$M(&/)"(%F'78"%
!:F?C@9:]@(2I=@<A?(97/.)M(&/)"(%F'78"%
!:F?C@9:]@(2I=@<A?(-*$'))'M([../7#'$'%3#77'-%
):9UJ(2I=@<A?(97/.)M(8*P-)'$(%*,%&/)"(%c/.kPPWU!<6%
):9UJ(2I=@<A?(,7*C'-$M(8*P-)'$(%*,%&/)"(%c/.kPPWU!<6%
#AX(2I=@<A?(-*$'))'M(8*P-)'$(%*,%&/)"(%c/.kPPWU!<6%
!@<?C@(,7*C'-$M(8*P-)'$(%*,%&/)"(%c/.kPPWU!<6%
YA;D;<IU??F(#77P$)-/)#*.M([../7#'$'%3#77'-%
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%U;CE(4I;D;?@;C;BI;(97/.)M(8*P-)'$(%*,%&/)"(%c/.kPPWU!<6%
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