
Tdep�Ippr `
W` ` _p
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W` ` _p�ek�qd` �V` c` q[ ] h̀ �F [ o_` kÃ�] v�B[ pp` v�@k_` opl kÃ�Hl oqê r hqr o[ h�@c` kqÃ�@_[ j p�Bl r kqv



IqÛp� Jr hvÃ� [ k_� qd` � ] l r kqear h� o[ eka[ hh� ep� kl kfr _cj ` kq[ hÃ� pl � t ` ` _p� [ ò � qdoesekc� [ hl kc� t eqd� vl r o� ^ol mp� [ k_
l ok[ j ` kq[ hpÀ�W` ` _p� [ ò Ã� ] v� _` aekeqel kÃ� [ �mh[ kq�ek� [ �mh[ ^` � t ` � _l � kl q� t [ kq�qd` j À� Iq� ^l r h_� ] ` � q̀ j mqekc�ql � fr pq
h̀ [ s` �qd` j �] ` Ã�] r q�j [ kv�t ehh�l r qcol t �[ k_�l r qm[ ^` �_` peo[ ] h̀ �^ol mp�[ k_�q[ g` �s[ hr [ ] h̀ �kr qoè kqp�[ k_�t [ q̀ o�aol j
qd` j Ã�pl �j [ k[ c` j ` kq�ep�ej ml oq[ kqÀ�

Td` �aeopq�qdekc�ql �gkl t �[ ] l r q�vl r o�t ` ` _p�ep�qd` eo�heà �^v^h̀ À�@ò �qd` v�[ kkr [ h�l o�m̀ ò kke[ hË�

P` ò kke[ hp� q̄dekg�] ek_t ` ` _Ã�_[ k_` hel kÃ�B[ k[ _[ �qdepqh̀ �` q̂ À°�d[ s` �h[ oc` �q[ mol l qp�l o�h[ oc` �ol l q�pvpq̀ j pÃ�[ k_�pl j `
j [ v�ò mol _r ^` �se[ �qd` eo�ol l qpÀ�Tdep�j ` [ kp�qd[ q�ea�vl r �h̀ q�qd` j �col t Ã�qd` v�^[ k�ò aehh�qd` �` k` ocv�pql o[ c` �ek�qd` eo
ol l q�pvpq̀ j �r k_l ekc�vl r o�d[ o_�t l ogÀ�P` ò kke[ hp�k` ` _�ql �] ` �gehh̀ _�^l j mh̀ q̀ hv�ekql �qd` �ol l q�pvpq̀ j �l o�qd` v�t ehh
ò qr ok�v` [ o�[ aq̀ o�v` [ oÀ�

@kkr [ hp�¯mr oph[ k` Ã�h[ j ] pnr [ oq̀ opÃ�ò _ol l q�mect ` ` _°�col t �k` t �aol j �p̀ ` _�` [ ^d�v` [ oÃ�pl �ea�vl r �^[ k�mò s` kq�qd`
p̀ ` _p� aol j � c` oj ek[ qekc� ¯mò ç̀ j ` oc` kqÃ� j r ĥ d°Ã� l o� ò j l s` � t d` k� s` ov� vl r kc� p̄qeoor m� dl ` Ã� mr hhekc°� qd` k� vl r
mò s` kq�qd` j �aol j �cl ekc�ql �ahl t ` o�p̀ ` _�[ k_�vl r �^[ k�ò _r ^` �l o�` hej ek[ q̀ �qd` �ml mr h[ qel kÀ�

El o�j [ kr [ h�ò j l s[ h�l a�t ` ` _pÃ�vl r Ûhh�t [ kq�p̀ s` o[ h�ql l hpÂ�vl r o�d[ k_p� l̄ o�` s` k�] ` qq̀ oÃ�[ �t ehhekc�d` hm̀ oÆ°Ã�chl s` pÃ�[
pl eh�gkeà �l o�_ecc` o� Ī�r p̀ �[ �Hl oe�Hl oe�[ k_�[ _l ò �eq°Ã�[ k_�[ �pqeoor m�dl ` À�El o�m̀ ò kke[ h�t ` ` _p�vl r �t [ kq�ql �ò j l s`
[ p�j r ^d�l a�qd` �ol l q�[ p�ml ppe] h̀ À�@kkr [ h�t ` ` _p�^[ k�] ` �ò j l s` _�pr ^^` ppar hhv�ea�l khv�pl j ` �l a�qd` �ol l q�d[ p�cl k` Ã
[ hqdl r cd�ò j l sekc�ql l �heqqh̀ �j [ v�j ` [ k�eq�^[ k�col t �] [ ^gÀ�

Td` ò �[ ò �j [ kv�l mqel kp�al o�^d` j ê [ h�^l kqol hÀ�Ooc[ kê �l mqel kp�ek^hr _` �] l ehekc�t [ q̀ o�l o�] r ok�_l t k�[ c` kqp�pr ^d
[ p�^hl s` � l ehÃ�d` o] ê e_[ h�sek` c[ oÃ�^eqor p� l ehp� ` q̂ À�A` � [ t [ ò �qd` p̀ � t l kÛq�gehh�qd` � t dl h̀ �mh[ kq� [ k_�heg` hv� t ehh�k` ` _
ò m̀ [ q̀ _� [ mmhê [ qel kp� l k^` � eq� ò col t pÀ�Bl ks` kqel k[ h� pvpq̀ j ê � d` o] ê e_` p� [ mmhè _� ^[ ò ar hhv� [ k_� [ mmol moe[ q̀ hv
^[ k� [ hpl �ces` �cl l _� t ` ` _�^l kqol h� [̄ ht [ vp� ò [ _�qd` �h[ ] ` h°À�El ^r p̀ _�qò [ qj ` kq�ep� [ ht [ vp� ] ` qq̀ o�qd[ k� ] ol [ _^[ pq
qò [ qj ` kq� pl � ] ` � pr ò � ql � [ mmhv� l khv� ql � qd` � t ` ` _À� Bl kq[ ^q� vl r o� hl ^[ h� Duq̀ kpel k� l aaê ` � al o� pm̀ ^eaê
ò ^l j j ` k_[ qel kp�al o�vl r o�qvm̀ p�l a�t ` ` _pÀ�
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Td` �N` t ph̀ qq̀ o�l a�@_[ j p�¦ �Aol l j aè h_�M[ pq̀ o�F[ o_` k` op�çç�Jr hv�� � � � �

�¦ �ó�7�����
�Þ�����¡�����X���­�r���C�f�6�r�™�d���¼���C�f�¡�–�C�™������ ���¡�­���7�ó�™�� ���f���–�™�ó���­�C�����¡���Î �C�­�>�C�f���r�µ�™�����r�d �d �µ�f�C�­�C���¡

@hh�@] l r q�qd` �@_[ j p�Aol l j aè h_�M[ pq̀ o�F[ o_` k` o�Pol co[ j �
@kkè �Bl pq[ gepÃ�BMF�Bl l o_ek[ ql oÃ�Aol l j aè h_�Bl r kqv

Wl k_` oekc�dl t �ql �c` q�eksl hs` _�t eqd�BSU�Duq̀ kpel kË�Ik�[ __eqel k�ql �l r o�Bl hl o[ _l �M[ pq̀ o�F[ o_` k` o�mol co[ j Ã
t ` �l aà o�aò ` �mol co[ j j ekc�ql �[ kvl k` �ekq̀ ò pq̀ _�ek�h̀ [ okekc�j l ò �[ ] l r q�dl oqê r hqr ò À�Bd` ^g�l r q�l r o�^[ h̀ k_[ o
l k�Bl j m[ pp�al o�^h[ pp̀ p�[ k_�` s` kqp�qd[ q�j [ v�ekq̀ ò pq�vl r À�W` �l aà o�vl r qd�[ k_�[ _r hq�s` c` q[ ] h̀ �c[ o_` k�^h[ pp̀ p
d` h_�[ q�l r o�q̀ [ ^dekc�c[ o_` k�[ q�Aor kk` o�E[ oj dl r p̀ �ek�Aol l j aè h_�ç�t deh̀ �qd` p̀ �^h[ pp̀ p�[ ò �aò ` Ã�mh̀ [ p̀ �kl q̀
qd[ q�qd` v�ò nr eò �ò cepqo[ qel kÀ�W` �` k^l r o[ c` �vl r �ql �ò cepq̀ o�` [ ohvÃ�[ p�j [ kv�^h[ pp̀ p�cl �ql �[ �t [ eqhepqÀ�Or o�M[ pq̀ o
F[ o_` k` op�[ hpl �dl h_�@pg�[ �M[ pq̀ o�F[ o_` k` o�] l l qdp�[ q�qd` �Aol l j aè h_�Le] o[ ov�[ k_�[ ol r k_�qd` �^l j j r keqvÀ
L[ pqhvÃ�t ` �l aà o�ql r op�l a�qd` �Aol l j aè h_�X` oep̂ [ m̀ �C` j l kpqo[ qel k�F[ o_` k�_r oekc�qd` �pr j j ` oÀ�Ia�vl r �d[ s` �[ kv
nr ` pqel kpÃ�à ` h�aò ` �ql �^l kq[ ^q�^pr ` uq̀ kpel kª ] ol l j aè h_Àl oc

https://cmg.extension.colostate.edu/about/become-a-colorado-master-gardener-2/
https://compass.broomfield.org/events/month?program_types%5B109%5D=109
https://broomfield.extension.colostate.edu/local-programs/gardening-horticulture/demonstration-garden/


C[ se_�@r pqek�Rl p` p
A[ o] [ o[ �B[ os[ hhl Ã�Rl p` �Snr [ _�M` j ] ` o�

C[ se_�Bd[ oh̀ p�H` kpd[ t �@r pqekÃ�OADÃ�t [ p� ] l ok� l k �E` ] or [ ov� � � Ã� � � � � �ek�@h] oecdql k�Dkch[ k_À��H` �_è _� l k
C` ^` j ] ` o�� � Ã�� � � � Ã�qdol t ekc �qd` �` kqeò �ol p` �col t ekc �t l oh_�ekql � j l r okekc �al o�l s` o�[ �v` [ oÀ��@p�[ �ol p[ oe[ k
l a�pl j ` �� � �v` [ opÃ�I�d[ s` �p[ e_�] ` al ò �[ k_�t ehh�p[ v�[ c [ ekÄ�qd` ò �[ ò �ol p` pÃ�[ k_�qd` k�qd` ò �[ ò �@r pqek�ol p` pÀ

MoÀ� @r pqek� t [ p� [ � p` haç̀ _r ^[ q̀ _� dl oqê r hqr o[ hepq� t dl � pm̀ kq� [ � heà qej ` � ^ò [ qekc � � � � � k` t � ol p` p� l a
] ò [ qdq[ gekc � ] ` [ r qv� [ k_� [ pql kepdekc �ao[ co[ k^` À�H` � t epd` _�ql � ] ò ` _�ol p` p� t eqd�qd` �co[ ^` Ã�^d[ o[ ^q̀ o� [ k_
oê d�ao[ co[ k^` �l a�l h_�c [ o_` k�ol p` p�qd[ q�t ` ò �[ hpl �^[ m[ ] h̀ �l a�ò m̀ [ q�] hl l j ekcÀ��

Ik � [ __eqel kÃ� MoÀ� @r pqek� t [ kq̀ _� ql � ` um[ k_� qd` � ^l hl o� m[ h̀ qq̀ � l a� qd` � l h_� ol p` p� heg` � c [ hhê [ pÃ� _[ j [ pgp� [ k_
[ h] [ pÀ� Hv] oe_� q̀ [ pÃ� ahl oe] r k_[ p� [ k_� l qd` o� j l _` ok� ol p` p� [ ò � ò k l t k` _� al o� qd` eo� ^l hl oÃ� pl j ` qej ` p� [ q� qd`
` um̀ kp` �l a�p^` kqÀ��@r pqek�p` q�l r q�ql �g` ` m�] l qdÃ�^l hl o�[ k_�p^` kqÀ�H` �_e_À

C[ se_� @r pqek� ol p` p� [ ò � gkl t k � [ p� Dkchepd� Rl p` pÀ� R` pehè kq� [ k_� ol ] r pq� pdor ] pÃ� qd` v� l m̀ k� ql � ò p` j ] h̀ � [
m̀ l kv�[ q�ar hh�] hl l j À

H` �k[ j ` _�dep�ol p` p� [ aq̀ o� j ` j ] ` op� l a�dep�a[ j ehè pÃ�a[ j l r p�m̀ l mh̀ Ã�c ò [ q� t oeq̀ op�[ k_�qd` �^d[ o[ ^q̀ op�qd` v
^ò [ q̀ _À��Ik �a[ ^qÃ�d` �k[ j ` _�pl �j [ kv�ol p` p�[ aq̀ o�t oeq̀ op�[ k_�^d[ o[ ^q̀ op�ek�c ò [ q�] l l gp�I�[ _j eò Ã�qd[ q�[ p�[ k
l h_�ol p[ oe[ k�t eqd�hej eq̀ _�pm[ ^` �I�^l r h_kÛq�p` qqh̀ � l k � l k` À�Ukqeh�� � � � Ã�qd[ q�epÃ�t d` k�fr pq�] ` al ò �dep�_` [ qd�d`
^ò [ q̀ _�ÙDj ehv�Aol kq̀ ÀÛ��MpÀ�Aol kq̀ �ep�j v�a[ sl oeq̀ �Dkchepd�ml ` qÀ��

ÙDj ehv�Aol kq̀ Û�ep� [ �s` ov�m[ h̀ �mekg�pdor ] �ol p` � t eqd�qd` �^` kqo[ h�m̀ q[ hp�_` ` m̀ kekc �ql � [ k � [ moê l q�^l hl oÀ��Sd`
pq[ k_p�� � à ` q�decd�t eqd�[ � t e_qd�l a�� ƒ �à ` qÀ��@�pqol kc �q̀ [ �ol p` �p^` kq�] ehhl t p�aol j �d` o�hl kcçh[ pqekc �] hl l j p
qd[ q�ò m̀ [ q�qdol r cdl r q�qd` �p` [ pl kÀ�

R` nr eoekc � l khv�aes` �dl r op� l a�pr k� [ �_[ vÃ�ÙAol kq̀ Û�ql h̀ o[ q̀ p�pl j ` �pd[ _` À� �Sd` � c [ s` � j ` � [ � hl s` hv�pdl t �qdep
pmoekc �l k �qd` �p` ^l k_�v` [ o�ek�qd` �c [ o_` kÃ�[ p�qd` �[ qq[ ^d` _�mdl ql p�_` j l kpqo[ q̀ À

�¦ �ó�7���������Þ�����¡�����X���­�r���C�f�6�r�™�d���¼���C�f�¡�–�C�™������ ���¡�­���7�ó�™�� ���f���–�™�ó���­�C�����¡���Î �C�­�>�C�f���r�µ�™�����r�d �d �µ�f�C�­�C���¡



Td` �R` _Ã�Wdeq̀ Ã�[ k_�Ahr ` p�l a�Ehl t ` o�Bl hl o
Av�Koepqek �@À�Ml l ò Ã�PdÀCÀ

Cr oekc � j v� h[ pq� [ oqê h̀ � I� _` p^oe] ` _� qd` � ol h̀ � qd[ q� c ` k` qê p� ^[ k� mh[ v� ek� ahl t ` o
^l hl oÀ�Tdep� j l kqd� I� t ehh�_ep^r pp�qd` � ^l kqoe] r qel kp�qd[ q� ` kseol k j ` kqp� j [ g` � l k
ahl t ` o� ^l hl opÀ� Ok` � l a� qd` � j l pq� t ` hhçgkl t k � ` u[ j mh̀ p� l a� ` kseol k j ` kq[ h
ej m[ ^qp� l k � ahl t ` o� ^l hl o� ep� qd` � ` aà ^q� l a� ^d[ kcekc � pl eh� mH� l k � dv_o[ kc ` [
] hl l j pÀ� Ik � [ ^e_ê � pl ehp� ¯mH� ( � � À� °� dv_o[ kc ` [ p� ] hl l j � ek� ] hr ` � dr ` pÃ� ek� phecdqhv
j l ò � k` r qo[ h� pl ehp� ¯mHÂ� � À� ç� À� °� qd` v� [ ò � l aq̀ k �mr omh̀ Ã� [ k_�ek� pl ehp� t eqd� [ �mH
[ ] l s` � � À� Ã� pr ^d� [ p� qdl p` � l a� qd` � aol kq� o[ kc ` Ã� dv_o[ kc ` [ p� ] hl l j � ek� mekgpÀ
Bd[ kcekc � qd` � mH� l a� qd` � pl eh� ^[ k� ] ` � [ ^^l j mhepd` _� ] v� ` eqd` o� [ __ekc � hej ` � ¯ql
ek^ò [ p` �mH�ê�j [ g` �eq�j l ò �[ hg[ hek` °�l o�pr har oç] [ p` _�^l j ml r k_p�¯ql �_` ^ò [ p`
mH�ê� j [ g` �eq� j l ò � [ ^e_ê °À�Hl t ` s` oÃ�qd` p` �mH�^d[ kc ` p� l khv�ek_eò ^qhv� ` aà ^q
qd` �mec j ` kqp�qd[ q�ces` �^l hl o�ql �l r o�] hl l j pÀ�Tl �ar hhv�r k_` opq[ k_�t dvÃ�t ` �k` ` _
ql �hl l g�[ q�] l qd�qd` �mec j ` kqp�[ k_�dl t �qd` v�ekq̀ o[ ^q�t eqd�l qd` o�^l j ml k` kqp�l a
qd` �^` hhp�qd` v�ò pe_` �ekÀ

Td` � pm̀ ^eaê � mec j ` kqp� qd[ q� ces` � j l pq� ahl t ` op� qd` eo� ò _Ã� mr omh̀ Ã� l o� ] hr ` � dr ` p
[ ò � ^[ hh̀ _� [ kqdol ^v[ kekpÀ� Td` ò � [ ò � j [ kv� _eaà ò kq� s[ oè qè p� l a� qd` p`
mec j ` kqp� [ hh� t eqd� [ � s` ov� pej eh[ o� l s` o[ hh� ^d` j ê [ h� pd[ m̀ Ã� ] r q� t eqd� phecdqhv
_eaà ò kq� [ ql j p� [ qq[ ^d` _� qd[ q� ^d[ kc ` � qd` � t [ v� qd` v� [ ] pl o] � [ k_� ò ah̀ ^q� hecdqÃ
[ k_� qdr p� ^d[ kc ` � qd` � ^l hl o� qd` v� mol _r ^` À� @kqdol ^v[ kekp� [ ò � ek� a[ ^q� decdhv
ej m[ ^q̀ _� ] v�mHÃ�[ k_�mH�[ hl k` �^[ k �^d[ kc ` � t d` qd` o� [ �pekc h̀ �mec j ` kq� ò ah̀ ^qp
ò _Ã� ] hr ` Ã� l o� [ � ^l j ] ek[ qel k� l a� ò _� [ k_� ] hr ` � ¯mr omh̀ °� hecdqÀ� Hl t ` s` oÃ� t eqdek� [
mh[ kq� ^` hhÃ�mH�ep�decdhv� ò c r h[ q̀ _Ã� j ` [ kekc �qd[ q� ^d[ kcekc �qd` �mH� l a� vl r o�pl eh
ep�k l q�c l ekc �ql �ej m[ ^q�qd` �mH�t eqdek�qd` �^` hhp�l a�qd` �mh[ kqÀ�

Sl � dl t � _l ` p� mH� ej m[ ^q� ahl t ` o� ^l hl oË� Iq� ^d[ kc ` p� qd` � ] el [ s[ eh[ ] eheqv� l a� l qd` o
pl eh� ^l j ml k` kqpÃ� t dê d� ^[ k� qd` k� ] ` � q[ g` k� r m� ] v� qd` � mh[ kq� [ k_� t ehh� ekq̀ o[ ^q
t eqd�qd` �[ kqdol ^v[ kek�mec j ` kqpÀ�Ik�qd` �^[ p` �l a�dv_o[ kc ` [ pÃ�eq�ep�[ hr j ekr j �¯@h°
] el [ s[ eh[ ] eheqv� qd[ q� ^d[ kc ` p� t eqd� mHÀ� Ik� [ ^e_ê � pl ehp� ` h̀ j ` kq[ h� [ hr j ekr j � el kp
¯@h� #°� [ ò � ` [ pehv� [ ] pl o] ` _� ] v� qd` � mh[ kqÀ� Hl t ` s` oÃ� [ q� j l ò � k` r qo[ h� [ k_
[ hg[ hek` � mHp� @h� ] ` ^l j ` p� ek^l oml o[ q̀ _� ekql � l qd` o� ^l j ml r k_p� [ k_� ep� k l q
[ s[ eh[ ] h̀ � ql � qd` � mh[ kqÀ� Wd` k� [ hr j ekr j � ep� [ s[ eh[ ] h̀ � eq� pq[ ] ehex` p� qd` � decdhv
r kpq[ ] h̀ � [ kqdol ^v[ kek� qd[ q� ep� pm̀ ^eaê [ hhv� ò nr eò _� ql � mol _r ^` � ] hr ` � ^l hl opÃ
[ k_�@hr j ekr j � [ hhl t p�qdep�mec j ` kq�ql � al oj � ^l j mh̀ u` p� t eqd� l qd` o� ^l j ml r k_p
ek�qd` �^` hhÀ�Td` p` �ekq̀ o[ ^qel kp�^[ kkl q�d[ mm̀ k� t d` k�@h�ep�k l q� [ s[ eh[ ] h̀ Ã� t dê d
ò pr hqp�ek�qd` �mr omh̀ �ql �ò _p�] hl l j p�qd[ q�t ` �l ] p` os` �ek�[ hg[ hek` �pl ehÀ

Wdeh̀ � qdep� ep� k l q� ql � p[ v� qd[ q� qdol t ekc � [ hr j ekr j � [ q� vl r o� mh[ kqp� t ehh� j [ c ê [ hhv
qr ok� ] hl l j p� ek� l r o� [ hg[ hek` � pl ehp� aol j � ò _p� ql � ] hr ` p� ¯` pm̀ ^e[ hhv� pek^` � ` u^` pp
@h� ep� [ ^qr [ hhv� nr eq̀ � ql uê � ql � mh[ kqp°Ã� ] r q� eq� _l ` p� ehhr pqo[ q̀ � dl t � ^l j mh̀ u� qd`
ekq̀ o[ ^qel kp� ] ` qt ` ` k � mh[ kq� c ` k` pÃ� ekq̀ ok[ h� ^` hhr h[ o� ^d` j epqovÃ� [ k_� qd`
` uq̀ ok[ h�` kseol k j ` kq�^[ k�] ` À

Beq[ qel kpÂ
Hl r cdql kÃ�@ÀÃ�@mm̀ hd[ c ` kÃ�IÀÃ�¦ �M[ oqekÃ�BÀ�¯� � � � °À�N[ qr o[ h�Ahr ` pÂ�Sqor ^qr ò �M` ` qp�Er k^qel k�ek
@kqdl ^v[ kekpÀ�Ph[ kqpÃ�� � ¯� °Ã�@oqê h̀ �� À�dqqmpÂ��_l eÀl oc � � � À� � � � �mh[ kqp� � � � � � � �
S^dò e] ` oÃ�HÀ�CÀÃ�Jl k` pÃ�@À�HÀÃ�L[ oesè ò Ã�BÀ�MÀÃ�M[ vd` t Ã�KÀ�MÀÃ�¦ �B[ ekÃ�JÀ�AÀ�¯� � � � °À�Rl h̀ �l a
[ hr j ekr j �ek�ò _çql ç] hr ` �^l hl o�^d[ kc ` p�ek�Hv_o[ kc ` [ �j [ ^ol mdvhh[ �p` m[ hpÀ�Ael M` q[ hpÃ�� � ¯� °Ã
� � � � ê� � � � À�dqqmpÂ��_l eÀl oc � � � À� � � � �p� � � � � ç� � � ç� � � � çu
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�¦ �ó�7���������Þ�����¡�����X���­�r���C�f�6�r�™�d���¼���C�f�¡�–�C�™������ ���¡�­���7�ó�™�� ���f���–�™�ó���­�C�����¡���Î �C�­�>�C�f���r�µ�™�����r�d �d �µ�f�C�­�C���¡

https://doi.org/10.3390/plants10040726
https://doi.org/10.1007/s10534-011-9458-x


�q�™�¤�™�ä�‚�Ž�¾�™���$�‚�Ù�•�™�Å�¬�Å�¤��

�¦ �ó�7������ ���Þ�����¡�����X���­�r���C�f�6�r�™�d���¼���C�f�¡�–�C�™������ ���¡�­���7�ó�™�� ���f���–�™�ó���­�C�����¡���Î �C�­�>�C�f���r�µ�™�����r�d �d �µ�f�C�­�C���¡

Kej �Pl h[ k_
����������������

W` ĥ l j ` � ql � F [ o_` kekc � ek� qd` � N` t � Bl hl o[ _l Æ� @p� [ � k[ qes` � l a� Bl hl o[ _l � [ k_
[ k� [ se_�c [ o_` k` oÃ� I� k` s` o�qdl r cdq� I� t l r h_� ] ` � ^l k^` ok` _� [ ] l r q�qd` � [ j l r kq
l a� j l epqr ò � t ` � [ ò � ò ^` esekcÀ�Ar q� I� t l r h_�q[ g` �qdep� l s` o�qd` � [ hq̀ ok[ qes` � [ kv
_[ vÆ� Td[ q� ] ` ekc � p[ e_Ã� IÖj � pr ò � vl r � d[ s` � k l qê ` _� [ � peckeaê [ kq� _eaà ò k^` � ek
vl r o� c [ o_` k� qdep� v` [ o� ^l j m[ ò _� ql � h[ pq� v` [ oÀ� Sl j ` qej ` pÃ� ql l � j r ^d� l a� [
c l l _�qdekc �^[ k� ] ` �_` qoej ` kq[ hÀ�@hh�qdep�o[ ek�ep�^[ r pekc �pl eh�^l j m[ ^qel k� [ k_
mò s` kqekc � l uvc ` k� aol j � ò [ ^dekc � qd` � ol l qpÃ� t dê d� ep� fr pq� [ p� ^or ^e[ h� [ p
t [ q̀ oÀ� Td` � h[ ^g� l a� l uvc ` k� phl t p� _l t k � ol l q� _` s` hl mj ` kq� [ k_� h̀ [ _p� ql
pqr kq̀ _�mh[ kq�col t qdÀ�IqÖp�ej ml oq[ kq�k l q�ql �t l og�qd` �pl eh�ek�qdep�t ` q�t ` [ qd` oÃ
[ p� eq� t ehh� ar oqd` o� ^l j m[ ^q� qd` � pl ehÀ� @__eqel k[ hhvÃ� qd` � ` u^` pp� j l epqr ò � ep
h̀ [ ^dekc �kr qoè kqp�aol j �qd` �pl ehÃ�^[ r pekc �kr qoè kq�_` aê è k^è p�ek�vl r o�mh[ kqp
[ k_�dek_` oekc �qd` eo�col t qd�[ k_�aor eq�_` s` hl mj ` kqÀ�Hl t ` s` oÃ�ea�qd` ò �ep�[ �hl q
l a� o[ ek� ` um̀ ^q̀ _� t eqdek� qd` � k` uq� � � � dl r opÃ� eqÖp� kl q� [ _sep[ ] h̀ � ql � [ __
à oqehex` oÀ� Td` � o[ ek� t ehh� h̀ [ ^d� eq� qdol r cd� qd` � pl eh� ] ` al ò � qd` � mh[ kqp� d[ s` � [
^d[ k^` �ql � [ ] pl o] �qd` �k` ^` pp[ ov�kr qoè kqpÀ�Wd` k�vl r �d[ s` �qd` � l mml oqr keqvÃ
eqÖp� ej ml oq[ kq� ql � à oqehex` � vl r o� s` c ` q[ ] h̀ p� ] [ p` _� l k � qd` eo� pm̀ ^eaê � kr qoè kq
k` ` _pÃ�` pm̀ ^e[ hhv�ea�vl r o�pl eh�h[ ^gp�l oc [ kê �j [ q̀ oe[ hÀ

Tl � mò s` kq� qd` � pmò [ _� l a� pl ehç] l ok` � _ep` [ p` p� pr ^d� [ p� D[ ohv� AhecdqÃ
V` oqê ehher j � t ehqÃ� [ k_�Er p[ oer j � t ehqÃ�eqÖp�d` hmar h�ql � [ __� [ �h[ v` o� l a�hecdq� j r ĥ d
l k � ql m� l a� k` t pm[ m̀ o� ek� vl r o� s` c ` q[ ] h̀ � c [ o_` kÃ� m[ oqê r h[ ohv� [ ol r k_� vl r o
ql j [ ql ` pÃ� m̀ mm̀ opÃ� [ k_� ` ccmh[ kqpÀ� Toej j ekc � qd` � hl t ` o� h̀ [ s` p� l a� vl r o
mh[ kqp�[ k_�mol j mqhv�ò j l sekc �[ kv�h̀ [ s` p�t eqd�] h[ ^g�pml qp�l o�v` hhl t ekc �^[ k
[ hpl � ] ` � ] ` k` aê e[ hÀ� R` j ` j ] ` o� ql � t [ pd� vl r o� d[ k_p� [ k_� p[ keqex` � vl r o� ql l hp
[ aq̀ ot [ o_Ã� [ p� qd` p` � _ep` [ p` p� ^[ k� ] ` � ^[ ooè _� ] v� pl ehç] l ok` � m[ qdl c ` kpÀ� IqÖp
[ hpl � ej ml oq[ kq� ql � g` ` m� t ` ` _p� l r q� l a� vl r o� c [ o_` kÃ� [ p� qd` v� ^[ k � d[ o] l o� qd`
p[ j ` � _ep` [ p` pÀ� W` ` _ekc � j [ v� k l q� ] ` � qd` � j l pq� ` kfl v[ ] h̀ � q[ pgÃ� ] r q� eqÖp
^or ^e[ hÆ

Jr pq� [ p� l uvc ` k�ep� ` pp` kqe[ h�ek�qd` �pl ehÃ�mol m̀ o� [ eoahl t � [ ol r k_�vl r o�mh[ kqp�ep
ej ml oq[ kq�al o�_ep` [ p` �mò s` kqel kÀ�@�_oè o� ` kseol k j ` kq�ep� h̀ pp�a[ sl o[ ] h̀ � al o
_ep` [ p` pÃ�[ k_�[ eoahl t �d` hmp�ql �_ov�l r q�qd` �mh[ kqpÀ�Tò hhepekc �vl r o�s` c ` q[ ] h̀ p
^[ k�ej mol s` �[ eoahl t �[ k_�g` ` m�qd` �h̀ [ s` p�[ k_�aor eqp�l aa�qd` �col r k_Ã�ò _r ^ekc
qd` � oepg� l a� _ep` [ p` pÀ� Td` ò � [ ò � s[ oel r p� qò hhep� l mqel kp� [ s[ eh[ ] h̀ Ã� pl � ^dl l p`
qd` �l k` �qd[ q�pr eqp�vl r o�c [ o_` k�[ k_�^ol mp�] ` pqÀ

Por kekc � [ hpl � mh[ vp� [ � seq[ h� ol h̀ � ek� mol j l qekc � [ eoahl t Ã� ` pm̀ ^e[ hhv� al o
ek_` q̀ oj ek[ q̀ � ql j [ ql ` pÀ� Por kekc � k l q� l khv� ej mol s` p� [ eo� ^eô r h[ qel kÃ� t dê d
d` hmp� g` ` m� _ep` [ p` p� [ q� ] [ vÃ� ] r q� eq� ep� [ hpl � ej ml oq[ kq� al o� aor eq� _` s` hl mj ` kqÀ
R` j l sekc � qd` � Õpr ^g` opÕ� l k � ql j [ ql � mh[ kqp� ò _eò ^qp� qd` � mh[ kqÖp� ` k` ocv
ql t [ o_p� aor eq� mol _r ^qel kÀ� Tdep� ep� qd` � m̀ oà ^q� qej ` � ql � pq[ oq� mor kekc � vl r o
ql j [ ql ` pÀ

Weqd� qdep� ^l l h̀ o� [ k_� t ` q� pmoekcÃ� m[ qè k^` � t ehh� ] ` � g` vÀ� Td` � d` [ q� t ehh� ^l j ` Ã
[ k_�` s` ovqdekc �t ehh�ahl r oepdÆ

ÕF [ o_` kekc � ep� h̀ [ okekcÃ� h̀ [ okekcÃ� h̀ [ okekcÀ� Td[ qÛp� qd` � ar k� l a� qd` j À� Yl r Ûò
[ ht [ vp�h̀ [ okekcÀÕ�ç�H` h̀ k�Meoò k
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Wd[ qÛp�D[ qekc�Mv�F[ o_` kË
A` qqv�Dj [ kr ` h̀



Td` � ] l r k_[ oè p� l a�@_[ j p� [ k_�Aol l j aè h_�Bl r kqè p� [ ò � [ oqeaê e[ hÃ� j [ _` � ] v�ml heqê [ h� ` kqeqè pÃ
kl q�k[ qr ò À��Weqdek�qd` p̀ �] l r k_[ oè p�^l k_eqel kp�[ ò �` uqò j ` hv�s[ oe[ ] h̀ �ê�pl ehpÃ�q̀ j m̀ o[ qr ò pÃ
t ek_pÃ� j l epqr ò Ã� ` h̀ s[ qel kÃ� [ k_� ml mr h[ qel k� _` kpeqvÃ� ql � k[ j ` � [ � à t À� � P[ oqp� l a� qd` � [ ò [ � [ ò
r o] [ k� t eqd�hej eq̀ _� l m̀ k�pm[ ^` Ã� t deh̀ � l qd` op� [ ò �a[ oj p� t eqd�qdl r p[ k_p� l a� [ ^ò p�ê� [ k_�qd` k
qd` ò �[ ò �qd` �ml ^g` qp�] ` qt ` ` k�qd` j Ã�ek�[ ^ò [ c` �[ k_�ml mr h[ qel kÀ��Tovekc�ql �^l j ` �r m�t eqd�[
hepq�l a�^r oò kq�ekp̀ ^q�ml mr h[ qel kp�qd[ q�ep�×l k` çpex` çaeqpç[ hhØ�fr pq�epkÛq�ml ppe] h̀ À��Sl À�À�À�ÀIÛs` �ces` k
qd[ q�e_` [ �r mÆ

@� hepq� l a� qd` � ^r hmoeqp� qd[ q� j [ v� l o� j [ v� kl q� ] ` � o[ s[ cekc� vl r o� c[ o_` kpÃ� ] l qd� s` c` q[ ] h̀ � [ k_
l ok[ j ` kq[ hÃ�t ehh�al hhl t À��IÛs` �ek^hr _` _�mê qr ò p�[ k_�hekgp�ql �Duq̀ kpel k�mr ] hê [ qel kpÀ��
@mde_p� d[ s` � j [ kv� dl pq� mh[ kqp� [ k_� ml mr h[ qel kp� ^[ k� ek^ò [ p̀ � ` uml k` kqe[ hhvÀ� � Td` v� ^[ k� ] `
gkl ^g` _� _l t k� t eqd� [ � pqol kc� ] h[ pq� l a� t [ q̀ oÃ� [ k_� ] ` k` aê e[ h� ekp̀ ^qp� l aq̀ k� t ehh� ^l j ` � ek� [ k_
d` hmÀ
D[ ot ecp� [ ò �c` k` o[ hhv� ] ` k` aê e[ hÃ� ] r q�^h[ ppeaè _� [ p� [ �kr ep[ k^` �m̀ pqÀ� �Td` v�^[ k�_l � ` uq̀ kpes`
_[ j [ c` �ql �p̀ ` _hekcp�[ k_�vl r kc�qo[ kpmh[ kqpÃ

Eh̀ [ �] ` ` qh̀ p�[ ò �fr j mekc�ekp̀ ^qp�qd[ q�^d` t �pj [ hh�dl h̀ p�ek�mh[ kqp�[ k_�h̀ [ s` pÀ��Td` v�[ ò � j l pq
d[ oj ar h�t d` k�mh[ kqp�[ ò �vl r kc�[ k_�q̀ k_` oÀ

Fo[ ppdl mm̀ op�[ ò �qd` �j l pq�_eaaê r hq�ekp̀ ^q�ql �^l kqol h�] ` ^[ r p̀ �qd` v�^[ k�ahv�hl kc�_epq[ k^` pÃ�[ k_
qd` ò �[ ò �j l ò �qd[ k�� � � �pm̀ ^è p�ek�Bl hl o[ _l À�

J[ m[ k` p̀ � ] ` ` qh̀ p� ^[ r p̀ � peckeaê [ kq� _[ j [ c` � ql � qd` eo� dl pq� mh[ kqpÀ� � Td` v� [ ò � j l sekc
qdol r cdl r q�@_[ j p�[ k_�Aol l j aè h_�Bl r kqè pÀ��Td` v�[ ò �s` ov�_eaaê r hq�ql �^l kqol hÀ
L` [ â r qq̀ o� ] ` ` p� [ ò � cò [ q� ml hhek[ ql op� qd[ q� ^r q� d[ ha� ^eô h̀ p� l r q� l a� h̀ [ s` pÃ� t dê d� qd` v� r p̀ � ql
j [ g` � k` pqpÀ� � Td` eo� _[ j [ c` � ep� j l ò � ^l pj ` qê � qd[ k� d[ oj ar h� [ k_� ^[ k� l khv� ] ` � ^l kqol hh̀ _� ] v
^l s` oekc�qd` �mh[ kqp�t eqd�mol q̀ ^qes` �^hl qdÀ

Pehh] r cp� à ` _� l k� _` ^[ vekc� mh[ kq� j [ qq̀ o� [ k_� pj [ hh� mh[ kqpÃ� [ k_� c` k` o[ hhv� _l kÛq� ^[ r p̀
peckeaê [ kq�d[ oj À��Td` v�^[ k�eks[ _` �dl j ` p�t d` k�qd` �t ` [ qd` o�c` qp�^l h_` oÀ

Shr cp�[ ò kÛq�r pr [ hhv�[ �j [ fl o�mol ] h̀ j Ã�] r q�qd` v�heg` �o[ ek�[ k_�dr j e_eqvÃ�pl �qd` vÛs` �] ` ` k�j l ò
sepe] h̀ �qdep�p̀ [ pl kÀ��Td` v�^[ k�] ` �` uqò j ` hv�_[ j [ cekc�ea�h̀ aq�r k^l kqol hh̀ _À

Snr [ pd�] r cp�[ ò �qd` �j l pq�_` pqor ^qes` �ekp̀ ^qp�l a�t ekq̀ o�pnr [ pd�[ k_�mr j mgekpÃ�] r q�[ hpl �ekà pq
xr ^^deke�[ k_�v` hhl t �pnr [ pdÀ��

dqqmpÂ��` uq̀ kpel kÀ̂l hl pq[ q̀ À̀_r �ql mê ç[ ò [ p�ekp̀ ^qp�co[ ppdl mm̀ oç̂ l kqol hçekçc[ o_` kpçpj [ hhç[ ^ò [ c` pç� ç� � � �
dqqmpÂ��` uq̀ kpel kÀ̂l hl pq[ q̀ À̀_r �ql mê ç[ ò [ p�ekp̀ ^qp�phr cpç� ç� � � �
dqqmpÂ��` uq̀ kpel kÀ̂l hl pq[ q̀ À̀_r �ql mê ç[ ò [ p�ekp̀ ^qp�ah̀ [ ç] ` ` qh̀ pç� ç� � � �
dqqmpÂ��` uq̀ kpel kÀ̂l hl pq[ q̀ À̀_r �ql mê ç[ ò [ p�ekp̀ ^qp�pnr [ pdç] r cçj [ k[ c` j ` kqçekçdl j ` çc[ o_` kpç� ç� � � �
dqqmpÂ��` uq̀ kpel kÀ̂l hl pq[ q̀ À̀_r �ql mê ç[ ò [ p�ekp̀ ^qp�f[ m[ k` p̀ ç] ` ` qh̀ ç� ç� � � �
dqqmpÂ��` uq̀ kpel kÀ̂l hl pq[ q̀ À̀_r �ql mê ç[ ò [ p�ekp̀ ^qp�` r ol m̀ [ kç̀ [ ot ecpç� ç� � � �
dqqmpÂ��` uq̀ kpel kÀ̂l hl pq[ q̀ À̀_r �ql mê ç[ ò [ p�ekp̀ ^qp�h̀ [ â r qq̀ oç] ` ` pç� ç� � � �
dqqmpÂ��` uq̀ kpel kÀ̂l hl pq[ q̀ À̀_r �ql mê ç[ ò [ p�ekp̀ ^qp�j ehhem̀ _` pç̂ ` kqem̀ _` pç[ k_çpl t ] r cpç� ç� � � �
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Cl � vl r � gkl t � qdep� ` [ ohv� pr j j ` o� ] hl l j ` o� A` `
A[ hj Ë� � Al q[ kê [ h� k[ j ` � Ml k[ o_[ � _e_vj [ Ã� ^[ k
hl ^[ hhv�] ` �al r k_�ek�ò _�l o�] oecdq�mekgÀ

Iqp� pd[ ccv� ] hl ppl j p� �À� Ø� ê� � Ø� ek� _e[ j ` q̀ o� [ ò � [
t ` ĥ l j ` � pecdq� ek� qd` � m̀ ò kke[ h� c[ o_` k� [ p� qd`
qr hemp� [ k_� l qd` o� pmoekc� ] r h] p� [ ò � cl k` � [ k_� qd`
ml mmè p� [ k_�Ce[ kqdr p� [ ò �a[ _ekc� [ t [ vÀ��Ml k[ o_[
t ehh� qe_` � vl r � l s` o� r kqeh� qd` � Bl k` � ahl t ` op� [ k_
@c[ pq[ ^d` �_l �qd` eo�qdekcÀ

El r k_� ] ` pe_` � pqò [ j p� ek� D[ pq� T` kk` pp̀ ` Ã� qd`
pr omoep̀ �ep�dl t �t ` hh�qd` v�[ ò �col t ekc�ek�qd` �X` oê
F[ o_` kÃ�S` ^qel k� �Ã�[ q�Res` o_[ h̀ �R̀ cel k[ h�P[ og�[ k_
E[ eocol r k_p� āl oj ` ohv�@_[ j p�Bl r kqv�E[ eocol r k_pÀ°��
Td` v� _l � c` q� j l _` o[ q̀ � t [ q̀ o� o[ qd` o� qd[ k� hl t
t [ q̀ oÀ

Wd` k�qd` �aeopq�] hl l j p�a[ _` �l r qÃ�^r q�qd` �pq̀ j p�] [ ^g
ql � [ � ^l r mh̀ � l a� ek^d` p� r m� aol j � qd` � col r k_� ql
` k^l r o[ c` �ò ç] hl l j ekcÀ

Td` ò � [ ò � l s` o� � � � ^r hqes[ op� l a� Ml k[ o_[ � [ k_� [ ò
al r k_� [ hh� [ ^ol pp�Nl oqd�@j ` oê [ À� �Nl � pr omoep̀ Ã�qd`
] ` ` p� hl s` � qdep� mh[ kqÆ� � Ar q� [ hpl � l qd` o� cl l _
ml hhek[ ql op�heg` �] r qq̀ oahè p�[ k_�dr j j ekc] eo_p�ahl ^g
ql �A` ` �A[ hj À

Tdep�mh[ kq�t ehh�col t �ek�pd[ _` �[ k_�d` [ sv�^h[ v�pl ehpÃ
ea�[ pg` _À��Ar q�ces` �eq�pl j ` �pm[ ^` � [ k_�_l kÛq� t [ q̀ o
ql l �d` [ sehv�[ p�eq�ep�pr ] f̀ ^q�ql �ml t _` ov�j eh_` t À�

Iq�ep�ek�qd` � j ekq�a[ j ehv� [ k_� ] ` hè s` _�ql �d[ s` � ] ` ` k
r p̀ _� [ p� [ � q̀ [ � pr ] pqeqr q̀ � [ aq̀ o� qd` � a[ j ` _� Al pql k
T` [ � P[ oqv� ql pp̀ _� qd` � Dkchepd� q̀ [ � l s` o] l [ o_� ek
�� � � À� � Iq� ep� r p̀ _� j ` _ê ek[ hhv� ] v� j [ kv� t dl � ` kfl v
r pekc�d` o] p�qdep�t [ vÀ

N[ qes` �F ` j p�ek �qd` �Sr j j ` o�F [ o_` k �
R` ] ` ^^[ �Eeqxm[ qoê g



@̂ ^r pql j ` _� ql � l r o� ^hej [ q̀ � [ k_� pl ehpÃ� k[ qes` � ahl t ` op� [ ò � [ � k [ qr o[ h� ^dl ê ` � al o
` kd[ k^ekc �vl r o�pr ^^` ppel k[ h�] hl l j �qej ` �ek�qd` �c [ o_` kÀ�H` ò �[ ò �pl j ` �pr j j ` o�pq[ op
al o�vl r o�^l kpe_` o[ qel kÀ

Pr omh̀ �Po[ eoè �Bhl s` oÃ�C[ h̀ [ �mr omr ò [
C[ h̀ [ � ] hl l j p� ] l qql j � r m� l k �eqp� t eov�pq̀ j pÃ�hl l gekc �heg` �heqqh̀ � ] [ hh̀ oek[ p�ek�qr qr pÀ�Td`
ekahl ò p^` k^` � j [ g` p�eqp� t [ v� r m�qd` �^` kqo[ h�pmeg` �ql �aekepd� [ p�ar xxv�mr omh̀ �^vhek_` opÀ
C[ h̀ [ �ep� [ � h̀ c r j ` � [ k_�d[ kcp� l r q�d[ mmehv� t eqd�k[ qes` �co[ pp` p�heg` �Leqqh̀ �Ahr ` pq̀ j À�@q
�ç� Û�q[ hhÃ�eq�heg` p�eqp�pm[ ^` �[ k_�hl s` p�qd` �pr kÃ�] hl l j ekc �aol j �M[ v�ql �S` mq̀ j ] ` oÀ�

S^l qqÛp�Sr c [ o�Al t h�Bh̀ j [ qepÃ�Bh̀ j [ qep�p^l qe[
Td` p` � mò ^el r p� ] ` hh� ^h̀ j [ qep� [ ò � phl t çcol t ekc � [ k_� pl � t l oqd� qd` � t [ eqÀ� Sr c [ o� Al t hp
[ ò � h[ q̀ � pmoekc � qdol r cd� ` [ ohv� pr j j ` o� ] hl l j ` opÀ� @p� t eqd� j [ kv� ^h̀ j [ qepÃ� qd` � ar xxvÃ
t deq̀ �p` ` _�d` [ _p�[ ò �ml ppe] hv�[ p�pdl t v�[ p�qd` �_` ` m�] hr ` Ã��Ø�kl __ekc �] ` hhpÀ�Tdep�ep�[
k l kçsekekcÃ� ] r pd� ^h̀ j [ qep� qd[ q� col t p� ek� [ k � r moecdq� ^hr j m� [ ] l r q� [ � al l q� q[ hh� [ k_
phecdqhv� t e_` oÀ� Tdep� mh[ kq� t ehh� q[ g` � ar hh� pr k� t eqd� pl j ` � eooec [ qel k� [ p� t ` hh� [ p� [ aq̀ okl l k
pd[ _` �ea�_oè o�^l k_eqel kp�` uepqÀ

Po[ eoè �Bl k ` ahl t ` o�l o�M` uê [ k �H[ qÃ�R[ qe] e_[ �^l hr j keà o[
S[ ppv�heqqh̀ �^l k` ahl t ` opÀ�Td` v�t ehh�^ol pp�ml hhek[ q̀ �pl �ea�vl r �t [ kq�ql �g` ` m�vl r o�v` hhl t p
[ k_� ò _p� p` m[ o[ q̀ Ã� vl r � j [ v� t [ kq� ql � mh[ kq� qd` j � t ` hh� [ t [ v� aol j � ` [ ^d� l qd` oÀ� Iq
k[ qr o[ hex` p� ` [ pehv� [ k_� p` ha� pl t pÃ� pl � ^l kpe_` o� t ` hh� t d` ò � vl r � mh[ kq� eqÀ� Td` � _ol l mekc
m̀ q[ hp� pr ool r k_� [ � ^` kqo[ h� hl kc � _epgÃ� ò p` j ] hekc � [ � pl j ] ò ol Ã� d` k^` � eqp� kê gk[ j ` À
F es` �eq�ar hh�pr k�[ k_�eq�t ehh�ò t [ o_�vl r � t eqd�pk[ xxv�^hr j mp�l a� � ç� Û�q[ hh�pq̀ j p�aol j �Jr k`
ql �S` mq̀ j ] ` oÀ�IqÛp�kl q�ar ppvÃ�qdl r cdÃ�m[ oq�pd[ _` �t ehh�t l og�ql � À
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