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������/LX�HW�DO���������$UFKHU�HW�DO���������/LDQJ�HW�DO��

������� =LQF� LV� LQYROYHG� LQ� DQWL�SUROLIHUDWLRQ� RI� SURVWDWH

FDQFHU�FHOOV� WKURXJK� WKH� LQGXFWLRQ�RI�S��&LS�:$)�� �/LDQJ
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HG�ZLWK� 3%6� FRQWDLQLQJ� ����� 7ULWRQ�;������ DQG� ILQDOO\

JHQWO\�ZDVKHG��� WLPHV�ZLWK�3%6� IRU���PLQ�HDFK��&HOOV

ZHUH�WKHQ�WUHDWHG�ZLWK�EORFNLQJ�VROXWLRQ��3%6�FRQWDLQLQJ

���%6$�������JHODWLQ��DQG����JRDW�VHUXP��IRU����PLQ�

WKH� FRYHU� VOLSV� ZHUH� IXUWKHU� LQFXEDWHG�ZLWK� DQWL�UDEELW�

S��� DQWLERG\� IRU� �� K�� DQG� ZDVKHG� �� WLPHV� ZLWK� 3%6

FRQWDLQLQJ� ���%6$� DQG� ����� JHODWLQ� IRU� ��PLQ�� 7KH\
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IL[HG�LQ������IRUPDOGHK\GH�DW�URRP�WHPSHUDWXUH�IRU���

PLQ�DQG� ULQVHG�RQFH�ZLWK�3%6� IRU� ��PLQ�EHIRUH� EHLQJ

LQFXEDWHG� IRU� ��� PLQ� LQ� �� 1� +&O�� 7KH\� ZHUH� WKHQ

ZDVKHG�WKUHH�WLPHV�ZLWK�3%6�IRU���PLQ��$IWHU�EORFNLQJ�

WKH� FHOOV� ZHUH� LQFXEDWHG� ZLWK� DQWL�%UG8� PRQRFORQDO

DQWLERG\�DW�D�GLOXWLRQ�RI������IRU���K�DQG�ZDVKHG���WLPHV

ZLWK� 3%6� FRQWDLQLQJ� ��� %6$� DQG� ����� JHODWLQ� IRU� �

PLQ��7KH�JRDW�DQWL�PRXVH�&\70��FRQMXJDWHG�VHFRQGDU\

DQWLERG\�DW�D�GLOXWLRQ�RI�������ZDV�LQFXEDWHG�IRU���K�DQG

WKH� FHOOV� ZDVKHG� �� WLPHV� ZLWK� 3%6� IRU� �� PLQ�� (DFK

H[SHULPHQW� ZDV� SHUIRUPHG� DW� OHDVW� WKUHH� WLPHV��'$3,

ZDV� WKHQ� WUHDWHG� DW� D� ILQDO� FRQFHQWUDWLRQ� RI� ��µJ�µO� LQ
3%6� IRU� ��� PLQ�� DQG� WKH� FHOOV� H[WHQVLYHO\� ZDVKHG� �

WLPHV� ZLWK� 3%6� DQG� �� WLPHV� ZLWK� GLVWLOOHG� ZDWHU�� 7KH

VDPSOHV� ZHUH� PRXQWHG� IRU� SKRWRJUDSK\�� ZKLFK� ZDV

FRQGXFWHG� XVLQJ� D� 5DGLDQFH� �����03�� PXOWL�SKRWRQ

LPDJLQJ�V\VWHP� �=HLVV��*HUPDQ\��

5HVXOWV�DQG�'LVFXVVLRQ

7KH�0$3.�VLJQDOLQJ�SDWKZD\� LV�DQ� LPSRUWDQW�VLJQDOLQJ

URXWH� LQYROYLQJ� FHOO� SUROLIHUDWLRQ� �%OHQLV�� ������� 5HFHQW

VWXGLHV�� KRZHYHU�� DOVR� UHSRUWHG� D� UROH� RI� WKH� 0$3.

SDWKZD\�LQ�JURZWK�DUUHVW�RI�WKH�FHOOV��=LQF�LV�DQ�HVVHQWLDO

WUDFH�HOHPHQW�LQ�ERG\�DQG�QXPHURXV�VWXGLHV�KDYH�EHHQ

UHSRUWHG� LQYROYHPHQW�RI�GLHWDU\�]LQF� LQ� WKH�SUROLIHUDWLRQ

DV�ZHOO� DV� JURZWK�DUUHVW� RI� FHOOV��5HFHQW� VWXGLHV� LGHQ�

WLILHG�]LQF�LQGXFHG�DFWLYDWLRQ�RI�(5.�0$3.V� LQ�VHYHUDO

W\SHV� RI� FHOOV� �+DQVVRQ�� ������ :X� HW� DO��� ������ DQG

HQKDQFHG�H[SUHVVLRQ�RI�S��&LS�:$)�� FHOO� F\FOH� UHJXODWRU

LQ�KXPDQ�SURVWDWLF�FDUFLQRPD�FHOOV��/LDQJ�HW�DO���������

+RZHYHU�� WKH� LQWHUUHODWLRQVKLS� EHWZHHQ� ELRFKHPLFDO

FKDQJHV�DQG�FHOO�JURZWK�UHODWHG�ZLWK�WKRVH�FKDQJHV�KDV

QRW�EHHQ�FODULILHG��

7R�EHWWHU�XQGHUVWDQG�D� UROH�RI� WKH�0$3.�SDWKZD\� LQ

WKH�UHJXODWLRQ�RI�S��&LS�:$)���ZH�PRQLWRUHG�(5.�DFWLYDWLRQ

DQG�S��&LS�:$)��LQGXFWLRQ�LQ�+7����FRORUHFWDO�FDQFHU�FHOO

OLQH� �6KLII� HW� DO��� ������� 7KH� (5.V� ZHUH� VWURQJO\

DFWLYDWHG� DW� �� K� DIWHU� WUHDWPHQW�ZLWK� ����P0�=Q&O�� LQ

VHUXP� VWDUYHG� PHGLXP� FRQWDLQLQJ� ��� )%6�� DQG� WKDW

FRQFRPLWDQWO\� LQGXFHG� S��&LS�:$)��� DQG� F\FOLQ� '�� FHOO

F\FOH�UHJXODWRUV��)LJXUH�����,QGXFWLRQ�RI�WKH�SRVLWLYH�DQG

QHJDWLYH�FHOO�F\FOH�UHJXODWRUV��F\FOLQ�'��DQG�S��&LS�:$)��
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E\� WKH� 0$3.� SDWKZD\� ZDV� DOVR� REVHUYHG� E\� RWKHU

VWXGLHV�LQ�1,+�7��FHOOV��6HZLQJ�HW�DO���������:RRGV�HW

DO����������$FWLYDWLRQ�RI�(5.V�DV�ZHOO�DV�WKH�S��&LS�:$)�

DQG� F\FOLQ� '�� ZHUH� VLJQLILFDQWO\� EORFNHG� E\� SUH�

WUHDWPHQW� RI� DQ�0(.� LQKLELWRU�� 3'������ �$OHVVL�HW� DO��

�������)LJXUH�����7KHVH�UHVXOWV�VXJJHVW�WKDW�WKH�S��&LS�

:$)�� DQG� F\FOLQ� '�� LQGXFWLRQ� E\� ]LQF� PD\� EH� UHVXOWHG

IRUP�WKH�DFWLYDWLRQ�RI�WKH�(5.�SDWKZD\��,W�LV�NQRZQ�WKDW

H[WUD�FHOOXODU�]LQF�DOVR�DFWLYDWHV�3,�.�SDWKZD\� �.LP�HW

DO��� ������ WKDW� UHODWHG� ZLWK� (5.� SDWKZD\�� 7KH� 3,�.

SDWKZD\� ZKLFK� LV� LPSRUWDQW� IRU� JURZWK� UHJXODWLRQ� DQG

DSRSWRVLV�RIWHQ�FURVV�WDONV�ZLWK�(5.�SDWKZD\��5RPPHO

HW� DO��� ������ =LPPHUPDQQ� DQG� 0RHOOLQJ�� ������� DQG

H[SUHVVLRQ�RI�WDUJHW�JHQHV�E\�WKRVH�VLJQDOLQJ�SDWKZD\V

FRXOG�DIIHFW�VLPXOWDQHRXVO\�E\�FRPPRQ�VLJQDOLQJ�PROH�

FXOH� �.HUNKRII� DQG�5DSS�� �������+RZHYHU�� UHODWLRQVKLS

EHWZHHQ�WKHVH�SDWKZD\V�LQ�WKH�UHJXODWLRQ�RI�WDUJHW�JHQH

H[SUHVVLRQ�ZDV�QRW� LQYHVWLJDWHG��+HUH��ZH�LQYHVWLJDWHG

WKH� UROH� RI� 3,�.� SDWKZD\� LQ� WKH� (5.�GHSHQGHQW

LQGXFWLRQ�RI�S��&LS�:$)��DQG�F\FOLQ�'���:H�WUHDWHG�+7���
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