


'D\�DQG�QLJKW�OHQJWKV�ZHUH�������K��ZLWK�����&��
6HHGV�ZHUH� VXUIDFH� VWHULOL]HG�ZLWK� ���� VRGLXP�
K\SRFKORULWH� VROXWLRQ� IRU� ��� PLQXWHV� DQG� WKHQ�
ZDVKHG� IRXU� WLPHV� ZLWK� GLVWLOOHG� ZDWHU�� 7ZHQW\�
VHHGV�RI�HDFK�ZKHDW�JHQRW\SH�ZHUH�SODQWHG�LQ�HDFK�
SHWUL�GLVKHV�FRQWDLQLQJ�¿OWHU�SDSHU��*HUPLQDWLRQ�
UDWH��VHHGOLQJ�YLJRU��FROHRSWLOH�OHQJWK��URRW�OHQJWK�
DQG�VKRRW�OHQJWK�GHWHUPLQHG�IROORZLQJ�WKH�PHWKRG�
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$QDO\VLV�RI�YDULDQFH�ZDV�SHUIRUPHG�XVLQJ�WKH�
*HQVWDW�VWDWLVWLF�SDFNDJH��0HDQV�ZHUH�FRPSDUHG�
DFFRUGLQJ�WR�/6'�WHVW�DW������SUREDELOLW\�OHYHOV�

7KH�UHVXOW�REWDLQHG�IURP�DQDO\VLV�RI�YDULDQFH�
UHYHDOHG� VLJQL¿FDQW� GLIIHUHQFHV� DPRQJ� GLIIHUHQW�
OHYHOV� RI� GURXJKW� VWUHVV� �7DEOH� ���� 7KHUH� ZDV�
GHFUHDVH�LQ�JHUPLQDWLRQ�DQG�VHHGOLQJ�JURZWK�ZLWK�
LQFUHDVH�LQ�GURXJKW�VWUHVV�

*HUPLQDWLRQ�UDWH�GHFUHDVHG�VLJQL¿FDQWO\�LQ�DOO�
FXOWLYDUV��7KH�GHFUHDVHV�ZHUH�PRUH�DSSDUHQW�DW��
����DQG������FRQFHQWUDWLRQV��,Q������03D�WUHDWPHQW�
PD[LPXP� JHUPLQDWLRQ� UDWH� ZDV� H[HFXWHG� E\�
3HKOLYDQ� ������� ZKHUHDV� '=7����� VKRZHG�
PLQLPXP�JHUPLQDWLRQ�UDWHV��������7HNLQ�KDG�WKH�
KLJKHVW� JHUPLQDWLRQ� UDWH� ������ DQG� '=7�����
H[KLELWHG�ORZHVW�JHUPLQDWLRQ�UDWH���������DW�����
03D�WUHDWPHQW��:KLOH�QRQH�RI�WKH�VHHGV�ZDV�DEOH�
WR�JHUPLQDWH�DW�����03D�RI�3(*��$OO�JHQRW\SHV�
H[KLELWHG�GHFUHDVHV�LQ�VHHGOLQJ�YLJRU�DV�RVPRWLF�
SRWHQWLDO� ZDV� GHFUHDVHG� IURP� �� WR� ����� 03D�
�7DEOH���� 7KH� KLJKHVW� VHHGOLQJ� YLJRU� ZDV�
GHWHUPLQHG� E\� JHQRW\SH� 3HKOLYDQ� ������ LQ�
FRQWURO�� ZKHUHDV� '=7����� VKRZHG� PLQLPXP�
JHUPLQDWLRQ���������DW������03D�3(*�VROXWLRQ�

6LJQL¿FDQW�UHGXFWLRQ�LQ�FROHRSWLOH�OHQJWK�ZDV�

REVHUYHG�LQ�GURXJKW�VWUHVV�LQ�DOO�JHQRW\SHV��7KHUH�

ZDV� D� VOLJKW� GHFUHDVH� LQ� FROHRSWLOH� OHQJWK�

DVVRFLDWHG� ZLWK� WKH� ����� 03D� DQG� ����� 03D�

WUHDWPHQWV��7HNLQ�KDG�PD[LPXP�VKRRW�OHQJWK�ZLWK�

������DQG�������UHGXFWLRQ�DV�FRPSDUH�WR�FRQWURO�

DW������03D�DQG������03D�WUHDWPHQWV�UHVSHFWLYHO\�

�)LJXUH� ���7KH� VKRRW� OHQJWK� ZDV� GHFUHDVHG�

VLJQL¿FDQWO\� ZLWK� LQFUHDVLQJ� RI� GURXJKW� VWUHVV�

OHYHOV��7KH�GHFUHDVHV�ZHUH�YHU\�KLJK�DW������03D�

DQG� ����� 03D�� '=7����� KDG� PD[LPXP� VKRRW�

OHQJWK��������PP��ZLWK�����UHGXFWLRQ�DV�FRPSDUH�

WR� FRQWURO� DW� ����03D� 3(*� VWUHVV��:KLOH� LW� KDV�

PD[LPXP� UHGXFWLRQ� ������ ZDV� JLYHQ� E\� DOO�

JHQRW\SHV�XQGHU������DQG������3(*�VWUHVV��)LJXUH�

���$Q� LQFUHDVH� LQ�3(*� FRQFHQWUDWLRQV� RYHU� �����

DQG�������03D�VLJQL¿FDQWO\�UHGXFHG�WKH�OHQJWK�RI�

URRW� FRPSDUHG� WR� FRQWURO�� 7KH� PD[LPXP� URRW�

OHQJWK� ZDV� REVHUYHG� LQ� FRQWURO� DQG� PLQLPXP�

YDOXHV�REVHUYHG�LQ������03D��)LJXUH����

2XU�GDWD�VKRZV�WKDW�JHUPLQDWLRQ�UDWH��VHHGOLQJ�

YLJRU�� FROHRSWLOH� OHQJWK�� VKRRW� OHQJWK� DQG� URRW�

OHQJWK� RI� DOO� ZKHDW� JHQRW\SHV� GHFUHDVHG�

VLJQL¿FDQWO\� XQGHU� GURXJKW� VWUHVV�� 'URXJKW� LV�

FRQVLGHUHG�RQH�RI�WKH�PRVW�GHYDVWDWLQJ�DPRQJ�WKH�

HQYLURQPHQWDO� VWUHVVHV� >�@�� $OO� DJULFXOWXUDO�

UHJLRQV�ZLOO� H[SHULHQFH�GURXJKW�DQG� VRPH�DUHDV�

H[SHULHQFH�SUHGLFWDEOH�GU\�VHDVRQV�DV�VRPH�RWKHUV�

H[SRVHG� WR� XQSUHGLFWDEOH� GURXJKW� SHULRGV��

'URXJKW�VWUHVV�GHFUHDVHV�WKH�FURS�TXDOLW\�DQG�\LHOG�

XS� WR� ���� RU� PRUH� >�@�� 'XH� WR� WKH� QHHG� RI�

GHYHORSLQJ�DQG�LGHQWLI\LQJ�GURXJKW�WROHUDQW�FURS�

OLQHV�� XQGHUVWDQGLQJ� WKH� IXQFWLRQLQJ� FDSDFLW\� RI�

GURXJKW� WROHUDQW� SODQWV� XQGHU� ZDWHU� GH¿FLW�

FRQGLWLRQV�LV�LQHYLWDEOH�>��@�
8QGHU� GURXJKW� VWUHVV�� JURZWK� LQKLELWLRQ�

REVHUYHG� LQ� DOO� FXOWLYDUV�� 7KH� LQFUHDVHV� LQ� WKH�
JURZWK� LQKLELWLRQ� RI� WKH� SODQWV� EHFRPH� PRUH�
VLJQL¿FDQW� DW� KLJK� 3(*� FRQFHQWUDWLRQ��9DQ� GHQ�
%HUJDQG�=HQJ�>�@�UHSRUWHG�WKDW�GURXJKW�SOD\V�DQ�
LPSRUWDQW � UROH� QRW � RQO\� LQ� GHWHUPLQLQJ�
JHUPLQDWLRQ� UDWHV�� EXW� DOVR� LQÀXHQFHV� VHHGOLQJ�
GHYHORSPHQW��6LJQL¿FDQW�UHGXFWLRQ�LQ�FROHRSWLOH��
VKRRW�DQG�URRW�OHQJWK�DW�KLJKHU�FRQFHQWUDWLRQV�RI�
3(*� ZDV� REVHUYHG� DV� FRPSDUH� WR� FRQWURO�� 7KH�
UHDVRQ�IRU�ORZ�VKRRW�DQG�URRW�OHQJWK�PD\�EH�GXH�WR�
LQFUHDVH� LQ� RVPRWLF� SRWHQWLDO� E\� LQFUHDVLQJ�
GURXJKW�� ZKLFK� OHDGV� WR� GHK\GUDWLRQ�� LRQLF�
LPEDODQFH� LQ� WUDQVSLULQJ� OHDYHV� WKDW� FDXVHG�
UHGXFWLRQ�LQ�PHULVWHP�DFWLYLW\�DQG�FHOO�HORQJDWLRQ��
FRQVHTXHQWO\� LQKLELW� WKH� JURZWK� RI� ZKHDW� SODQW�
>��������@��%DUWHOV�DQG�6XQNDU�>��@�FRQFOXGHG�WKDW�
JURZWK� DUUHVW� PLJKW� DOORZ� SODQWV� WR� SUHVHUYH�
FDUERK\GUDWHV�IRU�SURORQJHG�HQHUJ\�VXSSO\�DQG�IRU�
VXVWDLQHG� PHWDEROLVP� WKH� UHGXFWLRQ� LQ� WKH� URRW�
OHQJWK�XQGHU�GURXJKW�VWUHVV��5RRW�OHQJWK�LV�D�YHU\�
LPSRUWDQW�WUDLW�IRU�WKH�SODQWV�WR�FRSH�ZLWK�GURXJKW�
HQYLURQPHQWV�� ,Q� WKLV� VWXG\� KDV� VKRZQ� WKDW� WKH�
UHVXOWV�DUH�LQ�DJUHHPHQW�ZLWK�WKH�VWXG\�'UDQGD�HW�
DO�>��@�ZKR�QRWLFHG�WKH�VLJQL¿FDQW�GHFOLQH�LQ�WKH�
JHUPLQDWLRQ�DQG�VHHGOLQJ�JURZWK�

,W�LV�SRLQWOHVV�WR�XVH������DQG������3(*�VWUHVV�
EHFDXVH�RI�WKH�ORVV�RI�WKH�JHQRW\SLF�GLIIHUHQFH�DQG�
DOPRVW�DOO�RI�WKH�SODQWV�DUH�GLHG�LQ�3(*�FRQGLWLRQV�
LQ� EUHDG� ZKHDWV�� ,Q� WKLV� VWXG\�� WKH� GURXJKW�
WROHUDQFH�RI�WKH�YDULHWLHV�FKDQJHG�DFFRUGLQJ�WR�WKH�
VHYHULW\�RI�WKH�GURXJKW�DQG�WKH�WUDLWV�LQYHVWLJDWHG��
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&RPSDUD W LYH � V WXG\ � RQ � E LRFKHPLFD O�
SDUDPHWHUV� DQG� DQWLR[LGDQW� HQ]\PHV� LQ� D�
GURXJKW� WROHUDQW� DQG� D� VHQVLWLYH� YDULHW\� RI�
+RUVHJUDP� �0DFURW\ORPD� XQLÀRUXP�� XQGHU�
GURXJKW� VWUHVV�� $PHULFDQ� MRXUQDO� RI� 3ODQW�
3K\VLRORJ\��������������

>��@�=KX��-��.����������3ODQW�VDOW�WROHUDQFH��7UHQGV�
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>��@�+XDQJ�<���*�3��=KDQJ��)�%��:X��-��&KHQ�DQG�<��
;LDR�� �������,QWHUDFWLRQ� RI� VDOLQLW\� DQG�
FDGPLXP� VWUHVVHV� RQ� DQWLR[LGDQWHQ]\PHV��
VRGLXP�� DQG� FDGPLXP� DFFXPXODWLRQ� LQ�
IRXUEDUOH\�JHQRW\SHV��-��3ODQW�1XWU������������
�����

>��@�%DUWHOV�'��DQG�6XQNDU�5����������'URXJKW�DQG�
VDOW� WROHUDQFH� LQ�SODQWV��&ULW�5HY�3ODQW�6FL���
�����±���

>��@�'KDQGD��6��6���6HWKL��*��6�DQG�%HKO��5��.��
��������,QGLFHV�RI�GURXJKW�WROHUDQFH�LQ�ZKHDW�
JHQRW\SHV� DW� HDUO\� VWDJHV� RI� SODQW� JURZWK��
-RXUQDO� RI� DJURQRP\� DQG� FURS� VFLHQFH��
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