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7KH�,QIOXHQFH�RI�3KRVSKDWH�)HUWLOL]HU�DQG�3ODQW�*URZWK�5HJXODWRUV�RQ

WKH�*URZWK�DQG�<LHOG�RI�5DWRRQ�5LFH��2U\]D�VDWLYD�/���*URZQ�RQ

6ZDPSODQG

6LWL�1XUXO�$LGLO�)LWUL�
��6LWL�0DVUHDK�%HUQDV�
��(UL]DO�6RGLNLQ���$QGL�:LMD\D��DQG�)HUUD�$SULDGL�

�'HSDUWPHQW�RI�6RLO�6FLHQFH��6ULZLMD\D�8QLYHUVLW\���'HSDUWPHQW�RI�$JURQRP\��6ULZLMD\D�8QLYHUVLW\
�3URJUDP�6WXG\�RI�$JURHFRWHFKQRORJ\��6ULZLMD\D�8QLYHUVLW\


H�PDLO�� JDGLVBVDOPDQ#\DKRR�FR�LG�� EHUQDVPDVUHDK#\DKRR�FRP

5HFHLYHG����1RYHPEHU�������DFFHSWHG����$SULO�����

$%675$&7

7KLV�UHVHDUFK�DLPHG�WR�VWXG\�WKH�LQIOXHQFH�RI�SKRVSKDWH�IHUWLOL]HU�DQG�SODQW�JURZWK�UHJXODWRU�DSSOLFDWLRQV�RQ�WKH

JURZWK�DQG�\LHOG�RI�UDWRRQ�ULFH�JURZQ�RQ�VZDPSODQG��7KH�UHVHDUFK�ZDV�FRQGXFWHG�LQ�6HSWHPEHU������WR�-DQXDU\

�����DW�WKH�JUHHQKRXVH�RI�'HSDUWPHQW�RI�6RLO�6FLHQFH��)DFXOW\�RI�$JULFXOWXUH��6ULZLMD\D�8QLYHUVLW\��6RLO�FKDUDFWHULV�

WLFV�ZHUH�DQDO\]HG�LQ�WKH�/DERUDWRU\�RI�&KHPLVWU\��%LRORJ\�DQG�6RLO�)HUWLOLW\��'HSDUWPHQW�RI�6RLO�6FLHQFH��)DFXOW\�RI

$JULFXOWXUH��6ULZLMD\D�8QLYHUVLW\��7KH�H[SHULPHQW�ZDV�DUUDQJHG�LQ�D�IDFWRULDO�&RPSOHWHO\�5DQGRPL]HG�'HVLJQ���7KH

ILUVW�IDFWRU�ZDV�WKH�SKRVSDWH�IHUWLOL]HU�GRVDJHV��L�H������NJ�KD����3��������NJ�KD����3��������NJ�KD����3����7KH�VHFRQG�IDFWRU

ZDV�WKH�SODQW�JURZWK�UHJXODWRU�WUHDWPHQWV��FRQVLVWLQJ�RI�FRQWURO��=����&\WRNLQLQ����SSP��=����*LEEHUHOOLQ����SSP��=���

7KH�UHVXOWV�VKRZHG�WKDW�WKH�DSSOLFDWLRQ�RI�3�IHUWLOL]HU�GLG�QRW�DIIHFW�WKH�\LHOG�DQG�JURZWK�RI�UDWRRQ�ULFH��+RZHYHU��WKH

DSSOLFDWLRQ�RI�3ODQW�*URZWK�5HJXODWRUV�UHVXOWHG�LQ�D�VLJQLILFDQW�HIIHFW�RQ�WKH�JURZWK�DQG�\LHOG�RI�UDWRRQ�ULFH��7KH

DSSOLFDWLRQ�RI�3ODQW�*URZWK�5HJXODWRU�RI�*LEEHUHOOLQ�ZLWK�WKH�GRVDJH�RI����SSP�ZDV�DEOH�WR�LQFUHDVH�WKH�SHUFHQWDJH

RI�ILOOHG�JUDLQV�����������GHFUHDVH�WKH�SHUFHQWDJH�RI�HPSW\�JUDLQV�����������LQFUHDVH�WKH�ZHLJKW�RI�����JUDLQV�������J�

DQG�LQFUHDVH�WKH�GU\�ZHLJKW�RI��PLOOHG�JUDLQV�������0J�KD�����,W�LV�VXJJHVWHG�WKDW�WKH�WUHDWPHQW�UHVXOWHG�LQ�EHWWHU�SODQW

JURZWK�DQG�\LHOG�REWDLQHG�LQ�WKH�FXUUHQW�VWXG\�PLJKW�EH�UHFRPPHQGHG�IRU�UDWRRQ�FXOWLYDWLRQ�LQ�VZDPSODQG�

.H\ZRUGV��&\WRNLQLQ��JLEEHUHOOLQ��ULFH��SKRVSKRUXV��\LHOG��UDWRRQ��VZDPSODQG

3HQHOLWLDQ�LQL�EHUWXMXDQ�XQWXN�PHQJHWDKXL�SHQJDUXK�DSOLNDVL�SXSXN�IRVIDW�GDQ�SHPEHULDQ�]DW�SHQJDWXU� WXPEXK

WHUKDGDS�SHUWXPEXKDQ�GDQ�SURGXNVL�SDGL�UDWXQ�SDGD�WDQDK�UDZD�OHEDN��3HQHOLWLDQ�LQL�GLODNVDQDNDQ�VHMDN�6HSWHPEHU

�����VDPSDL�-DQXDUL������GL�UXPDK�NDFD�-XUXVDQ�,OPX�7DQDK��)DNXOWDV�3HUWDQLDQ��8QLYHUVLWDV�6ULZLMD\D�GDQ�DQDOLVLV

VLIDW�WDQDK�GLODNVDQDNDQ�GL�/DERUDWRULXP�,OPX�WDQDK��)DNXOWDV�3HUWDQLDQ��8QLYHUVLWDV�6ULZLMD\D��3HQHOLWLDQ�GLUDQFDQJ

PHQJJXQDNDQ�5DQFDQJDQ�)DNWRULDO�$FDN�/HQJNDS��)DNWRU�SHUWDPD�DGDODK�GRVLV�SXSXN�IRVIDW��\DLWX�����NJ�KD����3���

����NJ�KD����3��������NJ�KD����3����)DNWRU�NHGXD�DGDODK�SHUODNXDQ�]DW�SHQJDWXU�WXPEXK��\DLWX�NRQWURO��=����VLWRNLQLQ

���SSP��=����*LEHUHOLQ����SSP��=����+DVLO�SHQHOLWLDQ�PHQXQMXNNDQ�EDKZD�DSOLNDVL�SXSXN�3�WLGDN�PHPSHQJDUXKL

SHUWXPEXKDQ�GDQ�SURGXNVL�SDGL� UDWXQ��7HWDSL�SHUODNXDQ�]DW�SHQJDWXU�WXPEXK�PHPSXQ\DL�SHQJDUXK�\DQJ�Q\DWD

WHUKDGDS�SHUWXPEXKDQ�GDQ�SURGXNVL�SDGL� UDWXQ��$SOLNDVL�]DW�SHQJDWXU� WXPEXK�JLEHUHOLQ�GHQJDQ�GRVLV����SSP

PDPSX�PHQLQJNDWNDQ�SHUVHQWDVH�JDEDK�LVL������������PHQXUXQNDQ�SHUVHQWDVH�JDEDK�KDPSD�����������PHQLQJNDWNDQ

EHUDW�����EXWLU�SDGL�������J��GDQ�PHQLQJNDWNDQ�EHUDW�JDEDK�NHULQJ�JLOLQJ������0J�KD�����'LVDUDQNDQ�SHUODNXDQ�WHUEDLN

GDODP�SHQHOLWLDQ�LQL�GLUHNRPHQGDVLNDQ�XQWXN�GLDSOLNDVLNDQ�SDGD�EXGLGD\D�SDGL�UDWXQ�SDGD�ODKDQ�UDZD�OHEDN�

.DWD�.XQFL��)RVIRU��JLEHUHOLQ��ODKDQ�UDZD��SDGL��SURGXNVL��UDWXQ��VLWRNLQLQ
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,QGRQHVLD�LV�NQRZQ�DV�DQ�DJULFXOWXUDO�SURGXF�

LQJ�FRXQWU\�ZLWK�D�ZLGH�UDQJH�RI�VRLO�W\SHV�DQG�IHU�

WLOLW\��'XH� WR� UDSLG�GHYHORSPHQW�RI� LQGXVWULDO� DQG

KRXVLQJ�DUHD��PDQ\�IHUWLOH�DJULFXOWXUDO�VRLOV�KDYH�EHHQ

ORVW��7KLV�OHDGV�WR�DQ�DOWHUQDWLI�WR�XVH�RI�PDUJLQDO

VZDPSODQG� IRU� WKH� H[WHQWLRQ� RI� DJULFXOWXUDO� DUHD�

6ZDPSODQG�VSUHDGV�DOO�RYHU�LQ�,QGRQHVLD�DQG�WKHUH

DUH�DERXW�����PLOOLRQV�KD�RI�VZDPSODQG� LQ�6RXWK

6XPDWUD��ZKLFK� DUH� SRWHQWLDO� IRU� ULFH� FXOWLYDWLRQ

�:DOX\R�HW�DO��������

�6ZDPSODQG�JHQHUDOO\�FRQWDLQV�UHODWLYHO\�ORZ

DYDLODEOH�SKRVSKRUXV�GXH�WR�VRLO�DFLGLW\�WKDW�FDXVHV

SKRVSKRUXV�ERXQG�WR�)H��DQG�$O��K\GU�R[LGHV��UH�

VXOWLQJ�LQ�OHVV�VROXEOH�DQG�XQDYDLODEOH�3�WR�SODQWV��,Q

DGGLWLRQ��WKH�VWXG\�E\�)LWUL�HW�DO���������LQGLFDWHG

WKDW�WKH��3�FRQWHQW�LQ�VZDPSODQG�ZDV�YHU\�ORZ������

SSP���ZKLFK�IXUWKHU�FDXVHG�D�KLJK�QXPEHU�RI�HPSW\

JUDLQV�RI�ULFH��7KH�SHUFHQWDJH�RI�HPSW\�ULFH�JUDLQV

RI� WKH�PDLQ� FURS�ZHUH������� ����������ZKHUHDV

WKH�HPSW\�ULFH�JUDLQV�RI�UDWRRQ�FURS�ZHUH��������

�����+LJK� QXPEHU� RI� HPSW\� ULFH� JUDLQV� FDQ� GH�

FUHDVH�ULFH�\LHOG��VR�WKDW�HIIRUWV�VKRXOG�EH�PDGH�E\

DSSO\LQJ�SKRVSKRUXV�IHUWLOL]HU�WR�WKH�VRLO��$SSOLFD�

WLRQ�RI�DSSURSULDWH�IHUWLOL]DWLRQ�WHFKQRORJ\�FDQ�EH�DQ

RSWLRQ�WR�LQFUHDVH�QXWULHQW�FRQWHQW�LQ�VRLOV�DQG�LQ�

FUHDVH�VRLO�S+��7KH�DFFXUDF\�RI�IHUWLOL]DWLRQ�LV�FUX�

FLDO�IRU�WKH�JURZWK�DQG�SURGXFWLYLW\�RI�SODQWV��)HU�

WLOL]DWLRQ�VKRXOG�EH�GRQH�HIIHFWLYHO\�DQG�HIILFLHQWO\�

LQ�DFFRUGDQFH�WR�WKH�)LYH�5LJKW�SULQFLSOHV��L�H��ULJKW

WLPH��ULJKW�GRVH��ULJKW�PHWKRG��ULJKW�VRXUFH�DQG�ULJKW

SODFH��$ULILQ�HW�DO��������

$Q�HIIRUW�LQ�RSWLPL]LQJ�ULFH�FXOWLYDWLRQ�LQ�VZDPS�

ODQG�FDQ�EH�GRQH�E\�DSSO\LQJ�PDLQ�ULFH�FXOWLYDWLRQ

IROORZHG�E\�UDWRRQ�ULFH�FXOWLYDWLRQ��5DWRRQ�ULFH�JURZV

DIWHU�WKH�PDLQ�ULFH�LV�KDUYHVWHG��%HQHILWV�RI�UDWRRQ

FURSSLQJ�V\VWHP�DUH�����LQFUHDVH�ULFH�SURGXFWLYLW\

SHU�SODQWLQJ�VHDVRQ�����SURGXFWLRQ�FRVW�LV�FKHDSHU

EHFDXVH�WKLV�V\VWHP�GRHV�QRW�UHTXLUH�VRLO�WLOODJH�DQG

VHHGOLQJV�DQG���� WKH�UHTXLUHG�DPRXQW�RI� IHUWLOL]HU

ZLOO�EH�OHVV��6RPH�RI�WKH�VXSHULRU�YDULHWLHV�FDQ�SUR�

GXFH�\LHOG�RI�UDWRRQ�ULFH�����XS�WR�����RI�WKH�PDLQ

FURS��6XVLODZDWL�������

<LHOG�RI�UDWRRQ�ULFH�LV� LQ�JHQHUDO� ORZHU�FRP�

SDUHG�WR�\LHOG�RI�PDLQ�FURS��%HWWHU�FXOWLYDWLRQ�DQG

PDQDJHPHQW�WHFKQLTXHV�PD\�LQFUHDVH�WKH�\LHOG�RI

UDWRRQ�FURSV��VXFK�DV�WKH�DSSOLFDWLRQ�RI�SODQW�JURZWK

UHJXODWRU��3*5��RQ�ULFH�SODQWV��&\WRNLQLQ�DQG�JLE�

EHUHOOLQ� DUH� WZR� W\SHV� RI�3*5� WKDW� FDQ� VWLPXODWH

SODQW�JURZWK��*HQHUDOO\��WKH�DFWLYH�JURZWK�UHJXODWRU

DIIHFWV�SODQWV�LQ�YHU\�OLWWOH�GRVHV��:DK\XULQL�������

6RPH�JURZWK�UHJXODWRUV��VXFK�DV�F\WRNLQLQ�DQG

JLEEHUHOOLQ��KDYH�EHHQ�XVHG�LQ�UHVHDUFK�DQG�VKRZHG

VRPH�HIIHFWV�RQ�SODQW�JURZWK��+RZHYHU��WKH�QXP�

EHU�RI�VWXG\�RQ�WKH�XVH�RI�SODQW�JURZWK�UHJXODWRUV

IRU�ULFH�SODQWV�JURZQ�RQ�VZDPSODQG�LV�VWLOO�UHODWLYHO\

VPDOO�DQG�KDV�QRW�EHHQ�SXEOLVKHG�ZLGHO\�� �7KHUH�

IRUH��LW�LV�QHFHVVDU\�WR�VWXG\�WKH�HIIHFWV�RI�3*5�DQG

SKRVSKDWH� IHUWLOL]HU� DSSOLFDWLRQV� RQ� ULFH� \LHOG� LQ

VZDPSODQG�� ,W� LV� H[SHFWHG� WKDW� WKH� UHVXOWV� RI� WKLV

VWXG\�FDQ�EH�XVHG�IRU�PDQDJHPHQW�RI� ULFH�JURZQ

RQ�VZDPSODQG�

7KH�REMHFWLYHV�RI�WKLV�UHVHDUFK�DUH�WR�VWXG\�WKH

HIIHFWV�RI�3�IHUWLOL]HU�DQG�3*5�DSSOLFDWLRQV�RQ�WKH

\LHOG�RI� UDWRRQ�ULFH�JURZQ�RQ�VZDPSODQG��DQG� WR

ILQG�RXW�WKH�DSSURSULDWH�GRVH�RI�3�IHUWLOL]HU�DQG�WKH

JRRG�HIIHFWV�RI� WKH�FRPELQDWLRQ�RI� WKH� WZR� WUHDW�

PHQWV�RQ�WKH�\LHOG�RI�UDWRRQ�ULFH�

7KH�UHVXOWV�RI�WKLV�UHVHDUFK�LV�H[SHFWHG�WR�DGG

QRYHO�LQIRUPDWLRQ�RQ�WKH�VWUDWHJ\�DQG�DSSURSULDWH

WHFKQRORJ\�LQ�RSWLPL]LQJ�ULFH�FXOWLYDWLRQ�LQ�VZDPS

ODQG��,Q�DGGLWLRQ��LW�LV�DOVR�H[SHFWHG�WR�DVVLVW�IDUPHUV

LQ�WHUPV�RI�LQFUHDVLQJ�WKH�\LHOG�RI�ULFH��LPSURYLQJ�3

IHUWLOL]DWLRQ�HIILFLHQF\��LQFUHDVLQJ�WKH�LQWHQVLW\�RI�ULFH

FXOWLYDWLRQ�WKURXJK�UDWRRQ�FURSSLQJ�V\VWHP��DV�ZHOO

DV�VWXG\LQJ�WKH�XVH�RI�VRPH�3*5�LQ�LQFUHDVLQJ�WKH

\LHOG�RI�UDWRRQ�ULFH�

0$7(5,$/6�$1'�0(7+2'6

6WXG\�6LWH

7KLV�UHVHDUFK�ZDV�FRQGXFWHG�LQ�WKH�JUHHQKRXVH

RI�'HSDUWPHQW�RI�6RLO�6FLHQFH��)DFXOW\�RI�$JULFXO�

WXUH��6ULZLMD\D�8QLYHUVLW\��,QGUDOD\D�&DPSXV��6RXWK

6XPDWHUD��7KLV�UHVHDUFK�ZDV�FDUULHG�RXW�IURP�6HS�

WHPEHU������WR�-DQXDU\�������6RLO�DQG�FURS�DQDO\�

VHV�ZHUH�FDUULHG�RXW�LQ�WKH�/DERUDWRU\�RI�6RLO�&KHP�

LVWU\�DQG�6RLO�)HUWLOLW\��'HSDUWPHQW�RI�6RLO�6FLHQFH�

)DFXOW\�RI�$JULFXOWXUH��6ULZLMD\D�8QLYHUVLW\�

0DWHULDOV�8VHG� LQ� WKH�6WXG\

6RLO� VDPSOHV� ZHUH� WDNHQ� IURP� VZDPSODQG

DURXQG�)DFXOW\�RI�$JULFXOWXUH��6ULZLMD\D�8QLYHUVLW\�

,QGUDOD\D�&DPSXV��6RXWK�6XPDWUD��7KH�VRLO�VDPSOHV

ZHUH�DLU�GULHG�DQG�VLHYHG�XVLQJ���PP�VLHYLQJ�DQG

SXW� LQWR� HDFK� SRW� DERXW� �� NJ�� 7KUHH� VHHGV�ZHUH

SODQWHG� LQ� HDFK�SRW��$IWHU� WKH�PDLQ� ULFH�ZDV�KDU�

YHVWHG��WKH�FOXPSV�ZHUH�FXW�DERXW����FP�KLJK�DQG

WKH�WLOOHUV�ZHUH�JURZQ�IRU�UDWRRQ��7KLV�UHVHDUFK�XVHG

&LKHUDQJ� ULFH� YDULHW\�� SODQW� JURZWK� UHJXODWRUV� RI

*LEEHUHOOLQ�DQG�&\WRNLQLQ��DQG�IHUWLOL]HUV�RI�8UHD�

.&O�DQG�63����

([SHULPHQWDO�'HVLJQ�DQG�'DWD�$QDO\VLV

7KH� H[SHULPHQW�ZDV� DUUDQJHG� LQ� D� IDFWRULDO

&RPSOHWHO\�5DQGRPL]HG�'HVLJQ�ZLWK���UHSOLFDWLRQV�

7KH�ILUVW�IDFWRU�ZDV�WKH�GRVDJH�RI�63�����3�IHUWLO�

L]HU��WKDW�FRQVLVWHG�RI�WKUHH�OHYHOV��L�H�����3�������NJ
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KD���� ��� 3��� ���� NJ� KD���� ��� 3��� ���� NJ� KD���� 7KH

VHFRQG�IDFWRU�ZDV�WKH�3*5�WUHDWPHQW�WKDW�FRQVLVWHG

RI�WKUHH�OHYHOV�����=���ZLWKRXW�3*5�����=���&\WRNL�

QLQ��%$3��DW�D�GRVH�RI����SSP�����=���*LEEHUHOOLQ

�*$���DW�D�GRVH�RI����SSP�

7KHUH�ZHUH���î���î���WUHDWPHQWV�ZLWK���VHULHV�

VR� LQ� WRWDO� WKHUH�ZHUH� ���� SRWV�� ,I� WKH� UHVXOWV� RI

DQDO\VLV�RI�YDULDQFH�LQGLFDWHG�WKH�VLJQLILFDQW�GLIIHU�

HQFH�EHWZHHQ�WKH�WUHDWPHQWV��WKHQ�WKH�+RQHVW�6LJ�

QLILFDQW�'LIIHUHQFH��+6'��WHVW�ZDV�GRQH�DW����VLJ�

QLILFDQFH�OHYHO�

7KH� YDULDEOHV�PHDVXUHG�ZHUH� DV� IROORZ�� VRLO

FKDUDFWHULVWLFV��SODQW�KHLJKW�PHDVXUHG�ZHHNO\�� WKH

QXPEHU�RI�WLOOHU�SHU�FOXPS��WKH�QXPEHU�RI�SURGXF�

WLYH�WLOOHU��ZHLJKW�RI�����JUDLQV��SHUFHQWDJH�RI�HPSW\

DQG�ILOOHG�JUDLQV��DQG�GU\�ZHLJKW�RI�PLOOHG�JUDLQV�

5(68/76�$1'�',6&866,21

6RLO�&KDUDFWHULVWLFV

7KH�UHVXOWV�RI�VRLO�DQDO\VLV�LQ�7DEOH���LQGLFDWHG

WKDW�WKH�VRLO�XVHG�LQ�WKLV�VWXG\�KDV�ORZ�IHUWLOLW\�OHYHO�

7KH� VRLO� FKDUDFWHULVWLFV� DUH� SUHVHQWHG� LQ�7DEOH� ��

7KLV�VRLO�LV�FRQVLGHUHG�DV�DQ�DFLG�VXOSKDWH�VRLO�EH�

FDXVH� LW�FRQWDLQV�S\ULWH�DW������FP�GHSWK��7KHUH�

IRUH��WKH�S+�RI�WKLV�VRLO�LV�YHU\�DFLG�DQG�WKH�QXWULHQW

FRQWHQWV�DUH�LQ�WKH�OHYHO�RI�YHU\�ORZ�WR�PRGHUDWH�

7KH�(IIHFW�RI�3�)HUWLOL]DWLRQ�DQG�3ODQW�*URZWK

5HJXODWRU�$SSOLFDWLRQ� RQ�3ODQW�+HLJKW

7KH�UHVXOWV�RI�DQDO\VLV�RI�YDULDQFH�LQGLFDWHG�WKDW

WKH�DSSOLFDWLRQ�RI�3�IHUWLOL]HU�GLG�QRW�VLJQLILFDQWO\�DI�

IHFW�WKH�KHLJKW�RI�UDWRRQ�ULFH��EXW�3*5�DSSOLFDWLRQ

VKRZHG�D�VLJQLILFDQW�HIIHFW��7KHUH�ZDV�QR�VLJQLIL�

FDQW� LQWHUDFWLRQ�HIIHFW�EHWZHHQ�3�IHUWLOL]DWLRQ�DQG

3*5�DSSOLFDWLRQ�RQ�WKH�KHLJKW�RI�ULFH�SODQWV�

7KH�KLJKHVW�SODQW�KHLJKW�ZDV�PHDVXUHG�LQ�WKH

SORWV�DSSOLHG�ZLWK�3*5�RI�JLEEHUHOOLQ�ZLWK�WKH�DYHU�

DJH�RI�������FP��ZKLOH� WKH�DYHUDJH�KHLJKW�RI� WKH

SODQWV�ZLWKRXW�DSSOLFDWLRQ�RI�3*5��FRQWURO���ZDV������

FP��7KH�HIIHFW�RI�JLEEHUHOOLQ�DSSOLFDWLRQ�RQ�WKH�KHLJKW

RI�UDWRRQ�SODQWV�LV�PRUH�VLJQLILFDQW�FRPSDUHG�WR�WKH

DSSOLFDWLRQ�RI�F\WRNLQLQ�DQG�FRQWURO��,W�VKRZHG�WKDW

WKH�DSSOLFDWLRQ�RI�JLEEHUHOOLQ�DW�D�GRVH�RI����SSP

UHVXOWHG�LQ�WKH�KLJKHVW�KHLJKW�RI�UDWRRQ�ULFH��)LJXUH

��DQG����

7KH�(IIHFWV�RI�3�)HUWLOL]DWLRQ�DQG�3ODQW�*URZWK

5HJXODWRU�$SSOLFDWLRQ�RQ� WKH�0D[LPXP�1XP�

EHU� RI� 7LOOHU� DQG� WKH�1XPEHU� RI� 3URGXFWLYH

7LOOHU

7KH�DQDO\VLV�RI�YDULDQFH�LQGLFDWHG�WKDW�WKH�DS�

SOLFDWLRQ�RI�3�IHUWLOL]HU�KDV�QR�VLJQLILFDQW�HIIHFW�RQ

WKH�PD[LPXP�QXPEHU�RI�WLOOHU�DQG�WKH�QXPEHU�RI

SURGXFWLYH�WLOOHU�RI�UDWRRQ�SODQWV��EXW�WKH�DSSOLFDWLRQ

RI�3*5�KDV�D�VLJQLILFDQW�HIIHFW�RQO\�RQ�WKH�PD[L�

PXP�QXPEHU�RI�WLOOHU��7KHUH�ZDV�QR�LQWHUDFWLRQ�HI�

IHFW�EHWZHHQ�3�IHUWLOL]DWLRQ�DQG�3*5�DSSOLFDWLRQ�RQ

WKH�PD[LPXP�QXPEHU�RI�WLOOHU�DQG�WKH�QXPEHU�RI

SURGXFWLYH�WLOOHU�RI�ULFH�

3KRVSKDWH�IHUWLOL]DWLRQ�GLG�QRW�DIIHFW�WKH�PD[L�

PXP�QXPEHU�RI�WLOOHU��ZKLOH�3*5�DSSOLFDWLRQ�VLJQLIL�

FDQWO\�LQIOXHQFHG�WKH�PD[LPXP�QXPEHU�RI�WLOOHU�DW��

ZHHNV�RI�SODQW�JURZWK��7KH�DSSOLFDWLRQ�RI�JLEEHUHO�

7DEOH����&KDUDFWHULVWLFV�RI�VRLO�XVHG�LQ�WKH�H[SHULPHQW�

1RWH��
7KH�FULWHULD�SURSRVHG�E\�%DODL�3HQHOLWLDQ�7DQDK���������

6RLO�3URSHUWLHV� 8QLW� 9DOXH� &ULWHULD
�

S+��+�2������ �� ����� 9HU\�DFLG�

S+��.&O������ �� ����� 9HU\�DFLG�

2UJDQLF�&� �� ����� 9HU\�KLJK�

7RWDO�1� �� ����� 0HGLXP�

$YDLODEOH�3� SSP� ����� /RZ�

([FKDQJDEOH�.� PH����J
��
� ����� /RZ�

([FKDQJDEOH�1D� PH����J��� ����� /RZ�

([FKDQJDEOH�&D� PH����J
��
� ����� 9HU\�ORZ�

([FKDQJDEOH�0J� PH����J
��
� ����� 9HU\�ORZ�

&(&� PH����J��� ������ /RZ�

([FKDQJDEOH�$O� PH����J
��
� ����� +LJK�

([FKDQJDEOH�+� PH����J
��
� ����� /RZ�

7H[WXUH�FODVV���6DQG\�ORDP�

6DQG� �� ������ �

6LOW� �� ������ �

&OD\� �� ����� �

�
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OLQ�UHVXOWHG�LQ�WKH�KLJKHVW�QXPEHU�RI�WLOOHU��L�H��������

ZKLOH�WKH�SODQWV�ZLWKRXW�3*5�DSSOLFDWLRQ��FRQWURO�

UHVXOWHG�LQ�WKH�ORZHVW�QXPEHU�RI�WLOOHU�� L�H��������

7KH�DSSOLFDWLRQ�RI�JLEEHUHOOLQ�VKRZHG�PRUH�VLJQLIL�

FDQW�HIIHFW�RQ�WKH�PD[LPXP�QXPEHU�RI�WLOOHU�RI�UD�

WRRQ�ULFH�FRPSDUHG�WR�WKH�DSSOLFDWLRQ�RI�F\WRNLQLQ

DQG�FRQWURO��7KH� UHVXOWV�RI�+6'� WHVW� DW� ��� OHYHO

VKRZHG�WKDW�WKH�DSSOLFDWLRQ�RI�JLEEHUHOOLQ�ZLWK�D�GRVH

RI����SSP�UHVXOWHG�LQ�WKH�KLJKHVW�QXPEHU�RI�WLOOHU�RI

UDWRRQ�ULFH��)LJXUH����

7KH�(IIHFWV� RI�3�)HUWLOL]DWLRQ�DQG�3*5�$SSOL�

FDWLRQ� RQ� ����*UDLQ�:HLJKW�� 3HUFHQWDJH� RI

)LOOHG�*UDLQV�DQG�(PSW\�*UDLQV�RI�5DWRRQ�5LFH

7KH�UHVXOWV�RI�DQDO\VLV�RI�YDULDQFH�LQGLFDWHG�WKDW

WKH�DSSOLFDWLRQ�RI�3�IHUWLOL]HU�DQG�3*5�GLG�QRW�VLJ�

QLILFDQWO\�DIIHFW�WKH�ZHLJKW�RI�����ULFH�JUDLQV�DQG

WKH�SHUFHQWDJH�RI� ILOOHG�ULFH�JUDLQV��+RZHYHU�� WKH

3*5�DSSOLFDWLRQ�UHVXOWHG�LQ�D�VLJQLILFDQW�HIIHFW�RQ

WKH�SHUFHQWDJH�RI�HPSW\�ULFH�JUDLQV��7KHUH�ZDV�QR
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)LJXUH����7KH�HIIHFWV�RI�3�IHUWLOL]DWLRQ�DQG�3*5�DSSOLFDWLRQ�RQ�SODQW�KHLJKW�DW��QG�ZHHN��$����WK�ZHHN���%��

�WK�ZHHN���&����WK�ZHHN��'���RI�UDWRRQ�ULFH�� ��FRQWURO�� ��F\WRNLQLQ�� ��JLEEHUHOOLQ
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$JH�RI�UDWRRQ�ULFH��ZHHNV�

)LJXUH����7KH�HIIHFWV�RI�3*5�DSSOLFDWLRQ�RQ�SODQW

KHLJKW�� ��FRQWURO�� ��F\WRNLQLQ�� ��JLE�

EHUHOOLQ
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$JH�RI�UDWRRQ�ULFH��ZHHNV�

)LJXUH� ���7KH� HIIHFWV� RI� 3*5�DSSOLFDWLRQ� RQ� WKH

QXPEHU� RI� WLOOHU� FOXPS���� �� FRQWURO�� �

F\WRNLQLQ�� ��JLEEHUHOOLQ
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VLJQLILFDQW�LQWHUDFWLRQ�HIIHFW�EHWZHHQ�3�IHUWLOL]DWLRQ

DQG�3*5�DSSOLFDWLRQ�RQ�WKH�ZHLJKW�RI�����JUDLQV�

SHUFHQWDJH�RI�ILOOHG�JUDLQV�DQG�SHUFHQWDJH�RI�HPSW\

JUDLQV��7KH�DYHUDJH�ZHLJKW�RI�����JUDLQV��SHUFHQW�

DJH�RI�ILOOHG�JUDLQV�DQG�HPSW\�JUDLQV�RI�ULFH�DUH�SUH�

VHQWHG�LQ�)LJXUH���������DQG���

7KH�DSSOLFDWLRQ�RI�JLEEHUHOOLQ�UHVXOWHG�LQ�WKH�ORZ�

HVW�SHUFHQWDJH�RI�HPSW\�JUDLQV��L�H����������ZKLOH
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)LJXUH� ���7KH� HIIHFWV� RI� 3� IHUWLOL]DWLRQ� DQG�3*5

DSSOLFDWLRQ�RQ�WKH�QXPEHU�RI�SURGXFWLYH

WLOOHU�FOXPS���� ��FRQWURO�� ��F\WRNLQLQ�� �

JLEEHUHOOLQ

)LJXUH� ���7KH� HIIHFWV� RI� 3� IHUWLOL]DWLRQ� DQG�3*5

DSSOLFDWLRQ�RQ� WKH�ZHLJKW�RI�����JUDLQV

FOXPS���� ��FRQWURO�� ��F\WRNLQLQ�� ��JLE�

EHUHOOLQ

)LJXUH� ���7KH� HIIHFWV� RI� 3� IHUWLOL]DWLRQ� DQG�3*5

DSSOLFDWLRQ�RQ�SHUFHQWDJH�RI�ILOOHG�JUDLQV�

��FRQWURO�� ��F\WRNLQLQ�� ��JLEEHUHOOLQ

)LJXUH����7KH�HIIHFWV�RI�3�IHUWLOL]DWLRQ�DQG�3*5�DSSOL�

FDWLRQ�RQ�SHUFHQWDJH�RI� HPSW\�JUDLQV�� �

FRQWURO�� ��F\WRNLQLQ�� ��JLEEHUHOOLQ
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)LJXUH�����7KH�HIIHFWV�RI�3*5�DSSOLFDWLRQ�RQ�SHUFHQWDJH�RI�HPSW\�JUDLQV�
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WKH�SODQW�ZLWKRXW�3*5�DSSOLFDWLRQ��FRQWURO��KDG�WKH

WKH�KLJKHVW�SHUFHQWDJH�RI�HPSW\�JUDLQV��L�H���������

7KH�UHVXOW�VKRZHG�WKDW�WKH�DSSOLFDWLRQ�RI�JLEEHUHOOLQ

RQ�ULFH�SODQWV�FDQ�GHFUHDVH�WKH�QXPEHU�RI� HPSW\

JUDLQV�

7KH�(IIHFWV�RI�3�IHUWLOL]DWLRQ�DQG�3*5�$SSOLFD�

WLRQ�RQ�'U\�:HLJKW�RI�0LOOHG�*UDLQV

7KH�UHVXOWV�RI�DQDO\VLV�RI�YDULDQFH�LQGLFDWHG�WKDW

WKH�DSSOLFDWLRQ�RI�3�IHUWLOL]HU�GLG�QRW�DIIHFW�WKH�GU\

ZHLJKW�RI�PLOOHG�JUDLQV�RI�UDWRRQ�ULFH��+RZHYHU��WKH

3*5�DSSOLFDWLRQ�VKRZHG�D�VLJQLILFDQW�HIIHFW�RQ�WKH

GU\�ZHLJKW�RI�PLOOHG�JUDLQV��7KHUH�ZDV�QR�LQWHUDF�

WLRQ�HIIHFW�EHWZHHQ�3�IHUWLOL]DWLRQ�DQG�3*5�DSSOLFD�

WLRQ� RQ� WKH� GU\�ZHLJKW� RI�PLOOHG� JUDLQV�� 7KH� GU\

ZHLJKW�RI�PLOOHG�JUDLQV�RI�UDWRRQ�ULFH�LV�SUHVHQWHG�LQ

)LJXUH���DQG����

7KH�UHVXOWV�VKRZHG�WKDW�3�IHUWLOL]DWLRQ�VKRZHG

QR� VLJQLILFDQW� HIIHFW� RQ� WKH� GU\�ZHLJKW� RI�PLOOHG

JUDLQV�RI�UDWRRQ�ULFH��+RZHYHU��3*5�DSSOLFDWLRQ�VLJ�

QLILFDQWO\�DIIHFWHG�WKH�GU\�ZHLJKW�RI�PLOOHG�JUDLQV�

7KH�DSSOLFDWLRQ�RI�JLEEHUHOOLQ�UHVXOWHG�LQ�WKH�KLJKHVW

GU\�ZHLJKW�RI�PLOOHG�JUDLQV��L�H��������J�FOXPS���RU

�����0J�KD����7KH�ULFH�SODQWV�ZLWKRXW�3*5�DSSOLFD�

WLRQ��FRQWURO��UHVXOWHG�LQ�WKH�ORZHVW�GU\�ZHLJKW�RI

PLOOHG�JUDLQV�RI�UDWRRQ�ULFH��L�H�������J�FOXPS���RU

�����0J�KD���

'LVFXVVLRQ

7KH�UHVXOWV�RI�VRLO�DQDO\VLV�VKRZHG�WKDW�WKH�VRLO

VDPSOHV� IURP� WKH� VZDPSODQG�KDV� D�YHU\�DFLG�S+

��������7KH�ORZ�VRLO�S+�PDNHV�SODQWV�GLIILFXOW�WR�DE�

VRUE�1��3�DQG�.�HOHPHQWV��FDXVLQJ�VORZ�JURZWK�UDWH

DQG�ORZ�\LHOG�RI�SODQWV��2UJDQLF�&�FRQWHQW� LQ�WKH

VRLO�LV�YHU\�KLJK����������7KH�RUJDQLF�&�FRQWHQW�RI

WKH�VRLO�ZDV�DQ�LQGLFDWRU�RI�WKH�DFFXPXODWLRQ�RI�RU�

JDQLF�PDWWHU�LQ�WKH�VRLO��7KH�WRWDO�1�FRQWHQW�LV�PRG�

HUDWH���������DQG�WKH�DPRXQW�RI�DYDLODEOH�3�LV�KLJK

�������SSP���7KH�DPRXQW�RI�H[FKDQJHDEOH�.�LV�ORZ

������FPRO�NJ�����H[FKDQJHDEOH�1D�LV�ORZ�������FPRO

NJ�����H[FKDQJHDEOH�&D�LV�YHU\�ORZ�������FPRO�NJ����

DQG�H[FKDQJHDEOH�0J�LV�YHU\�ORZ�������FPRO�NJ����

&DWLRQ�([FKDQJH�&DSDFLW\��&(&��RI�WKH�VRLO�LV

ORZ��������PH�����J������7KH�ORZ�&(&�RI�WKH�VRLO�LV

SUREDEO\�GXH�WR�WKH�KLJK�SHUFHQWDJH�RI�VDQG�IUDF�

WLRQ����������DQG�YHU\�ORZ�FOD\�IUDFWLRQ���������

&DWLRQ�([FKDQJH�&DSDFLW\�RI� WKH�VRLO� DIIHFWV� VRLO

IHUWLOLW\��WKH�KLJKHU�WKH�VRLO�&(&��WKH�PRUH�IHUWLOH�WKH

VRLO�DQG�LWV�DELOLW\�WR�DEVRUE�IHUWLOL]HU�DQG�YLFH�YHUVD�

([FKDQJHDEOH�$O�DQG��+�OHYHOV�RI�WKH�VRLO�DUH�����

PH�����J����YHU\�KLJK��DQG������PH�����J����ORZ��

UHVSHFWLYHO\��$OXPLQLXP�LV�FRPPRQO\�IRXQG�LQ�DFLG

VRLO�ZLWK�S+�EHORZ���DQG�LQ�WKH�VRLO�WKDW�FRQWDLQV

DFLG�VXOSKDWH�OD\HU��OLNH�WKH�VRLO�XVHG�LQ�WKH�FXUUHQW

H[SHULPHQW��+HUYL\DQWL�HW�DO���������LQGLFDWHG�WKDW

LQ�VXEPHUJHG�FRQGLWLRQ��VWDEOH�)H���ZRXOG�FKDQJH

LQWR�VROXEOH�)H���LQ�ZKLFK�WKH�H[FHVV�DPRXQW�RI�WKLV

FDWLRQ�IRUP�ZRXOG�KDUP�SODQW�JURZWK�

$SSOLFDWLRQ�RI�3*5�UHVXOWHG�LQ�D�VLJQLILFDQW�HI�

IHFW�RQ�WKH�SODQW�KHLJKW��SHUFHQWDJH�RI�HPSW\�JUDLQV�

PD[LPXP�QXPEHU�RI�WLOOHU�DW�ZHHN���DQG�\LHOG��7KH

DSSOLFDWLRQ�RI�JLEEHUHOOLQ�UHVXOWHG�LQ�WKH�KLJKHVW�LQ�

FUHDVH�RI�SODQW�JURZWK�DQG�\LHOG�RI�UDWRRQ�ULFH���7KLV

LV�GXH�WR�JLEEHUHOOLQ�FDQ�LQFUHDVH�WKH�FHOO�ZDOO�WXUJRU

WKDW�UHVXOWHG�LQ�FHOO�ZDOO�VWUHWFKLQJ��DQG�FDQ�SXVK�WKH

ZDOO� DQG�PHPEUDQH� FHOOV� WR� JURZ� ODUJHU��8WDPD

�������UHSRUWHG�WKDW�WKH�DSSOLFDWLRQ�RI�JLEEHUHOOLQ�DI�

IHFWV�SODQW�KHLJKW��LQ�ZKLFK�WKH�H[RJHQRXV�JLEEHUHO�

OLQ�ZRXOG�LQFUHDVH�WKH�DPRXQW�RI�LQGLJHQRXV�JLEEHU�

HOOLQ�WKDW�DOUHDG\�H[LVW�LQ�SODQW��DOVR�ZRXOG�LQFUHDVH

WKH�QXPEHU�DQG�VL]H�RI�FHOOV�� DIIHFWLQJ�YHJHWDWLYH

JURZWK�RI�SODQW�VXFK�DV�SODQW�KHLJKW�DQG�UHGXFLQJ

WKH�ULVN�RI�SODQW�GZDUI�

7KH�DSSOLFDWLRQ�RI�IHUWLOL]HU�RU�3*5�GLG�QRW�VKRZ

D�VLJQLILFDQW�HIIHFW�RQ�WKH�QXPEHU�RI�SURGXFWLYH�WLOOHU�

DQG�WKHUH�ZDV�QR�VLJQLILFDQW�LQWHUDFWLRQ�HIIHFW�EH�

WZHHQ�3� IHUWLOL]DWLRQ� DQG�3*5�DSSOLFDWLRQ� RQ� WKH

QXPEHU�RI�SURGXFWLYH�WLOOHU�RI�UDWRRQ�FURS��$OWKRXJK

WKH�QXPEHU�RI�SURGXFWLYH�WLOOHU�ZDV�QRW�DIIHFWHG�E\

3�IHUWLOL]DWLRQ�DQG�3*5�DSSOLFDWLRQ��WKH�QXPEHU�RI
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&RQWURO &\WRNLQLQ *LEEHUHOOLQ

)LJXUH� ��� 7KH� HIIHFW� RI� 3*5� DSSOLFDWLRQ� RQ� GU\

ZHLJKW�RI�PLOOHG�JUDLQV�LQ�J�FOXPS���
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)LJXUH�����7KH� HIIHFW� RI�3*5�DSSOLFDWLRQ� RQ�GU\

ZHLJKW�RI�PLOOHG�JUDLQV�LQ�0J�KD���
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SURGXFWLYH�WLOOHU�ZDV�UDWKHU�KLJK���������WLOOHUV�FOXPS�

����7DUMDW�HW�DO���������LQGLFDWHG�WKDW�WKH�QXPEHU�RI

SURGXFWLYH�WLOOHU�RI�&LKHUDQJ�ULFH�YDULHW\� LV������

WLOOHUV�FOXPS�����7KH�QXPEHU�RI�SURGXFWLYH�WLOOHU�UH�

VXOWHG�LQ�WKLV�VWXG\�LV�DOVR�KLJKHU�WKDQ�WKH�QXPEHU�RI

SURGXFWLYH�WLOOHU�UHSRUWHG�LQ�WKH�VWXG\�RI�+HUG\DQWL

HW�DO����������LQ�ZKLFK�&LKHUDQJ�UDWRRQ�ULFH�SURGXFHG

�����WLOOHUV�FOXPS���

*LEEHUHOOLQ�LV�D�JURZWK�UHJXODWRU�WKDW�VLJQLILFDQWO\

DIIHFWV� WKH� QXPEHU� RI� SURGXFWLYH� WLOOHU� RQ� UDWRRQ

FURS��7KH�W\SH�RI�JLEEHUHOOLQ�DSSOLHG�WR�WKH�SODQWV

ZDV�*$��RU�*LEEHUHOOLQ�$FLG��*LEEHUHOOLQ�DFWLYHO\

H[KLELWV�PDQ\�SK\VLRORJLFDO�HIIHFWV��GHSHQGLQJ�RQ

WKH�W\SH�RI�JLEEHUHOOLQ�DQG�SODQW�VSHFLHV��6RPH�RI

WKH�SK\VLRORJLFDO�HIIHFWV�LQFOXGH�WKH�LQFUHDVHG�QXP�

EHU�DQG�VL]H�RI�FHOOV��VR�WKH�JLEEHUHOOLQ�FRXOG�DFFHO�

HUDWH�WKH�JURZWK�RI�SODQWV��LQFOXGLQJ�WKH�IRUPDWLRQ

RI� QHZ� WLOOHUV� DQG� LQFUHDVLQJ� WKH� VL]H� RI� SDQLFOHV

�$QQLVDK������

*LEEHUHOOLQ�DOVR�DIIHFWV�WKH�JHQHUDWLYH�JURZWK

RI�SODQWV��$FFRUGLQJ�WR�VWXG\�RI�$QQLVDK���������WKH

DGGLWLRQ�RI�JLEEHUHOOLQ�UHVXOWHG�LQ�D�YHU\�VLJQLILFDQW

HIIHFW� RQ� WKH� YHJHWDWLYH� JURZWK� RI� SODQW� DQG� WKLV

HIIHFW�FRQWLQXHG�LQ�WKH�JHQHUDWLYH�SKDVH��,Q�WKH�JHQ�

HUDWLYH�SKDVH��JLEEHUHOOLQ�KRUPRQH�ZRXOG�LQFUHDVH

WKH�VWRUDJH�FDSDFLW\�RI�SKRWRV\QWKDWHV��UHVXOWLQJ�LQ

HQODUJHPHQW�RI� WKH�VWRUDJH�WLVVXH��$V�D� UHVXOW�� WKH

SODQWV�DUH�DEOH�WR�UHFHLYH�PRUH�SKRWRV\QWKDWHV�DQG

SURGXFH�ODUJHU�VWRUDJH�RUJDQV�VXFK�DV�ULFH�JUDLQV�

3KRVSKRUXV�IHUWLOL]DWLRQ�GLG�QRW�VKRZ�D�VLJQLIL�

FDQW�HIIHFW�RQ�WKH�ZHLJKW�RI�����JUDLQV��+RZHYHU�

WKH�DYHUDJH�ZHLJKW�RI�����JUDLQV�LQ�WKLV�VWXG\�ZDV

�����J�FOXPS����ZKLFK�H[FHHGHG�WKH�DYHUDJH�ZHLJKW

RI�����JUDLQV�RI�&LKHUDQJ�YDULHWLHV�LQ�JHQHUDO������J

FOXPS���� �7UDMDW��������7KH� VWXG\�E\�)DUXT�HW�DO�

�����LQGLFDWHG�WKDW�WKH�ZHLJKW�RI�����JUDLQV�RI�UD�

WRRQ�ULFH�ZDV�DERXW�����WR�����J�FOXPS���

7KH�KLJKHVW� \LHOG�RI�GULHG�PLOOHG� JUDLQV�ZDV

IRXQG�LQ�WKH�WUHDWPHQW�RI�JLEEHUHOOLQ��L�H�������0J

KD����7KLV�UHVXOW�LV�UDWKHU�VLPLODU�WR�WKH�ILQGLQJ�E\

+HUG\DQWL�HW�DO�������LQ�ZKLFK�WKH�\LHOG�RI�UDWRRQ

ULFH�DSSOLHG�ZLWK������13.��DQG� ULFH�VWUDZ�ZDV

����0J� KD����$FFRUGLQJ� WR� VWXG\� RI�$OL]DGHK� DQG

+DELEL��������WKH�\LHOG�RI�UDWRRQ�ULFH�FURS�ZDV�DERXW

��������&RPSDUHG� WR� WKH� \LHOG� RI�PDLQ� FURS� RI

&LKHUDQJ�YDULHW\��DERXW���WR�����0J�KD�����WKH�\LHOG

LQ�WKH�FXUUHQW�VWXG\�ZDV�UDWKHU�KLJK��L�H��PRUH�WKDQ

����

3KRVSKRUXV�IHUWLOL]DWLRQ�GLG�QRW�VKRZ�D�VLJQLIL�

FDQW�HIIHFW�RQ�WKH�JURZWK�DQG�\LHOG�RI�UDWRRQ�FURS�

ZKLFK�FRXOG�EH�FDXVHG�E\�YHU\� ORZ�S+��7DEOH���

DQG�KLJK�DPRXQW�RI�H[FKDQJHDEOH�$O�RI�WKH�VRLO��7KLV

FRQGLWLRQ�OHDGV�WR�3�IL[DWLRQ�E\�$O�DQG�WKH�3�LV�QRW

DYDLODEOH�IRU�SODQW�XSWDNH��7KHUHIRUH��WKH�DSSOLFD�

WLRQ�RI� OLPH�DQG�KLJKHU�GRVH�RI�3�ZHUH�QHHGHG�WR

RYHUFRPH�WKLV�SUREOHP��,W�VHHPV�WKDW�3*5�DSSOLFD�

WLRQ�HVSHFLDOO\�JLEEHUHOOLQ�FRXOG�LQFUHDVH�SODQW�JURZWK

DQG�\LHOG�RI�UDWRRQ�ULFH��HYHQWKRXJK�3�ZDV�QRW�DYDLO�

DEOH�DW�RSWLPXP�OHYHO�IRU�WKH�SODQWV��7KH�UHVXOWV�LQ�

GLFDWHG�WKDW�WKH�DSSOLFDWLRQ�RI�JLEEHUHOOLQ�LV�YHU\�LP�

SRUWDQW�IRU�UDWRRQ�FURS��EHFDXVH�WKHUH�LV�QR�IHUWLO�

L]HU�DSSOLFDWLRQ�IRU�UDWRRQ�FURS�DQG�UDWRRQ�FURS�GH�

SHQGV�RQ�WKH�DPRXQW�RI�UHVLGXDO�IHUWLOL]HUV�IURP�SUH�

YLRXV�PDLQ�FURS�

$&.12:/('*(0(176

$XWKRUV�ZRXOG�OLNH�WR�WKDQN�³+LEDK�%HUVDLQJ´

8165,�IRU�IXQGLQJ�WKLV�UHVHDUFK�LQ������DQG�(OYD

IRU�KHU�FRQWULEXWLRQV�GXULQJ�WKH�ILHOG�ZRUN�

&21&/86,216

7KH��DSSOLFDWLRQ�RI�3�IHUWLOL]HU�ZLWK�YDULRXV�GRVHV

GLG�QRW�VKRZ�D�VLJQLILFDQW�HIIHFW�RQ�WKH�JURZWK�DQG

\LHOG�RI�UDWRRQ�ULFH�

7KH� DSSOLFDWLRQ�RI� JLEEHUHOOLQ� DV� RQH� W\SH�RI

JURZWK�UHJXODWRU�UHVXOWHG�LQ�WKH�LQFUHDVH�RI�\LHOG�DQG

JURZWK�RI�ULFH�SODQWV�JURZQ�RQ�VZDPSODQG�VRLO�ZLWK

WKH�\LHOG�RI������0J�KD����SODQW�KHLJKW�RI�������FP

DQG�WKH�PD[LPXP�QXPEHU�RI�WLOOHU�RI�������FOXPS���

7KHUH�ZDV�QR�VLJQLILFDQW�LQWHUDFWLRQ�HIIHFW�EH�

WZHHQ�3�IHUWLOL]DWLRQ�DQG�WKH�DSSOLFDWLRQ�RI�JURZWK

UHJXODWRU�RQ�WKH�JURZWK�DQG�\LHOG�RI�UDWRRQ�ULFH�

,W�LV�VXJJHVWHG�WR�DSSO\�JLEEHUHOOLQ�LQ�UDWRRQ�FXO�

WLYDWLRQ�WR�REWDLQ�DQ�RSWLPXP�ULFH�\LHOG�

5()(5(1&(6

$OL]DGHK�05�DQG�)�+DELEL���������$�FRPSDUDWLYH�VWXG\

RQ�WKH�TXDOLW\�RI�WKH�PDLQ�DQG�UDWRRQ�ULFH�FURSV���-�RI

)RRG�4XDOLW\�������������

$QQLVDK�� ������ 3HQJDUXK� ,QGXNVL�*LEHUHOLQ�7HUKDGDS

3HPEHQWXNDQ�%XDK� 3DUWHQRNDUSL� 3DGD�%HEHUDSD

9DULHWDV�7DQDPDQ�6HPDQJND��8QLYHUVLWDV�6XPDWHUD

8WDUD��0HGDQ���LQ�,QGRQHVLDQ��

$ULILQ� 0=�� .�$QZDU� DQG� 56� 6LPDWXSDQJ�� �����

.DUDNWHULVWLN�GDQ� SRWHQVL� ODKDQ� UDZD� OHEDN� XQWXN

SHQJHPEDQJDQ� SHUWDQLDQ� GL�.DOLPDQWDQ� 6HODWDQ�

'DODP�3URVLGLQJ� 6HPLQDU�1DVLRQDO� 3HQJHORODDQ

7HUSDGX�� ,QRYDVL�7HNQRORJL� GDQ� 3HQJHPEDQJDQ

7HUSDGX� /DKDQ� 5DZD� /HEDN� XQWXN� 5HYLWDOLVDVL

3HUWDQLDQ��%%�/LWEDQJ�6XPEHUGD\D�/DKDQ�3HUWDQLDQ�

%DOLWWUD��+OP�����������LQ�,QGRQHVLDQ��

$URQDQJ�$5��������)RVIRU�7DQDK��$UWLNHO�,OPLDK��6773

*RZD���LQ�,QGRQHVLDQ��

&LWUDUHVPLQL�$�������� )RVIRU�7HUVHGLD� GDQ�6HUDSDQ�3�

7DQDPDQ�\DQJ�'LWHWDSNDQ�GHQJDQ�7HNQLN�,VRWRS���3

GDQ�+DVLO� 3DGL� 6DZDK� �2U\]D� VDWLYD� /���$NLEDW

3HPEHULDQ�3XSXN�3�GDQ�%DKDQ�2UJDQLN�SDGD�7DQDK

8OWLVROV��7HVLV�� 3URJUDP� 3DVFDVDUMDQD�8QLYHUVLWDV

3DGMDGMDUDQ�%DQGXQJ���LQ�,QGRQHVLDQ��



�� 61$�)LWUL�HW�DO���,QIOXHQFH�RI�3KRVSKDWH�)HUWLOL]HU�DQG�3ODQW�*URZWK�5HJXODWRUV�RQ�5DWRRQ�5LFH

)DNULH�0��������0HWDEROLVPH�.DUERKLGUDW��$UWLNHO�,OPLDK�

8QLYHUVLWDV�%UDZLMD\D���LQ�,QGRQHVLDQ��

)DUXT�*��50�7DKD�DQG�=+�3URGKDQ���������5LFH�UDWRRQ

FURS���$�VXVWDLQDEOH�ULFH�SURGXFWLRQ�V\DWHP�IRU�WURSL�

FDO�KLOO�DJULFXOWXUH��6XVWDLQDELOLW\���������������GRL�

��������VX����������,661�����������

)LWUL�61$��(�6RGLNLQ�DQG�60�%HUQDV��������3HQLQJNDWDQ

SURGXNVL�SDGL�UDWXQ�PHODOXL�SHPDQIDDWDQ�SXSXN

FDLU�GDUL�WXPEXKDQ�UDZD��-�.HWDKDQDQ�3DQJDQ�

�LQ�,QGRQHVLDQ��

+HUGL\DQWL�7�� 6XJL\DQWD� DQG�+�$VZLGLQQRRU�� � �����

7DQJJDS� 7LJD� 9DULHWDV� 3DGL� 6DZDK� WHUKDGDS

.RPELQDVL��3HPXSXNDQ��GHQJDQ��6LVWHP��3HPEHQDPDQ

-HUDPL��5HVSRQVH�RI�7KUHH��5LFH�9DULHWLHV��WR��&RPEL�

QDWLRQ��RI��)HUWLOL]HUV��ZLWK��6WUDZ��,QFRUSRUDWLRQ��6\V�

WHP���-�$JURQ�,QGRQHVLD����������������LQ�,QGRQHVLDQ��

+HUYL\DQWL�7%��3UDVHW\R��)�$KPDG�DQG�'DUPDZDQ��������

7KH�SURSHUWLHV�RI�KXPLF�DFLGV�H[WUDFWHG�IURP�IRXU

VRXUFHV�RI�RUJDQLF�PDWWHUV�DQG�WKHLU�DELOLW\�WR�ELQG

)H���DW�QHZ�HVWDEOLVKHG�ULFH�ILHOG���-�7URS�6RLOV����

��������

/DPEHUV�+�DQG�)6�&KDSOLQ��������3ODQW�3K\VLRORJLFDO

(FRORJ\��6SULQJHU�

/HVWDUL�*��6ROLKDWXQ�DQG�6XJL\DUWR��������3HUWXPEXKDQ

.DQGXQJDQ�.ORURILO��GDQ�/DMX�5HVSLUDVL�7DQDPDQ

*DUXW� VHWHODK� 3HPEHULDQ�$VDP� *LEHUHOLQ�� -

%LRWHNQRORJL���������0HL�������,661��������������LQ

,QGRQHVLDQ��

3UDVDG�0��������$�/LWHUDWXUH�5HYLHZ�RQ�WKH�$YDLODELOLW\

2I�3KRVSRUXV�IURP�&RPSRVW�LQ�5HODWLRQ�WR�WKH�1L�

WUDWH�5HJXODWLRQV�����RI�������6WXG\�5HSRUW��(QYL�

URQPHQWDO�3URWHFWLRQ�$JHQF\��,UHODQG�

5DKPDQ�0��������3HUWXPEXKDQ�GDQ�3URGXNVL�7DQDPDQ

0HODOXL�3HPEHULDQ�3XSXN�3KRQVND��81*��*RURQWDOR�

�LQ�,QGRQHVLDQ��

5REH�� /� 6DEDUXGGLQ� DQG�/2�6DIXDQ�� ������ 3HQJDUXK

7DNDUDQ�3XSXN�)RVIRU�GDQ� NRPSRV� 3OXV� WHUKDGDS

3HUWXPEXKDQ�GDQ�3URGXNVL�3DGL�6DZDK��2U\]DVDWLYD

/����%HUNDOD�3HQHOLWLDQ�$JURQRPL��������LQ�,QGRQHVLDQ��

6DOLVEXU\�)%�DQG�&:�5RVV��������)LVLRORJL�7XPEXKDQ

-LOLG����'LWHUMHPDKNDQ�2OHK�'LDK�5��/XNPDQ�GDQ

6XPDU\RQR���,7%�%DQGXQJ���LQ�,QGRQHVLDQ��

6DQWRVR�0�� ������ %XGLGD\D� 3DGL� 5DWXQ��%DODL�%HVDU

3HODWLKDQ�3HUWDQLDQ�%LQXDQJ���LQ�,QGRQHVLDQ��

6XEDJ\R�� ������.DUDNWHULVWLN� GDQ� 3HQJHORODDQ�/DKDQ

5DZD��%DODL�%HVDU�3HQHOLWLDQ�'DQ�3HQJHPEDQJDQ

6XPEHUGD\D�/DKDQ�3HUWDQLDQ��%RJRU���LQ�,QGRQHVLDQ��

6XVLODZDWL��������$JURQRPL�5DWXQ�*HQRWLSH�*HQRWLSH�3DGL

3RWHQVLDO�8QWXN� /DKDQ� 3DVDQJ� 6XUXW� >'LVHUWDVL@�

%RJRU��6HNRODK�3DVFDVDUMDQD�,3%���LQ�,QGRQHVLDQ��

6XVLODZDWL�� ������ 3HQLQJNDWDQ� SURGXNWLYLWDV� GDQ

HILVLHQVL� XVDKD� WDQL� SDGD� VLWHP� UDWXQ� GL� ODKDQ

SDVDQJ�VXUXW��%XOHWLQ�,QRYDVL�7HNQRORJL�3HUWDQLDQ

�����������LQ�,QGRQHVLDQ��

6X\RQR�$'�DQG�$�&LWDUHVPLQL��������.RPSRVLVL�.DQGXQJDQ

)RVIRU�SDGD�7DQDPDQ�3DGL�6DZDK��2U\]D�VDWLYD�/��

EHUDVDO�GDUL�SXSXN��3�GDQ�%DKDQ�2UJDQLN��-�,OPX�+D\DWL

GDQ�)LVLN�����������LQ�,QGRQHVLDQ��

8WDPD�&5��������3HQJDUXK�$SOLNDVL�*LEHUHOLQ�3DGD�3DGL

6DZDK��2U\]D�VDWLYD�/���9DULHWDV�+LEULGD�GDQ�9DULHWDV

8QJJXO�%DUX��&LKHUDQJ���6NULSVL��,QVWLWXW�3HUWDQLDQ

%RJRU���LQ�,QGRQHVLDQ��

:DOX\R��6XSDUZRWR�DQG�$JXV�6��������7HNQRORJL�XVDKD

WDQL�GL�ODKDQ�OHEDN��6WXGL�NDVXV�'HVD�%DWX�$PSDU

.DEXSDWHQ�2JDQ�.RPHULQJ�,OLU�6XPDWHUD�6HODWDQ��

3URVLGLQJ� 6HPLQDU� 1DVLRQDO� %DODL� 3HQHOLWLDQ

3HUWDQLDQ�/DKDQ�5DZD��%DQMDUEDUX��������-XOL������

�LQ�,QGRQHVLDQ�

:DK\XULQL�� ������ 3HQJDUXK�3HPEHULDQ�*LEHUHOLQ� GDQ

6XNURVD�7HUKDGDS�3HUWXPEXKDQ�*OR[LQD�� 6NULSVL�

%RJRU��,QVWLWXW��3HUWDQLDQ��%RJRU������LQ�,QGRQHVLDQ��


