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6HHG�JHUPLQDWLRQ�DQG�VHHGOLQJ�VXUYLYDO�LQ�IRUHVW�KDELWDWV�DUH�FULWLFDO�IRU�QDWXUDO�
UHJHQHUDWLRQ�� SODQW� SURSDJDWLRQ�� DQG� VHHG� GLVSHUVDO��0DQ\� VHHGV� DUH� SURGXFHG� DQG�
GLVSHUVHG�� EXW� PRVW� RI� WKHP� DUH� QRW� JHUPLQDWH� RU� VXUYLYH� DIWHU� JHUPLQDWLRQ�� 7KH�
PRUWDOLW\� RI� VHHGV� DQG� VHHGOLQJV� LV� UHODWHG� WR� WKH� VSHFLHV�� QDWXUDO� UHJHQHUDWLYH�
SRWHQWLDO�� ,W� LV� DVVRFLDWHG� ZLWK� WKH� JHQHWLF� GHWHUPLQDWLRQ� RI� IXWXUH� LQGLYLGXDOV��
6HYHUDO� VWXGLHV� KDYH� VKRZQ� WKDW� VHHG� JHUPLQDWLRQ�� VHHGOLQJ� GHYHORSPHQW�� DQG�
VXUYLYDO� UDWH� DUH� DOO� LQIOXHQFHG� E\� YDULRXV� LQWHUQDO� DQG� H[WHUQDO� HQYLURQPHQWDO�
IDFWRUV��DOO�DUH�FRQVLGHUHG�VSHFLHV�VSHFLILF�>����@��0DQ\�SODQWV�KDYH�EHHQ�LGHQWLILHG�
DV�IDVW�JURZLQJ�DQG�KLJK�\LHOGLQJ�SODQWV��ZKHUHDV�PDQ\�VHHG�SODQWV�KDYH�KDUG�VHHG�
FRDWV� WKDW� SUHYHQW� WKHP� IURP� JHUPLQDWLQJ� LQ� QRUPDO� FRQGLWLRQV� >�@�� $V� D� UHVXOW��
VWXGLHV�RQ� WKH�IDFWRUV� LQIOXHQFLQJ�JHUPLQDWLRQ�� VXUYLYDO�� DQG�VHHGOLQJ�JURZWK� IRU�D�
VSHFLILF�SODQW�VSHFLHV�DUH�H[SHFWHG��

&XQQLQJKDPLD�NRQLVKLL�LV�D�WDOO��HYHUJUHHQ�WUHH�ZLWK�D�WUXQN�GLDPHWHU�RI�������
P�WKDW�EHORQJV�WR�WKH�&XSUHVVDFHDH�>����@��7KLV�VSHFLHV�LV�RQO\�IRXQG�LQ�/DRV��&KLQD��
DQG� 7DLZDQ�� +RZHYHU�� WKH\� DUH� H[WUHPHO\� UDUH� LQ� 9LHWQDP�� RFFXUULQJ� RQO\� LQ� +D�
*LDQJ� �+RDQJ�6X�3KL�DQG�7D\�&RQ�/LQK���6RQ�/D��;XDQ�1KD���7KDQK�+RD� �;XDQ�
/LHQ���DQG�PDLQO\�1JKH�$Q��.\�6RQ�DQG�4XH�3KRQJ�GLVWULFWV��4X\�+RS��&RQ�&XRQJ��
RQ�WKH�9LHWQDP�/DRV�ERUGHU�PRXQWDLQ�UDQJH��>����@��$W�DQ�HOHYDWLRQ�RI������������P�
DERYH�VHD�OHYHO��D�GHQVH�SULPHYDO�HYHUJUHHQ�PL[HG�WURSLFDO�PRQVRRQ�ORZ�PRXQWDLQ�
RU� PHGLXP� PRXQWDLQ� IRUHVW� �DYHUDJH� DQQXDO� WHPSHUDWXUH� �����ၨ&�� WRWDO� DQQXDO�
UDLQIDOO� DERYH� �����PP�� JURZV� RQ� VRLO� ZHDWKHULQJ� IURP� JUDQLWH� RU� RWKHU� VLOLFDWH�
SULPDU\� URFNV� >����@��7KHVH� VSHFLHV�KDYH� DWWUDFWLYH� YHLQV� DQG� KXHV�� DQG� WKH� EDUN�
WUHHV� UHOHDVH�RLO� UHVLQ�XVHG�DV�PHGLFLQH�� WKHUHIRUH�WKH\�KDYH�D�KLJK�XVH�YDOXH�>��@��
0RUHRYHU��WKH\�DUH�DOVR�XVHG�DV�VFHQLF�SODQWV�LQ�SDUNV�>������@��$V�D�UHVXOW��QDWXUDO�
UHJHQHUDWLRQ� LV� OLPLWHG�� UHVXOWLQJ� LQ� D� VPDOO� QXPEHU� RI� LQGLYLGXDOV�� VPDOO� QDWXUDO�
SRSXODWLRQV�� DQG� RYHUH[SORLWDWLRQ�� ZKLFK� H[SRVHV� VSHFLHV� DW� WKH� ULVN� RI� H[WLQFWLRQ�
>��@�� 7KH� ,QWHUQDWLRQDO� 8QLRQ� IRU� &RQVHUYDWLRQ� RI� 1DWXUH� �,8&1�� FDWHJRUL]HV�
VSHFLHV�DV�HQGDQJHUHG� �(1�� LQ������ >�����@��5HG�%RRN�RI�9LHWQDP��������FODVVHG�
WKHP�DV�YXOQHUDEOH��98��>��@��9LHWQDPHVH�*RYHUQPHQW
V�'HFUHH�1R����������1'�
&3� OLVWHG� WKLV�VSHFLHV� LQ�HQGDQJHUHG�DQG�XQFRPPRQ�IRUHVW�SODQWV� �,,$�JURXS�� >��@��
EDUUHG�IURP�H[WUDFWLRQ�DQG�XVH�IRU�FRPPHUFLDO�SXUSRVHV��7KH�PDLQ�GDQJHU�ZLWK�WKH�
QDWXUDO� SRSXODWLRQ� RI� WKH� VSHFLHV�� ZKHUH� QDWXUDO� IRUHVW� UHVHUYHV� KDYH� EHHQ�
V\VWHPDWLFDOO\� DQG� FRQVLGHUDEO\� GLPLQLVKHG�� ZLWKRXW� WKH� KHOS� RI� D� UHJHQHUDWLRQ�
VWUDWHJ\� >��� ��@�� 7KLV� LV� GXH� WR� WKH� SUHVHQFH� RI� VLJQLILFDQW� JHRJUDSKLFDO� REVWDFOHV�
SUHYHQWLQJ�JHQHWLF�YDULDWLRQ�EHWZHHQ�WKHVH�SRSXODWLRQ�RI�WKH�VSHFLHV��$V�D�UHVXOW��SODQW�
SURSDJDWLRQ� VKRXOG� EH� D� PDLQ� FKDOOHQJH�� SDUWLFXODUO\� IRU�&�� NRQLVKLL�� DQG� VHHGOLQJ�
SURSDJDWLRQ�VKRXOG�EH�D�SDUW�RI�RXU�FXOWXUH�LQ�RUGHU�WR�SURGXFH�D�VXLWDEOH�HQYLURQPHQW��



EŐŚŝġŶ�ĐӈƵ�ŬŚŽĂ�ŚҸĐ�ĐƀŶŐ�ŶŐŚҵ�

dҢƉ�ĐŚş�<ŚŽĂ�ŚҸĐ�ǀă��ƀŶŐ�ŶŐŚҵ�ŶŚŝҵƚ�ĜӀŝ͕�^Һ�Ϯϱ͕�ϬϴͲϮϬϮϮ�Ϯϲ

7KLV�VWXG\�IRFXVHG�RQ�VWXG\LQJ�VHHG�JHUPLQDWLRQ��VHHG�VXUYLYDO��DQG�VHHGOLQJ�
JURZWK� LQ� WKH� QXUVHU\� VWDJH� XQGHU� GLIIHUHQW� DUWLILFLDO� HQYLURQPHQWDO� FRQGLWLRQV� WR�
SURYLGH� WKH� EHVW� JURZWK� RSSRUWXQLWLHV�� 7KHUHIRUH�� WKLV� VWXG\� KDV� EHHQ� D� VFLHQWLILF�
EDVHG�IRU�WKH�EUHHGLQJ��FRQVHUYDWLRQ��DQG�GHYHORSPHQW�SURJUDPV�WKLV�VSHFLHV��

���0$7(5,$/6�$1'�5(6($5&+�0(7+2'6�

�����0DWHULDO�

:H�KDG�FROOHFWHG�VHHGV�RI�&��NRQLVKLL�IURP�3X�+RDW�1DWXUH�5HVHUYH��1JKH�$Q�
SURYLQFH��$OO� VHHGV�XVHG� LQ� WKLV� VWXG\�ZHUH�FROOHFWHG�GXULQJ� WKH�SHULRG� IURP�HDUO\�
1RYHPEHU� WR� HDUO\� 'HFHPEHU� ������ 2QO\� VHHGV� RI� WKH� PDWXUH� IUXLWV� ZLWK� D� GDUN�
EURZQ�IUXLW�FRDW�ZHUH�FROOHFWHG��7KH�PDWXUH�IUXLWV�ZHUH�GU\�VWRUHG�LPPHGLDWHO\�DIWHU�
FROOHFWLRQ�DQG� WUDQVIHUUHG� WR� WKH�9LHWQDP���5XVVLD�7URSLFDO�&HQWUH�� ,Q�SURSDJDWLRQ�
QXUVHU\�� 1XUVHU\� VRLO� WKDW� KDV� KDG� LWV� WRSVRLO� VFUDSSHG� DQG� UHEXLOW� DSSURSULDWHO\��
8VXDOO\��LW�LV�WDNHQ�LQ�WKH�%�OD\HU�RI�WKH�VRLO�SURILOH��DQG�WKH�GLVWDQFH�WR�WKH�VXUIDFH�
OD\HU�LV����FP��7KHQ��LW�ZDV�SXWWHG�LQ�SODVWLF�SODQWHUV��0DQXUH�DQG�VXSHUSKRVSKDWH�LQ�
YDULRXV�SURSRUWLRQV��

�����0HWKRGV�

����7HVWLQJ�WKH�SXULW\�RI�VHHGV��

3DUWLFOH� SXULW\�� 7KH� SXULW\� RI� JUDLQ� LV� DVVHVVHG� E\� WKH� SHUFHQWDJH� GLIIHUHQFH�
EHWZHHQ�SXUH�VHHGV�ZHLJKW�DQG�WKH�WHVW�VDPSOH�ZHLJKW��ZKLFK�LV�FDOFXODWHG�WKURXJK�
WKH�XVH�RI�WKUHH�WHVW�VDPSOHV�DQG�WKH�IROORZLQJ�SURFHVV��

��:HLJK�WKH�ZHLJKW�RI�WKUHH�VDPSOHV�ZLWK�DQ�DFFXUDF\�RI������JUDPV��,Q�ZKLFK��
WKH�WHVW�VDPSOH�ZHLJKW� LV������VHHGV�HTXLYDOHQW�WR���J��'LYLGH�WKH�WHVW�VDPSOH�LQWR�
WKUHH� VHFWLRQV�� JRRG� VHHGV� �ILUP� VHHGV� WKDW� DUH� QRW� GDPDJHG��� GLVFDUGHG� VHHGV�
�EURNHQ� VHHGV�� GLVHDVHG� VHHGV�� WRR� WLQ\� VHHGV�� IODW� VHHGV��� DQG� LPSXULWLHV� �EURNHQ�
VHHGV�� GLVHDVHG� VHHGV�� WRR� WLQ\� VHHGV�� IODW� VHHGV�� �JUDYHO�� VDQG�� GHEULV�� RWKHU� WUHH�
VHHGV������

)LJXUH����)XOO�JURZQ�SODQW��$���EUDQFKHV�EHDULQJ�IUHVK�FRQHV��%���
GULHG�FRQHV��&���VHHGV��'��
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7KH�IROORZLQJ�IRUPXOD�FDQ�EH�XVHG�WR�GHWHUPLQH�WKH�SXULW\�RI�D�VHHG�VDPSOH��

����������������ሺΨሻ ൌ
୳୰ୣ ୱୣୣୢୱ ୵ୣ୧୦୲ሺሻ

ୣୱ୲ ୱୟ୫୮୪ୣ ୵ୣ୧୦୲
��ͳͲͲ���������������������������

1RWH�� 3XUH� VHHG� PHDQV� VHHG� IUHH� RI� LQHUW� PDWWHU� DQG� IUHH� RI� RWKHU� VHHG�
GLVWLQJXLVKDEOH�E\�DSSHDUDQFH�RU�E\�WHVW��

����(IIHFWV�RI�YDULRXV�FRQGLWLRQV�RQ�VHHG�JHUPLQDWLRQ��

$OO� VHHGV� XVHG� LQ� WKLV� H[SHULPHQW�ZHUH� IUHVK� VHHGV� WKDW� KDG� EHHQ� OHIW� WR� GU\�
QDWXUDOO\� ZLWKLQ� �� GD\V� DIWHU� FROOHFWLRQ�� 7KH� VHHGV� ZHUH� VXUIDFH� GLVLQIHFWHG� E\�
VRDNLQJ�WKHP�LQ�D�VROXWLRQ�RI������.0Q2��SRWDVVLXP�SHUPDQJDQDWH�IRU����PLQXWHV�
WR�UHPRYH�WKH�DFLGLW\�DQG�ZHUH�ZDVKHG�ZLWK�FRRO�ZDWHU�EHIRUH�EHLQJ�VRZQ��$�WRWDO�
RI�����VHHGV�ZHUH�HTXDOO\�GLVWULEXWHG�WR�WKUHH�GLIIHUHQW� WUHDWPHQWV��&7�������VHHGV�
SHU�WUHDWPHQW���

&7���6RDN�VHHGV�LQ�ZDWHU�DW�URRP�WHPSHUDWXUH�IRU���KRXUV��WKHQ�GURS�VHHGV�LQ�
PRLVW�VDQG���

&7��� 6RDN� VHHGV� LQ� ��ၨ&� ZDWHU� IRU� �� KRXUV� �WR� DOORZ� WKHP� WR� VWD\� FRRO�
FRQVWDQWO\���WKHQ�SODQW�WKH�VHHGV�LQ�PRLVW�VDQG���

&7��� 6RDN� VHHGV� LQ� ��ၨ&� ZDWHU� IRU� �� KRXUV� �WR� DOORZ� WKHP� WR� VWD\� FRRO�
FRQVWDQWO\���WKHQ�SODQW�WKH�VHHGV�LQ�PRLVW�VDQG���

'HWHUPLQH�WKH�JHUPLQDWLRQ�UDWH�RI�VHHGV�XVLQJ�IRUPXODU������

*HUPLQDWLRQ�SHUFHQWDJH����� �
ୗୣୣୢୱ ୣ୰୫୧୬ୟ୲ୣୢ

୭୲ୟ୪ ୱୣୣୢୱ
��ͳͲͲ�����

'HWHUPLQH�WKH�VSHHG�RI�JHUPLQDWLRQ�XVLQJ�IRUPXODU������

6SHHG�JHUPLQDWLRQ����� �
୳୫ୠୣ୰ ୭ ୣ୰୫୧୬ୟ୲୧୬ ୱୣୣୢ ୧୬

భ

య
୭ ୣ୰୫୧୬ୟ୲୧୬ ୲୧୫ୣ

୭୲ୟ୪ ୣ୰୫୧୬ୟ୲୧୬ ୱୣୣୢୱ
��ͳͲͲ������

����(IIHFW�RI�FRPSRVLWLRQ�RI�WKH�SRWWLQJ�VRLO�RQ�WKH�JURZWK�RI�VHHGOLQJV��

7KH� IROORZLQJ� LQJUHGLHQWV� DUH� XVHG� LQ� WKH� SRWWLQJ� VRLO�PL[WXUH� IRU� JURZLQJ�
VHHGOLQJV� DFFRUGLQJ� WR� WKH� SRWWLQJ� GHQVLW\�� QXUVHU\� VRLO� �WRS� VRLO��� PDQXUH�� DQG�
VXSHUSKRVSKDWH�LQ�WKH�IROORZLQJ�H[SHULPHQW�SURSRUWLRQV��

&7���FRQVLWV�RI�����VRLO�DQG����VXSHUSKRVSKDWH��

&7���FRQVLVWV�RI�����VRLO������IDUP\DUG�PDQXUH��DQG����VXSHUSKRVSKDWH��

&7���FRQVLVWV�RI�����VRLO������IDUP\DUG�PDQXUH�����VXSHUSKRVSKDWH��

(DFK� H[SHULPHQW� �&7��FRQWDLQV� ���� SODQWV� WKDW� DUH� DUUDQJHG� LQ� D� UDQGRPO\��
7KH�VHHGOLQJV�XVHG�LQ�WKH�WHVWV�ZHUH�VWURQJO\�SUHGLFWLYH�RI�JURZWK�DQG�TXDOLW\�DW�WKH�
WLPH�RI�IHHGLQJ��

0RQLWRU� SODQW� JURZWK� XS� WR� ��PRQWKV� RI� DJH�� 7KH�PRQLWRULQJ� LQGLFDWRUV� DUH�
KHLJKW��+YQ���URRW�GLDPHWHU��'�����WUHH�TXDOLW\�DFFRUGLQJ�WR�FODVVLILFDWLRQ�$��%��&��,Q�
ZKLFK�� $�� JRRG� JURZWK�� VWUDLJKW� VWHP�� QR� SHVWV�� %�� PHGLXP� JURZWK�� LQVLJQLILFDQW�
OHYHOV�RI�SUREOHPV��&��SRRU�JURZWK��SHVWV��VKULYHOHG�SODQWV«�



EŐŚŝġŶ�ĐӈƵ�ŬŚŽĂ�ŚҸĐ�ĐƀŶŐ�ŶŐŚҵ�

dҢƉ�ĐŚş�<ŚŽĂ�ŚҸĐ�ǀă��ƀŶŐ�ŶŐŚҵ�ŶŚŝҵƚ�ĜӀŝ͕�^Һ�Ϯϱ͕�ϬϴͲϮϬϮϮ�Ϯϴ

����(IIHFW�RI�VKDGLQJ�RQ�WKH�JURZWK�RI�VHHGOLQJV��

7KH� H[SHULPHQW� ZDV� FRQGXFWHG� IURP� -DQXDU\� ����� WR� 'HFHPEHU� ������ DW� WKH�
9LHWQDP�1DWLRQDO�8QLYHUVLW\�RI�)RUHVWU\��;XDQ�0DL�WRZQ��&KXRQJ�0\�GLVWULFW��+D�1RL��

(YDOXDWLRQ�HIIHFW�RI�VKDGLQJ�UHJLPH�RQ�VHHGOLQJV��XVLQJ�3ODVWLF�VKDGH�QHWWLQJ��
FRQGXFWHG�WKURXJK�WKH�IROORZLQJ�H[SHULPHQWDO�IRUPXODV��

&7����QR�VKDGLQJ�

&7��������VKDGLQJ�

&7��������VKDGLQJ�

&7��������OLJKW�VKDGLQJ��

���� SODQWV� SHU� WUHDWPHQW�� UDQGRPO\� DUUDQJHG�� 0RQLWRU� SODQW� JURZWK� XS� WR� ��
PRQWKV� RI� DJH�� 7KH�PRQLWRULQJ� FULWHULD� DUH� KHLJKW� �+YQ��� URRW� GLDPHWHU� �'����� WUHH�
TXDOLW\�DFFRUGLQJ�WR�FODVVLILFDWLRQ�$��%��&��JRRG��PHGLXP��DQG�EDG���

����'DWD�DQDO\VLV��

&ROOHFW� VHHG� JHUPLQDWLRQ� GDWD�� %HJLQQLQJ� DW� WKH� WLPH� WKH� VHHGV� EHJDQ� WR�
JHUPLQDWH��NHHS�WUDFN�RI�WKH�QXPEHU�RI�VHHGV�WKDW�KDYH�JHUPLQDWHG�DW�&7�RQ�D�UHJXODU�
EDVLV�XQWLO�WKH�VHHGV�KDYH�ILQLVKHG�JHUPLQDWLRQ��7KH�ILQDO�GDWH�RI�JHUPLQDWLRQ�ZDV�WKH�
GD\�DIWHU�ZKLFK���GD\V�ODWHU�WKH�QXPEHU�RI�VHHGV�JHUPLQDWHG�E\�QR�PRUH�WKDQ�����

2EWDLQLQJ� LQIRUPDWLRQ� DERXW� WKH� GHYHORSPHQW� RI� VHHGOLQJV�� (YHU\� ��� GD\V��
VWDUWLQJ� IURP� WKH� PRPHQW� WKH� SODQWV� DUH� WUDQVSODQWHG� LQWR� WKH� SRW�� GDWD� RQ� WKH�
VXUYLYDO�UDWH�RI�WKH�SODQWV�DQG�WKH�VXUYLYDO�UDWH�RI�GLVHDVHG�SODQWV�LV�FROOHFWHG��.HHS�
UHFRUGV�RI�JURZWK�SDUDPHWHUV�VXFK�DV�KHLJKW��GLDPHWHU��DQG�WKH�QXPEHU�RI�OHDYHV�

8VH�VDPSOH�DQDO\VLV�DQG�YDULDQFH�DQDO\VLV�WR�SURFHVV�DQG�DQDO\]H�GDWD��6366�
�����DQG�([FHO�VRIWZDUH�ZHUH�XVHG��2QH�IDFWRU�$129$�DQDO\VLV�ZDV�XVHG�WR�VWXG\�
WKH�GLIIHUHQFHV�LQ�UHODWLYH�JURZWK�WUDLWV�EHWZHHQ�GLIIHUHQW�WUHDWPHQWV��7KH�GLIIHUHQFH�
LV�FRQVLGHUHG�VLJQLILFDQW�LI�WKH�3�YDOXH�RI�)�LV�OHVV�WKDQ�������

���5(68/7�$1'�',6&866,21�

�����7KH�HIIHFW�RI�WUHDWPHQW�PHWKRGV�RQ�VHHG�JHUPLQDWLRQ�

6HHG� ORW� SXULW\� 7KHUH� ZHUH� DOVR� VLJQLILFDQW� GLIIHUHQFHV� LQ� PHDQ� SXULW\�
EHWZHHQ� FHUWDLQ� WUHDWPHQW� FRPELQDWLRQV� �7DEOH� ���� 7KH� UHVXOWV� RI� GHWHUPLQLQJ� WKH�
DYHUDJH�SXULW\�RI� WKH���&7�H[SHULPHQWV�RI� VHHGV� WHVWHG�ZHUH������RI�ZKLFK��&7��
KDG�WKH�KLJKHVW�SXULW\�RI��������IROORZHG�E\�&7�����������&7�����������,Q�RUGHU�WR�
GHPRQVWUDWH� WKH� TXDOLW\� RI� VHHGV� WKDW� ZHUH�VHHGHG� DIWHU� EHLQJ� WDNHQ� IURP� WKH�
ZLOG�ZDV�XQLIRUP��WKH�QXPEHU�RI�SRRU�TXDOLW\�VHHGV�LQ�HDFK�H[SHULPHQW�LV�DYHUDJHG�
DFURVV�DOO��,Q�RUGHU�WR�GHPRQVWUDWH�WKH�TXDOLW\�RI�VHHGV�WKDW�ZHUH�VHHGHG�DIWHU�EHLQJ�
WDNHQ� IURP� WKH� ZLOG�ZDV� XQLIRUP�� WKH� QXPEHU� RI� SRRU� TXDOLW\� VHHGV� LQ� HDFK�
H[SHULPHQW�LV�DYHUDJHG�DFURVV�DOO�>��@��7KH�UHVXOWV�RI�WKLV�VWXG\�ZHUH�VLPLODU�WR�WKRVH�
RI�3LQXV� WURSLFDOLV��ZKLFK� VKRZHG�D�FRPPRQ� VHHGV� \LHOG�RI������������ VHHGV�NJ�
ZLWK� KHDOWK\� VHHGV� ��������������HPSW\� VHHGV� ������������DQG� LQIHFWHG� VHHGV�
������������>��@��
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)LJXUH����'U\�FRQHV��$���WDLOLQJV��%���JRRG�VHHG�JUDLQ��&�

6HHG� JHUPLQDWLRQ� FDSDFLW\� 7KH� JHUPLQDWLRQ� SURFHVV� RI� VHHGV� DFFRUGLQJ� WR�
WKUHH�GLIIHUHQW� WUHDWPHQW�PHWKRGRORJLHV�KDV� D� OHQJWK\�GLIIHUHQW�JHUPLQDWLRQ�SHULRG��
$IWHU����GD\V��VHHGV� LQ�WKH�H[SHULPHQWDO�SORW�&7��EHJDQ�JHUPLQDWLQJ��IROORZHG�E\�
VHHGV�LQ�WKH�&7��DQG�&7���DIWHU����GD\V���DOWKRXJK�VHHGV�WUHDWHG�DW�DLU�WHPSHUDWXUH�
LQ�&7��ZHUH� WKH�TXLFNHVW� WR� ILQLVK�JHUPLQDWLRQ� �DIWHU����GD\V���7DEOH��� VKRZV� WKH�
JHUPLQDWLRQ�FDSDFLW\�RI�VHHGV�DIWHU�EHLQJ�JLYHQ�WR�GLIIHUHQW�WUHDWPHQWV��

$FFRUGLQJ�WR�WKH�UHVXOWV�LQ�7DEOH���� WKH�JHUPLQDWLRQ�UDWH�RI�VHHGV� LQ�WKH�WHVWV�
UDQJHG�IURP�����WR��������6HHGV�WUHDWHG�DW���R&��&7���KDG�WKH�JUHDWHVW�JHUPLQDWLRQ�
UDWH� ���������� IROORZHG� E\� VHHGV� VRDNHG� LQ� ZDWHU� DW� ��R&� �&7���� ZKLFK� KDG� D�
JHUPLQDWLRQ� UDWH� RI� ����� DQG� VHHGV� WUHDWHG� ZLWK� ZDWHU� �&7��� LQ� QRUPDO�
DLU�WHPSHUDWXUH�UHDFKHG� ������+RZHYHU�� WKURXJK� RYHU� ��� GD\V� RI� VXUYHLOODQFH�� WKH�
UHVXOWV� UHYHDOHG� WKDW� VRPH� VHHGV� JHUPLQDWHG� EXW� HYHQWXDOO\� GHFD\HG� DQG� GHDG� WKH�
URRWV��7KH�TXDQWLW\�RI�JHUPLQDWHG�VHHGV�DQG�VHHGOLQJV�GHFOLQHG�DIWHU����GD\V���

7DEOH����6HHG�JHUPLQDWLRQ�FDSDFLW\�RI�&��NRQLVKLL

7RWDO�QXPEHU�RI�VHHGV�JHUPLQDWHG
*HUPLQDWLRQ�
UDWH�����

6SHHG�
JHUPLQDWLRQ�

����
1XPEHU�
RI�VHHG

���
GD\V

���
GD\V

���
GD\V

���
GD\V

���
GD\V

���
GD\V

&7� ���� �� �� ��� ��� ��� ��� ���� ����

&7� ���� �� ��� ��� ��� ��� ��� ����� ����

&7� ���� �� ��� ��� ��� ��� ��� ����� ����

6RPH�VWXGLHV�KDYH�EHHQ�FRQGXFWHG�RQ�VHHG�JHUPLQDWLRQ�LQ�&XSUHVVDFHDH�>���
��@�� *HUPLQDWLRQ� ZDV� LPSURYHG� E\� VRDNLQJ� VHHGV� LQ� SRWDVVLXP� SHUPDQJDQDWH�
�.0Q2����FRQFHQWUDWLRQ��������IRU����PLQXWHV�EHIRUH�SODQWLQJ�VHHGV��WKHQ�VHOHFWLQJ�
RXW��ULQVLQJ��DQG�VRDNLQJ�LQ�SXUH�ZDWHU�IRU�����KRXUV��SODQW�WKH�VHHGV�RQ�JRXUG�ZLWK�
VDQG� PL[HG� ZLWK� D� OLWWOH� VRLO�� WKHQ� FRYHULQJ� WKH� VHHGV� ZLWK� D� WKLQ� OD\HU� RI� VRLO��



EŐŚŝġŶ�ĐӈƵ�ŬŚŽĂ�ŚҸĐ�ĐƀŶŐ�ŶŐŚҵ�

dҢƉ�ĐŚş�<ŚŽĂ�ŚҸĐ�ǀă��ƀŶŐ�ŶŐŚҵ�ŶŚŝҵƚ�ĜӀŝ͕�^Һ�Ϯϱ͕�ϬϴͲϮϬϮϮ�ϯϬ

DWWHPSWLQJ�WR�FRYHU�WKH�FRPIRUWHU�ZLWK�ILEUH��DQG�XVLQJ�3ODVWLF�VKDGH�QHWWLQJ�WR�VKDGH�
WKH�VXQ��:DWHU�DUH�RQ�DQ�RUGHU�WR�NHHS�WKH�KXPLGLW\�DW�D�FRPIRUWDEOH�OHYHO��7KH�VHHGV�
JHUPLQDWHG�ZLWK�D�VXFFHVV� UDWH�RI�����DIWHU�������GD\V� >��@�� ,W� DOVR�ZHUH� UHFHQWO\�
JDWKHUHG� FRQHV� IURP� GDPDJHG� EUDQFKHV�� GULHG� WKHP�� UHPRYHG� WKH� VHHGV� IURP� WKH�
FRQHV�� DQG� FKRRVHG� VWURQJ� VHHGV�� $IWHU� RQH� PRQWK�� SODQW� VHHGV� LQ�VDQG�� UHPRYH�
VWRQHV�DQG� WUHDW�ZLWK�9L� EHQ�&�����������J��� OLWHU�� EHIRUH� ���� GD\V� DJR��$IWHU� ���
PLQXWHV� RI� VRDNLQJ� LQ� ������.0Q2�� VROXWLRQ�� UHPRYH� WKH� VHHGV��ZDVK� WKHP�� DQG�
VRDN�WKHP�LQ���ၨ&����ERLOLQJ���FROG��ZDWHU��WKHQ�QXUWXUH�WKH�VHHGV�LQ�D�FORWK�EDJ�IRU�
���KRXUV��7KLV�UHVXOW�UHYHDOHG�WKDW�DIWHU����GD\V�� WKH�VXFFHVVIXO�JHUPLQDWLRQ�UDWH�RI�
VHHGV�ZDV��������7KLV�UHVXOW�LQGLFDWHG�WKDW�WKH�VHHGV�ZHUH�WUHDWHG�EHIRUH�WR�SODQWLQJ�
E\�VRDNLQJ�LQ������.0Q2��SRWDVVLXP�SHUPDQJDQDWH�VROXWLRQ�IRU����PLQXWHV�� WKHQ�
ULQVHG� DQG� VRDNHG� LQ� ZDWHU� DW� ��ၨ&� IRU� �� KRXUV� �WR� JUDGXDOO\� FRRO� GRZQ��� EHIRUH�
SODQWLQJ�LQ�PRLVW�VDQG��7KH�JHUPLQDWLRQ�UDWH�RI�VHHGV�DIWHU����GD\V�ZDV����������,Q�
FRPSDULVRQ�� KLJKHU� OHYHOV� RI� VHHG� JHUPLQDWLRQ� KDYH� EHHQ� UHSRUWHG� LQ� )RNLHQLD�
KRGJLQVLL�������>��@�DQG�7D[RGLXP�GLVWLFKXP�������>��@��2XU�UHVXOWV�GHPRQVWUDWH�
WKDW� ZKHQ� WKH� WHPSHUDWXUH� RI� WKH� WUHDWPHQW� ZDWHU� LV� LQFUHDVHG� RU� ORZHUHG�� WKH�
JHUPLQDWLRQ� UDWH� RI� VHHGV� LQFUHDVHV� DQG� GHFUHDVHV� VLJQLILFDQWO\�� )XUWKHUPRUH��
EHFDXVH� LWV� VHHGV� FRQWDLQ� D� ORW� RI� RLO�� QHZ� FRQHV�PXVW� EH� GULHG� LQ� WKH� VKDGRZ� WR�
VHSDUDWH�WKH�VHHGV�DIWHU�FXWWLQJ��6HHGV�VKRXOG�QRW�EH�VWRUHG�XQGHU�QRUPDO�FRQGLWLRQV�
IRU�DQ�H[WHQGHG�SHULRG�RI�WLPH�VLQFH�WKLV�ZLOO�OLPLW�VHHG�JHUPLQDWLRQ��

)XUWKHUPRUH�� WKH� VHHG� JHUPLQDWLRQ� UDWH� GLIIHUHG� VOLJKWO\� EHWZHHQ� WUHDWPHQWV��
$V�D�UHVXOW��&7��KDV�WKH�KLJKHVW�JHUPLQDWLRQ���������IROORZHG�E\�&7��DQG�&7��ZLWK�
�����DQG�������UHVSHFWLYHO\��7KXV��LW�FDQ�EH�VKRZQ�WKDW�VHHGV�WUHDWHG�E\�VRDNLQJ�LQ�
ZDUP� ZDWHU� DW� ��ၨ&� IRU� �� KRXUV� DQG� WKHQ� SODQWLQJ� RQ� PRLVW� VDQG� KDG� D� KLJKHU�
JHUPLQDWLRQ� UDWH�DQG�VSHHG�WKDQ�VHHGV� WUHDWHG�E\� VRDNLQJ� LQ���R&�ZDUP�ZDWHU�DQG�
QRUPDO�ZDWHU���

�����(IIHFW�RI�SRWWLQJ�VRLO�FRPSRVLWLRQ�RQ�VXUYLYDO�DQG�JURZWK�RI�VHHGOLQJV�
LQ�WKH�QXUVHU\��

7KH�PHDQ�VXUYLYDO�UDWH��TXDOLW\��DQG�JURZWK�FKDUDFWHULVWLFV��KHLJKW��GLDPHWHU��
RI�WKH�SODQWV�DW�WKH�DJH�RI���PRQWKV��7DEOH�����'LDPHWHU�DQG�KHLJKW�RI�VHHGOLQJV�ZHUH�
FRQVLGHUDEO\� GLIIHUHG� EHWZHHQ� H[SHULPHQWDO� WUHDWPHQWV�� &7�� �����VRLO��� ����
IDUP\DUG�PDQXUH������VXSHUSKRVSKDWH��SURGXFHG�WKH�EHVW�UHVXOWV�LQ�WHUPV�RI�KHLJKW�
DQG� GLDPHWHU� ����� FP� DQG� ����PP��� IROORZHG� E\� &7�� �����VRLO��� ���� IDUP\DUG�
PDQXUH������VXSHUSKRVSKDWH��ZLWK�DQ�DYHUDJH�KHLJKW�RI�����FP�DQG�DQ�DYHUDJH�URRW�
GLDPHWHU�RI�����PP��DQG�&7�� �����VRLO������VXSHUSKRVSKDWH���7KH� ILQGLQJV�RI�D�
RQH�IDFWRU� DQDO\VLV� $129$�RI� YDULDQFH� UHYHDOHG� WKDW� WKH� FRPSRVLWLRQ� RI�
SRWWLQJ�KDG�D�VLJQLILFDQW�LQIOXHQFH�RQ�VHHGOLQJ�JURZWK�DW�WKH�QXUVHU\�VWDJH��) ����!�
)FULW �����ZLWK� 3� �� ������ 7KH� SRWWLQJ� VROXWLRQ� &7��SURGXFHG� WKH� JUHDWHVW� JURZWK�
UHVXOWV�LQ�GLDPHWHU�DQG�KHLJKW�RI�SODQWV���
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7DEOH����(IIHFW�RI�SRWWLQJ�VRLO�FRPSRVLWLRQ�RQ�JURZWK�RI�VHHGOLQJV�LQ�WKH�QXUVHU\

6XUYLYDO
SODQWV�

5DWH�
����

*URZWK�FULWHULD�
4XDOLWLHV�RI�SODQWV�

����

+YQ��FP�� '����PP�� $� %� &�

&7�� ��� ��� ��������� ��������� �� ��� ���

&7�� ��� ��� �������� ��������� �� ��� ��

&7�� ��� ��� �������� ��������� �� ��� ���

�����(IIHFW�RI�D�VKDGH�V\VWHP�RQ�WKH�GHYHORSPHQW�RI���PRQWK�ROG�SODQWV�

7KH� PRQLWRULQJ� WKH� JURZWK� FKDUDFWHULVWLFV� RI� VHHGOLQJV� DW� �� PRQWKV� RI� DJH�
XQGHU� GLIIHUHQW� VKDGLQJ� WUHDWPHQWV� UHYHDOHG� WKDW� SODQW� KHLJKW� YDULHG� ZLWK� YDU\LQJ�
DPRXQWV�RI� VKDGH� �7DEOH�����7KH� WUHH�KHLJKW� UHDFKHG� WKH�KLJKHVW�YDOXH� LQ� WKH�����
VKDGH� IRUPXOD� ����FP��� IROORZHG�E\� WKH�QR� VKDGLQJ�PHWKRG��7KH� KHLJKW� LQ� WKH� ���
SHUFHQW� VKDGLQJ� IRUPXOD� LV� MXVW�����FP��ZKLFK� LV� ORZHU� WKDQ� WKDW� LQ� WKH����SHUFHQW�
VKDGLQJ�FDOFXODWLRQ������FP���7KH�KHLJKW�RI�SODQWV�XQGHU�GLIIHUHQW�VKDGH�WUHDWPHQWV�
ZDV� VXEVWDQWLDOO\� GLIIHUHQW� �)�  � ����� !� )FULW�  � ������ ZLWK� 3�YDOXH� �����ZKHQ� WKH�
GLIIHUHQFH�EHWZHHQ�WKH�H[SHULPHQWDO�IRUPXODH�ZDV�FKHFNHG�XVLQJ�RQH�IDFWRU�DQDO\VLV�
RI�YDULDQFH��7KH�URRW�GLDPHWHU�IDFWRU�LV�PRVW�VLJQLILFDQW� LQ�WKH�����VKDGH�IRUPXOD�
�����PP���*UDGXDOO\�GHFOLQHV�LQ�WKH�QR�VKDGLQJ������PP��IRUPXOD������VKDGLQJ������
PP��IRUPXOD��DQG� ORZHVW� LQ� WKH�����VKDGLQJ�FDOFXODWLRQ������PP���7KH�GHJUHH�RI�
VKDGH�KDG�D�VLJQLILFDQW�LQIOXHQFH�RQ�WKH�URRW�GLDPHWHU�RI�WKH�VHHGOLQJV��)� ������!�)�
FULW ������ ZLWK� D� 3�YDOXH� RI� ����� ZKHQ� WKH� GLIIHUHQFH� EHWZHHQ� WKH� H[SHULPHQWDO�
IRUPXODH�ZDV�H[DPLQHG�XVLQJ�VLQJOH�IDFWRU�DQDO\VLV�RI�YDULDQFH��

7KH� VXUYLYDO� UDWH�RI� VHHGOLQJV� LQ� WKH� VKDGH� H[SHULPHQW� FRQGLWLRQV�ZDV� JUHDWHU�
WKDQ�����RI�WRWDO�H[SHULPHQWDO�VHHGOLQJ�SODQWV��7KH�IRUPXOD�ZLWK�����VKDGH�DQG����
VKDGLQJ� SURYLGHG� WKH� PRVW� TXDOLW\� SODQWV� ������� 7KLV� GHPRQVWUDWHV� WKDW� VKDGRZ�
VXEVWDQWLDOO\�LQIOXHQFHV�WKH�JURZWK�FULWHULD�RI�VHHGOLQJV�DW�WKH�QXUVHU\�VWDJH�LQ�WHUPV�RI�
KHLJKW�� URRW� GLDPHWHU�� DQG� TXDOLW\�� ,Q� JHQHUDO�� ZKLOH� VWXG\LQJ� SODQW� QXUVHULHV��
LQYHVWLJDWRUV� IRFXV� RQ� GHWHUPLQLQJ� WKH� HFRORJLFDO� YDULDEOHV� WKDW� VLJQLILFDQWO\� LPSDFW�
WKH� JURZWK� RI� VHHGOLQJV�� ZLWK� OLJKW� VHHPV� WR� EH� RI� SDUWLFXODU� LPSRUWDQFH�� :KHQ�
SODQQLQJ�WKH�H[SHULPHQW�RQ�WKH�IXQFWLRQ�RI�WKH�VKDGLQJ�PHWKRG��LW�ZDV�VSOLW�LQWR�ILYH�
FDWHJRULHV� RI� VKDGLQJ�� QR� VKDGLQJ�� ���� VKDGLQJ�� ���� VKDGLQJ�� ���� VKDGLQJ�� DQG�
�����VKDGLQJ��(IIHFW�RI�VKDGH�SHUFHQWDJH�RQ�WKH�JURZWK�RI�VHHGOLQJV�LQ�WKH�QXUVHU\�
VWDJH�UHYHDOHG�WKDW��DW�WKH�DJH�RI�����PRQWKV������VKDGLQJ�LV�JXDUDQWHHG�IRU�VHHGOLQJV��
7KH� PRQLWRULQJ� GDWD� �IURP� HDFK� VWDJH� WLOO� WKH� SODQWV� DUH� �� PRQWKV� ROG�� FOHDUO\�
GHPRQVWUDWHG�WKH�UHVXOWV��7KH�ELRPDVV�DQG�KHLJKW�RI�SODQWV�LQFUHDVHG�VXEVWDQWLDOO\��
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7DEOH����(IIHFW�RI�D�VKDGH�V\VWHP�RQ�WKH�GHYHORSPHQW�RI���PRQWK�ROG�SODQWV�

6XUYLYDO
SODQWV�

5DWH�
����

4XDOLWLHV�RI�
SODQWV�����

*URZWK�FULWHULD�

$� %� &� +YQ��FP�� '���PP��

1R�6KDGLQJ� ��� ��� ��� �� �� �������� ��������

6KDGLQJ����� ��� ��� ��� ��� �� �������� ��������

6KDGLQJ����� ��� ��� ��� ��� �� �������� ��������

6KDGLQJ����� ��� ��� ��� ��� ��� �������� ��������

���&21&/86,21

7KH�UHVXOWV�UHYHDOHG�WKDW�WKH�HYDOXDWHG�VHHGV�KDG�DQ�DYHUDJH�SXULW\�RI��������
ZLWK�VHHGV�VRDNHG�LQ�ZDUP�ZDWHU�DW���ၨ&�KDYLQJ�WKH�PRVW�UHPDUNDEOH�JHUPLQDWLRQ�
UDWH�RI���������7KH�SRWWLQJ�PL[�FRQWDLQV�����VRLO������IDUP\DUG�PDQXUH��DQG����
VXSHUSKRVSKDWH��&7���IRU�WKH�PRVW�VLJQLILFDQW�JURZWK��7KH�����VKDGLQJ�IRUPXOD�LV�
RSWLPXP�IRU�WKH�JURZWK�RI�SODQWV�LQ�WKH�QXUVHU\�SHULRG�XS�WR���PRQWKV�RI�DJH��ZLWK�D�
VXUYLYDO� UDWH� RI� ����� 7KH� LQIRUPDWLRQ� SUHVHQWHG� DERYH� LV� VLJQLILFDQW� VFLHQWLILF�
HYLGHQFH� WKDW� ZLOO� DVVLVW� LQ� WKH� GHVLJQ� RI� D� IXWXUH� VROXWLRQ� IRU� WKLV� VSHFLHV
�
JHUPLQDWLRQ�LVVXHV��

$FNQRZOHGJHPHQWV�� :H� DSSUHFLDWH� DQ� DGPLQLVWUDWLRQ� RI� 3X� +RDW� 1DWXUH�
5HVHUYH���1JKH�$Q�SURYLQFH��;XDQ�/LHQ�1DWXUH�5HVHUYH���7KDQK�+RD�SURYLQFH��;XDQ�
1KD�1DWXUH�5HVHUYH���6RQ�/D�SURYLQFH��+RDQJ�6X�3KL�SURWHFWHG�IRUHVW���+D�*LDQJ�
SURYLQFH�IRU�WKHLU�VXSSRUW�LQ�RXU�VXUYH\��7KLV�VWXG\�ZDV�IXQGHG�E\�WKH�EDVH�SURMHFW�
RI�9LHWQDP���5XVVLD�7URSLFDO�&HQWHU�������������

5()(5(1&(6�

�� 0XUDOL�.��6���3DWWHUQV�RI�VHHG�VL]H��JHUPLQDWLRQ�DQG�VHHG�YLDELOLW\�RI�WURSLFDO�
WUHH�VSHFLHV�LQ�6RXWKHUQ�,QGLD��%LRWURSLFD�����������������������

�� ,PFKHQ� &��� 6HQ� 6��� .XPDU� +��� 0DUDN� -��� (IIHFW� RI� 'LIIHUHQW� 3UHWUHDWPHQW�
0HWKRG� RQ� 6HHG� *HUPLQDWLRQ� RI� *XOPRKDU� �'HORQL[� UHJLD��� 7UHQGV� LQ�
%LRVFLHQFHV�������������������������

�� 'KXSSHU� 5��� (IIHFW� RI� VHHG� SUH�WUHDWPHQW� RQ� VXUYLYDO� SHUFHQWDJH� RI� WKUHH�
GHVHUW�WUHH�VSHFLHV��-RXUQDO�RI�(QYLURQPHQWDO�6FLHQFH��&RPSXWHU�6FLHQFH�DQG�
(QJLQHHULQJ�DQG�7HFKQRORJ\�������������������

�� 3KDQ�.H�/RF��3KDP�9DQ�7KH��1JX\HQ�6LQK�.KDQJ��$YHU\DQRY�/�9���&RQLIHUV�
JURZLQJ�QDWXUDOO\� LQ�9LHWQDP���8SGDWHG�FRPSHQGLXP�������7ҥS�FKt�.LQK� WӃ�
6LQK�WKiL������������������

�� 3KDQ�.H�/RF��3KDP�9DQ�7KH��3KDQ�.H�/RQJ��5HJDODGR�-���$YHU\DQRY�/��9���
0DVOLQ� %��� 1DWLYH� FRQLIHUV� RI� 9LHWQDP� �� D� UHYLHZ�� 3DN�� -�� %RW�� ������
�����������������

�� 1JX\HQ�7LHQ�+LHS��3KDQ�.H�/RF��1JX\HQ�7R�'XF�/XX��7KRPDV�3��,���)DUMRQ�$���
$YHU\DQRY� /��� 5HJDODGR� -�-U��� 9LHWQDP� FRQLIHUV�� &RQVHUYDWLRQ� VWDWXV� UHYLHZ�
������)DXQD�	�)ORUD�,QWHUQDWLRQDO��9LHWQDP�3URJUDPPH��+DQRL��������WU��������
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�� 3KDQ�.H�/RF��1JX\HQ�7LHQ�+LHS��'R�7LHQ�'RDQ��1JX\HQ�6LQK�.KDQJ��/H�7KH�
6X�� 1JX\HQ� 'LQK� +DL�� /H� 9DQ� +XQJ�� $YHU\DQRY� /�� 9��� 5HJDODGR� -�� -U���
'LYHUVLW\� RI� 9LHWQDPHVH� IORUD� ���� &RQWULEXWLRQ� RI� LQYHQWRU\� GLYHUVLW\��
GLVWULEXWLRQ� DQG� FRQVHUYDWLRQ� YDOXH� DVVHVVPHQW� RI� SLQH� LQ� 7KDQK� +RD�
SURYLQFH��*HQHWLFV�DQG�$SSOLFDWLRQV��������WU��������

�� 3KDP� 0�� 3��� (QYLURQPHQW� WROHUDQFH� RI� &XQQLQJKDPLD� NRQLVKLL� +D\DWD� LQ�
QRUWKHUQ�RI�9LHWQDP��,Q�(�6�:HE�RI�&RQIHUHQFHV�������������������

�� 3KDP� 0�� 3��� 7UDQ� 9�� +��� 9X� '�� '��� 1JX\HQ� 4�� .��� 	� 6KDK� 6�� 1�� 0���
3K\ORJHQHWLFV�RI� QDWLYH� FRQLIHU� VSHFLHV� LQ�9LHWQDP�EDVHG�RQ� WZR�FKORURSODVW�
JHQH�UHJLRQV�UEF/�DQG�PDW.��&]HFK�-RXUQDO�RI�*HQHWLFV�DQG�3ODQW�%UHHGLQJ��
��������������������

��� 3KDP�0��3���9X�'��'���6KDK�6��1��0���1JX\HQ�4��.���1JX\HQ�7��7���7KL�+��7���
(YDOXDWLRQ� RI� ODQG� VXLWDELOLW\� IRU� &XQQLQJKDPLD� NRQLVKLL� +D\DWD�
�&XSUHVVDFHDH��SODQWLQJ� LQ�9LHWQDP��*HRJUDSK\��HQYLURQPHQW��VXVWDLQDELOLW\��
�������������������

��� $OYDUH]�$���6XDUH]�-��7���+HFKDYDUULD�2���'LDJR� ,���3LQXV� WURSLFDOLV�0RUHOHW��
LWV� FKDUDFWHULVWLFV� DQG� JHQHWLF� UHVRXUFH� VWDWXV�� )RUHVW� *HQHWLF� 5HVRXUFHV�
�)$2���������

��� 0LQLVWU\�RI�6FLHQFH�DQG�7HFKQRORJ\�RI�9LHWQDP��9LHWQDP�5HG�%RRN��3DUW�,,��
3ODQWV��3XEOLVKLQJ�+RXVH��1DWXUDO�6FLHQFH�DQG�7HFKQRORJ\��+DQRL��������

��� 1JX\HQ� +RDQJ� 1JKLD�� &RQLIHUV� LQ� 9LHWQDP�� $JULFXOWXUH� 3XEOLVKLQJ� +RXVH��
+DQRL��������

��� 7KRPDV�3���<DQJ�<���&XQQLQJKDPLD�NRQLVKLL��7KH�,8&1�5HG�OLVW�RI�WKUHDWHQHG�
VSHFLHV��������

��� ;X�<���&DL�1���+H�%���=KDQJ�5���=KDR�:���0DR�-���'XDQ�$���/L�<���:RHVWH�.���
*HUPLQDWLRQ�DQG�HDUO\�VHHGOLQJ�JURZWK�RI�3LQXV�GHQVDWD�0DVW��3URYHQDQFH��-��
)RU��5HV������������������������

��� 'HFUHH�1R����������1'�&3�GDWHG�-DQXDU\����������RI�WKH�*RYHUQPHQW�RQ�WKH�
PDQDJHPHQW� RI� HQGDQJHUHG�� SUHFLRXV� DQG� UDUH� IRUHVW� SODQWV� DQG� DQLPDOV� DQG�
WKH� LPSOHPHQWDWLRQ� RI� WKH� FRQYHQWLRQ� RQ� LQWHUQDWLRQDO� WUDGH� LQ� DQLPDOV�
HQGDQJHUHG�ZLOG�DQLPDOV�DQG�SODQWV��

��� 1JX\HQ� 7KL� 3KXRQJ� 7UDQJ�� 6WXG\� RQ� SRSXODWLRQ� JHQHWLF� GLYHUVLW\� IRU� WKH�
SXUSRVH�RI�FRQVHUYLQJ� WZR�VSHFLHV�RI�)RNLHQLD�KRGJLQVLL� �'XQQ��$��+HQU\�HW�
7KRPDV��DQG�6D�0RF�'DX��&XQQLQJKDPLD�NRQLVKLL�+D\DWD���UHODWLYHV�RI�VRPH�
VSHFLHV� LQ� WKH� &XSUHVVDFHDH� IDPLO\� LQ� 9LHWQDP�� 7KHVLV� 3K�'�� ,QVWLWXWH� RI�
(FRORJ\� DQG� %LRORJLFDO� 5HVRXUFHV� �� $FDGHP\� RI� 6FLHQFH� DQG� 7HFKQRORJ\�
9LHWQDPHVH�WHFKQRORJ\��������

��� 1JX\HQ� '�� 4��� 3KDQ� 7�� 3�� +��� 'DR� 9�� 7��� (IIHFW� RI� VWRUDJH� WLPH� DQG�
SUHWUHDWPHQW� RQ� VHHG� JHUPLQDWLRQ� RI� WKH� WKUHDWHQHG� FRQLIHURXV� VSHFLHV�
)RNLHQLD�KRGJLQVLL��3ODQW�6SHFLHV�%LRORJ\��������������������

��� /LX� *��� /L� <��� +HGJHSHWK� 0��� :DQ� <��� 5REHUWV� 5�� (��� 6HHG� JHUPLQDWLRQ�
HQKDQFHPHQW� IRU� EDOG� F\SUHVV� �7D[RGLXP� GLVWLFKXP� �/��� 5LFK���� -RXUQDO� RI�
+RUWLFXOWXUH�DQG�)RUHVWU\��������������������
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$�5(6($5&+�21�6(('�3523$*$7,21�2)�&XQQLQJKDPLD�NRQLVKLL
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&XQQLQJKDPLD� NRQLVKLL� +D\DWD� KDV� QRW� RQO\� HFRORJLFDO� LPSRUWDQFH� LQ� WKH�
IRUHVW�HFRV\VWHP�EXW�DOVR�JUHDW�FRPPHUFLDO�YDOXH�LQ�WLPEHU�DQG�IUDJUDQW�HVVHQWLDO�RLO��
7KHP� OLVWHG� LW� DV� HQGDQJHUHG� LQ� 5HG� %RRN� RI� 9LHWQDP� DQG� ,8&1�5HG� /LVW�� 7KLV�
VSHFLHV� QDWXUDOO\� JURZV� DW� DQ� DOWLWXGH� RI� ������������P� RQ� WKH� KXPXV� DOSLQH� DQG�
VSHFLHV� DOVR� OLYHV� WRJHWKHU� ZLWK� RWKHU� VSHFLHV� FRQLIHU� VXFK� DV�)RNLHQLD� KRGJLQVLL��
$PHQWRWD[XV�DUJRWDHQLD�DQG�3RGRFDUSXV�VSS��«�&��NRQLVKLL�ZDV�SRRU�UHJHQHUDWLRQ�
VWDWXV��7KH�SDSHU�SUHVHQWV�WKH�UHVXOWV�RI�VHHG�SURSDJDWLRQ�DQG�JURZWK�RI�&��NRQLVKLL�
DW�WKH�QXUVHU\�VWDJH��7KH�UHVXOW�VKRZV�WKDW�WKH�VHHG�SXULW\�ZDV�������DIWHU����GD\V��
6HHGV�ZHUH� WUHDWHG�DQG� VRDNHG� LQ�ZDUP�ZDWHU�DW���R&� IRU� WKH�KLJKHVW�JHUPLQDWLRQ�
UDWH�RI��������6HHGOLQJV�JUHZ�TXLFNO\�DQG�HYHQWO\� LQ� D�SRWWLQJ�PL[�RI�����PXFN�
DQG����VXSHUSKRVSKDWH��7KH�IRUPXOD�RI�����VKDGLQJ�IRU�WKH�JURZWK�RI�&��NRQLVKLL
LQ�WKH�QXUVHU\�SHULRG�XS�WR���PRQWKV�RI�DJH�LV�WKH�EHVW�ZLWK�D�VXUYLYDO�UDWH�RI������
JURZWK�KHLJKW�ZDV�����FP��GLDPHWHU�ZDV����PP��2XU�VWXG\�ZLOO�DVVLVW�FRQVHUYDWRUV�
LQ�IXWXUH�FRQVHUYDWLRQ�PDQDJHPHQW��EUHHGLQJ��SURGXFWLRQ�DQG�KDELWDWV�UHVWRUDWLRQ�RI�
WKH�VSHFLHV��

.H\ZRUGV��&XQQLQJKDPLD�NRQLVKLL��JHUPLQDWLRQ��KDELWDWV��VHHGV��QXUVHU\�

1K̵Q�EjL�QJj\����WKiQJ���QăP������

3K̫Q�EL͏Q�[RQJ�QJj\����WKiQJ����QăP������

+RjQ�WKL͏Q�QJj\����WKiQJ����QăP������

����,QVWLWXWH�RI�7URSLFDO�(FRORJ\��9LHWQDP���5XVVLD�7URSLFDO�&HQWHU�
����)DFXOW\�RI�)RUHVWU\��)RUHVWU\�8QLYHUVLW\�
����3X�+RDW�1DWXUH�5HVHUYH�
����%LRWHFKQRORJ\�6XE�,QVWLWXWH��9LHWQDP���5XVVLD�7URSLFDO�&HQWHU�
����7KDQK�+RD�$JULFXOWXUDO�,QVWLWXWH�


