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,QWURGXFWLRQ�� 'DWH�SDOPV��3KRHQL[�GDFW\OLIHUD�/���ZHUH�LQWURGXFHG� WR� 6RXWKHUQ� $IULFD� IURP� VHHGV�EURXJKW� LQ� E\�PLVVLRQDULHV� LQLWLDOO\�� XQWLO� WKH�ILUVW� FRPPHUFLDO� SODQWLQJV� ZHUH� PDGH� XVLQJ�RII�VKRRWV� SXUFKDVHG� IURP� <XPD�� 8QLWHG�6WDWHV� RI� $PHULFD� �1LHPROOHU�� SHUVRQDO�FRPPXQLFDWLRQ��� 7LVVXH� FXOWXUHG� SODQWV� IRU�FRPPHUFLDO�SODQWLQJV�LQ�VRXWKHUQ�$IULFD�KDYH�RQO\�EHHQ�LQWURGXFHG�DERXW�D�GHFDGH�DJR�DQG�WKH� SODQWLQJV� DUH� VWLOO� YHU\� \RXQJ�� +RZHYHU��EHFDXVH� SURSDJDWLRQ� E\� WLVVXH� FXOWXUH� DOORZV�IRU� WKH� WUDQVSRUWDWLRQ� RI� D� UHODWLYHO\� GLVHDVH�IUHH� SODQW� DUHD�� DQG� WUXH�� WR�W\SHQHVV� DORQJ�ZLWK� QXPHURXV� RWKHU� DGYDQWDJHV�� WKH�

SXUFKDVLQJ� RI� VXFK� SODQWV� KDV� EHFRPH�SRSXODU���7LVVXH� FXOWXUHG� GDWH� SDOPV� DUH�QRUPDOO\� SURGXFHG� XVLQJ� �� WHFKQLTXHV��RUJDQRJHQHVLV� DQG� VRPDWLF� HPEU\RJHQHVLV��GLUHFW� DQG� LQGLUHFW��� 'LUHFW� VRPDWLF�HPEU\RJHQHVLV� RI� GDWH� SDOPV� LQYROYHV� WKH�SUROLIHUDWLRQ�RI�HPEU\R�FXOWXUHV�UDWKHU�WKDQ�FDOOXV� FXOWXUHV� XVHG� LQ� WKH� LQGLUHFW� VRPDWLF�HPEU\RJHQHVLV� WHFKQLTXH�� � 6LQFH� PRVW�SODQWV� LQ� VRXWKHUQ� $IULFD� RULJLQDWHG� IURP�SODQWV�SURGXFHG�YLD�VRPDWLF�HPEU\RJHQHVLV��WKH�DXWKRU�ZLOO�FRQFHQWUDWH�RQ�WKH�ODWWHU��� 7KH�LQLWLDWLRQ�SKDVH�RI�WKLV�WHFKQLTXH�LV�QRUPDOO\� GRQH� E\� WKH� LQWURGXFWLRQ� RI� KLJK�FRQFHQWUDWLRQV� RI� WKH� DX[LQ� ����'�
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ZLWK�ZLWKRXW� RWKHU� SODQW� JURZWK� UHJXODWRUV�RU� FRPELQDWLRQV� RI� RWKHU� DX[LQV� DQG�F\WRNLQLQV�VXFK�DV�1$$��12$��*$�DQG���L3� LQWR� WKH� SODQW� JURZWK� PHGLXP� RI� WKH�H[SODQW�� 7KLV� LQGXFHV� FDOOXV� DQG� HPEU\R�GHYHORSPHQW�� ZKLFK� LQ� WXUQ� DOORZV� IRU� WKH�PDVV� SURGXFWLRQ� RI� SODQWOHWV�� 7KH� GH�GLIIHUHQWLDWHG�FHOOV�JURZ� LQ�DQ�XQRUJDQL]HG�PDVV��6KRXOG�VRPDFORQDO�YDULDWLRQ�RFFXU�DW�WKLV� VWDJH�� FHOOV� WKRXJKW� WR� EH� JHQHWLFDOO\�LGHQWLFDO�WXUQ�RXW�WR�EH�GLVVLPLODU�YDU\LQJ�LQ�KHLJKW�� FRORXU�� VKDSH�� GLVHDVH� UHVLVWDQFH��DQG� \LHOG� DQG� PDWXUDWLRQ� FKDUDFWHULVWLFV��(YDQV�� ������� 7KLV� VRPDFORQDO� YDULDWLRQ�KDV�EHHQ� UHSRUWHG� LQ�PRUH� WKDQ����VSHFLHV��LQFOXGLQJ�ZKHDW��PDL]H��WRPDWR��EDQDQD��RLO�SDOP�DQG�SRWDWR��7KHVH�VSRQWDQHRXV�JHQHWLF�FKDQJHV�RFFXU�LQ�WUDLWV�XQGHU�VLPSOH�JHQHWLF�FRQWURO�� VXFK� DV� JUDLQ� FRORXU� LQ� ZKHDW� WR�WKRVH�XQGHU�SRO\JHQLF�FRQWURO�VXFK�DV�SODQW�KHLJKW��0LOOHU���������2II�W\SHV�� RIWHQ� UHIHUUHG� WR� DV��PXWDWLRQV��� DUH� D� FRQWURYHUVLDO� LVVXH�DPRQJ� WLVVXH� FXOWXUH� ODERUDWRULHV� DQG� WKH�SXUFKDVHU�RI�VXFK�SODQWV��:KHQ�SODQWV�VKRZ�DEQRUPDO� SODQW� JURZWK� EHKDYLRXU� LW� LV�LPSRUWDQW� WR� GHWHUPLQH� ZKHWKHU� VXFK�DEQRUPDOLW\� LV� D� UHVXOW� RI� HQYLURQPHQWDO�FRQGLWLRQV� RU� JHQHWLF� DEHUUDWLRQV� VRPDWLF�FHOO�PXWDQWV�ZLWK� DOWHUHG� RU� DUUHVWHG� HPEU\R�SKHQRW\SHV� KDYH� SUHYLRXVO\� EHHQ� GHVFULEHG��7HU]L� DQG� /RVFKLDYR�� ������� ,Q� PRVW� FDVHV�WKH� JHQHV� DIIHFWHG� KDYH� QRW� \HW� EHHQ�LGHQWLILHG��VR�DOWKRXJK�SODQW�HPEU\RJHQHVLV�LV�PRUSKRORJLFDOO\� ZHOO� GHVFULEHG�� RXU�XQGHUVWDQGLQJ� RI� WKH� PROHFXODU� HYHQWV� WKDW�JHQHUDWH� WKH� SODQW� HPEU\R� DQG� LWV�GHYHORSPHQW�LV�VWLOO�YHU\�OLPLWHG��$EQRUPDOLWLHV� LQ� SODQW� JURZWK� ZLWK� WKH�XVH� RI� ����'� RQ� SODQWV� KDV� EHHQ� SUHYLRXVO\�UHSRUWHG� �/RXEVHU�� ������� 8QOLNH� YDULRXV�RWKHU� SODQW� JURZWK� UHJXODWRUV� VXFK� DV� ,$$��ZKLFK� LV� EURNHQ� GRZQ� E\� WKH� SODQW� RQFH�DEVRUEHG������'�LV�VHTXHVWHG�E\�WKH�SODQW��QRW�EURNHQ� GRZQ� DQG� LV� FRQWLQXDOO\� UHF\FOHG�� ,W�KDV� DOVR� EHHQ� IRXQG� WKDW� WKH� ����'� HIIHFW� LV�FXPXODWLYH� DQG� EHFDXVH� LW� UHPDLQV� LQ� WKH�

WLVVXHV� RI� WKH� SODQWV� IRU� ORQJ� SHULRGV�� WKH�HIIHFWV�DUH�ORQJ�ODVWLQJ��/RXEVHU����������:LWK�WKH�LQGXFWLRQ�RI�GDWH�SDOP�FDOOXV�E\�XVLQJ�KLJK�FRQFHQWUDWLRQV�RI�DX[LQ������'��WKH�ULVN� LQFUHDVHV� WKDW� SODQWOHWV� UHJHQHUDWHG� IURP�VXFK�D�SURFHVV�E\�HPEU\RJHQHVLV�PD\�QRW�EH�WUXH�WR�W\SH�� ,Q� D� FRPPHUFLDO� VHW� XS� ZKHUH�WKRXVDQGV� RI� SODQWOHWV� DUH� JHQHUDWHG� IURP� D�VLQJOH� H[SODQW�� VWDELOLW\� LV� FULWLFDO�� 6KRXOG� DQ�RII�W\SH� RFFXU� WKDW� DIIHFWV�� IRU� H[DPSOH�� WKH�IUXLW� LQ� DQ\� IRUP�� LW� ZLOO� RQO\� EH� QRWLFHG� ��\HDUV� DIWHU� SXUFKDVH� IURP� WKH� ODERUDWRU\�ZKHUHE\� WKH� SODQW� KDV� VXEVHTXHQWO\� LQFXUUHG�VXEVWDQWLDO�GHYHORSPHQW�FRVWV���7R�EH�DEOH� WR�DVVHVV�WKH�JHQHWLF�VWDELOLW\�RI� LQ� YLWUR� GHULYHG� FORQHV� EHFRPHV� HVVHQWLDO�LQ� WKH� DSSOLFDWLRQ� RI� ELRWHFKQRORJ\� IRU�PLFURSURSDJDWLRQ� RI� WUXH�WR�W\SH� FORQHV�� IRU�LQ� YLWUR� JHUPSODVP� FRQVHUYDWLRQ� DQG� IRU�FRPPHUFLDO� SODQWLQJ� RI� KLJK� TXDOLW\�PDWHULDOV��)RU�H[DPSOH��F\WRORJLFDO�VWXGLHV�RI�SDOP�FHOO�FXOWXUHV�DUH�IHZ�DQG�HYHQ�WKHVH�DUH�EULHIO\� UHSRUWHG�� ,W� ZRXOG� VHHP� XVHIXO��SDUWLFXODUO\� LQ� YLHZ� RI� WKH� FRPPHUFLDO�SRWHQWLDO� RI� WKH� GDWH� SDOP� WR� EXLOG� XS� DQ�XQGHUVWDQGLQJ�RI�WKHLU�FKURPRVRPDO�F\WRORJ\�LQ� UHODWLRQ� WR� VXFK� IDFWRUV�� VXFK� DV� FORQDO�RULJLQ�� JURZWK� UDWHV�� FDSDFLW\� IRU�GLIIHUHQWLDWLRQ� DQG� PHGLD� FRPSRQHQWV��HVSHFLDOO\�JURZWK�UHJXODWRUV��7KH�YDOXH�RI�WKH�F\WRORJLFDO� VWXGLHV� ZRXOG�� KRZHYHU�� EH�OLPLWHG� E\� WKHLU� IDLOXUH� WR� GHWHFW� FKDQJHV� DW�WKH�PROHFXODU�OHYHO��3DUDQMRWK\���������0ROHFXODU� VWXGLHV� GLVWLQJXLVKLQJ�EHWZHHQ� YDULHWLHV� DQG� WKH� LVRODWLRQ� RI�PLQLFLUFXODU� SODVPLG� OLNH� '1$
V� KDYH� EHHQ�FRQGXFWHG��%HQVOLPDQH�HW�DO���������$Q�5IOS�DQDO\VLV� RI� ILYH� GDWH� SDOP� HOLWH� FXOWLYDUV��%DUKHH�� 'HJOHW� 1RXU�� .KDODVVD�� .KDGUDZ\�DQG� 0HGMRRO�� KDV� EHHQ� SHUIRUPHG� RQ� RII�VKRRW� OHDYHV� VXUURXQGLQJ� WKH� VKRRW� WLSV� XVHG�WR� LQLWLDWH� WLVVXH� FXOWXUH� �&RUQLTXHO� DQG�0HUFLHU�� ������� $/�6KD\ML� HW� DO�� �������LVRODWHG� DQG� DQDO\VHG� WRWDO� JHQRPLF� '1$�IURP� WKH� GDWH� SDOP� LQ� RUGHU� WR� DVVLVW� LQ�JHQHWLF� LPSURYHPHQW�RI� WKH�YDULHWLHV�DV�ZHOO��7KHVH� WHFKQLTXHV� ZLOO� DVVLVW� LQ� FRPSDULVRQV�DJDLQVW� D� NQRZQ� YDULHW\�� $Q� RII�W\SH� LQ� D�
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EORFN�RI�0HGMRROV�IRU�H[DPSOH��FDQ�EH�WHVWHG�XVLQJ�WKHVH�WHFKQLTXHV�WR�GLVWLQJXLVK�ZKHWKHU�PLVODEHOOLQJ� PD\� KDYH� EHHQ� WKH� FDXVH� RI� D�GDWH� SDOP� GLVVLPLODU� WR� WKRVH� DURXQG� LW�� 7KH�WHFKQLTXH� DOVR� SURYLGHV� D� JXLGHOLQH� DJDLQVW�ZKLFK� RII�W\SHV� FDQ� EH� FRPSDUHG� WR� NQRZQ�YDULHWLHV���$ VDWLVIDFWRU\� SURFHVV� IRU� WKH�UHJHQHUDWLRQ� RI� GDWH� SDOP� HOLWH� FXOWLYDUV�VKRXOG� UHVXOW� LQ� LQGLYLGXDOV� SKHQRW\SLFDOO\�DQG� JHQHWLFDOO\� LGHQWLFDO� WR� WKH� H[SODQW� IURP�ZKLFK� WKH\� DUH� GHULYHG�� +RZHYHU�� GXH� WR�VRPDFORQDO� YDULDWLRQ� JHQHUDWHG� GXULQJ� LQ�YLWUR� FXOWXUH�� LW� FDQQRW� EH� FHUWLILHG� WKDW� WKH�JHQHWLF� RUJDQL]DWLRQ�RI� WLVVXH�FXOWXUH�GHULYHG�PDWHULDO� LV� LGHQWLFDO� WR� WKH� PRWKHU� SODQW� RU�H[SODQW�DQG�WKDW�LW�LV�LQKHUHQWO\�KRPRJHQHRXV��(YDQV�� ������� 7KH� DLP� RI� WKLV� VWXG\� ZDV��WKHUHIRUH�� WR� ILQG� DQG� LGHQWLI\� RII�W\SHV� RI�GDWH�SDOPV�E\�PHDQV�RI�D�VXUYH\�FRQGXFWHG�LQ�WKH� 6RXWKHUQ� $IULFDQ� UHJLRQ� ZKLFK� KDG�SUHYLRXVO\�QRW�EHHQ�UHSRUWHG�����0DWHULDOV�DQG�0HWKRGV���$ VXUYH\�ZDV� LVVXHG� WR� RYHU� ��� GDWH� SDOP�IDUPHUV� DQG� FRPSDQLHV� LQ� 6RXWKHUQ�$IULFD�LQ�0DUFK�������7KH�IDUPHUV�ZHUH�UDQGRPO\�VHOHFWHG� HQVXULQJ� D� JRRG� UHSUHVHQWDWLRQ�IURP�HDFK�JURZLQJ�DUHD��L�H��1RUWKHUQ�&DSH��/LPSRSR�3URYLQFH�LQ�WKH�5HSXEOLF�RI�6RXWK�$IULFD��JURZHUV�IURP�1DPLELD�DQG�D�VLQJOH�IDUPHU� IURP� =LPEDEZH� �WKHUH� LV� RQO\� RQH�FRPPHUFLDO� JURZHU� RI� GDWH� SDOPV� LQ�=LPEDEZH���7KH�VDPH�ZULWWHQ�TXHVWLRQQDLUH�ZDV�XVHG�IRU�FRPSDQLHV�DQG�IDUPHUV�DOLNH���7KH�TXHVWLRQQDLUH�GHDOW�ZLWK�WKH�RULJLQV�RI�WKH�GDWH�SDOPV�DQG�DQ\�DEQRUPDOLWLHV�WKDW�KDG�EHHQ�REVHUYHG��7\SLFDO�TXHVWLRQV�DVNHG�ZHUH��1DPH�DQG�FRQWDFW�GHWDLOV��OLVW�YDULHW\��QXPEHU� DQG� \HDU� RI� GDWH� SDOPV� SODQWHG��ZKLFK� ODERUDWRU\� RU� ODERUDWRULHV� VXSSOLHG�WKH� SODQWV�� ZHUH� SODQWV� HPEU\RJHQLF� RU�RUJDQRJHQLF� LQ� RULJLQ�� GLG� \RX� QRWLFH� DQ\�DEQRUPDOLWLHV� LQ� \RXU� SODQWV�� ,I� WKH� DQVZHU�LV� <HV�� WKHQ� GHVFULEH� WKH� DEQRUPDOLW\� DQG�QXPEHU� RI� SODQWV� DIIHFWHG��+RZ� VRRQ� DIWHU�SODQWLQJ�GLG�\RX�QRWLFH�WKH�DEQRUPDOLW\"��

(DFK DQRPDO\� ZDV� UHFRUGHG� DQG� D�IROORZ� XS� GLVFXVVLRQ� LQLWLDWHG� ZLWK� WKH�IDUPHU� E\� WHOHSKRQ� RQ� WKH� GHWDLOV� RI� WKH�DQRPDO\�� )RU� H[DPSOH�� WKH� LQFLGHQFH� RI�GLVHDVH�� QXWULHQW� DSSOLFDWLRQ� � DQG�SROOLQDWLRQ� DQG� LUULJDWLRQ�SUDFWLFHV�XVHG�RQ�WKH�IDUP�ZHUH�OLVWHG�LQ�PRUH�GHWDLO�����5HVXOWV��� 7KH� VXUYH\� FRQGXFWHG� DPRQJ� IDUPHUV�DQG�FRPSDQLHV�UHYHDOHG�WKH�IROORZLQJ���
7\SH�RI�DEQRUPDOLW\�UHSRUWHG� 3HUFHQWDJH�RI�SXUFKDVHG�9DULHJDWLRQ�RI�OHDYHV� ������6HHGOHVV�IUXLW� ����%URDGHU�OHDYHV�DQG�GLIIHUHQW�VSLQH�VWUXFWXUH� ����
1R�SROOLQDWLRQ�LQ�%DUKHH�YDULHW\��YDULRXV�GHJUHHV�XS�WR� ����
%HQGLQJ�RI�VWHP� ����&RPSDFW�JURZWK��EURDG�OHDYHV� �

L��9DULHJDWLRQ�� 7KH� YDULHJDWLRQ� RI� OHDYHV�ZDV� LQLWLDOO\�VHHQ� LQ� WKH� JUHHQKRXVH�� $PRQJ� ��������SODQWV� SURGXFHG�� RQO\� �� VKRZHG� GLVWLQFW�YDULHJDWLRQ��8QOLNH�JHQHUDO�\HOORZLQJ�RI�WKH�OHDYHV� FDXVHG� E\� LURQ� GHILFLHQFLHV�� WKH�OHDYHV�KDG�D�FUHDP�FRORXUHG�VWULSH�UXQQLQJ�SDUDOOHO� WR� WKH� OHDI�PDUJLQ��7KH�YDULHJDWLRQ�RFFXUUHG� RQ� DOO� OHDYHV� EXW� YDULHG� LQ� VWULSH�ZLGWK��2WKHUZLVH�KHDOWK\�DQG�JUHHQ��JURZWK�UDWH� RI� WKHVH� SODQWV� GLIIHUHG� IURP� QRUPDO�SODQWV�� 9DULHJDWLRQ� DV� DQ� RII�W\SH� LV�FRPPRQ�DPRQJ�RWKHU�FXOWXUH�GHULYHG�SODQWV�VXFK� DV� EDQDQDV� �5RELQVRQ�� ������� � 6LQFH�HQYLURQPHQW� �ZDWHU�� PHGLD� DQG� QXWULWLRQ��ZDV� QR� GLIIHUHQW� IURP� RWKHU� SODQWV�SURGXFHG�� RWKHU� H[SODQDWLRQV� IRU� VXFK�DEQRUPDOLWLHV� KDYH� WR� EH� VRXJKW�� LQFOXGLQJ�YLUXV�PLFURELDO� FRQWDPLQDWLRQ�� LQ YLWUR�PHGLD� QXWULHQW� GHILFLHQF\� RU� JHQHWLF�YDULDWLRQ���
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LL��6HHGOHVV�IUXLW�SDOP�7KH� �VHHGOHVV�IUXLW�� SDOP� SURGXFHG�GDWHV�VPDOO� LQ�VL]H��EXW�YHU\�VZHHW�WR�WDVWH��7KH� SDOP�ZDV� DOVR� GLIIHUHQW� LQ� DSSHDUDQFH�IURP�WKH�RWKHU�QHLJKERXULQJ�0HGMRRO�SODQWV��)LJXUH� ���� )UXLWV� ZLOO� EH� UHDVVHVVHG� LQ�VXEVHJPHQW�JURZLQJ�VHDVRQV�WR�VHH�ZKHWKHU�WKLV�VHHGOHVV�SKHQRPHQRQ�LV�UHSHDWHG��$V�LV�ZHOO� NQRZQ�� XQIHUWLOL]HG� IUXLW� KDYH� QR�PDWXUH�VHHG��6LQFH�WKH��VHHGOHVV�IUXLW��GDWH�SDOP� ZDV� D� VLQJOH� SODQW� DPRQJ� �����LQGHQWLFDO�0HGMRRO�SODQWV� LQ�D�SODQWDWLRQ��D�VLPSOH� H[SODQDWLRQ� IRU� WKLV� DEQRUPDOLW\�PLJKW� EH� WKDW� ODEHOV� GXULQJ� GHOLYHU\� FRXOG�KDYH� EHHQ� PL[HG� XS� DQG� WKDW� WKLV� SDOP�EHORQJV� WRD� GLIIHUHQW� YDULHW\�� +RZHYHU��WKHUH� LV� QR� NQRZOHGJH� RI� DQ\� �VHHGOHVV�IUXLW�� YDULHW\� EHLQJ� LQWURGXFHG� WR� 6RXWK�$IULFD� DW� DQ\� WLPH�� 7KH� SDOP� DOVR� GLG� QRW�SURGXFH�DQ\�RII�VKRRWV��XQOLNH�PRVW�RWKHU�GDWH�SDOPV���LLL��/HDI�VWUXFWXUH�DQG�FRPSDFW�JURZWK�� 0HGMRRO� SODQWV� LQ� WKH�1RUWKHUQ� 3URYLQFH�RI� 6RXWK� $IULFD� VKRZHG� DOVR� YDULDWLRQ� LQ�JHQHUDO� DSSHDUDQFH� E\� KDYLQJ� EURDGHU� OHDYHV�DQG�D�GLIIHUHQW�VSLQH�VWUXFWXUH�ZKHQ�FRPSDUHG�WR� WKH� UHVW� RI� WKH� SODQWDWLRQ�� 7KH� SODQWV� GLG�SURGXFH�IUXLW��$�UHSRUW�IURP�1DPLELD�UHYHDOHG�WKDW� YDULRXV� SODQWV� ODEHOHG� DV� 0HGMRRO� ZHUH�GLIIHUHQW� LQ� DSSHDUDQFH� RQFH� SODQWHG�� 7KH�SODQWV� JUHZ� LQ� D� FRPSDFW� IRUP� ZLWK� EURDGHU�OHDYHV� �)LJXUH� ��� ZKHQ� FRPSDUHG� WR� WKH�PDMRULW\� RI� WKH� RWKHU� 0HGMRRO� SODQWV�� 7KH�SODQWV� VKRZLQJ� VXFK� DEQRUPDOLWLHV� DUH��VFDWWHUHG� DPRQJ� RWKHU� SODQWV� LQ� YDULRXV�SODQWDWLRQV�� :KDW� LV� RI� LQWHUHVW� LV� WKDW� WKH�DEQRUPDOLWLHV� KDYH� RFFXUUHG�RQO\� LQ�0HGMRRO��IXUWKHUPRUH� WKHVH� SODQWV� ZHUH� SURGXFHG� IURP�WKUHH� VHSDUDWH� WLVVXH� FXOWXUH� ODERUDWRULHV� DOO�XVLQJ�VRPDWLF�HPEU\RJHQHVLV�DV�D�WHFKQLTXH�WR�SURSDJDWH� WKH� SDOPV�� � $V� WKH� � SODQWV� ZHUH�JURZQ� XQGHU� GLIIHUHQW� FOLPDWLF� FRQGLWLRQV��ZLWK� � GLIIHUHQW� VRLOV� DQG� PDQDJHPHQW�SUDFWLFHV��DQG�IURP�GLIIHUHQW�VRXUFHV�RI�RULJLQ��LW� LV� SRVVLEOH� WR� UXOH� RXW� HQYLURQPHQWDO�FRQGLWLRQV� DV� D� UHDVRQ� IRU� WKH� DEQRUPDOLW\��

7KLV�VXJJHVWV�WKDW�WKH�RII�W\SH�PD\�EH�GLUHFWO\�UHODWHG�WR�WKH�SURGXFWLRQ�SURFHVV�YLD�VRPDWLF�HPEU\RJHQHVLV���LY��3ROOLQDWLRQ�� 3ROOLQDWLRQ� DQG� VXEVHTXHQW� IUXLW� VHW�SUREOHPV�KDYH�DOVR�EHHQ�UHSRUWHG�ZLWK�%DUKHH�WLVVXH� FXOWXUH� SODQWV� DW� YDULRXV� ORFDWLRQV��3ROOLQDWLRQ�SUREOHPV�RFFXUUHG�GXULQJ� WKH� ILUVW�WZR� \HDUV� RI� GDWH� SDOP� SURGXFWLRQ� ZHUH� QR�GLIIHUHQW� WKDQ� RWKHU� YDULHWLHV� RQ� WKH� VDPH�SODQWDWLRQ��ZKLFK�ZHUH�VXFFHVVIXOO\�SROOLQDWHG��3RVVLEOH�H[SODQDWLRQV�IRU�WKLV�GLIIHUHQW�JURZWK�SDWWHUQ�DUH�D�GHOD\HG�IORZHULQJ�WLPH�UHODWHG�WR�HVWDEOLVKPHQW�DQG�VL]H�ZKHQ�FRPSDUHG�WR�RII�VKRRWV�� RU� D� SUROLILF� YHJHWDWLYH� JURZWK� DV� D�UHVXOW�RI�MXYHQLOH�YLJRXU��+LJK�13.��QLWURJHQ��SKRVSKDWH� DQG� SRWDVVLXP�� LQSXW� PD\� KDYH�XSVHW� WKH�EDODQFH�UHTXLUHG�EHWZHHQ�YHJHWDWLYH�DQG� UHSURGXFWLYH� SKDVHV�� 'URXJKW�� FROG�ZHDWKHU� DQG� LQVXIILFLHQW� PLFURHOHPHQW�DSSOLFDWLRQ�RI�&RSSHU��=LQF�DQG�%RURQ�PLJKW�DOVR� KDYH� FRQWULEXWHG� DV� IDFWRUV� RQ� SLVWLO�GHYHORSPHQW� DQG� IUXLW� VHW�� � +RZHYHU��VRPDFORQDO� YDULDWLRQ� PLJKW� DOVR� EH� D�SRVVLELOLW\� IRU� WKLV� RII�W\SH� DSSHDUDQFH��,QWHUHVWLQJO\�� WKHVH� SODQWV� RULJLQDWHG� IURP� D�WLVVXH�FXOWXUH�PHWKRG�RI�SUROLIHUDWLQJ�HPEU\RV�DQG�QRW�FDOOXV�DQG�QR�����'�LV�UHSRUWHG�WR�KDYH�EHHQ�XVHG�LQ�WKH�SURFHVV�RI�HVWDEOLVKPHQW���)RU� RLO� SDOP�� WKUHH� GLIIHUHQW� W\SHV� RI�DEQRUPDO� GHYHORSPHQW�ZHUH� UHSRUWHG�� WZR� RI�WKHP� FRQFHUQLQJ� WKH� VH[� RI� WKH� IORZHUV��&RUOH\�� HW� DO��� ������� 2QH� RI� WKH� SRVVLEOH�FDXVHV� IRU� YDULDWLRQ� FRQVLGHUHG� LV� VRPDFORQDO�YDULDWLRQ�LQGXFHG�LQ�FDOOXV�FXOWXUHV��7KH�XVH�RI�����'� LQ� WKH�PHGLXP�PD\�KDYH� LQFUHDVHG� WKH�IUHTXHQF\�RI�VRPDFORQDO�YDULDWLRQ��EXW�WZR�RI�WKH� FORQHV� VKRZLQJ� WKH� DEQRUPDOLWLHV� KDG�QHYHU� EHHQ� FXOWXUHG� RQ� ����'� �&RUOH\�� HW� DO���������� 6RPDFORQDO� YDULDWLRQ� QRUPDOO\� RFFXUV�DW� WKH� FDOOXV� VWDJH�� EXW� WKH� DEQRUPDOLWLHV�UHSRUWHG� �H�J��PDQWOHG� IUXLW��ZHUH� IURP�SDOPV�UHSURGXFHG� QRW� IURP� FDOOXV�� EXW� FRQWLQXRXV�FXOWXUH�� 7KLV� DSSHDUV� WR� EH� VLPLODU� WR� WKH�UHVXOWV�IRXQG�LQ�GDWH�SDOP��Y��6WHP�EHQGLQJ�
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$ QXPEHU�RI�GLIIHUHQW� IDUPHUV�UHSRUWHG�D�EHQGLQJ�RI�WKH�SDOP�VWHP��7KH�EHQGLQJ�GLG�QRW�DOZD\V� RFFXU� LQ� WKH� VDPH� GLUHFWLRQ�� 7KH�EHQGLQJ� RI� WKH� SDOP� VWHP� ZDV� LQYHVWLJDWHG�IXUWKHU�DQG�IRXQG�WR�KDYH�V\PSWRPV�RI�%ODFN�VFRUFK�GLVHDVH��)LJXUH����FDXVHG�E\�WKH�IXQJXV��7KLHYDOLRSVLV� VS� ,W� DSSHDUV� WKDW� WKH� WLVVXH�FXOWXUH� SODQWV� DUH� PRUH� VXVFHSWLEOH� WR� WKLV�SKHQRPHQRQ� WKDQ� WKRVH� SODQWV� LQWURGXFHG�IURP�RII�VKRRWV�LQ�6RXWK�$IULFD���YL��,Q YLWUR�DEQRUPDOLWLHV�
� ,Q�DGGLWLRQ�WR�WKH�RII�W\SHV�IRXQG�LQ�WKH�SODQWDWLRQV� VXUYH\�� YDULDWLRQV� REVHUYHG� RQ�LQ YLWUR�SODQWV�LQFOXGHG��x 'ZDUIV� �WKLFN� SODQWV� ZLWK� VKRUW�VXFFXOHQW�OHDYHV�WKDW�H[SDQG����x XQSURSRUWLRQDWH�VKRRW�URRW�UDWLR�x VKHDWK� UHVWULFWLRQ� RQ� OHDI� HPHUJHQFH�DQG�x 
%OLQG
� PHULVWHPV� ZKHUH� WKH� VKRRW�PHULVWHP� DSSHDUV� WR� EH� EORFNHG� RU�UHVWULFWHG��WKLV�SKHQRPHQRQ�RFFXUV�LQ�DOO�WHFKQLTXHV�XVHG����'LVFXVVLRQ�� 7KLV�VWXG\�FRQGXFWHG�LQ�6RXWKHUQ�$IULFD�VKRZV� WKDW� JURZWK� YDULDWLRQV� GR� RFFXU� IURP�WLVVXH� FXOWXUHG� SODQWV� SURGXFHG� E\� VRPDWLF�HPEU\RJHQHVLV� �GLUHFW� DQG� LQGLUHFW��� 7KH�IUHTXHQF\�� ZLWK� WKH� H[FHSWLRQ� RI� WKH� %DUKHH�SROOLQDWLRQ� SUREOHP�� LV� ORZ� �OHVV� WKDQ� �����3RVVLEOH� FDXVHV� RI� DEQRUPDO� GHYHORSPHQW�DPRQJ�WLVVXH�FXOWXUH�SODQWV�DUH������ (QYLURQPHQWDO�IDFWRUV�
� 7KHVH�LQFOXGH�GLVHDVH��QXWULWLRQ�DQG�FOLPDWH������ 3K\VLRORJLFDO�IDFWRUV�
� 7LVVXH� FXOWXUH� SODQWV� JURZ� DW� GLIIHUHQW�UDWHV� WR� VHHGOLQJV� DQG� RII�VKRRWV�� 7KH�YHJHWDWLYH� SKDVH� LQ� WLVVXH� FXOWXUHG� SODQWV� LV�PRUH� SURQRXQFHG� GXH� WR� MXYHQLOH� YLJRXU��SRVVLEO\� GXH� WR� WKH� EXLOG� XS� RI� HQGRJHQRXV�SODQW� JURZWK� UHJXODWRUV� DIWHU� LQ� YLWUR�SURSDJDWLRQ�� 7R� UHGXFH� WKLV� HIIHFW�� D� EHWWHU�

XQGHUVWDQGLQJ� LV� QHHGHG� RI� F\WRNLQLQ� DQG�DX[LQ�OHYHOV�ZLWKLQ�WKH�SODQW�DQG�DW�ZKDW�OHYHO�SODQW�JURZWK� UHJXODWRUV� DUH�QHHGHG� WR� LQGXFH�WKH�UHTXLUHG�UHVSRQVH�LQ�YLWUR�
�� +XPDQ�HUURU��0LVODEHOLQJ� RI� SODQWV� KDV� RIWHQ� FDXVHG�PXFK�FRQIXVLRQ�DQG�PXVW�DOVR�EH�WDNHQ�LQWR�FRQVLGHUDWLRQ�� ,QDSSURSULDWH� SROOLQDWLRQ��ZDWHULQJ�� IHUWLOL]DWLRQ� DQG� GLVHDVH� FRQWURO�SUDFWLFHV� DOVR� OHDG� WR� YDULDWLRQ� LQ� JURZWK�UHVSRQVHV�ZLWKLQ�D�SODQWDWLRQ����� 7LVVXH�FXOWXUH�VRPDFORQDO�YDULDWLRQ�� 7KH�W\SH�RI�SODQW�JURZWK�UHJXODWRU�XVHG�VXFK� DV� ����'� DQG� WKH� FRQFHQWUDWLRQ� LW� LV�XVHG� DW� PD\� FRQWULEXWH� WR� VRPDFORQDO�YDULDWLRQ�� 3UROLIHUDWLRQ� RI� VKRRWV� DQG�HPEU\RV� LV� JHQHUDOO\� FRQVLGHUHG� WR� UHGXFH�WKH� ULVN� RI� YDULDWLRQ� ZKHQ� FRPSDUHG� WR�XQGLIIHUHQWLDWHG�PDWHULDO�VXFK�DV�FDOOXV��7KH�W\SH� RI� PLFURSURSDJDWLRQ� PHWKRG� RU�SURFHVV�LQYROYHG�WKHUHIRUH�DOVR�SOD\V�D�UROH��&RUOH\� HW� DO�� ������� VXJJHVWV� WKDW� WKH� WLPH�IRU�ZKLFK� WKH� WLVVXHV�DUH� LQ�FXOWXUH�PD\�EH�DQ LPSRUWDQW� IDFWRU� LQ� WKH� DEQRUPDOLWLHV�REVHUYHG� LQ� RLO� SDOP� SODQWDWLRQV� GHULYHG�IURP� WKH� VDPH� SRSXODWLRQ� RI� FXOWXUHV��3URORQJHG� FXOWXUH� RQ� PHGLD� FRQWDLQLQJ�SODQW� JURZWK� UHJXODWRUV� PD\� GLVUXSW� WKH�QRUPDO�KRUPRQH�PHWDEROLVP�RI�WKH�FHOOV�LQ�VRPH�ZD\��7KLV� GLVUXSWLRQ� FRXOG�SHUVLVW� LQ�SODQWV� UHJHQHUDWHG� IURP� WKH� FXOWXUHV��OHDGLQJ� WR� GHYHORSPHQWDO� DEQRUPDOLWLHV��6XFK�HIIHFWV�DUH�NQRZQ�WR�RFFXU�ZLWK�RWKHU�SODQW�VSHFLHV�VXFK�DV�PDL]H�ZLWK�JLEEHUHOOLF�DFLG� WUHDWPHQWV� �5RRG�HW�DO����������/DVWO\��WKH�W\SH�RI�PRWKHU�PDWHULDO�RU�H[SODQW�XVHG�PD\� DOVR� SOD\� DQ� LPSRUWDQW� UROH� LQ� ODWHU�GHYHORSPHQWDO� DEQRUPDOLWLHV�� 7KH� PRWKHU�SODQW�PXVW�KDYH�D�SURYHQ�SURGXFWLRQ�UHFRUG�DQG�RULJLQDWH�IURP�DQ�RUFKDUG�ZKHUH�VRXQG�PDQDJHPHQW� SUDFWLFHV� DUH� H[HUFLVHG��3ODQWDWLRQV� ZKHUH� PDQ\� XQUHJLVWHUHG�KHUELFLGHV�� SHVWLFLGHV� DQG� IXQJLFLGHV� DUH�XVHG�VKRXOG�EH�DYRLGHG��
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7KH� UHVXOWV� GHPRQVWUDWH� PHUHO\�SKHQRW\SLF� FKDUDFWHULVWLFV� DQG� LW� ZLOO� EH�QHFHVVDU\�WR�GHWHUPLQH�WKH�JHQHWLF�YDULDWLRQ�E\�PHDQV� RI� PROHFXODU� WHFKQRORJ\�� +RZHYHU��PXFK� ZRUN� KDV� WR� EH� GRQH� WR� GHWHUPLQH� WKH�'1$� VHTXHQFHV� IRU� WKH� YDULRXV� FULWLFDO�FKDUDFWHULVWLFV� LQ� GDWH� SDOPV�� $OWKRXJK� WKH�YDULDWLRQV� UHSRUWHG� FRQFHQWUDWHG� RQ� WLVVXH�FXOWXUHG� SODQWV� SURGXFHG� XVLQJ� VRPDWLF�HPEU\RJHQHVLV�� WKH� DXWKRU� FDXWLRQV� DJDLQVW�DQ\� SUHIHUHQFH� WR� SODQWV� SURGXFHG� E\�RUJDQRJHQHVLV� XQWLO� D� WKRURXJK� ILHOG�LQYHVWLJDWLRQ�KDV�EHHQ�FRQGXFWHG���$OWKRXJK� PXFK� ZRUN� KDV� EHHQ� GRQH� WR�GHYHORS� WLVVXH�FXOWXUH� WHFKQLTXHV�RQ� WKH�PDVV�SURGXFWLRQ� RI� GDWH� SDOPV�� PRUH� UHVHDUFK� LV�QHHGHG� WR� YHULI\� WKH� FORQDO� QDWXUH� RI� FDOOXV��HPEU\R�DQG�RUJDQ��LQLWLDWHG�SODQWOHWV�SURGXFHG�LQ�YLWUR� 'DWH�SDOP�SODQWOHWV� VKRXOG�EH�JURZQ�WR�PDWXULW\�DQG�WKH�IUXLW�TXDOLW\�DQG�YHJHWDWLYH�FKDUDFWHULVWLFV� FRPSDUHG� ZLWK� WKH� SDUHQWDO�FORQH� WR� GHWHUPLQH� WKHLU� FORQDO� VWDWXV��$OWKRXJK� WKLV� KDV� EHHQ� GRQH� E\� VRPH� WLVVXH�FXOWXUH� ODERUDWRULHV�� WKH� OHQJWK� RI� WKH� SURFHVV�WR� HVWDEOLVK� FXOWXUHV�� SURGXFH� WKH� LQ� YLWUR�SODQWOHWV�� HVWDEOLVK� WKH� SODQWV� LQ� WKH� ILHOG� DQG�WKHQ�HYDOXDWH�WKH�SDOPV�DW�PDWXULW\�FRXOG�WDNH�EHWZHHQ� ����� \HDUV�� � ,Q� DGGLWLRQ�� WR�PDLQWDLQ�FXOWXUHV� LQ� WKH� ODERUDWRU\� IRU� VXFK� D� ORQJ�SHULRG� ZRXOG� EH� ULVN\� GXH� WR� FRQWDPLQDWLRQ�SUREOHPV�� +RZHYHU�� PRUH� IUHTXHQW� LQLWLDWLRQV�SURGXFLQJ�IHZHU�YROXPHV�RI�SODQWV�SHU�PRWKHU�SODQW� VKRXOG� EH� FRQVLGHUHG� E\� FRPPHUFLDO�SURGXFHUV� DV� D� VWUDWHJ\� WR� UHGXFH� WKH� ULVN� RQ�VRPDFORQDO�YDULDWLRQ���0XWDWLRQV� DQG� VSRUWV� SURGXFHG� WKURXJK�WLVVXH� FXOWXUH� SODQWV� VKRXOG� QRW� EH� LJQRUHG��7LVVHUDW�� ������� $V� YDULDWLRQ� DIIHFWLQJ�SURGXFWLRQ�FDQ�UHVXOW�LQ�PDVVLYH�ILQDQFLDO�ORVV�DQG� EHDULQJ� LQ� PLQG� WKDW� WKH� GDWH� SDOP� LV� D�ORQJ�WHUP� LQYHVWPHQW�� LW� LV� WR� EH� WDNHQ�VHULRXVO\�� /DVWO\�� LW� LV� LPSRUWDQW� WKDW� QRW� DOO�YDULDELOLW\� LV� WR� EH� UHJDUGHG� DV� D� QHJDWLYH�DUWLIDFW�RI�WLVVXH�FXOWXUH��EXW�LQVWHDG��WR�EH�VHHQ�DV� D� QHZ� VRXUFH� RI� WUDLWV� DQG� LQIRUPDWLRQ� IRU�SODQW�LPSURYHPHQW���
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&RUOH\��5��+��9���&��+��/HH��,��+��/DZ��DQG�&�� <�� :RQJ�� ������ $EQRUPDO� IORZHU�GHYHORSPHQW�LQ�RLO�SDOP�FORQHV��3ODQWHU��.XDOD�/XPSXU��������������&RUQLTXHO�� %�� DQG� /�� 0HUFLHU�� ������ 'DWH�SDOP� �3KRHQL[� GDFW\OLIHUD� /��� FXOWLYDU�LGHQWLILFDWLRQ� E\� 5)/3� DQG� 5$3'��3ODQW�6FLHQFH����������������(YDQV�� '�� ������ 6RPDFORQDO� YDULDWLRQ��JHQHWLF�EDVLV�DQG�EUHHGLQJ�DSSOLFDWLRQV��7UHQGV�*HQHW�������������0LOOHU��-��$��������+DUYHVW�RI�DQ�DJURQRPLF�DQRPDO\��6FLHQFH�1HZV����������������/RXEVHU��-��:��������'LH�LQYORHG�YDQ�����'��EHVSXLWLQJV� RI� GLH� RQWZLNNHOLQJ�� JURHL�

HQ� JHYRHOLJKHLG� YDQ� FOLSSHUJDUV�� 3K�'��WKHVLV��8QLYHUVLW\�RI�6WHOOHQERVFK��56$��3DUDQMRWK\�� .�� ������ $� UHYLHZ� RI� WLVVXH�FXOWXUH� RI� RLO� SDOP� DQG� RWKHU� SDOPV��325,0�RFFDVLRQDO�SDSHU�����������7HU]L��0��DQG�)��/RVFKLDYR�������3URJUHVV�LQ� 3ODQW� &HOOXODU� DQG� 0ROHFXODU�%LRORJ\�� ,Q�+�� -�� -��1LMNDPS��/��+��:��9DQ GHU�3ODV�DQG�-��9DQ�$DUWULMN��(GV���SS������������7LVVHUDW��%��������3URGXFWLRQ�RI�IUHH�OLYLQJ�GDWH� SDOPV� WKURXJK� WLVVXH�FXOWXUH��'DWH�3DOP�-����������������5RELQVRQ�� -�� &�� ������ %DQDQDV� DQG�SODQWDLQV�� &URS� SURGXFWLRQ� VFLHQFH� LQ�+RUWLFXOWXUH� 1R�� ��� $WKHUWRQ�� -�� DQG�5HHV��$���HGV���S������
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