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7KH�XVH�RI�K\EULG�JHQRW\SHV� LV�D�JRRG�DOWHUQDWLYH�IRU�
LQFUHDVLQJ� WKH� ÀRRGHG� ULFH� \LHOG��+RZHYHU�� WKHUH� LV� D� QHHG�
IRU� YDOLGDWLRQ� RI� WKH� IHUWLOL]HU�PDQDJHPHQW� XQGHU� GL൵HUHQW�
HGDSKRFOLPDWLF� FRQGLWLRQV� DQG� LWV� JUHDWHU� SUR¿WDELOLW\��7KLV�
VWXG\�DLPHG�WR�HYDOXDWH�WKH�JUDLQ�\LHOG�DQG�SUR¿WDELOLW\�RI�ULFH�
K\EULGV�LQ�UHODWLRQ�WR�1�GRVHV�DQG�IHUWLOL]DWLRQ�ZLWK�3�DQG�.��
)LYH�K\EULG�FXOWLYDUV�DQG�WKH�FRQYHQWLRQDO�,5*$�����&/�FXOWLYDU�
FRPELQHG�ZLWK� IRXU�1� GRVHV� ���� ����� ���� DQG� ���� NJ� KD-1��
ZHUH�HYDOXDWHG��DOO�ZLWK�¿[HG�GRVHV�RI����NJ�KD-1�RI�32O5 and 
����NJ�KD-1�RI�.22��EHVLGHV�DQ�DGGLWLRQDO�WUHDWPHQW�ZLWKRXW�WKH�
DGGLWLRQ�RI�IHUWLOL]HUV��7KH�1�DSSOLFDWLRQ�LQFUHDVHV��RQ�DYHUDJH��
E\����DQG������WKH�ÀRRGHG�ULFH�\LHOG�LQ�\HDUV�ZLWK�IDYRUDEOH�
DQG�XQIDYRUDEOH�FOLPDWLF�FRQGLWLRQV��UHVSHFWLYHO\��5HJDUGOHVV�RI�
WKH�\HDU�DQG�JHQRW\SH��WKH�KLJKHVW�\LHOGV�DUH�REWDLQHG�ZLWK�GRVHV�
RI�1�EHWZHHQ�����DQG�����NJ�KD-1��ZLWK�WKH�PRVW�SUR¿WDEOH�GRVH�
EHLQJ�WKH�����NJ�KD-1�RQH�������KLJKHU�WKDQ�IRU�WKH�DEVHQFH�RI�
1���7KH�K\EULGV�SURGXFH�DQ�DYHUDJH�RI������PRUH�JUDLQV�WKDQ�
WKH�,5*$�����&/�FXOWLYDU��LQFUHDVLQJ�WKH�SUR¿WDELOLW\�E\�������
,Q�VRLO�ZLWK�DGHTXDWH�3�DQG�.�DYDLODELOLW\��WKHUH�LV�QR�LQFUHDVH�
LQ�\LHOG�GXH�WR�WKH�DSSOLFDWLRQ�RI�WKHVH�QXWULHQWV��+RZHYHU��LQ�
GH¿FLHQW�VRLO��WKH�IHUWLOL]DWLRQ�ZLWK�3�DQG�.�LQFUHDVHV�WKH�JUDLQ�
\LHOG�E\������

.(<:25'6��Oryza sativa��K\EULG�VHHG��IHUWLOL]DWLRQ�UHVSRQVH�
FXUYH��SODQW�QXWULWLRQ�

3URGXWLYLGDGH�H�UHQWDELOLGDGH�GH�JHQyWLSRV�GH�
DUUR]�LUULJDGR�HP�IXQomR�GH�GRVHV�GH�QLWURJrQLR�H�

DSOLFDomR�GH�IyVIRUR�H�SRWiVVLR

2�XVR�GH�JHQyWLSRV�KtEULGRV�p�XPD�ERD�DOWHUQDWLYD�SDUD�
DXPHQWDU� D�SURGXWLYLGDGH�GR�DUUR]� LUULJDGR��+i��QR�HQWDQWR�� D�
QHFHVVLGDGH�GH�YDOLGDomR�GR�PDQHMR�GD�DGXEDomR�HP�GLIHUHQWHV�
FRQGLo}HV�HGDIRFOLPiWLFDV�H�GH�VXD�PDLRU�UHQWDELOLGDGH��2EMHWLYRX�VH�
DYDOLDU�D�SURGXWLYLGDGH�GH�JUmRV�H�D�UHQWDELOLGDGH�GH�KtEULGRV�GH�DUUR]�
UHODFLRQDGDV�D�GRVHV�GH�1�H�j�DGXEDomR�FRP�3�H�.��$YDOLDUDP�VH�
FLQFR�FXOWLYDUHV�KtEULGDV�H�D�FXOWLYDU�FRQYHQFLRQDO�,5*$�����&/�
FRPELQDGDV�FRP�TXDWUR�GRVHV�GH�1���������������H�����NJ�KD-1���WRGDV�
FRP�GRVHV�¿[DV�GH����NJ�KD-1�GH�32O5�H�����NJ�KD-1�GH�.22��DOpP�GH�
XP�WUDWDPHQWR�DGLFLRQDO��VHP�R�XVR�GH�IHUWLOL]DQWHV��$�DSOLFDomR�GH�1�
LQFUHPHQWD��HP�PpGLD��HP����H������D�SURGXWLYLGDGH�GR�DUUR]�LUULJDGR�
HP�DQRV�FRP�FRQGLo}HV�FOLPiWLFDV� IDYRUiYHLV� H�GHVIDYRUiYHLV��
UHVSHFWLYDPHQWH��,QGHSHQGHQWHPHQWH�GR�DQR�H�JHQyWLSR��DV�PDLRUHV�
SURGXWLYLGDGHV�VmR�REWLGDV�FRP�GRVHV�GH�1�HQWUH�����H�����NJ�KD-1, 
VHQGR�D�GRVH�GH�PDLRU�UHQWDELOLGDGH�D�GH�����NJ�KD-1�������VXSHULRU�
j�DXVrQFLD�GH�DSOLFDomR�GH�1���2V�KtEULGRV�SURGX]HP������D�PDLV�
GH�JUmRV��HP�PpGLD��TXH�D�FXOWLYDU�,5*$�����&/��LQFUHPHQWDQGR�
D�UHQWDELOLGDGH�HP�������(P�VROR�FRP�GLVSRQLELOLGDGH�GH�3�H�.�
DGHTXDGD��QmR�Ki� LQFUHPHQWRV�HP�SURGXWLYLGDGH�SHOD�DSOLFDomR�
GHVVHV�QXWULHQWHV��3RUpP��HP�VROR�GH¿FLHQWH��D�IHUWLOL]DomR�FRP�3�H�
.�LQFUHPHQWD�HP������D�SURGXWLYLGDGH�GH�JUmRV�

3$/$95$6�&+$9(��Oryza sativa��VHPHQWH�KtEULGD��FXUYD�GH�
UHVSRVWD�j�DGXEDomR��QXWULomR�GH�SODQWDV�
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\LHOG�RI�WKH�ULFH�FURS�LQ�WKH�ODVW�GHFDGHV��0HQH]HV�
HW�DO���������7KXV��WKH�VHOHFWLRQ�RI�JHQRW\SHV�ZLWK�
KLJK�\LHOG�SRWHQWLDO�DQG�KLJK�H൶FLHQF\�LQ�WKH�XVH�RI�
QXWULHQWV�LV�DQ�H[FHOOHQW�VWUDWHJ\�IRU�UHGXFLQJ�FRVWV�
DQG� LQFUHDVLQJ� SURILWDELOLW\� �)DJHULD�	�%DUERVD�
)LOKR� �������7KH� SHUIRUPDQFH� RI� ULFH�� LQ� UHODWLRQ�
WR� WKH� QLWURJHQ� �1�� DSSOLFDWLRQ�� LV� GLUHFWO\� UHODWHG�
WR�PHWHRURORJLFDO� DQG�PDQDJHPHQW� IDFWRUV�� ,Q� ���
H[SHULPHQWV�HYDOXDWLQJ�WKH�H൵HFW�RI�1�GRVHV�RQ�ULFH�
FURS�\LHOG��6FLYLWWDUR�	�0DFKDGR��������REVHUYHG�D�
GHFUHDVH�LQ�\LHOG�LQ�¿YH�RI�WKHP��DEVHQFH�RI�UHVSRQVH�
LQ�VL[�DQG�LQFUHDVH�LQ�WZHQW\�

$OWKRXJK�SKRVSKRUXV��3��DQG�SRWDVVLXP��.��
KDYH�KLVWRULFDOO\�EHHQ�QHJOHFWHG� LQ�ÀRRGHG� FURSV��
GXH�WR�WKH�LQFUHDVH�LQ�WKHLU�DYDLODELOLW\�DIWHU�ÀRRGLQJ�
�0HXUHU� ������� WKH\� DUH� HVVHQWLDO� IRU�PD[LPL]LQJ�
WKH�FURS�\LHOG��)DJHULD�HW� DO�� �������GHPRQVWUDWHG�
DQ� LQFUHDVH� LQ� JUDLQ� \LHOG� IRU� IORRGHG� ULFH�ZLWK�
IHUWLOL]DWLRQ�ZLWK�3�DQG�.��PDLQO\�LQ�VRLOV�GH¿FLHQW�
LQ�WKHVH�QXWULHQWV�

2Q� WKH�PDUNHW�� WKHUH� LV� D� ODUJH� DPRXQW� RI�
ÀRRGHG�ULFH�JHQRW\SHV�DYDLODEOH�WR�ULFH�IDUPHUV��2QH�
RI�WKH�FXUUHQW�OLPLWDWLRQV�IRU�WKH�SURSHU�SRVLWLRQLQJ�
RI� WKHVH� JHQRW\SHV� LV� WKH� NQRZOHGJH� RI� WKH� \LHOG�
EHKDYLRU�RI�WKHVH�PDWHULDOV�LQ�GL൵HUHQW�HQYLURQPHQWV��
ZLWK�YDULDWLRQV�LQ�WKH�VRLO�W\SH�DQG�IHUWLOLW\��FOLPDWLF�
FRQGLWLRQV�� WHFKQRORJLFDO� OHYHO�� HWF�� �6XKUH� HW� DO��
�������+\EULG� ULFH� VHHGV� KDYH� D� ��������KLJKHU�
\LHOG� SRWHQWLDO�� DV� FRPSDUHG� WR� WKH� FRQYHQWLRQDO�
RQHV� �&RLPEUD� HW� DO�� ������� LQ� DGGLWLRQ� WR� VDYLQJ�
����� LQ� WKH� DPRXQW�RI� VHHGV�QHHGHG� IRU� WKH� FURS�
LPSODQWDWLRQ��7KH�SURGXFWLRQ�RI�WKHVH�VHHGV�FRQVLVWV�
RI� VRZLQJ� LQWHUOHDYHG� WUDFNV� RI�PDOH� DQG� IHPDOH�
OLQHDJH��ZLWK�WKH�K\EULG�VHHG�EHLQJ�WKH�UHVXOW�RI�WKH�
FURVVLQJ�EHWZHHQ� WKH� OLQHDJHV��)HPDOH� VWUDLQV� DUH�
PDOH�VWHULOH��WKDW�LV��WKH\�GR�QRW�VHOI�IHUWLOL]H��3ROOHQ�
IURP�DQWKHUV�RI�WKH�PDOH�VWUDLQ�PLJUDWHV�WR�WKH�VWLJPD�
RI�WKH�IHPDOH�VWUDLQ��ZLWK�FURVV�SROOLQDWLRQ�RFFXUULQJ��
7KH�PDOH�VWHULOH�IHPDOH�VWUDLQ�UHFHLYHV�SROOHQ�IURP�
WKH�PDOH�DQG�SURGXFHV�WKH�K\EULG�VHHG��%UDJDQWLQL�
HW�DO���������,WV�LQWURGXFWLRQ�LQ�%UD]LO�WRRN�SODFH�LQ�
������ZKHQ�WKH�¿UVW�FRPPHUFLDO�K\EULG�ZDV�ODXQFKHG�
�$9$;,�E\�5LFH7HF�6HPHQWHV�/WGD����6RVEDL��������
&XUUHQWO\��DPRQJ� WKH� WHQ�PRVW�VRZQ�JHQRW\SHV� LQ�
5LR�*UDQGH�GR�6XO��WKHUH�LV�RQO\�RQH�K\EULG��,QRY�
&/��RFFXS\LQJ�DSSUR[LPDWHO\�����WKRXVDQG�KHFWDUHV�
RI�WKH�WRWDO�VRZQ�DUHD�LQ������������,5*$�����D���
,Q�WKLV�VFHQDULR��WKH�,5*$�����&/�FXOWLYDU�SUHYDLOV��
RFFXS\LQJ�DSSUR[LPDWHO\������RI�WKH�DUHD�RI�WKH�VWDWH�
LQ�WKH�����������VHDVRQ��,5*$�����D���7KH�PDLQ�

OLPLWLQJ�IDFWRUV�IRU�WKH�H[SDQVLRQ�RI�ULFH�K\EULGV�DUH�
WKH�FRVWV�RI�VHHG�SURGXFWLRQ��*RXODUW�������DQG�WKH�
XVH�RI�QRQ�FHUWL¿HG�FRQYHQWLRQDO�VHHGV��SURGXFHG�E\�
WKH�IDUPHUV�WKHPVHOYHV�

,Q� WKLV�FRQWH[W�� WKH�K\SRWKHVHV�RI� WKLV� VWXG\�
DUH�� L�� K\EULGV� KDYH� D� JUHDWHU� \LHOG� SRWHQWLDO� DQG�
SURILWDELOLW\� ZKHQ� FRPSDUHG� WR� FRQYHQWLRQDO�
FXOWLYDUV�� LL�� ULFH� JHQRW\SHV� UHVSRQG�GL൵HUHQWO\� WR�
1� IHUWLOL]DWLRQ�� LLL�� WKH� DSSOLFDWLRQ� RI� 3� DQG�.� LQ�
WKH�VRZLQJ�URZ�LQFUHDVHV�WKH�ULFH�FURS�\LHOG��7KXV��
WKLV� VWXG\� DLPHG� WR� HYDOXDWH� WKH� JUDLQ� \LHOG� DQG�
SUR¿WDELOLW\�RI�K\EULG�DQG�FRQYHQWLRQDO�ULFH�FXOWLYDUV��
LQ�UHODWLRQ�WR�1�GRVHV�DQG�IHUWLOL]DWLRQ�ZLWK�3�DQG�.��
LQ�D�ÀRRG�LUULJDWHG�DUHD���

0$7(5,$/�$1'�0(7+2'6

7ZR� WULDOV�ZLWK�ÀRRGHG� ULFH�ZHUH� FRQGXFWHG�
LQ� WKH� ���������� VHDVRQ�� LQ�7ULXQIR�� DQG� LQ� WKH�
����������VHDVRQ��LQ�&DSLYDUL�GR�6XO��ERWK�FLWLHV�LQ�
WKH�5LR�*UDQGH�GR�6XO�VWDWH��%UD]LO��,Q�ERWK�ORFDWLRQV��
D�UDQGRPL]HG�EORFN�GHVLJQ��LQ�D���î�������IDFWRULDO�
VFKHPH� �JHQRW\SHV�î�1�GRVHV���DEVHQFH�RI�13.���
ZDV�XVHG��ZLWK�IRXU�UHSOLFDWLRQV��7KH�¿UVW�IDFWRU�ZDV�
FRPSRVHG�RI�IRXU�JHQRW\SHV��WKUHH�EHLQJ�K\EULGV��DOO�
UHFHQWO\�ODXQFKHG��DQG�WKH�,5*$�����&/�FRQYHQWLRQDO�
FXOWLYDU��7KH�K\EULGV�;3������;3�����DQG�/H[XV�&/�
ZHUH�WHVWHG�LQ�7ULXQIR��DQG�;3������;3�����DQG�;3�����
LQ�&DSLYDUL�GR�6XO��7R�FKRRVH�WKH�K\EULGV�LQ�WKH�VHFRQG�
WULDO��WKHLU�UHVSRQVH�LQ�WKH�¿UVW�WULDO�ZDV�FRQVLGHUHG��
VHOHFWLQJ� WKH�;3����� WR�EH� UHSHDWHG�DQG�FRPSDUHG�
WR� WZR�RWKHU� K\EULGV� IURP� WKH� VDPH� FRPSDQ\��$OO�
JHQRW\SHV�DUH�EODVW�WROHUDQW�DQG�PRGHUDWH�WR�WROHUDQW�
WR�EHGGLQJ��7KH�JHQRW\SHV�F\FOH�YDULHV�IURP�����WR�
����GD\V��7KH�VHFRQG�YDULDWLRQ�IDFWRU�ZDV�WKH�1�GRVHV�
�������������DQG�����NJ�KD-1���ZKLFK�ZHUH�EDVHG�RQ�
WKH�UHFRPPHQGDWLRQ�RI�����NJ�KD-1�IRU�VRLO�ZLWK�D�ORZ�
RUJDQLF�PDWWHU� FRQWHQW� DQG�KLJK�\LHOG� H[SHFWDWLRQ�
�6RVEDL��������DGGLQJ�RQH�GRVH�DERYH�DQG�WZR�EHORZ�
WKLV�YDOXH��7KH�DGGLWLRQDO�WUHDWPHQW�FRQVLVWHG�RI�WKH�
DEVHQFH�RI�13.�IHUWLOL]DWLRQ����������([FHSW�IRU�WKH�
DGGLWLRQDO�WUHDWPHQW��WKH�RWKHUV�UHFHLYHG����NJ�KD-1�RI�
32O5�DQG�����NJ�KD

-1�RI�.22�
,Q�7ULXQIR� ������¶��´6�� �����¶��´:� DQG�

DYHUDJH� DOWLWXGH� RI� ���P��� WKH� FOLPDWH� LV� KXPLG�
VXEWURSLFDO��DFFRUGLQJ�WR�WKH�.|SSHQ�FODVVL¿FDWLRQ��
ZLWK� DYHUDJH� DLU� WHPSHUDWXUH� RI� ���� DQG� ����� �&��
UHVSHFWLYHO\�LQ�WKH�FROGHVW�DQG�KRWWHVW�PRQWKV��7KH�
VRLO� RI� WKH� DUHD� LV� FODVVL¿HG� DV�$OEDTXDOI� �86'$�
������DQG�3ODQRVVROR�+iSOLFR��6DQWRV�HW�DO���������
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<LHOG�DQG�SUR¿WDELOLW\�RI�ÀRRGHG�ULFH�JHQRW\SHV�LQ�UHODWLRQ�WR�QLWURJHQ�GRVHV�DQG�SKRVSKRUXV�DQG�SRWDVVLXP�DSSOLFDWLRQ
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3UHFLSWDWLRQ 0D[LPXP
0LQLPXP $YHUDJH

7KH�DUHD�ZDV�XQGHU�D�PLQLPXP�FXOWLYDWLRQ�V\VWHP�
�DGYDQFH�VRLO�SUHSDUDWLRQ���ZLWK�D�SURGXFWLRQ�UHFRUG�
RI� VR\� FXOWLYDWLRQ� LQ� WKH� ���������� VHDVRQ�� DQG�
ÀRRGHG�ULFH�LQ�SUHYLRXV�\HDUV�

,Q�&DSLYDUL�GR�6XO�������¶��´6�������¶��´:�
DQG����P�DERYH�WKH�VHD�OHYHO���WKH�VRLO�LV�FODVVL¿HG�
DV�DQ�(QWLVRO��86'$�������DQG�*OHLVVROR�+iSOLFR�
�6DQWRV�HW�DO���������7KH�DUHD�KDG�EHHQ�FRQGXFWHG�
XQGHU�D�PLQLPXP�FXOWLYDWLRQ�V\VWHP�DQG�KDG�DV�D�
SURGXFWLRQ� UHFRUG� WZR� FRQVHFXWLYH� VR\EHDQ� FURSV�
DIWHU�VXFFHVVLYH�ULFH�FURSV��7KH�PDLQ�DWWULEXWHV�RI�WKH�
VRLO�������FP�OD\HU���EHIRUH�WKH�LPSOHPHQWDWLRQ�RI�
WKH�WULDOV��SUHVHQWHG�WKH�IROORZLQJ�YDOXHV�LQ�7ULXQIR��
RUJDQLF�PDWWHU� �ORZ��� ���J�GP-3�� FOD\�� ����J�NJ-1��
S+� �+22��� �����&(&� �S+���� ���� FPROF� GP

-3��$O����
����FPROF�GP

-3��DYDLODEOH�3��PHGLXP�������PJ�GP-3��
DYDLODEOH�.��KLJK������PJ�GP-3��,Q�&DSLYDUL�GR�6XO��
WKH�IROORZLQJ�YDOXHV�ZHUH�REWDLQHG�IRU�WKH�SK\VLFDO�
DQG�FKHPLFDO�FKDUDFWHULVWLFV��RUJDQLF�PDWWHU��ORZ���
���J�GP-3��FOD\������J�NJ-1��S+��+22��������&(&��S+����
���FPROF�GP

-3��H[FKDQJHDEOH�$O��������FPROF�GP
-3��

DYDLODEOH� 3� �YHU\� ORZ��� ����PJ�GP-3�� DYDLODEOH�.�
�PHGLXP������PJ�GP-3�

7KH�SUHFLSLWDWLRQ�DQG�WHPSHUDWXUH�GDWD�GXULQJ�
WKH�H[SHULPHQW� �)LJXUH����ZHUH�REWDLQHG� IURP� WKH�
ZHDWKHU� VWDWLRQV� RI� 3RUWR�$OHJUH� DQG�7UDPDQGDt��
WKH� QHDUHVW� RQHV� WR�7ULXQIR� DQG�&DSLYDUL� GR�6XO��
UHVSHFWLYHO\�

�7KH�H[SHULPHQWDO�XQLWV�KDG�D�VL]H�RI������î�
�����P��WRWDOLQJ�DQ�DUHD�RI������P2��FRUUHVSRQGLQJ�WR�
��URZV�RI�ULFH��6RZLQJ�ZDV�FDUULHG�RXW�PHFKDQLFDOO\�
LQ�D�URZ�RQ�GU\�VRLO��ZLWK�D�SORW�VHHGHU��DW�WKH�GHQVLWLHV�

RI����DQG�����NJ�KD-1�RI�VHHGV��ZKHQ�XVLQJ�WKH�ULFH�
K\EULG� DQG� FRQYHQWLRQDO� FXOWLYDUV�� UHVSHFWLYHO\��
7KH�VRXUFHV�RI�3�DQG�.�ZHUH�WULSOH�VXSHUSKRVSKDWH�
������RI�32O5��DQG�SRWDVVLXP�FKORULGH�������RI�.22���
UHVSHFWLYHO\��3�ZDV�DSSOLHG�WR�WKH�SODQWLQJ�URZV�DQG�
.�DW�WKH�VXUIDFH�WZR�GD\V�DIWHU�VRZLQJ��7KH�1�GRVHV�
ZHUH�DSSOLHG�PDQXDOO\��XVLQJ�XUHD�������RI�1��DV�D�
1�VRXUFH��7KH�1�GRVHV�ZHUH�IUDFWLRQDWHG�������RI�
WKH�WRWDO�DSSOLHG�DW�93�94�DQG������DW�WKH�5��VWDJH�
�6RVEDL��������

)RU�ERWK� WULDOV�� WKH�VRZLQJ� WRRN�SODFH� LQ� WKH�
VHFRQG�KDOI�RI�2FWREHU� DQG� WKH�KDUYHVW� LQ� WKH�¿UVW�
WZR�ZHHNV�RI�0DUFK��3K\WRVDQLWDU\�PDQDJHPHQW�ZDV�
FDUULHG�RXW�LQ�DFFRUGDQFH�ZLWK�WKH�UHFRPPHQGDWLRQV�
RI�6RVEDL� ������� IRU� LQWHJUDWHG� FURS�PDQDJHPHQW��
7KH�SORWV�ZHUH�PDQXDOO\�KDUYHVWHG��GLVUHJDUGLQJ�WKH�
ODWHUDO�URZV��ERUGHU���7KH�JUDLQV�SURGXFHG�LQ�HDFK�SORW�
ZHUH�FUXVKHG��ZHLJKHG��KDG�WKHLU�KXPLGLW\�FRUUHFWHG�
WR������DQG�WKH�YDOXHV�ZHUH�H[WUDSRODWHG�WR�0J�KD-1��

7KH� \LHOG� GDWD�ZHUH� LQLWLDOO\� VXEPLWWHG� WR�
DQDO\VLV�RI�YDULDQFH�E\�WKH�)�WHVW�DW�����RI�SUREDELOLW\��
7KH� ULFH� JHQRW\SHV�ZHUH� VXEMHFWHG� WR�PXOWLSOH�
FRPSDULVRQ�RI�PHDQV�E\� WKH�7XNH\� WHVW�DW�����RI�
SUREDELOLW\�� )RU� WKH�1� GRVHV� HIIHFW�� SRO\QRPLDO�
UHJUHVVLRQV�ZHUH�DGMXVWHG�WR�����RI�SUREDELOLW\��7R�
FDOFXODWH� WKH�PD[LPXP� WHFKQLFDO� H൶FLHQF\� RI�1�
GRVHV��WKH�IROORZLQJ�IRUPXOD�ZDV�XVHG��[� ��ǻ1��ǻ2, 
ZKHUH�ǻ1� DQG�ǻ2� DUH� WKH� YDOXHV� HVWLPDWHG� E\� WKH�
SRO\QRPLDO�UHJUHVVLRQ�HTXDWLRQ��6WRUN�HW�DO���������
$OO� VWDWLVWLFDO� DQDO\VHV�ZHUH� SHUIRUPHG� XVLQJ� WKH�
6LVYDU�����VRIWZDUH��)HUUHLUD��������7KH�H൵HFW�RI�3�
DQG�.�DSSOLFDWLRQ�ZDV�HYDOXDWHG�E\�FRPSDULQJ�WKH�

)LJXUH����3UHFLSLWDWLRQ�DQG�PLQLPXP��DYHUDJH�DQG�PD[LPXP�DLU�WHPSHUDWXUH��EHWZHHQ�2FWREHU�DQG�0DUFK�RI�����������LQ�7ULXQIR��D��
DQG�����������LQ�&DSLYDUL�GR�6XO��E��

�D� �E�
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WUHDWPHQW�ZLWK� �� NJ� KD-1� RI�1�ZLWK� WKH� DGGLWLRQDO�
WUHDWPHQW� �������� E\� WKH� UDQGRPL]DWLRQ� WHVW� RI�
PHDQV�IURP�WKH�ERRWVWUDSLQJ�SURFHGXUH�ZLWK�������
LWHUDFWLRQV��/RFN�HW�DO��������

)RU� WKH� VLPSOLILHG� HFRQRPLF� DQDO\VLV� RI�
WKH� WUHDWPHQWV�� WKH� FRVW� IRU� LPSODQWLQJ� WKH� FURS�
ZDV� FDOFXODWHG� FRQVLGHULQJ� RQO\� WKH� DFTXLVLWLRQ�
YDOXHV� RI� VHHGV� DQG� IHUWLOL]HUV� IRU� HDFK� WUHDWPHQW�
�YDULDWLRQ�IDFWRUV���7KH�JURVV�LQFRPH�ZDV�REWDLQHG�
E\�PXOWLSO\LQJ�WKH�JUDLQ�\LHOG�E\�WKH�SULFH�RI�WKH�WRQ�
RI� SURGXFHG� JUDLQV��%\� VXEWUDFWLQJ� WKH� VLPSOL¿HG�
SURGXFWLRQ�FRVW�IURP�WKH�JURVV�LQFRPH��WKH�VLPSOL¿HG�
QHW�SUR¿WDELOLW\�ZDV�REWDLQHG��)HUWLOL]HU�SULFHV�ZHUH�
REWDLQHG� LQ� WKH�PRQWK� RI� LPSOHPHQWDWLRQ� RI� HDFK�
DJULFXOWXUDO�\HDU��&RQDE�����E���)RU�WKH�YDOXHV�RI�
K\EULG�VHHGV�DQG�FXOWLYDU��TXRWDWLRQV�ZHUH�VRXJKW�LQ�
WKH�VWXG\�UHJLRQV�DW�LQSXW�UHVHOOHUV��7R�SULFH�WKH�ULFH��
GDWD�IURP�WKH�KDUYHVW�PRQWKV�RI�HDFK�FURS��,5*$�
����E��ZHUH�XVHG�

 
5(68/76�$1'�',6&866,21

)RU� ERWK� WULDOV� �7ULXQIR� DQG� &DSLYDUL� GR�
6XO��� WKHUH�ZDV� D� VLJQL¿FDQW� LQWHUDFWLRQ� EHWZHHQ�
WKH� YDULDWLRQ� IDFWRUV�1�GRVHV� DQG� ULFH� JHQRW\SHV��
WKXV� GHPRQVWUDWLQJ� WKDW� WKH� JHQRW\SHV� UHVSRQGHG�
GL൵HUHQWO\�WR�WKH�1�GRVHV��7DEOH����

,Q�7ULXQIR��DW�GRVHV�RI���NJ�KD-1��)LJXUH��D��
DQG� ���� NJ� KD-1� �)LJXUH� �G�� RI�1�� WKHUH�ZDV� QR�
VLJQL¿FDQW�GL൵HUHQFH�EHWZHHQ� WKH�VWXGLHG�K\EULGV��
$W�WKH�GRVH�RI�����NJ�KD-1�RI�1��)LJXUH��E���;3�����
ZDV�VXSHULRU�WR�/H[XV�&/��ZLWK�;3�����VKRZLQJ�DQ�
LQWHUPHGLDWH�\LHOG�EHWZHHQ�WKH�WZR��$W�����NJ�KD-1�RI�
1��)LJXUH��F���LW�ZDV�SRVVLEOH�WR�YHULI\�WKH�LQIHULRULW\�

RI�/H[XV�&/��ZKHQ�FRPSDUHG�WR�;3�����DQG�;3������
ZKLFK�VKRZHG�D�KLJKHU�\LHOG�DQG�GLG�QRW�GL൵HU�IURP�
HDFK�RWKHU��,Q�&DSLYDUL�GR�6XO��WKH�K\EULGV�VKRZHG�
QR�VWDWLVWLFDO�GL൵HUHQFH�DPRQJ�WKHPVHOYHV�DW�GRVHV�
RI����������DQG�����NJ�KD-1�RI�1��)LJXUHV��E���F�DQG�
�G���2QO\�DW�WKH�GRVH�RI���NJ�KD-1�RI�1��)LJXUH��D��
;3�����SURGXFHG��������PRUH��RQ�DYHUDJH��WKDQ�WKH�
RWKHU�K\EULGV�

7KH� \LHOG� LQIHULRULW\� RI� ,5*$� ����&/�� LQ�
UHODWLRQ�WR�WKH�K\EULGV��LQ�WKH�DYHUDJH�RI�DOO�1�GRVHV��
YDULHG�IURP������WR��������LQ�7ULXQIR�DQG�IURP������
WR��������LQ�&DSLYDUL�GR�6XO��)LJXUH�����7KLV�UHVXOW�
FRUURERUDWHV�5LEDV�HW�DO����������ZKR�REVHUYHG�WKDW�
K\EULGV� KDG� D� ����� KLJKHU� SURGXFWLRQ� SRWHQWLDO�
WKDQ�FRQYHQWLRQDO�JHQRW\SHV��7KH�UHVXOWV�REWDLQHG�
LQ�WKH�SUHVHQW�VWXG\��PDLQO\�LQ�7ULXQIR��VKRZHG�WKDW�
WKH�K\EULGV�SUHVHQW�D�KLJK�\LHOG�HYHQ�LQ�DUHDV�ZLWK�
ORZ�IHUWLOL]DWLRQ�OHYHO����NJ�KD-1�RI�1���ZKHUH�RQH�
FRXOG�H[SHFW�D�JUHDWHU�UXVWLFLW\�RI�WKH�FRQYHQWLRQDO�
FXOWLYDU�

7KH�,5*$�����&/�FXOWLYDU�VKRZHG�D�TXDGUDWLF�
UHVSRQVH� WR� LQFUHDVLQJ�1� GRVHV��ZLWK�PD[LPXP�
WHFKQLFDO� HIILFLHQF\� GRVHV� RI� ���� NJ� KD-1 and 
����NJ�KD-1��UHVSHFWLYHO\�LQ�7ULXQIR�DQG�LQ�&DSLYDUL�
GR�6XO��)LJXUHV��D�DQG��F���$OWKRXJK�WKH�PD[LPXP�
WHFKQLFDO�H൶FLHQF\�GRVHV�DUH�KLJK��LW�LV�SRVVLEOH�WR�
REVHUYH�D�ORZ�LQFUHDVH�LQ�JUDLQ�\LHOG�ZLWK�WKH�XVH�RI�
GRVHV�DERYH�����NJ�KD-1�RI�1��7KH�/H[XV�&/�K\EULG�
�)LJXUH��F���LQ�7ULXQIR��GLG�QRW�UHVSRQG�WR�WKH�DGGLWLRQ�
RI�1�� DQ� XQXVXDO� FRQGLWLRQ�� GXH� WR� WKH� KLJK�\LHOG�
SRWHQWLDO�RI�WKLV�K\EULG�WKDW�KDG�DQ�DYHUDJH�\LHOG�RI�
�����0J�KD-1��7KH�ODFN�RI�UHVSRQVH�RI�WKLV�K\EULG�WR�
1�PD\�EH�UHODWHG�WR�WKH�K\EULG¶V�JRRG�DELOLW\�WR�XVH�
WKH�1�DYDLODEOH�RQ�WKH�VRLO�RUJDQLF�PDWWHU�DQG�RUJDQLF�


�6LJQL¿FDQW�DW�����RI�SUREDELOLW\�

9DULDWLRQ�IDFWRUV 'HJUHHV�RI�IUHHGRP 6XP�RI�VTXDUHV 0HDQ�VTXDUH )�YDOXH )�VWDWLVWLF������
�7ULXQIR�

*HQRW\SH��*�   3 ���� ���� ���� ���

'RVH��'�   3 ���� ����� ���� ���

*�;�' ��� ���� ����� ����� ���

%ORFN   3 ����� ����� ����� ���

(UURU 45 ���� ����� - -

�&DSLYDUL�GR�6XO�
*HQRW\SH��*�   3 ���� ���� ���� ���

'RVH��'�   3 ���� ���� ���� ���

*�;�' ��� ���� ����� ����� ���

%ORFN   3 ���� ����� ���� ���

(UURU 45 ���� - - -

7DEOH����$QDO\VLV�RI�YDULDQFH��$QRYD��RI�JUDLQ�\LHOG�IURP�ULFH�JHQRW\SHV�VXEPLWWHG�WR�1�GRVHV��LQ�WZR�WULDO�ORFDWLRQV�
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<LHOG�DQG�SUR¿WDELOLW\�RI�ÀRRGHG�ULFH�JHQRW\SHV�LQ�UHODWLRQ�WR�QLWURJHQ�GRVHV�DQG�SKRVSKRUXV�DQG�SRWDVVLXP�DSSOLFDWLRQ

ZDVWH�� 7KH� RWKHU� K\EULGV� HYDOXDWHG� LQ�7ULXQIR��
;3����� DQG�;3����� �)LJXUHV� �D� DQG��E��� VKRZHG�
TXDGUDWLF�UHVSRQVHV�WR�WKH�DGGLWLRQ�RI�1�GRVHV��ZLWK�
D�JUHDWHU�\LHOG�REWDLQHG�ZLWK�����DQG�����NJ�KD-1�RI�
1�� UHVSHFWLYHO\�� DQG�ZLWK� D� VLJQL¿FDQW�GHFUHDVH� LQ�
\LHOG�LQ�WKH�WUHDWPHQW�ZLWK�����NJ�KD-1�RI�1�

,Q�&DSLYDUL� GR� 6XO�� DOO� JHQRW\SHV� VKRZHG�
D� TXDGUDWLF� UHVSRQVH� WR� WKH� LQFUHDVLQJ�1� GRVHV�
�)LJXUHV� �F� DQG� �G��� 7KH� PD[LPXP� WHFKQLFDO�
H൶FLHQF\� GRVHV� RI� WKH�;3� �����;3� ���� DQG�;3�
����K\EULGV��)LJXUHV��F�DQG��G��ZHUH����������DQG�
����NJ�KD-1�RI�1��UHVSHFWLYHO\��:KHQ�FRPSDUHG�WR�WKH�
FRQWURO����NJ�KD-1�RI�1���WKH�GRVH�RI�����NJ�KD-1�RI�1�
LQFUHDVHG�WKH�JHQRW\SH�\LHOG�E\�������RQ�DYHUDJH��
%HWZHHQ�����DQG�����NJ�KD-1�RI�1��WKH�LQFUHPHQWV�
ZHUH�PRUH�PRGHVW��DYHUDJLQJ������,Q�JHQHUDO��WKH�GRVH�
RI�����NJ�KD-1�FDXVHG�WKH�JHQRW\SHV�LQ�ERWK�SODFHV�WR�
VKRZ�D�\LHOG�GHFUHDVH��ZKLFK�FDQ�EH�H[SODLQHG�E\�WKH�
H[FHVVLYH�ELRPDVV�SURGXFWLRQ��FDXVLQJ�WKH�SODQW�WR�
KDYH�D�KLJK�HQHUJ\�H[SHQGLWXUH�ZLWK�WKH�PDLQWHQDQFH�

RI� LWV� OHDI� VWUXFWXUH�� FRQVHTXHQWO\� FRQYHUWLQJ� OHVV�
HQHUJ\�LQWR�JUDLQ�\LHOG��)DEUH�HW�DO���������,Q�DGGLWLRQ��
WKH�H[FHVVLYH�KHLJKW�JURZWK�DQG�ELRPDVV�SURGXFWLRQ�
PDNH�SODQWV�PRUH�VXVFHSWLEOH�WR�ORGJLQJ��0HQH]HV�
HW�DO���������D�IDFW�WKDW�ZDV�YLVXDOO\�REVHUYHG�LQ�WKH�
WULDOV�DW�WKH�KLJKHVW�GRVH��EXW�QRW�TXDQWL¿HG�

$W�WKH�1�GRVH������NJ�KD-1��LQ�ZKLFK�WKH�KLJKHVW�
\LHOGV�ZHUH� REWDLQHG� IRU� WKH� DYHUDJH� RI� WKH� IRXU�
FXOWLYDUV��LQ�WKHLU�UHVSHFWLYH�SODFH�DQG�\HDU��WKH�JUDLQ�
\LHOG�ZDV�FORVH�WR����0J�KD-1�LQ�7ULXQIR�DQG�����0J�KD-1 
LQ�&DSLYDUL�GR�6XO��,Q�ERWK�WHVWV��WKH�\LHOGV�ZHUH�KLJKHU�
WKDQ�WKH�DYHUDJH�REWDLQHG�LQ�5LR�*UDQGH�GR�6XO��ZKLFK�
LV�DSSUR[LPDWHO\�����0J�KD-1��&RQDE�����D���7KH�\LHOG�
YDULDWLRQ�HYLGHQFHG�EHWZHHQ�WKH�WHVWV�LQ�WKLV�VWXG\�LV�
EDVHG�RQ�PHWHRURORJLFDO�YDULDWLRQV��WHPSHUDWXUH�DQG�
VRODU�UDGLDWLRQ��DQG�VRLO�FKHPLFDO�DWWULEXWHV��EHFDXVH�
WKHUH�ZDV�D�JUHDWHU�DYDLODELOLW\�RI�QXWULHQWV�LQ�7ULXQIR��
LQ�UHODWLRQ�WR�&DSLYDUL�GR�6XO�

5LFH� KDV� D� KLJK� VXVFHSWLELOLW\� WR� VSLNHOHW�
VWHULOLW\� LQ� WKH� UHSURGXFWLYH� SKDVH�� GXH� WR� VXGGHQ�

)LJXUH����$YHUDJH�JUDLQ�\LHOG�RI�ÀRRGHG�ULFH�JHQRW\SHV�VXEPLWWHG�WR����D��������E��������F��DQG������G��NJ�KD-1�RI�1��LQ�7ULXQIR�
������������DQG�&DSLYDUL�GR�6XO��������������$YHUDJHV�IROORZHG�E\�WKH�VDPH�OHWWHU�LQ�HDFK�ORFDWLRQ�GR�QRW�GL൵HU��DFFRUGLQJ�
WR�WKH�7XNH\�WHVW�DW�����RI�SUREDELOLW\�
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WHPSHUDWXUH� YDULDWLRQV��$FFRUGLQJ� WR�<RVKLGD�
�������� WKH�FULWLFDO� WHPSHUDWXUH�UDQJHV�IURP�������
WR� ��� �&� IRU� SDQLFOH� HPHUJHQFH� DQG� ��� WR� ��� �&�
IRU�DQWKHVLV��%\�REVHUYLQJ� WKH�SHULRG�EHWZHHQ� WKH�
VHFRQG� KDOI� RI�'HFHPEHU� DQG� WKH� HQWLUH�PRQWK�
RI� -DQXDU\� �)LJXUH� ����ZKLFK� FRLQFLGHG�ZLWK� WKH�
UHSURGXFWLYH�SKDVH�LQ�ERWK�\HDUV�RI�WKH�H[SHULPHQW��LW�
LV�SRVVLEOH�WR�QRWLFH�VLJQL¿FDQW�GL൵HUHQFHV��,Q�7ULXQIR�
������������� WHPSHUDWXUHV� IROORZHG� D� FRQVWDQW��
QRW�YDU\LQJ�EH\RQG�WKH�FULWLFDO�UDQJHV��)LJXUH��D���
EXW�� LQ� &DSLYDUL� GR� 6XO� �������������PD[LPXP�
WHPSHUDWXUH� SHDNV� WKDW� H[FHHGHG� WKH� DSSURSULDWH�
GHYHORSPHQW�UDQJH��)LJXUH��E��RFFXUUHG��,Q�DGGLWLRQ��
LQ�&DSLYDUL� GR�6XO�� WKHUH�ZDV� D� ORQJ� UDLQ\�SHULRG�
����PP�LQ����GD\V��DIWHU�KLJK� WHPSHUDWXUH�SHDNV��

ZLWK�D�UHGXFWLRQ�LQ�WKH�DYDLODEOH�OLJKW��)LJXUH��E���
$FFRUGLQJ�WR�%HUODWR�	�)RQWDQD���������LQ�\HDUV�RI�
KLJK�SUHFLSLWDWLRQ�OHYHOV��WKHUH�LV�D�GHFUHDVH�LQ�WKH�
LQFLGHQW�VRODU�UDGLDWLRQ�DQG��FRQVHTXHQWO\��D�WHQGHQF\�
WR�REWDLQ�D�ORZHU�\LHOG�IRU�ÀRRGHG�ULFH�

,W�LV�DOVR�SRVVLEOH�WR�YHULI\�WKH�JUHDW�LPSRUWDQFH�
RI� 1� IHUWLOL]DWLRQ� HVSHFLDOO\� LQ� \HDUV� ZLWK� WKH�
RFFXUUHQFH�RI�VWUHVVHV��7KH�UHVXOWV�VKRZHG�WKDW�� LQ�
WKH�DYHUDJH�RI�WKH�WKUHH�GRVHV��DQG�UHJDUGOHVV�RI�WKH�
JHQRW\SH�� LQ� UHODWLRQ� WR� WKH� FRQWURO� WUHDWPHQW�� WKH�
\LHOG�LQFUHDVH�ZDV�RQO\�������LQ�D�\HDU�RI�IDYRUDEOH�
FOLPDWH�ZLWK�DEVHQFH�RI�WHPSHUDWXUH�SHDNV�DQG�ORZ�
UDGLDWLRQ�GXH�WR�H[FHVVLYH�SUHFLSLWDWLRQ��������������
DQG�DSSUR[LPDWHO\������LQ�D�\HDU�OHVV�FRQGXFLYH�WR�
KLJK�ULFH�\LHOG��������������)LJXUH����

)LJXUH����*UDLQ�\LHOG�RI�ÀRRGHG�ULFH�JHQRW\SHV��DV�D�IXQFWLRQ�RI�1�GRVHV��LQ�7ULXQIR�������������D�DQG�E��DQG�&DSLYDUL�GR�6XO�
������������F�DQG�G���7KH�OLQH�GUDZQ�LQ�SDUDOOHO�WR�WKH�[�D[LV��1�GRVH��UHSUHVHQWV�WKH�\LHOG�RI�WKH�DGGLWLRQDO�WUHDWPHQW��
ZLWKRXW�WKH�DGGLWLRQ�RI�13.�IHUWLOL]HU���������
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<LHOG�DQG�SUR¿WDELOLW\�RI�ÀRRGHG�ULFH�JHQRW\SHV�LQ�UHODWLRQ�WR�QLWURJHQ�GRVHV�DQG�SKRVSKRUXV�DQG�SRWDVVLXP�DSSOLFDWLRQ

,Q�7ULXQIR��WKH�DYHUDJH�\LHOG�RI�WKH�JHQRW\SHV�
��� NJ� KD-1� RI�1�� WKDW� UHFHLYHG� IHUWLOL]DWLRQ�ZLWK�3�
DQG�.�ZDV� �����0J�KD-1��ZKLOH�� LQ� WKH� DGGLWLRQDO�
WUHDWPHQW�ZLWKRXW�WKH�DGGLWLRQ�RI�13.�IHUWLOL]HUV��WKH�
\LHOG�ZDV������0J�KD-1��ZLWK�QR�VWDWLVWLFDO�GL൵HUHQFH�
EHWZHHQ�WKH�WUHDWPHQWV��7KLV�LV�GXH�WR�WKH�VRLO�PHGLXP�
LQLWLDO� OHYHO�RI�DYDLODEOH�3�DQG�KLJK�LQLWLDO� OHYHO�RI�
DYDLODEOH�.��UHVXOWLQJ�LQ�D�ORZHU�UHVSRQVH�SRWHQWLDO�
WR�WKH�DGGLWLRQ�RI�WKHVH�QXWULHQWV��6RVEDL��������7KH�
DEVHQFH�RI�ULFH�UHVSRQVH�WR�WKH�DSSOLFDWLRQ�RI�3�DQG�
.�ZDV�DOVR�REVHUYHG�E\�/RSHV�HW�DO���������DQG�5HLV�
HW�DO����������WHVWLQJ�.�GRVHV�DQG�3�DQG�.�FRPELQHG�
GRVHV��UHVSHFWLYHO\��LQ�VRLOV�ZLWK�KLJK�OHYHOV�RI�WKHVH�
QXWULHQWV��%HVLGHV��LW�LV�LPSRUWDQW�WR�QRWH�WKDW�UHGR[�
UHDFWLRQV��DIWHU�ÀRRGLQJ�WKH�VRLO��UHVXOW�LQ�DQ�LQFUHDVH�
RI�WKH�DYDLODEOH�3�OHYHOV�LQ�WKH�VROXWLRQ��GXH�WR�WKH�
UHOHDVH�RI�WKH�IUDFWLRQ�DGVRUEHG�WR�)H�R[LGHV��DQG�DOVR�
DQ�LQFUHDVH�LQ�WKH�DYDLODEOH�.�FRQWHQW�LQ�WKH�VROXWLRQ�
GXH�WR�WKH�)H���DQG�0Q���FRPSHWLWLRQ�E\�WKH�H[FKDQJH�
VLWHV�RI�WKH�VRLO�VROLG�SKDVH��6RXVD�HW�DO��������

,Q�&DSLYDUL�GR�6XO��ZKHUH�WKH�DYDLODEOH�3�DQG�
.�FRQWHQWV�ZHUH�EHORZ�FULWLFDO�OHYHOV��WKH�DSSOLFDWLRQ�
RI�3�DQG�.�IHUWLOL]HUV�LQFUHDVHG�WKH�DYHUDJH�JHQRW\SH�
\LHOG� E\� �����0J� KD-1�� IURP� ���� WR� ����0J� KD-1��
7KXV��WKH�IHUWLOL]HU�DSSOLFDWLRQ�EHQH¿WHG�WKH�SODQW�
PDLQO\� XQWLO� WKH� LQFUHDVH� RI� WKH� DYDLODELOLW\� RI� 3�
DQG�.�IRU�WKH�FURS��GXH�WR�WKH�VRLO�UHGXFWLRQ�H൵HFW��
ZKLFK�WDNHV�DURXQG�������GD\V�DIWHU�WKH�ÀRRGLQJ��
ZKHQ�WKH�SODQWV�DUH�DOUHDG\�LQ�WKH�94�VWDJH�RQZDUGV�
�0HXUHU�������

+\EULG� JHQRW\SHV� KDYH� D� KLJK� FRVW�� LQ�
UHODWLRQ� WR� FXOWLYDUV�� DQG� IHUWLOL]DWLRQ� UHSUHVHQWV�

DURXQG� �������RI� WKH� SURGXFWLRQ� FRVW� LQ� WKH� ULFH�
FURS��,5*$�����F���7KXV��ZH�HYDOXDWHG�ZKLFK�ZDV�
WKH�H൵HFW�RI�WKHVH�IDFWRUV�RQ�WKH�SUR¿WDELOLW\�RI�WKH�
FURS�IRU�WKH�GL൵HUHQW�PDQDJHPHQWV�FDUULHG�RXW��7KH�
VLPSOL¿HG�HFRQRPLF�DQDO\VLV��)LJXUH����SURYHG�WKH�
VXSHULRULW\�RI�WKH�K\EULGV��VLQFH��ERWK�LQ�7ULXQIR�DQG�
&DSLYDUL�GR�6XO��WKHUH�ZDV�D�JUHDWHU�SUR¿WDELOLW\�LQ�
DOO�WUHDWPHQWV��LQ�UHODWLRQ�WR�WKH�FXOWLYDU��,Q�DGGLWLRQ��
IRU�WKH�DYHUDJH�RI�WKH�K\EULGV�DQG�WKH�FXOWLYDU�LQ�ERWK�
WULDOV��WKH�1�GRVH�LQ�ZKLFK�WKH�KLJKHVW�JURVV�DQG�QHW�
LQFRPH�ZHUH�REWDLQHG�ZDV�����NJ�KD-1��,Q�7ULXQIR��
,5*$�����&/��DW�����NJ�KD-1�RI�1��SURYLGHG�D�QHW�
LQFRPH�RI�86�����������KD-1�DQG��WR�WKH�DYHUDJH�RI�
K\EULGV�� WKH� JURVV� LQFRPH�ZDV�86����������� KD-1 
������KLJKHU���,Q�&DSLYDUL�GR�6XO��DW�WKH�VDPH�GRVH��
WKH�QHW�LQFRPH�ZDV�86�����������KD-1�IRU�WKH�FXOWLYDU�
DQG�86�����������KD-1� IRU� WKH� DYHUDJH� RI� K\EULGV�
������KLJKHU��

$V�SUHYLRXVO\�VHHQ�� WKH�PD[LPXP�WHFKQLFDO�
HIILFLHQF\� GRVHV� GLIIHUHG� DPRQJ� WKH� HYDOXDWHG�
JHQRW\SHV��KRZHYHU��LI�ZH�FRQVLGHU�WKH�FXOWLYDU�DQG�
WKH�DYHUDJH�RI�WKH�K\EULGV��WKH�GRVH�ZLWK�WKH�JUHDWHVW�
SUR¿WDELOLW\�ZDV�����NJ�KD-1�RI�1��ZKLFK�LV�LGHQWLFDO�
WR� WKH� UHFRPPHQGDWLRQ�PDGH� E\� 6RVEDL� ��������
FRQVLGHULQJ�D�VRLO�ZLWK�ORZ�RUJDQLF�PDWWHU�FRQWHQW�
OLQNHG�WR�D�YHU\�KLJK�H[SHFWDWLRQ�RI�UHVSRQVH�WR�WKH�
DGGLWLRQ�RI�WKLV�IHUWLOL]HU��7KHUHIRUH��DOWKRXJK�WKHUH�
DUH� GL൵HUHQFHV� LQ� WKH� UHVSRQVHV� RI� WKH� JHQRW\SHV�
WR� WKH�IHUWLOL]DWLRQ�ZLWK�1��RQ�DYHUDJH�� WKH�FXUUHQW�
UHFRPPHQGDWLRQV�DUH�DGHTXDWH�IRU�D�KLJK�SUR¿WDELOLW\��
FRQWULEXWLQJ�WR�IRRG�VHFXULW\�DQG�PDLQWHQDQFH�RI�WKH�
SURGXFWLRQ�V\VWHP�

)LJXUH����6LPSOL¿HG�HFRQRPLF�DQDO\VLV�RI�FRVWV��FRQYHQWLRQDO�DQG�K\EULG�VHHG�DQG�13.�IHUWLOL]DWLRQ��IRU�LPSODQWLQJ�ULFH�FURSV��JURVV�
UHYHQXH�DQG�QHW�UHYHQXH�LQ�FURSV�FDUULHG�RXW�LQ�7ULXQIR�������������D��DQG�&DSLYDUL�GR�6XO�������������E��
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&21&/86,216

���7KH� KLJKHVW� \LHOGV� RI� WKH� HYDOXDWHG� JHQRW\SHV�
DUH� REWDLQHG�ZLWK�1� GRVHV� UDQJLQJ� IURP� ����
WR�����NJ�KD-1��+RZHYHU��WKH�KLJKHVW�SUR¿WDELOLW\�
RFFXUV�DW�WKH�GRVH�RI�����NJ�KD-1�������KLJKHU�WKDQ�
IRU�WKH�DEVHQFH�RI�1�DSSOLFDWLRQ���

���7KH�DSSOLFDWLRQ�RI�1�LQFUHDVHV��RQ�DYHUDJH��E\����
DQG������WKH�\LHOG�RI�ÀRRGHG�ULFH��LQ�\HDUV�ZLWK�
IDYRUDEOH� DQG� XQIDYRUDEOH� FOLPDWLF� FRQGLWLRQV�
�SHDNV� ZLWK� KLJK� WHPSHUDWXUH� DQG� ORZ� VRODU�
UDGLDWLRQ�� IRU� WKH� GHYHORSPHQW� RI� WKH� SODQWV��
UHVSHFWLYHO\�

���7KH� K\EULGV� KDYH� D� \LHOG� DSSUR[LPDWHO\� �����
KLJKHU� WKDQ� WKH� ,5*$� ���� &/� FRQYHQWLRQDO�
FXOWLYDU��ZLWK�WKH�SUR¿WDELOLW\�LQFUHDVHG�E\�������

��� ,Q� VRLO�ZLWK�3� DQG�.� OHYHOV� LQ�PHGLXP� WR� KLJK�
DYDLODELOLW\�� WKHUH� LV� QR� LQFUHDVH� LQ�\LHOG�GXH� WR�
WKH�DSSOLFDWLRQ�RI�WKHVH�QXWULHQWV��+RZHYHU��LQ�VRLO�
ZLWK�YHU\� ORZ�OHYHOV�RI�3�DQG�DYHUDJH� OHYHOV�RI�
.��IHUWLOL]DWLRQ�LQFUHDVHV�WKH�JUDLQ�\LHOG�E\������

5()(5(1&(6

%(5/$72��0��2���)217$1$��'��&��El niño e la niña��
3RUWR�$OHJUH��(G��GD�8)5*6�������

%5$*$17,1,��&���*8,0$5­(6��(��3���&875,0��9��
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Pesquisa Agropecuária Brasileira�� Y�� ���� Q�� ��� S�� ����
����������

&2,0%5$��-��/��0���2/,9(,5$��$��&��GH��&$59$/+2��
,�� )�� )�� GH�� 0$*$/+­(6� -81,25��$�� 0�� GH��
)$*81'(6��3��5��5���.233��0��0��+HWHURVH�HP�DUUR]�
KtEULGR��Revista Brasileira de Agrociência��Y������Q�����
S�����������������

&203$1+,$�1$&,21$/�'(�$%$67(&,0(172�
�&RQDE���Insumos agropecuários��������'LVSRQtYHO�HP��
KWWSV���ELW�O\��Y6S29O��$FHVVR�HP�����DEU������E��

&203$1+,$�1$&,21$/�'(�$%$67(&,0(172�
�&RQDE���Série histórica das safras��������'LVSRQtYHO�HP��
KWWSV���ELW�O\��9L,:����$FHVVR�HP�����DEU������D��
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Pesquisa Agropecuária Tropical��Y������Q�����S���������������

)$*(5,$��1��.���%$5%26$�),/+2��0��3��$YDOLDomR�
SUHOLPLQDU� GH� FXOWLYDUHV� GH� DUUR]� LUULJDGR� SDUD�PDLRU�
HILFLrQFLD� GH� XWLOL]DomR� GH� QLWURJrQLR�� Pesquisa 
Agropecuária Brasileira��Y������Q������S�������������������

)$*(5,$��1��.���.1833��$��0���025$(6��0�� )��
3KRVSKRUXV�QXWULWLRQ�RI�ORZODQG�ULFH�LQ�WURSLFDO�ORZODQG�
VRLO��Communications in Soil Science and Plant Analysis, 
Y������Q������S��������������������

)(55(,5$��'��)��6LVYDU��D�FRPSXWHU�VWDWLVWLFDO�DQDO\VLV�
V\VWHP��Ciência e Agrotecnologia��Y������Q�����S�������
�������������

*28/$57��(��6��Arranjos de semeadura e desempenho 
de híbridos de arroz�� ������'LVVHUWDomR� �0HVWUDGR� HP�
&LrQFLDV�� �� 3URJUDPD�GH�3yV�*UDGXDomR� HP�&LrQFLD� H�
7HFQRORJLD�GH�6HPHQWHV��8QLYHUVLGDGH�)HGHUDO�GH�3HORWDV��
3HORWDV���������

,167,7872�5,2�*5$1'(16(�'2�$552=��,5*$���
Mercado��&HSHD���SUHoRV��������'LVSRQtYHO�HP���KWWSV���
ELW�O\��(�WR3P��$FHVVR�HP�����PDLR�����E�

,167,7872�5,2�*5$1'(16(�'2�$552=��,5*$���
Mercado��FXVWR�GH�SURGXomR�GH�DUUR]����������UHYLVDGR��
������'LVSRQtYHO� HP�� KWWSV���ELW�O\��ZZ&0<6��$FHVVR�
HP�����DEU������F�

,167,7872� 5,2� *5$1'(16(� '2� $552=�
�,5*$��� Safras�� FXOWLYDUHV� VDIUD� ��������� ������
'LVSRQtYHO� HP�� KWWSV���LUJD�DGPLQ�UV�JRY�EU�XSORDG�
DUTXLYRV�����������������FXOWLYDUHV����VDIUD���������
SGI��$FHVVR�HP�����RXW������D�

/2&.��5��+���/2&.��(��)����025*$1��.��/���/2&.��
'��)���/2&.��3��)��Statistics��XQORFNLQJ�WKH�SRZHU�RI�GDWD��
���HG��1RYD�<RUN��:LOH\�������

/23(6��0��%��6���6,/9$��)��5��GD��=(//0(5��9��$���
$/9(6��3��0���),'(/,6��5��5��$GXEDomR�SRWiVVLFD�QD�
FXOWXUD�GR�DUUR]�HP�VRORV�DUHQRVRV�GH�YiU]HD�WURSLFDO��Applied 
Research & Agrotechnology��Y�����Q�����S����������������

0(1(=(6��9��*���$1*+,121,�� ,��� 6,/9$�� 3��5�� )��
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)5(,7$6��7��)��6��GH��/(21�9$/(17(��/��$��GH���Projeto 
10��HVWUDWpJLDV�GH�PDQHMR�SDUD�R�DXPHQWR�GD�SURGXWLYLGDGH�
H�GD�VXVWHQWDELOLGDGH�GD�ODYRXUD�GH�DUUR]�LUULJDGR�QR�56��
DYDQoRV�H�QRYRV�GHVD¿RV��&DFKRHLULQKD��,5*$�������

0(1(=(6��9��*���0$&('2��9��5��0���$1*+,121,��
,��Projeto 10��HVWUDWpJLDV�GH�PDQHMR�SDUD�R�DXPHQWR�GD�
SURGXWLYLGDGH�� FRPSHWLWLYLGDGH� H� VXVWHQWDELOLGDGH� GD�
ODYRXUD� GH� DUUR]� LUULJDGR�QR�56��3RUWR�$OHJUH�� ,5*$��
������

0(85(5��(��-��Fundamentos de química do solo�����HG��
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