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7KLV� VWXG\� LGHQWLILHG� DQG� FRPSDUHG� FKDUDFWHULVWLFV� RI� ��� )�� K\EULG� SDSD\DV� WKDW� ZHUH� REWDLQHG� E\�
FURVVLQJ� ILYH� FXOWLYDUV� VHOHFWHG� IRU� KLJK� \LHOG� DQG� WROHUDQFH� WR�3DSD\D� ULQJ� VSRW� YLUXV� �3569��� 7KH�
K\EULGV�ZHUH�WHVWHG�DW�WKH�3DSD\D�5HVHDUFK�DQG�'HYHORSPHQW�&HQWHU��0DKD�6DUDNKDP�3URYLQFH��IURP�
-DQXDU\�WR�'HFHPEHU�������7KH�UHVXOWV�VKRZHG�WKDW�K\EULGV�1R�����µ<HOORZ�.UDQJ¶�î�µ5HG�.UDQJ¶���1R����
�µ<HOORZ�.UDQJ¶�î�µ.KDHN�'DP¶���1R�����µ<HOORZ�.UDQJ¶�î�µ)ORULGD¶���1R�����µ<HOORZ�.UDQJ¶�î�µ.KDHN�1XDQ¶��
DQG� 1R�� �� �µ.KDHN� 'DP¶� î µ.KDHN� 1XDQ¶�� KDG� JRRG� \LHOG� DQG� IUXLW� TXDOLWLHV� EXW� WKH\� ZHUH� PRUH�
VXVFHSWLEOH�WR�3569�WKDQ�K\EULGV�1R�����µ.KDHN�'DP¶�î�µ)ORULGD¶���1R�����µ5HG�.UDQJ¶�î�µ)ORULGD¶���1R����
�µ5HG�.UDQJ¶� î� µ.KDHN�1XDQ¶���1R�� �� �µ.KDHN�'DP¶� î� µ)ORULGD¶�� DQG�1R�� ��� �µ)ORULGD¶� î� µ.KDHN�1XDQ¶���
+\EULG�1R�����µ<HOORZ�.UDQJ¶�î�µ.KDHN�'DP¶��KDG�WKH�ORZHVW�WROHUDQFH�WR�3569��ZLWK�GLVHDVH�LQFLGHQFH�
RI������RQ�D�VFDOH�RI��–���+\EULGV�1R����DQG�1R����SURGXFHG�PRUH�IUXLWV�WKDQ�WKH�RWKHUV��ZKLOH�K\EULG�
1R����KDG�WKH�ORZHVW�\LHOG�ZLWK�RQO\����IUXLWV�SODQW�\HDU��+\EULGV�ZLWK�µ)ORULGD¶�FXOWLYDU�DV�SDUHQW�WHQGHG�
WR�KDYH�EHWWHU�WROHUDQFH�WR�3569�� 

 
.H\�:RUGV��&DULFD�SDSD\D��FRQYHQWLRQDO�EUHHGLQJ��FXOWLYDU��3DSD\D�ULQJVSRW�YLUXV��SDSD\D�\LHOG� 
 
$EEUHYLDWLRQV��3569�–�3DSD\D�ULQJVSRW�YLUXV��766�–�WRWDO�VROXEOH�VROLGV� 

INTRODUCTION  
 
3DSD\D� �&DULFD� SDSD\D� /��� LV� HDV\� WR� JURZ� DQG�
SURSDJDWH�� ,W� LV�DQ�HDUO\-EHDULQJ� WUHH� WKDW�SURGXFHV�
IUXLW� DOO� \HDU� URXQG�� 7KH� IUXLW� LV� QXWULWLRXV�� VR�
SDSD\D� LV� D� SRSXODU� FURS� LQ� WKH� WURSLFV� DQG�
VXEWURSLFV�� ERWK� DV� D� IRRG� FURS� DQG� DV� D� VRXUFH� RI�
SDSDLQ�� ZKLFK� LV� XVHG� LQ� WKH� SKDUPDFHXWLFDO� DQG�
IRRG� LQGXVWULHV� �-DQWKDVUL� ������ 6RPVUL� ������� ,Q�
7KDLODQG�� HVSHFLDOO\� LQ� WKH� QRUWKHDVW� UHJLRQ�� PRVW�
IDUPHUV�JURZ�SDSD\D�DV�D�EDFN\DUG�FURS� IRU�KRPH�
FRQVXPSWLRQ� DQG� IRU� PDUNHWLQJ�� 3DSD\D� LV� PRVW�
FRPPRQO\�HDWHQ�LQ�WKH�IRUP�RI�JUHHQ�SDSD\D�VDODG��
RU�vVRP�WDP�w�ZKLFK�LV�D�VWDSOH�IRRG�LQ�7KDLODQG�� 
 7KH� PDMRU� SUREOHP� ZLWK� SDSD\D� JURZLQJ� LV�
SUHYHQWLRQ� RI� D� 3DSD\D� ULQJVSRW� YLUXV� �3569��
HSLGHPLF�� 3569�ZDV� ILUVW� UHSRUWHG� LQ� QRUWKHDVWHUQ�
7KDLODQG� LQ� ������ ,W� TXLFNO\� VSUHDG� DQG� E\� ������
����RI�WKH�JURZLQJ�DUHDV�LQ�7KDLODQG�ZHUH�LQIHFWHG�
E\� WKH� GLVHDVH�� 7KH� YLUXV� KDG� D� VHULRXV� QHJDWLYH�
HIIHFW�RQ�WKH�\LHOG�DQG�TXDOLW\�RI�SDSD\D�DOO�RYHU�WKH�
FRXQWU\� �-DQWKDVUL� ������� $OWKRXJK� WUDQVJHQLF�
SDSD\D� ZLWK� UHVLVWDQFH� WR� 3569� KDV� EHHQ�
GHYHORSHG�� LW� KDV� QRW� JDLQHG� DSSURYDO� IRU�

FRPPHUFLDO�SURGXFWLRQ�LQ�7KDLODQG�DQG�PDQ\�RWKHU�
FRXQWULHV��'UHZ�������� 
 ,Q� ������ 3URI�� 'U�� 'HQQLV� *RQVDOYHV� RI� &RUQHOO�
8QLYHUVLW\�� D� SDSD\D� FRQVXOWDQW� IRU� 7KDLODQGuV�
'HSDUWPHQW�RI�$JULFXOWXUH�� LQWURGXFHG� WKH� t)ORULGD�
7ROHUDQWu� FXOWLYDU�� ZKLFK� LV� WROHUDQW� WR� 3569�� IRU�
WHVWLQJ� E\� JURZHUV� LQ� QRUWKHDVWHUQ� 7KDLODQG�� ,WV�
GLVHDVH-UHVLVWDQFH� TXDOLWLHV� ZHUH� TXLWH� JRRG�� EXW�
EHFDXVH�WKH�IUXLWV�DUH�VPDOO�DQG�URXQG�DQG�WKH�IOHVK�
LV� \HOORZ�ZKHQ� ULSH�� LW�ZDV� QRW� SRSXODU�ZLWK� 7KDL�
FRQVXPHUV�� 3UDVDUWVHH� ������� WKXV� WULHG� FURVVLQJ�
¶)ORULGD� 7ROHUDQWu� ZLWK� WKH� ORFDO� t.KDHN� 'DPu�
FXOWLYDU� WKDW� LV� YHU\� SRSXODU� LQ� 7KDLODQG�� t.KDHN�
'DPu� KDV� GDUN� RUDQJH� IOHVK�ZKHQ� ULSH� EXW� LV� YHU\�
VXVFHSWLEOH�WR�3569�� 
 +\EULGL]DWLRQ� DQG� VHOHFWLRQ� ZRUN� FDUULHG� RXW�
IURP� ����� WR� ����� UHVXOWHG� LQ� WKH� LQWURGXFWLRQ� RI�
WKUHH� K\EULG� FXOWLYDUV� FDOOHG� t7KDSKUD� ��u� t7KDSKUD�
�u� DQG� t7KDSKUD� �u� WKDW� ZHUH� WHVWHG� DOO� RYHU� WKH�
FRXQWU\�� t7KDSKUD� �u� ZDV� VHOHFWHG� DV� WKH� PRVW�
VXLWDEOH� FXOWLYDU� EHFDXVH� LW� ZDV� GZDUI� �����P� WDOO���
KDG� JRRG� GLVHDVH� WROHUDQFH� DQG� KLJK� \LHOG�� ,WV�
WROHUDQFH� OHYHO� ZDV� ���� FRPSDUHG� ZLWK� WKDW� RI�
t.KDHN�'DPu�� t7KDSKUD� �u� FRXOG� DOVR�SURGXFH� IUXLW�
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LQ� RQO\� �–�� PR�� DQG� WKH� IOHVK� ZDV� FULVS\� ZKHQ�
XQULSH�� RUDQJH-\HOORZ� ZKHQ� ULSH�� VZHHW� DQG�
IUDJUDQW�� ,Q� ����� WKH� 'HSDUWPHQW� RI� $JULFXOWXUH�
WKXV�UHJLVWHUHG�WKH�t7KDSKUD��u�K\EULG�OLQH�DV�D�QHZ�
UHFRPPHQGHG�FXOWLYDU�DQG�JDYH�LW�WKH�QDPH�t.KDHN�
'DP� 7KDSKUDu�� 7KH� 'HSDUWPHQW� SURGXFHG� VHHGV�
DQG� VHHGOLQJV� WR� GLVWULEXWH� WR� IDUPHUV� DQG� WKH�
JHQHUDO�SXEOLF��)URP������XS�WR�WKH�SUHVHQW��t.KDHN�
'DP� 7KDSKUDu� KDV� VSUHDG� DOPRVW� DOO� RYHU� WKH�
FRXQWU\� �WR� ��� RI� WKH� ��� SURYLQFHV��� 1HYHUWKHOHVV��
t.KDHN� 'DP� 7KDSKUDu� LV� QRW� ����� 3569-WROHUDQW�
DQG� LWV� IUXLW� IOHVK� LV� OLJKW� RUDQJH-\HOORZ�� QRW� WKH�
GDUN� RUDQJH� WKDW� PRVW� 7KDL� FRQVXPHUV� SUHIHU�� $W�
SUHVHQW� LW� LV� PRVWO\� VROG� IRU� XQULSH� IUXLW�
FRQVXPSWLRQ�� ,Q� DGGLWLRQ�� ZKHQ� WKH� SDSD\D� LV�
JURZQ� LQ� DQ\� DUHD�� LW� KDV� EHFRPH� OHVV� UHVLVWDQW� WR�
GLVHDVH��HYHQ�LI�QHZ�FXOWLYDUV�DUH�XVHG��3UDVDUWVHH�HW�
DO�������XQSXEOLVKHG���� 
 7KH�REMHFWLYHV�RI�WKLV�UHVHDUFK�ZHUH�����WR�VWXG\�
WKH�FKDUDFWHULVWLFV�RI�)��SDSD\D�K\EULGV�REWDLQHG�E\�
PDNLQJ� WHQ� UHFLSURFDO� FURVVHV� EHWZHHQ� t)ORULGDu��
t.KDHN� 'DPu� DQG� t.KDHN� 1XDQu� ZLWK� WKH� ORFDO�
t<HOORZ� .UDQJu� DQG� t5HG� .UDQJu� IURP� 0DKD�
6DUDNKDP� 3URYLQFH�� DQG� ���� WR� VHOHFW� SURPLVLQJ�
K\EULGV� WKDW� FRPELQH� GLVHDVH� WROHUDQFH� ZLWK� KLJK�
\LHOG�DQG�JRRG�HDWLQJ�TXDOLWLHV� IRU� IXWXUH�EUHHGLQJ�
HIIRUWV�� 7KH� K\EULGV� ZHUH� WHVWHG� DW� WKH� 3DSD\D�
5HVHDUFK�DQG�'HYHORSPHQW�&HQWHU��0DKD�6DUDNKDP�
3URYLQFH��IURP�-DQXDU\�WR�'HFHPEHU������� 
 
 
0$7(5,$/6�$1'�0(7+2'6� 
 
)LYH� SDSD\D� FXOWLYDUV� ZLWK� JRRG� FKDUDFWHULVWLFV�
ZHUH�VHOHFWHG�DV�WKH�SDUHQWV��QDPHO\�� 
 
· �t<HOORZ�.UDQJu��UHDVRQDEO\�WROHUDQW�WR�3569�DQG�

VXLWDEOH� IRU� SURGXFLQJ� IUXLWV� ZLWK� FULVS\� IOHVK�
ZKHQ�XQULSH��DQG�\HOORZ�ZKHQ�ULSH� 

· t5HG� .UDQJu�� VRPHZKDW� WROHUDQW� WR� 3569� DQG�
VXLWDEOH� IRU� SURGXFLQJ� IUXLWV� ZLWK� FULVS\� IOHVK�
ZKHQ�XQULSH�DQG�UHG�ZKHQ�ULSH� 

· t)ORULGDu�� WROHUDQW� WR� 3569�� DQG� VXLWDEOH� IRU�
SURGXFLQJ�IUXLWV�ZLWK�\HOORZ�IOHVK�ZKHQ�ULSH 

· t.KDHN�'DPu�� VXLWDEOH� IRU�SURGXFLQJ� IUXLWV�ZLWK�
UHG� IOHVK� ZKHQ� ULSH�� EXW� YHU\� VXVFHSWLEOH� WR�
3569� 

· t.KDHN� 1XDQu�� VXLWDEOH� IRU� SURGXFLQJ�
FRQVXPDEOH� IUXLWV�ZKHQ� XQULSH�� EXW� VXVFHSWLEOH�
WR�3569� 

 

7KH� VHHGV� IRU� WKH�SDUHQW�SODQWV� WR� EH� FURVVHG�ZHUH�
REWDLQHG� IURP� WKH� 3DSD\D� 5HVHDUFK� DQG�
'HYHORSPHQW� &HQWHU�� 0DKD� 6DUDNKDP� 3URYLQFH��
 (YHU\� SRVVLEOH� SDLU� RI� SDUHQWV� ZHUH� FURVVHG�
XVLQJ�WKH�IROORZLQJ�KDQG�SROOLQDWLRQ�PHWKRG�� 
 
· )ORZHUV�ZHUH�REVHUYHG�DQG�DW�WKH�VWDJH�ZKHQ�WKH�

HQGV�RI� WKH�SHWDOV�RI� WKH�KHUPDSKURGLWH� IORZHUV�
ZHUH� EHJLQQLQJ� WR� FXUYH� EXW� KDG� QRW� IXOO\�
RSHQHG�� WKH� ZKROH� KHUPDSKURGLWH� IORZHU� WKDW�
ZRXOG� VHUYH� DV� WKH� SROOHQ� GRQRU� ZDV� SOXFNHG�
IURP� WKH�PDOH�SDUHQW�SODQW�� DQG� WKHQ� WKH�SHWDOV�
ZHUH� UHPRYHG�� OHDYLQJ� RQO\� WKH� IXOO\� PDWXUH�
DQWKHUV� �ZKHQ� WDSSHG� RQWR� WKH� SDOP� RI� RQHuV�
KDQG��OLJKW�\HOORZ�SRZGHU�ZDV�REVHUYDEOH��� 

· 6HOHFWHG� KHUPDSKURGLWH� IORZHUV� RQ� WKH� IHPDOH�
SDUHQW�SODQWV�ZHUH�HPDVFXODWHG�E\�XVLQJ�IRUFHSV�
WR� UHPRYH� DOO� WKH� DQWKHUV�� DQG� WKHQ� GRQDWHG�
SROOHQ� IURP� WKH�PDOH� SDUHQW� SODQW�ZDV� EUXVKHG�
OLJKWO\� RQWR� WKH� VWLJPD�� (DFK� KHUPDSKURGLWH�
IORZHU�ZDV�ODEHOHG�� 

· +DQG� SROOLQDWLRQ� ZDV� SHUIRUPHG� IURP� ����� WR�
������D��P�� 

 
Paternal ParentuMaternal Parent  F1�Code  No. of Plants  
1��¶Yellow Krang’ ×�¶Red Krang’      RMU 1      10 � 
2��¶Yellow Krang’�×�¶Khaek Dam’    RMU 2      10� 
3��¶Yellow Krang’ ×�¶Florida’            RMU 3      10� 
4��¶Yellow Krang’ ×�¶Khaek Nuan’  RMU 4      10� 
5��¶Red Krang’ ×�¶Khaek Dam’         RMU 5      10����Fig. 1)� 
6��¶Red Krang’ ×�¶Florida’                  RMU 6     10����Fig. 2)� 
7��¶Red Krang’ ×�¶Khaek Nuan’        RMU  7    10 
8��¶Khaek Dam’ ×�¶Florida’                RMU 8     10 ���Fig. 3)� 
9��¶Khaek Dam’ × ‘Khaek Nuan’       RMU 9     10� 
10�¶Florida’ ×��¶Khaek Nuan’             RMU 10   10���Fig. 4)� 
508�VWDQGV�IRU�v5DMDEKDW�0DKD�6DUDNKDP�8QLYHUVLW\w�� 
 
7KH�K\EULG� WUHHV� IURP�HDFK� FURVV� WKDW� EHVW�PHW� WKH�
VHOHFWHG� FULWHULD� ZHUH� VHOHFWHG� DQG� ��� IUXLWV� ZHUH�
WDNHQ� WR� VHUYH� DV� VRXUFHV� RI� VHHGV� WR� REWDLQ� WKH� )��
JHQHUDWLRQ�IRU�WKLV�H[SHULPHQW��7KH�VHOHFWLRQ�FULWHULD�
ZHUH�DV�IROORZV�� 

1. +LJKHU� \LHOG� WKDQ� WKH� SDUHQW� SODQWV� WR� D�
VWDWLVWLFDOO\� VLJQLILFDQW� GHJUHH� ZKHQ� DQDO\]HG�
E\�W-WHVW��S������� 

2. 3569�WROHUDQFH�PHDVXUHG�DW��–����ZKHQ�JURZQ�
XQGHU�QRUWKHDVWHUQ�7KDLODQG�FRQGLWLRQV� 

3. 7UHH�KHLJKW�QR�PRUH�WKDQ�����FP�ZKHQ�WKH�ILUVW�
IXOO�VHW�RI�IORZHUV�DSSHDUHG� 

4. 8QULSH� IUXLW� ZHLJKW� RI� DSSUR[LPDWHO\� ���–����
NJ� 
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5. )UXLW� VL]H� VXLWDEOH� IRU�PDNLQJ�vVRP� WDPw� ���–
���FP�ORQJ�DQG���–���FP�LQ�FLUFXPIHUHQFH�� 

6. 6XLWDEOH� IRU� XQULSH� IUXLW� FRQVXPSWLRQ� �FULVS�
IOHVK�� 

 7R� JURZ� VHHGV� IURP� WKH� VHOHFWHG� K\EULGV�� SHDW�
PRVV� ZDV� XVHG� DV� WKH� SODQWLQJ� PDWHULDO� LQ�
FRQWDLQHUV� ZLWK� JRRG� GUDLQDJH�� 7KH� VHHGV� ZHUH�
VRZQ� LQ� WKH� FRQWDLQHUV� DQG� WKRURXJKO\� ZDWHUHG��
7KH\�VWDUWHG�WR�JHUPLQDWH�LQ�DERXW����G��� 
 7R� SUHSDUH� WKH� SODQWLQJ�PDWHULDO� IRU� VHHGOLQJV��
SODVWLF�EDJV�����º������RU������º������FP��ZHUH�ILOOHG�
ZLWK�SRWWLQJ�VRLO�WKDW�ZDV�D�������PL[WXUH�RI�ORDP�WR�
EXUQHG� ULFH� KXVNV� WR� GULHG� ULFH� KXVNV�� 7KH� EDJV�
ZHUH� ILOOHG� ZLWK� SODQWLQJ�PHGLXP� DQG� WKRURXJKO\�
ZDWHUHG�� 

 :KHQ� WKH� SDSD\D� VHHGV� KDG� VSURXWHG� DQG�KDG�
WZR�VHHG�OHDYHV��WKH\�ZHUH�SXOOHG�E\�KDQG�IURP�WKH�
SHDW� PRVV� DQG� SODQWHG� LQ� WKH� SUHSDUHG� VHHGOLQJ�
EDJV��$IWHU�DERXW����G�� WKH�VHHGOLQJV�ZHUH�UHDG\�WR�
EH�SODQWHG�RXW�LQ�WKH�ILHOG�� 
 7KH�VHOHFWHG�WHVW�ILHOG�ZDV�ORFDWHG�DW�OHDVW�����P�
IURP� DQ\� VSDFH� ZKHUH� RWKHU� FXOWLYDUV� RI� SDSD\D�
ZHUH�JURZQ�LQ�RUGHU�WR�SUHYHQW�FURVV�SROOLQDWLRQ�� 
 7KH�ODQG�ZDV�SORZHG�DQG�FXOWLYDWHG�WR�UHPRYH�
ZHHGV��$IWHU�SORZLQJ�� WKH� WXUQHG-RYHU�VRLO�ZDV� OHIW�
WR�GU\�IRU���–���G��WKHQ�EHUPV�ZHUH�PDGH�WKDW�ZHUH�
��–��� FP�KLJK� DQG� ����P�ZLGH��ZLWK� D� GLVWDQFH� RI�
���–���� P� EHWZHHQ� WKH� PLGGOH� RI� RQH� EHUP� WR� WKH�
QH[W�� 3DSD\DV� ZHUH� SODQWHG� RQ� WKH� EHUPV� WR�
SURPRWH�GUDLQDJH�� 
 +ROHV� ��� º� ��� º� ��� FP�ZHUH� GXJ� LQ� WKH� EHUPV�
DQG�OHIW�WR�GU\�IRU��–���G��WKHQ�WKH�VRLO�WKDW�KDG�EHHQ�
GXJ� RXW� ZDV� EURNHQ� GRZQ� WR� VPDOOHU� SDUWLFOHV��
0DQXUH� DQG� FRPSRVW� PDGH� IURP� ULFH� VWUDZ� RU�
GHFRPSRVLQJ�OHDYHV�ZHUH�SXW� LQWR�WKH�KROHV�ILUVW� WR�
LPSURYH�PRLVWXUH� UHWHQWLRQ�� WKHQ� WKH� VRLO� IURP� WKH�
KROH�ZDV� WKRURXJKO\�PL[HG�ZLWK� DERXW� RQH� VKRYHO�
IXOO�RI�PDQXUH�RU�FRPSRVW������J�RI�URFN�SKRVSKDWH��
DQG�����J�RI���-��-���RU���-��-���FKHPLFDO�IHUWLOL]HU�
SHU�KROH��DQG�WKHQ�UHWXUQHG�WR�ILOO�WKH�KROH��$�VWDNH�
ZDV� IL[HG� LQ� WKH� PLGGOH� RI� HDFK� KROH� WR� PDUN� WKH�
PLGGOH�DQG�NHHS�WKH�URZV�VWUDLJKW��� 
 :KHQ� WKH� VHHGOLQJV� ZHUH� ��PR� ROG�� WKH\� ZHUH�
SODQWHG� LQ� WKH� SUHSDUHG� KROHV�� RQH� VHHGOLQJ� SHU�
KROH�� )RU� HDFK� K\EULG� OLQH�� ��� VHHGOLQJV� ZHUH�
VHOHFWHG�WR�JURZ����WUHHV�SHU�URZ��)LJ������ 

)LJ�� ��� 5HG� .UDQJ� î� .KDHN� 'DP�
K\EULG�SDSD\D� 

)LJ�� ��� 5HG�.UDQJ�î�)ORULGD�K\EULG�
SDSD\D� 

)LJ�����.KDHN�'DP�î�)ORULGD�K\EULG�
SDSD\D�� 

)LJ�����)ORULGD�î�.KDHN�1XDQ�K\EULG�SDSD\D�� 
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 7KH� H[SHULPHQW� ZDV� D� UDQGRPL]HG� FRPSOHWH�
EORFN�GHVLJQ��5&%'��ZLWK����K\EULG�OLQHV�DQG�WKUHH�
UHSOLFDWLRQV� RI� HDFK� K\EULG� OLQH�� DQG�ZLWK� ��� WUHHV�
SHU�UHSOLFDWLRQ�� 
 &KHPLFDO� IHUWLOL]HU� IRUPXOD� ��-��-��� ZDV�
DSSOLHG� DW� WKH� UDWH� RI� �� J� SHU� WUHH� HYHU\� ��� G�� DQG�
DIWHU� WKH� WUHHV� IORZHUHG�� FKHPLFDO� IHUWLOL]HU� IRUPXOD�
��-��-��� ZDV� DSSOLHG� DW� WKH� UDWH� RI� �� J� SHU� WUHH��
0DQXUH� RU� FRPSRVW� ZDV� DSSOLHG� UHJXODUO\�� 7KH�
WUHHV�ZHUH�ZDWHUHG�WZLFH�D�GD\��HYHU\�PRUQLQJ�DQG�
HYHQLQJ�� 
 'DWD� ZHUH� FROOHFWHG� IURP� WKH� VWDJH� RI� VHHG�
JHUPLQDWLRQ� XS� WR� KDUYHVW� IRU� DQ� H[SHULPHQWDO�
SHULRG�RI����PR��IURP�-DQXDU\�WR�'HFHPEHU������� 
 7KH� IROORZLQJ� SDUDPHWHUV� ZHUH� PHDVXUHG� RQ�
HDFK�WUHH�� 
 
1. +HLJKW� LQ� FHQWLPHWHUV�� PHDVXUHG� ZLWK� D� �-P�

UXOHU��$�PDUN�ZDV�PDGH�RQ�WKH�VWHP����FP�IURP�
VRLO� OHYHO� DQG� HDFK� WLPH� WKH� PHDVXUHPHQW� ZDV�
PDGH�IURP�WKDW�PDUN�XS�WR�WKH�XSSHUPRVW�VKRRW�
DSH[�� 

2. �6WHP� FLUFXPIHUHQFH� LQ� FHQWLPHWHUV�� PHDVXUHG�

���FP�IURP�VRLO�OHYHO�XVLQJ�D�PHDVXULQJ�WDSH�� 
3. 1XPEHU� RI� PDUNHWDEOH� IUXLWV� SHU� WUHH� SHU� \HDU�

�YHU\� VPDOO�� PLVVKDSHQ�� QRQ-XQLIRUP� RU�
RWKHUZLVH� XQPDUNHWDEOH� IUXLWV� ZHUH� QRW�
FRXQWHG��� 

4. )UXLW� ZHLJKW� LQ� NLORJUDPV�� PHDVXUHG� ZLWK� D�
GLJLWDO�EDODQFH� 

5. )UXLW� ZLGWK� DW� WKH� ZLGHVW� SRLQW� LQ� FHQWLPHWHUV��
PHDVXUHG�ZLWK�D�UXOHU� 

6. )UXLW� OHQJWK� LQ� FHQWLPHWHUV�� PHDVXUHG� ZLWK� D�
UXOHU� 

7. )OHVK� WKLFNQHVV� LQ� FHQWLPHWHUV�� E\� FXWWLQJ� HDFK�
IUXLW� OHQJWKZLVH��PHDVXULQJ�ZLWK� D� UXOHU� DW� WKH�
WKLQQHVW� SDUW� DQG� WKH� WKLFNHVW� SDUW�� DQG� WKHQ�
WDNLQJ�WKH�DYHUDJH� 

8. 7RWDO� VROXEOH� VROLGV� LQ� GHJUHHV� %UL[�� PHDVXUHG�
E\� KDQG� UHIUDFWRPHWHU�� 0HDVXUHPHQWV� RI� ULSH�
IUXLWV� IURP� WKUHH�SRLQWV� LQ�HDFK� IUXLW�–� WRS�HQG��
PLGGOH�DQG�ERWWRP�HQG�–�ZHUH�DYHUDJHG�� 

9. 1XPEHU�RI�VHHGV�SHU�IUXLW� 
10. 3HUFHQWDJH� RI� IUXLWV� GLVSOD\LQJ� GLVHDVH�

V\PSWRPV� 
 

 ,QFLGHQFH�RI�3569�ZDV� HYDOXDWHG�RQ� D� VFDOH� RI���
�–��DV�IROORZV�� 
· /HYHO��� �QR�V\PSWRPV��YHU\�JRRG�WROHUDQFH� 
· /HYHO��� �YHU\�PLOG�PRWWOLQJ��PHDQLQJ�\HOORZ�

DUHDV� FRYHULQJ� �–���� RI� WKH� OHDI� DUHD�� ZLWK�
VRPH�ULQJ�VSRWV�RQ� OHDYHV�EXW�QR�SHUFHSWLEOH�
V\PSWRPV� RQ� IUXLW�� QR� EUXLVHV� RU� VWUHDNV� RQ�
SHWLROHV�DQG�VWHP��JRRG�WROHUDQFH� 

· /HYHO� ��  � PLOG� WR� PRGHUDWH� PRWWOLQJ��
PHDQLQJ�\HOORZ�DUHDV�FRYHULQJ���–����RI�WKH�
OHDI�DUHD��IUXLW�PRVWO\�VPRRWK�ZLWK�VRPH�ULQJ�
VSRWV�� QR� EUXLVHV� RU� VWUHDNV� RQ� SHWLROHV� RU�
VWHP��PHGLXP�WROHUDQFH� 

· /HYHO� ��  � PRWWOLQJ�� PHDQLQJ� \HOORZ� DUHDV�
FRYHULQJ� ��-���� RI� WKH� OHDI� DUHD�� FOHDU�
HYLGHQFH�RI� ULQJ� VSRWV� DOO� RYHU� WKH� IUXLW�� DQG�
EUXLVHV� RU� VWUHDNV� RQ� WKH� SHWLROHV� DQG� VWHP��
OLWWOH�WROHUDQFH� 

· /HYHO� � �  � VHYHUH�PRWWOLQJ�� PHDQLQJ� \HOORZ�
DUHDV� FRYHULQJ� ��–����� RI� WKH� OHDI� DUHD��
GHIRUPHG� RU� EULWWOH� OHDYHV� XS� WR� VHYHUH� OHDI�
GLVWRUWLRQ� ZLWK� RQO\� WKH� PLGULE� YLVLEOH��
FOHDUO\� VHHQ� ULQJ� VSRWV� DOO� RYHU� WKH� IUXLW��
VFDEE\� VSRWV�� GHIRUPHG� IUXLW�� URXJK� RXWHU�
SHHO� DQG� ELWWHU�� JUDLQ\� IOHVK�� QR� WROHUDQFH�
�3UDVDUWVHH�HW�DO�������XQSXEOLVKHG�� 

 
 

)LJ�� ��� ([SHULPHQWDO� ILHOG� OD\RXW� ZLWK� ���� SDSD\D�
WUHHV� LQ����URZV�VXUURXQGHG�E\�D�FDQDO�DQG�ED�
QDQD�WUHHV�� 
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'DWD�$QDO\VLV� 
'LIIHUHQFHV� EHWZHHQ�PHDQV� RI� WKH� WUHDWPHQWV�ZHUH�
DQDO\]HG�E\�'XQFDQuV�0XOWLSOH�5DQJH�7HVW��'057��
�*RPH]� DQG� *RPH]� ������ XVLQJ� 067$7� VRIWZDUH�
�%ULFNHW�������� 
 
 
5(68/76�$1'�',6&866,21� 
 
3ODQW�+HLJKW� 
There were statistically significant differences in 
height among the 10 F1 hybrid lines. The tallest 
mean height was observed in the ‘Red Krang’ × 
‘Khaek Nuan’ group, with mean plant height of 128 
cm. The ‘Yellow Krang’ × ‘Khaek Nuan’ group was 
the shortest with an average height of 54 cm (Table 
1). Papaya plants increase in height every month up 
until the age of about 1 yr, and then plant height 
tends to level off or increase very slowly. Plant 
height increases the fastest when the plant is 4–6 mo 
old (Janthasri and Chaiyaboon 2014 unpublished). 
In general, shorter papaya plants are preferred by 
growers for greater ease of harvest and to reduce 
the risk of wind damage. Three of the hybrids in 
this study had a mean height of greater than 1 m, 
and even the seven hybrids that measured less than 
1 m were not as dwarfish as the PRSV-tolerant 
inbred lines Py-1, Py-2, Py-4, Py-5 and Py-6 
developed by the Institute of Plant Breeding, 
University of the Philippines Los Baños, which were 
reported to measure 47.50, 49.57, 46.79, 24.00, and 
30.00 cm high, respectively, at time of first 
flowering (Villegas et al. 1996). ‘Red Lady’ cultivar 
commonly starts to flower after reaching a height of 
about 70 cm (Paramount Seeds 2016).  
 
 

6WHP�&LUFXPIHUHQFH� 
6WDWLVWLFDOO\� VLJQLILFDQW� GLIIHUHQFHV� ZHUH� DOVR�
REVHUYHG� LQ� VWHP� FLUFXPIHUHQFH� �PHDVXUHG� �� FP�
IURP� JURXQG� OHYHO�� DPRQJ� WKH� GLIIHUHQW� K\EULGV��
7KH� t5HG� .UDQJu� º� t.KDHN� 1XDQu� JURXS� KDG� WKH�
ODUJHVW�WUXQN�FLUFXPIHUHQFH�����FP���IROORZHG�E\�WKH�
t)ORULGDu� º� t.KDHN� 1XDQu� JURXS� ���� FP��� WKH� t5HG�
.UDQJu�º�t)ORULGDu�JURXS�����FP���WKH�t.KDHN�'DPu�º�
t)ORULGDu� JURXS� ���� FP��� DQG� WKH� t5HG� .UDQJu� º�
t.KDHN�'DPu�JURXS� ���� FP���7KH� t<HOORZ�.UDQJu�º�
t)ORULGDu� JURXS� KDG� WKH� VPDOOHVW� PHDQ� VWHP�
FLUFXPIHUHQFH�RI����FP��7DEOH�����7KH�UDQJH�RI�VWHP�
FLUFXPIHUHQFHV�RI���–���FP�REVHUYHG�LQ�WKLV�VWXG\�LV�
ODUJHU� WKDQ� WKH� DYHUDJH� IRU�PRVW� SDSD\D� FXOWLYDUV��
ZKLFK� LV� LQGLFDWLYH� RI� K\EULG� YLJRU�� 7KLV� UHVXOW� LV�
FRQVLVWHQW� ZLWK� WKH� ILQGLQJV� RI� &KDQ� �������� ZKR�
UHSRUWHG�WKDW�WKH�t)UDQJLu�K\EULG�SDSD\D�GHYHORSHG�
E\� 0DOD\VLDQ� $JUL)RRG� &RUSRUDWLRQ� �0$)&�� LQ�
����� ZDV� PRUH� YLJRURXV� LQ� VWHP� DQG� FDQRS\�
GHYHORSPHQW�FRPSDUHG�ZLWK�WKH�SDUHQWV��6LPLODUO\��
3UDVDUWVHH� HW� DO�� ������ XQSXEOLVKHG�� UHSRUWHG� WKDW�
WKH� t3KLFKLWu� K\EULG� KDG� PRUSKRORJLFDO�
FKDUDFWHULVWLFV�VXSHULRU�WR�WKRVH�RI�WKH�SDUHQW�SODQWV�
�t.KDHN� 'DPu� DQG� t&RLPEDWRUH� 1R�� �u� REWDLQHG�
IURP� 6UL� /DQND��� 7UXQN� FLUFXPIHUHQFH� LQFUHDVHV�
PRUH�VORZO\� WKDQ�SODQW�KHLJKW�� DW� WKH� UDWH�RI�DERXW���
�–�� FP� D� PRQWK�� ZLWK� WKH� IDVWHVW� UDWH� RI� LQFUHDVH�
ZKHQ� WKH� WUHH� LV� �–�� PR� ROG� �-DQWKDVUL� DQG�
&KDL\DERRQ������XQSXEOLVKHG��� 
 
1XPEHU�RI�)UXLWV�SHU�7UHH�SHU�<HDU� 
7KHUH� ZHUH� DOVR� VWDWLVWLFDOO\� VLJQLILFDQW� GLIIHUHQFHV�
LQ�QXPEHU�RI� IUXLWV�SHU� WUHH�SHU�\HDU�DPRQJ� WKH����
K\EULG�OLQHV��7KH�t.KDHN�'DPu�º�t.KDHN�1XDQu�OLQH�
DQG� WKH� t)ORULGDu� º� t.KDHN� 1XDQu� OLQH� JDYH� WKH�
KLJKHVW� QXPEHU� RI� IUXLWV� SHU� \HDU� ���� DQG� ����
UHVSHFWLYHO\��� 7KH� t<HOORZ� .UDQJu� º� t5HG� .UDQJu�

7DEOH����0HDQ�KHLJKW��FLUFXPIHUHQFH�DW�EDVH�DQG�QXPEHU�RI�IUXLW�SHU�\HDU�RI�)��K\EULG�SDSD\D�IURP����FURVVHV� 
3DUHQWV +HLJKW��FP) 6WHP�&LUFXPIHUHQFH 

��FP�IURP�6RLO�/HYHO��FP) 
1R��RI�)UXLW�
7UHH�<HDU 

µ<HOORZ�.UDQJ¶�î�¶5HG�.UDQJ¶ 7�E�� ��DE ��E 

µ<HOORZ�.UDQJ¶�î�¶.KDHN�'DP¶ ��DE ��DE ��D 

µ<HOORZ�.UDQJ¶�î�¶)ORULGD¶ ��E ��DE ��E 

µ<HOORZ�.UDQJ¶�î�¶.KDHN�1XDQ¶ ��E ��DE ��DE 
µ5HG�.UDQJ¶�î�µ.KDHN�'DP¶ ���D ��DE ��DE 
µ5HG�.UDQJ¶�î�µ)ORULGD¶ ��D ��D ��DE 
µ5HG�.UDQJ¶�î�µ.KDHN�1XDQ¶ ���D ��D ��DE 
µ.KDHN�'DP¶�î�µ)ORULGD¶ ��DE ��DE ��D 
µ.KDHN�'DP¶�î�µ.KDHN�1XDQ¶ ��E ��DE ��D 
µ)ORULGD¶�î�µ.KDHN�1XDQ¶ ���D ��D ��D 
)-WHVW    
&�9����� ��� ��� ��� 
6WDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQFH�DW�����FRQILGHQFH�OHYHO 
���0HDQ�YDOXHV�IROORZHG�E\�GLIIHUHQW�VXSHUVFULSWV�LQ�WKH�VDPH�FROXPQ�VLJQLI\�D�VWDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQFH�DW�����FRQILGHQFH�OHYHO�XVLQJ 'XQFDQ¶V�
0XOWLSOH�5DQJH�7HVW��'057�� 
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JURXS� KDG� WKH� ORZHVW� QXPEHU� RI� IUXLWV�� DW� RQO\� ���
IUXLWV� SHU� WUHH� SHU� \HDU� �7DEOH� ���� %\� FRPSDULVRQ��
t5HG�/DG\u�FXOWLYDU�W\SLFDOO\�SURGXFHV�DQ�DYHUDJH�RI�
��� IUXLWV� SHU� VHDVRQ� �3DUDPRXQW� 6HHGV� ������ZKLOH�
WKH� t6LQWD� )�u� K\EULG� FDQ� SURGXFH� IURP� ��� WR� ���
IUXLWV�SHU� IUXLWLQJ� F\FOH� �9LOOHJDV� HW� DO�� �������&KDQ�
������� KDV� UHSRUWHG� YHU\� LPSUHVVLYH� KHWHURVLV� LQ�
K\EULG� SDSD\D��ZLWK� \LHOG� XS� WR� �����KLJKHU� WKDQ�
WKH�EHWWHU�SDUHQW�H[KLELWHG�E\�WKHLU� t0RULEu�º� t6RORu�
FURVV�� 
 
)UXLW�:HLJKW� 
6WDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQFHV�ZHUH�REVHUYHG�LQ�
IUXLW� ZHLJKW� DPRQJ� WKH� ��� K\EULG� FURVVHV�� 7KH�
JURXS� ZLWK� WKH� JUHDWHVW� PHDQ� IUXLW� ZHLJKW� ZDV�
t<HOORZ�.UDQJu� º� t.KDHN�'DPu� ������ NJ��� IROORZHG�
E\� t5HG� .UDQJu� º� t.KDHN� 1XDQu� ������ NJ��� t.KDHN�
'DPu� º� t)ORULGDu� � � � � � � NJ��� t)ORULGDu� º� t.KDHN�
1XDQu� ������ NJ�� DQG� t<HOORZ� .UDQJu� º� t5HG�
.UDQJu�������NJ���7KH�K\EULG�OLQHV�ZLWK�WKH�VPDOOHVW�
IUXLW�ZHUH�t<HOORZ�.UDQJu�º�t)ORULGDu�������NJ���t5HG�
.UDQJu�º�t.KDHN�'DPu�������NJ��DQG�t.KDHN�'DPu�º�
t.KDHN�1XDQu� ������ NJ�� �7DEOH� ����7KH� K\EULG� OLQHV�
ZLWK� WKH� VPDOOHVW� IUXLW� ZHUH� PRVWO\� GHULYHG� IURP�
SDUHQW� FXOWLYDUV� WKDW� ZHUH� EUHG� WR� EH� XVHG� DV� ULSH�
SDSD\D� IUXLW� IRU� H[SRUW�� EHFDXVH� FRQVXPHUV� LQ�
RYHUVHDV�PDUNHWV� WHQG� WR�SUHIHU� VPDOOHU� IUXLWV�ZLWK�
\HOORZ-RUDQJH� IOHVK�� )RU� H[DPSOH�� t0DUDGROu� IUXLWV�
XVXDOO\� ZHLJK� ���–���� NJ� �$ORKD� 6HHG� DQG� +HUE�
������DQG�t9HJD�)�u�IUXLWV�QRUPDOO\�ZHLJK����–����NJ�
�.HQ\D�+LJKODQG�6HHG��������2Q�WKH�RWKHU�KDQG��WKH�
t.KDHN� 'DPu� DQG� t.KDHN� 1XDQu� FXOWLYDUV� WKDW� DUH�
PRVW�IUHTXHQWO\�FRQVXPHG�XQULSH�ZHUH�VHOHFWHG�IRU�
WKHLU� ODUJHU� IUXLWV�� 7KH� JHQHWLF� WHQGHQF\� RI� t5HG�

.UDQJu� DQG� t<HOORZ� .UDQJu� LV� WR� KDYH� ORQJ� IUXLW��
UHDFKLQJ� DW� OHDVW� ��–��� FP� DW� �–�� PR�� VR� K\EULGV�
ZLWK�RQH�RI�WKHVH�FXOWLYDUV�DV�SDUHQW�WHQGHG�WR�KDYH�
ODUJHU�DQG�KHDYLHU�IUXLWV��-DQWKDVUL�DQG�&KDL\DERRQ�
�����XQSXEOLVKHG��� 
 
)UXLW�:LGWK�DQG�/HQJWK� 
The fruit dimensions (width x length) differed 
among the 10 hybrid lines to a statistically 
significant degree. The three groups with the largest 
mean fruit size were ‘Yellow Krang’ × ‘Khaek 
Dam’ (19.8 x 34.1 cm), ‘Red Krang’ × ‘Florida’ (17.2 
x 33.1 cm) and ‘Red Krang’ × ‘Khaek Nuan’ �16.9�x 
26.7 cm). The two groups with the smallest mean 
fruit size were ‘Yellow Krang’ × ‘Khaek Nuan’ (14.1 
x 25.6 cm) and ‘Khaek Dam’ × ‘Khaek Nuan’ (11.5 x 
22.6 cm), as shown in Table 2�� 
 
Total Soluble Solids  
Testing for total soluble solids (TSS, a measure of 
sweetness) showed that fruits from the ‘Khaek 
Dam’ × ‘Florida’ cross and the ‘Yellow Krang’ × 
‘Khaek Nuan’ cross had the highest TSS at 15.62 °B 
and 15.60� �B, respectively. Fruits from the ‘Red 
Krang’ × ‘Khaek Dam’ group and those from the 
‘Yellow Krang’ × ‘Red Krang’ group had the lowest 
TSS, as shown in Table 2. By comparison, TSS of 
‘Vega F1’ is recorded at 12–14 °B (Kenya Highland 
Seed 2012) and the TSS of ‘Sinta F1’ is on average 14 
°B, according to East-West Seed (East-West Seed 
Group 2011). Sweet flavor is not a major consumer 
requirement for papaya that is normally consumed 
in the form of unripe fruit for salad making, such as 
‘Yellow Krang’ and ‘Red Krang’. Crispiness and 

7DEOH ���0HDQ� IUXLW�ZHLJKW�� IUXLW�ZLGWK�� IUXLW� OHQJWK�� IOHVK� WKLFNQHVV�� WRWDO� VROXEOH�VROLGV� �766��� QXPEHU�RI�VHHGV�DQG�
3DSD\D�ULQJ�VSRW�YLUXV��3569��UHVLVWDQFH�OHYHO�RI�)��K\EULG�SDSD\D�IURP����FURVVHV. 

3DUHQWV 
)UXLW�
:HLJKW�
�NJ) 

)UXLW�
:LGWK�
�FP) 

)UXLW�
/HQJWK�
�FP) 

)OHVK�
7KLFNQHVV�

�FP) 

766���%� 6HHGV�
)UXLW 

2EVHUYHG�
/HYHO�RI�

3569���–�� 

µ<HOORZ�.UDQJ¶�î�¶5HG�.UDQJ¶ ���2.7��DE�� ����E ����D ���� ��������F�� �������D ����D 

µ<HOORZ�.UDQJ¶�î�¶.KDHN�'DP¶ ����D ����D ����D ���� �����E �������D ����D 

µ<HOORZ�.UDQJ¶�î�¶)ORULGD¶ ����E ����E ����D ���� �����E �������E ����D 

µ<HOORZ�.UDQJ¶�î�¶.KDHN�1XDQ¶ ����E ����E ����E ���� �����D ��������E ����D 
µ5HG�.UDQJ¶�î�µ.KDHN�'DP¶ ����E ����D ����E ���� ������F �������E ����E 
µ5HG�.UDQJ¶�î�µ)ORULGD¶ �����DE ����D ����D ���� �����E �������D ����E 
µ5HG�.UDQJ¶�î�µ.KDHN�1XDQ¶ ����D ����D ����E ���� �����E �������D ����E 
µ.KDHN�'DP¶�î�µ)ORULGD¶ ����D ����E ����D ���� �����D �������E ����E 
µ.KDHN�'DP¶�î�µ.KDHN�1XDQ¶ ����E ����E ����E ���� �����E �������E ����D 
µ)ORULGD¶�î�µ.KDHN�1XDQ¶ ����D ����E ����D ���� �����E ��������F ����E 
)-WHVW    QV    
&�9����� ���� ���� ���� - ����� ���� ���� 
QV��1RQ-VLJQLILFDQW�GLIIHUHQFH �����6WDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQFH�DW�����FRQILGHQFH�OHYHO 
�� �0HDQ�YDOXHV�IROORZHG�E\�GLIIHUHQW�VXSHUVFULSWV�LQ�WKH�VDPH�FROXPQ�VLJQLI\�D�VWDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQFH�DW�����FRQILGHQFH�OHYHO�XVLQJ�'XQFDQ¶V�
0XOWLSOH�5DQJH�7HVW��'057�� 

  

The Philippine Agricultural Scientist Vol. 100 No. 1 (March 2017) 

Rapatsa Janthasri et al.  F1 Hybrid Papaya Lines in Thailand  



22  

 

lack of bitterness are the main sought-after qualities 
for papaya consumed in unripe form. This 
observation is consistent with the findings of the 
Pak Chong Research Station (2006), which reported 
on the project to develop the ‘Pak Chong 2’ papaya 
cultivar at the Insee Jantarasatid Institute for Plant 
Science Research and Development in Pak Chong 
District, Nakhon Ratchasima Province from 1997 to 
2006. The researchers there intended to develop a 
new papaya cultivar that would be superior to the 
commercial cultivars that were currently available. 
They selected three lines from the ‘Khaek Dam’ × 
‘Pak Chong 1’ hybrid cross, and after seven cycles 
of selection obtained the ‘Pak Chong 2(12-21)’ line, 
with medium-sized fruit weighing 1–1.2 kg each, 
yellow skinned when ripe, with red-orange flesh, 3 
cm thick, and total soluble solids of 12–14 �B.  
 
1XPEHU�RI�6HHGV� 
6WDWLVWLFDOO\� VLJQLILFDQW� GLIIHUHQFHV�ZHUH� DOVR� IRXQG�
LQ� QXPEHU� RI� VHHGV� SHU� IUXLW�� 7KH� K\EULG� JURXSV�
ZLWK� WKH� JUHDWHVW� QXPEHU� RI� VHHGV� SHU� IUXLW� ZHUH�
t5HG� .UDQJu� º� t)ORULGDu�� t<HOORZ� .UDQJu� º� t.KDHN�
'DPu�� t5HG� .UDQJu� º� t.KDHN� 1XDQu�� DQG� t.KDHN�
'DPu� º� t.KDHN�1XDQu�� 7KH� K\EULG� JURXS�ZLWK� WKH�
OHDVW� VHHGV� ZDV� t)ORULGDu� º� t.KDHN�1XDQu�� EHFDXVH�
WKH� t)ORULGDu� SDUHQW� LV� D� FXOWLYDU� ZLWK� VPDOO-VL]HG�
IUXLW��:KHQ� t)ORULGDu�ZDV�XVHG�DV� WKH�SROOHQ�GRQRU�
RU� SDWHUQDO� SDUHQW�� WKH� WUDLW� IRU� IHZ� VHHGV� ZDV�
SDVVHG�GRZQ��EXW�ZKHQ� t)ORULGDu�ZDV� WKH�PDWHUQDO�
SDUHQW��WKHUH�ZDV�QR�HIIHFW��7DEOH����� 
 
3569�7ROHUDQFH� 
'DWD� IURP� WKH� ILHOG� WULDOV� RI� WKH� ��� K\EULG� OLQHV� LQ�
0DKD� 6DUDNKDP�3URYLQFH� VKRZHG� WKDW� WKH� t<HOORZ�
.UDQJu� º� t.KDHN� 'DPu� OLQH�� WKH� t.KDHN� 'DPu� º�
t.KDHN�1XDQu�OLQH�DQG�WKH�t<HOORZ�.UDQJu�º�t.KDHN�
1XDQu� OLQH� KDG� OHVV� UHVLVWDQFH� WR� 3569� WKDQ� WKH�
t.KDHN�'DPu�º�t)ORULGDu�OLQH��WKH�t)ORULGDu�º�t.KDHN�
1XDQu� OLQH�� WKH� t<HOORZ�.UDQJu�º� t)ORULGDu� OLQH��DQG�
WKH�t5HG�.UDQJu�º�t)ORULGDu�OLQH��7KH�t<HOORZ�.UDQJu�
º�t.KDHN�'DPu�K\EULG�OLQH�ZDV�WKH�PRVW�VXVFHSWLEOH�
WR� 3569� ZLWK� D� PHDQ� GLVHDVH� LQFLGHQFH� UDWLQJ� RI�
������7DEOH�����7KH�OHDYHV�RI�WKHVH�WUHHV�ZHUH�FOHDUO\�
PRWWOHG�DQG�WKHUH�ZHUH�D�ODUJH�QXPEHU�RI�ULQJ�VSRWV�
RQ� WKH� IUXLWV� DV� ZHOO� DV� VHYHUH� EUXLVLQJ� DQG�
VWUHDNLQJ�RQ�WKH�SHWLROHV�DQG�WUXQNV��7KLV�ILQGLQJ�LV�
LQ� DJUHHPHQW� ZLWK� WKH� UHSRUW� RI� 3UDVDUWVHH� �������
LQGLFDWLQJ� WKDW� t.KDHN�'DPu�ZDV� WKH� FXOWLYDU�ZLWK�
WKH� OHDVW� UHVLVWDQFH� WR� 3569�� 1HYHUWKHOHVV�� LQ� WKH�
SUHVHQW�VWXG\�� WKH�K\EULG� OLQH� WKDW�KDG� WKH�JUHDWHVW�
WROHUDQFH�WR�3569�ZDV�WKH� t.KDHN�'DPu�º� t)ORULGDu�

OLQH�� IROORZHG�E\�WKH� t)ORULGDu�º� t.KDHN�1XDQu� OLQH��
WKH� t5HG�.UDQJu�º� t)ORULGDu� OLQH�� WKH� t5HG�.UDQJu� º�
t.KDHN� 'DPu� OLQH�� DQG� WKH� t5HG� .UDQJu� º� t.KDHN�
1XDQu� OLQH�� LQ� WKDW� RUGHU��7KHVH�K\EULG� OLQHV�KDG� D�
PHDQ� 3569� LQFLGHQFH� OHYHO� RI� ����–����� �7DEOH� ����
0RVW�RI�WKH�K\EULGV�ZLWK�t)ORULGDu�FXOWLYDU�DV�SDUHQW�
KDG�D�JRRG�WROHUDQFH�WR�3569��EHFDXVH�t)ORULGDu�KDV�
EHHQ�XVHG�DV�D�JHQHWLF�VRXUFH�RI�3569�WROHUDQFH� LQ�
SDSD\D� EUHHGLQJ� SURJUDPV� LQ� RWKHU� FRXQWULHV�
�3UDVDUWVHH�������� 
 $OWKRXJK� ZH� GLG� QRW� DFKLHYH� D� WUXO\�
RXWVWDQGLQJ� OHYHO� RI� 3569� WROHUDQFH� LQ� DQ\� RI� RXU�
K\EULGV� LQ� WKH� SUHVHQW� UHVHDUFK�� RXU� UHVXOWV� ZHUH�
EDVLFDOO\� FRQVLVWHQW�ZLWK� WKH� ILQGLQJV� RI� 3UDVDUWVHH�
HW�DO��������XQSXEOLVKHG���ZKR�ZURWH�WKDW�WKH�t.KRQ�
.DHQ���u�SDSD\D�FXOWLYDU��ZKLFK�ZDV�REWDLQHG�IURP�
FURVVLQJ� t)ORULGD� 7ROHUDQWu� ZLWK� t.KDHN� 'DPu�� KDG�
FRQVLVWHQWO\� JRRG� RYHUDOO� JURZWK� UDWH� DQG� JRRG�
WROHUDQFH� DJDLQVW� 3569�� VKRZLQJ� V\PSWRPV� RI�
\HOORZ�PRWWOLQJ�RQ� WKH� OHDYHV�EXW�QR�V\PSWRPV�RQ�
WKH�IUXLW�� 
 8QWLO� WUDQVJHQLF� SDSD\D� LV� PRUH� ZLGHO\�
DFFHSWHG� RU� D� QHZ� 3569-UHVLVWDQW� FXOWLYDU� LV�
LQWURGXFHG� DV� D� UHVXOW� RI� WKH� LQWHUJHQHULF� FURVVLQJ�
ZRUN� EHLQJ� XQGHUWDNHQ� LQ� $XVWUDOLD� DQG� WKH�
3KLOLSSLQHV� �'UHZ� HW� DO�� ������� D� K\EULG� SDSD\D�
FRPELQLQJ� D� UHDVRQDEOH� GHJUHH� RI� 3569� WROHUDQFH�
ZLWK� KLJK� \LHOG� DQG� JRRG� HDWLQJ� TXDOLWLHV� PD\� EH�
WKH�PRVW� IHDVLEOH� DOWHUQDWLYH� IRU� SDSD\D� SURGXFHUV�
LQ�7KDLODQG�� 
 
 
&21&/86,21� 
 
7KLV� VWXG\� LGHQWLILHG� DQG� FRPSDUHG� )�� K\EULGV�
IRUPHG�E\� WKH� FURVVLQJ�RI� ILYH� VHOHFWHG� FXOWLYDUV� RI�
SDSD\D�ZLWK� WKH� DLP� RI� GHYHORSLQJ� D� QHZ� FXOWLYDU�
IRU� XQULSH� IUXLW� FRQVXPSWLRQ� DQG� LQGXVWULDO� XVH��
7KH� UHVXOWV� VKRZHG� WKDW� WKH� t<HOORZ� .UDQJu� º�
t.KDHN�'DPu�K\EULG� OLQH�DQG� WKH� t<HOORZ�.UDQJu�º�
t.KDHN�1XDQu� K\EULG� OLQH�ZHUH� YHU\� KLJK� \LHOGLQJ�
���–��� IUXLWV� SHU� \HDU��� 1RUPDOO\�� t<HOORZ� .UDQJu��
t5HG�.UDQJu��t.KDHN�'DPu�DQG�t.KDHN�1XDQu�DUH�DOO�
FXOWLYDUV� WKDW� DUH� XVHG� IRU� XQULSH� SDSD\D�
FRQVXPSWLRQ�� :KHQ� WKH\� ZHUH� XVHG� DV� SDUHQWDO�
OLQHV� IRU� PDNLQJ� K\EULG� FURVVHV�� WKH� K\EULGV� WKXV�
KDG� JRRG� IUXLW� TXDOLW\� IRU� XQULSH� SDSD\D�
FRQVXPSWLRQ�� 
 ,Q� VKRUW�� WKUHH� K\EULG� OLQHV� �t<HOORZ� .UDQJu� º�
t5HG� .UDQJu�� t<HOORZ� .UDQJu� º� t.KDHN� 'DPu� DQG�
t<HOORZ�.UDQJu�º�t.KDHN�1XDQu��KDG�KLJK�\LHOG�DQG�
JRRG� IUXLW� TXDOLW\� IRU� GHYHORSPHQW� DV� FXOWLYDUV� IRU�
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XQULSH�SDSD\D� FRQVXPSWLRQ��7KH� t<HOORZ�.UDQJu�º�
t.KDHN�'DPu�OLQH�ZDV�HVSHFLDOO\�SURPLVLQJ�IRU�JRRG�
\LHOG� DQG� JRRG� TXDOLW\�� 7KH� t<HOORZ� .UDQJu� º�
t)ORULGDu� K\EULG� OLQH� KDG� ORZ� \LHOG� DQG� ORZ� IUXLW�
TXDOLW\��+RZHYHU��PRVW�RI�WKH�K\EULG�OLQHV�WKDW�KDG�
t)ORULGDu� DV� D� SDUHQW� VKRZHG� JUHDWHU� WROHUDQFH� WR�
3569�� 
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