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ZZZ�MDHIV�FRP-$()6 �H�,661������������$JULFXOWXUH��(QYLURQPHQW�DQG�)RRG�6FLHQFHV,QWHUQDWLRQDO�-RXUQDO�RI
'2,�����������MDHIV��3URI�'U��*XOWHNLQ�2='(0,5

JR]GHPLU#GLFOH�HGX�WU��������HGLWRU#MDHIV�FRP�$JULFXOWXUDO�6FLHQFHV��+RUWLFXOWXUH��9LWLFXOWXUH'LFOH�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH��'HSDUWPHQW�RI�+RUWLFXOWXUH��'L\DUEDNLU��7XUNH\�(GLWRU�LQ�&KLHI
$JULFXOWXUDO�6FLHQFHV��%LRPHWU\�	�*HQHWLFVdXNXURYD�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH��'LY��RI�%LRPHWU\�	�*HQHWLFV��3URI�'U��=H\QHO�&(%(&,$GDQD��7XUNH\�]FHEHFL#FX�HGX�WU

&R�(GLWRU�LQ�&KLHI
'U��$NEDU�+266$,1$JULFXOWXUDO�6FLHQFHV��3ODQW�SK\VLRORJ\��:HHG�PDQDJHPHQW��%DQJODGHVK�:KHDW�DQG�0DL]H�5HVHDUFK�,QVWLWXWH��1DVKLSXU��'LQDMSXU�������%DQJODGHVKDNEDUKRVVDLQZUF#JPDLO�FRP�-LEDQ�6+5(67+$�$JULFXOWXUDO�6FLHQFHV��)LHOG�&URSV1HSDO�$JULFXOWXUDO�5HVHDUFK�&RXQFLO��1DWLRQDO�&RPPHUFLDO�$JULFXOWXUH�5HVHDUFK�3URJUDP��3DNKULEDV��'KDQNXWD��1HSDO�MLEVKUHVWKD#QPUS�JRY�QS

/DQJXDJH�(GLWRU

,QW�-�$JULF�(QYLURQ�)RRG�6FL�������6HSWHPEHU������

(GLWRULDO�%RDUG

$JULFXOWXUDO�6FLHQFHV��+RUWLFXOWXUHdXNXURYD�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH�'HSDUWPHQW�RI�+RUWLFXOWXUH��$GDQD��7XUNH\GDVJDQ#FX�HGX�WU3URI�'U��7HW\DQD�.$/1$�'8%,1<8.�

3URI�'U��<ÕOPD]�%$<+$1$JULFXOWXUDO�6FLHQFHV��$JULFXOWXUDO�0DFKLQHU\1DPÕN�.HPDO�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH�'HSDUWPHQW�RI�%LRV\VWHP�(QJLQHHULQJ��7HNLUGD÷��7XUNH\�\ED\KDQ#QNX�HGX�WU

1DWLRQDO�8QLYHUVLW\�RI�/LIH�DQG�(QYLURQPHQWDO�6FLHQFHV��'HSDUWPHQW�RI�([WHQVLRQ�DQG�7RXULVP�RI�8NUDLQH�.\LY��8NUDLQH�WDWLDQNG#\DKRR�FRP3URI�'U��6H]DL�(5&,6/,�$JULFXOWXUDO�6FLHQFHV��+RUWLFXOWXUH$WDWXUN�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH�'HSDUWPHQW�RI�+RUWLFXOWXUH��(U]XUXP��7XUNH\VHUFLVOL#DWDXQL�HGX�WU3URI�'U��,VPDLO�.$5$&$�

3URI�'U��2QHU�&(7,1�'LFOH�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH�'HSDUWPHQW�RI�$JULFXOWXUDO�6WUXFWXUHV�DQG�,UULJDWLRQ��'L\DUEDNLU��7XUNH\�3URI�'U��+��<LOGL]�'$6*$1�

DNWDVKDNDQ#VGX�HGX�WU

$JULFXOWXUDO�6FLHQFHV��$JULFXOWXUDO�(FRQRPLFV
RQHUBFHWLQ#\DKRR�FRP

$JULFXOWXUDO�6FLHQFHV��+RUWLFXOWXUH6XOH\PDQ�'HPLUHO�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH�'HSDUWPHQW�RI�+RUWLFXOWXUH��,VSDUWD��7XUNH\�3URI�'U��+DNDQ�$.7$6

$JULFXOWXUDO�6FLHQFHV��$JULFXOWXUDO�6WUXFWXUHV�DQG�,UULJDWLRQ

dXNXURYD�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH�'HSDUWPHQW�RI�+RUWLFXOWXUH��$GDQD��7XUNH\DENXGHQ#FX�HGX�WU
$JULFXOWXUDO�6FLHQFHV��3ODQW�3URWHFWLRQ$SSOLHG�6FLHQFHV�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH��'HSDUWPHQW�RI�3ODQW�3URWHFWLRQ��,VSDUWD��7XUNH\�LVPDLONDUDFD#VGX�HGX�WU3URI�'U��$\]LQ�%��.8'(1�$JULFXOWXUDO�6FLHQFHV��+RUWLFXOWXUH



,,

ZZZ�MDHIV�FRP-$()6 ,QWHUQDWLRQDO�-RXUQDO�RI$JULFXOWXUH��(QYLURQPHQW�DQG�)RRG�6FLHQFHV '2,�����������MDHIV��

.LOLV���$UDOLN�8QLYHUVLW\��)DFXOW\�RI�(QJLQHHULQJ�DQG�$UFKLWHFWXUH��'HSDUWPHQW�RI�)RRG�(QJLQHHULQJ��.LOLV��7XUNH\�$JULFXOWXUDO�6FLHQFHV��$JULFXOWXUDO�0DFKLQHU\
)RRG�6FLHQFHV��0HGLFLQDO�DQG�$URPDWLF�3ODQWV
3URI�'U��1HEDKDW�6$5,�
3URI�'U��$EGXOODK�6(66,=�QVHNHURJOX#JPDLO�FRP

$NGHQL]�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH��'HSDUWPHQW�RI�$JULFXOWXUDO�(FRQRPLFV��$QWDO\D��7XUNH\�R]FDWDOEDV#DNGHQL]�HGX�WU

VWDQJRODU#FX�HGX�WU0XVWDID�.HPDO�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH��'HSDUWPHQW�RI�3ODQW�3URWHFWLRQ��$QWDN\D��7XUNH\�$JULFXOWXUDO�6FLHQFHV��3ODQW�3URWHFWLRQ

3URI�'U��0DUN�0$77+(:6�$JULFXOWXUDO�6FLHQFHV��9LWLFXOWXUH�DQG�(QRORJ\

3URI�'U��6HPLK�7$1*2/$5�DVHVVL]#GLFOH�HGX�WU
$JULFXOWXUDO�6FLHQFHV��+RUWLFXOWXUHdXNXURYD�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH�'HSDUWPHQW�RI�+RUWLFXOWXUH��$GDQD��7XUNH\

3URI�'U��2UKDQ�2=&$7$/%$6�$JULFXOWXUDO�6FLHQFHV��$JULFXOWXUDO�(FRQRPLFVLRUWDV#FX�HGX�WU
dXNXURYD�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH�'HSDUWPHQW�RI�+RUWLFXOWXUH��$GDQD��7XUNH\

'LFOH�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH��'HSDUWPHQW�RI�$JULFXOWXUDO�0DFKLQHU\�DQG�7HFKQRORJLHV�(QJLQHHULQJ��'L\DUEDNLU��7XUNH\�
WDQJRODU#FX�HGX�WU
HDWD\#PNX�HGX�WU$VVRF�3URI�'U��.KXGD�%$.+6+

3URI�'U��6HPLK�1(0/,2*/8�(QYLURQPHQWDO�6FLHQFHV��:DWHU�3ROOXWLRQ�DQG�&RQWURO

3URI�'U��6HUSLO�7$1*2/$5�

$JULFXOWXUDO�6FLHQFHV��+RUWLFXOWXUH

$JULFXOWXUDO�6FLHQFHV��6RLO�6FLHQFH��3ODQW�1XWULWLRQdXNXURYD�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH��'HSDUWPHQW�RI�6RLO�6FLHQFH�DQG�3ODQW�1XWULWLRQ��$GDQD��7XUNH\�

&DOLIRUQLD�8QLYHUVLW\��'HSDUWPHQW�RI�9LWLFXOWXUH�DQG�(QRORJ\��'DYLV��8�6�$�PDPDWWKHZV#XFGDYLV�HGX3URI�'U��1��<HVLP�<DOFLQ�0(1',�$JULFXOWXUDO�6FLHQFHV��+RUWLFXOWXUHdXNXURYD�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH�'HSDUWPHQW�RI�+RUWLFXOWXUH��$GDQD��7XUNH\

$JULFXOWXUDO�6FLHQFHV��+RUWLFXOWXUH

,VWDQEXO�8QLYHUVLW\�&HUUDKSDVD��)DFXOW\�RI�(QJLQHHULQJ��'HSDUWPHQW�RI�(QYLURQPHQWDO�(QJLQHHULQJ��,VWDQEXO��7XUNH\�VQHPOL#LVWDQEXO�HGX�WU3URI�'U��,EUDKLP�257$6�

$VVRF�3URI�'U��(URO�$7$<�

3URI�'U��1D]ÕP�6(.(52*/8�QHVDUL#FX�HGX�WU

\HVLPFDQ#FX�HGX�WU

dXNXURYD�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH�'HSDUWPHQW�RI�+RUWLFXOWXUH��$GDQD��7XUNH\

1DWLRQDO�8QLYHUVLW\�RI�/LIH�DQG�(QYLURQPHQWDO�6FLHQFHV�RI�8NUDLQH��6RLO�6FLHQFH�DQG�6RLO�&RQVHUYDWLRQ�'HSDUWPHQW�8NUDLQH�NUDYFK#L�XD���
$VVRF�3URI�'U��<XUL\�.5$9&+(1.2�$JULFXOWXUDO�6FLHQFHV��6RLO�6FLHQFHVHPDNDOH#VGX�HGX�WU$SSOLHG�6FLHQFHV�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH�'HSDUWPHQW�RI�$JULFXOWXUDO�6WUXFWXUHV�DQG�,UULJDWLRQ��,VSDUWD��7XUNH\�
$JULFXOWXUDO�6FLHQFHV��(QYLURQPHQWDO�(FRQRPLFV&206$76�,QVWLWXWH�RI�,QIRUPDWLRQ�7HFKQRORJ\��'HSDUWPHQW�RI�0DQDJHPHQW�6FLHQFHV��9HKDUL��3DNLVWDQ�NEDNKVK#FLLWYHKDUL�HGX�SN$VVRF�3URI�'U��6HPD�.DOH�&(/,.�$JULFXOWXUDO�6FLHQFHV��$JULFXOWXUDO�6WUXFWXUHV�DQG�,UULJDWLRQ

(GLWRULDO�%RDUG
�H�,661������������,QW�-�$JULF�(QYLURQ�)RRG�6FL�������6HSWHPEHU������
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ZZZ�MDHIV�FRP-$()6 $JULFXOWXUH��(QYLURQPHQW�DQG�)RRG�6FLHQFHV,QWHUQDWLRQDO�-RXUQDO�RI
'2,�����������MDHIV��

'HEUHFHQ�8QLYHUVLW\��'HEUHFHQ��+XQJDU\�V]LODJ\L�UREHUW#HFRQ�XQLGHE�KX$VVRF�3URI�'U��6HOPD�72=$1/,�$JULFXOWXUDO�6FLHQFHV��$JULFXOWXUDO�(FRQRPLFV
,VWDQEXO�8QLYHUVLW\�&HUUDKSDVD��'HSDUWPHQW�RI�(QYLURQPHQWDO�(QJLQHHULQJ��,VWDQEXO��7XUNH\�HOPDVODU#LVWDQEXO�HGX�WU$VVRF�3URI�'U��5yEHUW�6=,/$*<,�$JULFXOWXUDO�6FLHQFHV��0RELOH�,QWHUQHW�LQ�$JULFXOWXUH
$VVRF�3URI�'U��(PLQH�(OPDVODU�2=%$6(QYLURQPHQWDO�6FLHQFHV��:DWHU�3ROOXWLRQ�DQG�&RQWURO

%ULWLVK�&ROXPELD�8QLYHUVLW\��'HSDUWPHQW�9LWLFXOWXUH�	�3ODQW�*HQRPLFV��&DQDGD'U��-DYLHU�/23(=�$JULFXOWXUDO�6FLHQFHV��3ODQW�%LRWHFKQRORJ\7HFQRORJLFR�GHO�9DOOH�GH�2D[DFD��0H[LFRMDYLHUBORSH]E#KRWPDLO�FRP'U��;LQJ�-XQ�:$1*$JULFXOWXUDO�6FLHQFHV��3ODQW�%LRWHFKQRORJ\6KDQGRQJ�$FDGHP\�RI�$JULFXOWXUDO�6FLHQFHV��%LRWHFKQRORJ\�5HVHDUFK�&HQWHU��-LQDQ��&KLQD[LQJMXQZ#KRWPDLO�FRP
VLPRQH�FDVWHOODULQ#XEF�FD$VVLVW�3URI�'U��6LPRQH�&$67(//$5,1�$JULFXOWXUDO�6FLHQFHV��9LWLFXOWXUH�	�3ODQW�*HQRPLFVWR]DQOL#LDPP�IU,QVWLWXW�$JURQRPLTXH�0pGLWHUUDQpHQ�GH�0RQWSHOOLHU��)UDQFH

(GLWRULDO�%RDUG

2QGRNX]�0D\LV�8QLYHUVLW\��6DPVXQ��7XUNH\�KXVFHOLN#RPX�HGX�WU

3URI�'U��,UIDQ�$KPDG�%$,*$JULFXOWXUDO�6FLHQFHV��$JULFXOWXUDO�(FRQRPLFV0XKDPPDG�1DZD]�6KDUHHI�8QLYHUVLW\�RI�$JULFXOWXUH��0XOWDQ��3DNLVWDQ�LUIDQ�EDLJ#PQVXDP�HGX�SN3URI�'U��$KPHW�%$<5$0$JULFXOWXUDO�6FLHQFHV��3ODQW�3URWHFWLRQ'LFOH�8QLYHUVLW\��'L\DUEDNLU��7XUNH\�DED\UDP#GLFOH�HGX�WU3URI�'U��0RKDPHG�%28$=,=)RRG�6FLHQFHV��)RRG�7HFKQRORJ\8QLYHUVLW\�RI�6ID[��7XQLVLD�PRKDPHG�ERXD]L]#LVEV�XVI�WQ3URI�'U��6DOLK�d(/,.$JULFXOWXUDO�6FLHQFHV��9LWLFXOWXUH1DPLN�.HPDO�8QLYHUVLW\��7HNLUGDJ��7XUNH\VDOLKFHOLN#QNX�HGX�WU3URI�'U��*LXOLDQR�),1(772$JULFXOWXUDO�6FLHQFHV��+RUWLFXOWXUH8QLYHUVLW\�RI�9HURQD��9HURQD��,WDO\�JLXOLDQR¿QHWWR#JPDLO�FRP3URI�'U��%�OHQW�*h/d8%8.$JULFXOWXUDO�6FLHQFHV��$JULFXOWXUDO�(FRQRPLFV$QNDUD�8QLYHUVLW\��$QNDUD��7XUNH\�JXOFXEXN#DJUL�DQNDUD�HGX�WU3URI�'U��5D¿T�,6/$0�(QYLURQPHQW�6FLHQFHV��6RLO��:DWHU�DQG�%LRHQHUJ\�5HVRXUFHV7KH�2KLR�6WDWH�8QLYHUVLW\��3LNHWRQ��86$�LVODP���#RVX�HGX3URI�'U��*HRUJH�-$326+9,/,$JULFXOWXUDO�6FLHQFHV��(QWRPRORJ\$JUDULFXOWXUDO�8QLYHUVLW\�RI�*HRUJLD��7ELOLVL�J�MDSRVKYLOL#DJUXQL�HGX�JH3URI�'U��+�VH\LQ�d(/ø.$JULFXOWXUDO�6FLHQFHV��9LWLFXOWXUH

$GYLVRU\�%RDUG

�H�,661������������,QW�-�$JULF�(QYLURQ�)RRG�6FL�������6HSWHPEHU������
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ZZZ�MDHIV�FRP-$()6 ,QWHUQDWLRQDO�-RXUQDO�RI$JULFXOWXUH��(QYLURQPHQW�DQG�)RRG�6FLHQFHV '2,�����������MDHIV��

3URI�'U��%LUKDQ�.817(5$JULFXOWXUDO�6FLHQFHV��9LWLFXOWXUH
$JULFXOWXUDO�6FLHQFHV��$JULFXOWXUDO�(FRQRPLFV3DxxƗVƗVWUD�8QLYHUVLW\�RI�&DPERG�LD��38&���3KQRP�3HQK��&DPERGLDSDKODM#SXF�HGX�NK
SHWHU�RQGULVLN#XQLDJ�VN
3URI�'U��6HNDQ�6(//,

3URI�'U��+DúLP�.(/(%(.

3URI�'U��3HWHU�21'5,âË.

$JULFXOWXUDO�6FLHQFHV��(QWRPRORJ\�	�=RRORJ\7HFKQRORJLFDO�(GXFDWLRQDO�,QVWLWXWH�RI�3HORSRQQHVH��.DODPDWD��*UHHFH

)RRG�6FLHQFHV��)RRG�7HFKQRORJ\$GDQD�6FLHQFH�DQG�7HFKQRORJ\�8QLYHUVLW\��$GDQD��7XUNH\KNHOHEHN#DGDQDEWX�HGX�WU3URI�'U��.�UúDW�.25.0$=$JULFXOWXUDO�6FLHQFHV��6RLO�6FLHQFH�DQG�3ODQW�1XWULWLRQ2UGX�8QLYHUVLW\��2UGX��7XUNH\�

7KH�2KLR�6WDWH�8QLYHUVLW\��3LNHWRQ��86$VKHGHNDU��#RVX�HGX3URI�'U��9HOLERU�63$/(9,&
)RRG�6FLHQFHV��)RRG�7HFKQRORJ\&XNXURYD�8QLYHUVLW\��$GDQD��7XUNH\VVHOOL#FX�HGX�WU3URI�'U��9LQD\DN�6��6+('(.$5

NRUNPD]��#KRWPDLO�FRP$QNDUD�8QLYHUVLW\��$QNDUD��7XUNH\PDUDVDOL#DJUL�DQNDUD�HGX�WU3URI�'U��9HDFHVODY�0$=Ă5((QYLURQPHQWDO�6FLHQFHV��6RLO�6FLHQFH%DQDW�8QLYHUVLW\�RI�$JULFXOWXUDO�6FLHQFHV�DQG�9HWHULQDU\�0HGLFLQH��5RPDQLDYDOHQWLQ�PD]DUH#JPDLO�FRP3URI�'U��3DKODM�022/,2
3URI�'U��+DNDQ�g=.$1$JULFXOWXUDO�6FLHQFHV��)LHOG�&URSV&XNXURYD�8QLYHUVLW\��$GDQD��7XUNH\�KR]NDQ#FX�HGX�WU3URI�'U��$OL�6$%,5$JULFXOWXUDO�6FLHQFHV��9LWLFXOWXUH6HOFXN�8QLYHUVLW\��.RQ\D��7XUNH\�

JVWDWKDV#WHLNDO�JU3URI�'U��0HWLQ�785$1$JULFXOWXUDO�DQG�(QYLURQPHQWDO�6FLHQFHV��6RLO�6FLHQFH�DQG�3ODQW�1XWULWLRQ<HGLWHSH�8QLYHUVLW\��,VWDQEXO��7XUNH\PHWLQ�WXUDQ#\HGLWHSH�HGX�WU3URI�'U��+DOLO�øEUDKLP�8=81$JULFXOWXUDO�6FLHQFHV��9LWLFXOWXUH$NGHQL]�8QLYHUVLW\��$QWDO\D��7XUNH\�X]XQ#DNGHQL]�HGX�WU3URI�'U��+�VQ��h1h

$JULFXOWXUDO�6FLHQFHV��)RRG��$JULFXOWXUDO�DQG�%LRORJLFDO�(QJLQHHULQJ

$JULFXOWXUDO�6FLHQFHV��+RUWLFXOWXUH(UFL\HV�8QLYHUVLW\��.D\VHUL��7XUNH\�\HWLVLU�#\DKRR�FRP

(QYLURQPHQWDO�6FLHQFHV��(FRORJLFDO�(QJLQHHULQJ8QLYHUVLW\�RI�0RQWHQHJUR��3RGJRULFD��0RQWHQHJUR�YHOLERU�VSDOHYLF#JPDLO�FRP3URI�'U��*HRUJH�-��67$7+$6

$JULFXOWXUDO�6FLHQFHV��+RUWLFXOWXUH6XOH\PDQ�'HPLUHO�8QLYHUVLW\��,VSDUWD��7XUNH\�KXVQXXQOX#VGX�HGX�WU3URI�'U��+DOLW�<(7,ù,5

$JULFXOWXUDO�6FLHQFHV��$JURELRORJ\�DQG�)RRG�5HVRXUFHV6ORYDN�8QLYHUVLW\�RI�$JULFXOWXUH��1LWUD��6ORYDN�5HSXEOLF�

DVDELU#VHOFXN�HGX�WU

$GYLVRU\�%RDUG
�H�,661������������,QW�-�$JULF�(QYLURQ�)RRG�6FL�������6HSWHPEHU������
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ZZZ�MDHIV�FRP-$()6 $JULFXOWXUH��(QYLURQPHQW�DQG�)RRG�6FLHQFHV,QWHUQDWLRQDO�-RXUQDO�RI
'2,�����������MDHIV��

$JULFXOWXUDO�6FLHQFHV��$JULFXOWXUDO�0HFKDQL]DWLRQ&OHPVRQ�8QLYHUVLW\��&OHPVRQ��86$�

$VVRF�3URI�'U��1DWDOLLD�6,/2129$(QYLURQPHQWDO�6FLHQFHV��0DFKLQH�/HDUQLQJ

$VVW�3URI�'U��$EGXUUDKPDQ�.$5$
.RQ\D�)RRG�DQG�$JULFXOWXUH�8QLYHUVLW\��.RQ\D��7XUNH\�

6V��&\ULO�DQG�0HWKRGLXV�8QLYHUVLW\��6NRSMH��0DFHGRQLD�

'LFOH�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH��'HSDUWPHQW�RI�$JULFXOWXUDO�0DFKLQHU\�DQG�7HFKQRORJLHV�(QJLQHHULQJ��'L\DUEDNLU��7XUNH\�NRQXUDOS�HOLFLQ#GLFOH�HGX�WU�$VVRF�3URI�'U��+DOLO�(5'(0$JULFXOWXUDO�6FLHQFHV��6RLO�6FLHQFH�DQG�3ODQW�1XWULWLRQ*D]LRVPDQSDVD�8QLYHUVLW\��7RNDW��7XUNH\�HUGHPK#KRWPDLO�FRP$VVRF�3URI�'U��gQGHU�.$0,/2ö/8$JULFXOWXUDO�6FLHQFHV��9LWLFXOWXUH

$VVRF�3URI�'U��$KPHW�.RQXUDOS�(/,&,1�$JULFXOWXUDO�6FLHQFHV��$JULFXOWXUDO�0DFKLQHU\

1DWLRQDO�8QLYHUVLW\�RI�/LIH�DQG�(QYLURQPHQWDO�6FLHQFHV�RI�8NUDLQH��.\LY�VLORQRYD#XNU�QHW
$JULFXOWXUDO�6FLHQFHV��$JURQRP\8QLYHUVLW\�RI�=DJUHE�)DFXOW\�RI�$JULFXOWXUH��&URDWLD�]]JRUHOHF#DJU�KU

PHFLW#PHWX�HGX�WU
YMHNRVODYWDQDVNRYLF#\DKRR�FRP$VVRF�3URI�'U��=HOMND�=*25(/(&

0XVWDID�.HPDO�8QLYHUVLW\��+DWD\��7XUNH\�RNDPLORJOX#PNX�HGX�WU$VRFF�3URI�'U��0LOHQD�027(9$$JULFXOWXUDO�6FLHQFHV��$JULFXOWXUDO�(FRQRPLFV8QLYHUVLW\�RI�$UFKLWHFWXUH��&LYLO�(QJLQHHULQJ�DQG�*HRGHV\��8$&(*���6R¿D�������%XOJDULD�PLOHQD�PRWHYD#\DKRR�FRP$VVRF�3URI�'U��0HFLW�+DOLO�g=723)RRG�6FLHQFHV��)RRG�3DFNDJLQJ0LGGOH�(DVW�7HFKQLFDO�8QLYHUVLW\��$QNDUD��7XUNH\�

$JULFXOWXUDO�6FLHQFHV��$JULFXOWXUDO�(FRQRPLFV'LFOH�8QLYHUVLW\��'L\DUEDNLU��7XUNH\�DEGXUUDKPDQ�NDUD#GLFOH�HGX�WU$VVW�3URI�'U��1XUJ�O�.,7,5
EXOHQW#FOHPVRQ�HGX'U��+XPD�1D]$JULFXOWXUDO�6FLHQFHV��3ODQW�3URWHFWLRQ'HSDUWPHQW�RI�$JULFXOWXUH�DQG�&RRSHUDWLRQ��0LQLVWU\�RI�$JULFXOWXUH�DQG�)DUPHUV�:HOIDUH��.ULVKL�%KDZDQ��1HZ�'HOKL��,QGLD�KXPDQD]��#JPDLO�FRP'U��:LOVRQ�+8$1&$�0$0$1,$JULFXOWXUDO�6FLHQFHV��3ODQW�%LRWHFKQRORJ\8QLYHUVLGDG�GH�7DUDSDFi��$ULFD��&KLOHZKXDQFD#XWD�FO'U��(GPXQGR�0HUFDGR�6,/9$$JULFXOWXUDO�6FLHQFHV��3ODQW�3K\VLRORJ\8QLYHUVLGDG�$XWyQRPD�GH�4XHUpWDUR��4XHUHWDUR��0H[LFR�PHUFDGR������#JPDLO�FRP

$VVRF��3URI��9MHNRVODY�7$1$6.29,.-

'U��%XOHQW�.RFQXUJXOBNLWLU#KRWPDLO�FRP

(QYLURQPHQWDO�6FLHQFHV��:DWHU�4XDOLW\

$JULFXOWXUDO�DQG�)RRG�6FLHQFHV��3ODQW�%LRWHFKQRORJ\

$GYLVRU\�%RDUG
�H�,661������������,QW�-�$JULF�(QYLURQ�)RRG�6FL�������6HSWHPEHU������



,VSDUWD�8QLYHUVLW\�RI�$SSOLHG�6FLHQFHV��)DFXOW\�RI�$JULFXOWXUH��'HSDUWPHQW�RI�)LHOG�&URSV��,VSDUWD��7XUNH\�>EXUKDQNDUD#LVSDUWD�HGX�WU@
3URI�'U��*XOWHNLQ�2='(0,53URI�'U��&HODOHWWLQ�%$587&8/$5&XNXURYD�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH��'HSDUWPHQW�RI�)LHOG�&URSV��$GDQD��7XUNH\�>FHEDU#FX�HGX�WU@'LFOH�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH��'HSDUWPHQW�RI�+RUWLFXOWXUH��'L\DUEDNLU��7XUNH\�>JR]GHPLU#GLFOH�HGX�WU@3URI�'U��+DVDQ�9$5',1

&XNXURYD�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH��'HSDUWPHQW�RI�+RUWLFXOWXUH��$GDQD��7XUNH\�>DENXGHQ#FX�HGX�WU@3URI�'U��%XUKDQ�.$5$
3URI�'U��$EGXOODK�6(66,='LFOH�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH��'HSDUWPHQW�RI�$JULFXOWXUHO�0DFKLQHU\�DQG�7HFKQRORJLHV�(QJLQHHULQJ��'L\DUEDNLU��7XUNH\�>DVHVVL]#GLFOH�HGX�WU@3URI�'U��$\]LQ�.8'(1

$VVRF�3URI�'U��=DULQD�EW��=$.$5,$8QLYHUVLWL�0DOD\VLD�3HUOLV��8QL0$3���)DFXOW\�RI�(QJLQHHULQJ�7HFKQRORJ\��3HUOLV���0DOD\VLD�>]DULQD]#XQLPDS�HGX�P\@�'U��$NEDU�+266$,1
$VVRF�3URI�'U��(PUH�,/.(5(JH�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH��'HSDUWPHQW�RI�)LHOG�&URSV��ø]PLU��7XUNH\�>HPUH�LONHU#HJH�HGX�WU@$VVRF�3URI�'U��0XVWDID�6850(1$GQDQ�0HQGHUHV�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH��'HSDUWPHQW�RI�)LHOG�&URSV��$\GÕQ��7XUNH\�>PXVWDID�VXUPHQ#DGX�HGX�WU@

$NGHQL]�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH��'HSDUWPHQW�RI�$JULFXOWXUDO�(FRQRPLFV��$QWDO\D��7XUNH\�>RR]FDWDOEDV#JPDLO�FRP@
&XNXURYD�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH��'HSDUWPHQW�RI�+RUWLFXOWXUH��$GDQD��7XUNH\�>QWXUHPLV#FX�HGX�WU@3URI�'U��2UKDQ�2=&$7$/%$6

$JULFXOWXUDO�8QLYHUVLW\�RI�$WKHQV��)DFXOW\�RI�&URS�6FLHQFH��$WKHQV��*UHHFH�>QLNROLQD[P#JPDLO�FRP@

$VVRF�3URI�'U��$KPHW�.RQXUDOS�(/,&,1'LFOH�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH��'HSDUWPHQW�RI�$JULFXOWXUHO�0DFKLQHU\�DQG�7HFKQRORJLHV�(QJLQHHULQJ��'L\DUEDNLU��7XUNH\�>NRQXUDOS�HOLFLQ#GLFOH�HGX�WU@$VVRF�3URI�'U��'HQL]�&(.0(&(/,2*/80LGGOH�(DVW�7HFKQLFDO�8QLYHUVLW\��)DFXOW\�RI�(QJLQHHULQJ�'HSDUWPHQW�RI�)RRG�(QJLQHHULQJ��$QNDUD��7XUNH\�>GHQL]F#PHWX�HGX�WU@

'U��1LNROLQD�&+(,021$

:KHDW�5HVHDUFK�&HQWHU��%DQJODGHVK�$JULFXOWXUDO�5HVHDUFK�,QVWLWXWH�1DVKLSXU��'LQDMSXU�������%DQJODGHVK�>DNEDUKRVVDLQZUF#JPDLO�FRP@'U��$\PDQ�5DJDE�(/�6$%$*+'HSDUWPHQW�RI�$JURQRP\��)DFXOW\�RI�$JULFXOWXUH��.DIUHOVKHLNK�8QLYHUVLW\��(J\SW�>D\PDQHOVDEDJK#JPDLO�FRP@'U��&HQDS�<,/0$=(VNLVHKLU�2VPDQJD]L�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH��'HSDUWPHQW�RI�+RUWLFXOWXUH��(VNLVHKLU��7XUNH\�>F\LOPD]#RJX�HGX�WU@'U��*XOGHQ�%$/&,%R]RN�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH��'HSDUWPHQW�RI�+RUWLFXOWXUH��<R]JDW��7XUNH\�>JXOGHQ�EDOFL#ER]RN�HGX�WU@'U��6HYJL�*(=,&,.LOLV���$UDOLN�8QLYHUVLW\��)DFXOW\�RI�$UWV�DQG�6FLHQFHV��.LOLV��7XUNH\�>GUVHYJLJH]LFL#JPDLO�FRP@'U��,OOLDV�6��75$9/26$JULFXOWXUDO�8QLYHUVLW\�RI�$WKHQV��)DFXOW\�RI�&URS�6FLHQFH��$WKHQV��*UHHFH�>WUDYORV#DXD�JU@

+DUUDQ�8QLYHUVLW\��)DFXOW\�RI�(QJLQHHULQJ��'HSDUWPHQW�RI�)RRG�(QJLQHHULQJ��6DQOLXUID��7XUNH\�>KYDUGLQ#KDUUDQ�HGX�WU@3URI�'U��+DVLP�.(/(%(.$GDQD�$OSDUVODQ�7XUNHV�6FLHQFH�DQG�7HFKQRORJ\�8QLYHUVLW\��)DFXOW\�RI�(QJLQHHULQJ�DQG�1DWXUDO�6FLHQFHV��'HSDUWPHQW�RI�)RRG�(QJLQHHULQJ��$GDQD��7XUNH\�>KNHOHEHN#DGDQDEWX�HGX�WU@3URI�'U��.HQDQ�3(.(5)ÕUDW�8QLYHUVLW\��(FRQRPLFV�DQG�$GPLQLVWUDWLYH�6FLHQFHV��(OD]ÕJ��7XUNH\�>NSHNHU#¿UDW�HGX�WU@3URI�'U��0HKPHW�6,1&,.8OXGDJ�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH��'HSDUWPHQW�RI�)LHOG�&URSV��%XUVD��7XUNH\�>VLQFLN#XOXGDJ�HGX�WU@3URI�'U��0XUDW�781&785.9DQ�<X]XQFX�<ÕO�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH��'HSDUWPHQW�RI�)LHOG�&URSV��9DQ��7XUNH\�>PXUDWWXQFWXUN#KRWPDLO�FRP@3URI�'U��1D]LP�6(.(52*/8.LOLV���$UDOLN�8QLYHUVLW\��0HUFLGDEÕN�)DFXOW\�RI�$JULFXOWXUH��.LOLV��7XUNH\�>QVHNHURJOX#JPDLO�FRP@3URI�'U��1XUJXO�)HWL\H�785(0,6

9,

ZZZ�MDHIV�FRP-$()6 $JULFXOWXUH��(QYLURQPHQW�DQG�)RRG�6FLHQFHV,QWHUQDWLRQDO�-RXUQDO�RI
'2,�����������MDHIV��,QW�-�$JULF�(QYLURQ�)RRG�6FL�������6HSWHPEHU������5HYLHZHU�%RDUG

�H�,661������������



ZZZ�MDHIV�FRP-$()6 ,QWHUQDWLRQDO�-RXUQDO�RI$JULFXOWXUH��(QYLURQPHQW�DQG�)RRG�6FLHQFHV '2,�����������MDHIV��3URGXFWLRQ�,QIRUPDWLRQ
-RXUQDO�1DPH ,QWHUQDWLRQDO�-RXUQDO�RI�$JULFXOWXUH��(QYLURQPHQW�DQG�)RRG�6FLHQFHV$EEUHYLDWLRQ ,QW�-�$JULF�(QYLURQ�)RRG�6FL6XEMHFWV $JULFXOWXUH��(QYLURQPHQW�DQG�)RRG�6FLHQFHVH�,661� ���������3XEOLVKHU *XOWHNLQ�2]GHPLU2ZQHU *XOWHNLQ�2]GHPLU/DQJXDJH (QJOLVK)UHTXHQF\ 4XDUWHUO\��0DUFK��-XQH��6HSWHPEHU��'HFHPEHU�7\SH�RI�3XEOLFDWLRQ 'RXEOH�EOLQGHG�SHHU�UHYLHZ:LGHO\�GLVWULEXWHG�SHULRGLFDO,QWHUQDWLRQDO��6FLHQWL¿F��2SHQ�$FFHVV
0DQXVFULSW�6XEPLVVLRQ�DQG�7UDFNLQJ�6\VWHP -$()6�XVHV�WKH�VXEPLVVLRQ�V\VWHP�RI�78%,7$.�8/$.%,0�-RXUQDO3DUN�2SHQ�-RXUQDO�6\VWHPV���KWWS���GHUJLSDUN�JRY�WU�MDHIV/LFHQVH -RXUQDO�LV�OLFHQVHG�XQGHU�D�&UHDWLYH�&RPPRQV�$WWULEXWLRQ�����,QWHUQDWLRQDO�/LFHQVH/HJDO�5HVSRQVLELOLW\ $XWKRUV�DUH�UHVSRQVLEOH�IRU�FRQWHQW�RI�DUWLFOHV�WKDW�ZHUH�SXEOLVKHG�LQ�-RXUQDO�,QGH[HG�DQG�$EVWUDFWHG�LQ 7h%ø7$.�8/$.%ø0�75�'L]LQ��&URVVUHI��'LUHFWRU\�RI�2SHQ�$FFHVV�-RXUQDO��'2$-���$*25$��$FFHVV�WR�*OREDO�2QOLQH�5HVHDUFK�LQ�$JULFXOWXUH���$*5,6��$JULFXOWXUDO�6FLHQFH�DQG�7HFKQRORJ\�,QIRUPDWLRQ���:RUOG&DW��*RRJOH�6FKRODU��62%,$'��6FLOLW��52$'��'LUHFWRU\�RI�2SHQ�$FFHVV�6FKRODUO\�5HVRXUFHV���1HOLWL��,QWHUQDWLRQDO�&LWDWLRQ�,QGH[��5227�,QGH[LQJ��5HVHDUFK%LE��,QGH[�&RSHUQLFXV�,QWHUQDWLRQDO��(6-,��-RXUQDO72&V��7((/6��5HVHDUFK*DWH��0LFURVRIW�$FDGHPLF$GGUHVV ,QWHUQDWLRQDO�-RXUQDO�RI�$JULFXOWXUH��(QYLURQPHQW�DQG�)RRG�6FLHQFHV�3URI�'U��*XOWHNLQ�2]GHPLU�'LFOH�8QLYHUVLW\�)DFXOW\�RI�$JULFXOWXUH�'HSDUWPHQW�RI�+RUWLFXOWXUH��������'L\DUEDNLU���785.(<&RQWDFW 3KRQH�������������������(�PDLO��HGLWRU#MDHIV�FRP�������������MDHIVHGLWRU#JPDLO�FRP��3URI�'U��*XOWHNLQ�2]GHPLU�

:HE�����ZZZ�MDHIV�FRP��������������GHUJLSDUN�JRY�WU�MDHIV

,QW�-�$JULF�(QYLURQ�)RRG�6FL�������-XQH������

9,,

�H�,661������������



9,,,

,QW�-�$JULF�(QYLURQ�)RRG�6FL�������6HSWHPEHU������ ZZZ�MDHIV�FRP-$()6 ,QWHUQDWLRQDO�-RXUQDO�RI$JULFXOWXUH��(QYLURQPHQW�DQG�)RRG�6FLHQFHV '2,�����������MDHIV��$LP�DQG�6FRSH

$OO�DXWKRUV�SXEOLVKLQJ�ZLWK�WKH�-$()6�DFFHSW�WKHVH�DV�WKH�WHUPV�RI�SXEOLFDWLRQ�%HQH¿WV�RI�RSHQ�DFFHVV�IRU�$XWKRUV�LQFOXGH�)UHH�DFFHVV�IRU�DOO�XVHUV�ZRUOGZLGH

,QWHUQDWLRQDO�-RXUQDO�RI��$JULFXOWXUH��(QYLURQPHQW�DQG�)RRG�6FLHQFHV�DUHDV�RI�LQWHUHVW�LQFOXGH��EXW�DUH�QRW�OLPLWHG�WR��$JULFXOWXUDO�(QJLQHHULQJ�DQG�7HFKQRORJ\��(QYLURQPHQWDO�(QJLQHHULQJ�DQG�7HFKQRORJ\��)RRG�(QJLQHHULQJ�DQG�7HFKQRORJ\��$JULFXOWXUH��(QYLURQPHQW��)RRG���$JULFXOWXUH�+LVWRU\��$JULFXOWXUDO�(FRQRPLFV��$JURQRP\��$QLPDO�6FLHQFHV��$TXDFXOWXUH��%LRFKHPLVWU\��%LRWHFKQRORJ\��%LRLQIRUPDWLFV�DQG�'DWD� 6FLHQFH�� &URS� 6FLHQFH�� 'DLU\� 6FLHQFH�� ([WHQVLRQ� 6FLHQFH� DQG� (GXFDWLRQ�� (QWRPRORJ\��(QYLURQPHQWDO�6FLHQFH��)LVK�DQG�)LVKHULHV��)RRG�3URFHVVLQJ��)RRG�&KHPLVWU\��)RRG�&XOWXUH��)RRG�+HDOWK�DQG�1XWULWLRQ��)RRG�+LVWRU\��)RRG�,QGXVWU\�'HYHORSPHQW��)RRG�0DUNHWLQJ��)RRG�3ROLF\�DQG�3UDFWLFHV�� )RRG� 6DIHW\�� )RUHVWU\�� +RUWLFXOWXUH�� ,QIRUPDWLRQ� 7HFKQRORJLHV� DQG� 6\VWHPV�� ,UULJDWLRQ��0ROHFXODU�%LRORJ\��2UJDQLF�$JULFXOWXUH��3ODQW�3K\VLRORJ\��3ODQW�%UHHGLQJ��3ODQW�3URWHFWLRQ��3ODQW�6FLHQFHV��3UHFLVLRQ�$JULFXOWXUH��5XUDO�'HYHORSPHQW�DQG�3ROLF\��6XVWDLQDEOH�$JULFXOWXUH��6RLO�6FLHQFH��3ODQW�1XWULWLRQ��(QHUJ\�&URSV��9HWHULQDU\��:DWHU�5HVRXUFHV�,QWHUQDWLRQDO�-RXUQDO�RI�$JULFXOWXUH��(QYLURQPHQW�DQG�)RRG�6FLHQFHV��-$()6��SXEOLVKHV�IXOO\�RSHQ�DFFHVV�MRXUQDO��ZKLFK�PHDQV�WKDW�DOO�DUWLFOHV�DUH�DYDLODEOH�RQ�WKH�LQWHUQHW�WR�DOO�XVHUV�LPPHGLDWHO\�XSRQ�SXEOLFDWLRQ��$OO�WKH�RULJLQDO�DUWLFOHV�DQG�UHYLHZ�SDSHUV�SXEOLVKHG�LQ�-$()6�MRXUQDO�DUH�IUHH�WR�DFFHVV�LPPHGLDWHO\�IURP�WKH�GDWH�RI�SXEOLFDWLRQ��,QWHUQDWLRQDO�-RXUQDO�RI�$JULFXOWXUH��(QYLURQPHQW�DQG�)RRG�6FLHQFHV��-$()6��GRQ¶W�FKDUJH�DQ\�IHHV�IRU�DQ\�UHDGHU�WR�GRZQORDG�DUWLFOHV�DQG�UHYLHZV�IRU�WKHLU�RZQ�VFKRODUO\�XVH�8VHUV�DUH�DOORZHG�WR�UHDG��GRZQORDG��FRS\��GLVWULEXWH��SULQW��VHDUFK��RU� OLQN�WR�WKH�IXOO� WH[WV�RI� WKH�DUWLFOHV��RU�XVH�WKHP�IRU�DQ\�RWKHU�ODZIXO�SXUSRVH��ZLWKRXW�DVNLQJ�SULRU�SHUPLVVLRQ�IURP�WKH�SXEOLVKHU�RU�WKH�DXWKRU��7KLV�LV�LQ�DFFRUGDQFH�ZLWK�WKH�%2$,�GH¿QLWLRQ�RI�RSHQ�DFFHVV���&RS\ULJKW�RI�WKH�OD\RXW�DQG�GHVLJQ�RI�,QWHUQDWLRQDO�-RXUQDO�RI�$JULFXOWXUH��(QYLURQPHQW�DQG�)RRG�6FLHQFHV�DUWLFOHV�UHPDLQV�ZLWK�WKH�MRXUQDO�DQG�FDQQRW�EH�XVHG�LQ�RWKHU�SXEOLFDWLRQV��,QWHUQDWLRQDO�-RXUQDO�RI�$JULFXOWXUH��(QYLURQPHQW�DQG�)RRG�6FLHQFHV�DOVR�RSHUDWHV�XQGHU�WKH�&UHDWLYH�&RPPRQV�/LFHQFH�&&�%<�1&�1'��
5DSLG�SXEOLFDWLRQ,QFUHDVHG�YLVLELOLW\�DQG�UHDGHUVKLS$XWKRUV�UHWDLQ�FRS\ULJKW�WR�WKHLU�ZRUN1R�VSDWLDO�FRQVWUDLQWV�

³,QWHUQDWLRQDO�-RXUQDO�RI�$JULFXOWXUH��(QYLURQPHQW�DQG�)RRG�6FLHQFHV´�MRXUQDO�LV�OLFHQVHG�XQGHU�D�

$XWKRUV� ZKR� SXEOLVK� ZLWK� ,QWHUQDWLRQDO� -RXUQDO� RI�$JULFXOWXUH�� (QYLURQPHQW� DQG� )RRG� 6FLHQFHV��-$()6��DJUHH�WR�WKH�IROORZLQJ�WHUPV�$XWKRUV�WUDQVIHU�WKH�FRS\ULJKW�WR�,QWHUQDWLRQDO�-RXUQDO�RI�$JULFXOWXUH��(QYLURQPHQW�DQG�)RRG�6FLHQFHV��-$()6����$XWKRUV��KRZHYHU��XSRQ�WKH�SXEOLFDWLRQ�RI�WKHLU�ZRUN��FDQ�UHSXEOLVK�LW�LQ�DQ�DQRWKHU�MRXUQDO�RU�ERRN�SURYLGHG�WKDW�WKH\�REWDLQ�WKH�SHUPLVVLRQ�RI�WKH�-RXUQDO��0RUHRYHU��WKH\�DUH�WR�LQFOXGH�WKH�QRWH�LQGLFDWLQJ�WKDW�WKHLU�ZRUN�KDV�¿UVW�EHHQ�SXEOLVKHG�LQ�,QWHUQDWLRQDO�-RXUQDO�RI�$JULFXOWXUH��(QYLURQPHQW�DQG�)RRG�6FLHQFHV��-$()6���DQG�WKH�OLQN�WR�WKHLU�ZRUN�LQ�WKH�MRXUQDO�
&UHDWLYH�&RPPRQV�$WWULEXWLRQ�����,QWHUQDWLRQDO�/LFHQVH�
$XWKRUV�� XSRQ� WKH� SXEOLFDWLRQ� RI� WKHLU�ZRUN�� FDQ� SXEOLVK� LW� LQ� RQOLQH� HQYLURQPHQWV� DQG�RU� VRFLDO�QHWZRUNV��SHUVRQDO�ZHESDJHV��FRXUVH�FRQWHQW�ZHEVLWHV��)DFHERRN��HWF����+RZHYHU��WKH\�DOVR�SURYLGH�WKH�OLQN�WR�WKH�ZRUN�DV�SXEOLVKHG�LQ�WKH�MRXUQDO��

-RXUQDO� RI� -$()6� ZHOFRPHV� DUWLFOH� VXEPLVVLRQV� DQG� GRHV� QRW� FKDUJH� DQ\� DUWLFOH� VXEPLVVLRQ� RU�SURFHVVLQJ�FKDUJHV��

�,QWHUQDWLRQDO�-RXUQDO�RI�$JULFXOWXUH��(QYLURQPHQW�DQG�)RRG�6FLHQFHV���-$()6��LV�DQ�LQWHUQDWLRQDO�MRXUQDO��ZKLFK�SXEOLVKHV�RULJLQDO�UHVHDUFK�DQG�UHYLHZ�DUWLFOHV�GHDOLQJ�ZLWK�$JULFXOWXUH��(QYLURQPHQW�DQG�)RRG�6FLHQFHV���-$()6�-RXUQDO� LV�DQ� LQWHUQDWLRQDO��VFLHQWL¿F��RSHQ�DFFHVV�SHULRGLFDO�SXEOLVKHG� LQ�DFFRUGDQFH�ZLWK�LQGHSHQGHQW��XQELDVHG��DQG�GRXEOH�EOLQGHG�SHHU�UHYLHZ�SULQFLSOHV�-RXUQDO�SXEOLVKHV�4XDUWHUO\��0DUFK��-XQH��6HSWHPEHU��'HFHPEHU���$�'LJLWDO�2EMHFW�,GHQWL¿HU��'2,��QXPEHU�KDV�EHHQ�DVVLJQHG�IRU�HDFK�DUWLFOH�DFFHSWHG�WR�EH�SXEOLVKHG�LQ�-$()6��VWDUWLQJ�IURP�'HFHPEHU�������7KH�SXEOLFDWLRQ�ODQJXDJH�RI�WKH�MRXUQDO�LV�(QJOLVK�DQG�FRQWLQXHV�SXEOLFDWLRQ�VLQFH�'HFHPEHU�������

2SHQ�$FFHVV�6WDWHPHQW

&RS\ULJKW�3ROLF\

�H�,661������������



,;

ZZZ�MDHIV�FRP-$()6 ,QWHUQDWLRQDO�-RXUQDO�RI$JULFXOWXUH��(QYLURQPHQW�DQG�)RRG�6FLHQFHV '2,�����������MDHIV��,QW�-�$JULF�(QYLURQ�)RRG�6FL�������6HSWHPEHU������
5HVHDUFK�$UWLFOHV$XWKRUV 7LWOH 3DJHV)HUKDW�.L]LOJHFL��&XPD�$NÕQFÕ��0HKPHW�<ÕOGÕUÕP ,PSURYLQJ�JUDLQ�\LHOG��SURWHLQ�UDWLR�DQG�QLWURJHQ�XVH�HI¿FLHQF\�RI�GXUXP�ZKHDW��7ULWLFXP�'XUXP�'HVI���K\EULGV�XVLQJ�VSDG�PHWHU�DV�D�VHOHFWLRQ�FULWHULRQ� ����������
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$UXQ�*&��.LUDQ�*KLPLUH (VWLPDWLQJ�SRVW�KDUYHVW�ORVV�DW�WKH�IDUP�OHYHO�WR�HQKDQFH�IRRG�VHFXULW\��$�FDVH�RI�1HSDO ���������
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$EGXUUDKPDQ�.DUD��6�UH\\D�(PUH�'XPOX��0XVWDID�8]XQ��ùHUDIHWWLQ�dDNDO 7ZRIROG�H[FHVVLYH�XWLOL]DWLRQ�UDWH�\LHOGV�KLJK�¿QDQFLDO�HTXLYDOHQW�EXW�VHULRXVO\�WKUHDWHQV�SXEOLF�UDQJHODQGV�LQ�7XUNH\ ����������
&KLNH]LH�2QXRUD�(QH��1QDPGL�2JZR��&KLHPHULH�0DWKHZ�$KDLZH��8FKHFKXNZX�3DVFKDO� ,QÀXHQFH�RI�YDU\LQJ�SUHVHUYDWLRQ�PHWKRGV�RQ�WKH�VKHOI�OLIH�DQG�SUR[LPDWH�FRPSRVLWLRQ�RI�3OHXURWXV�SOXPRQDULXV��)U��4XHO�FXOWLYDWHG�RQ�$QGURSRJRQ�JD\DQXV�VXEVWUDWH� ���������
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&RQWHQWV�H�,661������������
5HVHDUFK�$UWLFOHV$XWKRUV 7LWOH 3DJHV)HUKDW�.L]LOJHFL��&XPD�$NÕQFÕ��0HKPHW�<ÕOGÕUÕP ����������
5HP]L�2]NDQ��0HUYH�%D\KDQ��2QGHU�$OED\UDN��'DYXW�.DUDDVODQ��0HKPHW�<LOGLULP 6HFRQG�FURS�SRWHQWLDO�RI�VR\EHDQ�OLQHV�IRU�'L\DUEDNÕU�ORFDWLRQ�RQ�WKH�\LHOG�DQG�TXDOLW\� ���������
$UXQ�*&��.LUDQ�*KLPLUH ���������

���������&RPELQHG�XVH�RI�PRZLQJ�DQG�FKHPLFDO�FRQWURO�IRU�WKH�HI¿FLHQW�FRQWURO�RI�WKH�QR[LRXV�LQYDVLYH�VSHFLHV�7\SKD�VSS�� ���������$VVHVVPHQW�RI�FRQWULEXWLRQ�RI�FDEEDJH�LQ�UXUDO�OLYHOLKRRG�DQG�FRQVWUDLQWV�RI�SURGXFWLRQ�LQ�'KDQNXWD��1HSDO� ���������
7ZRIROG�H[FHVVLYH�XWLOL]DWLRQ�UDWH�\LHOGV�KLJK�¿QDQFLDO�HTXLYDOHQW�EXW�VHULRXVO\�WKUHDWHQV�SXEOLF�UDQJHODQGV�LQ�7XUNH\ ����������
,QÀXHQFH�RI�YDU\LQJ�SUHVHUYDWLRQ�PHWKRGV�RQ�WKH�VKHOI�OLIH�DQG�SUR[LPDWH�FRPSRVLWLRQ�RI�3OHXURWXV�SOXPRQDULXV��)U��4XHO�FXOWLYDWHG�RQ�$QGURSRJRQ�JD\DQXV�VXEVWUDWH� ���������

'HU\D�'XUVXQ�6D\GDP��$OL�&RúNXQ�'DOJÕo $VWD[DQWKLQ�ELRV\QWKHVLV��$�WZR�VWHS�RSWLPL]DWLRQ�DSSURDFK�DQG�PRGHO�FRQVWUXFWLRQ�ZLWK�5HVSRQVH�6XUIDFH�0HWKRGRORJ\�DQG�$UWL¿FLDO�1HXUDO� ���������
$\úHQ�0HOGD�dRODN��%�úUD�6D÷ODP (IIHFWV�RI�GLIIHUHQW�KRUPRQH�DSSOLFDWLRQV�RQ�SKHQRORJLFDO�DQG�SRPRORJLFDO�SURSHUWLHV�LQ�VRPH�5DVSEHUU\��5XEXV�LGDHXV�/���VSHFLHV ����������
5LFDUGR�$\HU]D $QWLR[LGDQWV��SURWHLQ��RLO�FRQWHQW�DQG�IDWW\�DFLGV�SUR¿OHV�RI�FKLD�VHHGV��6DOYLD�KLVSDQLFD�/���JHQRW\SH�7]RW]RO�JURZLQJ�LQ�WKUHH�WURSLFDO� ����������
0HKPHW�dLoHN��0LQH�3DN\�UHN��)HULW�dHOLN 'HWHUPLQDWLRQ�RI�PRUSKRORJLFDO�DQG�SRPRORJLFDO�FKDUDFWHULVWLFV�RI�'L\DUEDNÕU�UHJLRQ�SRPHJUDQDWHV��3XQLFD�JUDQDWXP�/�� ����������

���������



,PSURYLQJ�JUDLQ�\LHOG��SURWHLQ�UDWLR�DQG�QLWURJHQ�XVH�HI¿FLHQF\�RI�GXUXP�ZKHDW�
�7ULWLFXP�'XUXP�'HVI���K\EULGV�XVLQJ�VSDG�PHWHU�DV�D�VHOHFWLRQ�FULWHULRQ

�� � �)HUKDW�.L]LOJHFL ���������������&XPD�$NLQFL ���������������0HKPHW�<LOGLULP
�'HSDUWPHQW�RI�6HHG�3URGXFWLRQ��.L]LOWHSH�9RFDWLRQDO�6FKRRO��$UWXNOX�8QLYHUVLW\��0DUGLQ��7XUNH\

�'HSDUWPHQW�RI�)LHOG�&URSV��)DFXOW\�RI�$JULFXOWXUH��'LFOH�8QLYHUVLW\��'L\DUEDNLU��7XUNH\
&RUUHVSRQGLQJ�$XWKRU��IHUKDWNL]LOJHFL#DUWXNOX�HGX�WU���

:KHDW� SURGXFWLRQ� RFFXSLHV� DQ� LPSRUWDQW� SODFH� IRU�
HQVXULQJ�KXPDQ�QXWULWLRQ�DQG�WKHUH�LV�JUHDW�YDULHWDO�SRWHQWLDO�
WR�LQFUHDVH�LWV�SURGXFWLYLW\�DV�WKH�DUHD�XQGHU�FURSV�FDQQRW�EH�
LQFUHDVHG�LQ�VHYHUDO�UHJLRQV��,W�LV�ZLGHU�DGDSWDELOLW\�DV�ZHOO�
DV�WKH�TXDOLW\�RI�QXWULWLYH�YDOXHV�WKDQ�RWKHU�FHUHDOV��<DVVLQ�HW�
DO��� ������� +HQFH�� LW� KDV� IUHTXHQWO\� HPSKDVL]HG� WKH�
GHYHORSPHQW�RI�DSSURSULDWH�EUHHGLQJ�WHFKQLTXHV��HVSHFLDOO\�
WKH� LPSURYHPHQW� RI� QHZ�� KLJK� \LHOGLQJ� TXDOLW\� YDULHWLHV�
ZKLFK�DUH�LQGLVSHQVDEOH�IRU�YHUWLFDO�H[SXQFWLRQ�L�H���LQFUHDVH�
SURGXFWLYLW\��3HQD�HW�DO���������7HVWHU�DQG�/DQJULGJH��������
.L]LOJHFL� HW� DO��� ����D��� ,W� LV� ZLGHO\� JURZQ� IRRG� FHUHDO�
ZRUOGZLGH��GXH�WR�LWV�ZLGHU�DGDSWDELOLW\�DV�ZHOO�DV�WKH�TXDOLW\�
RI�QXWULWLRQDO�YDOXHV�WKDQ�RWKHU�FHUHDOV��)XUWKHUPRUH��LW�LV�DV�D�
VWUDWHJLF�FURS�WKDW�SOD\V�D�NH\�UROH�LQ�WKH�QDWLRQDO�HFRQRP\�
IRU�VHYHUDO�FRXQWULHV��<LOGLULP�HW�DO���������.L]LOJHFL�HW�DO���
����E���,WV�GHPDQG�LV�LQFUHDVLQJ�GD\�E\�GD\�WR�PHHW�WKH�IRRG�
VHFXULW\�RI�DQ�LQFUHDVLQJ�SRSXODWLRQ��2WX�%RUOX�HW�DO���������
.KDOHG�HW�DO���������

1LWURJHQ�UHTXLUHPHQW�RI�ZKHDW�LV�KLJKHU�RZLQJ�WR�LWV�UROH�
LQ� YHJHWDWLYH� JURZWK� DQG� JHQHUDWLYH� GHYHORSPHQW� �9DQ�
.HXOHQ� DQG� 6HOLJPDQ�� ������ )UHGHULFN� DQG� &DPEHUDWR��
������.L]LOJHFL�HW�DO����������,W�KDV�EHHQ�UHSRUWHG�WKDW�WKHUH�LV�
D� VLJQL¿FDQW� DVVRFLDWLRQ�EHWZHHQ�QLWURJHQ� UDWHV� DQG�\LHOG�
FRPSRQHQWV�DV�ZHOO�DV�WKH�\LHOG�RI�ZKHDW��&RONHVHQ�HW�DO���
������DQG�LW�LV�REVHUYHG�WKDW�WKH�\LHOG�ZDV�LQFUHDVHG�LQ�ZKHDW�

PRUH�WKDQ�����GXH�WR�QLWURJHQ�DSSOLFDWLRQ��.DUDFD�HW�DO���
�������7KLV�HIIHFW�LV�GHWHUPLQHG�E\�WKH�VWD\�JUHHQ�SHULRG�RI�
WKH�VSLNH�DQG�ÀDJ�OHDI��4XDQ\L�HW�DO����������(VSHFLDOO\�LQ�
DULG�FOLPDWHV��SKRWRV\QWKHVLV�LQ�WKH�VSLNH�SURYLGHV�LPSRUWDQW�
DLGV� WR� WKH� GU\� PDWWHU� ZKLFK� FRQWULEXWHV� ¿OOLQJ� RI� JUDLQ�
�7DPEXVVL�HW�DO����������$OWKRXJK�WKH�\LHOG�DQG�TXDOLW\�WUDLWV�
RI� ZKHDW� ODUJHO\� GHSHQG� RQ� WKH� RSWLPXP� QLWURJHQ� OHYHO�
�'RJDQ�HW�DO���������,TEDO�HW�DO���������$\GRJDQ�&LIFL�DQG�
'RJDQ�� ������ DQG� JHQRW\SLF� YDULDWLRQ� �%DUERWWLQ� HW� DO���
������

7KH�VLJQL¿FDQW�LQ�JHQHWLF�LPSURYHPHQW�RI�QLWURJHQ�XVH�
HI¿FLHQF\�ZDV�FRQVLGHUHG�LQ�GLIIHUHQW�VWXGLHV�DW�YDULRXV�1�
OHYHOV�� 2UWL]�0RQDVWHULR� HW� DO�� ������� QRWHG� QLWURJHQ� XVH�
HI¿FLHQF\��18(��JHQHWLF�SURJUHVVLRQ�RI�����������SHU�\HDU�
GHSHQGLQJ� RQ� WKH� 1� OHYHOV� LQ� VSULQJ� &,00<7� ZKHDW�
YDULHWLHV� EHWZHHQ� ����� DQG� ������ &RUPLHU� HW� DO�� �������
HVWLPDWHG�JHQHWLF�SURJUHVV�RI������������SHU�\HDU�EHWZHHQ�
�����DQG������XVLQJ�����(XURSHDQ�HOLWH�ZLQWHU�YDULHWLHV�DW�
RSWLPDO� DQG� VXERSWLPDO� 1� OHYHOV�� 'XH� WR� WKH� ODZ� RI�
GLPLQLVKLQJ� PDUJLQDO� XWLOLW\�� WKH� QLWURJHQ� UDWHV� EH\RQG� D�
WKUHVKROG�GRHV�QRW�SURYLGH�LPSURYHV�LQ�\LHOG�EXW�LQFUHDVHV�
WKH�SURGXFWLRQ�FRVWV�DQG�OHDGV�WR�HQYLURQPHQWDO�SROOXWLRQ��
)RU�WKDW�UHDVRQ��WKH�GHYHORSPHQW�RI�ZKHDW�YDULHWLHV�ZLWK�KLJK�
18(�FRQVLGHUHG�DQ�HVVHQWLDO�WDUJHW�IRU�WKH�UHVHDUFKHUV�

8VLQJ� 63$'� UHDGLQJV� WR� HYDOXDWH� OHDI� FKORURSK\OO

�

���

$EVWUDFW

.H\ZRUGV��%UHHGLQJ��'XUXP�ZKHDW��+\EULG��1LWURJHQ�XVH�HI¿FLHQF\��63$'�&KORURSK\OO

��5HFHLYHG�����-XQH������������������������������$FFHSWHG�����$XJXVW������������������������������3XEOLVKHG�����6HSWHPEHU�������

,QWURGXFWLRQ���

5HVHDUFK�$UWLFOH
ZZZ�MDHIV�FRP-$()6

�&൴WH�WK൴V�DUW൴FOH�DV��
.L]LOJHFL��)���$NLQFL��&���<LOGLULP��0����������,PSURYLQJ�JUDLQ�\LHOG��SURWHLQ�UDWLR�DQG�QLWURJHQ�XVH�HI¿FLHQF\�RI�GXUXP�ZKHDW��7ULWLFXP�'XUXP�
'HVI���K\EULGV�XVLQJ�VSDG�PHWHU�DV�D�VHOHFWLRQ�FULWHULRQ��,QW��-��$JU൴F��(QY൴URQ��)RRG�6F൴������������������
'2,��KWWSV���G[�GRL�RUJ����������MDHIV���������
<HDU�������9ROXPH����,VVXH�����6HSWHPEHU��3DJHV���������
$YD൴ODEOH�RQO൴QH�DW���KWWS���ZZZ�MDHIV�FRP���KWWS���GHUJLSDUN�JRY�WU�MDHIV�
&RS\U൴JKW���������,QWHUQDWLRQDO�-RXUQDO�RI�$JULFXOWXUH��(QYLURQPHQW�DQG�)RRG�6FLHQFHV��,QW��-��$JULF��(QYLURQ��)RRG�6FL���
7K൴V�൴V�DQ�RSHQ�DFFHVV�DUW൴FOH�G൴VWU൴EXWHG�XQGHU�WKH�WHUPV�RI�WKH�&UHDW൴YH�&RPPRQV�$WWU൴EXW൴RQ�����,QWHUQDW൴RQDO��&&�E\������/൴FHQVH

,QWHUQDW൴RQDO�-RXUQDO�RI
$JU൴FXOWXUH��(QY൴URQPHQW�DQG�)RRG�6F൴HQFHV

�H�,661������������ '2,�����������MDHIV����������

,QW�-�$JULF�(QYLURQ�)RRG�6FL������������� ��������

&KORURSK\OO�FRQWHQW�FDQ�VHUYH�DV�D�JXLGH�IRU�QLWURJHQ�PDQDJHPHQW�LQ�DJULFXOWXUDO�V\VWHPV��+HQFH��WKH�LQYHVWLJDWLQJ�OHDI�
FKORURSK\OO�LQ�FURSV�FRXOG�EH�RI�EHQH¿W�WR�ERRVW�SURGXFWLRQ��7KH�SUHVHQW�VWXG\�HYDOXDWHG����GLIIHUHQW�K\EULGV�RI�GXUXP�
ZKHDW��7ULWLFXP�GXUXP�'HVI���FRPELQDWLRQV�LQ�) ) DQG�) JHQHUDWLRQV�IRU�QLWURJHQ�XVH�HI¿FLHQF\��18(���JUDLQ�\LHOG�DQG���� �� ��

SURWHLQ�FRQWHQW�XVLQJ�FKORURSK\OO�PHWHU�LQGH[��&&,��XQGHU�WKUHH�GLIIHUHQW�QLWURJHQ�OHYHOV���������DQG�����NJ�1�KD���7KH�
UHVXOWV�VKRZHG�WKDW�1�OHYHOV�VLJQL¿FDQWO\�LQÀXHQFHG�WKH�JUDLQ�\LHOG�DQG�TXDOLW\�WUDLWV�RI�GXUXP�ZKHDW�JHQRW\SHV��DQG�
DFFRUGLQJO\��63$'�UHDGLQJV�FRXOG�EH�XVHG�DV�DQ�LQGLUHFW�VHOHFWLRQ�FULWHULRQ�LQ�GXUXP�ZKHDW�EUHHGLQJ�WR�DFKLHYH�WKH�
GHVLUHG�SURGXFWLRQ�WDUJHWV��*HQHWLF�FRUUHODWLRQV�DPRQJ�JUDLQ�\LHOG��&&,��JUDLQ�QLWURJHQ�\LHOG��*1<��DQG�SURWHLQ�ZHUH�
KLJK�LQ�) �JHQHUDWLRQ�XQGHU�KLJK�QLWURJHQ�UHJLPHV��,W�ZDV�DOVR�REVHUYHG�WKDW�DOO�WKH�JHQHUDWLRQV�RI�=HQLW�î�0HQFHNL���

0HUVLQL\H�î�0HQFHNL��=HQLW�î�0HUVLQL\H��0HUVLQL\H�î�6SDJHWWL�DQG�6SDJHWWL�î�0HQFHNL�FURVVHV�KDYH�KLJK�\LHOG�SRWHQWLDO�
DQG�\LHOG�VWDELOLW\��,W�ZDV�FRQFOXGHG�WKDW�WKH�HYDOXDWLRQ�RI�WKH�VHJUHJDWLRQ�SRSXODWLRQV�DW�GLIIHUHQW�JHQHUDWLRQV�LQ�WKH�VDPH�
\HDU�DQG�VHOHFWLRQ�LQ�WKH�ODWHU�JHQHUDWLRQV�PLJKW�PDNH�D�VLJQL¿FDQW�FRQWULEXWLRQ�WR�UHGXFH�WKH�FRVWV�



FRQWHQW�KDV�EHFRPH�FRPPRQ�DQG�DQ�XQGHUVWDQGLQJ�RI�WKH�
DVVRFLDWLRQ�EHWZHHQ�WKHVH�SDUDPHWHUV�LV�HVVHQWLDO��0DUNZHOO�
HW� DO��� ������� 7KHVH� ¿QGLQJV� VXJJHVW� WKDW� WKH� DVVRFLDWLRQ�
EHWZHHQ�63$'�UHDGLQJV�DQG�FKORURSK\OO�FRQFHQWUDWLRQ�SHU�
OHDI�DUHD�UHPDLQV�WR�EH�HVWDEOLVKHG��;LRQJ�HW�DO����������7KH�
PDLQ�REMHFWLYH�RI�SODQW�EUHHGLQJ�LV�WR�UHDFK�WKH�WDUJHWHG�LQ�D�
VKRUW�WLPH�RI�IUDPH�UHTXLUHV�VWDUWLQJ�ZLWK�HDUO\�JHQHUDWLRQV�
DV�VRRQ�DV�SRVVLEOH�LQ�WKH�VHOHFWLRQ�RI�SURPLVLQJ�OLQHV��(DUO\�
JHQHUDWLRQ�WHVWLQJ�LV�EDVHG�RQ�VLQJOH�FURS�\LHOGV�LQ�) ��) �DQG�� �

) � JHQHUDWLRQV��'HVSLWH� WKH� KLJK� HQYLURQPHQWDO� LPSDFW� LQ��

VLQJOH� FURS� VHOHFWLRQ� LQ� HDUO\� JHQHUDWLRQV�� LW� KDV� EHHQ�
VXJJHVWHG�WKDW�WKH�XVH�RI�) �JHQHUDWLRQV�LQ�HDUO\�VHOHFWLRQ�ZLOO��

EH�VXFFHVVIXO��6LJQL¿FDQW�JHQHWLF�JDLQV�KDYH�EHHQ�DFKLHYHG�
VR� IDU�ZLWKRXW� WKH� DLG� RI� SK\VLRORJLFDO� VHOHFWLRQ� WRROV� E\�
FRQGXFWLQJ�ZKHDW�EUHHGLQJ�SURJUDPV�JOREDO�

5HFHQWO\�� LW� LV� QHFHVVDU\� WR� LPSURYH� WKH�PHWKRGV� DQG�
PDQDJHPHQW�FRQGLWLRQV�WKDW�ZLOO�LPSURYH�WKH�HIIHFWLYHQHVV�
RI�H[LVWLQJ�EUHHGLQJ�PHWKRGV��7KH�SUR¿FLHQF\�RI�VHOHFWLRQ�
FRXOG� EH� LPSURYHG� LI� VSHFL¿F� SK\VLRORJLFDO� DQG�RU�
PRUSKRORJLFDO� SURSHUWLHV� UHODWHG� WR� \LHOG� XQGHU� VSHFL¿F�
FRQGLWLRQV�FDQ�EH�FODVVL¿HG�DQG�XVHG�DV�VHOHFWLRQ�FULWHULD�WR�
SODQW� EUHHGLQJ� �$FHYHGR�� ������ %DUXWFXODU� HW� DO��� ������
%DUXWFXODU�HW�DO����������7RWDO�FKORURSK\OO�FRQWHQW�SHU�OHDI�
DUHD�FDQ�EH�HYDOXDWHG�TXLFNO\��VLQJOH��DQG�QRQ�GHVWUXFWLYHO\�
XVLQJ� D� SRUWDEOH� FKORURSK\OO� PHWHU� VXFK� DV� 63$'�����
�0LQROWD��2VDND��-DSDQ���63$'�����LQGLUHFWO\�PHDVXUHV�OHDI�
FKORURSK\OO� DQG� QLWURJHQ� �1�� FRQWHQW�� 2YHU� WKH� SDVW� IHZ�
\HDUV�� WKH�FKORURSK\OO�PHWHU�LQGH[��&&,��KDV�EHHQ�ZLGHO\�
XVHG�WR�FRQWURO�QLWURJHQ�QXWULWLRQ�LQ�FHUHDOV��)RU�WKLV�SXUSRVH�
WKH�UHVHDUFK�XVLQJ�63$'�PHWHUV�ZDV�IRFXVHG�RQ�RSWLPL]LQJ�
1�DSSOLFDWLRQ�WLPH�LQ�GXUXP�ZKHDW��PDL]H�DQG�ULFH��6KXNOD�HW�
DO���������9HWVFK�DQG�5DQGDOO��������'HEDHNH�HW�DO���������
.L]LOJHFL�HW�DO����������WR�UHJXODWH�QLWURJHQ�VXSSOLHV�LQ�ZKHDW�
DQG�EDUOH\� �3HOWRQHQ�HW�DO���������6SDQHU�HW�DO���������� WR�
DVVHVV�QLWURJHQ�VWDWXV�RI�SODQW� �7RVWL�DQG�*XLGXFFL��������
;LRQJ�HW�DO����������DQG�WR�XVH�DV�D�UHIHUHQFH�LQGLFDWRU�RI�1�
GH¿FLHQF\��&DUWHODW�HW�DO����������

,Q� ZLQWHU� ZKHDW�� VLJQL¿FDQW� DQG� SRVLWLYH� DVVRFLDWLRQV�
ZHUH� IRXQG� EHWZHHQ� WKH� FKORURSK\OO� FRQFHQWUDWLRQ� LQGH[�
�&&,��DQG�WKH�\LHOG�DW�WKH�KHDGLQJ�VWDJH�RI�ZKHDW��%DYHF�DQG�
%DYHF��������DQG�WKH�JUDLQ�¿OOLQJ�VWDJH��-LDQJ�HW�DO����������
<LOGLULP�HW�DO���������DQG�%DUXWFXODU�HW�DO���������QRWHG�WKDW�
&&,� FDQ� EH� XVHG� DV� VHOHFWLRQ� FULWHULD� WR� LGHQWLI\� KLJK�
SURGXFWLRQ�DQG�TXDOLW\�GXUXP�ZKHDW�JHQRW\SHV�DW�UDLQ�IHG�
DQG�LUULJDWHG�HQYLURQPHQWV��*HQHWLF�UHODWLRQVKLSV�EHWZHHQ�
JUDLQ�\LHOG�DQG�&&,�DPRQJ�) �GXUXP�ZKHDW�SURJHQLHV�ZDV��

UHSRUWHG�DW�ORZ�QLWURJHQ�FRQGLWLRQV��.L]LOJHFL�HW�DO����������
6HYHUDO�UHVHDUFKHUV�KDYH�SRLQWHG�RXW�WKDW�JUDLQ�\LHOG�FRXOG�
EH�SUHGLFWHG�E\�&&,�LQ�ULFH��.DLORX�HW�DO����������EUHDG�ZKHDW�
�<LOGLULP�HW�DO���������DQG�EUHDG�ZKHDW�XQGHU�VWUHVV�DQG�QRQ�
VWUHVVHG� FRQGLWLRQV� �%DUXWFXODU� HW� DO��� ������ -DKDQ� HW� DO���
�������/LX�HW�DO���������UHSRUWHG�WKDW�LW�LV�SRVVLEOH�WR�GHULYDWH�
WKH�OLQHV�KDYLQJ�KLJKHU�&&,�WKDQ�WKHLU�SDUHQWV�DW�KHDGLQJ�DQG�
ODWHU� JURZLQJ� VWDJHV� &&,� PHDVXUHPHQWV�� +RZHYHU�� WKH�
SUHVHQW�XVH�RI�63$'�PHWHU�LV�OLPLWHG�LQ�ODUJH�RU�VPDOO�VFDOH�
EUHHGLQJ� SRSXODWLRQV� DQG� LWV� LQWURJUHVVLRQ� LQWR� HOLWH�
EDFNJURXQGV��7KH�VWDELOL]DWLRQ�RI�63$'�PHWHU��DV�DQ�LQGLUHFW�
PHWKRG� IRU� SODQW� VHOHFWLRQ�� SURYLGHV� FODUL¿FDWLRQ� DQG�
GLUHFWLRQ�IRU�EUHHGHUV� WR� LGHQWLI\�DQG�FRPELQH�WKLV�GHYLFH�
LQWR� QHZ� FXOWLYDUV� ZLWK� KLJK� SKRWRV\QWKHVLV� WKDW� ZRUN�
V\QHUJLVWLFDOO\�WR�HQKDQFH�JUDLQ�\LHOG��7KH�DLP�RI�WKLV�VWXG\�
ZDV�WR�DVVHVV�WKH�JUDLQ�\LHOG��SURWHLQ�UDWLR�DQG�18(�RI�K\EULG�
GXUXP�ZKHDW� SRSXODWLRQV� JURZQ� XQGHU� GLIIHUHQW� QLWURJHQ�
OHYHOV�DQG�WR�LQYHVWLJDWH�WKH�SRVVLELOLW\�RI�XVLQJ�&&,�DV�DQ�

LQGLUHFW�VHOHFWLRQ�FULWHULRQ�IRU�WKHVH�WUDLWV��
0DWHULDOV�DQG�0HWKRGV
7KLV� VWXG\� ZDV� FDUULHG� DW� 'LFOH� 8QLYHUVLW\� 5HVHDUFK�

6WDWLRQ��'L\DUEDNLU��7XUNH\�GXULQJ������������WR�HYDOXDWH�
���K\EULGV�RI�GXUXP�ZKHDW�FRPELQDWLRQV�LQ�)���)��DQG�)��
JHQHUDWLRQV�IRU�QLWURJHQ�XVH�HI¿FLHQF\��18(���JUDLQ�\LHOG�
DQG� SURWHLQ� FRQWHQW� XVLQJ� 63$'� FKORURSK\OO�PHWHU� LQGH[�
�&&,�� XQGHU� WKUHH� QLWURJHQ� OHYHOV�� 7KH� VRLO� RI� WKH�
H[SHULPHQWDO� VRLO� KDG� S+�EHWZHHQ� ���� DQG� ���� LQGLFDWLQJ�
VOLJKWO\�DONDOLQH�LQ�QDWXUH��7KH�VRLOV�ZHUH�FODVVL¿HG�DV�FOD\�
ORDP�DQG�VDOLQLW\�ZDV�ORZ��2UJDQLF�PDWWHU�DQG�SKRVSKRUXV�
FRQWHQWV�ZHUH�YHU\�ORZ�ZKLOH��SRWDVVLXP�FRQWHQW�ZDV�YHU\�
KLJK��7KH�VRLOV�FRQWDLQ�OLPH�EHWZHHQ������������DW�WKH�GHSWK�
RI������FP��7RWDO�SUHFLSLWDWLRQ�ZDV�����PP��DQG����PP�
PRUH� WKDQ� ORQJ�WHUP� DYHUDJHV�� 3UHFLSLWDWLRQ� GXULQJ� WKH�
FULWLFDO�ZKHDW�GHYHORSPHQW�VWDJHV��IURP�VWHP�HORQJDWLRQ�WR�
KHDGLQJ�DQG�JUDLQ�¿OOLQJ��ZDV�����PP��7KH�WHPSHUDWXUH�ZDV�
����&�KLJKHU�WKDQ�WKH�ORQJ�WHUP�DYHUDJH�IRU�WKH�0DUFK�0D\�
SHULRG�LQ�'L\DUEDNLU�

7KUHH�GXUXP�ZKHDW�ODQGUDFHV�YL]��0LVLUL������0HUVLQL\H�
���� DQG�0HQFHNL� ���� DQG� WKUHH� FRPPHUFLDO� GXUXP�ZKHDW�
FXOWLYDUV�YL]��=HQLW������6SDJHWWL�����DQG�/HYDQWH�����ZHUH�
XVHG� DV� VHHG� PDWHULDO�� &URVVHV� ZHUH� PDGH� DPRQJ� WKH�
JHQRW\SHV�LQ�D���[���KDOI�GLDOOHO�GHVLJQ�WR�REWDLQ����GLIIHUHQW�
FURVV� FRPELQDWLRQV�� *HQHUDWLRQ� DGYDQFH� RI� ) �� ) DQG� )� �� ��

SRSXODWLRQV� IURP� WKH� FURVV� FRPELQDWLRQV� ZHUH� REWDLQHG�
GXULQJ������������DQG������\HDUV��7KH�SRSXODWLRQV�ZHUH�
DVVHVVHG�XQGHU�WKUHH�QLWURJHQ�UDWHV���������DQG�����NJ�1�KD��
LQ�VSOLW�SORWV�ZLWK�WKUHH�UHSOLFDWHV��7KH�QLWURJHQ�OHYHOV�ZHUH�
DUUDQJHG�DV�WKH�PDLQ�IDFWRU�ZKLOH�WKH�JHQRW\SHV�ZHUH�SODFHG�
D� VXE�IDFWRU�� 1LWURJHQ� IHUWLOL]HU� ZDV� DSSOLHG� LQ� VSOLWV� DW�
VRZLQJ�WLPH�DQG�WLOOHULQJ�VWDJH��ZKLOH��SKRVSKRUXV�DW�WKH�UDWH�
RI����NJ�KD�DV�3�2��ZDV�DSSOLHG�WR�DOO�SORWV�DV�D�EDVDO�GRVH��
7KH�VHHGV�ZHUH�SODQWHG�LQ���PHWHU�ORQJ�URZV�LQ�HDFK�SORW�
ZLWK� ��� FP� GLVWDQFH� EHWZHHQ� WKH� URZV� DQG� ��� FP� VHHG�
VSDFLQJ�� 7KH� H[SHULPHQW� ZDV� FRQGXFWHG� XQGHU� UDLQ�IHG�
FRQGLWLRQV�ZLWKRXW�LUULJDWLRQ�

,QYHVWLJDWHG�7UDLWV
&KORURSK\OO� FRQWHQW� LQGH[� ZDV� PHDVXUHG� XVLQJ� WKH�

&KORURSK\OO� PHWHU� �63$'������ 0LQROWD�� 2VDND�� -DSDQ���
ZKLFK�LQGLUHFWO\�FDOFXODWHV�WKH�DPRXQW�RI�WRWDO�FKORURSK\OO��
FDOOHG� ³FKORURSK\OO� FRQFHQWUDWLRQ� LQGH[´� �&&,�� UDQJLQJ�
IURP���WR��������0HDVXUHPHQWV�ZHUH�PDGH�LQ�WKH�RSHQ�DLU�DQG�
DW�������KRXUV�RI�WKH�GD\�GXULQJ�WKH�KHDGLQJ�VWDJH��=*6�����
XVLQJ�ÀDJ�OHDI�RI�DOO�SODQWV�LQ�WKH�SORW�

3ODQW�JUDLQ�\LHOG��J�SODQW��ZDV�GHWHUPLQHG�E\�GLYLGLQJ�
WKH�YDOXH�REWDLQHG�DIWHU�WKUHVKLQJ�DOO�WKH�SODQWV�LQ�WKH�SORW�E\�
WKH� QXPEHU� RI� SODQWV�� 3URWHLQ� FRQWHQW� ����ZDV�PHDVXUHG�
XVLQJ�WKH�1,7�6\VWHP�,QIUDWHF������*UDLQ�$QDO\]HU��)RVV��
+LOOHURG��'HQPDUN��ZLWKRXW�JULQGLQJ�WKH�JUDLQ��

*UDLQ�QLWURJHQ�\LHOG��*1<���PJ�SODQW���JUDLQ�\LHOG�18(�
�18(J\�� DQG� JUDLQ� QLWURJHQ� \LHOG� 18(� �18(JQ\�� ZHUH�
GHWHUPLQHG�DFFRUGLQJ�WR�<LOGLULP�HW�DO����������

6WDWLVWLFDO�$QDO\VLV
'DWD�ZHUH� DQDO\]HG� XVLQJ� VSOLW�SORW�$129$�� DQG� WKH�

GLIIHUHQFHV�EHWZHHQ�WKH�JHQRW\SHV�ZHUH�DQDO\]HG�E\�XVLQJ�
WKH�OHDVW�VLJQL¿FDQW�GLIIHUHQFH�WHVW�WR�GHWHFW�WKH�GLIIHUHQFHV�
EHWZHHQ� WKH� JHQRW\SHV� DW� ��� VLJQL¿FDQFH� �6$6�� �������
%LSORWV�DQDO\VHV�ZHUH�UHDOL]HG�XVLQJ�WKH�VRIWZDUH�*HQ6WDW�
��WK��*HQVWDW��������SDFNDJH�SURJUDP�

5HVXOWV
7KH� UHVHDUFK� ¿QGLQJV� UHYHDOHG� WKDW� WKH� QLWURJHQ� UDWHV�

ZHUH�VLJQL¿FDQW�IRU�&&,��JUDLQ�\LHOG��SURWHLQ�FRQWHQW��*1<��
18(J\�DQG�18(JQ\�WUDLWV�LQ�DOO�VHJUHJDWLRQ�SRSXODWLRQV�RI�

���

'2,��KWWSV���G[�GRL�RUJ����������MDHIV�������������)HUKDW�.L]LOJHFL��&XPD�$NLQFL�DQG�0HKPHW�<LOGLULP



) ��) ��DQG�) ��7DEOH�����7KH�GLIIHUHQFHV�EHWZHHQ�JHQRW\SHV�� � �

ZHUH�VLJQL¿FDQW�LQ�DOO�WUDLWV�H[FHSW�&&,�ZDV�IRXQG�WR�EH�QRW�
VLJQL¿FDQW�� &RQVLGHULQJ� WKH� *HQRW\SHV� î� 1� LQWHUDFWLRQV�
ZHUH�VLJQL¿FDQW�LQ�) �IRU�JUDLQ�\LHOG��LQ�) �IRU�SURWHLQ�FRQWHQW��� �

LQ�DOO�JHQHUDWLRQV�IRU�*1<��LQ�) �IRU�18(J\�DQG�LQ�) �DQG�) �� � �

IRU�18(JQ\�
7KH�UDQJH�RI�&&,�IRU� WKH�JHQHUDWLRQV�RI�) ��) ��DQG�) �� � �

XQGHU�GLIIHUHQW�QLWURJHQ�UDWHV�ZHUH�����������������������DQG�
����������DW�1 �OHYHO������������������������DQG�����������DW��

1 � FRQGLWLRQV�� ����������� ����������� DQG� ���������� DW� 1 �� �

FRQGLWLRQV�� UHVSHFWLYHO\� �7DEOH� ���� :KLOH�� WKH� JHQRW\SLF�
GLIIHUHQFHV�IRU�WKH�WKUHH�JHQHUDWLRQV�ZHUH�QRW�VLJQL¿FDQW�DW�
1 �DQG�1 �UDWHV�IRU�&&,��GLIIHUHQFHV�DPRQJ�WKH�JHQRW\SHV�DW�� �

WKH�1 �UDWH�ZHUH�VLJQL¿FDQW��+\EULG�PHDQV�RI�&&,�SURGXFHG��

DQ�LQFUHDVH�ZLWK�WKH�LQFUHDVH�RI�QLWURJHQ�UDWH��7KH�GLIIHUHQFH�
ZDV� KLJKHU� EHWZHHQ� 1 � DQG� 1 � WKDQ� EHWZHHQ� 1 � DQG� 1 �� � � �

�)LJXUH�����7KH�KLJKHVW�&&,�ZDV�IRXQG� LQ� WKH��î��K\EULG�
FRPELQDWLRQ�RI�) �JHQHUDWLRQ�DW�WKH�1 �QLWURJHQ�UDWH��ZKLOH�� �

WKH�ORZHVW�YDOXH�ZDV�GHWHUPLQHG�LQ��î��K\EULG�FRPELQDWLRQ�
RI� ) � DW� WKH�1 � FRQGLWLRQ��:KHQ� WKH� K\EULG�PHDQV� RI� WKH�� �

VHJUHJDWLRQ� JHQHUDWLRQV� ZHUH� H[DPLQHG� XQGHU� GLIIHUHQW�
QLWURJHQ� UDWHV�� WKH� �î�� K\EULG� FRPELQDWLRQ� DFKLHYHG� WKH�
KLJKHVW�YDOXHV�LQ�WKH�1 �DQG�1 �UDWHV�IRU�) �JHQHUDWLRQ�DQG�LQ�� � �

WKH�1 �FRQGLWLRQ�IRU�) �JHQHUDWLRQ�� �

$YHUDJH�VLQJOH�SODQW�JUDLQ�\LHOG�YDOXHV�IRU�WKH�) ��) ��DQG�� �

) � JHQHUDWLRQV� XQGHU� GLIIHUHQW� QLWURJHQ� OHYHOV� ZHUH� �������
�������DQG������J�SODQW �DW�1 ��������������DQG������J�SODQW�DW�1 �� �

DQG�������������DQG������J�SODQW�DW�1 ��UHVSHFWLYHO\��7DEOH������

7KH� UHVXOWV� VKRZHG� WKDW� JHQRW\SLF� GLIIHUHQFHV� ZHUH�
VLJQL¿FDQW�LQ�1 �IRU�DOO�WKUHH�JHQHUDWLRQV�DQG�LQ�1 �RQO\�RQ�) �� � �

JHQHUDWLRQ��7DEOH�����7KHVH�GLIIHUHQFHV�FRQWLQXHG�IROORZLQJ�
JHQHUDWLRQV�IRU�WKH�LQFUHDVH�LQ�JUDLQ�\LHOG�GXH�WR�WKH�LQFUHDVH�
LQ�QLWURJHQ�UDWHV��)LJXUH�����7KH�\LHOG�RI�WKH�) �JHQHUDWLRQ��

UHPDLQHG�ORZHU�XQGHU�DOO�QLWURJHQ�UDWHV�FRPSDUHG�WR�) �DQG��

) � JHQHUDWLRQV�� 7KH� PD[LPXP� JUDLQ� \LHOG� ZDV� SURGXFHG��

IURP� WKH� �î�� K\EULG� FRPELQDWLRQ� RI� ) � DQG� ) � LQ� WKH�1 �� � �

QLWURJHQ�GRVH�DQG�WKH�ORZHVW�YDOXH�ZDV�SURGXFHG�LQ�WKH��î��
K\EULG� FRPELQDWLRQ� RI� WKH� 1 � QLWURJHQ� UDWH� LQ� WKH� ) �� �

JHQHUDWLRQ� DPRQJ� DOO� VHJUHJDWLRQ� JHQHUDWLRQV�� 7KH�
PD[LPXP�\LHOG�YDOXHV�ZHUH�LQ��î��K\EULG�FRPELQDWLRQV�LQ�
DOO�UDWHV�DQG�JHQHUDWLRQV�DQG�ZHUH�IRXQG�WR�EH�KLJKHU�WKDQ�WKH�
JHQHUDO� DYHUDJH� H[FHSW� IRU� ) � DQG� ) � JHQHUDWLRQV� DW� 1 �� � �

QLWURJHQ�UDWH�
7KH� SURWHLQ� FRQWHQW� YDOXHV� IRU� WKH� ) �� ) �� DQG� ) �� � �

JHQHUDWLRQV� ZDV� UDQJHG� ����������� ����������� DQG� �����
������DW�1 ������������������������DQG������������DW�1 �DQG�� �

����������������DQG������������DW�1 ��7DEOH�����$V�LW�LV�VHHQ��

)LJXUH� ��� WKH� JHQRW\SLF� GLIIHUHQFHV� ZHUH� LPSRUWDQW� LQ� ) ��
JHQHUDWLRQ�RI�QLWURJHQ�UDWHV�RI�1 �DQG�1 ��1 �LQ�) �JHQHUDWLRQ��� � � �

DQG� 1 � DQG� 1 � UDWHV� LQ� ) � JHQHUDWLRQ�� 3URWHLQ� FRQWHQW�� � �

LQFUHDVHG�ZLWK�LQFUHDVLQJ�1 �WR�1 ��7KH�PD[LPXP�SURWHLQ�� �

FRQWHQW� ZDV� DFKLHYHG� E\� 1 � QLWURJHQ� UDWH� IRU� WKH� ) �� �

JHQHUDWLRQ� RI� WKH� �î�� K\EULG� FRPELQDWLRQ�� ZKLOH� WKH�
PLQLPXP�YDOXH�ZDV�SURGXFHG�E\��î��K\EULG�FRPELQDWLRQ�DW�
WKH� 1 � UDWH� RI� WKH� ) � JHQHUDWLRQ�� $PRQJ� WKH� K\EULG�� �

FRPELQDWLRQV��WKH�SURWHLQ�FRQWHQW�RI�WKH��î���DQG��î��K\EULG�
FRPELQDWLRQV� ZHUH� DFKLHYHG� WKH� KLJKHU� YDOXHV� WKDQ� WKH�
DYHUDJH�RI�WKH�K\EULG�DQG�QLWURJHQ�UDWHV��

*1<�YDOXHV�RI�) ��) �DQG�) �JHQHUDWLRQV�ZHUH�YDULHG�IURP�� � �

������WR�������������WR��������DQG������WR�������PJ�SODQW��DW�
1 ��IURP�������WR��������������WR��������DQG������WR��������

PJ�SODQW� DW�1 �� IURP������� WR�������� ������ WR�������� DQG��

������ WR� ������PJ�SODQW� DW�1 � �7DEOH� ���� ,W�ZDV�REVHUYHG��

*1<�ZDV�WRR�ORZ�DW�1 ��)LJXUH�����7KH�RSWLPXP�YDOXH�IRU��

*1<� ZDV� SURGXFHG� E\� �î�� K\EULG� FRPELQDWLRQ� RI� ) ��
JHQHUDWLRQ� DW� 1 � OHYHO�� ZKLOH� WKH� PLQLPXP� YDOXH� ZDV��

SURGXFHG�E\��î���K\EULG�FRPELQDWLRQ�RI�) �JHQHUDWLRQ�DW�1 ��� �

7KH�*1<�YDOXHV�RI�WKH��î����DQG��î��K\EULG�FRPELQDWLRQV�
ZHUH�DFKLHYHG�KLJKHU�YDOXH�WKDQ�WKH�RWKHU�K\EULG�DYHUDJHV��

7KH�KLJKHVW�18(J\�YDOXH�ZDV�IRXQG�LQ�WKH��î��K\EULG�
FRPELQDWLRQ�DW�1 �QLWURJHQ�UDWH�LQ�WKH�) �JHQHUDWLRQ��ZKLOH�� �

WKH�ORZHVW�ZDV�REWDLQHG�IURP�WKH��î��K\EULG�FRPELQDWLRQ�LQ�
WKH�) �JHQHUDWLRQ�DW�1 �QLWURJHQ�GRVH��7DEOH�����18(J\�DQG�� �

18(JQ\�VLJQL¿FDQWO\�GHFUHDVHG�DW�1 �DQG�1 �UHVSHFW�WR�1 �� � �

�)LJXUH����7KH�18(J\�DQG�18(JQ\�YDOXHV�RI��î����î���DQG�
�î��K\EULG�FRPELQDWLRQV�ZHUH�IRXQG�WR�EH�KLJKHU�WKDQ�WKH�
DYHUDJH�RI�K\EULGV�DQG�QLWURJHQ�OHYHOV�

7KH�UHVXOWV�SHUWDLQLQJ� WR�*1<��SURWHLQ�DQG�&&,�KDG�D�
VLJQL¿FDQW�SRVLWLYH�UHODWLRQVKLS�ZLWK�JUDLQ�\LHOG�HVWLPDWHG�DW�
) ��) ��) �VHJUHJDWLRQV�DQG�1�UDWHV��)LJXUHV���DQG�����ZKLOH�� � �

18(J\�DQG�18(JQ\�GLG�QRW�VKRZ�VLJQL¿FDQW�UHODWLRQVKLSV�
ZLWK�JUDLQ�\LHOG�DQG�&&,��,Q�FRQWUDVW��SURWHLQ�DQG�&&,�GLG�QRW�
VKRZ�D�FRUUHODWLRQ�ZLWK�JUDLQ�\LHOG�RQ�K\EULG�PHDQV�EDVHG�RQ�
HYDOXDWLRQ�XQGHU� LQYHVWLJDWLRQ� �)LJXUH�����7KH�&&,�KDG�D�
VWURQJHU�SRVLWLYH�UHODWLRQVKLS�ZLWK�WKH�JUDLQ�\LHOG��*1<�DQG�
SURWHLQ�FRQWHQW�DW�) �JHQHUDWLRQ�DQG�1 �UDWH��ZKLOH�WKH\�GLG�� �

QRW�FRUUHODWH�WR�18(�WUDLWV�

���

7DEOH����0HDQ�VTXDUHV�IRU�YDULDEOHV�UHFRUGHG�RQ����K\EULG�SRSXODWLRQV�HYDOXDWHG�DW�WKUHH�QLWURJHQ�UDWHV�DW�) ��) �DQG�) JHQHUDWLRQ� � ��

,QW�-�$JULF�(QYLURQ�)RRG�6FL��������������� ��������)HUKDW�.L]LOJHFL��&XPD�$NLQFL�DQG�0HKPHW�<LOGLULP



���

7DEOH����$YHUDJH�YDOXHV�RI�&&,�DQG�JUDLQ�\LHOGV�RI�WKUHH�VHJUHJDWLRQ�OHYHO�DW�GLIIHUHQW�QLWURJHQ�UDWHV�

7DEOH����$YHUDJH�YDOXHV�RI�SURWHLQ�FRQWHQW�DQG�JUDLQ�QLWURJHQ�\LHOG��*1<��RI�WKUHH�VHJUHJDWLRQ�OHYHO�DW�GLIIHUHQW�QLWURJHQ�OHYHOV�
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���

)LJXUH�����D��&KORURSK\OO�FRQWHQW��&&,��DQG��E��JUDLQ�\LHOG�RI�DOO�
K\EULGV�RYHU�DOO�VHJUHJDWLRQV��9DOXHV�RI�/6'�IRU�&&,��
�����DQG�SODQW�JUDLQ�\LHOG������

)LJXUH�����D��3URWHLQ�FRQWHQW�DQG��E��*1<�RI�DOO�K\EULGV�RYHU�DOO�
VHJUHJDWLRQV��9DOXHV�RI�/6'�IRU�3URWHLQ�FRQWHQW�������
DQG�*1<������

)LJXUH�����D��18(J\�DQG��E��18(JQ� �RI�DOO�K\EULGV�RYHU�DOO�
VHJUHJDWLRQV�� 9DOXHV� RI� /6'� IRU� 18(J\�� ����� DQG�
18(JQ�������

)LJXUH����%LSORW�RI�WUDLWV�E\�VHJUHJDWLRQ�SRSXODWLRQ�LQWHUDFWLRQ�
HYDOXDWHG�RYHU�DOO�K\EULGV

)LJXUH����%LSORW�RI�WUDLWV�E\�1�GRVH�LQWHUDFWLRQ�HYDOXDWHG�RYHU�
DOO�K\EULGV

)LJXUH� ���%LSORW� RI� WUDLWV� E\� JHQRW\SH� LQWHUDFWLRQ� RYHU� DOO�
VHJUHJDWLRQ�OHYHO�DQG�1�UDWHV

'LVFXVVLRQ
,Q�WKLV�VWXG\��LQ�VSLWH�RI����GLIIHUHQW�K\EULGV�RI�GXUXP�

ZKHDW� FRPELQDWLRQV� DW� ) �� ) � DQG� ) � JHQHUDWLRQV� ZHUH�� � �

HYDOXDWHG�LQ�WHUPV�RI�JUDLQ�\LHOG��SURWHLQ�FRQWHQW�DQG�18(�DW�
WKUHH� GLIIHUHQW� QLWURJHQ� UDWHV�� 7KH� XVH� RI� WKH� FKORURSK\OO�
PHWHU� �0LQROWD� ����63$'�� DV� D� VHOHFWLRQ� FULWHULRQ� ZDV�
LQYHVWLJDWHG� IRU� WKH� WUDLWV� XQGHU� VWXG\�� 0HDQZKLOH�� WKH�
LQFUHDVLQJ� DPRXQWV� RI� QLWURJHQ� �1�� IHUWLOL]HUV� KDYH� EHHQ�
XVHG�IRU�H[SDQGLQJ�WR�LQFUHDVH�RI�&&,�LQ�K\EULGV��$FFRUGLQJ�
WR�%DYHF� DQG�%DYHF� �������� /RSH]�%HOOLGR� HW� DO�� ��������
=LDGL�HW�DO����������/LQ�HW�DO�� � ��������WKHUH�ZDV�D�SRVLWLYH�
UHODWLRQVKLS�EHWZHHQ�&&,�DQG�QLWURJHQ�FRQFHQWUDWLRQ�LQ�WKH�
OHDI��$FFRUGLQJ� WR�¿QGLQJV��JHQRW\SLF�GLIIHUHQFHV� IRU�ÀDJ�
OHDI�FKORURSK\OO�FRQWHQW��&&,��LQ�DOO�JHQHUDWLRQV��) ��) ��) ��� � �

DSSHDUHG�RQO\�LQ�KLJK�QLWURJHQ�FRQGLWLRQV��7KHUHIRUH��DV�LQ�
KDUPRQ\� ZLWK� DQ� HDUOLHU� VWXG\� �.L]LOJHFL� HW� DO��� �������
VHOHFWLRQ� FDQ� EH� VXJJHVWHG� DW� KLJK� OHYHOV� RI� QLWURJHQ� WR�
LGHQWLI\�GLIIHUHQFHV�DPRQJ�WKH�OLQHV�LQ�EUHHGLQJ�SURJUDPV�

7KH� UHVXOWV� RI� WKH� VWXG\� LQGLFDWHG� WKHUH� ZDV� D�
VLJQL¿FDQW�UHODWLRQVKLS�DPRQJ�WKH�JUDLQ�\LHOG�RI�K\EULGV�DQG�
QLWURJHQ�UDWHV�DSSOLFDWLRQ��ZKLFK�ZDV�LQ�DJUHHPHQW�ZLWK�WKH�

,QW�-�$JULF�(QYLURQ�)RRG�6FL��������������� ��������)HUKDW�.L]LOJHFL��&XPD�$NLQFL�DQG�0HKPHW�<LOGLULP



UHVXOWV�RI�$�2UWL]�0RQDVWHULR�HW�DO����������/H�*RXLV�HW�DO��
�������DQG�9DQ�*LQNHO�HW�DO�� ��������%RQ¿O�HW�DO�� ��������
*XDUGD�HW�DO����������RQ�WKH�RWKHU�KDQG��VRPH�UHVHDUFKHUV�
UHSRUWHG� WKDW�� � IHUWLOL]DWLRQ� RYHU� D� FHUWDLQ� QLWURJHQ� UDWH�
OHDGLQJ�WR�UHGXFWLRQ�LQ�JUDLQ�\LHOG��ZLWK�FRQVLGHU�WKH�HIIHFW�RI�
JHQRW\SH� DQG� HQYLURQPHQWDO� FRQGLWLRQV� �(OOPHU� HW� DO���
�����&RVVH\�HW�DO����������

6HYHUDO�VWXGLHV�GHWHFWHG�VLJQL¿FDQW�*î1�LQWHUDFWLRQV�IRU�
DJURQRPLF�SHUIRUPDQFHV��%DUUDFORXJK�HW�DO���������&RUPLHU�
HW� DO��� �������PHDQLQJ� WKDW� WKH�JHQHWLF�YDOXHV�RI�YDULHWLHV�
GLIIHU�DPRQJ�WKH�1�OHYHOV��6LJQL¿FDQFH�RI�*î1�LQWHUDFWLRQV�
GLUHFWO\�DIIHFWV�WKH�FRUUHODWLRQV�RI�JHQHWLF�YDOXHV�EHWZHHQ�1�
OHYHOV��DQG�KHQFH��WKH�EHVW�YDULHWLHV�DW�KLJK�1�PD\�QRW�EH�WKH�
EHVW� DW� ORZ�1�� ,Q� RXU� VWXG\�*î1� LQWHUDFWLRQ� RI� WKH� WUDLWV�
FKDQJHG� GHSHQGLQJ� RQ�)� VWDJH� DQG� WUDLWV� �7DEOH� ����1RQ�
VLJQL¿FDQW�*î1� LQWHUDFWLRQV� IRU�&&,� LQGLFDWHV� WKDW� LW� LV� D�
VWDEOH�WUDLW�DV�DQ�LQGLUHFW�VHOHFWLRQ�FULWHULRQ��ZKHQ�LW�ZRXOG�EH�
VLJQL¿FDQWO\�DVVRFLDWHG�ZLWK�GHVLUHG�WUDLWV��OLNH�\LHOG��SURWHLQ�
FRQWHQW�HWF���)LJXUHV�������*LYHQ�WKDW�ZH�REVHUYHG�UHODWLYHO\�

�KLJK�KHULWDELOLW\�SUHGLFWLRQ�������K ��RI�&&,��7DKPDVHEL�HW�
DO���������DOVR�VXSSRUWHG�RXU�VXJJHVWLRQ�

7KH� VLJQL¿FDQW� GLIIHUHQFHV� DPRQJ� WKH� JHQRW\SHV� IRU�
JUDLQ� \LHOG� LQ� WKH� VHJUHJDWLRQ� SRSXODWLRQV�ZHUH� REVHUYHG�
XQGHU�YDU\LQJ�OHYHOV�RI�QLWURJHQ��$OWKRXJK��\LHOG�LQFUHPHQW�
ZDV� UHFRUGHG� ZLWK� LQFUHDVLQJ� QLWURJHQ� UDWH� FRPSDUHG� WR�
PRGHUDWH�QLWURJHQ�� WKH�GLIIHUHQFH�EHWZHHQ�JHQRW\SHV�ZDV�
UDWKHU� QDUURZ�� 7KHUHIRUH�� WKH� FKDQFHV� RI� VXFFHVV� IRU� WKH�
VHOHFWLRQ�DW�WKH�RSWLPXP�OHYHO�RI�QLWURJHQ�IHUWLOL]DWLRQ�IRU�
SODQW�EUHHGLQJ�FRXOG�EH�LQFUHDVHG��7KHVH�UHVXOWV�LQGLFDWH�WKDW�
VHOHFWLRQ�FDQ�EH�PDGH�LQGHSHQGHQWO\�RQ�VHJUHJDWLRQ�VWDJHV��

$V�SRLQWHG�RXW��LQ�ZKHDW��GLIIHUHQW�VWXGLHV�LQGLFDWHG�WKDW�
LQGLUHFW�VHOHFWLRQ�DW�KLJK�1�FDQ�EH�DQ�HIIHFWLYH�VWUDWHJ\�WR�
EUHHG�IRU�ORZ�1�FRQGLWLRQV��%UDQFRXUW�+XOPHO�HW�DO���������
/DSHUFKH� HW� DO��� �������$FFRUGLQJ� WR� WKLV� VFHQDULR�� LI� WKH�
JHQHWLF�FRUUHODWLRQ�LV�KLJK�WKHQ�WKH�VHOHFWLRQ�LV�PDGH�RQ�WKH�
EDVLV�RI�\LHOG�RU�RWKHU�DJURQRPLF�FKDUDFWHULVWLFV�LQ�KLJK�1�
UDWHV��,W�ZDV�REVHUYHG�WKDW�WKH�JHQRW\SLF�FRUUHODWLRQ�RI�DOO�
RWKHU�SURSHUWLHV�ZDV�ORZ�H[FHSW�&&,�XQGHU�KLJK�1�UDWHV��6R��
WKH� VHOHFWLRQ� VKRXOG� EH� PDGH� XQGHU� QRUPDO� QLWURJHQ�
FRQGLWLRQV�� H[FHSW� IRU� &&,�� WR� LQFUHDVH� WKH� HI¿FLHQF\� RI�
VHOHFWLRQ�DFFRUGLQJ�WR�WKH�FXUUHQW�VWXG\�

$OWKRXJK�SURWHLQ�ZDV�SRVLWLYHO\�FRUUHODWHG�ZLWK�QLWURJHQ�
DSSOLFDWLRQ��WKH�SURWHLQ�LV�D�QLWURJHQRXV�FRPSRXQG��LW�FDQ�EH�
VDLG� WKDW� WKH� LQFUHDVH� RI� WKH� SURWHLQ� FRQWHQW� LQ� WKH� SODQW�
RUJDQV�ZLWK�WKH�LQFUHDVH�LQ�QLWURJHQ�UDWHV��LW�LV�DQ�H[SHFWHG�
UHVXOW�DV�UHSRUWHG�LQ�SUHYLRXV�VWXGLHV��'HORJX�HW�DO���������
2WWPDQ�HW�DO���������6DGH�DQG�6R\OX��������:RROIRON�HW�DO���
������

*UDLQ�SURWHLQ�FKDQJH�ZDV�HIIHFWLYH�GXH�WR�HQYLURQPHQWDO�
IDFWRUV�VXFK�DV�WHPSHUDWXUH��OLJKW�LQWHQVLW\�DQG�VRLO�PRLVWXUH�
�*DXHU�HW�DO���������6DMR�HW�DO���������'X3RQW�DQG�$OWHQEDFK��
�������DQG�WKH�DJURQRPLF�PDQDJHPHQW�IDFWRUV�OLNH�WKH�VRLO�
WLOODJH� �'H�9LWD�HW�DO����������=HEDUWK�DQG�6KHDUG� ��������
QLWURJHQ�DSSOLFDWLRQ�UDWHV��DSSOLFDWLRQ�WLPH��DQG�DSSOLFDWLRQ�
IRUP�DV�ZHOO�DV�JHQRW\SHV��1LWURJHQ�UDWHV�DQG�VHJUHJDWLRQ�
OHYHO�ZHUH�QRW�SUHGLFWLYH�RI�JHQRW\SLF�GLIIHUHQFHV�LQ�SURWHLQ�
SURSRUWLRQ��6LQFH�JHQRW\SH�[�QLWURJHQ�UDWH�LQWHUDFWLRQV�IRU�
WKH�SURWHLQ�FRQWHQW�ZDV�JHQHUDOO\�XQLPSRUWDQW��VXFFHVVLYH�
VHOHFWLRQ�LQ�EUHHGLQJ�FDQ�EH�GRQH�DW�GLIIHUHQW�QLWURJHQ�UDWHV��

7KH� JHQRW\SLF� GLIIHUHQFHV� LQ� YDULHG� VHJUHJDWLRQ�
SRSXODWLRQV�IRU�*1<��18(J\�DQG�18(JQ\�ZHUH�REVHUYHG�
WR� EH� ORZ� LQ� KLJK� QLWURJHQ� UDWHV� �7DEOH� ����:LWK� ORZ� DQG�
PRGHUDWH� QLWURJHQ� UDWHV�� WKH� UHVSRQVH� RI� WKH� JHQRW\SHV�
FKDQJHG�GHSHQGLQJ�RQ�WKH�VHJUHJDWLRQ�OHYHO��DQG�JHQRW\SLF�

GLIIHUHQFHV�ZHUH�KLJKHU�LQ�PRGHUDWH�QLWURJHQ�UDWH�WKDQ�LQ�ORZ�
QLWURJHQ� UDWH�� 7KH� ¿QGLQJV� SURYLGHG� WKH� VXFFHVV� RI� WKH�
VHOHFWLRQ� SURFHVV� IRU� 18(�� 3URWHLQ� FRQWHQW� DQG� *1<�
LQGLFDWHG�WKDW�JHQHWLF�UHVSRQVHV�YDULHG�DFFRUGLQJ�WR�QLWURJHQ�
UDWHV�DQG�OHYHO�RI�VHJUHJDWLRQ�DQG�WKDW�ERWK�SURSHUWLHV�KDG�WR�
EH�DVVHVVHG�VHSDUDWHO\�LQ�EUHHGLQJ�

,Q�JHQHUDO��WKH�FKORURSK\OO�FRQWHQW�ZDV�REVHUYHG�KLJK�LQ�
WKH�K\EULG�FRPELQDWLRQ�RI�0LVLUL�JHQRW\SH�XVHG�DV�D�SDUHQW��
6SDJHWWL�DQG�0HQFHNL�YDULHWLHV�XVHG�LQ�WKH�K\EULGV�DFKLHYHG�
WKH�PD[LPXP�\LHOG�SRWHQWLDO��,W�ZDV�REVHUYHG�WKDW�SURWHLQ�
UDWLR� ZDV� KLJK� IRU� HDFK� VHJUHJDWLRQ� �) � �� DQG� GLIIHUHQW�� �

QLWURJHQ�UDWHV�LQ�WKH�K\EULGV�LQ�ZKLFK�WKH�=HQLW�YDULHW\�ZDV�
XVHG�DV�D�SDUHQW��,W�DSSHDUV�WKDW�K\EULGV�ZLWK�KLJKHU�QLWURJHQ�
UDWHV�ZHUH�GLIIHUHQW�IURP�K\EULGV�WKDW�VWDQG�RXW�LQ�WHUPV�RI�
SURWHLQ�FRQWHQW��$V�D�SDUHQW�YDULHW\�6SDJKHWWL�SURGXFHG�DQ�
HQKDQFLQJ�HIIHFW�RQ�*1<��18(J\�DQG�18(QJ\� LQ�DOO� LWV�
K\EULG� FRPELQDWLRQV�� 2Q� WKH� RWKHU� KDQG�� 0HUVLQL\H� î�
6SDJHWWL�K\EULG�DFKLHYHG�KLJK�FRPELQDWLRQ�DELOLW\�HVSHFLDOO\�
LQ�HDUO\�VHJUHJDWLRQ�OHYHOV��,W�FRXOG�EH�DFNQRZOHGJHG�WKDW�WKH�
XVH�RI�ODQGUDFHV�LQ�EUHHGLQJ�SURJUDPV�ZRXOG�DOORZ�D�SRVLWLYH�
FRQWULEXWLRQ� WR� WKH� VXFFHVV� RI� GXUXP�ZKHDW� EUHHGLQJ� DQG�
HQKDQFH�WKH�QDUURZ�UDQJH�YDULDWLRQ��7KH�ODQGUDFHV�WKDW�XVHG�
LQ�WKH�FXUUHQW�VWXG\�KDG�FRQVLGHUDEOH�HQKDQFLQJ�HIIHFWV�RQ�
WKH�JUDLQ�\LHOG�DQG�*1<��18(J\�DQG�18(JQ\�LQ�WKH�K\EULG�
FRPELQDWLRQV��

7KHUH�LV�D�JURZLQJ�LQWHUHVW�IRU�XVLQJ�FKORURSK\OO�PHWHU�LQ�
GXUXP� ZKHDW� EUHHGLQJ� PLJKW� HQDEOH� WR� EUHHGHUV� IRU�
HYDOXDWLQJ�WKH�FXUUHQW�YDULDELOLW\�PRUH�HIIHFWLYHO\��ERWK�E\�
UHGXFLQJ�ODERXU�DQG�E\�DOORZLQJ�WKH�PRUH�VLQJOH�SODQW�WR�EH�
VFUHHQHG�DQG�GHYHORSPHQW�RI�NLQG�RI�WRROV�LV�LPSRUWDQW�WR�
FRQWLQXH�SURJUHVV�WKURXJK�SODQW�EUHHGLQJ��,W�LV�SRVVLEOH�WR�
UHDFK�WKH�IDYRXULWH�\LHOG�DQG�TXDOLW\�UHVXOWV�E\�XVLQJ�63$'�
PHWHU� DV� DQ� LQGLUHFW� VHOHFWLRQ� FULWHULRQ� LQ� GXUXP� ZKHDW�
EUHHGLQJ�� WKHVH� UHVXOWV�ZHUH� VXSSRUWHG� E\� WKH� ¿QGLQJV� RI�
<LOGLULP�HW�DO���������ZKLFK�LQGLFDWHG�WKDW�&&,�FRXOG�EH�XVHG�
DV�D�VHOHFWLRQ�FULWHULRQ�WR�FODVVLI\�WKH�KLJK�\LHOGLQJ�GXUXP�
ZKHDW�EUHHGLQJ�OLQHV�DW�HDUO\�VHJUHJDWLRQ�RI�SURJHQLHV�

7KH� UHVXOWV� VKRZHG� WKDW� WKH� JHQRW\SHV� WKDW� ZHUH�
H[DPLQHG�XQGHU�GLIIHUHQW�QLWURJHQ�UDWHV�LQ�ZKHDW�EUHHGLQJ�
ZRXOG�EH�FUXFLDO�WR�UHYHDO�WKH�JHQRW\SLF�HIIHFW�RU�LQDFWLYH�
JHQHV� RI� D� JHQRW\SH�� ,Q� WKH� SUHVHQW� VWXG\�� WKHUH�ZHUH� QR�
JHQRW\SLF�YDULDWLRQV�LQ�JUDLQ�\LHOG�LQ�VHYHUDO�FRPELQDWLRQV�DW�
ORZ�DQG�KLJK�QLWURJHQ� UDWHV��$� VLPLODU� VLWXDWLRQ�KDG�EHHQ�
REVHUYHG�DW�ORZ�DQG�PHGLXP�QLWURJHQ�UDWHV�IRU�&&,��DW�KLJK�
QLWURJHQ� UDWHV� IRU� SURWHLQ� FRQWHQW� *1<�� 18(J\� DQG�
18(JQ\�WUDLWV��7KH�RSWLPXP�RI�HQYLURQPHQWDO�IDFWRUV�VXFK�
DV�KHDW�DQG�GURXJKW�VWUHVV��PDQDJHPHQW�WHFKQLTXHV�DQG�VRLO�
IDFWRUV��DV�ZHOO�DV�WKH�QLWURJHQ�FRQWHQW�RI�WKH�VRLO��LQ�RUGHU�WR�
UHYHDO� JHQRW\SLF� HIIHFWV� DW� WKH� KLJKHVW� OHYHO�� ZRXOG� EH�
OHDGLQJ�WR�WKH�H[LVWLQJ�JHQHWLF�YDULDELOLW\�WR�EH�XVHG�PRUH�
HIIHFWLYHO\�LQ�GXUXP�ZKHDW�EUHHGLQJ��

2QH� RI� WKH� PRVW� VLJQL¿FDQW� SUDFWLFDO� RXWSXWV� RI� WKLV�
UHVHDUFK�� D� ORZ� EXGJHW� DQG� D� OLPLWHG� QXPEHU� RI� K\EULG�
SRSXODWLRQV�� WKLV� PHWKRG� LV� EDVHG� RQ� WKH� IDFW� WKDW� ����
JHQHUDWLRQV�IURP�) �WR�) �JURZLQJ�LQ�WKH�VDPH�\HDU�DQG�DW�� �

GLIIHUHQW�QLWURJHQ�UDWHV�DV�D�UHVXOW�RI�WKH�SURGXFWLRQ�RI�WKHLU�
VHHGV� ZLWKRXW� EHLQJ� VXEMHFWHG� WR� VHOHFWLRQ� LQ� GLIIHUHQW�
VHJUHJDWLRQ� OHYHOV�� DV� WKH� K\EULG� SRSXODWLRQV� LQ� WKLV�
LQYHVWLJDWLRQ��$FFRUGLQJ�WR�WKLV�PHWKRG��WKH�VHOHFWLRQ�DW�WKH�
ODVW� VHJUHJDWLRQ� FRPELQDWLRQ� ZLWK� WKH� KLJKHVW� YDOXH� IRU�
LQYHVWLJDWHG� WUDLWV� IRU� DOO� JHQHUDWLRQV� DQG� PRUH� WKDQ� RQH�
QLWURJHQ�UDWH�ZLOO�DOORZ�ERWK�KLJK�JHQHWLF�SURJUHVV�DQG�KLJK�
VWDELOLW\�WR�EH�DFKLHYHG��$OO�WKHVH�IDFLOLWLHV�ZLOO�EH�SURYLGHG�
ZLWK�ORZ�LQSXW��WLPH�DQG�ODERXU�

���
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&RQFOXVLRQ
7HVWLQJ�WKH�JHQRW\SHV�DW�GLIIHUHQW�QLWURJHQ�UDWHV�LQ�ZKHDW�

EUHHGLQJ�LV�FUXFLDO�WR�UHYHDO�WKH�JHQRW\SLF�HIIHFW�RU�LQDFWLYH�
JHQHV�RI�D�JHQRW\SH��,Q�WKLV�VWXG\�WKHUH�ZHUH�QR�JHQRW\SLF�
GLIIHUHQFHV�LQ�JUDLQ�\LHOG�LQ�PDQ\�FRPELQDWLRQV�DW�ORZ�DQG�
KLJK�QLWURJHQ�UDWHV��6LPLODU�¿QGLQJV�ZHUH�DOVR�REVHUYHG�DW�
ORZ�DQG�PHGLXP�QLWURJHQ� UDWHV� IRU�&&,�� DW� KLJK�QLWURJHQ�
UDWHV�IRU�SURWHLQ�FRQWHQW�*1<��18(J\�DQG�18(QJ\�WUDLWV��

7KLV� LW� LV� VXJJHVWHG� WKDW� LQ� DGGLWLRQ� WR� HQYLURQPHQWDO�
IDFWRUV� VXFK� DV� KHDW� DQG� GURXJKW� VWUHVV�� PDQDJHPHQW�
WHFKQLTXHV�DQG�VRLO�IDFWRUV��WKH�QLWURJHQ�FRQWHQW�RI�WKH�VRLO��
KDV�WKH�SRWHQWLDO�WR�DFKLHYH�WKH�YDULHWDO�SRWHQWLDO�RI�ZKHDW�
JHQRW\SHV�� 7KLV� PHWKRG� LV� EDVHG� RQ� WKH� IDFW� WKDW� ����
JHQHUDWLRQV�IURP�) �WR�) �JURZLQJ�LQ�WKH�VDPH�\HDU�DQG�DW�� �

GLIIHUHQW�QLWURJHQ�UDWHV�DV�D�UHVXOW�RI�WKH�SURGXFWLRQ�RI�WKHLU�
VHHGV� ZLWKRXW� EHLQJ� VXEMHFWHG� WR� VHOHFWLRQ� LQ� GLIIHUHQW�
VHJUHJDWLRQ�OHYHOV��DV�WKH�K\EULG�SRSXODWLRQV�LQ�WKLV�VWXG\��
$FFRUGLQJ� WR� WKLV� PHWKRG�� WKH� VHOHFWLRQ� DW� WKH� ODVW�
VHJUHJDWLRQ� FRPELQDWLRQ� ZLWK� WKH� KLJKHVW� YDOXH� IRU�
LQYHVWLJDWHG� WUDLWV� IRU� DOO� JHQHUDWLRQV� DQG� PRUH� WKDQ� RQH�
QLWURJHQ�UDWH�ZLOO�DOORZ�ERWK�KLJK�JHQHWLF�SURJUHVV�DQG�KLJK�
VWDELOLW\�WR�EH�DFKLHYHG��$OO�WKHVH�EHQH¿WV�ZLOO�EH�DWWDLQHG�
ZLWK�ORZ�LQSXW��WLPH�DQG�ODERXU�

$FNQRZOHGJHPHQW�
7KLV�ZRUN�ZDV�VXSSRUWHG�E\�'LFOH�8QLYHUVLW\�UHVHDUFK�

VXSSRUWLQJ�IRXQGDWLRQ��'8%$3����=)�����

5HIHUHQFHV

$FHYHGR�� (�� �������� ,PSURYHPHQW� RI� ZLQWHU� FHUHDO� FURSV� LQ�
0HGLWHUUDQHDQ� HQYLURQPHQWV�� XVH� \LHOG�� PRUSKRORJLFDO� DQG�
SK\VLRORJLFDO� WUDLWV�� ,Q�� (�� $FHYHGR�� $�3�� &RQHVD�� 3��
0RQQHYHX[�DQG�3��6ULYDVWDYD� �HGV���3K\VLRORJ\�EUHHGLQJ�RI�
ZLQWHU� FHUHDOV� IRU� VWUHVVHG� 0HGLWHUUDQHDQ� HQYLURQPHQWV��
0RQWSHOOLHU��)UDQFH��,15$��SS�����������> @�*RRJOH�6FKRODU

$\GRJDQ�&LIWFL��(��DQG�'RJDQ��5����������7KH�HIIHFWV�RI�QLWURJHQ�
GRVHV�RQ�\LHOG�DQG�TXDOLW\�WUDLWV�RI�JHGL]±���DQG�ÀDPXUD±���
ZKHDW� YDULWLHV�� -RXUQDO� RI� $JULFXOWXUDO� 6FLHQFH�� ���� ������
> @�*RRJOH�6FKRODU

%DUERWWLQ�� $��� /HFRPWH�� &��� %RXFKDUG�� &�DQG� -HXIIUR\�� 0�� +��
��������1LWURJHQ�UHPRELOL]DWLRQ�GXULQJ�JUDLQ�¿OOLQJ�LQ�ZKHDW��
&URS�VFLHQFH��������������������> @�> @*RRJOH�6FKRODU &URVVUHI

%DUXWFXODU�� &��� <ÕOGÕUÕP�� 0��� .Ro�� 0��� $NÕQFÕ�� &��� 7RSWDú�� ,���
$OED\UDN�� 2��� 7DQUÕNXOX�� $�� DQG� (/� 6DEDJK�� $�� ��������
(YDOXDWLRQ� RI� 63$'� FKORURSK\OO� LQ� VSULQJ�ZKHDW� JHQRW\SHV�
XQGHU�GLIIHUHQW�HQYLURQPHQWV��)UHVHQ��(QYLURQ��%XOO�����������
������> @*RRJOH�6FKRODU

%DUXWFXODU��&��(/�6DEDJK��$���.Ro��0��DQG�5DWQDVHNHUD��'����������
5HODWLRQVKLSV�EHWZHHQ�JUDLQ�\LHOG�DQG�SK\VLRORJLFDO�WUDLWV�RI�
GXUXP� ZKHDW� YDULHWLHV� XQGHU� GURXJKW� DQG� KLJK� WHPSHUDWXUH�
VWUHVV� LQ�0HGLWHUUDQHDQ�FRQGLWLRQV��)UHVHQLXV�(QYLURQPHQWDO�
%XOOHWLQ���������������������> @*RRJOH�6FKRODU

%DUUDFORXJK�� 3�%��� +RZDUWK�� -�5��� -RQHV�� -��� /RSH]�%HOOLGR�� 5���
3DUPDU�� 6��� 6KHSKHUG�� &�(�� DQG� +DZNHVIRUG�� 0�-�� ��������
1LWURJHQ� HI¿FLHQF\� RI� ZKHDW�� JHQRW\SLF� DQG� HQYLURQPHQWDO�
YDULDWLRQ�DQG�SURVSHFWV�IRU�LPSURYHPHQW��(XURSHDQ�-RXUQDO�RI�
$JURQRP\������������> @�> @*RRJOH�6FKRODU &URVVUHI

%DYHF��)�� DQG�%DYHF��0�� ��������&KORURSK\OO�PHWHU� UHDGLQJV�RI�
ZLQWHU�ZKHDW� FXOWLYDUV� DQG�JUDLQ�\LHOG�SUHGLFWLRQ��&RPPXQ��
6RLO� 6FL�� 3ODQW�$QDO��5HV�� ���� ����������� > @�*RRJOH� 6FKRODU
> @&URVVUHI

%RQ¿O��'�-���.DUQLHOL��$���5D]��0���0XIUDGL��6���$VLGR��6���(JR]L��+���
+RIIPDQ��$�� DQG�6FKPLORYLWFK��=�� ��������'HFLVLRQ� VXSSRUW�
V\VWHP�IRU�LPSURYLQJ�ZKHDW�JUDLQ�TXDOLW\�LQ�WKH�0HGLWHUUDQHDQ�
DUHD� RI� ,VUDHO�� )LHOG� &URS� 5HVHDUFK�� ���� ��������� >*RRJOH�
6FKRODU &URVVUHI@�> @�

%UDQFRXUW�+XOPHO�� 0��� +HXPH]�� (��� 3OXFKDUG�� 3��� %HJKLQ�� '���

'HSDWXUHDX[��&���*LUDXG��$��DQG�/H�*RXLV��-����������,QGLUHFW�
YHUVXV�GLUHFW�VHOHFWLRQ�RI�ZLQWHU�ZKHDW�IRU�ORZ�LQSXW�RU�KLJK�
LQSXW�OHYHOV��&URS�6FLHQFH�����������������> @�*RRJOH�6FKRODU
> @&URVVUHI

&RUPLHU��)���*RXLV�� -�/���'XEUHXLO��3���/DIDUJH��6�� DQG�3UDXG��6��
��������$�JHQRPH�ZLGH�LGHQWL¿FDWLRQ�RI�FKURPRVRPDO�UHJLRQV�
GHWHUPLQLQJ� QLWURJHQ� XVH� HI¿FLHQF\� FRPSRQHQWV� LQ� ZKHDW�
�7ULWLFXP�DHVWLYXP�/����7KHRU��$SSO��*HQHW�������������������
> @�> @�*RRJOH�6FKRODU &URVVUHI

&RVVH\�� '�$��� 7KRPDVRQ�� :�(��� 0XOOHQ�� 5�:��� :\QQ�� .�-���
:RROIRON�� -�:��� -RKQVRQ�� *�:�� DQG� 5DXQ�� :�5�� ��������
5HODWLRQVKLS�EHWZHHQ� DPPRQLXP�DQG�QLWUDWH� LQ�ZKHDW� SODQW�
WLVVXH�DQG�HVWLPDWHG�QLWURJHQ�ORVV��-RXUQDO�RI�3ODQW�1XWULWLRQ��
���������������> @�> @�*RRJOH�6FKRODU &URVVUHI

&RONHVHQ�� 0���$VODQ�� 6��� (UHQ�� 1�� DQG� 2NWHP��$�� �������� 7KH�
LQYHVWLJDWLRQ�DERXW�HIIHFW�RI�GLIIHUHQW�GRVDJH�RI�QLWURJHQ�RQ�
\LHOG� DQG� \LHOG� FRPSRQHQW� DW� GXUXP� ZKHDW� 'L\DUEDNÕU� ���
FXOWLYDU�LQ�6DQOÕXUID�XQGHU�DULG�DQG�LUULJDWHG�FRQGLWLRQ��'XUXP�
ZKHDW� DQG� LWV�SURGXFWV� V\PSRVLXP��$QNDUD��7XUNH\�SS�����
�����

'HEDHNH��3���5RXHW��3��DQG�-XVWHV��(����������5HODWLRQVKLS�EHWZHHQ�
WKH�QRUPDOL]HG�63$'�LQGH[�DQG�WKH�QLWURJHQ�QXWULWLRQ�LQGH[��
DSSOLFDWLRQ�WR�GXUXP�ZKHDW��-RXUQDO�RI�SODQW�QXWULWLRQ���������
�������> @�> @*RRJOH�6FKRODU &URVVUHI

'HORJX��*���&DWWLYHOOL��/���3HFFKLRQL��1���)DOFLV��'�'���0DJJLRUH��7��
DQG�6WDQFD��$�0����������8SWDNH�DQG�DJURQRPLF�HI¿FLHQF\�RI�
QLWURJHQ�LQ�ZLQWHU�EDUOH\�DQG�ZLQWHU�ZKHDW��(XURSHDQ�-RXUQDO�
RI�$JURQRP\�����������> @�> @�*RRJOH�6FKRODU &URVVUHI

'H�9LWD��3���'L�3DROR��(���)HFRQGR��*���'L�)RQ]R��1��DQG�3LVDQWH��0��
��������1R�WLOODJH�DQG�FRQYHQWLRQDO� WLOODJH�HIIHFWV�RQ�GXUXP�
ZKHDW�\LHOG��JUDLQ�TXDOLW\�DQG�VRLO�PRLVWXUH�FRQWHQW�LQ�VRXWKHUQ�
,WDO\�� 6RLO� DQG� 7LOODJH� 5HVHDUFK�� ���� ����� ������� >*RRJOH�
6FKRODU &URVVUHI@�> @

'RJDQ�� 5��� &HOLN�� 1��� <XUXU�� 1�� �������� 5HTXLUHPHQW� DQG�
DSSOLFDWLRQ�IUHTXHQFLHV�RI�QLWURJHQ�IHUWLOL]HU�RQ�EUHDG�ZKHDW�
YDULHW\��$USDWKDQ����$VLDQ�-RXUQDO�RI�&KHPLVWU\��������������
������> @�*RRJOH�6FKRODU

'X3RQW�� )�� 0�� DQG� $OWHQEDFK�� 6�%�� �������� 0ROHFXODU� DQG�
ELRFKHPLFDO�LPSDFWV�RI�HQYLURQPHQWDO�IDFWRUV�RQ�ZKHDW�JUDLQ�
GHYHORSPHQW�DQG�SURWHLQ�V\QWKHVLV��-RXUQDO�RI�FHUHDO�VFLHQFH��
����������������> @�> @�*RRJOH�6FKRODU &URVVUHI

(OOPHU��)���(UHNXO��2��DQG�.|KQ��:����������,QÀXHQFH�RI�ORQJ�WHUP�
G൴IIHUHQW�RUJDQ൴F�P൴QHUDO�IHUW൴O൴]DW൴RQ�RQ�\൴HOG��\൴HOG�VWUXFWXUH�
DQG� EUHDG�PDN൴QJ� TXDO൴W\� RI� Z൴QWHU� ZKHDW�� $UFKLYHV� RI�
$JURQRP\�DQG�6RLO�6FLHQFH��������������� > @�*RRJOH�6FKRODU
> @�&URVVUHI

)UHGHULFN�� -�5�� DQG� &DPEHUDWR�� -�-�� ��������:DWHU� DQG� QLWURJHQ�
HIIHFWV�RQ�ZLQWHU�ZKHDW� LQ� WKH�6RXWKHDVWHUQ�&RDVWDO�3ODLQ��,��
*UDLQ�<LHOG�DQG�.HUQHO�7UDLWV��$JURQRP\�-RXUQDO���������������
> @�> @�*RRJOH�6FKRODU &URVVUHI

*DXHU�� /�(��� *UDQW�� &�$��� *HKO�� '�7�� DQG� %DLOH\�� /�'�� ��������
(IIHFWV� RI� QLWURJHQ� IHUWLOL]DWLRQ� RQ� JUDLQ� SURWHLQ� FRQWHQW��
QLWURJHQ�XSWDNH��DQG�QLWURJHQ�XVH�HI¿FLHQF\�RI�VL[�VSULQJ�ZKHDW�
�7ULWLFXP� DHVWLYXP/��� FXOWLYDUV� LQ� UHODWLRQ� WR� HVWLPDWHG�
PRLVWXUH� VXSSO\�� &DQDGLDQ� -RXUQDO� RI� 3ODQW� 6FLHQFH�� ����
���±�����> @�> @*RRJOH�6FKRODU &URVVUHI

*XDUGD�� *��� 3DGRYDQ�� 6�� DQG� 'HORJX�� *�� �������� *UDLQ� \LHOG��
QLWURJHQ�XVH�HI¿FLHQF\�DQG�EDNLQJ�TXDOLW\�RI�ROG�DQG�PRGHUQ�
,WDOLDQ�EUHDG�ZKHDW�FXOWLYDUV�JURZQ�DW�GLIIHUHQW�QLWURJHQ�OHYHOV��
(XURSHDQ�-RXUQDO�RI�$JURQRP\��������������> @�*RRJOH�6FKRODU
> @�&URVVUHI

,TEDO��-���+D\DW��.���+XVVDLQ��6���$OL��$��DQG�%DNKVK��0�$�$�+�$��
��������(IIHFW�RI�VHHGLQJ�UDWHV�DQG�QLWURJHQ�OHYHOV�RQ�\LHOG�DQG�
\LHOG�FRPSRQHQWV�RI�ZKHDW� �7ULWLFXP�DHVWLYXP�/����3DNLVWDQ�
-RXUQDO�RI�1XWULWLRQ������������������> @��*RRJOH�6FKRODU

-DKDQ��0�$�+�6���+RVVDLQ��$���'D� 6LOYD�� -�$�7�� (/� 6DEDJK��$���
5DVKLG�� 0�+�� DQG� %DUXWoXODU�� &�� �������� (IIHFW� RI�
QDSKWKDOHQHDFHWLF�DFLG�RQ�URRW�DQG�SODQW�JURZWK�DQG�\LHOG�RI�WHQ�
LUULJDWHG�ZKHDW�JHQRW\SHV��3DNLVWDQ� -RXUQDO� RI�%RWDQ\�������
���������> @�> @�*RRJOH�6FKRODU &URVVUHI

-LDQJ��'���'DL��7���-LQJ��*���&DR��:���=KRX��*���=KDR��+��DQG�)DQ��;��

���

,QW�-�$JULF�(QYLURQ�)RRG�6FL��������������� ��������)HUKDW�.L]LOJHFL��&XPD�$NLQFL�DQG�0HKPHW�<LOGLULP



�������� (IIHFWV� RI� ORQJ�WHUP� IHUWLOL]DWLRQ� RQ� OHDI� SKRWRV\QWKHWLF�
FKDUDF WHU L V W LFV � DQG� JUD LQ � \ LH OG � LQ � ZLQWHU � ZKHDW ��
3KRWRV\QWKHWLFD���������������> @�> @�*RRJOH�6FKRODU &URVVUHI

.DLORX��/���<D]KHQ��/���3DRODQ��<���<DQ��:���/LMXQ��=���+XLZHQ��+��
DQG�+XLPLQ��=����������(VWLPDWLQJ�JUDLQ�\LHOG�EDVHG�RQ�%6:�
DQG�63$'�DW�JUDLQ�¿OOLQJ�VWDJH�LQ�GRXEOH�ULFH�FURSSLQJ�V\VWHP�
RI�&KLQD��,QW��-��$JULF��%LRO����������������> @�*RRJOH�6FKRODU
> @�&URVVUHI

.DUDFD�� 0��� (\XERJOX�� +��� *XOHU�� 0�� DQG� 'XUXWDQ�� 1�� ��������
(IIHFWV�RI�QLWURJHQ�UDWHV�RQ�WKH�JUDLQ�\LHOG�RI�RQ�VRPH�GXUXP�
ZKHDW� YDULHWLHV� XQGHU� OHJXPH�ZKHDW� URWDWLRQ� V\VWHPV� LQ�
QRUWKHUQ� WUDQVLWLRQDO� ]RQH�� -RXUQDO� RI� )LHOG� &URSV� &HQWUDO�
5HVHDUFK�,QVWLWXWH���������������> @��*RRJOH�6FKRODU

.KDOHG��$�$�$��� 5HGD��2�,���<DVHU��+�0��� (VPDLO�� 6�0�� DQG� (/�
6DEDJK��$����������$QDWRPLFDO��ELRFKHPLFDO�DQG�SK\VLRORJLFDO�
FKDQJHV� LQ� VRPH� HJ\SWLDQ� ZKHDW� FXOWLYDUV� LQRFXODWHG� ZLWK�
SXFFLQLD� JUDPLQL� I�� VS�� 7ULWLFL�� )UHVHQLXV� (QYLURQPHQWDO�
%XOOHWLQ�����������������> @�*RRJOH�6FKRODU

.L]LOJHoL��)���<LOGLULP��0���DQG�$NLQFL��&�� ��������1LWURJHQ�8VH�
(I¿FLHQF\��18(��&KDQJHV�LQ�GXUXP�ZKHDW�SDUHQWV�DQG�WKHLU�)��
SURJHQLHV� XQGHU� GLIIHUHQW� QLWURJHQ� FRQGLWLRQV�� -�$JULF� )DF��
*D]LRVPDQSDVD� 8QLY��� ���� ��� �������� > @�*RRJOH� 6FKRODU
> @�&URVVUHI

.L]LOJHFL��)���$NLQFL��&���$OED\UDN��2�� DQG�<LOGLULP��0�� ��������
1LWURJHQ�HIIHFWV�RQ�63$'�PHWHU�DQG�JUDLQ�\LHOG�UHODWLRQVKLSV�LQ�
)�� GXUXP� ZKHDW� SRSXODWLRQV�� 6FLHQWL¿F� -RXUQDO� RI� &URS�
6FLHQFH��������������> @�&URVVUHI

.L]LOJHFL��)���$OED\UDN��2���<LOGLULP��0��DQG�$NLQFL��&�������D���
6WDELOLW\�HYDOXDWLRQ�RI�EUHDG�ZKHDW�JHQRW\SHV�XQGHU�YDU\LQJ�
HQYLURQPHQWV� E\� $00,� PRGHO�� )UHVHQLXV� (QYLURQPHQWDO�
%XOOHWLQ��������������������

.L]LOJHFL��)���$OED\UDN��2��DQG�<LOGLULP��0�������E���(YDOXDWLRQ�RI�
WKLUWHHQ� GXUXP� ZKHDW� �7ULWLFLXP� GXUXP� 'HVI��� JHQRW\SHV�
VXLWDEOH�IRU�PXOWLSOH�HQYLURQPHQWV�XVLQJ�**(�ELSORW�DQDO\VLV��
)UHVHQLXV�(QYLURQPHQWDO�%XOOHWLQ�������������������

/DSHUFKH��$���'HYLHQQH�%DUUHW��)���0DXU\��2���/H�*RXLV��-��DQG�1H\��
%����������$�VLPSOL¿HG�FRQFHSWXDO�PRGHO�RI�FDUERQ�QLWURJHQ�
IXQFWLRQLQJ� IRU�47/� DQDO\VLV� RI�ZLQWHU�ZKHDW� DGDSWDWLRQ� WR�
QLWURJHQ� GH¿FLHQF\�� 7KHRUHWLFDO� DQG�$SSOLHG� *HQHWLFV�� �����
�����������> @�> @�*RRJOH�6FKRODU &URVVUHI

/H�*RXLV�� -���%HJKLQ��'���+HXPH]��(��$QG�3OXFKDUG�� 3�� ��������
*HQHWLF�GLIIHUHQFHV�IRU�QLWURJHQ�XSWDNH�DQG�QLWURJHQ�XWLOL]DWLRQ�
HI¿FLHQFLHV�LQ�ZLQWHU�ZKHDW��(XURSHDQ�-RXUQDO�RI�$JURQRP\�
�������������> RODU@�> @�*RRJOH�6FK &URVVUHI

/LQ��)�)���'HQJ��-�6���6KL��<�<���&KHQ��/�6��DQG�:DQJ��.�����������
,QYHVWLJDWLRQ�RI�63$'�PHWHU�EDVHG�LQGLFHV�IRU�HVWLPDWLQJ�ULFH�
QLWURJHQ� VWDWXV�� &RPSXW�� (OHFWURQ��$JU��� ��� ������� >*RRJOH�
6FKRODU &URVVUHI@�> @

/LX�� &��� 6RQJ�� 4��� =KDQJ�� +��� <DQJ�� =�� DQG� +X�� <�*�� ��������
0ROHFXODU� F\WRJHQHWLF� FKDUDFWHUL]DWLRQ� DQG� SKHQRW\SLF�
HYDOXDWLRQ� RI� QHZ� ZKHDW±U\H� OLQHV� GHULYHG� IURP� KH[DSORLG�
WULWLFDOH�&HUWD���FRPPRQ�ZKHDW�K\EULGV��3ODQW�%UHHG�����������
�����> @�> @�*RRJOH�6FKRODU &URVVUHI

/RSH]�%HOOLGR��5�-���6KHSKHUG��&�(��DQG�%DUUDFORXJK��3�%����������
3UHGLFWLQJ�SRVW�DQWKHVLV�1�UHTXLUHPHQWV�RI�EUHDG�ZKHDW�ZLWK�D�
0LQROWD� 63$'�PHWHU�� (XU�� -��$JURQ��� ���� ��������� >*RRJOH�
6FKRODU &URVVUHI@�> @�

0DUNZHOO��-���2VWHUPDQ��-��DQG�0LWFKHOO��-����������&DOLEUDWLRQ�RI�
WKH� 0LQROWD� 63$'����� OHDI� FKORURSK\OO� PHWHU�� 3KRWRV\QWK��
5HV����������±�����> @�> @�*RRJOH�6FKRODU &URVVUHI

2UWL]�0RQDVWHULR��-�,���6D\UH��.�'���5DMDUDP��6��DQG�0F0DKRQ��0��
�������� *HQHWLF� SURJUHVV� LQ� ZKHDW� \LHOG� DQG� QLWURJHQ� XVH�
HI¿FLHQF\�XQGHU�IRXU�QLWURJHQ�UDWHV��&URS�6FL����������������
> @�> @�*RRJOH�6FKRODU &URVVUHI

2WWPDQ��0�-���7KRPDV��$�'�� DQG�(GZDUG��&�0�� ��������'XUXP�
JUDLQ�TXDOLW\�DV�DIIHFWHG�E\�QLWURJHQ�IHUWLOL]DWLRQ�QHDU�DQWKHVLV�
DQG�LUULJDWLRQ�GXULQJ�JUDLQ�¿OO��6RLO�6FLHQFH�6RFLHW\�RI�$PHULFD�
-RXUQDO�����������������> @�> @�*RRJOH�6FKRODU &URVVUHI

2WX�%RUOX��+���&HOLNWDV��9���'X]HQOL��6���+RVVDLQ��$��DQG�(O�6DEDJK��
$�� �������� *HUPLQDWLRQ� DQG� HDUO\� VHHGOLQJ� JURZWK� RI� ILYH�
GXUXP�ZKHDW�FXOWLYDUV� �7ULWLFXP�GXUXP�GHVI��� LV�DIIHFWHG�E\�

GLIIHUHQW�OHYHOV�RI�VDOLQLW\��)UHVHQLXV�(QYLURQPHQWDO�%XOOHWLQ�
������������������> @�*RRJOH�6FKRODU

4XDQ\L��6���-XQFKDR��:���-XOLQ��*���5XLJXR��/��DQG�+RQJ\DQ��*��
��������(IIHFW�RI�ZKHDW�SKRWRV\QWKHVLV�RUJDQV�RQ�JUDLQ�\LHOG�RI�
VLQJOH�HDU�LQ�GLIIHUHQW�IHUWLOL]DWLRQV��-��7ULWLFHDH�&URSV����������
�����> @�>&URVVUHI@�*RRJOH�6FKRODU

3HOWRQHQ�� -��� 9LUWDQHQ�� $�� DQG� +DJJUHQ�� (�� �������� 8VLQJ� D�
FKORURSK\OO�PHWHU�WR�RSWLPLVH�QLWURJHQ�IHUWLOLVHU�DSSOLFDWLRQ�IRU�
LQWHQVLYHO\�PDQDJHG�VPDOO�JUDLQ�FHUHDOV��-RXUQDO�RI�$JURQRP\�
DQG�&URS�6FLHQFH����������������> @�> @�*RRJOH�6FKRODU &URVVUHI

3HQD��5�-���7UHWKRZDQ��5���3IHLIIHU��:�+���DQG�*LQNHO��0�9����������
4XDOLW\� �HQG�XVH�� LPSURYHPHQW� LQ� ZKHDW�� FRPSRVLWLRQDO��
JHQHWLF��DQG�HQYLURQPHQWDO�IDFWRUV��-RXUQDO�RI�FURS�SURGXFWLRQ��
�������������> @�> @�*RRJOH�6FKRODU &URVVUHI

5DR��6�&��DQG�'DR��7�+����������)HUWLOL]HU�SODFHPHQW�DQG�WLOODJH�
HIIHFWV�RI�QLWURJHQ�DVVLPLODWLRQ�E\�ZKHDW��$JURQRP\�-RXUQDO�
���������������> @�> @�*RRJOH�6FKRODU &URVVUHI

6DGH��%�� DQG�6R\OX��6�� ��������7KH� HIIHFWV� RI� QLWURJHQ� UDWH� DQG�
DSSOLFDWLRQ�WLPHV�RQ�\LHOG�DQG�TXDOLW\�WUDLWV�RI�GXUXP�ZKHDW��
7�UNL\H� ��� 7DUOD� %LWNLOHUL� .RQJUHVL�� ������ (\O�O� ������
7HNLUGDJ�����������>*RRJOH�6FKRODU@�>&URVVUHI@

6DMR��$�$���6FDULVEULFN��'�+��DQG�&OHZHU��$�*����������(IIHFWV�RI�
UDWHV� DQG� WLPLQJ� RI� QLWURJHQ� IHUWLOL]HU� RQ� WKH� JUDLQ� SURWHLQ�
FRQWHQW�RI�ZKHDW��7ULWLFXP�DHVWLYXP���JURZQ�LQ�WZR�FRQWUDVWLQJ�
VHDVRQ�LQ�6RXWK�(DVW�(QJODQG��-RXUQDO�RI�$JULFXOWXUDO�6FLHQFH��
��������������> @�> @�*RRJOH�6FKRODU &URVVUHI

6KXNOD�� $�.��� /DGKD�� -�.��� 6LQJK�� 9�.��� 'ZLYHGL�� %�6���
%DODVXEUDPDQLDQ�� 9��� *XSWD�� 5�.�� DQG� 3DGUH�� $�7�� ��������
&DOLEUDWLQJ� WKH� OHDI� FRORU� FKDUW� IRU� QLWURJHQ�PDQDJHPHQW� LQ�
GLIIHUHQW�JHQRW\SHV�RI�ULFH�DQG�ZKHDW�LQ�D�V\VWHPV�SHUVSHFWLYH��
$JURQRP\� -RXUQDO�� ���� ����������� > @�*RRJOH� 6FKRODU
> @�&URVVUHI

6SDQHU�� '��� 7RGG�� $�*��� 1DYDEL�� $��� 0F.HQ]LH�� '�%�� DQG�
*RRQHZDUGHQH��/�$����������&DQ�OHDI�FKORURSK\OO�PHDVXUHV�DW�
GLIIHULQJ�JURZWK�VWDJHV�EH�XVHG�DV�DQ�LQGLFDWRU�RI�ZLQWHU�ZKHDW�
DQG� VSULQJ� EDUOH\� QLWURJHQ� UHTXLUHPHQWV� LQ� HDVWHUQ�&DQDGD"�
-RXUQDO�RI�$JURQRP\�DQG�&URS�6FLHQFH����������������>*RRJOH�
6FKRODU &URVVUHI@�> @�

7DKPDVHEL��6���+HLGDUL��%���3DNQL\DW��+��DQG�-DODO�.DPDOL��0�5��
��������,QGHSHQGHQW�DQG�FRPELQHG�HIIHFWV�RI�KHDW�DQG�GURXJKW�
VWUHVV�LQ�WKH�6HUL�0���î�%DED[�EUHDG�ZKHDW�SRSXODWLRQ��3ODQW�
%UHHG����������������> @�> @�*RRJOH�6FKRODU &URVVUHI

7DPEXVVL��(�$���%RUW��-���*XLDPHW��-�-���1RJXHV��6��DQG�$UDXV��-�/��
�������� 7KH� SKRWRV\QWKHWLF� UROH� RI� HDUV� LQ� &��� FHUHDOV��
PHWDEROLVP�� ZDWHU� XVH� HI¿FLHQF\� DQG� FRQWULEXWLRQ� WR� JUDLQ�
\LHOG��&ULWLFDO�5HYLHZV�LQ�3ODQW�6FL�������������> @�*RRJOH�6FKRODU
> @�&URVVUHI

7HVWHU�� 0�� DQG� /DQJULGJH�� 3�� �������� %UHHGLQJ� WHFKQRORJLHV� WR�
LQFUHDVH� FURS� SURGXFWLRQ� LQ� D� FKDQJLQJ� ZRUOG�� 6FLHQFH��
�������������������> @�> @�*RRJOH�6FKRODU &URVVUHI

7RVWL�� *�� DQG� *XLGXFFL�� 0�� �������� 'XUXP� ZKHDW±IDED� EHDQ�
WHPSRUDU\�LQWHUFURSSLQJ��(IIHFWV�RQ�QLWURJHQ�VXSSO\�DQG�ZKHDW�
TXDOLW\�� (XURSHDQ� -RXUQDO� RI� $JURQRP\�� ���� ��� ���������
> @�> @�*RRJOH�6FKRODU &URVVUHI

9DQ� *LQNHO�� 0��� 2UWLV�0RQDVWHULR�� ,��� 7UHWKRZDQ�� 5�� DQG�
+HUQDQGH]��(����������0HWKRGRORJ\�IRU�VHOHFWLQJ�VHJUHJDWLQJ�
SRSXODWLRQV� IRU� LPSURYHG� 1�XVH� HI¿FLHQF\� LQ� EUHDG� ZKHDW��
(XSKWLFD����������������> @�> @�*RRJOH�6FKRODU &URVVUHI

9DQ�.HXOHQ�+��DQG�6HOLJPDQ�1*���������6LPXODWLRQ�RI�ZDWHU�XVH��
QLWURJHQ� QXWULWLRQ� DQG� JURZWK� RI� D� VSULQJ� ZKHDW� FURS�
�6LPXODWLRQ� PRQRJUDSKV��� ZDJHQLQJHQ�� 7KH� 1HWKHUODQGV��
3XGRF��> @�*RRJOH�6FKRODU

9HWVFK��-�$��DQG�5DQGDOO��*�:����������&RUQ�SURGXFWLRQ�DV�DIIHFWHG�
E\�QLWURJHQ�DSSOLFDWLRQ�WLPLQJ�DQG�WLOODJH��$JURQRP\�-RXUQDO��
����������������> @�> @���*RRJOH�6FKRODU &URVVUHI

:RROIRON�� &�:��� 5DXQ��:�5��� -RKQVRQ�� *�9��� 7KRPDVRQ��:�(���
0XOOHQ�� 5�:��� :\QQ�� .��-�� DQG� )UHHPDQ�� .�:�� ��������
,QÀXHQFH�RI� ODWH�VHDVRQ�IROLDU�QLWURJHQ�DSSOLFDWLRQV�RQ�\LHOG�
DQG�JUDLQ�QLWURJHQ�LQ�ZLQWHU�ZKHDW��$JURQRP\�-RXUQDO����������
�����> @�> @�*RRJOH�6FKRODU &URVVUHI

;LRQJ��'���&KHQ��-���<X��7���*DR��:���/LQJ��;���/L��<���3HQJ��6��DQG�

���

'2,��KWWSV���G[�GRL�RUJ����������MDHIV�������������)HUKDW�.L]LOJHFL��&XPD�$NLQFL�DQG�0HKPHW�<LOGLULP



�+XDQJ��-����������63$'�EDVHG�OHDI�QLWURJHQ�HVWLPDWLRQ�LV�LPSDFWHG�
E\� HQYLURQPHQWDO� IDFWRUV� DQG� FURS� OHDI� FKDUDFWHULVWLFV��
6FLHQWL¿F�UHSRUWV������������> @�*RRJOH�6FKRODU

<DVVLQ��0���(O�6DEDJK��$���0HNDZ\��$�0�0���,VODP��0�6���+RVVDLQ��
$���%DUXWFXODU��&���$OKDUE\��+���%DPDJRRV��$���/LX��/���8HGD��$��
DQG� 6DQHRND�� +�� �������� &RPSDUDWLYH� SHUIRUPDQFH� RI� WZR�
EUHDG�ZKHDW��7ULWLFXP�DHVWLYXP�/���*HQRW\SHV�8QGHU�6DOLQLW\�
6WUHVV��$SSOLHG�(FRORJ\�DQG�(QYLURQPHQWDO�5HVHDUFK���������
�����������> @�*RRJOH�6FKRODU

<LOGLULP��0�� %DKDU�� %��� *HQF�� ,��� .RUNPD]�� .�� DQG� .DUQH]�� (��
��������'LDOOHO�DQDO\VLV�RI�ZKHDW�SDUHQWV�DQG�WKHLU�) �SURJHQLHV��

XQGHU�PHGLXP�DQG�ORZ�OHYHO�RI�DYDLODEOH�1�LQ�VRLO��-RXUQDO�RI�
3ODQW�1XWULWLRQ���������������> @�> @�*RRJOH�6FKRODU &URVVUHI

<LOGLULP�� 0��� $NÕQFÕ�� &��� .Ro�� 0�� DQG� %DUXWFXODU�� &�� ��������
$SSOLFDELOLW\� RI� FDQRS\� WHPSHUDWXUH� GHSUHVVLRQ� DQG�
FKORURSK\OO� FRQWHQW� LQ� GXUXP� ZKHDW� EUHHGLQJ�� $QDGROX� -��
$JULF��6FL�������������������> @��*RRJOH�6FKRODU

<LOGLULP�� 0��� .ÕOÕF�� +��� .HQGDO�� (�� DQG� .DUDKDQ�� 7�� ��������
$SSOLFDELOLW\�RI�FKORURSK\OO�PHWHU�UHDGLQJV�DV�\LHOG�SUHGLFWRU�
LQ� GXUXP� ZKHDW�� -RXUQDO� RI� 3ODQW� 1XWULWLRQ�� ���� ����������
> @�> @�*RRJOH�6FKRODU &URVVUHI

<LOGLULP�� 0��� .RF�� 0��� $NÕQFÕ�� &�� DQG� %DUXWFXODU�� &�� ��������
9DULDWLRQV�LQ�PRUSKRORJLFDO�DQG�SK\VLRORJLFDO�WUDLWV�RI�EUHDG�
ZKHDW�GLDOOHO�FURVVHV�XQGHU�WLPHO\�DQG�ODWH�VRZLQJ�FRQGLWLRQV��
)LHOG�&URSV�5HVHDUFK�������������> @�> @�*RRJOH�6FKRODU &URVVUHI

<LOGLULP��0��� %DUXWoXODU�� &��� +RVVDLQ��$���.Ro��0���'L]OHN��+���
$NLQFL��&���7RSWDú��,���%DVGHPLU��)���,VODP��0�6��DQG�(/�6DEDJK��
$�� �������� $VVHVVPHQW� RI� 7KH� *UDLQ� 4XDOLW\� RI� :KHDW�
*HQRW\SHV�*URZQ�8QGHU�0XOWLSOH�(QYLURQPHQWV�8VLQJ�**(�
%LSORW�$QDO\VLV��)UHVHQLXV�(QYLURQPHQWDO�%XOOHWLQ�������������
������> @��*RRJOH�6FKRODU

=HEDUWK��%���:DUUHQ��&�-��DQG�6KHDUG��5�:����������,QÀXHQFH�RI�WKH�
UDWH�RI�QLWURJHQ�IHUWLOL]DWLRQ�RQ�WKH�PLQHUDO�FRQWHQW�RI�ZLQWHU�
ZKHDW�LQ�2QWDULR��-RXUQDO�RI�$JULFXOWXUDO�DQG�)RRG�&KHPLVWU\��
���������������> @�> @*RRJOH�6FKRODU &URVVUHI

=HQFLUFL��1���$NWDQ��%��DQG�$WOL��$����������&RQWULELWLRQ�RI�7XUNLVK�
GXUXP�ZKHDW�JHUPSODVP� WR�PRGHUQ�FXOWLYDUV��'XUXP�ZKHDW�
DQG�LWV�SURGXFWV�V\PSRVLXP�����1RYHPEHU���'HFHPEHU�������
$QNDUD�����������

=LDGL��1���%UDVVDUG��0���%HODQJHU��*���&ODHVVHQV��$���7UHPEOD\��1���
&DPERXULV�� $�1�� DQG� 3DUHQW�� /�(�� �������� &KORURSK\OO�
PHDVXUHPHQWV�DQG�QLWURJHQ�QXWULWLRQ�LQGH[�IRU�WKH�HYDOXDWLRQ�
RI� FRUQ�QLWURJHQ� VWDWXV��$JURQ�� -��� ����� ����������� >*RRJOH�
6FKRODU &URVVUHI@�> @

���

,QW�-�$JULF�(QYLURQ�)RRG�6FL��������������� ��������)HUKDW�.L]LOJHFL��&XPD�$NLQFL�DQG�0HKPHW�<LOGLULP



6HFRQG�&URS�3RWHQWLDO�RI�6R\EHDQ�/LQHV�IRU�'L\DUEDNÕU�/RFDWLRQ�RQ�WKH�
<LHOG�DQG�4XDOLW\

�� � � � �5HP]L�2]NDQ ����������0HUYH�%D\KDQ ����������2QGHU�$OED\UDN ����������'DYXW�.DUDDVODQ ����������0HKPHW�<൴OG൴U൴P �
�'LFOH�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH��'HSDUWPHQW�RI�)LHOG�&URSV��'L\DUEDNÕU��7XUNH\

&RUUHVSRQGLQJ�$XWKRU��UP]൴R]NDQ#JPD൴O�FRP�����

6R\EHDQ��*O\FLQH�PD[��/���0HUULOO��LV�RQH�RI�WKH�PRVW�
LPSRUWDQW�OHJXPH�SODQWV�LQ�WKH�ZRUOG�GXH�WR�LWV�KLJK�SURWHLQ�
FRQWHQW��7KH�JHQH�FHQWHU�RI�VR\EHDQV�LV�QRUWKHDVWHUQ�&KLQD�
�3RSRYLF�� ������� ,Q� 7XUNH\�� WKH� FXOWLYDWLRQ� RI� VR\EHDQV�
VWDUWHG�LQ�WKH�%ODFN�6HD�5HJLRQ�LQ�WKH�����V�DQG�WRGD\�WKH�
SURGXFWLRQ�RI�VR\EHDQV�DV� �WKH�PDLQ�FURS�LV�LQ�WKH�7KUDFH��
0DUPDUD��%ODFN�6HD�DQG�0HGLWHUUDQHDQ�5HJLRQV�� DQG� WKH�
VHFRQG�FURS�LV�LQ�LUULJDWHG�DJULFXOWXUDO�DUHDV�RI�WKH�$HJHDQ��
6RXWKHDVWHUQ� $QDWROLD� DQG� 0HGLWHUUDQHDQ� UHJLRQV��
'HSHQGLQJ�RQ�WKH�YDULHW\�DQG�JURZLQJ�FRQGLWLRQV��VR\EHDQ�
FRQWDLQV�DSSUR[LPDWHO\��������SURWHLQ�FRQWHQW�DQG��������
RLO� FRQWHQW�� 6R\EHDQ� LV� WKH�PDLQ� QXWULHQW� IRU�PLOOLRQV� RI�
SHRSOH�ZRUOGZLGH� GXH� WR� LWV� KLJK� SURWHLQ� DQG� RLO� FRQWHQW�
�3RSRYLF� HW� DO��� ������ ������� $OVR�� OHJXPHV� DUH� VXSHULRU�
SUHYLRXV�FURSV��FRPSDUHG�WR�QRQ�OHJXPLQRXV�FURSV��EHFDXVH�
WKH\�¿[�DWPRVSKHULF�1��9\Q�HW�DO���������*�O�HW�DO��������

6R\EHDQ�GLYHUVLW\�LV�RI�JUHDW�LPSRUWDQFH�IRU�JURZHUV�WR�
DFKLHYH�KLJK�DQG�VWDEOH�\LHOGV�� �0DLQ�REMHFWLYH�RI�PRGHUQ�
DJULFXOWXUH� LV� WR� DFKLHYH� VXVWDLQDELOLW\� WKURXJK� KLJK�\LHOG�
YDULHWLHV�DQG�K\EULGV�WKDW�DUH�UHVLVWDQW�WR�GLVHDVHV��SHVWV�DQG�
RWKHU� DGYHUVH� HQYLURQPHQWDO� FRQGLWLRQV�� 7KHVH� YDULHWLHV�
ZHUH� REWDLQHG� XVLQJ� SODQW� EUHHGLQJ� PHWKRGV� EDVHG� RQ�
VHOHFWLRQ�� K\EULGL]DWLRQ�� DQG� JHQH� UHFRPELQDWLRQ� LQ� WKH�
DSSURSULDWH�JHQRW\SHV��7KH�PDLQ�WDUJHW�LQ�VR\EHDQ�EUHHGLQJ�
LV�\LHOG�LQFUHDVH�DQG�VWDELOLW\��1RYHO�YDULHWLHV�PXVW�DGDSW�WR�

GLIIHUHQW�JURZLQJ�FRQGLWLRQV�
6R\EHDQ�QHHGV���������PP�ZDWHU�GXULQJ�WKH�JURZLQJ�

SHULRG�� )RU� WKLV� UHDVRQ�� LW� VKRXOG� EH� UHPHPEHUHG� WKDW�
VR\EHDQ�IDUPLQJ�FRXOG�EH�GRQH�RQO\�E\�LUULJDWLRQ�DW�WKH�ORZ�
UDLQIDOO�DUHDV��/RZ�DLU�KXPLGLW\��HVSHFLDOO\�LQ�H[WUHPHO\�KRW�
DUHDV��DOVR�DGYHUVHO\�DIIHFWV�WKH�¿OOLQJ�RI�WKH�EHDQ�JUDLQV��
UHGXFLQJ�\LHOG��7KH�QHFHVVDU\�PRLVWXUH�PXVW�EH�SURYLGHG�
ZLWK�LUULJDWLRQ�LQ�GU\�ZHDWKHU�FRQGLWLRQV��)ORZHULQJ�DQG�SRG�
IRUPDWLRQ� DUH� PRVW� ZDWHU� QHHGHG� SHULRG� DPRQJ�
GHYHORSPHQWDO�VWDJHV�RI�VR\EHDQV����

,Q� VR\EHDQ� EUHHGLQJ�� VSHFLDO� DWWHQWLRQ� LV� SDLG� WR� WKH�
GHYHORSPHQW�RI�YDULHWLHV�FRQWDLQLQJ�KLJK�DPRXQWV�RI�SURWHLQ�
DQG�RLO�FRQWHQW�EHVLGHV�KLJK�DQG�VWDEOH�\LHOG��+ROOXQJ�HW�DO���
������9LGLF�HW�DO���������

:KHQ�WKH�XVDJH�DUHDV�RI�VR\EHDQV�DUH�H[DPLQHG��LW�ZLOO�
EH�SRVVLEOH�WR�VHH�WKH�ZLGH�UDQJH�RI�VR\EHDQV��6RPH�RI�WKHP�
DUH� GRXJK� SURGXFWV�� EDE\� IRRGV�� FRQIHFWLRQHU\� SURGXFWV��
QRQ�DOOHUJHQLF� PLON� DQG� PLON� SURGXFWV�� VSHFLDO� GLHWDU\�
SURGXFWV��6R\EHDQV�DUH�DOVR�LQGXVWULDO�SODQWV�LQ�WHUPV�RI�ERWK�
KXPDQ�KHDOWK�DQG�LQGXVWULDO�SURGXFWV����'XH�WR�WKH�KLJK�����
�����RLO�FRQWHQW�RI�VR\EHDQ�VHHGV��LW�LV�FODVVL¿HG�LQ�RLOVHHG�
SODQWV���.ROVDU�F��HW�DO����������$IWHU� WKH�RLO�RI�VR\EHDQ�LV�
VHSDUDWHG�IURP�WKH�VHHGV��WKH�UHVLGXXP�REWDLQHG�LV�RQH�RI�WKH�
LPSRUWDQW�UDZ�SURWHLQ�VRXUFHV�IRU�IHHGLQJ�DQLPDOV��<ÕOPD]�
DQG�(IH��������

�

���

$EVWUDFW

.H\ZRUGV��6R\EHDQ��<LHOG��'L\DUEDNÕU��*HQRW\SH��4XDOLW\��6HFRQG�&URS

��5HFHLYHG�����-XQH������������������������������$FFHSWHG�����$XJXVW������������������������������3XEOLVKHG�����6HSWHPEHU�������

,QWURGXFWLRQ���

5HVHDUFK�$UWLFOH
ZZZ�MDHIV�FRP-$()6

�&൴WH�WK൴V�DUW൴FOH�DV��
2]NDQ��5���%D\KDQ��0���$OED\UDN��2���.DUDDVODQ��'���<LOGLULP��0����������6HFRQG�FURS�SRWHQWLDO�RI�VR\EHDQ�OLQHV�IRU�'L\DUEDNÕU�ORFDWLRQ�RQ�WKH�
\LHOG�DQG�TXDOLW\���,QW��-��$JU൴F��(QY൴URQ��)RRG�6F൴������������������'2,��KWWSV���G[�GRL�RUJ����������MDHIV���������
<HDU�������9ROXPH����,VVXH�����6HSWHPEHU��3DJHV���������
$YD൴ODEOH�RQO൴QH�DW���KWWS���ZZZ�MDHIV�FRP���KWWS���GHUJLSDUN�JRY�WU�MDHIV�
&RS\U൴JKW���������,QWHUQDWLRQDO�-RXUQDO�RI�$JULFXOWXUH��(QYLURQPHQW�DQG�)RRG�6FLHQFHV��,QW��-��$JULF��(QYLURQ��)RRG�6FL���
7K൴V�൴V�DQ�RSHQ�DFFHVV�DUW൴FOH�G൴VWU൴EXWHG�XQGHU�WKH�WHUPV�RI�WKH�&UHDW൴YH�&RPPRQV�$WWU൴EXW൴RQ�����,QWHUQDW൴RQDO��&&�E\������/൴FHQVH

,QWHUQDW൴RQDO�-RXUQDO�RI
$JU൴FXOWXUH��(QY൴URQPHQW�DQG�)RRG�6F൴HQFHV

�H�,661������������ '2,�����������MDHIV����������

,QW�-�$JULF�(QYLURQ�)RRG�6FL���������������������

7KH�LPSRUWDQFH�RI�YHJHWDEOH�RLOV�DQG�RLOVHHGV��ZKLFK�KDYH�DQ�LPSRUWDQW�UROH�LQ�KXPDQ�QXWULWLRQ�DQG�PDQ\�EUDQFKHV�RI�
LQGXVWU\��LV�LQFUHDVLQJ�GD\�E\�GD\��6R\EHDQ�LV�RQH�RI�WKH�PRVW�LPSRUWDQW�LQGXVWULDO�SODQWV�LQ�WKH�ZRUOG��'HVSLWH�KDYLQJ�WKH�
PRVW�VXLWDEOH�DJULFXOWXUDO�ODQG�WR�FXOWLYDWH�VR\EHDQ��7XUNH\�PHHWV�WKURXJK�LPSRUWV�DOPRVW�DOO�RI�LWV�VR\EHDQ�QHHGV��7KH�
DLP� RI� WKLV� VWXG\� LV� WR� GHWHUPLQH� WKH� VXLWDELOLW\� RI� VR\EHDQ� JHQRW\SHV� DV� VHFRQG� FURS� SURGXFWLRQ� IRU� 'L\DUEDNÕU�
FRQGLWLRQV�� ,Q� WKLV� VWXG\�� .$����������� .$����������� ..0$������ .6$����� 6����������� 6���������� 6D����������
DGYDQFH�OLQHV�DQG�$UÕVR\��%OD]H��6$����%UDYR��$WDHP����8PXW������DQG�*$362<����YDULHWLHV�ZHUH�XVHG�DV�PDWHULDOV��
$FFRUGLQJ�WR�WKH�UHVXOWV�RI�WKH�UHVHDUFK��DYHUDJH�JUDLQ�\LHOG�RI�JHQRW\SHV�ZDV������W�KD�DQG�KLJKHVW�JUDLQ�\LHOG�ZDV�
REWDLQHG�IURP�*$362<����������W�KD��YDULHW\��IROORZHG�E\�6���������OLQH�������W�KD���7KH�ORZHVW�JUDLQ�\LHOG�YDOXH�ZDV�
REWDLQHG�IURP�8PXW������������W�KD��YDULHW\��$V�D�UHVXOW�RI�WKH�FRUUHODWLRQ�DQDO\VLV��D�SRVLWLYH�DQG�VLJQL¿FDQW�UHODWLRQVKLS�
ZDV�IRXQG�EHWZHHQ�JUDLQ�\LHOG�DQG�WKRXVDQG�JUDLQ�ZHLJKW��,W�LV�FRQFOXGHG�WKDW�*$362<����YDULHW\�DQG�6���������OLQH�
FDQ�EH�VXFFHVVIXOO\�JURZQ�DV�VHFRQG�FURS�LQ�'L\DUEDNÕU�SURYLQFH�



,Q� ������ ����PLOOLRQ� WRQV� RI� VR\EHDQ� SURGXFWLRQ�ZDV�
SURGXFHG� LQ� WKH�ZRUOG��6R\EHDQ� LPSRUWV� LQ� WKH�ZRUOG� DUH�
������PLOOLRQ�WRQV��VR\EHDQ�H[SRUWV�ZHUH�������PLOOLRQ�WRQV��
$FFRUGLQJ�WR�78,.��������GDWD��7XUNH\
V���������VR\EHDQ�
SURGXFWLRQ�DQG�PDUNHWLQJ�VHDVRQ�ZHUH�UHDOL]HG�����PLOOLRQ�
WRQV�RI�VR\EHDQ�LPSRUWV�DQG�����WKRXVDQG�WRQV�H[SRUWV���

����WRQV�RI�VR\EHDQV�ZHUH�SURGXFHG�LQ������KD�DUHDV�DW�
'L\DUEDNÕU�LQ�������78ø.���������:LWK�WKH�GHYHORSPHQW�RI�
LUULJDWLRQ�RSSRUWXQLWLHV�LQ�WKH�6RXWKHDVW�5HJLRQ�RI�7XUNH\��
FRWWRQ�� FRUQ� DQG� IUXLW� HQWHUHG� WKH� UHJLRQ�DQG� WKH� VR\EHDQ�
SODQW�� ZKLFK� LV� DQ� LPSRUWDQW� RLO� DQG� SURWHLQ� VWRUH�� KDV�
LPSRUWDQW�SURGXFWLRQ�SRWHQWLDO�DQG�DGYDQWDJH�LQ�WKH�UHJLRQ��
6R\EHDQ�ZLOO�HYHQWXDOO\�EHFRPH�DQ�DOWHUQDWLYH�WR�FRWWRQ�DQG�
FRUQ� ZLWK� JRYHUQPHQW� VXEVLGLHV� DQG� WKH� IDUPHU
V�
UHFRJQLWLRQ�� 6RPH� VR\EHDQ� JHQRW\SHV� �$WDHP���� %DWHP�
�����%DWHP������%DWHP������%DWHP������$WD������$WD�����
DQG������KDYH�XVHG�SUHYLRXVO\�FRQGXFWHG�UHVHDUFKV�LQ�WDUJHW�
UHJLRQ��6R\EHDQ�JHQRW\SHV�JDYH�KLJK�\LHOGV�LQ�'L\DUEDNÕU�
VHFRQG� FURS� FRQGLWLRQV� �.DUDDVODQ�� ������� � � ,Q� WKH� VWXG\�
FDUULHG�RXW�E\�(UELO�DQG�*�U��������LQ�RUGHU�WR�GHWHUPLQH�WKH�
SHUIRUPDQFH�RI�VRPH�DGYDQFHG�VR\EHDQ�OLQHV�LQ�ùDQOÕXUID�
VHFRQG� FURS� FRQGLWLRQV� E\� XVLQJ� SK\VLRORJLFDO� DQG�
PRUSKRORJLFDO� SDUDPHWHUV�� VXLWDEOH� JHQRW\SHV� ZHUH�
GHWHUPLQHG��

,Q� WKLV� VWXG\�� WKH� DGDSWDWLRQ� DELOLW\� DQG� SURGXFWLRQ�
VXLWDELOLW\� RI� VRPH� VR\EHDQ� JHQRW\SHV� RQ� 'L\DUEDNÕU�
FRQGLWLRQV�DV�WKH�VHFRQG�FURS�ZHUH�LQYHVWLJDWHG�

0DWHULDOV�DQG�0HWKRGV
7KLV� VWXG\� ZDV� FRQGXFWHG� DW� 'L\DUEDNÕU� LQ� ����� DQG�

GHVLJQHG� RI� FRPSOHWHO\� UDQGRPL]HG� EORFN� H[SHULPHQWDO�
GHVLJQ� ZLWK� WKUHH� UHSOLFDWHV�� (DFK� H[SHULPHQWDO� SORW�
FRQVLVWHG�RI�IRXU�URZV�ZLWK�����P�OHQJWK������P�LQWHUQDO��,Q�
WKH� UHVHDUFK�� .$����������� .$����������� ..0$������
.6$�����6�����������6����������6D����������DGYDQFHG�OLQHV�
DQG�$UÕVR\��%OD]H��6$�����%UDYR��$WDHP����8PXW������DQG�
*$362<���� VR\EHDQ� YDULHWLHV� ZHUH� XVHG�� 7KH� OLQHV� DUH�
LQFOXGHG� LQ� WKH� PLGGOH�HDUO\� JURXS� RI� VR\EHDQ� EUHHGLQJ�
DFWLYLWLHV�FDUULHG�RXW�E\�WKH�%ODFN�6HD�$JULFXOWXUDO�5HVHDUFK�
,QVWLWXWH�DQG�WKH�*$3�$JULFXOWXUDO�5HVHDUFK�,QVWLWXWH��

7KH�UHVXOWV�RI�VRPH�SK\VLFDO�DQG�FKHPLFDO�DQDO\VLV�RI�WKH�
VRLO�RI�WKH�H[SHULPHQW�DUHD�DW�)DFXOW\�RI�$JULFXOWXUH�RI�'LFOH�
8QLYHUVLW\�([SHULPHQW�6WDWLRQ�ZKHUH� WKH� H[SHULPHQW�ZDV�
FRQGXFWHG�DUH�JLYHQ�LQ�7DEOH����7KH�FOD\�FRQWHQW�RI�WKH�VRLOV�
LV� KLJK� DQG� KHDY\�� ,Q� DGGLWLRQ�� WKHUH� DUH� QR� VLJQL¿FDQW�
SUREOHPV�ZLWK�S+��VDOLQLW\�DQG�JURXQGZDWHU��7KH�VRLO�RI�WKH�
WULDO� DUHD� LV� ORZ� LQ� RUJDQLF�PDWWHU�� DONDOLQH� �S+� ����� DQG�
FOD\H\�

7KH� JHQRW\SHV� ZHUH� VRZQ� RQ� ��� -XQH� ����� ZLWK�
SQHXPDWLF�VRZLQJ�PDFKLQH��3ULRU�WR�VRZLQJ��SXUH���NJ�1�SHU�
GD� DQG� �� NJ� 3�2�� SHU� GD� ZHUH� JLYHQ�� $V� WRS� IHUWLOL]HU�
$PPRQLXP�QLWUDWH�LQ�WKH�IRUP�RI�SXUH���NJ�1�SHU�GD�ZDV�
DSSOLHG�� ,UULJDWLRQ� ZDV� FDUULHG� RXW� GXULQJ� WKH� WULDO� DV�
QHFHVVDU\�E\�GULS�LUULJDWLRQ��'XULQJ�WKH�JURZLQJ�SHULRG����
LUULJDWLRQ������PP�LQ�WRWDO��ZDV�SHUIRUPHG�DFFRUGLQJ�WR�WKH�
QHHGV�RI�WKH�SODQW�DQG�GULS�LUULJDWLRQ�PHWKRG�ZDV�DSSOLHG��
7KH�KDUYHVWLQJ�SURFHVV�ZDV�FDUULHG�RXW�RQ����2FWREHU�������

7KH�SODQWV�KDUYHVWHG�PDQXDOO\�IURP�WKH�PLGGOH�WZR�URZV�RI�
HDFK�SORW�ZHUH�SDVVHG�WKURXJK�WKH�WKUHVKLQJ�PDFKLQH��$IWHU�
WKH�VHHGV�ZHUH�GULHG�DQG�FOHDQHG��VHHG�\LHOG�SHU�KHFWDUH�ZDV�
FDOFXODWHG�

7KH�SURYLQFH�RI�'L\DUEDNÕU�KDV�D�FRQWLQHQWDO�FOLPDWH�DQG�
KDV�YHU\�KRW�DQG�GU\�VXPPHUV�DQG�FROG�DQG�UDLQ\�ZLQWHUV��
&OLPDWH�GDWD�IRU�WKH�WULDO�\HDU�DUH�JLYHQ�LQ�)LJXUH����,Q�������
WKH�PD[LPXP�UDLQIDOO�LQ�'L\DUEDNÕU�RFFXUUHG�LQ�1RYHPEHU��
'HFHPEHU�DQG�-DQXDU\��7KH�PLQLPXP�UDLQIDOO�RFFXUUHG�LQ�
-XQH��-XO\�DQG�$XJXVW��,Q�DGGLWLRQ��LQ�������WKH�PD[LPXP�
WHPSHUDWXUH� LQ�'L\DUEDNÕU�ZDV� UHDOL]HG� LQ� -XQH�� -XO\� DQG�
$XJXVW��7KH�PLQLPXP�WHPSHUDWXUH�ZDV� LQ�'HFHPEHU�DQG�
-DQXDU\�

,Q�WKLV�UHVHDUFK��SODQW�KHLJKW��¿UVW�SRG�KHLJKW�������JUDLQ�
ZHLJKW��JUDLQ�\LHOG��RLO�FRQWHQW��SURWHLQ�FRQWHQW�DQG�൴UU൴JDW൴RQ�
EDVHG�ZDWHU�XVH�HI¿F൴HQF\��:8(,U��ZHUH�LQYHVWLJDWHG��

,UULJDWLRQ�%DVHG�:DWHU�8VH�(I¿FLHQF\��:8( ���NJ���WRQ���,U

,UULJDWLRQ�EDVHG�ZDWHU�XVDJH�HI¿FLHQF\��:8( ���H[SUHVVHG�,U

DV�WKH�UDWLR�RI�WRWDO�JUDLQ�\LHOG�WR�WKH�DPRXQW�RI�LUULJDWLRQ�
ZDWHU�VXSSOLHG��ZDV�FDOFXODWHG�E\�WKH�IROORZLQJ�IRUPXOD�

�:8( �� �7*<���7$,:���7$5,U

�:8( ���,UULJDWLRQ�EDVHG�ZDWHU�XVH�HI¿FLHQF\��NJ���WRQ�,U

7*<��7RWDO�JUDLQ�\LHOG��NJ���P��
7$,:��7RWDO�DPRXQW�RI�LUULJDWLRQ�ZDWHU��WRQ���P��
7$5��7RWDO�DPRXQW�RI�UDLQ��WRQ���P��
$QDO\VLV� RI� YDULDQFH�� FRUUHODWLRQ� DQG� UHJUHVVLRQ�

DQDO\VLV��ZDV�SHUIRUPHG�LQ�WKH�-803������SDFNDJH�SURJUDP�

5HVXOWV�DQG�'LVFXVVLRQ
,Q�WKH�VHFRQG�FURS�VR\EHDQ�FXOWLYDWLRQ��YDULDQFH�DQDO\VLV�

YDOXHV� RI� VRPH� FKDUDFWHULVWLFV� RI� GLIIHUHQW� VR\EHDQ�
JHQRW\SHV�DUH�JLYHQ�LQ�7DEOH���DQG�WKH�UHVXOWLQJ�JURXSV�DUH�
JLYHQ�LQ�7DEOH����,W�FDQ�EH�REVHUYHG�WKDW�WKHUH�ZDV�VLJQL¿FDQW�
GLIIHUHQFH�DPRQJ�JHQRW\SHV�IRU�WKH�FKDUDFWHULVWLFV�RI�JUDLQ�
\LHOG��SODQW�KHLJKW��¿UV�SRG�KHLJKW�DQG�:8( ��7KXV�� WKHVH�,U

UHVXOWV� VKRZ� WKDW� WKHUH� LV� ZLGH� YDULDELOLW\� EHWZHHQ� WKH�
FXOWLYDUV��7DEOH����

3ODQW�+HLJKW��FP��� � � �+LJKHVW�SODQW�OHQJWK���������FP��
ZDV�REWDLQHG�IURP�6D����VR\EHDQ�OLQH�DQG�WKH�ORZHVW�SODQW�
OHQJWK� �������FP��ZDV�REWDLQHG� IURP�%OD]H�YDULHW\�� �2XU�
UHVXOWV�ZHUH�ORZHU�WKDQ�WKH�¿QGLQJV�RI�.DUDDVODQ��������DQG�
<HWJLQ� DQG� $UÕR÷OX� ������� UHSRUWHG� ����� ������ FP� DQG�
������������FP�SODQW�KHLJKW��UHVSHFWLYHO\�� �7KH�GLIIHUHQFHV�
LQ� SODQW� KHLJKW� YDOXH� RI� WKH� YDULHWLHV� PD\� EH� GXH� WR� WKH�
GLIIHUHQFHV�LQ�WKHLU�JHQHWLF�VWUXFWXUH��$UVODQ�DQG�,VOHU��������
LQ�WKHLU�VWXG\�VRZLQJ�IUHTXHQF\��VRZLQJ�WLPH��VRLO�PRLVWXUH�
DQG�SODQW�QXWULHQWV�KDYH�VWDWHG�WKDW�WKLV�FKDUDFWHU�LV�HIIHFWLYH��
)LQGLQJV�REWDLQHG�LQ�WKH�VWXG\��VR\EHDQ�SODQW�KHLJKW�YDOXH�RI�
���������� FP� 7D\\DU� DQG� *�O� ������� DQG� ���������� FP�
.DUDVX�HW�DO���������DQG�UHSRUWHG�WKDW�LW�ZDV������������FP�
7DQULYHUGL�HW�DO���������LV�VLPLODU�WR�WKH�¿QGLQJV��$V�D�PDWWHU�
RI� IDFW�� $UÕR÷OX� ������� VWDWHG� WKDW� SODQW� KHLJKW� PD\� EH�
EHWZHHQ��������FP�GHSHQGLQJ�RQ�WKH�GLIIHUHQFHV�LQ�SODQW�
JURZLQJ�WHFKQLTXHV�DQG�VRZLQJ�WLPH�*HQRW\SHV�ZLWK�SODQW�
KHLJKW�DERYH����FP�DQG�¿UVW�SRG�KHLJKW�DERYH����FP�VKRXOG�
EH�VHOHFWHG�IRU�PDFKLQH�KDUYHVW��<HWJLQ�DQG�$UÕR÷OX��������

'2,��KWWSV���G[�GRL�RUJ����������MDHIV�������������

7DEOH����6RLO�DQDO\VLV�UHVXOWV�RI�WKH�H[SHULPHQW�DUHD

���
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JURZLQJ�WHFKQLTXHV�DQG�VRZLQJ�WLPH��*HQRW\SHV�ZLWK�SODQW�
KHLJKW�DERYH����FP�DQG�¿UVW�SRG�KHLJKW�DERYH����FP�VKRXOG�
EH�VHOHFWHG�IRU�PDFKLQH�KDUYHVW��<HWJLQ�DQG�$UÕR÷OX��������

)LUVW�3RG�+HLJKW��FP�����8PXW������YDULHW\�KDG�KLJKHVW�
¿UVW� SRG� KHLJKW� ZLWK� ������ FP� DPRQJ� GLIIHUHQW� VR\EHDQ�
YDULHWLHV� XVHG� LQ� WKH� UHVHDUFK�� ZKLOH� WKH� ORZHVW� ¿UVW� SRG�
KHLJKW� ZDV� REWDLQHG�ZLWK� .$����������ZLWK� ����� FP�� ,Q�
VR\EHDQ�DJULFXOWXUH��WKH�¿UVW�SRG�KHLJKW�LV�UHTXLUHG�WR�EH�KLJK�
LQ� RUGHU� WR�PLQLPL]H� KDUYHVW� ORVVHV� �<HWJLQ� DQG�$UÕR÷OX��
�������,W�ZDV�QRWHG�WKDW�WKHUH�ZHUH�VLJQL¿FDQW�GLIIHUHQFHV�
EHWZHHQ�YDULHWLHV� LQ� WHUPV�RI�¿UVW� SRG�KHLJKW� LQ� GLIIHUHQW�
VWXGLHV� FRQGXFWHG� LQ� GLIIHUHQW� UHJLRQV� RI� 7XUNH\�� ,Q� WKH�
VLPLODU�DGDSWDWLRQ�VWXGLHV��WKH�¿UVW�SRG�KHLJKW�ZDV�FKDQJHG�
EHWZHHQ� ��������� FP� �.DUDDVODQ�� ������� ���������� FP�
�7D\\DU�DQG�*�O������������������FP��7DQUÕYHUG൴�HW�DO���������
DQG����������FP����&DOLVNDQ�DQG�$ULRJOX��������7KH�¿QGLQJV�
RI� WKH� UHVHDUFKHUV� DUH� D� OLWWOH� ELW� KLJKHU� WKDQ� WKH� YDOXHV�
��REWDLQHG�LQ�RXU�VWXG\��,Q�RUGHU�WR�PLQLPL]H�KDUYHVW�ORVVHV��
¿UVW� SRG� KHLJKW� LV� DQ� LPSRUWDQW� IHDWXUH� WKDW� VKRXOG� EH�
FRQVLGHUHG��

7KRXVDQG� *UDLQ�:HLJKW� �J��� � 7KH� KLJKHVW� YDOXH� ZDV�
REWDLQHG� IURP� .$���������� OLQH� ZLWK� ������� J� DQG� WKH�
ORZHVW�YDOXH�ZDV�IROORZHG�E\�%UDYR�YDULHW\�ZLWK�������J��
WKRXVDQG�JUDLQ�ZHLJKW�LV�DQ�LPSRUWDQW�IHDWXUH�WKDW�DIIHFWV�WKH�
\LHOG�DQG�WKH�JHQHWLF�VWUXFWXUH�RI�YDULHWLHV�DQG�LV�IRUPHG�E\�
WKH�HIIHFW�RI�HQYLURQPHQWDO�FRQGLWLRQV��2XU�¿QGLQJV�ZHUH�
VLPLODU�WR�WKH�GDWHV�RI�.DUDDVODQ����������<HWJLQ�DQG�$UÕRJOX��
��������<DYHU�DQG�3DVKD���������$NWDú�HW�DO�����������6|÷�W�
HW�DO����������6|÷�W�HW�DO���������LQ�WHUPV�RI�D�WKRXVDQG�JUDLQ�
ZHLJKW�

*UDLQ�<LHOG��W�KD���6WDWLVWLFDOO\�VLJQL¿FDQW�GLIIHUHQFH�ZDV�
IRXQG�DPRQJ�GLIIHUHQW�VR\EHDQ�JHQRW\SHV�IRU�VHHG�\LHOG�SHU��

KHFWDUH� �7DEOH� ���� 7KH� KLJKHVW� \LHOG� ZDV� REWDLQHG� IURP�
*$362<����������W�KD��YDULHW\��LW�LV�IROORZHG�E\�6���������
OLQH� ������ W�KD��� 7KH� ORZHVW� \LHOG� YDOXH� ������ W�KD�� ZDV�
REWDLQHG�IURP�8PXW������YDULHW\��2XU�UHVXOWV�ZHUH�KLJKHU�
WKDQ�WKH�¿QGLQJ�RI�.DUDDVODQ��������ZKR�ZDV�ZRUNLQJ�LQ�
VHFRQG�FURS�FRQGLWLRQV�RI�'L\DUEDNLU�FRQGLWLRQ��7KH�DYHUDJH�
VHHG�\LHOG�RI�YDULHWLHV�DW�VDPH�VWXG\�ZDV�FKDQJHG�IURP������
W�KD��FY��%DWHP������WR������W�KD��FY��$WDHP�����$NWDú��������
ZKR� ZRUNHG� ZLWK� GLIIHUHQW� VR\EHDQ� JHQRW\SHV� DW� VDPH�
ORFDWLRQ�KDG�WKH�KLJKHVW�JUDLQ�\LHOG�IURP�%OD]H�JHQRW\SHV�

�ZLWK� ����� W�KD ZKLOH� ORZHVW� YDOXHV� EHORQJHG� WR� (UHQVR\�
YDULHW\� ZLWK� ����� W�KD� $YHUDJH� VR\EHDQ� VHHG� \LHOG� ZDV�
UHSRUWHG�DV������W�KD�XQGHU�WKH�FRQGLWLRQV�RI�6DQOLXUID��(UELO�
DQG� *�U�� ������� $FDU� �������� LQ� RUGHU� WR� GHWHUPLQH� WKH�
SHUIRUPDQFHV� RI� VRPH� VR\EHDQ� YDULHWLHV� DV� WKH�PDLQ� DQG�
VHFRQG�FURS�LQ�.DKUDPDQPDUDú�HFRORJLFDO�FRQGLWLRQV��XVHG�
��� YDULHWLHV�� 6HHG� \LHOG� LQ� WHUPV� RI� WKH� PDLQ� SURGXFW�
(5(162<�������W���KD���%/$=(�������W���KD���&,162<�������
W���KD���,Q�WKH�VHFRQG�SURGXFW�6$���������W���KD���$7$(0���
������W���KD���0$<������������W���KD��GHWHUPLQHG�WKDW�WKH�KLJK�
YDOXH� YDULHWLHV�� .DUDNXV� HW� DO�� �������� +DUUDQ� HFRORJLFDO�
FRQGLWLRQV� DV� WKH�PDLQ� SURGXFW� DQG� VHFRQG� FURS� DV� VRPH�
VR\EHDQ�OLQHV�DQG�YDULHWLHV�KDYH�PDGH�D�VWXG\�WR�GHWHUPLQH�
WKH�\LHOG�DQG�\LHOG�FRPSRQHQWV��$W�WKH�HQG�RI�WKH�VWXG\��LW�ZDV�
GHWHUPLQHG�WKDW�VHHG�\LHOG�ZDV�EHWZHHQ�����������W���KD�LQ�WKH�
PDLQ�FURS�WULDO�DQG�VHHG�\LHOG�ZDV�EHWZHHQ�������������W���KD�
LQ�WKH�VHFRQG�FURS�WULDO�

2LO�&RQWHQW������ �7KH�KLJKHVW�RLO�FRQWHQW�ZDV�REWDLQHG�
IURP� 6D����ZLWK� ������� DQG� WKH� ORZHVW� RLO� FRQWHQW� ZDV�
REWDLQHG� IURP� %OD]H� YDULHW\� ZLWK� ������� �7DEOH� ����
.DUDDVODQ���������UHSRUWHG�WKDW�WKH�DYHUDJH�RLO�FRQWHQW�RI�WKH�
YDULHWLHV� UDQJHG� EHWZHHQ� ������ �$WD������ DQG� ������
�%DWHP������DQG�RLO�FRQWHQW�ZDV�LQÀXHQFHG�IURP�JHQRWSH�[�
HQYLURQPHQW� LQWHUDFWLRQV��$NWDú�HW�DO�� �������REWDLQHG�WKH�
ORZHVW�YDOXH�LQ�(UHQVR\�YDULHW\�����������ZKLOH�WKH�KLJKHVW�
RLO� FRQWHQW� ZDV� REWDLQHG� IURP�$WDHP��� YDULHW\� ���������
<HWJLQ� DQG� $UÕR÷OX� ������� UHSRUWHG� WKDW� WKH� KLJKHVW� RLO�
FRQWHQW�ZDV�REWDLQHG�IURP�6�±������ZLWK��������DQG�WKH�
ORZHVW�RLO�FRQWHQW�ZDV�REWDLQHG�IURP�+$���±���OLQH�ZLWK�
��������.DQ�HW�DO����������LQ�WKHLU�VWXG\�WR�GHWHUPLQH�WKH�
\LHOG�DQG�TXDOLW\�FKDUDFWHULVWLFV�RI�VRPH�VR\EHDQ�JHQRW\SHV�
LQ�&HQWUDO�$QDWROLD�5HJLRQ�HFRORJLFDO�FRQGLWLRQV��LQ�WHUPV�RI�
RLO� FRQWHQW� %'6��� DQG� $7$.øùø� ������ YDULHWLHV� KDYH�
GHWHUPLQHG�WKDW�WKH\�KDYH�KLJK�YDOXH�

3URWHLQ�&RQWHQW�������7KH�KLJKHVW�SURWHLQ�FRQWHQW�DPRQJ�
VR\EHDQ�JHQRW\SHV�ZDV�REWDLQHG�IURP�6����������OLQH�ZLWK�
��������IROORZHG�E\�..0$�����VR\EHDQ�OLQH�ZLWK��������
�7DEOH�����7KH�ORZHVW�SURWHLQ�FRQWHQW�ZDV�REWDLQHG�IURP�6D�
���YDULHW\�ZLWK���������7KH�GLIIHUHQFH�EHWZHHQ�WKH�YDULHWLHV�
IRU� SURWHLQ� FRQWHQW� PXVW� EH� DIIHFWHG� E\� JHQRW\SLF�
GLIIHUHQFHV���2XU�¿QGLQJV�DUH�FRQVLVWHQW�ZLWK�SURWHLQ�FRQWHQW�

���

,QW�-�$JULF�(QYLURQ�)RRG�6FL�����������������������

)LJXUH����6RPH�FOLPDWLF�GDWD�RI�'L\DUEDNÕU�IRU�����

7DEOH����$QDO\VLV�RI�YDULDQFH�LQ�WKH�WUDLWV�HYDOXDWHG�LQ�¿HOG
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7DEOH����0HDQ�YDOXHV�RI�VRPH�FKDUDFWHULVWLFV�RI�GLIIHUHQW�VR\EHDQ�JHQRW\SHV

¿QGLQJV�RI�.DUDDVODQ���������$NWDú�HW�DO�����������<HWJLQ�DQG�
$UÕR÷OX���������.DQ�HW�DO����������LQ�WKHLU�VWXG\�WR�GHWHUPLQH�
WKH� \LHOG� DQG� TXDOLW\� FKDUDFWHULVWLFV� RI� VRPH� VR\EHDQ�
JHQRW\SHV�LQ�&HQWUDO�$QDWROLD�5HJLRQ�HFRORJLFDO�FRQGLWLRQV��
LQ�WHUPV�RI�FUXGH�SURWHLQ�UDWLR�$5,62<��129$�DQG�h67h1�
������YDULHWLHV�KDYH�GHWHUPLQHG�WKDW�WKH\�KDYH�KLJK�YDOXH�

,UULJDWLRQ�%DVHG�:DWHU�8VH�(I¿FLHQF\��:8( ���NJ���WRQ�����,U

2Q�WKH�EDVLV�RI�JHQRW\SHV��WKH�KLJKHVW�:8(,U�YDOXHV�ZHUH�
*$362<����������NJ���WRQ���6���������������NJ���WRQ���ZKLOH�

WKH�ORZHVW�:8(,U�YDOXHV�ZHUH�8PXW������������NJ���WRQ��
�7DEOH� ���� � ,Q� ¿HOG� FRQGLWLRQV�� GLIIHUHQFHV� LQ� ZDWHU� XVH�
DFWLYLWLHV�RI�SODQWV�DUH�GXH�WR�GLIIHUHQW�HQYLURQPHQWDO�IDFWRUV�
VXFK� DV� ZHDWKHU� FRQGLWLRQV�� VRZLQJ� GDWHV�� JHQHWLF�
FKDUDFWHULVWLFV��VXUIDFH�ÀRZ��GUDLQDJH�DQG�GLIIHUHQW�DPRXQWV�
RI�LUULJDWLRQ��*UHHQZRRG�YG���������

&RUUHODWLRQ� FRHI¿FLHQWV� ZHUH� FDOFXODWHG� EHWZHHQ� WKH�
PHDVXUHG�FKDUDFWHUV�RI�VR\EHDQ�JHQRW\SHV�DQG�WKH�UHVXOWV�
ZHUH�JLYHQ�LQ�7DEOH���

7DEOH����&RUUHODWLRQ�DQDO\VLV�DPRQJ�LQYHVWLJDWHG�WUDLWV

:KHQ� WKH� FRUUHODWLRQ� UHODWLRQVKLSV� DPRQJ� VR\EHDQ�
JHQRW\SHV�ZHUH�H[DPLQHG��SRVLWLYH�DQG�VLJQL¿FDQW�UHODWLRQ�
ZHUH�IRXQG�EHWZHHQ�¿UVW�SRG�KHLJKW�DQG�SODQW�KHLJKW��U� �
��������JUDLQ�\LHOG�DQG�WKRXVDQG�VHHG�ZHLJKW�����������
3URWHLQ�FRQWHQW�ZDV�QHJDWLYHO\�FRUUHODWHG�ZLWK��SODQW�KHLJKW���
RLO�FRQWHQW�DQG� �¿UVW�SRG�KHLJKW�� �6ÅùÊW�HW�DO���������ZHUH�
IRXQG�VLJQL¿FDQW�DQG�SRVLWLYH� UHODWLRQVKLSV�EHWZHHQ�\LHOG�
DQG�KDUYHVW�LQGH[��SODQW�KHLJKW�DQG�KHLJKW�RI�¿UVW�SRGV��DV�D�
UHVXOW�RI�WKH�FRUUHODWLRQ�DQDO\VLV�EHWZHHQ�WKH�FKDUDFWHULVWLFV�
H[DPLQHG�LQ�WKHLU�VWXG\�LQ�WKH�dXNXURYD�UHJLRQ��,VOHU�DQG�
&DOLVNDQ��������IRXQG�D�VLJQL¿FDQW�DQG�SRVLWLYH�UHODWLRQVKLS�
EHWZHHQ�JUDLQ�\LHOG�SHU�GHFDUH�DQG�VHHG�\LHOG�SHU�SODQW�DW�D�
OHYHO� RI� ��� LQ� D� VWXG\� FRQGXFWHG� LQ� WKH�*$3� UHJLRQ�� ,Q�
DGGLWLRQ�� WKH\� REVHUYHG� VLJQL¿FDQW� UHODWLRQVKLSV� EHWZHHQ�
SODQW�KHLJKW�DQG�¿UVW�SRG�KHLJKW��¿UVW�SRG�KHLJKW�DQG�QXPEHU�
RI� EUDQFKHV�� SODQW� \LHOG� DQG� ����VHHG� ZHLJKW�� ZKLOH�
FRUUHODWLRQV�ZHUH�QHJDWLYH� �EHWZHHQ�KDUYHVW�LQGH[�DQG�¿UVW�
SRGV�KHLJKW�DQG�QXPEHU�RI�EUDQFKHV��

7KH�UHVXOWV�RI�WKH�UHJUHVVLRQ�DQDO\VLV�RI�WKH�JUDLQ�ZHLJKW���
VHHG�\LHOG�DQG�SODQW�KHLJKW� ��SURWHLQ�FRQWHQW�DUH�JLYHQ� LQ�
)LJXUH����DQG�)LJXUH����UHVSHFWLYHO\�

*UDLQ�\LHOG�LV�D�OLQHDU�LQFUHDVH�GHSHQGLQJ�RQ�WKH�ZHLJKW�
RI� D� WKRXVDQG� JUDLQ� ZHLJKW� �5�  � ����� \�  � ���������� ��

���������[�� �)LJXUH� ����� SURWHLQ� FRQWHQW� LV� LQ� D� OLQHDU�
GHFUHDVH�GHSHQGLQJ�RQ�SODQW�KHLJKW��5� ������\� �����������
�����������[�� �)LJXUH�����7KHUHIRUH��JHQRW\SHV�ZLWK�KLJK�
JUDLQ�ZHLJKW�DQG�PHGLXP�SODQW�KHLJKW�VKRXOG�EH�FRQVLGHUHG�
LQ�WKH�VHOHFWLRQ�RI�YDULHWLHV�

)LJXUH����*UDLQ�\LHOG��W�KD����WKRXVDQG�JUDLQ�ZHLJKW��J��
UHJUHVVLRQ�UHODWLRQVKLSV
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&RQFOXVLRQ
$V�D�UHVXOW��*$362<����YDULHW\�DQG�6���������OLQH�ZLOO�

EH� VXLWDEOH� DW� WKH� EDVLV� RI� \LHOG� LQ� VHFRQG� FURS� VR\EHDQ�
FXOWLYDWLRQ� DW� 'L\DUEDNÕU� ORFDWLRQ�� 7KHVH� JHQRW\SHV� DOVR�
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UHVXOWV�� VDWLVIDFWRU\� LQFRPH� IRU� IDUPHUV� FDQ� EH� REWDLQHG�
XQGHU� WKH� VHFRQG� FURS� FRQGLWLRQV� RI�'L\DUEDNÕU� E\� XVLQJ�
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VR\EHDQ�FXOWLYDWLRQ�FRXOG�EH�DSSOLHG�SUR¿WDEO\���

,Q�RUGHU�WR�IXOO\�GHPRQVWUDWH�WKH�DGYDQWDJHV�RI�VHFRQG�
FURS� VR\EHDQ� SURGXFWLRQ�� LW�ZRXOG� EH� XVHIXO� WR� FDUU\� RXW�
VWXGLHV�FRPSDULQJ�HFRQRPLF�DQDO\VLV�ZLWK�RWKHU�¿HOG�FURSV��
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> @�*RRJOH�6FKRODU
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Food security is a major concern of the world in the context of increasing population, changing climate and de-

clining scarce natural resources. Reducing food loss is equally important as increasing food production and pro-

ductivity to feed the world, where 9.7 billion inhabitants were expected by 2050. Food loss can occur at several 

points along the food chain, however, harvest loss at the farm level is often overlooked which is directly impacting 

on sustainability. The paper attempts to estimate harvest loss at the farm level. A household survey was executed 

in 300 households from ten sample districts across Nepal. The percentage of harvest loss at the farm level was cal-

culated for each crop grown as per - the season, plot and priority. Likewise, the multiple regression was executed 

WR�GHWHUPLQH�WKH�OHYHO�RI�LQÀXHQFH�RI�WKH�VRFLR�HFRQRPLF�IDFWRUV�RQ�WKH�SRVW�KDUYHVW�ORVV�DW�WKH�IDUP�OHYHO�IRU�WKH�
major crops. The mean harvest loss at the farm level found around 5 percent for the reported crops. The multiple 

UHJUHVVLRQ�PRGHO�GHPRQVWUDWHG�WKDW�DW�WKH�IDUP�OHYHO��VRFLR�HFRQRPLF�IDFWRUV�PLJKW�KDYH�D�VPDOOHU�LQÀXHQFH�RQ�
harvest loss as compared to physical and biological contributing factors. Nevertheless, reducing the post-harvest 

loss will increase food availability and thus the food security.
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Abstract 
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Introduction 

)RRG�SURGXFWLRQ�LV�D�VLJQL¿FDQW�UHVRXUFH�FRQVXPLQJ�IXQF-
tion (Wohner, Pauer, Heinrich, & Tacker, 2019). Consequent-

ly, to feed the ever-increasing population, the reduction of 

food loss is as equally important as increase production and 

productivity. Approximately 3.3 billion metric tons of carbon 

dioxide, 250 cubic kilometers of freshwater and 1.4 billion 

hectare land are few resources among several other used to 

produce food, which is never consumed (Wohner, Pauer, 

Heinrich, & Tacker, 2019), and it has environmental and 

socio-economic impacts (Vilarino, Franco, & Quarrington, 

2017). 

Food loss is getting the heart of discussion around the 

world. However, a general consensus has not been achieved 

ZKLOH� GH¿QLQJ� IRRG� ORVV� �9LODULQR�� )UDQFR��	�4XDUULQJWRQ��
2017). It is also differently referred to in the literature – 

“post-harvest food losses”, “post harvest food losses”, “food 

loss and waste”, or “postharvest food losses” (Global Strate-

gy, 2015). It is estimated that one-third of produced food nev-

er been consumed while around one billion people are hungry 

at the global level (FAO, 2019). Food loss occurs at several 

points (Chen, Wu, Shan, & Zang, 2018) along the long food 

FKDLQ�±�LQ�WKH�IDUPHUV¶�¿HOG��LQ�WKH�SURFHVVLQJ�LQGXVWU\��LQ�WKH�
distribution channel and the consumer homes (Borma, 2017). 

However, on the one hand, farm-level losses are often over-

looked (Johnson, et al., 2018). On the other hand, the world 

is committed to ending hunger by 2030 under the Sustainable 

Development Goals (SDGs) (UN, 2018). More importantly, 

reducing food loss and waste is crucial to meet SDG 2 (End-
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ing Hunger) and SDG 12 (Ensuring sustainable consumption 
and production patterns) (FAO, 2019). 

The food system is under pressure of rapid population 
growth, decline productivity, increasing scarcity of natural 
resources and increasing diversion of agriculture products 
to the production of biofuel (McKenzie, Singh-Peterson, & 
Underhill, 2017). The world is anticipating 9.7 billion inhab-
itants by 2050 (UN, 2015). Moreover, developing countries 
have greater challenges in reducing food loss before reach-
ing consumers (Wohner, Pauer, Heinrich, & Tacker, 2019). 
Post-harvest losses are the main causes of food insecurity in 
developing countries (Manandhar, Milindi, & Shah, 2018). 
A consensus can be observed that the reduction of food loss 
greatly contributes to enhancing food security, strengthening 
the sustainability of the food system and lowering economic 
costs (Vilarino, Franco, & Quarrington, 2017). 

Spoilage of food may occur due to technical, manageri-
DO�DQG�RU�¿QDQFLDO�FRQVWUDLQWV��0DQDQGKDU��0LOLQGL��	�6KDK��
2018) in production, processing, distributing and storing 
IXQFWLRQV��)RRG�ORVV�FDQ�EH�YHU\�VSHFL¿F�IRU�HDFK�SURGXFW�DQG�
VXSSO\�FKDLQ�EXW�DOVR�JHW�LQÀXHQFHG�E\�VHYHUDO�RWKHU�IDFWRUV�
(Verma, Plaisier, van Wagenberg, & Achterbosch, 2019). It 
is affected by several factors – physical factors (temperature, 
moisture and oxygen), biological factors (insect, rodent and 
mold) and socioeconomic factors (farmers’ family size, land-
holding size, grain storage duration, off-farm income, road 
accessibility, market price of grain and grain safety during 
storage) (Manandhar, Milindi, & Shah, 2018). Further, it can 
be expanded to socioeconomic, biological and/or microbio-
logical, chemical or biochemical, mechanical and environ-
mental factors (Global Strategy, 2015).

Estimation of food loss has many uncertainties (Vilarino, 
Franco, & Quarrington, 2017). However, it is estimated that 
around 30 percent of global food loss occurs at the produc-
tion stage, 20 percent at the post-harvest stage and 35 percent 
at the consumption stage (Vilarino, Franco, & Quarrington, 
2017). From the caloric perspective, loss in cereal has the top 
position (53%) followed by roots, tuber (14%), fruits, and 
vegetables (13%), however, fruits and vegetables are at the 
top (44%) considering the rate of food loss (Vilarino, Franco, 
& Quarrington, 2017).  

The SDG Indicator 12.3.1 (Global food losses) has two 
components – (a) Food Loss Index and (b) Food Waste Index, 
and is a Tier II, which means it still demands more work and 
adoption by member countries (FAO, 2019b). Food loss is the 
ORVV�DORQJ�WKH�¿HOG�WR�WKH�SODWH�RI�FRQVXPHUV�DQG�IRRG�ZDVWH�
is the loss from the consumers’ plate. 

Reducing food loss is of special importance for developing 
countries like Nepal due to several reasons. Around two-third 
population are engaging in agriculture which produces 27.2 
percent of the Gross Domestic Product (GDP) (MoF, 2018) 
and prevalence of the multidimensional poverty is 28.6% in 
Nepal (NPC, 2018). 

The paper attempts to document and to estimate food loss 
in Nepal. Researches on food loss are very limited in Nepal. 
Few works have been done on selected commodities at a spe-
FL¿F�ORFDOLW\��0DMRULW\�RI�UHVHDUFKHV�DUH�IRFXVHG�RQ�HLWKHU�VSH-

FL¿F� GLVHDVH�SHVW� RU� W\SHV� RI� WKH� VWRUDJH� V\VWHP� �%KDQGDUL��
Achhami, Karki, Bhandari, & Bhandari, 2015; Manandhar & 
Mainali, 2000; Paneru, Duwadi, Khanal, & Bhandari, 1996; 
Paneru, Poudel, & Thapa, 2018). 

Meterials and Methods 

Food loss has been generally categorized into two types – 
qualitative and quantitative. The qualitative food loss refers 
to the degradation of food qualities – taste, appearance and 
nutritional value (Global Strategy, 2015). On the other hand, 
quantitative food loss refers to a decline in food volume or 
quantity. It can be studied by different methods. They are – 
(a) general baseline survey, (b) probability sample survey, (c) 
H[SHULPHQWDO�GHVLJQV�±�¿HOG�WUDLOV��DQG��G��PXOWLYDULDWH�OLQHDU�
UHJUHVVLRQ�¿WWLQJ��*OREDO�6WUDWHJ\���������

This study focuses on quantitative food loss and food 
loss is considered as all kind of losses at farm level after har-
vesting – that is neither consumed nor sold from the farm. 
Purposive sampling of districts was done to make the sample 
as representative as possible considering resource constraint. 
Nepal is geographically diverse and thus has greater agro-bio-
diversity and farming systems (GC & Ghimire, 2018; GC & 
Yeo, 2019). Nepal produces several kinds of cereals, fruits, 
and vegetables. However, rice, wheat, and maize are the most 
consumed staple cereal in the world (Manandhar, Milindi, & 
Shah, 2018) and also in Nepal. Therefore, instead of crop-spe-
FL¿F�VXUYH\��D�JHQHUDO�VXUYH\�KDV�EHHQ�FDUULHG�RXW�IURP�UDQ-
domly selected 300 households from 10 sampling districts in 
2015.

The farming practices were recorded using a structured 
questionnaire. Food loss was taken as quantity loss in the past 
year based on respondent’s reporting instead of physical mea-
surement. The percentage of food loss was calculated from 
the quantity of post-harvest loss and quantity harvested. The 
equation (1) was used to calculate percentage food loss for an 
individual farming household.

Percentage Food Loss (FLP) =  ........ (1)
Where, QL = Quantity food lost, QH = Quantity harvest-

ed, and the subscript “a” = crop.
The percentage of Food Loss (FLP) was calculated for 

each season (winter and summer), each plot (single largest 
plot and additional plots) and each priority of crop (primary 
crop and secondary crop). 

7KH�PHDQ�KDUYHVW�ORVV�ZDV�HVWLPDWHG�D�FRQ¿GHQFH�LQWHUYDO�
by using STATA command “mean”.

Regression analysis was executed for the major crops to 
determine the socio-economic factors affecting food loss. The 
generalized equation for regression analysis is given in equa-
tion (2).

3&B)RRG/RVV� �Į�ȕ;Lڙ��«««««««««������
Where, PC_FoodLoss = Percentage of Food Loss on a 

crop reported from individual farming household
� Į� �LQWHUFHSW�RI�WKH�HTXDWLRQ
� ȕ� �D�PDWUL[�RI�FRHI¿FLHQW�IRU�HDFK�LQGHSHQGHQW�YDUL-

ables
� ;L� �PDWUL[�RI�LQGHSHQGHQW�YDULDEOHV�
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� �HUURU�WHUP �ڙ
Selection of independent variable is crucial for any regres-

sion model. Food loss is affected by several factors – physical 
factor (temperature, moisture and oxygen), biological factor 
(insect, rodent and mold) and socioeconomic factor (farmers’ 
family size, land holding size, grain storage duration, off-farm 
income, road accessibility, market price of grain and grain 
safety during storage) (Manandhar, Milindi, & Shah, 2018). 
However, for the study, we have considered only socio-eco-
nomic characteristics of farming households. Paneru, et al 
(2018) also used several socio-economic variables including 
farming area, education, occupation and household size to 
estimate food loss. The description of variables used for the 
regression analysis has been presented in Table 1.

The data analysis was carried out using STATA software. 
To select the appropriate variables, the stepwise command 
ZDV�HPSOR\HG�DQG�WKH�¿QDO�PRGHO�ZDV�REWDLQHG�

Results and Discussion 

The food loss on the major crops the farm level was cal-
culated for each season (winter and summer), each plot (sin-
gle largest plot and additional plots) and each priority of crop 
(primary crop and secondary crop). 

Postharvest loss of major crops
Rice, maize, wheat, potato, mustard, cabbage and lentils 

were found the major crop growing by the farmers in the 
surveyed districts of Nepal. For convenience, the annualized 
mean percentage of the harvest loss for those crops were cal-
culated. The highest post-harvest food loss at the farm level 
was found for mustard and lentil. However, the lowest was 
found for potato. The mean harvest loss at the farm level 
for rice, wheat, maize, potato, mustard, cabbage and len-
til was found 3.24±0.44, 4.88±1.11, 4.00±1.18, 3.01±0.87, 
5.18±1.52, 4.76±1.55 and 5.18±1.19 percent respectively. 
The detail with observation has been presented in Table 2. 

Moreover, the average weighted mean of harvest loss at 
the farm level for cereal was found 3.94 percent. Under the 
cereal group, rice, wheat and maize – both summer and winter 
were categorized. The graphical presentation of annual mean 
postharvest loss at the farm level was presented in Figure 1.

Percentage of food loss for winter season (S1) crops
Wheat, potato, mustard and maize were found the major 

winter season crop in Nepal. Table 3 provides the detail of the 
food loss at the farm level for winter crops from the single 
ODUJHVW�SORW�DV�WKH�¿UVW�SULRULW\�FURS��7KH�DYHUDJH�SHUFHQWDJH�
harvest loss on wheat, potato, mustard and maize were found 
5.40, 2.00, 3.38 and 2.99 respectively. However, the median 
harvest loss was found 0.60, 0.00, 0.00, and 0.98 percent for 
wheat, potato, mustard and maize respectively. Among these 
crops, wheat was found the most commonly grown crop, 
which was produced by 105 households as a primary crop in 
the single largest plot. 

Potato, lentil, cabbage and mustard were found the popu-
lar crop, which was grown in the winter season in the single 
largest plot as the second choice after the crops described in 
Table 3. The highest loss was reported for cabbage and the 
lowest was reported for potato. Average percentage harvest 

loss at the farm level for potato, lentil, cabbage and mustard 
was found 4.23, 5.78, 7.03 and 5.71 respectively. However, 
the median value was found 0.00 percent for all crops under 
this category. Table 4 presents the detail under this condition.

Wheat, potato, mustard and lentil were the top choice of 
farmers in the winter season for additional plots. Table 5 pres-
ents the detail on harvest loss on the crops from the additional 
plots as the primary crop. The highest post-harvest loss was 
reported for mustard and the lowest post-harvest loss was re-
ported for potato. The average percentage of harvest loss on 
wheat, potato, mustard and lentil was found 3.46, 2.84, 9.13 
and 3.90 respectively. However, the median values were ob-
served at 0.00 percent except for Mustard (1.52 percent).

Lentil, potato and mustard were found popular second 
choices for the winter crop in additional plots. The highest 
percentage of post-harvest loss was reported for lentil and the 
lowest post-harvest loss was reported for potato. The average 
percentage of harvest loss on lentil, potato and mustard was 
found 5.73, 1.86 and 5.66 respectively. However, the median 
value was found 0.00 percent for lentil and potato and 1.14 
percent for mustard. The detail has been presented in Table 6.

Percentage of food loss for summer season (S2) crops
Rice (or paddy), maize and cabbage were found the most 

dominating crops in the summer season in the single largest 
plot. Around 60 percent farmers were found planting rice 
LQ�WKH�VXPPHU�VHDVRQ�DV�WKH�¿UVW�FKRLFH�FURS�LQ�WKHLU�VLQJOH�
largest plot. The highest percentage of post-harvest loss was 
reported for maize and the lowest percentage of post-harvest 
loss was reported for cabbage. The average percentage of the 
harvest loss in rice, maize and cabbage was found 3.26, 2.88 
and 0.94 respectively. However, the median value was ob-
served 0.00 except for rice (1.04 percent). The detail has been 
presented in Table 7.

Except for rice and maize, other crops were not found sig-
QL¿FDQWO\�JURZLQJ�GXULQJ�WKH�VXPPHU�VHDVRQ�LQ�WKH�DGGLWLRQDO�
plots as a primary choice. The post-harvest loss for rice and 
maize were reported almost similar. The average percentage 
loss of the harvest at farm level was found 2.38 and 1.59 for 
rice and maize respectively. The median value was found 0.00 
percent for both rice and maize under this condition. The de-
tail has been presented in Table 8.

Estimation of harvest loss by Multiple Regression 
Analysis

To determine the determinants of the post-harvest loss of 
the crops, a multiple regression analysis was executed. The 
multiple regression analysis will enable to quantify the effect 
of several variables on the post-harvest loss. 

Table 9 presents the result of the multiple regression model 
for post-harvest loss for rice, wheat, maize, potato, lentils and 
cabbage. The highest value of R-square was observed 0.81 for 
lentil and the lowest value was found 0.094 for maize. Fur-
thermore, the majority of dependent variables have produced 
mix results for different crops. Nevertheless, use of past 
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weather information, having access to the internet, a percent-
age of total income coming from the farm, number of ex-
tension workers’ visit, gender and household size produced 
positive results in all models. It means they are a positive con-
tributor to the postharvest loss in all crops. 

Moreover, the use of weather information announced, the 

number of male working in the farm, having access to the 
extension service, total area and having exclusively rainfed 
IDUPLQJ�KDV�\LHOGHG�QHJDWLYH�FRHI¿FLHQWV��,W�LPSOLHV�WKDW�WKH\�
are positive contributors to reduce postharvest loss in those 
crops.

Table 1. Description of variables
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Table 2. Annual mean percentage of harvest loss of different crops

Figure 1. Percentage Food Loss for various crops at Farm Level

Table 3. Harvest Loss in S1P1C1 (in Percentage)

Table 4. Harvest Loss in S1P1C2 (in Percentage)
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Table 5. Harvest Loss in S1P2C1 (in Percentage)

Table 6. Harvest Loss in S1P2C2 (in Percentage)

Table 7. Harvest Loss in S2P1C1

Table 8. Harvest Loss in S2P2C1
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Table 9. Estimation of postharvest loss at the farm level for various crops by regression model
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Discussion

Rice, wheat and maize were found the major cereal crops. 

Besides cereals, potato, lentils, mustards and cabbages were 

found the most commonly grown crops. MoALD (2018) list-

ed rice, wheat, maize, millet, barley and buckwheat as the ma-

jor cereal crops (MoALD, 2016/17). 

Joshi et al (2011) and Poudel and Shaw (2016) consid-

ered rice, wheat, maize, millet and barley as the major cereal 

crops (Joshi, Maharjan, & Piya, 2011; Poudel & Shaw, 2016). 

Regarding potato, MoALD categories it into cash crops, how-

ever, Joshi et al (2011) grouped it into cereal basket. Like-

wise, Maharjan and Khatri-Chhetri (2006) found rice, maize, 

wheat, millet, barley and pulses as a major crop growing by 

Nepali farmers (Maharjan & Khatri-Chettri, 2006). This study 

revealed that for the winter season, wheat, potato and mustard 

were found the major crops and for the summer season, rice 

and maize were found the major crop-growing by the Nepali 

farmers. However, maize and cabbage were found growing in 

both summer and winter season. 

The postharvest loss of rice at the farm level was found 

3.24±0.44 percent. In line with this FAO has reported the 

postharvest loss of 4-22 % in rice (FAO, 1998). Likewise, 

Boxall and Gillet (1984) found rice 3.3±2.2 percent posthar-

vest loss on (Boxall & Gillett, 1984). Another study found 

the postharvest losses of rice in China was 7-13 percent (Ku-

PDU�	�.DOLWD���������+RZHYHU��.�&�� �������FRQ¿UPHG� WKDW�
the post-harvest loss in cereals was 15-20% in Nepal (KC, 

1992). Pradhan and Manandhar (1992) reported the post-har-

vest loss of 8%, 7.4% and 13% for Mountain, Hills and Terai 

of Nepal respectively (Pradhan & Manandhar, 1992). Boxall 

DQG�*LOOHWW��������DOVR�FRQ¿UPHG�DOWLWXGLQDO�YDULDWLRQ�RQ�WKH�
post-harvest loss.

The postharvest loss on wheat was found 4.88±1.11 per-

cent. Boxall and Gillett (1984) found a postharvest loss on 

wheat of 2.4±1.9% in eastern Nepal. Furthermore, the quality 

of stored wheat was found lower in the hills of Nepal as com-

pared to the plain area (Devkota, Devkota, Acharya, Shrestha, 

& McDonald, 2018). In Pakistan, the average postharvest loss 

on wheat is 3.5 percent (Baloch, 1999). 

After harvesting, the loss on maize was found 4.00±1.18 

percent. However, Paneru et al (1993) reported storage losses 

of up to 32 percent due to maize weevil (Paneru, Duwadi, 

Khanal, & Bhandari, 1996). On the other hand, some studies 

reported 30-35 percent loss on the grain in those ears which are 

stored in Kuniyo. Likewise, Manandhar and Mainali (2000) 

reported 7.44 percent losses in maize storage (Manandhar & 

Mainali, 2000). Another study found a post-harvest loss on 

maize up to 19.5±12.5 percent due to pests (Paneru, Poudel, & 

Thapa, 2018). Manandhar et al (2001) reported 40-50 percent 

losses in maize storage (Manandhar, Ransom, & Rajbhandari, 

2001). Bhandari et, al (2015) reported a 10-15 percent loss in 

maize storage (Bhandari, Achhami, Karki, Bhandari, & Bhan-

dari, 2015).

Postharvest loss on cabbage at farm level was found 

4.76±1.55 percent, however, another study found 9 percent 

on cabbage (Kader & Davis, 2009; Udas, Rai, Khatiwada, 

Gurung, & Thapa, 2005). 

The multiple regression model suggests that socio-eco-

QRPLF�YDULDEOHV�KDYH�D�VPDOOHU�LQÀXHQFH�RQ�WKH�SRVWKDUYHVW�
loss. The R-square value for all cereals was found less than 

0.35. For potato, it was just 0.09. This implies that biologi-

FDO��FOLPDWLF�DQG�RWKHU�IDFWRUV�PD\�KDYH�D�VWURQJHU�LQÀXHQFH�
on the postharvest loss. Some other socio-economic variables 

may have a stronger effect; however, the study has covered 

all socioeconomic variables generally used for the regression 

analysis. Nevertheless, the R-square value for crops other 

than cereals has demonstrated relatively higher values – up to 

0.81 for lentil. Furthermore, in the multiple regression model 

for lentil, cabbage and rice, 14, 12 and 11 explanatory vari-

DEOHV�ZHUH�IRXQG�VLJQL¿FDQW�UHVSHFWLYHO\��2Q�WKH�RWKHU�KDQG��
in the regression model for potato, none of the independent 

YDULDEOHV�ZDV�IRXQG�VLJQL¿FDQW���
The majority of the variables did not produce a consistent 

relationship with the postharvest loss on various crops. In one 

crop, the same variable was found contributor for loss and in 

another crop, the same variable was found as a contributor to 

the reduction of postharvest loss. Nevertheless, some of the 

explanatory variables have produced a consistent result for 

all crops. The use of weather information announced, number 

of a male family member in the farming, having access to 

extension services, total area and having exclusively rainfed 

farming were found a strong contributor to the reduction of 

postharvest loss in all selected crops.

Conclusion 

Agriculture is facing an unprecedented challenge to feed 

peoples inhabiting the world. More importantly, the pressure 

on agriculture is ever increasing. At current statistics, around 

one billion people are in hunger and by 2050 the population 

in the world is expected to become 9.7 billion.  Furthermore, 

climate change is exerting pressure on agriculture – mainly 

due to change in precipitation pattern, temperature, drought 

and other climate-induced disasters. However, production 

alone might not a single issue because it is estimated that 

around one-third of all food produced globally is never con-

sumed which is a misuse of the scarce natural resources along 

with the labour. Developing countries have more issue on 

the post-harvest loss. However, an appropriate level of at-

tention was not found regarding food loss and waste. There-

fore, postharvest loss at the farm level has been estimated 

for rice, wheat, maize, potato, mustard, cabbage and lentils, 

which was found the major crops grown by the farmers. The 

average postharvest loss for those crops were found around 

5 percent. Furthermore, multiple regression model suggested 

that the postharvest loss for those crops can be explained by 

various socio-economic variables. However, the level of ex-

planation was found widely different from one crop to anoth-

er. Therefore, careful selection of variables is very important. 

Moreover, food loss should be addressed from technological, 

cultural and behavioral and policy solutions which make the 

agriculture system more sustainable and improve the food se-

curity situation. The study concluded that existing postharvest 

loss can be reduced through effective agriculture extension 

service and by providing timely and reliable weather informa-
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tion to the farmers. Moreover, increasing farm size may also 
reduce postharvest loss, which could be achieved through 
land consolidation. 
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This research was performed to assess cancer prevention and neuroprotective capacities of different parts of Pista-

chio (Pistachio vera L.). Red hulls, kernels and oleo-gum resins of Pistachio were extracted with methanol-MeOH 

and distilled water-dH
2
O, and subjected to in vitro biological assays varying from 100 to 1000 ȝJ mLí� concen-

trations. Their anticancer activities were evaluated against A549, MCF-7, and HeLa human cancer cells. Neuro-

protective activities of the extracts were tested through enzyme inhibition on AChE, BChE, and TYR, which are 

closely related to pathogenesis of neurobiological disorders, particularly Alzheimer’s and Parkinson’s diseases. 

Due to cancer and neurodegenerative diseases are associated with oxidative damage, the extracts were analyzed for 

their antioxidant activities. With respect to free radical scavenging activities of the extracts, red hull extracts were 

found as the most potent ones both DPPH (67.95±1.13 to 80.55±0.12%) and ABTS (86.92±0.10 to 92.04±1.06%) 

radicals. The highest anticancer activity were determined in MeOH and dH
2
O extracts obtained from oleo-gum 

resin against HeLa cells (IC
50 

= 18.50±0.85 and 28.97±0.08 µg mL-1, p< 0.01, respectively), whilst dH
2
O-kernel 

extract was found to have the weakest anticancer activity towards A549 cells (IC
50 

= 268.66±1.02 µg mL-1, p< 

0.01). Neuroprotective potentials on AChE and BChE enzymes were resulted in the superiority of dH
2
O-red hull 

extract was exerted the highest inhibition on AChE and BChE enzymes with 81.50±0.08 and 62.96±1.01% inhi-

bition, respectively. However, dH
2
O extract from oleo-gum resin showed the highest inhibitory effect on TYR 

enzyme (58.16±0.18% inhibition). P. vera is of valuable nutritional source for human diet. Other than kernel parts 

used as food, waste parts like red hulls and oleo-gum resins have been proven as a potential pharmacological 

source. Consequently, this study reveals that non-food parts of Pistachio could be valuable source for pharmaceu-

tical industry.  

Keywords: Pistachio, Cancer Prevention, Neuroprotective, Antioxidant, Enzyme Inhibition
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Introduction
Cancer and neurological diseases such as Alzheimer’s 

disease (AD), Parkinson’s disease (PD), amyotrophic lateral 

sclerosis (ALS), prion and motor neuron diseases etc. are of 

the most common diseases and disorders that cause a growing 

health problem worldwide. According to World Health Sta-

tistics reports, these diseases and disorders affect millions of 

people globally, and their incidence rates are expected to con-

tinue to increase rapidly for the following years. Currently, no 

HIIHFWLYH� WKHUDS\�KDV� VWLOO�EHHQ� UHYHDOHG� WR�¿JKW�FDQFHU�DQG�
neurodegenerative diseases, and thus dietary plants and their 

natural bioactive compounds offer extremely great opportu-

nities for development effective treatment strategies (New-

man and Cragg, 2016; Gezici, 2019a; Gezici and Sekeroglu, 

2019a; WHO, 2019). Dietary medicinal plants (fruits, veg-

etables, spices, cereals, and edible tubers/roots) containing 

QDWXUDO� ELRDFWLYH� FRPSRXQGV� VXFK� DV� SKHQROLF� DFLGV�� ÀDYR-

noids, tannins, stilbenes, curcuminoids, resveratrol, lycopene, 
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carotenoids, quercetin, catechin, naringenin, organosulfur, 

curcumin, genistein, isothiocyanates, capsaicin, gingerol, 

anthocyanins, coumarins, lignans, quinones, and others have 

EHHQ�GHPRQVWUDWHG�WR�SRVVHVV�YDOXDEOH�KHDOWK�EHQH¿WV�EHVLGH�
basic nutrition (Das and Gezici, 2018; Guizani et al., 2018; 

Roy et al., 2018,).

Recently, dietary medicinal plants have been gained a 

great interest to reduce Reactive Oxygen Species (ROS) in-

cluding hydroxyl radical (OH), hydrogen peroxide (H
2
O

2
) and 

superoxide ion (O
2
) formation, occurring naturally in the hu-

man body. In living organisms, preventing the side effects of 

ROS is one of the most effective management strategy for ox-

idative-stress related diseases including cancer, cardiovascu-

lar disease, chronic kidney diseases, aging, diabetes, rheuma-

toid arthritis atherosclerosis, and neurodegenerative diseases 

(Reddy et al., 2003; Schieber and Chandel, 2014; Farzaei et 

al., 2018).

In the last few decades, natural antioxidants obtaining by 

dietary intake have a widespread interest instead of synthetic 

ones amongst the people. Previous studies have determined 

that a numerous natural herbal products and formulations ob-

tained from dietary medicinal plants as natural antioxidant 

agents with powerful antioxidant capacities for reducing free 

radicals, metal chelators and singlet oxygen species (Reddy 

et al., 2003; Tabatabaei-Malazy et al., 2013; Guizani et al., 

2018; Gezici and Sekeroglu, 2019b).

Among the dietary medicinal plants, Pistachio (Pistacia 
vera L.), belonging to the Anacardiaceae family, is native to 

Asia and distributed throughout the Mediterranean region 

(Bozorg et al., 2013). This plant has recently been ranked rich 

sources of antioxidants, and investigated for various phar-

PDFRORJLFDO�DFWLYLWLHV�VXFK�DV�DQWL�LQÀDPPDWRU\��DQWLR[LGDQW�
and antimicrobial activities, because of its wide range of sec-

RQGDU\�PHWDEROLWHV�VXFK�DV�Į�SLQHQH��OLPRQHQH��WHUSLQROHQH��
ȕ�RFLPHQH�� FDPSKHQH�� UHVYHUDWURO�� FDUYDFURO�� DELHWDGLHQH��
gallic acid, catechin, eriodictyol, naringenin, genistein, api-

genin, kaempferol, luteolin, cyanidin-3-galactoside (Rajaei et 

al., 2010; Bozorg et al., 2013). 

Recent studies showed that Pistachio with whole parts in-

cluding fruit, leave, gum, hull, oil, and seed possess potential 

usage for pharmacological purposes in traditional medicine, 

due to their comprehensive biological properties. In addition 

to their pharmacological usage, fruits of Pistachio have been 

commonly consumed as snack food and food additive (Rajaei 

et al., 2010; Fathalizadeh et al., 2015; Seifaddinipour et al., 

2018).

By now, anticancer, antiproliferative, anticholinesterase, 

antityrosinase, antioxidant, and other biological activities of 

numerous medicinal and aromatic plants (MAPs) and second-

ary metabolites isolated from MAPs were analysed in our lab-

oratory (Akgunlu et al., 2016; Sekeroglu et al., 2017; Gezici 

et al., 2017; Belkhodja et al., 2017; Karik et al., 2018; Gun-

dogdu et al., 2018; Senol et al., 2018; Gezici, 2018; Sekeroglu 

et al., 2018; Das et al., 2019; Shida et al., 2019; Gezici and Se-

keroglu, 2019a; Gezici and Sekeroglu, 2019b; Gezici, 2019a; 

Gezici 2019b; Sekeroglu and Gezici, 2019, Sekeroglu et al., 

2019 in press). Take into consideration our ongoing projects, 

evaluation cancer protective potentials against human cancer 

cells, investigating neuroprotective activities through enzyme 

inhibitions on acetylcholinesterase (AChE), butyrylcholin-

esterase (BChE), and TYR (tyrosinase) enzymes, along with 

determination of antioxidant capacities of extracts obtained 

from red hulls, kernels and oleo-gum resins of Pistachio (P. 
vera L.) are the main objectives of the presented research. 

Materials and Methods
Collection of Plant Material
Red hulls, kernels, and oleo-gum resins of Pistachio (Pis-

tachio vera L.) used herein were collected from Gaziantep 

province of Turkey during the months of August - September 

2018. The red hulls were separated from the kernels, and the 

hulls and kernels were dried in the laboratory conditions.  The 

herbarium voucher of plant samples was kept at the Depart-

PHQW�RI�%LRORJ\��.LOLV���$UDOÕN�8QLYHUVLW\��7XUNH\�����
Extraction of Plant Parts
P. vera L. parts including red hulls (PVRH) and kernels 

(PVK) were dried under the shade at laboratory conditions. 

The oleo-gum resins of pistachio (PVOR) was directly sub-

jected to extraction after collection from the plant stem. Each 

plant part (50g) was powdered individually, and extracted 

with methanol (MeOH) and distilled water (dH
2
O) by the 

method of maceration as described in our previous publica-

tion (Gezici and Sekeroglu, 2019b; Gezici, 2019a), and then 

the extracts were stored at -20°C until further analysis. 

Free Radical Scavenging Activity
Antioxidant activities of the extracts were determined 

using in vitro 2,2-diphenyl-1-picrylhydrazyl (DPPH) and 

2,2’-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid) 

(ABTS) methods (Gezici et al., 2017; Sekeroglu et al., 2017; 

Gezici and Sekeroglu, 2019b). Ascorbic acid was used a com-

mercial standard for DPPH assay, whilst Trolox was used a 

commercial standard for ABTS assay. The extracts and com-

mercial antioxidant standards were dissolved in DMSO at dif-

ferent concentrations (100 to 1000 ȝJ mLí�) for the assays.

Human Cancer Cells and Anticancer Activity 
A549 (lung carcinoma), MCF-7 (breast adenocarcino-

ma), and HeLa (cervical cancer) human cancer cells and 

non-tumorous HUVECs (human umbilical vein endothelial 

cells), obtained from the American Type Culture Collection 

(ATCC, USA) were used to evaluate the potential anticancer 

and cytotoxic activities of PVRH, PVK, and PVOR extracts 

from Pistachio. The A549 and HeLa cancer cells were cul-

tured on Roswell Park Memorial Institute Medium (RPMI, 

7KHUPR)LVKHU�6FLHQWL¿F���DQG�WKH�RWKHU�FHOOV�ZHUH�JURZQ�LQ�
'XOEHFFR¶V� PRGL¿HG� (DJOH� PHGLXP� �'0(0��� +DP¶V� )���
QXWULHQW�PHGLXP��������7KHUPR)LVKHU�6FLHQWL¿F��LQ�WKH�ÀDVNV�
DW����&�LQ�D�KXPLGL¿HG�&2

2
 (5%) incubator. The cell growing 

conditions and supplements were used as same described in 

the previous publications (Gezici, 2018; Gezici, 2019a). In or-

der to determine anticancer activities of the Pistachio extracts, 

MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 

bromide) assay was performed as described by Mosmann 

�������ZLWK�PLQRU�PRGL¿FDWLRQV��*H]LFL������D���7KH�DEVRU-
bance was measured at 570 nm with a Thermo Lab systems
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408 Multiskan multiplate spectrophotometer, and the dose re-
sponse curve was used to generate the IC

50
 (µg mL-1) values 

for each cells.
Neuroprotective Activity
In the presented research, neuroprotective activities of Pis-

tachio extracts were tested through enzyme inhibition against 
AChE (acetylcholinesterase), BChE (butyrylcholinesterase), 
and TYR (tyrosinase) enzymes. The assays were conducted in 
96-well microplate using ELISA microplate reader (Thermo 
Lab systems 408 Multiskan). Galanthamine hydrobromide 
(Sigma, St. Louis, MO, USA) was employed as the reference 
IRU�$&K(�DQG�%&K(��ZKLOH�Į�.RMLF�DFLG��6LJPD��6W��/RXLV��
MO, USA) was used as the reference for TYR.  The extracts 
and reference standards were dissolved in DMSO at different 
FRQFHQWUDWLRQV��DQG�WKH�¿QDO�FRQFHQWUDWLRQ�RI�WKH�H[WUDFWV�DQG�
reference standards were adjusted to 1000 ȝJ mLí� and 100 
ȝJ mLí�, respectively.

AChE and BChE inhibitory activity of the samples was 
PHDVXUHG�E\�VOLJKWO\�PRGL¿HG��VSHFWURSKRWRPHWULF�PHWKRG�RI�
Ellman et al. (1961). All reagents, conditions and calculations 
were same as described in the previous publications (Senol 
HW� DO��� ������*H]LFL� DQG�6HNHURJOX������E���%ULHÀ\�� HOHFWULF�
eel AChE (EC 3.1.1.Sigma, St. Louis, MO, USA) and horse 
serum BChE (EC 3.1.1. Sigma, St. Louis, 7 MO, USA) were 
used, while acetylthiocholine iodide and butyrylthiocholine 
chloride (Sigma, St. Louis, MO, USA) were employed as sub-
strates of the reaction. 5,5´-Dithio- bis(2-nitrobenzoic)acid 
(DTNB, Sigma, St. Louis, MO, USA) was used for the  mea-
surement of the anticholinesterase activity. For determination 
the inhibition of tyrosinase (EC 1.14.1.8.1, 30 U, mushroom 
W\URVLQDVH�� 6LJPD��� WKH� PRGL¿HG� GRSDFKURPH� PHWKRG� ZLWK�
L-DOPA as substrate was used as described Sekeroglu et al. 
(2012) previously. 

Statistical Analyses
The data, obtained from the assays, were expressed as 

mean and standard deviation of mean (mean±SD). The per-
centage of enzyme inhibition on AChE, BChE and TYR was 
calculated as [(Abs

control
 – Abs

sample
)/Abs

control
 x 100], where 

Abs
control

 value is the absorbance of the control solvent (blank), 
where Abs

sample
 is the absorbance of the tested sample (plant 

extract or positive control in the solvent) in the presence of 
enzyme. The measurements and calculations were evaluated 
by using Softmax PRO 4.3.2.LS software. P value of <0.05 
ZDV�FRQVLGHUHG� WR�EH�VWDWLVWLFDOO\�VLJQL¿FDQW��S�������DQG�S�
�������ZHUH�FRQVLGHUHG�WR�EH�YHU\�VLJQL¿FDQW��

Results and Discussion
Free Radical Scavenging Activity
Free radical scavenging activities of Pistachio extracts 

were determined against DPPH and ABTS radicals at vari-
ous concentrations. Red hulls and kernels extracts of P. vera 
showed remarkable free radical scavenging activity, but oleo-
gum resins extracts demonstrated moderate activity, compar-
ing the standard antioxidants. The results were presented in 
Table 1 as (%) inhibition percentage at 1000 ȝJ mLí� concen-
tration (Table 1). 

Table 1. Free Radical Scavenging Activities of P. vera L. 
Extracts at 1000 ȝJ mLí�

Plant part Extract type DPPHa ABTSa

Red hulls 
(PVRH)

Methanol 80.55±0.12*** 86.92±0.10**
Water 67.95±1.13** 92.04±1.06***

Kernels 
(PVK)

Methanol 56.08±0.52*** 61.92±0.05**
Water 44.61±0.49** 73.80±0.48***

Oleo-gum 
resins 

(PVOR)

Methanol 29.15±0.50*** 40.18±1.07**

Water 35.08±1.06** 47.21±0.55**

Ascorbic acid b 74.02±0.14 ---
Trolox c __--- 78.50±0.36

a The values were expressed as inhibition (%) ± standard deviation.
b Ascorbic acid; a commercial standard for DPPH assay.
c Trolox; a commercial standard for ABTS assay.
**p value of < 0.01; ***p value of < 0.001 

As can be seen in the Table 1, all the Pistachio extracts dis-
played higher ABTS radical scavenging effects as compared 
to those of DPPH scavenging capacity at the tested concentra-
tions. In both cases, PVRH extracts exerted the highest scav-
enging activity on DPPH and ABTS radicals, whilst PVOR 
extracts demonstrated the lowest ones with the inhibition 
percentage values ranged between 29.15±0.50 to 47.21±0.55. 
The highest DPPH scavenging activity was determined in the 
PVRH-MeOH extract (80.55±1.12% inhibition, p < 0.001), 
when the highest ABTS scavenging activity was found to be-
long to the PVRH-dH

2
O extract with the 92.04±1.06% inhi-

bition (p< 0.001), which was closely followed by the PVRH-
MeOH extract (86.92±0.10% inhibition, p< 0.01). 

DPPH and ABTS assays have been commonly used to de-
termine the free radical scavenging activity of plant extracts 
and their pure compounds (Reddy et al., 2003; Farzaei et al., 
2018). Based on the free radical scavenging results, red hulls 
of P. vera�/��ZHUH�IRXQG�WR�KDYH�WKH�PRVW�VLJQL¿FDQW�DQWLR[-
idant potentials than the other parts of the plant, which  may 
be due to the fact that its rich secondary metabolites com-
ponents such as epicatechin, quercetin, naringenin, luteolin, 
kaempferol,cyanidin-3-O-galactoside and cyanidin-3-O-glu-
coside (Bozorgi et al., 2013; Seifaddinipour et al., 2018). The 
obtained results were consistent with previous works carried 
out to determine antioxidant potentials of different Pistachio 
species such as P. atlantica, P. terebinthus, P. khinjuk, and 
P. lentiscus (Rajaei et al., 2010; Hosseinzadeh et al., 2012; 
Bozorgi et al., 2013). Accordingly, the hull of Pistachio can 
SURYLGH�VLJQL¿FDQW�EHQH¿WV�WR�FRSH�ZLWK�WKH�R[LGDWLYH�VWUHVV�
related diseases.

Anticancer Activity 
Cancer prevention potentials of P. vera L. parts were as-

sessed against A-549, MCF-7, and HeLa human cancer cells, 
compared to HUVEC control cells. The Pistachio extracts 
exhibited noteworthy cytotoxic potentials towards the tested 
cancer cells in a dose and time dependently; however, the IC

50
 



Sevgi Gezici DOI: https://dx.doi.org/10.31015/jaefs.2019.3.4

140

values were varied depending on the cancer cells. The re-
sults of anticancer activity were given in Table 2, regarding 
as IC

50
 (ȝJ mLí�) values after 72 hours at 200 µg mL-1 con-

centration.  
In this assay, the parts of Pistachio known as waste parts 

(PVRH and PVOR) were found to possess higher cancer pre-
vention potentials, compared to those of the part consumed 
as food (PVK). As summarized in the Table 2, all the tested 
parts of P. vera L. caused much more cytotoxicity on HeLa 
cells, following by MCF-7 cancer cells. Methanol extracts of 
P. vera L. were found higher anticancer activity than those of 
the water extracts against all the cells. The methanol extract of 
PVOR exerted the highest anticancer activity towards HeLa 
cells (IC

50 
= 18.50±0.85 µg mL-1, p< 0.01), when PVK-dH

2
O 

extract was found to have the weakest anticancer activity 
against A549 human cancer cells (IC

50 
= 268.66±1.02 µg mL-

1, p< 0.01). 

Table 2. Anticancer activities of P. vera L. extracts against 
A549, MCF-7 ve HeLa human cancer cells

Human 
cancer cells

Plant Part
IC

50
 valuesa 

(µg mL-1)

A549 

Red hulls
Methanol 191.04±0.18*

Water 232.75±0.49**

Kernels
Methanol 240.23±0.64*

Water 268.66±1.02**

Oleo-gum resins
Methanol 164.50±2.01**

Water 187.28±0.16**

MCF-7 

Red hulls
Methanol 90.16±0.38*

Water 105.02±0.86*

Kernels 
Methanol 122.40±0.21**

Water 130.01±0.60*

Oleo-gum resins
Methanol 80.36±0.77**

Water 88.92±1.14**

HeLa 

Red hulls
Methanol 40.15±0.98**

Water 34.20±0.20**

Kernels 
Methanol 46.48±0.55*

Water 52.69±0.46*

Oleo-gum resins
Methanol 18.50±0.85**

Water 28.97±0.08**

Doxorubicin b 8.15±0.02

DMSO (dimethyl sulfoxide) c 0
a Values were expressed as IC

50
 ± SD from three independent experiment 

(n=3).
b Doxorubicin, positive control. 
c DMSO; dimethyl sulfoxide, negative control.
*p value of < 0.05; **p value of < 0.01

In previous studies conducted with the other Pistachio spe-
cies revealed anticancer properties of the Pistachio extracts 
against cancer cells. According to Rezaei et al. (2012), P. at-
lantica fruit extract were analysed for its anticancer activity 
on human colon carcinoma cells (HT29) and the extract were 
showed powerful growth inhibition in cancer cells, as com-

pliant with the results obtained from the presented  research 
(Rezaei et al., 2012). Dimas et al. (2009) revealed antitumor 
activities of the gum extracts obtained from P. lentiscus var. 
chia in colorectal cancer developed mice, the extracts also in-
duced suppression of growth of human colorectal tumor xe-
nografts (Dimas et al., 2009). In another research performed 
with oleoresin obtained from P. vera L. were tested against 
hepatocellular carcinoma, cervical cancer, and melanocyte 
FHOOV� DQG� GHWHUPLQHG� VLJQL¿FDQW� F\WRWR[LF� SRWHQWLDO� RQ� WKH�
tested cells, which is more similar to the current results (Al-
mehdar et al., 2012). 

As previously reported, high antioxidant activity and rich 
polyphenolic content of the herbal extracts are known to be 
closely related to inhibit cancer and neurodegenerative dis-
HDVHV�HI¿FLHQWO\��5HGG\�HW�DO���������7DEDWDEDHL�0DOD]\�HW�DO���
2013; Newman and Cragg, 2016; Roy et al., 2018; Gezici, 
2019a; Gezici and Sekeroglu, 2019a). Terpenes and pheno-
lic components are the main bioactive phytochemicals found 
in different parts of P. vera L. These components have been 
NQRZQ�WR�SRVVHVV�VLJQL¿FDQW�DQWLR[LGDQW�DQG�DQWL�LQÀDPPD-
tory effects, and so they are probably responsible for prevent-
ing cancer, as demonstrated by previous researches (Rajaei et 
al., 2010; Bozorgi et al., 2013; Fathalizadeh et al., 2015; Das 
and Gezici, 2018; Seifaddinipour et al., 2018).

Neuroprotective Activity
Neuroprotective activity of the PVRH, PVK, and PVOR 

extracts obtained from P. vera L. were assessed through en-
zyme inhibition assays towards acetylcholinesterase (AChE) 
and butyrylcholinesterase (BChE), and tyrosinase (TYR) en-
zymes at 100, 200, 400, 800, and 1000 ȝJ mLí��concentra-
tions. As given in Figure 1, the dH

2
O extracts of Pistachio 

exerted higher enzyme inhibitory effect against the tested 
enzymes than those of the MeOH extracts. Enzyme inhib-
itory potentials of the Pistachio parts on cholinesterase en-
zymes were resulted in the superiority of PVRH-dH

2
O extract 

81.50±0.08% inhibition on AChE, 62.96±1.01% inhibition on 
BChE, respectively (Figure 1). 

Figure 1. Enzyme Inhibition Capacities of P. vera L. Extracts 
against AChE, BChE and TYR
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[PVRH: P. vera red hulls; PVK: P. vera kernels; PVOR: P. 
vera oleo-gum resins] 
The values were presented as inhibition (%) ± standard de-
viation
*p value of < 0.05; **p value of < 0.01

In the contrary the inhibition on cholinesterase enzymes, 
PVOR-dH

2
O extract was found to have the highest inhibitory 

effect on TYR enzyme (58.16±0.18%). PVK extracts inhib-
ited BChE and TYR enzymes from moderate level to weak 
level, in which the higher cholinesterase inhibitory activity 
was observed against BChE (% inhibition from 39.10±0.12 
to 51.94±0.68), compared to TYR (% inhibition from 
25.03±1.01 to 36.04±0.65), whilst they demonstrated no inhi-
bition against AChE enzyme even at the highest concentration 
(Table 3, Fig 1).

However, there have been a few studies focused on reveal-
ing anti-cholinesterase activity of the other Pistachio species, 
no study have been performed to screen anticholinesterase 
and anti-tyrosinase activities of different part of P. vera L. 
XS� WR�QRZ��2Q� WKH�RWKHU�KDQG�� WKLV� LV� WKH�¿UVW� UHVHDUFK� WKDW�
screened neuroprotective potentials of the extracts obtained 

from red hulls, kernels, and oleo-gum resins of P. vera L. In 
a previous work, aqueous extracts from P. atlantica and P. 
lentiscus leaves were determined regarding of their acetyl-
cholinesterase inhibitory effects, and found as relatively weak 
AChE inhibitory activity (Benamar et. al., 2010). In anoth-
er research on enzyme inhibitory effects of Pistachio species 
were performed using ethyl acetate and methanol extracts of 
the P. terebinthus kernels that showed no inhibitory activity 
against AChE and TYR, when they demonstrated inhibition 
RQ�%&K(�DW�PRGHUDWH�OHYHOV��2UKDQ�HW�DO����������7KHVH�¿QG-
ings are consistent with the presented data for the kernel ex-
tracts.  

2Q� WKH� EDVLV� RI� WKH� ¿QGLQJV� REWDLQHG� IURP� WKH� FXUUHQW�
work, the red hull part of the plant is seem to be a valuable 
agent for inhibition on AChE and BChE enzymes, while 
oleo-gum resin of Pistachio is a good candidate for inhibition 
against TYR enzyme. In fact, rich polyphenolic contents of P. 
vera L. are likely contribute to its remarkable neuroprotective 
capacity as reported previously (Rajaei et al., 2010; Hossein-
zadeh et al., 2012; Fathalizadeh et al., 2015; Seifaddinipour 
et al., 2018).

Table 3. Neuroprotective Potentials of P. vera L. Extracts at 1000 ȝJ mLí�

Plant part Extract type
% Inhibition ± SD a

AChE BChE TYR

Red hulls
Methanol 75.06±0.22** 56.01±0.90** 30.84±1.10**

Water 81.50±0.08** 62.96±1.01** 46.32±0.08**

Kernels 
Methanol ---d 39.10±0.12 ** 25.03±1.01*

Water ---d 51.94±0.68* 36.04±0.65**

Oleo-gum resins
Methanol 55.28±0.77* 28.13±0.98* 42.98±0.15**

Water 69.12±0.94** 34.21±0.55** 58.16±0.18**
Galantamine b 90.04±0.86 87.94±0.20 ---
Į�Kojic acid c --- --- 89.35±0.18

a The values were given as inhibition (%) ± standard deviation (n=3).
b Galantamine; a commercial standard for AChE and BChE enzymes
c Į�Kojic acid; a commercial standard for TYR enzyme.
d No inhibitory activity.
*p value of < 0.05; **p value of < 0.01

Conclusion
In the current research, anticancer, antioxidant and neuro-

protective potentials of red hulls, kernels and oleo-gum resins 
obtained from Pistachio (P. vera L.) were analysed through 
in vitro test systems. Overall, the results obtained from this 
work showed that different parts of Pistachio could be a good 
candidate for cancer prevention and inhibition of the enzymes 
associated with pathogenesis of neurodegenerative diseases. 
As far as the literature survey, no study has been performed 
to examine anticancer and neuroprotective activities of the 
extracts obtained from different parts of Pistachio. Thus, this 
GDWD� FRXOG� EH� WKH�¿UVW� UHSRUW� IRU� WKH� OLWHUDWXUH�� �7KH� DXWKRU�
suggest that Pistachio with whole part is a valuable natural 
source for curative purposes and further in vivo studies and 
clinical trials should be conducted to ascertain its bioactivity.  
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Changes in weed communities due to changes of climate and agricultural practices have already been indicated. 
Cattail (Typha spp.) is considered as a noxious invasive species with an increasing dispersal in Greece and other 
countries, where it starts to become a serious problem particularly in wet areas and especially for perennial crops. 
3RW� DQG�¿HOG� H[SHULPHQWV�ZHUH� FRQGXFWHG� LQ�RUGHU� WR� HYDOXDWH� WKH� HI¿FDF\�RI� VHYHUDO� KHUELFLGHV� DQG�PRZLQJ�
DJDLQVW�FDWWDLO��7KH�UHVXOWV�RI�WKH�SUHVHQW�VWXG\�UHYHDOHG�WKH�ORZ�HI¿FDF\�RI�VHYHUDO�KHUELFLGHV��OLNH�LPD]DPR[������
D and MCPA) against Typha spp. plants. On the other hand, pot experiments showed that especially glufosinate 
DQG�JO\SKRVDWH��LQ�KLJK�UDWH��NLOOHG�WKH�PDMRULW\�RI�FDWWDLO�SODQWV�JURZQ�E\�UKL]RPHV��0RUHRYHU��WKH\�NH\�UHVXOW�
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Introduction
Plant invasions have received global attention due to the 

environmental problems and economic costs that may cause 
(Richardson et al., 2000). These plants have often the po-
tential to become competititve and noxious weeds and pose 
long-term problems for agriculture and natural environments 
�:HVWEURRNV���������0RVW�LQYDVLYH�VSHFLHV�DUH�FKDUDFWHUL]HG�
by high growth rates, rapid and massive reproduction, high 
dispersal ability, phenotypic plasticity, high competitiveness 
and adaptability and tolerance of a wide range of environ-
PHQWDO�FRQGLWLRQV��%D]]D]�HW�DO���������%UXQHO���������(DUO\�
detection and rapid response to invasive species is viewed as 
WKH�PRVW�HFRQRPLFDOO\�HI¿FLHQW�DQG�HFRORJLFDOO\�HIIHFWLYH�DS-
proach (Hobbs and Humphries, 1995).

Typha is a genus with more than 30 species and hybrids, 
belonging to the family Typhaceae. Cattail species are aquat-
LF�RU�VHPL�DTXDWLF�KHUEDFHRXV��UKL]RPDWRXV��SHUHQQLDO�SODQWV�
which can be found as dominant competitors in wetland eco-

systems in various environments both in Northern and South-
ern hemisphere (Ciotir et al., 2017). They are obligate wetland 
LQGLFDWRU�SODQW�VSHFLHV��ZKLFK�WROHUDWH�SHUHQQLDO�ÀRRGLQJ�DQG�
PRGHUDWH� VDOLQLW\�� 7KHVH� FKDUDFWHULVWLFV�� SOXV� WKH� UKL]RPD-
tous expansion, are also responsible for species high capacity 
IRU�FRORQL]DWLRQ�DQG�IRUPDWLRQ�RI�GHQVH�SDWFKHV��UHVXOWLQJ�WR�
PRQRVSHFL¿F�GRPLQDQFH�HYHQWV��%DQVDO�HW�DO����������$PRQJ�
the most common cattail species are Typha latifolia (broad-
leaf cattail) and T. angustifolia� �QDUURZ�OHDI� FDWWDLO��� ZKLOH�
lately Typha x glauca is also widely spread in North America 
�&LRWLU�HW�DO���������3LHSHU�HW�DO����������

In general, Typha spp. is not a major weed problem in 
large scale agricultural systems (Bansal et al., 2019). How-
ever, maintenance and interspersion of Typha plants can lead 
to economic losses and reduced yield in several crops, both 
annual and perennial. The biological characteristics of Typha 
is the cause of this result, because this species forms dense 
patches in the invaded areas and acts as roost site for some 
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DQLPDOV�DQG�ELUGV��/LQ]�DQG�+RPDQ��������UHYLHZHG�WKH�HI-
IHFWV� WR�VXQÀRZHU�SURGXFWLRQ�E\� WKH�SUHVHQFH�RI�EODFNELUGV�
in North & South Dakota, U.S, in hybrid cattail (T. x glauca) 
dominated wetlands. Another study from Leitch et al. (1997) 
showed that farmers may observe >15% losses in the pres-
HQFH�RI�ELUGV�DQG�URRVW�]RQHV�RI�Typha just 3 km away from 
WKHLU�¿HOGV��

During the last years, there have been complaints from 
VHYHUDO�UHJLRQV�RI�*UHHFH�IRU�UHGXFHG�HI¿FDF\�RI�KHUELFLGHV�
or increased competitiveness of many recently problematic 
VSHFLHV��7UDYORV�DQG�&KDFKDOLV��������7UDYORV��������Typha 
spp. is one of these species, which has an ongoing spread in 
Greece and especially during the last decade it tends to be an 
agronomic problem for several perennial crops (olives, citrus 
etc), usually forming dense monocultures. The management 
of Typha� VSHFLHV� LV� FRQVLGHUHG� WR� EH� YHU\�GLI¿FXOW� �%RQDQ-
no and Cirelli, 2017). The individual characteristics of cattail 
VSUHDGLQJ�E\�UKL]RPHV�PDNHV�WKH�PDQDJHPHQW�ZLWK�PHFKDQL-
FDO�PHWKRGV�RI�WKLV�VSHFLHV�H[SHQVLYH�DQG�XVXDOO\�LQVXI¿FLHQW��
while  herbicides often fail to control this weed (Kanatas, un-
published data). The present study was conducted because 
of the increasing dispersal and the many reports in Greece 
of Typha�VSS��EHFRPLQJ�LQFUHDVLQJO\�GLI¿FXOW�WR�FRQWURO�ZLWK�
mechanical or chemical methods. The main objectives of the 
SUHVHQW�VWXG\�ZHUH�WR�HYDOXDWH�WKH�HI¿FDF\�RI�VHYHUDO�KHUEL-
cides and to study the effect of mowing against cattail.

Materials and Methods
3RW�H[SHULPHQWV
Pot experiment was conducted at the Agricultural Univer-

sity of Athens (Greece) (Latitude: 37° 59’ 1.70” N, Longi-
tude: 23° 42’ 7.04” E, Altitude: 30 m) during May-August 
������5RRWVWRFNV�DQG�FUHHSLQJ� UKL]RPHV�RI�Typha sp. from 
species dense stands were collected in mid-May 2018 from 
an olive orchard in western Greece (Fig 1). The propagating 
material was transferred to the laboratory of Agronomy in the 
Agricultural University of Athens, where a pot experiment 
was conducted. Plastic pots of 25 cm width and 25 cm depth 
ZHUH�XVHG��7KH�SRWV�ZHUH�¿OOHG�ZLWK�FOD\�ORDP�VRLO�IURP�WKH�
VSHFL¿F�ROLYH� RUFKDUG� �7DEOH� ���� ,Q� HDFK�SRW�� WZR� UKL]RPHV�
were planted. The plant material was uniformly well-watered 
for a short period of 3 weeks, in order to have a vigorous and 
uniform growth of Typha spp. 

At the height of 50-60 cm, the plants were sprayed with 
the herbicides described in Table 2 using a custom-built, com-
pressed-air, low-pressure, ÀDW�IDQ�QR]]OH�H[SHULPHQWDO�VSUD\-
er, calibrated to deliver 300 L haí� at 250 kPa. The treatments 
were 6 (glyphosate at the recommended and double the rec-
RPPHQGHG� UDWH�� LPD]DPR[�� JOXIRVLQDWH�� ����'� DQG�0&3$��
plus untreated control. Five replicates (pots) were used for 
each treatment. Survival of Typha sp. plants was recorded and 
dry biomass of the above-ground plant part was also mea-
sured (plants were oven-dried for 48 h at 70 oC) at 7, 21 and 
35 days after treatment (DAT).

Field trial
In the olive orchard mentioned above a preliminary mow-

ing experiment during summer of 2018 revealed the high re-

growth capacity of Typha spp. after mowing (data not shown). 
7KHUHIRUH��D�¿HOG�WULDO�ZDV�FRQGXFWHG�GXULQJ�VXPPHU�RI������
LQ�RUGHU�WR�HYDOXDWH�WKH�HI¿FDF\�RI�WKH�VDPH�KHUELFLGHV�WHVWHG�
in the pot experiments with or without a previous mowing 
WUHDWPHQW�� )LHOG� H[SHULPHQW� ZDV� DUUDQJHG� LQ� D� UDQGRPL]HG�
block design with two factors, mowing (2 levels) and chem-
ical control (7 levels, including the untreated control) and 3 
replicates. The dimensions of each plot were 4 m x 1.5 m. 
Herbicides were applied with the same equipment as above 
and survival was recorded at 21 DAT.

Statistical analysis
For all the data, ANOVA was performed with Statistica 

9.0 software package (StatSoft, Inc. 2300 East 14th Street, 
Tulsa, OK74104, USA). Mean comparison was performed 
XVLQJ�6WXGHQW¶V�OHDVW�VLJQL¿FDWLRQ�GLIIHUHQFH��/6'��WHVW�DW�P 
< 0.05, while all data were tested for normality and variance 
before further analyses.

Results and Discussion
In the pot experiment, survival and dry weight of cattail 

were measured at 7, 21 and 35 days after treatment (DAT). 
The results in Table 3 show that only glufosinate had a high 
HI¿FDF\�HYHQ�DW���'$7��ZKLOH�JO\SKRVDWH�UHVXOWHG�LQ�D�VXUYLY-
al reduction by 60 to 95% for the recommended and double 
the recommended rate, respectively. On the contrary, ima-
]DPR[������'�DQG�0&3$�UHVXOWHG�LQ�ORZ�HI¿FDF\�DJDLQVW�Ty-
pha spp. (survival ranged from 70 to 100% compared with the 
untreated control), while in some cases regrowth was obvious 
at 35 DAT (Table 3). In a previous study, Rodgers and Black 
������� VKRZHG� WKDW� DSSOLFDWLRQV�RI� LPD]DPR[�DW� LQWHUPHGL-
ate rates provided moderate control of cattail. Effects of the 
several herbicides on the biomass of cattail was also in full 
agreement with the previously mentioned effects on survival. 
*OXIRVLQDWH�DQG�JO\SKRVDWH�LQ�WKH�KLJK�UDWH�VLJQL¿FDQWO\�UH-
duced dry weight of sprayed Typha spp. plants (Table 4). This 
¿QGLQJ�LV�LQ�IXOO�DFFRUGDQFH�ZLWK�SUHYLRXV�VWXGLHV��VKRZLQJ�
that chemical treatment with glyphosate is considered to be 
HI¿FLHQW��PRVWO\�LQ�ODWH�VXPPHU�ZKHQ�D�FDUERK\GUDWHV�VWRUDJH�
LQ� UKL]RPHV� RFFXUV� �/LQ]� DQG�+RPDQ�� ������:LOFR[� HW� DO���
�������6LJQL¿FDQW�GLIIHUHQFHV�LQ�WKH�HI¿FDF\�EHWZHHQ�VHYHUDO�
herbicides have been also reported by Enloe and Netherland 
��������ZKR�HYDOXDWHG�WKH�HI¿FDF\�RI�WKH�KHUELFLGHV�FOHWKRG-
LP��VHWKR[\GLP�DQG�ÀXD]LIRS�3�EXW\O�DJDLQVW�DTXDWLF�QDWLYH�
grasses, including broad-leaf cattail (T. latifolia). The bio-
mass reduction of common cattail at 8 weeks after treatment 
with glyphosate (at a rate of 4.2 kg a.e. ha-1��DQG�LPD]DS\U��DW�
a rate of 1.4 kg a.i. ha-1) was higher than 90% in both cases, in 
comparison with the three selective herbicides which did not 
SURYLGH�VXI¿FLHQW�FRQWURO��

Field trial revealed the crucial role of the combined use of 
PRZLQJ�DFFRPSDQLHG�E\�FKHPLFDO�ZHHG�FRQWURO�ZLWK�VSHFL¿F�
herbicides, while other herbicides remained rather ineffective 
in both cases. In particular, none herbicide succeeded to ade-
quately control Typha spp. without previous mowing. On the 
other hand, glufosinate and glyphosate applied during sum-
PHU�DW�����ZHHNV�DIWHU�PRZLQJ�UHVXOWHG�LQ�HI¿FDF\�XS�WR�����
�7DEOH�����7KLV�¿QGLQJ�UHYHDOV�WKH�LPSRUWDQW�UROH�RI�WKH�DJH�RI�
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OHDYHV�RQ�WKH�HI¿FDF\�RI�KHUELFLGHV�DJDLQVW�FDWWDLO��/LVKDZD�
HW�DO���������DQG�LW�FDQ�SODXVLEO\�DWWULEXWHG�WR�WKH�VLJQL¿FDQWO\�
lower absorption of the herbicides in the surface of the older 
and harded Typha spp. leaves. Lishawa et al. (2017) where 
DPRQJ�WKH�¿UVW�ZKR�DWWHPSWHG�WR�DGGUHVV�WKH�FRQWURO�RI�Typha 
x glauca, when plants are in young age, in contrast to most 
techniques which aim to mature plants when the species is 
already dominant.

7KH�¿QGLQJV� RI� WKH� SUHVHQW� VWXG\� DUH� DOVR� LQ� DJUHHPHQW�
with the study conducted by Wilcox et al. (2018), suggest-
ing that cattail will resprout even after cutting, so combined 
treatments with cutting and secondary applications could 
suppress regrowth. In particular, they found that wicking in 
late summer of cattail ramets with glyphosate was the most 
effective treatment to reduce Typha cover. Therefore, the au-
thors suggest mid-summer cutting of Typha ramets and af-
ter that late-summer herbicide wicking of resprouted stems. 
This is applicable in small scale, but other options which are 
not labor-intensive and cost-ineffective should also integrat-
HG��$PRQJ�WKHP��DV�RXU�¿QGLQJV�UHYHDOHG��PRZLQJ�IROORZHG�
by chemical control is a very good option for larger areas.  
$QRWKHU�EHQH¿FLDO�HIIHFW�RI�PRZLQJ�DQG�FXWWLQJ�LV�WKDW�WKH\�
ensure the removal of aboveground biomass of cattail and the 
reduction of degradation process of Typha spp. plant tissues. 
It is noticeable that previous studies have shown that removal 
of Typha spp. aboveground biomass is recommended in high-
ly productive areas or in constructed wetlands, in order to 
avoid the accumulation of organic matter after decomposition 
(ÈOYDUH]�DQG�%pFDUHV��������9URRP�HW�DO����������(OJHUVPD�
et al. (2017) results showed that in high-nutrient wetlands the 
most effective combination to manage cattail hybrid invasion 
was herbicide with burning, proposing that nutrient inputs 
in wetland ecosystems can improve management efforts. 
Johnson et al. (2019) reported that one year after mechanical 
harvesting of dominant clonal cattail, the light transmission 
increased due to the aboveground biomass removal, while a 
submerged harvest lead to soil nutrients increasing availabil-
ity. Another study showed that aboveground harvesting of T. 

x glauca stems and litter lead to reduced litter 4 years after 
the removal (Keyport et al., 2019). Lawrence et al. (2016) 
reported that herbicide application of cattail with glyphosate 
VLJQL¿FDQWO\�DIIHFWHG�ZHWODQG�G\QDPLFV��E\� UHGXFLQJ�Typha 
biomass and abundance, enriched nutrient pool (NH4+, N, P, 
K) and increased light penetration one year after treatment. 
1HYHUWKHOHVV��WKH�FKHPLFDO�WUHDWPHQW�OHDG�WR�VLJQL¿FDQW�GHJ-
radation of native plant richness. 

It has to be noted that the excessive use of herbicides re-
sults in selection pressure over time which eliminates suscep-
tible weeds and biotypes and thus causes evolutionary chang-
es in weed communities. Such a typical example is the one 
of Conyza spp. which found “empty space” due to the high 
HI¿FDF\�RI�JO\SKRVDWH�RQ�WKH�PDMRULW\�RI�ZHHGV��SURJUHVVLYH-
ly developed resistance to glyphosate, invaded orchards and 
vineyards and now is one of the most serious weed problems 
of perennial crops throughout the Mediterranean area (Trav-
los and Chachalis, 2010). Consequently, sometimes they key 
in the management of Typha VSS��FRXOG�EH�WKH�XWLOL]DWLRQ�RI�
this plant. For instance, Lawrence et al. (2016) suggested that 
combined treatment of biomass harvest and disking can add to 
cattail control and could be a positive economical perspective 
IRU�IDUPHUV�GXH�WR�FDWWDLO�ELRPDVV�XWLOL]DWLRQ�DV�ELRIXHO��ZKLOH�
at the same time the native plant community will be boosted. 
Lishawa et al. (2019) suggested that restoration techniques 
of cattail dominant areas should focus on periodic treatments 
including biomass removal, in order to preserve the native 
biodiversity. Vroom et al. (2018) proposed that T. latifolia can 
EH�XWLOL]HG�IRU�WKH�UHVWRUDWLRQ�RI�SHDWODQGV�DIWHU� WKHLU�UHZHW-
ting, because of the species capacity to control nitrogen and 
phosphorus concentrations from surface and pore water, as 
well as regulate CH4 and N2O emissions. Nevertheless, the 
selection of cattail species for potential phytoremediation 
must be based upon the species invasiveness risk (Bonanno 
DQG�&LUHOOL��������*LNDV�HW�DO����������&RPSUHKHQVLYH�VWXGLHV�
UHJDUGLQJ� XWLOL]DWLRQ� RI�Typha biofuel production after fol-
lowing harvesting of plants biomass have been extensively 
reviewed by Bansal et al. (2019).

Fig 1. Olive orchard with a heavy Typha spp. infestation in western Greece.
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)LJ����(I¿FDF\�RI�VHYHUDO�KHUELFLGHV�DJDLQVW�7\SKD�VSS��DW����'$7�

7DEOH����6RLO�WH[WXUH�DQG�FKHPLFDO�FRPSRQHQWV�RI�XVHG�VRLO��LQ�ERWK�SRW�DQG�¿HOG�H[SHULPHQWV�

Parameter Value
Clay (%) 31.1
Loam (%) 35.3
Sand (%) 33.6
pH (1:1 H

2
O) 7.09

NO
3
 (mg kg-1) 11.4

P (mg kg-1) 14.4
K (mg kg-1) 187
CaCO

3 
(%) 14.61

Organic matter (%) 1.77

Table 2. Herbicide treatments and application rates

Active ingredient Rate (kg a.i. or a.e. ha-1)
glyphosate (x) 3.24 
glyphosate (2x) 6.48 
LPD]DPR[ 0.05 
glufosinate 0.75 
2,4-D 0.9 
MCPA 1.6 

Table 3. Survival of Typha sp. plants at 7, 21 and 35 days after treatment (DAT) in comparison to the untreated control

Treatment
Survival (% of the untreated control)

7 DAT 21 DAT 35 DAT
glyphosate (x) 40ab 20b 30b

glyphosate (2x) 20b 10b 5b

LPD]DPR[ 80a 80a 100a

glufosinate 0b 0b 10b

2,4-D 100a 80a 100a

MCPA 90a 70a 100a

9DOXHV�IROORZHG�E\�GLIIHUHQW�OHWWHU�LQ�WKH�VDPH�FROXPQ�LQGLFDWH�VLJQL¿FDQW�GLIIHUHQFHV��3�������EDVHG�RQ�6WXGHQW¶V�WHVW

Table 4. Dry weight (DW) of Typha sp. plants at 7, 21 and 35 days after treatment (DAT) in comparison to the untreated control

Treatment
DW (% of the untreated control)

7 DAT 21 DAT 35 DAT
glyphosate (x) 70ab 40b 50b

glyphosate (2x) 40bc 30b 20c

LPD]DPR[ 70ab 70a 100a

glufosinate 30c 30b 20c

2,4-D 100a 90a 100a

MCPA 80a 80a 100a

9DOXHV�IROORZHG�E\�GLIIHUHQW�OHWWHU�LQ�WKH�VDPH�FROXPQ�LQGLFDWH�VLJQL¿FDQW�GLIIHUHQFHV��3�������EDVHG�RQ�6WXGHQW¶V�WHVW
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Table 5. Survival of Typha sp. plants at 21 days after treatment (DAT) in comparison to the untreated control with and without 
previous mowing

Treatment Survival (% of the untreated control)
Without previous mowing With previous mowing

glyphosate (x) 70b 30b

glyphosate (2x) 50c 10b

LPD]DPR[ 90a 70a

glufosinate 50c 10b

2,4-D 100a 80a

MCPA 100a 70a

9DOXHV�IROORZHG�E\�GLIIHUHQW�OHWWHU�LQ�WKH�VDPH�FROXPQ�LQGLFDWH�VLJQL¿FDQW�GLIIHUHQFHV��3�������EDVHG�RQ�6WXGHQW¶V�WHVW

Conclusions
7KH�UHVXOWV�RI� WKH�SUHVHQW�VWXG\�UHYHDOHG� WKH� ORZ�HI¿FD-

F\�RI�VHYHUDO�KHUELFLGHV��OLNH�LPD]DPR[������'�DQG�0&3$��
against Typha spp. plants. On the other hand, our pot experi-
ments showed that especially glufosinate and glyphosate (in 
high rate) killed the majority of cattail plants grown by rhi-
]RPHV��0RUHRYHU�� WKH\�NH\�UHVXOW�RI�RXU�¿HOG�H[SHULPHQW�LV�
the strong indication of a synergistic action of mowing and 
chemical control, especially in the case of glufosinate and 
glyphosate. The case of Typha�VSS��FRQ¿UPV�WKDW�WKH�DGDSWD-
tion of an integrated approach that employs chemical meth-
ods along with other agronomic practices may ensure a long-
term invasive weed management. Consequently, integrated 
management strategies are essential in order to prevent the 
introduction and further dispersal of noxious invasive weeds. 
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Cabbage production is an im¬portant farm enterprise for descent socioeconomic status and nutritional security 
of rural farmers in eastern hill of Nepal. The study was conducted to determine contribution of cabbage in liveli-
hood of rural farmers and constraints in commercial cabbage production in Chhathar-Jorpati Rural Munic¬ipality, 
Dhankuta district of Nepal. A total of 60 cabbage producing households were randomly selected. Primary data 
were collected through 60 questionnaire survey. The data obtained were analyzed using MS-Excel and SPSS. 
Average land holding of farmers was 1.45 hectare. Cabbage occupied 67.99% of total land area under vegetables 
production with 60.06% contribution on annual income from vegetables and 23.69% contribution on total annual 
household income. Gross return and total variable cost per hectare were NRs. 195424.66 and NRs. 117566.70 
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Introduction
Cabbage (Brassica oleracea var capitata) is one of the 

most important vegetable crops grown all over the world. It 
belongs to family- Brassicaceae. It is mainly consumed as raw 
as well as cooked vegetable, being rich source of vitamins 
�$�� &� DQG�.��� ¿EUH�� SURWHLQV� DQG� DOVR� DQWL�FDQFHU� SURSHUW\�
due to the presence of “Inole-3-carbinol” (Singh, Sharma, & 
Singh, 2009). Cabbage accounts the third position in terms 
of area planted out of 55 vegetables cultivated in Nepal Cab-
EDJH�LV�EHLQJ�HPHUJLQJ�SUR¿WDEOH�IDUP�HQWHUSULVH�RI�IDUPHUV�
of Nepal, especially of eastern hill. Its many varieties are 
now grown in different parts of the country. In Nepal, Cab-
bage occupies 28071.4 hectares area, with total production of 
484036.8 Metric ton and productivity is 17.2 Mt ha-1 (ABPSD, 
2016). Dhankuta is most potential district for cabbage pro-

duction and export, having highest productivity (26.2 Mt ha-1) 
among other districts of Eastern region of Nepal with 1460 
ha cropped area and 38234 Mt annual productions (ABPSD, 
2016). Cabbage occupies largest area among vegetables area 
in Dhankuta (ABPSD, 2016). In 2015, vegetabels worth of 
NRs. 370 millions were sold from from Sidhuwa Agriculture 
Store, Chhathar-Jorpati Rural Municipality, Dhankuta. Out 
of the vegetables sold, cabbage had largest amount of 2500 
tonns. According to United States Department of Agriulture 
(USDA) cabbage is the second most economical cooked veg-
etable in terms of price per edible cup. This relatively low cost 
of cabbage in comparision with most other vegetable and its 
unique antioxidant properties makes this crucifer vegetable a 
nutrition bargain.
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Materials and Methods
Study Area and Sampling Design
The research was conducted in Chhathar-Jorpati Rural 

Municipality of Dhankuta district of Province 1 of Nepal. 
The site locates at 270 06’ N latitude and 87040’ E longitude 
with an elevation of 2150 masl. A total of 60 cabbage produc-
ing households were randomly selected among 250 record-
ed households in Prime Minister Agriculture Modernization 
Project at time of study.

Data Collection and Analysis
Primary data were collected through face to face interview 

by use of pre-tested semi-structured interview schedule in 
July of 2018. Key Informants Interview (KII) was carried out 
to cross check and supplement collected information. Collect-
ed data were analyzed using SPSS and MS Excel software.

Cost and Return Analysis
The total variable costs of cabbage production was cal-

culated by considering all variable inputs such as seed cost, 
organic manures cost, chemical fertilizers cost, pesticides cost 
and labor cost at their current market prices. All the cost were 
taken in NRs./ hectare. 
Total Variable Cost = Cseed + C organic manure + Cfertilizer + Cpesticide 
+ Clabor 
Where, Cseed = total cost on seed (NRs./ha), C organic manure = 
cost on organic manures (NRs./ha), Cfertilizer = cost on fertilizer 
(NRs./ha), Cpesticide= cost on pesticides (NRs./ha) and Clabor = 
cost on human labor (NRs./ha).

Gross Margin Analysis
Gross Margin = Gross Returns – Total Variable Cost
Where, Gross Returns = average price of cabbage × total cab-
bage production

%HQH¿W�&RVW�$QDO\VLV
It was calculated by using following formula:

B/C Ratio =  

Problems ranking
Preferential ranking for production problems and diseases 

was done by indexing. Knowledge scoring was done to assess 
the knowledge level of farmers according to the results of the 
questionnaire survey.

• Indexing was computed using following formula.
,�LPS ���VLî¿�1��
Where, I imp=Index of importance

� �6XPPDWLRQ
si =Scale value
¿� )UHTXHQF\�RI�LPSRUWDQFH�JLYHQ�E\�UHVSRQGHQW
N=Total number of respondents 

Knowledge scoring to assess knowledge level was done 
as follow

• Each respondent were asked 17 questions regarding 
FOXEURRW�LGHQWL¿FDWLRQ��VSUHDG�DQG�PDQDJHPHQW�

• Each response was recorded as ‘Yes’ or ‘No’
• One score was given if the response was ‘Yes’
• Score below and equal to mean was categorized as 

low knowledge and score above mean categorised as 
high knowledge

Results and Discussion
Status of cabbage production 
Vegetable is a major contribution on economy and nutri-

tional health of Nepalese farmers. Temperate vegetables such 
DV�FDEEDJH��FDXOLÀRZHU��JDUGHQ�SHD��EURDG�OHDI�PXVWDUG�ZHUH�
major vegetable grown at study area. (Figure 1). According to 
villagers and agriculture stakeholders, income from cabbage 
was a major and dependable source of income of farmers in 
Dhankuta district of Nepal. This survey study revealed that 
income from cabbage production contributes a major part of 
total income from vegetable in Dhankuta district, Nepal. In-
come from cabbage had highest contribution (60%) on total 
income from vegetables (Figure 1).

Figure 1. Share of cabbage on total income from vegetable

Chhathar-Jorpati Rural Municipality has been considered 
as vegetable hub of eastern region of Nepal. About 91.19% of 
cultivated land was under vegetable cultivation. Cabbage had 
highest cropped area among the vegetables grown over there. 
Cabbage production has attracted the youth of that locality 
preventing their unwanted migration to terai or foreign coun-
tries for earning. Cabbage is the major agriculture product ex-
ported to India through Kakarbhitta customs, Jhapa, a major 
customs of Eastern region of Nepal. Similarly, off season cab-
bage is the major fresh vegetable exported to India through 
Pashupatinagar customs, Ilam (Ojha, 2016). Dhankuta is most 
potential district for cabbage production and export, having 
highest productivity (26.2 Mg ha-1) among other districts of 
Eastern region of Nepal with 1460 ha cropped area and 38234 
Mg production (MoAD, 2016). Cabbage occupies largest area 
among vegetables area in Dhankuta (MoAD, 2016).

  
(a)
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Figure 2. (a) Harvesting of cabbage and packaging; (b) 
Transportation upto main road on back by farmers (Photo 
credit: Sachin Gahatraj, Agriculture and Forestry University, 
Rampur, Chitwan, Nepal)

Major problems in production
Disease was the major problem in cabbage production in 

the study area with highest index value of 5.45. Marketing 
was the second important problem with index value 4.9 fol-
lowed by Insect with index value 4.42, Irrigation with index 
value 2.5 and Input unavailability with index value 1.76.

Clubroot is a major soil-borne disease of Brassica crops 
having high economic impact worldwide (Dixon, 2009)the 
pathogen probably spread worldwide as a result of transfer on 
and in fodder taken by colonists as livestock feed. It is a moot 
point, however, whether there was much earlier spread by P. 
brassicae into China and subsequently Japan as Brassica rapa 
(Chinese cabbage and many variants. Severe and widespread 
epidemic of clubroot have been recorde in Kathmandu valley 
and Makawanpur of Nepal (Timila et al., 2008). Few year 
DJR��LW�ZDV�UHFRUGHG�LQ�FDEEDJH�JURZLQJ�¿HOGV�RI�'KDQNXWD�
and spreading rapidly in the vacinity. Most of the commercial 
cabbage growing areas of Chhathar-Jorpati rural municipality 
have been already infested by clubroot pathogen. The yield of 
major Brassica crops at this locality such as; cabbage, cauli-
ÀRZHU��EURDG�OHDI�PXVWDUG�LV�OHVV�WKDQ�QDWLRQDO�DYHUDJH��)XU-
thermore, clubroot has exacerbated the situation. Productivity 
KDV� EHHQ� GUDVWLFDOO\� UHGXFHG� VLQFH� IHZ�\HDUV� DIWHU� ¿HOG� JRW�
infested with pathogen. In addition to productivity, cropping 
area under Brassica crops is also shrinking as farmers have 
started to seek alternative crops like maize, potato although 
WKHVH�FURSV�DUH�QRW�HFRQRPLFDOO\�EHQH¿FLDO�DV�EUDVVLFD�FURSV�
�FDEEDJH��FDXOLÀRZHU�DQG�EURDG�OHDI�PXVWDUG��DW�WKLV�ORFDOLW\��

Clubroot has a cosmopolitan distribution and is responsible 
for up to 50-100% yield loss of cabbage (Karling, 1968). It 
is considered most destructive disease of Brassica crops not 
only because of extent of yield loss it cause but also because 
RI�GLI¿FXOWLHV�LQ�HOLPLQDWLRQ�IURP�WKH�DUHD�RQFH�JHW�LQIHVWHG�
(Gahatraj et al., 2019).

Cost of production
The largest proportion of the cost of cabbage production 

was found to be occupied by labor cost (47.52%) and plant 
nutrient cost (46.97%). Pesticide cost (243.82 NRs/ha) was 
very low applied on cabbage production was very low (Table 
1). This implies that used of pesticide has been reduced in 
recent few years. It may be due to the reason that cabbage 
expoerted to India and Bangladesh from this district had to be 
assured as free from pesticide residue by rapid bioassay for 
pesticide residue (RBPR) before passed through quarentine at 
FXVWRP�RI¿FH��1XWULHQW�FRVW�ZDV�DOVR�D�PDMRU�FRVW�RQ�FDEEDJH�
production, which was almost equal to labor cost. (Table 1). 
Cabbage is heavy feeder that is why it needs to be applied 
with ample amount of balanced macro and micronutrients.

Return from cabbage production
Productivity of cabbage was 26.66 Mt/ha at study area, 

which is quite equal to cabbage productivity (26.2 Mt/ha) of 
Dhankuta district and higher than national average productiv-
LW\�RI������0W�KD��$,&&���������7KH�RYHUDOO�EHQH¿W�FRVW�UDWLR�
of cabbage production -considering total variable cost- was 
estimated to be 1.66. This means with one unit investment, 
1.66 unit returns we get. Farm gate price was found to be far 
lower than wholesale price (NRs. 25-27 per Kg) at same time, 
at Kalimati Fruits and Vegetable Market, Kathmandu, Nepal 
(KFVWMDB, 2018).

Conclusion
In study area, cabbage is grown under largest area among 

YHJHWDEOHV��9HJHWDEOH�KDG�VLJQL¿FDQW�FRQWULEXWLRQ�RQ�WRWDO�LQ-
come of farmers while cabbage was a major contributor. Al-
WKRXJK�FDEEDJH�SURGXFWLRQ�ZDV�IRXQG�WR�EH�TXLWH�SUR¿WDEOH�
farm enterprise, price spread was found to be a major imped-
LQJ�IDFWRU�RI�KLJKHU�EHQH¿W�RI�FDEEDJH��7KHUH�LV�KLJK�SRWHQWLDO�
RI�LQFUHDVLQJ�EHQH¿W�RI�FURS��EXW�LQWHUYHQWLRQ�RI�JRYHUQPHQW�
is needed. In addition, government should also intervene on 
market regulation and on price policy to increase farm gate 
price. Diseases were found to be major hindering factor of 
production of cabbage. Among diseases, clubroot was major 
problem.

(b)

Table 1. Ranking of problem in cabbage production in Dhankuta, 2018

Problems
 Level

 Weight  Index Rank
6 5 4 3 2 1

Disease 43 5 8 4 0 0 327 5.45 I
Insect 0 29 27 4 0 0 265 4.42 III
Inputs 0 0 0 15 16 29 106 1.76 V
Irrigation 0 3 9 16 18 14 149 2.5 IV
Marketing 17 24 16 3 0 0 295 4.9 II

Source: Field Survey, 2018
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Table 2. Ranking of diseases hindering cabbage production in Dhankuta, 2018

Diseases 
 Level

Weight Index Rank
6 5 4 3 2 1

Clubroot 47 0 0 0 0 8 290 4.8 I

Sclerotinia rot 6 16 10 10 7 1 201 3.35 IV

Black rot 0 0 0 0 13 47 73 1.2 V

Damping off 2 18 26 14 0 0 248 4.13 III

Blight 9 23 15 13 0 0 268 4.46 II
Source: Field Survey, 2018

Table 3. Total variable cost of cabbage production (NRs/ha) 

Inputs Means Percentage

Seed Cost 6240.75 5.31

Nutrient Cost 55219.3 46.97

Pesticide Cost 243.82 0.21

Labour Cost 55862.83 47.52

Total Variable Cost 117566.7 100
Source: Field Survey, 2018 

Figure 3. Share of different cost componets of cabbage production

Table 4. Economic statement of cabbage production in Dhankuta, 2018

Measuring Criteria Average Value

Area 0.58

Productivity 26.66

Average Revenue 7.61

Gross Return 195424.66

Total Variable Cost 117566.7

Gross Margin 77857.96

%HQH¿W�&RVW�5DWLR 1.66
Source: Field Survey, 2018 
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Introduction
Rangelands constitute the most important diversity and 

UHSRVLWRU\�RI� WKH� JHQHWLF� UHVRXUFHV��7KH\� FRQWULEXWH� JUHDWO\�
to the ecosystem and enhance values of the farm products and 
SURPRWH�UXUDO�WRXULVP��+RSNLQV�DQG�+RO]���������7KH\�SUH-
VHUYH�VRLO�DQG�ZDWHU��$OWÕQ�HW�DO���������DQG�UHOHDVH�IUHVK�ZD-
WHU�DQG�R[\JHQ��5DQJHODQGV�DUH�VKHOWHU�DQG�KRPH�RI�D�YDULHW\�
RI�DQLPDOV�DQG�SODQWV��PRVW�RI�ZKLFK�DUH�XVHG�IRU�KXQWLQJ�RU�
gathering by rural populations either for direct consumption 
or to be sold in markets. Rangelands also support honeybee 
IDUPLQJ� DV� DQ� LPSRUWDQW� VRXUFH� RI� SROOHQ� DQG� QHFWDU�� 7KH\�
SURYLGH�IUHH�IRUDJH�IRU�GRPHVWLF�DQLPDOV��5DQJHODQGV��RZLQJ�
WR�WKH�DERYH�PHQWLRQHG�EHQH¿WV��KDYH�DQ�LPSRUWDQW�SODFH�LQ�
the livelihood of the rural populations and they greatly con-
tribute to the national economy. 

+RZHYHU�� GHFDGHV�ORQJ� XQWLPHO\� DQG� KHDY\� JUD]LQJ�
caused degradation and losses in functionality of the range-

ODQGV�ZRUOGZLGH��,W�LV�WKDQNIXOO\�WKDW�DQ�DZDUHQHVV�KDV�EHHQ�
GHYHORSHG�LQ�7XUNH\�DQG�DIWHU�WKH�HQDFWPHQW�RI�3DVWXUH�/DZ�
�/DZ�1R�������� LQ������� WKH�1DWLRQDO�5DQJHODQG� ,PSURYH-
PHQW� DQG�0DQDJHPHQW� 6FKHPH� ZDV� SXW� LQWR� DFWLRQ� LQ� WKH�
same year by the former Ministry of Agriculture and Rural 
Affairs in order to increase and maintain the productivity of 
GHJUDGHG�UDQJHODQGV��6LQFH�WKHQ��JRYHUQPHQWV�KDYH�VWDUWHG�WR�
transfer substantial amount of funds to restore and rehabilitate 
WKH�GHJUDGHG�UDQJHODQGV��1HYHUWKHOHVV��IRU�WKH�VXVWDLQDELOLW\�
of fund allocation, it is of great importance to keep rangelands 
LQ�WKH�DJHQGD��<HW��VFDUFLW\�RI�FDSLWDO�PDNHV�LQYHVWPHQW�GH-
cisions one of the most important challenges that managers, 
donors or policy makers face across various options. More 
LPSRUWDQWO\��¿QDQFLDO�FRQVLGHUDWLRQV�KDYH�WKH�FUXFLDO�UROH�LQ�
prioritization or assessing the capital investment opportu-
QLWLHV��HYHQ�VRPH�QRQ�¿QDQFLDO� IDFWRUV�PD\�DOVR�KDYH� WR�EH�
UHJDUGHG�� 6R�� LQ� RUGHU� WR� NHHS� WKH� UDQJHODQGV� LQ� WRS� RI� WKH�

&LWH�WKLV�DUWLFOH�DV��
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LQYHVWPHQW�RSSRUWXQLWLHV�OLVW�� LW� LV�RI�LPSRUWDQFH�WR�TXDQWLI\�
the contribution of rangelands to the economy to convince 
WKH�SROLF\�PDNHUV�DQG� WKH�GRQRUV�RQ� WKH�SUR¿WDELOLW\�RI� LQ-
YHVWLQJ�LQ�UDQJHODQGV��<HW��WKLV�LV�D�GLI¿FXOW�WDVN�DQG�PRVW�RI�
WKH� DERYH�PHQWLRQHG� EHQH¿WV� REWDLQHG� IURP� WKH� UDQJHODQGV�
cannot be monetized and their actual economic and social val-
XHV� HLWKHU� DUH� XQGHUHVWLPDWHG� RU� QRW� FRQVLGHUHG� DGHTXDWHO\�
�&RXVLQV�� �������1HYHUWKHOHVV�� HVWLPDWLRQ�RI� WKH�GU\� IRUDJH�
\LHOGV� DQG� LWV� XWLOL]HG� SHUFHQWDJH�PD\� KHOS� TXDQWLI\� WKH� ¿-
QDQFLDO�HTXLYDOHQW�RI�WKH�UDQJHODQG�IRUDJH�DQG�VR�WKHLU�DQQXDO�
FRQWULEXWLRQ�WR�WKH�HFRQRP\��ZKLFK�XOWLPDWHO\�VKRZ�WKH�LP-
SRUWDQFH�RI�UDQJHODQGV�HYHQ�ZKHQ�RQO\�IRUDJH�SURGXFWLRQ�LV�
considered, and other utilities are disregarded.

Among all the seven geographical regions, Eastern Ana-
tolia seems to have very favorable conditions for animal pro-
GXFWLRQ�RZLQJ�WR�LWV�YDVW�PHDGRZ�DQG�UDQJHODQG�DVVHW��5DQJH-
ODQG�GHSHQGHQW�H[WHQVLYH�DQLPDO�SURGXFWLRQ�KDV�EHHQ�D�ZD\�
RI� OLYHOLKRRG�JHQHUDWLRQ� LQ� WKH� UHJLRQ� IRU� FHQWXULHV�� ,Q�7XU-
NH\��UDQJHODQGV�DUH�FRPPRQO\�XVHG�YHJHWDWLRQ�FRYHUV��ZKRVH�
ULJKWV�DUH�OHIW�WR�WKH�OHJDO�HQWLW\�RI�HDFK�YLOODJH�ZLWK�FHUWDLQ�
GHPDUFDWLRQ�E\�WKH�ODZV��9LOODJH�ÀRFNV�DQG�KHUGV�JUD]H�VHSD-
UDWHO\�XQGHU�WKH�VXSHUYLVLRQ�RI�KHUGHUV�RU�VKHSKHUGV�ZLWK�GDL-
O\�H[FXUVLRQV�VWDUWLQJ�ZLWK�VXQULVH�DQG�HQGLQJ�ZLWK�WKH�VXQVHW�
�.DUD�HW�DO���������

A grazed, trampled or destroyed part of rangeland for-
age has been reported to be a measure of utilization for giv-
en rangeland, and its share in total production is described 
as rangeland utilization rate. In proper rangeland utilization, 
DERXW�����RI�XWLOL]DWLRQ�UDWH�LV�UHFRPPHQGHG�DV�QRUPDO�VXJ-
JHVWLQJ�WKDW�WKH�UHVW�VKRXOG�EH�OHIW�WR�DOORZ�UDQJHODQG�WR�UHJHQ-
HUDWH��*|NNXú�DQG�.Ro���������+RZHYHU��VXFK�D�JHQHUDOL]DWLRQ�
may not be valid for all rangeland types and that utilization 
rate may vary according to the type of vegetation cover. For 
H[DPSOH��XWLOL]DWLRQ� UDWHV�RI���±����IRU�DOSLQH� WXQGUD����±
����IRU�ZHVWHUQ�PRXQWDLQRXV�UDQJHODQGV����±����IRU�VKRUW�
JUDVV�SUDLULHV����±����IRU�WDOOJUDVV�SUDLULHV��DQG���±����IRU�
FRRO�VHDVRQ�JUDVVODQGV�KDYH�EHHQ�UHFRPPHQGHG��9DOOHQWLQH��
������FLWHG�LQ�*|NNXú�DQG�.Ro���������6LPLODUO\��LW�KDV�EHHQ�
reported that much less of rangeland forage should be grazed 
ZKHQ�UDQJHODQG�FRQGLWLRQ�LV�SRRU��$FFRUGLQJO\����±����DQG�

��±����RI�XWLOL]DWLRQ�UDWHV�ZHUH�VXJJHVWHG�IRU�SRRU�DQG�PRG-
HUDWH�FRQGLWLRQ�UDQJHODQGV�DQG���±����RI�XWLOL]DWLRQ�UDWH�ZDV�
UHFRPPHQGHG� IRU� YHU\� JRRG� FRQGLWLRQ� UDQJHODQGV� �*|NNXú�
DQG�.Ro���������

In the rangeland related studies hitherto conducted in 
7XUNH\��PDLQO\�ERWDQLFDO�FRPSRVLWLRQ�ZDV�H[DPLQHG�DQG�WKH�
studies on forage yield, animal grazing and utilization are 
VFDUFH�DQG�QRW�DGGUHVVHG�DGHTXDWHO\��0RUH�LPSRUWDQWO\��SUH-
viously conducted studies to determine the dry forage yield 
RI�WKH�UDQJHODQGV�ZHUH�OLPLWHG�ZLWK�VPDOO�VFDOH�WULDO�SORWV�LQ�
protected, non-grazed areas, and determination of the utili-
]DWLRQ�UDWH�ZDV�RXW�RI�WKHLU�VFRSH��6LQFH�WKHUH�LV�OLWWOH�RU�QR�
information on the degree of grazing and utilization rate of 
7XUNLVK�UDQJHODQGV��JHQHUDOO\�DSSUR[LPDWH�YDOXHV�KDYH�EHHQ�
XVHG�LQ�UDQJHODQG�UHKDELOLWDWLRQ�VWXGLHV�LQ�7XUNH\��'LIIHULQJ�
IURP�WKH�SUHYLRXV�RQHV��WKH�SUHVHQW�VWXG\�ZDV�FRQGXFWHG�LQ�D�
FRQVLGHUDEO\�ZLGHU�DUHD�FRYHULQJ�FRQWLQXRXVO\�JUD]HG�UDQJH-
ODQGV�LQ����YLOODJHV�RI���GLVWULFWV��,W�LV�H[SHFWHG�WKDW�VWXG\�¿QG-
LQJV�ZLOO�SURYLGH�YDOXDEOH�LQIRUPDWLRQ�WR�EH�QHHGHG�LQ�IXWXUH�
UDQJHODQG�DQG�DQLPDO�UHODWHG�VWXGLHV��DQG�DOVR�EH�EHQH¿FLDO�
in sustainable fund allocation for the rangeland restoration 
DQG�UHKDELOLWDWLRQ�LQYHVWPHQWV��QRW�RQO\�LQ�7XUNH\�EXW�DOVR�LQ�
countries sharing similar agroecological conditions, cultural 
and historical backgrounds of rangeland use pattern.

Materials and Methods
Material
7KH�SULPDU\�PDWHULDO�RI�WKLV�VWXG\�ZDV�REWDLQHG�IURP�WKH�

IRUDJH�KDUYHVWHG�IURP�FDJHV�DQG�UDQGRP�TXDGUDWV�DW�WKH�SHU-
manent 12 sites in the rangelands of 11 villages in Erzurum 
SURYLQFH��7XUNH\�� ,Q�DGGLWLRQ�� WKH� UHFRUGV�RI� WKH�RI¿FLDO� LQ-
stitutions in obtaining the relevant information related to the 
VWXG\�VXEMHFW�ZHUH�XVHG�DV�VHFRQGDU\�PDWHULDO�

Study Area
7KH�VWXG\�DUHD�FRYHUV�(U]XUXP�SURYLQFH�WKDW�UHÀHFWV�WKH�

PDLQ�FKDUDFWHULVWLFV�RI�WKH�(DVWHUQ�$QDWROLD�UHJLRQ�RI�7XUNH\�
regarding geography, climate, production type, and pattern 
�)LJXUH�����7KLV� UHJLRQ� LV�NQRZQ� IRU� LWV� VXLWDELOLW\� IRU� OLYH-
stock production due to its one-third share in total rangeland 
DVVHW�RI�7XUNH\�

)LJXUH����7KH�VWXG\�DUHD�LQ�7XUNH\
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+LJK�DPRXQW�RI�UDQJHODQG�DVVHW�DQG�XQIDYRUDEOH�FOLPDW-
LF�FRQGLWLRQV��ZKLFK�OLPLW�FURS�SURGXFWLRQ��KDYH�GHWHUPLQHG�
WKH�ZD\�RI�OLYHOLKRRG�JHQHUDWLRQ��DQG�VR�UDQJHODQG�GHSHQGHQW�
livestock production system has prevailed for centuries in the 
region. 

Erzurum has very rugged geography and very harsh ter-
UHVWULDO�FOLPDWH�DQG�LV�ORFDWHG�ZLWKLQ�WKH������¶���¶¶�QRUWKHUQ�
ODWLWXGHV�DQG������¶���¶¶�HDVWHUQ�ORQJLWXGHV��$OWLWXGH�LV�UDQJ-
LQJ�IURP������P�DVO�LQ�SODWHDXV�WR������P�DVO�DQG�KLJKHU�LQ�
WKH�PRXQWDLQV�DQG�FDQ�EH�DV�ORZ�DV�����������P�DVO�LQ�YDOOH\�
ÀRRUV�DQG������±������P�DVO�LQ�SODLQV��'HVSLWH�WKH�H[LVWHQFH�
of plain areas, the topography is fragmented in general and 
WKH� GRPLQDQW� YHJHWDWLRQ� LV� VWHSSH� JUDVVHV� ������ DV� ZRRG-
ODQG�LV�VFDUFH�������:LQWHUV�DUH�ORQJ�DQG�KDUVK��DQG�VXPPHUV�
DUH�VKRUW�DQG�KRW��,Q�D�ORQJ�WHUP�������WR��������WKH�DYHUDJH�
QXPEHU�RI�IUR]HQ�GD\V�DQG�WKH�GD\V�ZLWK�VQRZ�FRYHU�DUH�����
DQG�����GD\V��UHVSHFWLYHO\��ZKLOH�DQQXDO�DYHUDJH�WHPSHUDWXUH�
DQG� WRWDO� SUHFLSLWDWLRQ� DUH� ���� �&� DQG�������PP� LQ� UHVSHF-
WLYH�RUGHU� �7h0$6���������7KH�DQQXDO� DQG�JUD]LQJ� VHDVRQ�
SUHFLSLWDWLRQV�GXULQJ������ DQG������ DUH� SUHVHQWHG� LQ�7DEOH�
���$FFRUGLQJ� WR� WKH�PHWHRURORJLFDO�GDWD�� WKH�\HDU������ZDV�
distinctively draught compared to the previous year.

7DEOH����$QQXDO�DQG�VHDVRQDO�SUHFLSLWDWLRQ�GXULQJ� WKH�\HDUV�
�����DQG�������PP�

3HULRG 6WXG\�<HDUV Difference ����� 2008
$SULO�2FWREHU ����� ����� ±���� ����
<HDU�5RXQG ����� ����� –118.8 ����
6RXUFH��7h0$6�������

Selection of the villages
,Q� VHOHFWLRQ� RI� WKH� VWXG\� YLOODJHV�� VSHFLDO� HPSKDVLV�ZDV�

given on their representative ability over the surrounding 
DUHD��9LOODJHV�IURP�GLIIHUHQW�GLVWULFWV�ZHUH�SXUSRVLYHO\�VHOHFW-
ed among those free from nomadic movements and boundary 
SUREOHPV��DQG�IRU�ZKLFK�UDQJHODQG�GHPDUFDWLRQ�DQG�DOORFD-
WLRQ� VWXGLHV� KDYH� EHHQ� FRPSOHWHG��7KXV�� IURP�$úNDOH��1DU-
PDQ��3DVLQOHU��.|SU�N|\��+RUDVDQ��DQG�7RUWXP�GLVWULFWV�LQ�D�
WRWDO�RI����YLOODJHV�ZHUH�VHOHFWHG�IRU�WKH�VWXG\��,Q�WKH�VWXG\�
DUHD��WKH�DOWLWXGH�RI�JUD]LQJ�VLWHV�YDULHG�EHWZHHQ������P�DQG�
�����P�DVO�

6WXG\�YLOODJHV�DUH�DSDUW�IURP�HDFK�RWKHU�IURP�D�PLQLPXP�
RI�����NP�WR�D�PD[LPXP�RI�������NP��$OWKRXJK�VKDULQJ�VLP-
ilar production patterns, they differ from each other regarding 
WKH�DFUHDJH�RI�UDQJHODQGV�DQG�WKH�ÀXFWXDWLQJ�WRWDO�DQLPDO�DV-
VHW��7DEOH�����%HFDXVH�WKH�OLYHVWRFN�LV�QRW�RI�WKH�VDPH�VL]H�RU�
ZHLJKW�DQG�ZHLJKW�YDULDWLRQV�UHTXLUH�DGMXVWPHQWV��WKH�DQLPDO�
DVVHW�RI�WKH�YLOODJHV�ZDV�H[SUHVVHG�LQ�DQLPDO�XQLW�HTXLYDOHQW�
���$8� �����NJ�OLYH�ZHLJKW���,Q�DQLPDO�XQLW�FRQYHUVLRQV��WKH�
UDWHV�VXJJHVWHG�LQ�7XUNH\¶V�3DVWXUH�5HJXODWLRQ��0%6��������
ZHUH�XVHG�

Calculation of the rangeland utilization rate
Rangeland utilization rate describes the percentage of 

forage that is grazed or removed by animals from the total 
IRUDJH�DPRXQW�SURGXFHG�E\� UDQJHODQG�ZKLFK� VKRXOG� VDWLVI\�
WKH�FRQGLWLRQ�QRW�WR�FDXVH�UDQJHODQG�GHJUDGDWLRQ��*|NNXú�DQG�
.Ro���������,Q�RUGHU�WR�GHWHUPLQH�WKH�GU\�IRUDJH�\LHOG�RI�WKH�

UDQJHODQGV��FDJHV�ZLWK���P�KHLJKW�DQG���P�î���P�ÀRRU�DUHD�
ZHUH�SODFHG�LQ�HDFK�RI�WKH����UHSUHVHQWDWLYH�SHUPDQHQW�VLWHV�
in the rangelands of every village before the grazing seasons 
RI������DQG�������DQG�WKH�IRUDJH�XQGHU�WKH�FDJHV�ZDV�FOLSSHG�
to the ground at the end of the grazing season, corresponding 
to the seasonal yield.

$W�WKH�HQG�RI�WKH�JUD]LQJ�VHDVRQ�RI�WKH�\HDU�������LW�ZDV�
REVHUYHG�WKDW����DQG����RXW�RI�����FDJHV�ZHUH�ORVW�DQG�GLV-
DVVHPEOHG�� UHVSHFWLYHO\�� ,Q� WKH� IROORZLQJ� \HDU� EHIRUH� WKH�
JUD]LQJ� VHDVRQ�� WKH� ORVW� DQG�GLVDVVHPEOHG� FDJHV�ZHUH�¿[HG�
DQG�FRPSOHWHG�WR������$JDLQ��DW� WKH�HQG�RI�WKH�JUD]LQJ�VHD-
VRQ�RI�WKH�VHFRQG�\HDU�����FDJHV�ZHUH�ORVW�RU�XQVXLWDEOH�IRU�
GDWD� FROOHFWLRQ�� %HFDXVH� RI� WKH� ORVW� RU� GLVDVVHPEOHG� FDJHV��
XQDYDLODEOH�REVHUYDWLRQV�ZHUH�WUHDWHG�DV�PLVVLQJ�GDWD�DQG�WKH�
REVHUYDWLRQV�IURP����FDJHV�LQ�WKH�¿UVW�\HDU�DQG�����FDJHV�LQ�
WKH�VHFRQG�\HDU�ZHUH�XVHG�LQ�IRUDJH�\LHOG�DQG�XWLOL]DWLRQ�UDWH�
calculations. 

In order to determine the dry forage amount removed from 
WKH�UDQJHODQGV�GXULQJ�WKH�JUD]LQJ�SHULRG��ZH�FRQVLGHUHG�WKH��
GU\�VWXEEOH�\LHOG�DW�WKH�HQG�RI�WKH�JUD]LQJ�VHDVRQ��*|NNXú�DQG�
.Ro���������7KXV��WKH�UDQJHODQG�VWXEEOH�ZDV�VDPSOHG�WKURXJK�
IRXU�UDQGRP�TXDGUDWV�LQ�VXUURXQGLQJ�DUHDV�RI�HDFK�FDJH�DW�WKH�
HQG�RI�WKH�JUD]LQJ�VHDVRQ��7KH�UDQJHODQG�VWXEEOH�LQ�WKH�IRXU�
UDQGRP�TXDGUDWV��HTXLYDOHQW�WR�FDJH�ÀRRU�DUHD����TXDGUDWV� �
1.0 m2���ZDV�FOLSSHG�WR�WKH�JURXQG��7KH�KDUYHVW�ZHLJKWV�RI�WKH�
IRUDJH�DQG�WKH�VWXEEOH��DQG�WKHLU�GU\�ZHLJKWV�DIWHU�GHK\GUDWLRQ�
DW�����&�IRU����K�LQ�DQ�RYHQ�ZHUH�UHFRUGHG��

7KXV�� DYHUDJH�GU\� IRUDJH�\LHOGV� DQG� IRXU�TXDGUDW� \LHOGV�
ZHUH�REWDLQHG�IRU�HDFK�RI�WKH�SHUPDQHQW�VLWHV�LQ�WKH�YLOODJH�
UDQJHODQGV�� 6XEVHTXHQWO\�� WKH� XWLOL]HG� RU� UHPRYHG� DPRXQW�
RI� UDQJHODQG� IRUDJH� ZDV� FDOFXODWHG� E\� VXEWUDFWLQJ� TXDGUDW�
stubble yield from the cage forage yield and converted to per 
KHFWDUH�\LHOG��)LQDOO\��WKH�XWLOL]DWLRQ�UDWH�ZDV�FDOFXODWHG�E\�GL-
YLGLQJ�WKH�XWLOL]HG�GU\�IRUDJH�E\�WKH�GU\�IRUDJH�\LHOG��*|NNXú�
DQG�.Ro���������

7DEOH����5DQJHODQG�DQG�DQLPDO�DVVHW��LQ�DQLPDO�XQLWV��RI�WKH�
study villages 

9LOODJHV�LQ�WKH�
6WXG\�$UHD

Rangeland 
Asset1

�KD�
�D�

$QLPDO�$VVHW��$8�2

����
�E�

2008
�F�

.|úN ���� ���� ����
7DúD÷ÕO ���� 518 ���
<HQLN|\ ��� ��� ���
<D\ODGD÷ ��� ��� 510
'HPLUG|YHQ ��� 1159 ���
3HNHFLN ��� 111 ���
*HUHN ���� ��� ���
ùHKLWOHU ��� ��� ���
Esendurak 191 �� ���
7LSLOL ���� ��� ���
øQFHGHUH 595 ��� ���
7RWDO ����� ���� ����

12I¿FLDO� UHFRUGV�REWDLQHG� IURP� WKH�GLUHFWRUDWHV� RI� DJULFXOWXUH�RSHUDWLQJ� LQ�
the study area
2&DOFXODWHG�RQ�WKH�EDVLV�RI�WKH�RI¿FLDO�UHFRUGV
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&DOFXODWLRQ� RI� WKH� ¿QDQFLDO� HTXLYDOHQW� RI� XWLOL]HG�
rangeland forage

:H� XVHG� VXUURJDWH� PDUNHW� �DOVR� FDOOHG� VXEVWLWXWH� JRRG��
valuation method to estimate the value of the rangeland for-
DJH��7KH�FRQFHSW�RI�WKH�VXUURJDWH�PDUNHW�RU�VXEVWLWXWH�JRRG�
LV�XVHG�ZKHQ�RQH�FDQQRW�GLUHFWO\�HVWLPDWH�WKH�PDUNHW�SULFHV�
for certain environmental or non-market goods. In this case, 
valuation is made through the price of another similar good or 
VHUYLFH��SUR[\��WR�EH�VXEVWLWXWHG�IRU�WKH�QRQ�PDUNHW�JRRG�RU�
VHUYLFH�RI�LQWHUHVW��15&��������&RXVLQV��������5HKEHU��������
7RUUHOO�HW�DO����������7KXV��GULHG�PHDGRZ�KD\�ZDV�FRQVLGHUHG�
WR�EH�WKH�VXEVWLWXWH�RI�UDQJHODQG�IRUDJH�DQG�WKH�GULHG�PHDGRZ�
KD\�SULFHV�DYDLODEOH�DW�(U]XUXP�&RPPRGLW\�([FKDQJH�ZHUH�
XVHG�DV�D�¿QDQFLDO�SUR[\�WR�YDOXH�WKH�UDQJHODQG�IRUDJH��

Data analysis
2QH� RI� WKH� LPSRUWDQW� SUHFRQGLWLRQV� IRU� WKH� SDUDPHWULF�

statistical methods is the assumption of normal distribution 
IRU�WKH�YDULDEOHV�XQGHU�FRQVLGHUDWLRQ��DQG�LW�ZDV�WHVWHG�XVLQJ�
6NHZQHVV�DQG�&XUWRVLV� WHVW��<HW�� WKLV� WHVW� UHYHDOHG� WKDW�QRU-
PDOLW\� DVVXPSWLRQ� ZDV� QRW� VDWLV¿HG�� HYHQ� DIWHU� GDWD� WUDQV-
IRUPDWLRQ�DWWHPSWV��+RZHYHU��WKHRUHWLFDO�MXVWL¿FDWLRQ�IRU�WKH�
QRUPDOLW\�DVVXPSWLRQ�LV�WKH�FHQWUDO�OLPLW�WKHRUHP�ZKLFK�VWDWHV�
WKDW�ZKHQ�VDPSOH�VL]H�KDV�����RU�PRUH�REVHUYDWLRQV��YLRODWLRQ�
RI�WKH�QRUPDOLW\�LV�QRW�D�PDMRU�LVVXH��*XMDUDWL���������)ROORZ-
LQJ�WKLV�WKHRUHP��ZH�HPSOR\HG�GHVFULSWLYH�VWDWLVWLFDO�PHWKRGV�
DQG�RQH�ZD\�YDULDQFH�DQDO\VLV�WHVW��$129$���DORQJ�ZLWK�WKH�
QRQ�SDUDPHWULF�.UXVNDO�:DOOLV�WHVW�DV�D�UREXVW�DOWHUQDWLYH�WR�
RQH�ZD\�$129$� �6RNDO� DQG�5RKOI�� ������=DU�� ������� 6WD-
WLVWLFDO�DQDO\VLV�ZDV�SHUIRUPHG�XVLQJ�6366�YHUVLRQ������IRU�
:LQGRZV��,%0�&RUS��������

Results
Rangeland dry forage yield
,Q� WKH� ¿UVW� \HDU� RI� WKH� VWXG\�� WKH� KLJKHVW� GU\� IRUDJH�

\LHOG� ZDV� REWDLQHG� IURP� WKH� 3HNHFLN� YLOODJH� UDQJHODQGV� RI�
.|SU�N|\� GLVWULFW� ������� J�P–2�� DQG� WKH� ORZHVW� \LHOG� ������
g.m–2��ZDV�IURP�<D\ODGD÷�YLOODJH�UDQJHODQGV�RI�3DVLQOHU�GLV-
trict. In the second year of the study, on the other hand, the 
KLJKHVW�GU\�IRUDJH�\LHOG�ZDV�REWDLQHG�IURP�WKH�7LSLOL�YLOODJH�
UDQJHODQGV�RI�7RUWXP�GLVWULFW������J�P–2���ZKLOH�WKH�ORZHVW�GU\�
IRUDJH�\LHOGV�ZHUH�IURP�<HQLN|\�YLOODJH�UDQJHODQGV�RI�3DVLQ-
OHU�GLVWULFW�������J�P–2���$JDLQ��WKH�DYHUDJH�GU\�IRUDJH�\LHOG�RI�
WKH�ZKROH�VWXG\�DUHD�ZDV�UHDOL]HG�WR�EH�������J�P–2 and 80.5 
g.m–2�IRU�WKH�¿UVW�DQG�VHFRQG�\HDUV��UHVSHFWLYHO\��$FFRUGLQJ�

WR�WKH�UHVXOWV��WKH�YLOODJHV�GLG�QRW�GLIIHU�VLJQL¿FDQWO\��S!������
UHJDUGLQJ�WKH�GU\�IRUDJH�\LHOG�EXW�WKH�GLIIHUHQFH�EHWZHHQ�WKH�
VWXG\�\HDUV�ZDV� YHU\� VLJQL¿FDQW� �S��������7KH� DYHUDJH�GU\�
IRUDJH�\LHOG�RI�WKH�FDJHV�IRU�DOO�YLOODJHV�DQG�ERWK�\HDUV�ZDV�
101.2 g.m–2�DQG�WKH�VDPH�SHU�KHFWDUH�ZDV������NJ��7DEOH����

Rangeland utilization rate
7KH�UDQJHODQG�XWLOL]DWLRQ�IDFWRU�RU�UDWH�ZDV�FDOFXODWHG�DV�

�����DQG������SHU�FHQW�IRU�WKH�\HDUV������DQG�������UHVSHF-
WLYHO\��PDNLQJ� DQ� DYHUDJH� RI� ����� SHU� FHQW� RYHU� WZR� \HDUV�
�7DEOH�����7KH�GLIIHUHQFH�EHWZHHQ� WKH�\HDUV�ZDV� VLJQL¿FDQW�
�S��������$JDLQ�� WKHUH� ZHUH� VLJQL¿FDQW� XWLOL]DWLRQ� UDWH� GLI-
IHUHQFHV�DPRQJ�WKH�YLOODJHV��S��������7KH�ORZHVW�XWLOL]DWLRQ�
UDWH�ZDV�FDOFXODWHG�IRU�.|úN�YLOODJH��������ZKLOH�WKH�KLJKHVW�
XWLOL]DWLRQ�UDWHV�ZHUH�UHFRUGHG�IRU�<D\ODGD÷�DQG�<HQLN|\�YLO-
ODJHV���������

Estimation of the optimum length of the grazing pe-
riod

For sustainable use, the rangeland utilization rate should 
VDWLVI\�QRW�WR�FDXVH�UDQJHODQG�GHJUDGDWLRQ��'XDQ�HW�DO����������
For that reason, it should be arranged according to the range-
ODQG�FRQGLWLRQ�LQ�RUGHU�WR�DOORZ�UDQJHODQG�SODQWV�WR�UHJHQHU-
DWH��$V�VWDWHG�HDUOLHU����±����DQG���±����RI�XWLOL]DWLRQ�UDWHV�
ZHUH�VXJJHVWHG�IRU�SRRU�DQG�PRGHUDWH�FRQGLWLRQ�UDQJHODQGV�
�*|NNXú�DQG�.Ro���������DOWKRXJK�7HDJXH�HW�DO�� �������DG-
YLVHG� HYHQ�PXFK� OHVV� XWLOL]DWLRQ� OHYHOV� ���±����� WR� HQVXUH�
PDLQWHQDQFH� RI� UDQJHODQG� LQ� DQ� H[FHOOHQW� FRQGLWLRQ�� %DVHG�
RQ�WKH�FROOHFWHG�GDWD�DQG�WKH�VXJJHVWHG�XWLOL]DWLRQ�UDWHV��ZH�
could estimate the optimum length of the grazing period for 
the study area to ensure regeneration of the rangeland plants 
DW�WKH�H[LVWLQJ�VWRFNLQJ�UDWHV��6R��IROORZLQJ�*|NNXú�DQG�.Ro�
��������ZH�FRQVLGHUHG�WZR�XWLOL]DWLRQ�UDWH�VFHQDULRV�LQ�FDOFX-
ODWLQJ�WKH�RSWLPXP�OHQJWK�RI�JUD]LQJ�SHULRG�LQ�7DEOH����$F-
FRUGLQJ�WR�7DEOH����RSWLPXP�OHQJWK�RI�JUD]LQJ�SHULRG�YDULHV�
EHWZHHQ����DQG����GD\V�PDNLQJ�D�GLIIHUHQFH�RI����GD\V�EH-
WZHHQ�WKH�WZR�VFHQDULRV�FRQVLGHUHG��7KH�PD[LPXP�OHQJWK�RI�
WKH�JUD]LQJ�SHULRG�ZDV�FDOFXODWHG�WR�EH����GD\V�DFFRUGLQJ�WR�
WKH�VHFRQG�DQG�WKH�PRVW�RSWLPLVWLF�VFHQDULR��LQ�ZKLFK�����RI�
XWLOL]DWLRQ�UDWH�ZDV�WDNHQ�LQWR�DFFRXQW��

7KH�¿QDQFLDO�FRQWULEXWLRQ�RI�WKH�UDQJHODQGV�WR�WKH�QD-
tional economy as a forage source 

,Q�WKH�FDOFXODWLRQ�RI�WKH�¿QDQFLDO�FRQWULEXWLRQ�WR�WKH�QD-
WLRQDO�HFRQRP\��UDQJHODQGV�ZHUH�WDNHQ�LQWR�DFFRXQW�RQO\�DV�D�
VRXUFH�RI�IRUDJH�DQG�DOO�RWKHU�SRVVLEOH�XWLOLWLHV�ZHUH�LJQRUHG��
7KH�¿QDQFLDO�FRQWULEXWLRQ�RI�RQH�KHFWDUH�RI�UDQJHODQG�DUHD�WR�

7DEOH����7KH�UDQJHODQG�GU\�IRUDJH�\LHOG��VWXEEOH�\LHOG��XWLOL]HG�GU\�IRUDJH�DQG�XWLOL]DWLRQ�UDWH�E\�WKH�VWXG\�\HDUV

6WXG\�
<HDUV 1

'U\�)RUDJH�<LHOG�
�NJ�KD–1�

'U\�6WXEEOH�<LHOG�
�NJ�KD–1�

Utilized Dry Forage 
�NJ�KD–1�

Utilization Rate 
���

�D� �E� �F� �D�±�E� �G� �F�î�D–1�

ࡄ] ࡄ]6 ࡄ] ࡄ]6 ࡄ] ࡄ]6 ࡄ] ࡄ]6

���� 89 ������ ���� ����� ���� ����� 88.0 ���� 2.2

2008 ��� ����� ���� ����� ���� ����� ���� ���� 1.8

7RWDO ��� ������� 59.5 ����� 22.2 ����� ���� ���� ���
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WKH�HFRQRP\�ZDV�FDOFXODWHG�XVLQJ�WKH�GU\�PHDGRZ�KD\�SULF-
es for the year 2019, obtained from the Erzurum Commodity 
([FKDQJH��DQG�ZHUH�XVHG�DV�D�¿QDQFLDO�SUR[\�WR�GHWHUPLQH�WKH�
YDOXH�RI�WKH�UDQJHODQG�IRUDJH��7DEOH����

$FFRUGLQJ�WR�WKH�FDOFXODWLRQV�SUHVHQWHG�LQ�7DEOH����LW�FDQ�
EH�VDLG� WKDW�VWXG\�DUHD�UDQJHODQGV�PDNH�DQ�DQQXDO�¿QDQFLDO�
FRQWULEXWLRQ� RI� ������ 75<� RU� ����� 86'� ��� 75<�  � ������
86'��SHU�KHFWDUH�DW�WKH�SUHVHQW�XWLOL]DWLRQ�UDWHV�

Discussion
7KH�PDLQ� IRFXV� RI� WKLV� VWXG\�ZDV� WKH� UDQJHODQG�XWLOL]D-

WLRQ�DQG�WKHLU�¿QDQFLDO�FRQWULEXWLRQ�WR�WKH�HFRQRP\��7KLV�ZDV�
challenged by estimating the dry forage yield and its utilized 
SRUWLRQ��2I�FRXUVH��W\SH��GHSWK�DQG�QXWULHQW�FRQWHQW�RI�VRLOV��
VORSLQJ� GHJUHH�� SUHYDLOLQJ� ZLQG� GLUHFWLRQV�� HYDSRWUDQVSLUD-
tion are all important factors affecting rangeland biomass. 
+RZHYHU��IRU�WKH�HDVH�DQG�VLPSOLFLW\�RI�WKH�VWXG\�WKHVH�IDFWRUV�
ZHUH�QRW�KDQGOHG��DQG�WKH\�ZHUH�NHSW�EH\RQG�WKH�VFRSH�RI�WKLV�
VWXG\�DQG�KDYH�EHHQ� OHIW� DV� WKH� VXEMHFWV� IRU� IXUWKHU� VWXGLHV��
0RUHRYHU�� WKH� ¿QGLQJV� UHODWHG� WR� UDQJHODQG� YHJHWDWLRQ� DQG�
FRQGLWLRQ�ZHUH�QRW�WRXFKHG�LQ�WKLV�VWXG\�EHFDXVH�D�QXPEHU�RI�
previously conducted studies in the region revealed more or 
OHVV�VLPLODU�SDWWHUQV��(UNRYDQ�HW�DO���������'XPOX�HW�DO���������
$YD÷�HW�DO���������dDNDO��������

5HJDUGLQJ� WKH� ¿QDQFLDO� FRQWULEXWLRQ� RI� UDQJHODQGV� WR�
HFRQRP\��RI�FRXUVH��ZH�DGPLW�WKDW�LW�FHUWDLQO\�ZRXOG�EH�LOORJ-

LFDO�WR�OLPLW�LW�RQO\�WR�VRXUFH�RI�KHUEDJH��+RZHYHU��ZKDW�ZH�
ZRXOG�OLNH�WR�GR�LQ�WKLV�SDSHU�LV�WR�HPSKDVL]H�WKH�LPSRUWDQFH�
RI� UDQJHODQGV� HYHQ�ZKHQ�RQO\� IRUDJH� SURGXFWLRQ� LV� FRQVLG-
ered, and other utilities of rangelands are disregarded.

7KH� DYHUDJH� UDQJHODQG� GU\� forage yield reported in this 
study is important in terms of giving an idea on dry forage 
yield of the rangelands sharing similar ecological conditions. 
:H�KDYH�HVWLPDWHG�QRW�RQO\�WKH�GU\�forage yield but also de-
WHUPLQHG�KRZ�PXFK�RI�LW�LV�FRQVXPHG�RU�XWLOL]HG�E\�JUD]LQJ�
animals. 

Regarding the rangeland dry forage yields, the villages 
GLG� QRW� GLIIHU� VLJQL¿FDQWO\� �S!������ IURP� HDFK� RWKHU� EXW� D�
VLJQL¿FDQW� \LHOG� GLIIHUHQFH�ZDV� GHWHFWHG� EHWZHHQ� WKH� VWXG\�
\HDUV� �S��������7KH� UHDVRQ� IRU� WKLV� LV�PRVW� OLNHO\�SUHFLSLWD-
WLRQ��,Q�WKH�DUHDV�ZLWK�OHVV�WKDQ�����PP�DQQXDO�SUHFLSLWDWLRQ��
moisture played a key role in the composition, structure, and 
GHQVLW\� RI� WKH� SODQW� FRPPXQLWLHV� �.XWLHO� DQG� /DYHH�� ������
FLWHG�LQ�0DUHQ�HW�DO���������DQG�VR�UDQJHODQG�IRUDJH�SURGXF-
WLRQ�LV�ÀXFWXDWHG�DQG�PDLQO\�GHWHUPLQHG�E\�UDLQIDOO��'XDQ�HW�
DO���������� �7KXV��DERXW�����RI� WKH�\LHOG�JDS� LQ� WKH�VHFRQG�
\HDU�ZDV�OLNHO\�GXH�WR�WKH�ORZ�SUHFLSLWDWLRQ�LQ�WKH�\HDU������
DQG� ���� OHVV� SUHFLSLWDWLRQ� ZDV� UHDOL]HG� IRU� DOO� \HDU� URXQG�
DQG�IRU�WKH�YHJHWDWLRQ�SHULRG�IURP�$SULO�WR�2FWREHU��UHVSHF-
WLYHO\��7DEOH�����,Q�OLQH�ZLWK�RXU�¿QGLQJV��D�VLJQL¿FDQW�HIIHFW�
RI�WKH�SUHFLSLWDWLRQ�KDV�DOVR�EHHQ�UHSRUWHG�E\�2¶&RQQRU�DQG�
5RX[W� ��������.KXPDOR�DQG�+ROHFKHN� ��������%URZQLQJ�HW�

7DEOH����7KH�RSWLPXP�OHQJWK�RI�JUD]LQJ�SHULRG�DW�WKH�H[LVWLQJ�QXPEHU�RI�JUD]LQJ�DQLPDOV�LQ�WKH�VWXG\�DUHD�EDVHG�RQ�WKH�VXJJHVWHG�
utilization rates

Items ([SODQDWLRQV

6FHQDULRV�IRU�WKH�RSWLPXP�
length of grazing periods

7KH�)LUVW�
scenario

7KH�6HFRQG�
6FHQDULR

6XJJHVWHG�XWLOL]DWLRQ�UDWH�����Z �D� �� ��

5DQJHODQG�GU\�IRUDJH�\LHOG�SHU�KHFWDUH��NJîKD–1�� �E� 1012 1012

5DQJHODQG�GU\�IRUDJH�TXDQWLW\�WR�EH�JUD]HG�SHU�KHFWDUH��NJîKD–1� �F DîEî���–1� ����� �����

+HUEDJH�DOORZDQFH�IRU�RQH�$8������NJ�OLYH�ZHLJKW��SHU�GD\��NJîGD\–1�� �G� 12.5 12.5

7KH�QXPEHU�RI�DQLPDOV�WR�EH�DOORZHG�WR�JUD]H�SHU�KHFWDUH�SHU�GD\��$8îGD\–1� �H FîG�–1� ���� ����

7RWDO�UDQJHODQG�DFUHDJH�LQ�WKH�VWXG\�DUHD��KD�5 �I� ����� �����

7RWDO�QXPEHU�RI�DQLPDOV�WR�EH�DOORZHG�WR�JUD]H�LQ�RQH�GD\��$8îGD\–1� �J HîI� ������ ������

7KH�QXPEHU�RI�WRWDO�JUD]LQJ�DQLPDOV�LQ�WKH�VWXG\�DUHD��$8�5 �K� ���� ����

7KH�WRWDO�OHQJWK�RI�WKH�JUD]LQJ�SHULRG�WR�EH�FRQVLGHUHG�LQ�WKH�VWXG\�DUHD��GD\� �M J×h–1� ���� 80.5
�*|NNXú�DQG�.Ro����������3UHVHQW�VWXG\�UHVXOWV��7DEOH����57DEOH��

7DEOH����7KH�FRQWULEXWLRQ�RI�WKH�SRRU�WR�PRGHUDWH�FRQGLWLRQ�UDQJHODQGV�WR�WKH�HFRQRP\�LQ�(U]XUXP

Items 9DOXH
Rangeland dry forage yield �NJ×ha–1�� 1012
Utilized dry forage  �NJ×ha–1�� ���
'U\�PHDGRZ�KD\�SULFH�IRU�WKH�\HDU��������75<×kg–1�� ����
)LQDQFLDO�HTXLYDOHQW�RI�WKH�UDQJHODQG�IRUDJH��75<×ha–1� 525.8
)LQDQFLDO�HTXLYDOHQW�RI�WKH�UDQJHODQG�IRUDJH����86'� �������75<���86'×ha–1� 92.0

 �7DEOH�����(7%�������
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DO���������
$OWKRXJK�VLJQL¿FDQWO\�GLIIHUHG�DPRQJ�WKH�YLOODJHV��PRVW�

likely due to the stocking rate differences, the rangeland uti-
OL]DWLRQ�IDFWRU�RU�UDWH�ZDV������DQG������SHU�FHQW�IRU�WKH�\HDUV�
�����DQG������� UHVSHFWLYHO\�� �/RZ�GU\� IRUDJH�\LHOGV� LQ� WKH�
second year of the study brought about relatively higher utili-
]DWLRQ�UDWHV��7KXV��KHDY\�JUD]LQJ�SUREOHP�VLJQL¿FDQWO\�ZRUV-
HQV��S�������LQ�WKH�\HDUV�RI�ORZ�IRUDJH�SURGXFWLRQ��7DEOH�����
$Q�DYHUDJH�RI������SHU�FHQW�XWLOL]DWLRQ�UDWH�RYHU�WZR�\HDUV�LV�
WZRIROG�KLJKHU� WKDQ� WKH� VXJJHVWHG�YDOXH� �*|NNXú� DQG�.Ro��
������7HDJXH�HW�DO����������DQG�LQGLFDWHV�D�KHDY\�JUD]LQJ�SUHV-
sure on rangelands in particular for the studied area, and in 
general for the eastern Anatolia. 

$W�WKLV�H[FHVVLYHO\�KLJK�XWLOL]DWLRQ�UDWHV��ZH�FDOFXODWHG�WKH�
¿QDQFLDO� HTXLYDOHQW� RI� XWLOL]HG� UDQJHODQG� IRUDJH� WR� EH� �����
86'����75<� �������86'��SHU�KHFWDUH�LQ�WKH�SUHVHQW�VWXG\��
5DQJHODQG�FRQGLWLRQ�RI�WKH�VWXGLHG�UDQJHODQG�VLWHV�ZDV�SUH-
YLRXVO\�SUHVHQWHG�HOVHZKHUH�WKDW�LW�YDULHG�IURP�SRRU�WR�PRG-
HUDWH�FRQGLWLRQ��.DUD�HW�DO���������.DUD���������$JDLQ��$YD÷�
HW�DO����������UHSRUWHG�WKDW�WKH�PDMRULW\�RI�UDQJHODQG�DVVHW�LQ�
(U]XUXP�DQG�HDVWHUQ�$QDWROLD��ZHUH�LQ�D�PRGHUDWH�FRQGLWLRQ�
L�H�����DQG����SHUFHQW��7KDW�LV��DERXW�������WKRXVDQG�KD�������
RXW�RI� WRWDO�����������KD�RI� WKH� UDQJHODQG�DVVHWV�RI� HDVWHUQ�
$QDWROLD� �*7+%�������� DUH� LQ� D�PRGHUDWH� FRQGLWLRQ��7KXV��
HYHQ�ZKHQ� FRQVLGHULQJ� RQO\� WKH�PRGHUDWH� FRQGLWLRQ� UDQJH-
ODQGV��ZH�FRXOG� LQIHU� WKDW� WKH�DQQXDO�FRQWULEXWLRQ�RI� UDQJH-
ODQGV� RI� HDVWHUQ�$QDWROLD� WR�7XUNLVK� HFRQRP\� LV� DERXW� ����
PLOOLRQ�������WKRXVDQG�KD�î��������KD–1��86�GROODUV��+RZHY-
HU��WKLV�KLJK�¿QDQFLDO�HTXLYDOHQW�KDV�EHHQ�DFFRPSOLVKHG�DW�WKH�
H[SHQVH�RI�UDSLG�UDQJHODQG�GHJUDGDWLRQ��ZKLFK�PHDQV�NLOOLQJ�
the goose that lays golden egg. In order to achieve sustain-
ability either the length of the grazing period should be short-
HQHG��RU�H[LVWLQJ�VWRFNLQJ�UDWHV�VKRXOG�EH�GHÀDWHG�E\�����WR�
alleviate the heavy grazing pressure so that rangeland plants 
can regenerate. 

%HFDXVH�YLOODJH�UDQJHODQGV�LQ�7XUNH\�DUH�LQ�FRPPRQ�XVH��
management of the grazing according to the herbage produc-
WLRQ��RU�GHÀDWLQJ�WKH�H[LVWLQJ�VWRFNLQJ�UDWHV�E\����SHUFHQW�LV�
DQ� H[WUHPHO\� GLI¿FXOW� WDVN� VLQFH� LW� UHTXLUHV� KDOYLQJ� WKH� H[-
LVWLQJ�QXPEHU�RI�JUD]LQJ�DQLPDOV�� � ,Q�D�SULYDWH� IDUP�ZLWK�D�
private rangeland property, farmer can decide on the optimum 
stocking rate for better use of his or her rangeland. In common 
XVH��KRZHYHU��HYHU\�IDUPHU�WULHV�WR�XVH�LW�DV�PXFK�DV�KH�RU�VKH�
can, in an opportunistic manner, ignoring the capacity of the 
UDQJHODQG��)RU�WKDW�UHDVRQ��LQVWHDG�RI�GHÀDWLQJ�VWRFNLQJ�UDWHV��
shortening the grazing period may be easier. 

$V�LOOXVWUDWHG�LQ�7DEOH����FRQVLGHULQJ�WKH�VXJJHVWHG�XWLOL-
]DWLRQ�UDWHV�E\�*|NNXú�DQG�.Ro���������WKH�PD[LPXP�OHQJWK�
RI�WKH�JUD]LQJ�SHULRG�ZDV�FDOFXODWHG����GD\V��URXJKO\�WKUHH�
PRQWKV�� DFFRUGLQJ� WR� WKH� PRVW� RSWLPLVWLF� VFHQDULR� �7DEOH�
����$V�D�PDWWHU�RI�IDFW��URXJKO\�WKLV�OHQJWK�RI�JUD]LQJ�SHULRG�
could be achieved by shrinking the present utilization rate by 
����DW�WKH�H[LVWLQJ�VWRFNLQJ�UDWH�ZLWKRXW�KDOYLQJ�WKH�QXPEHU�
of grazing animals since the actual grazing period is for about 
VL[�PRQWKV�LQ�WKH�VWXG\�DUHD��.DUD�HW�DO����������

6KRUWHQLQJ� WKH� JUD]LQJ� SHULRG� LV� DOVR� LPSRUWDQW� IRU� WKH�
SUR¿WDELOLW\�RI�WKH�UDQJHODQG�UHVWRUDWLRQ�LQYHVWPHQWV�VLQFH�UH-

KDELOLWDWHG�UDQJHODQG�SDUWV�ZLOO�VRRQ�EH�EDFN�WR�WKH�SUHYLRXV�
FRQGLWLRQ�LQ�D�IHZ�\HDUV�ZLWKRXW�SD\LQJ�EDFN�WKH�LQYHVWPHQW�
or harvesting the targeted results at the actual utilization level 
�.DUD�HW�DO���������

Conclusion
$OWKRXJK� RYHUJUD]LQJ� LV� D� ZHOO�NQRZQ� IDFW� IRU� 7XUNLVK�

UDQJHODQGV�� WKLV� VWXG\� TXDQWL¿HG� WKH� H[WHQW� DQG� VHYHULW\� RI�
WKLV�SUREOHP��$JDLQ��WKLV�VWXG\�DOVR�VKRZHG�WKH�KXJH�DPRXQW�
RI�¿QDQFLDO�FRQWULEXWLRQ�RI�WKH�UDQJHODQGV�HYHQ�ZKHQ�FRQVLG-
HULQJ�WKHLU�IRUDJH�SURGXFWLRQ�IRU�GRPHVWLF�DQLPDOV��+RZHYHU��
LW� LV� DQ� LQHYLWDEOH� WUXWK� WKDW� VXFK� D�¿QDQFLDO� FRQWULEXWLRQ� LV�
QRW�VXVWDLQDEOH�DW�WKH�H[LVWLQJ�XWLOL]DWLRQ�UDWHV�DQG�DFKLHYHG�DW�
WKH�H[SHQVH�RI�UDSLG�UDQJHODQG�GHJUDGDWLRQ���)RU�WKLV�UHDVRQ��
LW�ZRXOG�QRW�EH�PHDQLQJIXO�WR�LQYHVW�LQ�UHKDELOLWDWLRQ�RI�WKH�
rangelands unless effective and practical measures are taken.

For a sustainable economic contribution, urgent and im-
PHGLDWH�PHDVXUHV�VKRXOG�QHFHVVDULO\�EH�WDNHQ�WRZDUG�EULQJ-
LQJ�GRZQ�WKH�KLJK�XWLOL]DWLRQ�UDWH�WR�UHDVRQDEOH�OHYHOV�WKURXJK�
setting fair stocking rate or grazing periods, i.e. utilization 
UDWH� RU� JUD]LQJ�SHULRG� VKRXOG� EH� KDOYHG� WR� DOORZ� UDQJHODQG�
SODQWV�WR�JDWKHU�VWUHQJWK�DQG�UHJHQHUDWH��7KHUHIRUH��ZH�VXJ-
gest three months of grazing period starting from early June 
to late August.

$OWKRXJK�SUHVHQW�VWXG\�¿QGLQJV�UHSUHVHQW�WKH�UDQJHODQGV�
LQ�(U]XUXP�SURYLQFH�RI�7XUNH\��ZH�FDQ�PDNH�LQIHUHQFHV�DQG�
generalize the results for the rangelands sharing similar agro-
ecological conditions, i.e. from poor to moderate condition 
rangelands in similar geographic and climatic conditions in 
HDVWHUQ�$QDWROLD��FRQVLGHULQJ�WKH�ZLGHU�VWXG\�DUHD��ZKLFK�FRY-
HUV����YLOODJHV�LQ�¿YH�GLVWULFWV��PDNLQJ�D�WRWDO�RI�������KHFW-
DUH�UDQJHODQGV��:H�H[SHFW�WKDW�WKH�¿QGLQJV�RI�WKLV�VWXG\�ZLOO�
contribute positively to future studies in this regard, and that 
results could be used in the management of the rangelands, 
particularly in the improvement and rehabilitation practices 
QRW�RQO\�LQ�7XUNH\�EXW�DOVR�LQ�FRXQWULHV�VKDULQJ�VLPLODU�DJUR-
ecological conditions, cultural and historical backgrounds of 
rangeland use patterns. 

$FNQRZOHGJHPHQWV�
7KLV� SDSHU� KDV� EHHQ� SURGXFHG� IURP� WKH� UHVHDUFK� SURM-

HFW�� QXPEHUHG� 7$*(0�+$<6h'������������� DQG� HQWLWOHG�
³$QDO\VLV�RI�WKH�)DFWRUV�$IIHFWLQJ�0LON�3URGXFWLRQ�DQG�/LYH�
:HLJKW�*DLQ�LQ�WKH�&DWWOH�)DUPV�'HSHQGHQW�RQ�1DWXUDO�*UD]-
LQJ�/DQGV� LQ�(U]XUXP´�¿QDQFLDOO\� VXSSRUWHG�E\� WKH� IRUPHU�
0LQLVWU\�RI�$JULFXOWXUH�DQG�5XUDO�$IIDLUV��7XUNH\� 
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7KH�REMHFWLYH�RI� WKH�ZRUN�ZDV� WR�HYDOXDWH� WKH� LQÀXHQFH�RI�SUHVHUYDWLRQ�PHWKRGV�RQ� WKH� VWRUDELOLW\�DQG�SUR[L-
mate composition of Pleurotus pulmonarius. The experiment was laid out in a completely randomized design 
(CRD) with three replicates. Freshly harvested mushrooms grown on Andropogon gayanus substrate and analyzed 
for its proximate composition were divided into four portions: sun dried (SD), oven dried (OV), blanched and                   
unblanched stored directly in citric acid solution at varying concentrations (conc.) (0.0%, 0.1%, 0.3% and 0.5%). 
7KH�PLFURELDO�ORDG�FRXQW�RI�WKH�SUHVHUYHG�VDPSOHV�DQG�VHQVRU\�HYDOXDWLRQ�FDUULHG�RXW�ZHUH�VLJQL¿FDQW��3�������
with sun and oven dried samples most preserved followed by blanched samples stored in citric acid solutions, with 
0.5% conc. The proximate results showed that the protein, fat, and ash contents of mushroom preserved in citric 
DFLG�VROXWLRQ�GHFUHDVHG�ZKLOH�VXQ�DQG�RYHQ�GULHG�VDPSOHV�LQFUHDVHG�VLJQL¿FDQWO\�ZLWK�LQFUHDVH�LQ�¿EUH�DQG�FDUER-
K\GUDWH��7KH�UHVXOW�RI�WKH�VHQVRU\�HYDOXDWLRQ�RQ�FRORXU��WH[WXUH�DQG�ÀDYRXU�VKRZHG�WKDW�EODQFKHG�VDPSOH�VWRUHG�LQ�
0.5% citric acid solution was most preferred for colour, odour and texture.

.H\ZRUGV� Citric acid solution, Mushroom, Proximate composition, Storability
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Introduction
Some mushrooms have been found to provide a rich 

addition to the diet of man in the form of protein, carbohy-
drate, mineral, vitamins and enzymes (Okwulehie and Nos-
ike, 2015) and are widely appreciated for their unique taste 
DQG�ÀDYRXU��7KHLU�PHGLFLQDO��)HUUHLUD�HW�DO���������SURSHUWLHV��
VXFK� DV�� DQWL�LQÀDPPDWRU\�� DQWL�GLDEHWLF�� DQWL�EDFWHULDO� DQG�
anti-tumor which is attributed to the presence of bioactive 
metabolites (e.g. phenolic compounds, terpenes, steroids and 
polysaccharides) have also been observed. In particular, ed-
ible mushrooms can be a source of nutraceuticals with im-
SRUWDQW�DQWLR[LGDQW�SURSHUWLHV��ZKLFK�FDQ�SRVLWLYHO\�LQÀXHQFH�
the oxidative stress in cells and related diseases (Ferreira et 

at., 2009). Mushroom proteins are comparatively rich in the 
amino acids aspartic acid (9.10%–12.1%),  arginine (3.70%–
�������DQG�JOXWDPLF�DFLG�������±�������EXW�GH¿FLHQW�LQ�VXO-
fur-containing amino acids, such as: cysteine and methionine 
(Cheung, 2010). Studies on edible mushroom have resurfaced 
as world nutrition is observed as shifting from processed to 
natural foods. This has almost led to warning for people to 
stay away from non fresh foods (Ihediohanma et al., 2014) 
due to uncertainty surrounding their safety. Mushroom pro-
GXFWLRQ� LV� D� OXFUDWLYH� DQG� SUR¿WDEOH� EXVLQHVV� HVSHFLDOO\� IRU�
low income rural households and this industry is providing 
full or part time employment to both rural and urban poor and 
marginal farmers in many developing countries (Ferchak and 
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Croucher, 2001). Currently, mushroom cultivation has been 
observed in more than 100 countries of the world with esti-
mated total production of over 12 million metric tons (Suman 
and Sharma, 2007). It is considered one of the most important 
food items since ancient time and its consumption is increas-
LQJ�RYHU� WKH�SHULRG� IRU� LWV� VLJQL¿FDQW� UROH� LQ�KXPDQ�KHDOWK��
nutrition and disease management (Uddin, et al., 2011). The 
market value of dietary supplements from mushrooms is rap-
idly growing and estimated over U.S. $15 billion (Wasser, 
2012; Panagiota and Philippoussis, 2015).

Shelf life is the length of time during which all of a com-
modity essential properties still remain acceptable for use, 
consumption or sale (Akram and Kwon, 2010). Mushrooms 
DW� DPELHQW� WHPSHUDWXUHV� ��� ��oC) have a short shelf-life of 
1–3 days (Burton and Twyning, 1989), at 15°C their shelf-
life is 2–3 days (Gormley 1981), whereas in the tropics they 
count only 24 hours (Wakchaure 2011) being one of the most 
perishable food products and tend to lose quality immediate-
ly after harvest. The shelf life is reduced due to post-harvest 
changes such as: browning, cap opening, stipe elongation, cap 
diameter increase, weight loss and texture damage, related to 
their high respiration rate and moisture, relatively high pro-
tein content, and lack of physical protection to avoid water 
loss or microbial attack (Fernandes et al., 2012c). This has 
resulted to a serious decrease in the commercial, medicinal 
and nutritional value of edible mushrooms. Therefore, mush-
rooms are mainly used in the processed form (Jaworska and 
Bernás, 2009). Extending shelf-life is an imperative factor to 
LQFUHDVH�WKH�SUR¿WDELOLW\�DQG�DYDLODELOLW\�RI�DQ\�IRRG�SURGXFW��
since it offers the possibility of developing markets at a great-
er distance (Akram and Kwon, 2010) however, it is needful 
that the applied technology does not act itself as a source of 
FKHPLFDO�PRGL¿FDWLRQV��

Furthermore, as earlier stated, the fruit-bodies of mush-
rooms are highly perishable and most of the fruit-bodies pro-
duced are lost due to moisture loss, colour changes and of 
course poor preservation methods. Various mushroom pres-
ervation methods including blanching, freezing (Lyophiliza-
tion and cryopreservation), steaming, oil or butter sautéing, 
drying, canning (sterilization), pickling and salting have been 
reported by different researchers (Chang & Miles, 2004; 
Uzunova-Doneva  and Donev, 2005; Abatenh and Gizaw, 
������� +RZHYHU�� HDFK� KDV� VKRZQ� DW� VRPH� SRLQW� GH¿FLHQF\�
in performance and some, cost ineffective. For instance, dry-
ing often toughens or changes mushroom texture as well as 
UHVXOWLQJ� WR� WKH� ORVW� RI� FRORXU�� YRODWLOH�ÀDYRXUV� DQG� DURPDV�
(Kaur et al., 2011; Rahart, 2017; Abatenh and Gizaw, 2018). 
Furthermore, it has been reported that mushrooms stored by 
blanching require further treatment like crisping and frying, 
otherwise quality is reduced over a short time, steaming can 
be somewhat more time-consuming and does not clean dirt, 
sand, and grit (Rahart, 2017). Canning was reported (Panag-
iota and Philippoussis, 2015) to be expensive and sometimes 
¿QLFN\�HTXLSPHQW� LV�QHFHVVDU\��¿OOHG�ZLWK�FRPSOLFDWHG�SUR-
cesses, and requires very strict adherence to methods, pro-
cedures, and techniques. This is not a method to where one 
can cut corners. Under pickling, recipes must be proven and 

techniques adhered to rigidly. It is not a good medium for ex-
perimentation, as improper acid balance could lead to botu-
lism or other serious food poisonings etc. The anti-bacterial 
and anti-browning properties of some chemical compounds 
such as: ascorbic acid, citric acid, hydrogen peroxide, sodium 
erythorbate, chlorine dioxide, sodium disoascorbate monohy-
drate, sodium D, L-isoascorbate and their derivatives along 
with hydrocolloid-based substances against fruit and vegeta-
ble spoilage have been reported (Cliffe-Byrnes and O’berrne, 
2008; Simon and Gonzalez-Fandos, 2009). This could be an 
effective mushroom shelf life elongation method provided the 
right dosage and combination is maintained.

Therefore, determining the best and effective approach to 
store Pleurotus plumonarius sp. fresh, which is a highly rel-
ished mushroom species in Nigeria and sub-Saharan Africa, 
raises a concern to researchers. Improving their shelf life and 
quality characteristics will enhance marketability and val-
ue addition on food chain. Similarly, evolving preservation 
methods that are cheap and reliable especially to poor resource 
farmers is imperative in order to achieve food sustainability, 
which forms the basis for storability methods chosen in this 
trial. Hence, this study was carried out to investigate different 
preservation methods for fragile mushrooms so as to know the 
most effective method with retained nutritional values of the 
stored mushrooms when compared to the fresh ones.

0DWHULDOV�DQG�0HWKRGV
Spawn mother culture was obtained from the Department 

of Biotechnology, Federal Institute of Industrial Research 
Oshodi (FIIRO), Lagos State, Nigeria and multiplied (bulked 
up) in the Department of Plant Science and Biotechnology, 
Michael Okpara University of Agriculture, Umudike. 

3URFHVVHV�RI�3URGXFWLRQ�RI�0XVKURRP�)UXLW�%RGLHV�
The spawn multiplication was done following the method 

of Okwulehie and Okwujiako (2008). Sorghum grains were 
washed, parboiled and then allowed to drain completely. 
About 100g of the grains were thoroughly mixed with 5g of 
calcium carbonates and 5g of calcium sulphate for pH opti-
mization and prevention of clumping respectively. The grains 
were autoclaved at 121oC for 45 minutes and then allowed to 
cool. The sterile sorghum were inoculated with the mother 
spawn and then incubated in the dark at room temperature 
IRU���ZHHNV�IRU�P\FHOLD�UXQQLQJ��UDPL¿FDWLRQ���%D\VDO�HW�DO���
2003).

The substrate, which is straw of Andropogon  gayanus 
was chopped into pieces of about 1-3cm average lengths and 
soaked 48hrs in tap water according to the method of Sharma 
et al. (2003). 1kg of completely drained prepared A. gayanus 
straw was packed into 2.5litres transparent plastic bucket per-
forated from bottom to the top. Buckets containing the sub-
strates were pasteurized for one hour at 80oC in a gas-heated 
drum and allowed to cool overnight as suggested by Okwu-
lehie and Nosike, (2015).

During inoculation, pasteurized substrates were thorough-
ly mixed with 10g of the spawn in transparent plastic buck-
ets. The buckets containing inoculated substrates were placed 
on wooden racks and covered with black polythene sheets to 
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avoid contamination and to provide dark environment needed 
for vegetative growth of mycelia during incubation as recom-
mended by Okwulehie et al. (2014).

'XULQJ�VSDZQ� UXQ��FURSSLQJ� URRP�ZDV�ÀRRGHG�ZLWK� WDS�
water to optimize relative humidity between 75-80% and 
temperature at 27±2OC. Inoculated substrates were regularly 
checked against contamination until substrates were fully col-
onized by mycelia. When substrates were fully colonized by 
mycelia, covering sheaths were removed to allow for ample 
supply of oxygen and light required for primodia initiation. 
Air humidity was increased by spray-watering the substrates 
daily and was discontinued as soon as fruit bodies were 
formed according to Mwita et al. (2011).

Harvesting was done at maturity by hand-picking. The 
fruit-bodies which appeared mostly in bunches were picked 
by the stipe at the base and twisted gently to avoid injury. The 
harvested fruit-bodies were washed thoroughly under running 
tap water to reduce microbial load and adhering soil particles 
based on Melese and Workneh, (2015) recommendation.

([SHULPHQWDO�GHVLJQ
The experiment was carried out in a completely random-

ized design (CRD). The set up was made up of ten (10) treat-
ments with three (3) replicate. This gave a total of thirty (30) 
experimental units for one (1) week and a combined total of 
one hundred and twenty (120) experimental units for four (4) 
weeks.

3UHVHUYDWLRQ�PHWKRGV
The prepared fruit-bodies were preserved using the fol-

lowing methods:
&KHPLFDO�SUHVHUYDWLRQ
Citric acid was made into the concentration of 0.0%, 

0.1%, 0.3% and 0.5% by diluting in the corresponding quan-
tity of water. Two grams (2g) each of fresh fruit-bodies of 
P. pulmonarius (blanched and unblanched) were put in eight 
473 ml bottles containing different concentration of citric acid 
DFFRUGLQJ�WR�WKH�PRGL¿HG�PHWKRG�RI�,IHROXZD�HW�DO���������

'U\LQJ
15g of the fruit-bodies were put in brown envelopes and 

oven dried at 50oC for 4 hours, and then wrapped with al-
uminium foil to avoid moisture absorption. Another 15g of 
fruit-bodies were sun-dried in saucer pans for a period of 3 
days.

'HWHUPLQDWLRQ�RI�PXVKURRP�VKHOI�OLIH
Shelf life was determined by running microbial test at 

1week interval for all the mushroom samples during the ex-
periment. This was done for 1 month as follows:

Nutrient agar (NA) and Sabourand Dextrose agar (SDA) 
ZHUH�¿UVW�SUHSDUHG�E\�PHDVXULQJ���J�RI�6'$�DQG���J�RI�1$�
LQWR�D�ÀDVN�FRQWDLQLQJ�����PO�RI�GLVWLOOHG�ZDWHU�HDFK�� WKH\�
were uniformly mixed by shaking and corked using cotton 
wool and aluminium foil. This was autoclaved at 121oC for 
45 minutes. After autoclaving the SDA and NA mixtures were 
poured into various well labelled petri dishes to cool and so-
lidify.

Each of the preserved samples was diluted in ten-fold se-
rial dilution technique as described by Joanne et al. (2010). 
7HVW�WXEHV�ZHUH�VHW�XS�LQ�D�UDFN�DQG�¿OOHG�ZLWK��PO�RI�GLVWLOOHG�

water labelled as stock 10-1, 10-2, 10-3, up to 10-12 respectively. 
An aliquot (1ml) was added using a pipette and transferred 
from the sample tube into the one labelled 10-1 and carefully 
homogenized. Similarly 1ml was drawn up from the 10-1 tube 
and transferred to the 10-2 tube. This dilution continued up to 
the last test tube labelled 10-4 and 10-5 from which 1ml was 
discarded. This procedure was carried out for all the samples 
except for the samples in solid forms where 1g was soaked 
in 10ml of sterile distilled water, properly homogenized and 
diluted in the above dilution technique.

Dilutions from 10-4 and 10-5 tube were inoculated into 
freshly prepared Nutrient agar (NA) and Sabourand Dextrose 
agar (SDA) plates for bacterial and fungal counts, respective-
ly. The spread plate method of inoculation as described by 
Prescott et al. (2008) was used where 0.1ml of the dilutions 
(10-4 and 10-5) were placed on the various agar plates and 
HYHQO\� VSUHDG� RYHU� WKH� HQWLUH� SODWH� XVLQJ� D� ÀDPH� VWHULOL]HG�
glass rod. The inoculated plates were incubated at 35oC for 
24hrs and 72hrs for bacteria and fungi, respectively.

After incubation, the number of resulting colonies was 
counted using a colony counter and total microbial load (ex-
pressed as cfu/ml or cfu/g) was estimated using:

Microbial load = Reciprocal of dilution factor x Number 
of colonies counted

Dilution Factor (DF) = Initial dilution x Subsequent dilu-
tion x Volume of inoculums.

Where,
Cfu/ml = Colony forming unit per millilitre.   
Cfu/g = Colony forming unit per gram.

3UR[LPDWH�DQDO\VLV�
Proximate analysis was carried out on each of the 10 sam-

SOHV�� 7KH� SURWHLQ�� DVK�� IDW�� PRLVWXUH� DQG� FUXGH� ¿EUHV� ZHUH�
determined by the method of AOAC (2005). Carbohydrate 
content was calculated by difference as the nitrogen free ex-
tract (NFE), a method separately described by James (1995). 
1LWURJHQ�IUHH�H[WUDFW�HVWLPDWHV�QRQ�¿EURXV�FDUERK\GUDWH�VXFK�
as sugars and starches. This was calculated by: 

% NFE = 100 % - (a + b + c + d) % 
Where,
�D� �SURWHLQ��E� �IDW��F� �¿EUH��G� �DVK�
Descriptive sensory evaluation was used in the screening 

of preserved mushroom based on their sensory quality char-
acteristics. A questionnaire was administered to assess these 
attributes using a 9 point hedonic scale. A total of 10 pan-
ellists were involved in the sensory evaluation using the 9 
point hedonic scales. The preserved mushroom samples were 
SUHVHQWHG�IRU�SDQHOOLVW�WR�HYDOXDWH�WKH�FRORXU��WH[WXUH��ÀDYRXU�
and overall acceptability of the samples. All panellists were 
allowed to evaluate the samples for each quality feature using 
rating scale. All panellists were instructed to make their own 
individual assessments according to the evaluation criteria 
SURYLGHG�IRU�HDFK�VDPSOHV�RQ�WKH�EDVLV�RI�FRORXU��WH[WXUH��ÀD-
vour and overall acceptability. Finally, the scores of all judges 
ZHUH�DGGHG�DQG�GLYLGHG�E\�WKH�QXPEHU�RI�MXGJHV�WR�¿QG�WKH�
¿QDO�PHDQ�VFRUH�

6WDWLVWLFDO�DQDO\VLV
The statistical package that was used in this experiment 
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is SPSS. Data obtained during the experiment were analyzed 
using ANOVA while the means were separated using Duncan 
New Multiple Range Test (Steel and Torrie, 1980).

 
Results and Discussion
It is important for a food product to conform with the 

microbiological criteria in order to certify that it is of good 
quality and will not pose any risk to the health of consumers. 
Mushrooms deteriorate easily due to high rate of respiration, 
and this shortens their shelf life (Valerie and David, 2008), 
hence, unsafe and unavailable for consumption. The role 
played by microbial populations in the postharvest quality of 
mushrooms has been reported (Soler-Rivas et al., 1999). 

From the present result, the total heterophilic bacteria load 
count (Table 1) showed that bacteria load of the treated sam-
ples increased during storage irrespective of the treatments. 
The values obtained for the dried samples (SD and OV) were 
VLJQL¿FDQWO\�GLIIHUHQW�IURP�EODQFKHG�DQG�XQEODQFKHG�VDPSOHV�
preserved with citric acid. The total heterophilic bacteria count 
in week one ranged from 1.10 x 104 in SD to 3.00 x 105 in BC 
and UBC (control samples). The lower bacteria count on the 

dried samples could be attributed to the low moisture con-
tent which discouraged microbial activities (Okhuoya, 2011). 
Similar observation on Indian goose berry powder during 
storage was reported by Pareek and Kaushik (2012). The 
values obtained for the unblanched samples after one week 
VKRZHG�VLJQL¿FDQW�GLIIHUHQFH��3�������DQG�UDQJHG�IURP������
x 105 in UB0.5 to 3.00 x 105 in UBC. This steady decrease in 
bacteria load count observed in the samples preserved in high-
HU�FRQFHQWUDWLRQ�RI�FLWULF�DFLG�VROXWLRQ�FRQ¿UPV�WKH�DQWLEDF-
terial property of citric acid. Zhang et al. (2006) had reported 
a similar result in sweet potato. The same scenario was also 
observed for the blanched samples. The lower microbial load 
count value obtained in week one for blanched samples at  0.5 
citric acid storage when compared to unblanched samples at 
WKH�VDPH�FRQFHQWUDWLRQ�RI�FLWULF�DFLG�VKRZHG�VLJQL¿FDQW�GLI-
IHUHQFH��3��������WKLV�UDQJHG�IURP�����[���4 in B0.5 to 1.58 
x 105 in UB0.5. This may be due to the fact that boiling tem-
perature could have killed some of the microorganism during 
blanching. Similar result was reported by Fana et al. (2015) 
RQ�RUDQJH�ÀHVKHG�VZHHW�SRWDWR��:HHN���DQG�ZHHN���IROORZHG�
the same trend.

Table 1. Total heterophilic bacterial load count of treated Pleurotus pulmonarius during storage

Treatment Week 1 Week 2 Week 3 Week 4

SD 1.1hx104 1.5dx106 7.8fx108 >109

OV 6.15fx104 4.65cdx106 9.6ex108 >109

UB0.5 1.58ex105 4.5cdx106 1.30dx109 >109

UB0.3 2.09cx105 1.10bx107 1.83cx108 >109

UB0.1 2.57bx105 1.31bx107 2.28bx109 >109

UBC 3.00ax105 2.11ax107 2.90ax109 >109

B0.5 1.5hx104 2.7cdx106 5.2gx108 >109

B0.3 3.3gx104 6.4cx106 1.08ex109 >109

B0.1 1.81dx105 1.13bx107 1.92cx109 >109

BC 3.00ax105 1.88ax107 2.30bx109 >109

SD = sun dried, OV = oven dried, UB0.5 = unblanched at 0.5 conc., UB0.3 = unblanched at 0.3 conc., UB0.1 = unblanched at 0.1 conc., UBC = unblanched cont-

rol, B0.5 = blanched at 0.5 conc., B0.3 = blanched at 0.3 conc., B0.1 = blanched at 0.1 conc., BC = blanched control. Values are mean of triplicate observation, 

YDOXHV�ZLWK�GLIIHUHQW�VXSHUVFULSWV�RQ�WKH�VDPH�FROXPQ�DUH�VLJQL¿FDQWO\�GLIIHUHQW��3������

Table 2. Total fungal load count on treated Pleurotus pulmonarius

Treatment Week 1 Week 2 Week 3 Week 4

SD 0.4ix104                                0.8hx106                              0.6gx108 >109

OV 2.4hx104                                3.5gx106                              1.7fx108 >109

UB0.5 8.1ex104                                 6.4ex106                              4.4ex108 >109

UB0.3 1.23cx105                               8.4dx106                              8.6dx108 >109

UB0.1 1.82ax105                               1.15cx107                            1.10cx109 >109

UBC 1.07dx105                               1.62bx107                            2.11ax109 >109

B0.5 0.5ix104                                   2.7gx106                             0.95fgx108 >109

B0.3 3.9gx104                                  5.1fx106                             3.8ex108 >109

B0.1 7.0fx104                                  8.0dx106                             7.9dx108 >109

BC 1.52bx105                                 2.50ax107                          1.92bx109 >109

SD = sun dried, OV = oven dried, UB0.5 = unblanched at 0.5 conc., UB0.3 = unblanched at 0.3 conc., UB0.1 = unblanched at 0.1 conc., UBC = unblanched cont-

rol, B0.5 = blanched at 0.5 conc., B0.3 = blanched at 0.3 conc., B0.1 = blanched at 0.1 conc., BC = blanched control. Values are mean of triplicate observation, 
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The result for total fungal load count (Table 2) of the sam-
SOHV�ZHUH�VLJQL¿FDQWO\�GLIIHUHQW��3��������6LPLODU�REVHUYDWLRQ�
to the bacteria load count was recorded for total fungi load 
count. Values obtained ranged from 0.40 x 104 in SD to 1.52 
x 105 in BC for week one, 0.80 x 106 in SD to 2.50 x 107 in 
BC for week two, while in the third week it ranged from 0.60 
x 108 in SD to 2.11 x 109 in UBC. The lower load count on 
the dried samples when compared to the other samples could 
be attributed to the low moisture content which discouraged 
microbial activities (Okhuoya, 2011). Pareek and kaushik 
(2012) reported similar observation on Indian goose berry 
powder. As with the result for bacteria load count, increase 
in the concentration of preservative used caused a sequential 
decrease in the load count of the samples. Blanched samples 
containing preservatives at different concentration also had 
lower load count compared to the unblanched samples.

The result obtained from the proximate composition of 
the fresh P. pulmonarius showed that the mushroom is a rich 
VRXUFH� RI� SURWHLQ� DQG� ¿EUH� �7DEOH� ����7KH� ORZHU� YDOXH� RE-
tained for ash, fat and protein when compared to the results 
reported by some authors like Ayodele and Okhuoya (2009); 
Kuforiji et al. (2000) and Aletor (1995) could be attributed to 
the fact that the mushroom in this study was analyzed on fresh 
PDWWHU� EDVLV��+RZHYHU� WKH� SURWHLQ� DQG� ¿EUH� FRQWHQW� LQ� WKLV�
fresh mushroom was higher than that reported by Okwulehie 
et al. (2014) for mushroom, Hernandez et al. (2008) for to-
mato and Amandikwa (2012) for cocoyam. The value for the 
moisture content compared similarly to the result reported by 
Okwulehie et al. (2014) on mushroom. The high protein con-
tent of P. pulmonarius will help to enhance the protein level 
of food cooked with it thereby reducing the over dependence 
RQ�PHDW�DQG�¿VK�ZKLFK�DUH�FRPSDUDWLYHO\�H[SHQVLYH�IRU�WKH�
low income earners where majority of our farmers in the trop-
LFV�EHORQJ��7KH�KLJKHU�¿EUH�FRQWHQWV� LV�DQ�DGGHG�DGYDQWDJH�
DV�¿EUH�KDYH�EHHQ� UHSRUWHG� WR�KDYH� WKH�DELOLW\� WR� ORZHU� WKH�

serum cholesterol level, heart disease, hypertension, constipa-
tion, diabetes and cancer (Ishida et al., 2000). The high mois-
ture content is of disadvantage especially to storage, as high 
moisture content encourages microbial activities which bring 
about food degradation and spoilage (Okhuoya, 2011). The 
low carbohydrate content is of great advantage to diabetic pa-
tients that require low carbohydrate content food.

Table 3. Proximate composition of freshly harvested Pleuro-
tus pulmonarius

Nutrient composition  Percentage (%)
Crude protein 10.18±0.46
Fat 2.23±0.04
Ash 2.50±0.00
&UXGH�¿EUH 6.30±0.14
Moisture 72.63±0.11
Carbohydrate 6.18±0.67

Table 4 shows the proximate composition of the treated 
mushroom after one week of storage. The result showed sig-
QL¿FDQW�GLIIHUHQFH�LQ�DOO�WKH�SUR[LPDWH�SDUDPHWHUV��+RZHYHU��
the values obtained for the dried samples (OV and SD) were 
much higher when compared to blanched and unblanched 
samples irrespective of the concentration of the citric acid, 
IRU�FUXGH�SURWHLQ��IDW��DVK��FUXGH�¿EUH�DQG�FDUERK\GUDWH��7KLV�
might be as a result of moisture loss which in turn caused 
the nutrients to concentrate on the dried samples. Muyanja et 
al. (2012) reported similar observation on oyster mushroom. 
The values obtained for protein at 0.5 citric acid concentration 
ranged from 9.20 for unblanched to 9.65 for blanched sam-
SOHV�ZKLFK�VKRZHG�QRQ�VLJQL¿FDQW��3!������GLIIHUHQFH��6LPL-
lar result was reported by Muyanja et al. (2012). The decrease 
in protein content of the blanched and unblanched samples at 
different concentration of the preserving solution suggests the 

Table 4. Proximate composition of Pleurotus pulmonarius after one week of storage

Treatment Crude protein Fat Ash &UXGH�¿EUH Moisture Carbohydrates

SD 29.40a±0.00   6.80b±0.06   11.25a±0.07       14.43b±0.11     9.70d±0.07    28.43b±0.17

OV 28.30b±0.49   7.15a±0.07   10.50b±0.14        15.35a±0.07     8.45e±0.07    30.25a±0.42

UB0.5 9.65c±0.14      1.41c±0.01   2.25c±0.07          7.25d±0.07       73.13c±0.11   6.32f±0.16

UB0.3 8.85d±0.35      1.33d±0.04    2.08cd±0.11      7.00e±0.00      73.28bc±0.04   7.48def±0.25

UB0.1 8.25e±0.0        1.25def±0.00   1.83ef±0.04      6.73f±0.04     73.62bc±0.05    8.33cd±0.04

UBC 7.40f±0.14       1.20fg±0.00    1.55g±0.07       6.35h±0.07    74.90a±1.48    8.60cd±1.62

BO.5 9.20cd±0.00     1.30de±0.00    1.90de±0.00     7.45c±0.07     73.82abc±0.06   6.33f±0.13

B0.3 8.75d±0.00      1.28def±0.04   1.68fg±0.11     7.25d±0.07     74.14abc±0.08   6.92ef±0.00

B0.1 8.25e±0.07      1.23efg±0.04    1.50g±0.00     7.00e±0.00    74.25abc±0.00    7.78de±0.11

BC 7.20f±0.14      1.15g±0.00       1.25h±0.07      6.55g±0.07     74.42ab±0.11    9.43c±0.25
SD = sun dried, OV = oven dried, UB0.5 = unblanched at 0.5 conc., UB0.3 = unblanched at 0.3 conc., UB0.1 = unblanched at 0.1 conc., UBC = unblanched 
control, B0.5 = blanched at 0.5 conc., B0.3 = blanched at 0.3 conc., B0.1 = blanched at 0.1 conc., BC = blanched control. Values are mean of triplicate observation 
�6'��YDOXHV�RQ�WKH�VDPH�FROXPQ�ZLWK�GLIIHUHQW�VXSHUVFULSWV�DUH�VLJQL¿FDQWO\�GLIIHUHQW��3������
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effectiveness of the preservative (citric acid). This may have 
been caused by the breakdown of protein into different amino 
acids by the acid (Zulqarnian et al., 2012). The fat and ash 
FRQWHQW�ZHUH�VLJQL¿FDQWO\�GLIIHUHQW�DW�YDULRXV�OHYHOV�RI�SUHV-
ervation. This ranged from (1.15, 1.25) in BC to (7.15) in OV, 
and (11.25) in SD, respectively. The higher values recorded 
for the dried samples can be attributed to loss of moisture 
which concentrated the nutrient in the samples, while the low-
er values obtained in the blanched samples could be attributed 
to the leaching out of nutrient which happened during heating 
in water. Fana et al. (2015) reported similar result on orange 
ÀHVKHG�VZHHW�SRWDWR��&LWULF�DFLG�SUHVHUYHG�WKH�DVK�DQG�IDW�FRQ-
tent of the samples which was observed by the linear reduc-
tion in values with decrease in the concentration of the preser-
vative solution used. Jebelli-Javan et al. (2015) also reported 
VLPLODU� UHVXOW�RQ�VOLFHG�EXWWRQ�PXVKURRP��7KH�¿EUH�FRQWHQW�
ZDV�DOVR�VLJQL¿FDQW��3�������IRU�DOO�WKH�WUHDWPHQWV��7KH�YDO-
ues ranged from 6.55 in BC to 15.35 in OV. The higher value 
obtained for blanched treatment samples when compared to 
the unblanched could be attributed to the nutrient leaching out 
during heating in water which gave room for concentration 
RI�¿EUH�LQ�WKH�VDPSOHV��6LPLODU�REVHUYDWLRQV�ZDV�UHSRUWHG�E\�
Zhang et al. (2006) on fruits and vegetables, however, Agiriga 
et al. (2015) and Fana et al. (2015) had a contrary view. Mois-
WXUH�FRQWHQW�ZDV�VLJQL¿FDQWO\�GLIIHUHQW��3�������IRU�DOO�WUHDW-
ment samples. It ranged from 8.45% in OV to 74.90% in BC. 
The low moisture value obtained for the dried samples could 
be due to loss of moisture during drying. The samples pre-
served in citric acid and blanched had higher moisture content 
compared to unblanched samples. This could be as a result 
of the fact that Pleurotus pulmonarius absorbed some of the 
water that was used in blanching before they were transferred 
into the preservation solution for storage. Fana et al. (2015), 
Zhang et al. (2006) and Agiriga et al. (2015) reported similar 
¿QGLQJV��7KH�ORZHU�YDOXHV�REWDLQHG�LQ�VDPSOHV�VWRUHG�LQ�KLJK-

er concentration of citric acid suggest that citric acid treatment 
prevented the absorption of more water by the sample but 
rather caused linear loss of water through osmosis. Mujanja et 
al. (2012) reported similar observation on oyster mushroom. 
Carbohydrate content ranged from 6.32% in UB0.5 to 30.25% 
in OV. The higher value of carbohydrate for the dried samples 
could also be as a result of low moisture content which con-
centrated the nutrient in the samples. Similar observation was 
reported by Mujanja et al. (2012).

The result (Table 5) obtained for the sensory evaluation 
one week after storage showed that colour scores obtained 
ZHUH� VLJQL¿FDQW� �3��������7KLV� UDQJHG� IURP������ LQ�29� WR�
7.40 in B0.5. The higher colour score of the blanched samples 
suggests that blanching treatment enhanced the colour of the 
samples during storage. Similar observation has been report-
HG�E\�=KDQJ�HW�DO���������RQ�RUDQJH�ÀHVKHG�VZHHW�SRWDWR��7KH�
low score of OV suggests that the panellists had low prefer-
ence for it. This could be as a result of the brown appearance 
which was as a result of milliard reaction caused by heat-
ing temperature (Surkiewicz et al., 1975). The texture score 
ranged from 5.60 in SD to 7.20 in UB0.5. Scores obtained for 
WKH�RWKHU�VDPSOHV�ZHUH�VLJQL¿FDQWO\�GLIIHUHQW��3�������H[FHSW�
for UB0.3 and B0.5 that had similar score (7.00). The texture 
score suggested that the panellist had higher preference with 
increase in the concentration of the preserving solution (cit-
ric acid). This supports an idea that citric acid can be used 
to preserve and enhance the texture quality of a food source. 
Similar result was recorded by Fana et al. (2015) on sweet 
SRWDWR��9DOXHV�REWDLQHG�IRU�RGRXU�ZHUH�VLJQL¿FDQWO\�GLIIHUHQW�
which ranged from 7.20 in B0.5 to 5.20 in OV. Blanched sam-
ples had higher preference when compared to the unblanched 
samples. This could be as a result of low microbial load of the 
blanched samples. Microbial activities cause deterioration of 
food sources leading to release of foul odour as reported by 
Fana et al. (2015).

Table 5. Sensory evaluation of Pleurotus pulmonarius after one week storage

Treatment Colour Texture Flavour

SD 6.80abc±0.79                              5.60d±1.07                          5.40d±0.97

OV 5.40d±0.70                                6.80abc±1.23                        5.20d±1.14

UB0.5 7.00abc±0.94                              7.20a±0.92                           6.80ab±0.92

UB0.3 6.60abc±0.84                              7.00bc±0.94                          6.40abc±0.84

UB0.1 6.40bc±0.97                                6.60abc±1.07                         6.00bcd±0.94

UBC 6.20c±0.79                                 6.40abcd±1.07                       5.60cd±0.97

B0.5 7.40a±0.70                                 7.00ab±0.82                         7.20a±0.79

B0.3 7.20ab±0.79                                6.60abc±1.26                        6.80ab±0.92

B0.1 6.80abc±0.79                               6.20bcd±0.42                        6.40abc±0.52

BC 6.40bc±0.84                                 6.00cd±0.47                         6.00bcd±0.47
SD = sun dried, OV = oven dried, UB0.5 = unblanched at 0.5 conc., UB0.3 = unblanched at 0.3 conc., UB0.1 = unblanched at 0.1 conc., UBC = unblanched 
control, B0.5 = blanched at 0.5 conc., B0.3 = blanched at 0.3 conc., B0.1 = blanched at 0.1 conc., BC = blanched control. 9 =  Like extremely, 8  =  Like very 
much, 7 = Like moderately, 6 = Like slightly, 5 = Neither like or dislike, 4 = Dislike slightly, 3 = Dislike moderately, 2 = Dislike very much, 1 = Dislike extremely. 
9DOXHV�DUH�PHDQ��6'��YDOXHV�RQ�WKH�VDPH�FROXPQ�ZLWK�GLIIHUHQW�VXSHUVFULSWV�DUH�VLJQL¿FDQWO\�GLIIHUHQW��3�������



N. Ogwo, C.O. Ene, M.C. Ahaiwe, U.P. Chukwudi DOI: https://dx.doi.org/10.31015/jaefs.2019.3.8

168

Two weeks after storage, results (Table 6) showed that the 
colour score ranged from 3.60 in BC to 6.40 in OV. The reduc-
tion in values when compared to week one may be as a result 
of higher microbial activity which deteriorated the samples. 
6LPLODU�WUHQGV�ZDV�REVHUYHG�LQ�WKH�WH[WXUH�DQG�RGRXU�ÀDYRXU�
values which ranged from 3.20 in UBC to 6.60 in B0.5 for 
ÀDYRXU�DQG������LQ�%&�WR������LQ�29�IRU�WH[WXUH��6LPLODU�UH-
duction in preference was reported by Ifeoluwa et al. (2015).

Conclusions
Mushroom a rich source of protein, carbohydrate, fats and 

GLHWDU\� ¿EUH� LV� YHU\� HVVHQWLDO� WR� KHDOWK�� ,QIHUHQFH� FRXOG� EH�
drawn from the present study that drying (oven drying and 
sun drying) of oyster mushrooms (Pleurotus pulmonarius) 

can lengthen their shelf life and retain their essential proper-
ties, control microbial populations during storage as shown 
by the low population of bacteria and fungi, and It could also 
EH�FRQFOXGHG�WKDW�FLWULF�DFLG�FRXOG�EH�FODVVL¿HG�D�JRRG�SUH-
servative as witnessed in the reduction of the microbial loads 
when its concentration increased.

The results from the research experience showed that 
mushrooms with longer shelf-life might be obtained if the 
concentration of citric acid is increased further than the 0.5% 
used in this study. This present research also showed that 
these preservation methods did not prolong the shelf life of 
Pleurotus pulmonarius beyond 7-14 days which demonstrates 
the need to combine preservation methods as a form of hurdle 
technology in order to extend the shelf life of mushrooms.

Table 6. Sensory evaluation of Pleurotus pulmonarius after two weeks of storage

Treatment Colour Texture Flavour

SD 6.20ab±0.63                           5.20bcd±0.79                     5.20bc±0.79

OV 5.00cd±0.94                           6.40a±0.52                        4.80bc±0.79

UB0.5 6.40ab±0.97                          6.00ab±1.15                       6.40ab±0.84

UB0.3 5.80bc±1.14                          5.20bcd±0.79                     5.20bc±0.79

UB0.1 5.20cd±0.79                          4.60de±1.07                      4.40cd±0.70

UBC 4.60d±0.70                           4.20ef±0.63                       3.20e±0.42

B0.5 6.80a±0.79                            5.60bc±1.35                      6.60a±1.26

B0.3 6.20ab±1.23                           5.00cde±0.82                    5.60b±0.97

B0.1 5.60bc±1.07                           4.20ef±0.63                      4.60d±0.97

BC 5.00cd±0.94                           3.60f±0.52                       3.80de±0.63
SD = sun dried, OV = oven dried, UB0.5 = unblanched at 0.5 conc., UB0.3 = unblanched at 0.3 conc., UB0.1 = unblanched at 0.1 conc., UBC = unblanched 
control, B0.5 = blanched at 0.5 conc., B0.3 = blanched at 0.3 conc., B0.1 = blanched at 0.1 conc., BC = blanched control. 9 = Like extremely, 8 = Like very much, 
7 = Like moderately, 6 = Like slightly, 5 = Neither like or dislike,  4  =  Dislike slightly,  3  =  Dislike moderately, 2 =  Dislike very much, 1 = Dislike extremely. 
9DOXHV�DUH�PHDQ��6'��YDOXHV�RQ�WKH�VDPH�FROXPQ�ZLWK�GLIIHUHQW�VXSHUVFULSWV�DUH�VLJQL¿FDQWO\�GLIIHUHQW��3�������
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Astaxanthin biosynthesis: A two-step optimization approach and model construction 
ZLWK�5HVSRQVH�6XUIDFH�0HWKRGRORJ\�DQG�$UWL¿FLDO�1HXUDO�1HWZRUN
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HI¿FLHQW�ELRV\QWKHVLV�GHSHQGLQJ�RQ�ZDVWH��\HDVW�DQG�SURGXFWLRQ�YDULDEOHV�FRQVLVWHG�RI�PRLVWXUH�FRQWHQW��S+�DQG�
WHPSHUDWXUH�XVLQJ�D�GHVLJQ�PDWUL[��7KH�\LHOGV�SURGXFHG�E\�;��GHQGURUKRXV�ZHUH��������J�RI�$6;�J�JOXFRVH�IRU�
WKH�VXEPHUJHG�PHGLXP�ZLWK�WKH�OHDVW�JOXFRVH��DQG���������J�RI�$6;�J�JOXFRVH�IRU�WKH�ZKHDW�EUDQ�IHUPHQWDWLRQ�
V\VWHP��,W�ZDV�XQGHUVWRRG�WKDW�WKH�\LHOG�YDOXHV�RI�WKH�VXEPHUJHG�V\VWHPV�ZHUH�ORZHU�DQG�WKHUH�ZDV�QR�UHTXLUHPHQW�
IRU�WKH�DGGLWLRQ�RI�DQ\�VXSSOHPHQW�WR�WKH�ZDVWH�V\VWHPV��,W�ZDV�IRXQG�WKDW�5� �������ZDV�WKH�KLJKHVW�YDOXH�ZLWK�WKH�
PD[LPXP�SUHGLFWHG�$6;�DPRXQW�RI���������J�RI�$6;�J�ZKHDW�EUDQ�ZLWK�;��GHQGURUKRXV�XVLQJ�$UWL¿FLDO�1HXUDO�
1HWZRUN�PRGHOLQJ�DQG�WKH�PRLVWXUH�FRQWHQW�ZDV�WKH�PRVW�VLJQL¿FDQW�SURGXFWLRQ�SDUDPHWHU��
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Introduction
7KH� WR[LF� DQG�FDUFLQRJHQLF� HIIHFWV�RI� WKH�SLJPHQWV�SUR�

GXFHG�V\QWKHWLFDOO\�UHYHDO�WKH�LPSRUWDQFH�RI�QDWXUDO�UDZ�PD�
WHULDOV�DQG�ELRV\QWKHVLV�IRU�FRPPHUFLDO�SURGXFWLRQ��-RVKL�HW�
DO���������'XIIRVp�HW�DO���������*XSWD�HW�DO����������*XSWD�HW�
DO�� �������QRWHG�D� IRRG�FRORU�PDUNHW�ZRUWK� DQ�DSSUR[LPDWH�
�����ELOOLRQ�JOREDOO\��ZKLFK�KDV�D�����SURSRUWLRQ�RI�QDWXUDO�
SLJPHQWV��7KH�ERRP�LQ�WKH�JOREDO�PDUNHW�DQG�QXPHURXV�UH�
VHDUFK�ZRUN�SRLQWV�WR�WKH�JUHDW�HFRQRPLF�SRWHQWLDO�IRU�QDWX�
UDO�SLJPHQWV��SDUWLFXODUO\�WKRVH�SURGXFHG�E\�PLFURRUJDQLVPV�
�-RVKL�HW�DO���������*XSWD�HW�DO���������3DQHVDU�HW�DO����������
$PRQJ� WKH�QDWXUDO�FDURWHQRLG�SLJPHQWV�� DVWD[DQWKLQ� �$6;��
KDV� D� YHU\� DWWUDFWLYH� FRPPHUFLDO� DSSHDO� GXH� WR� LWV� DQWLR[�
LGDQW�SRZHU�� HFRQRPLF�YDOXH��ZLGH�XVDJH�� DQG�KHDOWK�EHQH�
¿WV� IRU� KXPDQ� �1DJXLE�� ������5DPtUH]� HW� DO��� ������9LVVHU�
HW�DO���������+LJXHUD�&LDSDUD�HW�DO���������$PRULP�&DULOOR�HW�

DO��� ������'RQJ� HW� DO��� ������1LL]DZD�HW� DO��� �������$6;� LV�
FRQVLGHUHG�DV�WKH�PRVW�SRZHUIXO�DQWLR[LGDQW�DQG�VXSHU�IRRG�
QXWULWLRQDOO\� IRU� KXPDQ� KHDOWK�� ,W� LV� D� YDOXDEOH� FRPPHUFLDO�
SURGXFW�GXH�WR�LWV�PDUNHWLQJ�SULFH�YDU\LQJ�IURP������������
NJ��3DQLV�DQG�5RVDOHV�&DUUHRQ���������7KH�WRWDO�YDOXH�RI�$6;�
LV�SUHGLFWHG�WR�UHDFK�WR����������ELOOLRQ�LQ�������6XMDULW�HW�DO���
������1LL]DZD�HW�DO����������$6;�SURGXFHG�V\QWKHWLFDOO\�KDV�
VDIHW\�DQG�XQIDYRUDEOH� �OLNH�ELRORJLFDO� IXQFWLRQV�� LVVXHV� IRU�
KXPDQ�KHDOWK��%HVLGHV�� V\QWKHWLF�$6;�KDV�DQ�XQVXVWDLQDEOH�
SURGXFWLRQ�DQG�FDXVHV�SROOXWLRQ��3DQLV�DQG�5RVDOHV�&DUUHRQ��
�������0LFURELRORJLFDOO\�SURGXFHG�$6;�FDQ�EH�GHVFULEHG�DV�
QDWXUDO�DQG�UHSODFHG�ZLWK�WKH�V\QWKHWLF�RQH��6DIHW\�RI�QDWXUDO�
$6;�FRQVXPSWLRQ�E\�D�KXPDQ�LV�SURYHQ��3DQLV�DQG�5RVDOHV�
&DUUHRQ��������6FKHZH�HW�DO����������

3K\VLFR�FKHPLFDO�FRQGLWLRQV�DUH�YHU\�HIIHFWLYH�LQ�WKH�V\Q�
WKHVLV�RI�PLFURELDO�SURGXFWV��,Q�WKH�PDQXIDFWXULQJ�RI�LQGXVWUL�
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DO�SURGXFWV��WKHUH�LV�D�JUHDW�GHDO�RI�VFLHQWL¿F�UHVHDUFK�RQ�WKH�
FKDUDFWHULVWLFV�DQG�FRQGLWLRQV�RI�WKH�SURGXFWLRQ�PHGLXP��7KH�
UDZ�PDWHULDO� LV� D� VLJQL¿FDQW� SDUDPHWHU� IRU� ELRV\QWKHVLV� EH�
FDXVH�LW�GLUHFWO\�DIIHFWV�WKH�SURGXFWLRQ�HI¿FLHQF\�ZLWK�LWV�YDUL�
HW\�DQG�QXWULWLYH�FRQWHQW��,W�DOVR�SOD\V�DQ�LPSRUWDQW�UROH�LQ�WKH�
SURFHVV�DQG�HQYLURQPHQWDO�LVVXHV��7KH�YDULHW\�DQG�TXDQWLW\�RI�
FDUERQ�DQG�QLWURJHQ�VRXUFHV�RI� WKH�SURGXFWLRQ�PHGLXP�DQG�
ZDWHU�FRQWHQW�DUH�WKH�IXQGDPHQWDO�SDUDPHWHUV�IRU�WKH�JURZWK�
DQG�WDUJHW�SURGXFW�V\QWKHVLV�RI�PLFURRUJDQLVPV��$GGLWLRQDOO\��
WHPSHUDWXUH�� S+�� DJLWDWLRQ�� DQG� LQRFXOXP�VL]H� DUH� WKH� HQYL�
URQPHQWDO�SDUDPHWHUV�KDYLQJ�DQ�HIIHFW�RQ�PLFURELDO�DFWLYLWLHV��
7KH�XVH�RI�ZDVWHV�DV�UDZ�PDWHULDO�VRXUFHV�IRU�WKH�SURGXFWLRQ�
PHGLXP�KDV�EHHQ�HPSOR\HG�IRU�D�YHU\�ORQJ�WLPH�LQ�LQGXVWULDO�
SURFHVVHV�ZRUOGZLGH��&RPSDUHG� WR� WKH�V\QWKHWLF�PHGLD�� WKH�
SURGXFWV�V\QWKHVL]HG�E\�WKH�XWLOL]DWLRQ�RI�WKH�ZDVWHV�DUH�TXDO�
L¿HG�DQG�ODEHOHG�DV�QDWXUDO��1LJDP�DQG�3DQGH\��������

6XMDULW�HW�DO���������VWDWHG�WKDW�WKH�ELRV\QWKHVLV�FRQGLWLRQV�
KDYH�D�JUHDW�HIIHFW�RQ�$6;�DFFXPXODWLRQ��7KHUHIRUH��D�ZD\�
RI� QDWXUDO� FKDUDFWHUL]HG�� VDIH� DQG� HI¿FLHQW�$6;�SURGXFWLRQ�
VKRXOG�EH�VXEPLWWHG�E\�FRQVLGHULQJ�RSWLPL]DWLRQ�RI�WKH�SUR�
FHVV��PRGHOLQJ�WKH�V\VWHP��HQKDQFHPHQW�RI�WKH�FRQGLWLRQV�DQG�
XWLOL]DWLRQ�RI�FKHDS�VRXUFHV��$Q�HW�DO���������6FKHZH�HW�DO���
�������,Q�DGGLWLRQ��RSWLPL]DWLRQ�EDVHG�RQ�D�GHVLJQ�IUDPHZRUN�
LV�D�JRRG�ZD\�RI�GHWHUPLQLQJ�ZKLFK�IDFWRU�LV�WKH�PRVW�LPSRUW�
DQW�RQH��6WDWLVWLFDO�VWXGLHV�DUH�QHFHVVDU\�WR�EH�GRQH�WR�GLVFXVV�
DQG�VXSSRUW�WKH�VLJQL¿FDQF\�RI�WKH�FRQVLGHUDWLRQV��5HVSRQVH�
VXUIDFH�DQG�DUWL¿FLDO�QHXUDO�QHWZRUN�PHWKRGRORJLHV�DUH�FRP�
PRQO\�DSSOLHG�WRROV�IRU�PRGHOLQJ��RSWLPL]DWLRQ�DQG�VWDWLVWLFDO�
HYDOXDWLRQV�LQ�ELRWHFKQRORJLFDO�SUDFWLFHV��.DOLO�HW�DO����������
3URGXFWLRQ��PRGHOLQJ� DQG� RSWLPL]DWLRQ� DSSOLFDWLRQV� IRU� HQ�
]\PHV��ELR�VXUIDFWDQWV��HWKDQRO��JHOOLQJ�DJHQWV��SKDUPDFHXWL�
FDO�FRPSRXQGV��ELR�IXHOV��SLJPHQWV��DQG�IHUPHQWDWLRQ�PHGL�
XP�KDYH�EHHQ�VWXGLHG�UHFHQWO\��%DVUL�HW�DO���������'HVDL�HW�DO���
������.DVKNRXOL�HW�DO���������1HORIHU�HW�DO���������=RX�HW�DO���
������3LONLQJWRQ�HW�DO���������'LNVKLW�DQG�7DOODSUDJDGD��������
0DUDQ�DQG�3UL\D��������6LQJK�HW�DO���������GHO�5LR�&KDQRQD�
HW�DO���������6HKUDZDW�HW�DO���������:HL�HW�DO���������6KD¿�HW�
DO���������

$�JURZWK�FXUYH�VWXG\�LV�JHQHUDOO\�SHUIRUPHG�DV�D�SUHOLP�
LQDU\� VWXG\� LQ� PLFURELDO� SURFHVVHV�� ZKLFK� LV� LPSRUWDQW� IRU�
FRPPHUFLDOO\�KLJK�JUDGH�$6;�SURGXFW�LQ�WHUPV�RI�PRQLWRU�
LQJ�JURZWK�SKDVHV�RI�SURGXFHU�PLFURRUJDQLVPV�DQG�GHWHUPLQ�
LQJ�V\QWKHVLV�SHULRG�DQG�HI¿FLHQF\��&RUUHODWLYHO\�� LQYHVWLJD�
WLRQ� RI� WKHVH� WHUPV� IRU�$6; producers, Xanthophyllomyces 
dendrorhous�$7&&� ������ DQG� Sporidiobolus salmonicolor 
$7&&�������\HDVWV�LQ�V\QWKHWLF�PHGLD�ZHUH�DLPHG�DV�WKH�¿UVW�
VWDJH�RI�WKLV�VWXG\��7KH�FRQGLWLRQV�RI�WKH�V\QWKHWLF�PHGLD�ZHUH�
RSWLPL]HG�� ,Q� WKH�VHFRQG�VWDJH��ZKHDW�EUDQ�DQG� OHQWLO�ZDVWH�
ZHUH�XVHG�DV�VROLG�UDZ�PDWHULDOV�IRU�$6;�ELRV\QWKHVLV��7KH�
HIIHFWV�RI�IHUPHQWDWLRQ�WHPSHUDWXUH��PRLVWXUH�FRQWHQW�DQG�S+�
YDULDEOHV�RQ�WKH�ELRV\QWKHVLV�ZHUH�VHDUFKHG�ZLWKLQ�WKH�VFRSH�
RI�DQ�H[SHULPHQWDO�GHVLJQ��0RGHOLQJ�DQG�RSWLPL]DWLRQ�RI�WKH�
ELRV\QWKHVLV�ZHUH�SHUIRUPHG�E\�5HVSRQVH�6XUIDFH�0HWKRG�
RORJ\� �560���7KH� FRPSDULVRQ�RI� HVWLPDWLRQ� FDSDELOLWLHV�RI�
560� DQG�$UWL¿FLDO� 1HXUDO� 1HWZRUN� �$11�� WHFKQLTXHV� IRU�
$6;�UHVSRQVH�ZHUH�SHUIRUPHG��6WDWLVWLFDO�HYDOXDWLRQ�RI� WKH�
PHWKRGRORJ\�UHVXOWV�ZHUH�FDUULHG�RXW�E\�URRW�PHDQ�VTXDUH�HU�

ror (RMSE���PHDQ�DEVROXWH� HUURU� �MAE��� DQG�FRHI¿FLHQW�RI�
determination (R2���

Materials and Methods
Wastes and microorganism cultures
:KHDW�EUDQ�DQG�OHQWLO�ZDVWH�ZHUH�VRXUFHG�IURP�*D]LDQ�

WHS��7XUNH\�DQG�NHSW�LQ�FROG�VWRUDJH������°C��LQ�SRO\HWK\OHQH�
SDFNDJHV��7KH\�ZHUH�VLHYHG�WR�D�VL]H�RI������PP�LQ�RUGHU�WR�
REWDLQ�D�XQLIRUP�PDWHULDO��)UHH]H�GULHG�IRUPV�RI�$7&&�������
(Xanthophyllomyces dendrorhous��DQG�$7&&��������Sporid-
iobolus salmonicolor�� ZHUH� SXUFKDVHG� IURP� WKH� $PHULFDQ�
7\SH�&XOWXUH�&ROOHFWLRQ��0DQDVVDV��86$���7KH�PLFURRUJDQ�
LVPV�ZHUH�PDLQWDLQHG�LQ�\HDVW�PDOW�H[WUDFW�EURWK��<0%��WKDW�
KDV�WKH�IROORZLQJ�FRPSRVLWLRQ����J�/�RI�\HDVW�H[WUDFW��0HUFN��
*HUPDQ\�����RI�J�/�PDOW�H[WUDFW��0HUFN��*HUPDQ\�����J�/�RI�
SHSWRQH� �0HUFN��*HUPDQ\��� ��� J�/� RI� GH[WURVH� �6LJPD�$O�
GULFK��*HUPDQ\���7KH�JURZWK�RI� WKH�\HDVWV�ZLWK�D�����Y�Y��
LQRFXOXP�VL]H�ZDV�SHUIRUPHG�LQ�����&�����S+�DQG�����&�����
S+�FRQGLWLRQV�ZKLFK�DUH� WKH�RSWLPXP�JURZWK�FRQGLWLRQV�RI�
$7&&�������DQG�$7&&��������UHVSHFWLYHO\�DFFRUGLQJ�WR�WKH�
$7&&�SURWRFRO�

Growth curve determination
*URZWK�SDUDPHWHUV�RI�WKH�\HDVWV�ZHUH�GHWHUPLQHG�WR�RE�

VHUYH�WKH�SKDVHV�RI�WKH�JURZWK�DQG�WKH�IHUPHQWDWLRQ�SHULRG��
Optical density��2�'���ZDV�PHDVXUHG�E\�D�GRXEOH�EHDP�89�
9,6�VSHFWURSKRWRPHWHU��/DPEGD����89�9,6�VSHFWURSKRWRP�
HWHU�� 86$�� DW� ���� QP��$GGLWLRQDOO\�� viable cell� ZDV� GHWHU�
PLQHG�E\�SODWH�FRXQWLQJ�PHWKRG�DQG�biomass�ZDV�ZHLJKWHG�
DV�GU\�FHOO��(DFK�PHDVXUHPHQW��/RSHV�HW�DO���������$EHU�HW�DO���
������ZDV�FDUULHG�RXW�GDLO\�IRU����GD\V��([SHULPHQWDO�GDWD�RI�
WKH�JURZWK�SDUDPHWHUV�ZHUH�SORWWHG�YHUVXV�WLPH��1DWXUDO�ORJ�
DULWKP�RI�RSWLFDO�GHQVLW\�YDOXH�,Q�>2�'�@�YHUVXV�IHUPHQWDWLRQ�
SHULRG�IRU�HDFK�\HDVW�ZDV�PRGHOHG�E\�6LJPD3ORW�9HUVLRQ������
�6\VWDW� 6RIWZDUH�*PE+��(UNUDWK��*HUPDQ\�� SURJUDP�XVLQJ�
*RPSHUW]���3DUDPHWHU�HTXDWLRQ�

:KHUH�y is response, x is time, a and b�DUH�FRHI¿FLHQWV�
Astaxanthin pigment analysis
$VWD[DQWKLQ�DQDO\VLV�ZDV�SHUIRUPHG�IRU�WKH�V\QWKHWLF�PH�

GLD� FRQWHQW�� DQG� WKH� IRUPV� RI� XQ�IHUPHQWHG� DQG� IHUPHQWHG�
FRQWHQWV�RI� WKH�ZDVWHV�DFFRUGLQJ�WR�%DELWKD�HW�DO����������$�
PL[WXUH�RI�WKH�VDPSOH�DQG�PHWKDQRO��6LJPD�$OGULFK��*HUPD�
Q\��DW�����UDWLR�ZDV�FHQWULIXJHG�DW������USP�IRU����PLQXWHV��
DQG� WKH�VXSHUQDWDQW�ZDV�DQDO\]HG�DW�����QP�XVLQJ� WKH�89�
9,6� VSHFWURSKRWRPHWHU�� 7KH� UHVXOWV� ZHUH� UHFRUGHG� DV� WKH�
PHDQ�RI�WULSOLFDWH�PHDVXUHPHQWV��

Yeast growth and productivity in synthetic media
6\QWKHWLF�PHGLD�ZHUH�SUHSDUHG�XVLQJ�QR�VXJDU��RQO\�FRQ�

WDLQLQJ� QLWURJHQRXV� FRPSRXQGV�� DQG� WKUHH� GLIIHUHQW� VXJDU�
W\SHV��JOXFRVH��IUXFWRVH�DQG�VXFURVH��DW���GLIIHUHQW�FRQFHQWUD�
WLRQV����J�/������J�/�����J�/�DQG����J�/��PHDVXUH�WKH�JURZWK�
DQG�SURGXFW� IRUPDWLRQ�FDSDELOLWLHV�RI� WKH�\HDVWV�E\�NHHSLQJ�
WKH�DPRXQW�RI�PDOW�H[WUDFW��\HDVW�H[WUDFW�DQG�SHSWRQH�LQJUH�
GLHQWV� FRQVWDQW��2SWLFDO� GHQVLW\� YDOXHV� RI� WKH�PHGLD� GXULQJ�
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WKH�IHUPHQWDWLRQ�SHULRG�DQG�WKH�$6;�SLJPHQW�SURGXFHG�LQ�WKH�
V\QWKHWLF�PHGLD�ZHUH�PHDVXUHG�DW�WKH�ODVW�GD\�RI�WKH�IHUPHQ�
WDWLRQ�SHULRG��

Experimental design and model construction of the 
fermentation systems

$Q�H[SHULPHQWDO�GHVLJQ�ZDV�JHQHUDWHG�IRU�HDFK�FRPELQD�
WLRQ�RI�\HDVW�DQG�ZDVWH�EDVHG�RQ�WKH�RSWLPDO�JURZWK�FRQGL�
WLRQV�RI�WKH�\HDVWV�XVLQJ�%R[�%HKQNHQ�GHVLJQ��%%'��ZLWK�WKH�
LQGHSHQGHQW� YDULDEOHV� RI� WHPSHUDWXUH� �x1���PRLVWXUH� FRQWHQW�
(x2�� DQG� S+� �x3��� /HYHOV� FRGHG� DV� KLJK� �����PLGGOH� ���� DQG�
ORZ� �í�� DUH� JLYHQ� LQ� 7DEOH� ��� 6HYHQWHHQ� H[SHULPHQWV� ZHUH�
FRQGXFWHG�IRU�HDFK�FRPELQDWLRQ� WR�SURGXFH�DVWD[DQWKLQ��UH�
VSRQVH��� 7KH� H[SHULPHQWDO� GDWD� ZHUH� DQDO\]HG� XVLQJ� 560�
�'HVLJQ�([SHUW�9HUVLRQ��������0LQQHDSROLV��86$��DQG�$11�
�0$7/$%�9HUVLRQ�������86$��PHWKRGRORJLHV��

7DEOH��� /HYHOV�RI�WKH�LQGHSHQGHQW�YDULDEOHV�IRU�%R[�%HKQNHQ�
design

0LFURRUJDQLVPV
&RGHG�/HYHOV

[1 [� [�
í� � �� í� � �� í� � ��

$7&&������ �� �� �� �� �� �� ��� ��� ���
$7&&������ �� �� �� �� �� �� ��� ��� ���

7KH�QGLYLGXDO�DQG�LQWHUDFWLRQ�HIIHFWV�RI�WKH�SURFHVV�YDUL�
DEOHV�RQ�WKH�UHVSRQVH�DUH�GHPRQVWUDWHG�LQ�WKH�HTXDWLRQ�EHORZ�
ZKLFK�LV�D�VHFRQG�RUGHU�SRO\QRPLDO�HTXDWLRQ�TXDGUDWLF�PRG�
HO�

:KHUH�y is the predicted response, ȕ0 is constant, ȕj��ȕij and 
ȕjj DUH�WKH�UHJUHVVLRQ�FRHI¿FLHQWV�DQG�xj and xi DUH�WKH�OHYHOV�RI�
WKH�LQGHSHQGHQW�YDULDEOHV�

560� UHTXLUHV� D� PDWKHPDWLFDO� PRGHO� VXFK� DV� TXDGUDWLF�
IRU� WKH� GDWD� SUHGLFWLRQ�� +RZHYHU��$11� XVHV� YHFWRUV� EDVHG�
RQ� D� IXQFWLRQ� IRU� WKLV� SXUSRVH�� 7KLV� VSHFL¿FDWLRQ� SURYLGHV�
WKH�PDLQ�DGYDQWDJH�RI�$11�PHWKRGRORJ\��%Dú�DQG�%R\DFÕ��
������6LQJK�HW�DO����������1RQ�OLQHDU�PDSSLQJ�ZDV�SHUIRUPHG�
E\�XVLQJ�WKH�SURFHVV�SDUDPHWHUV�DV�WKH�LQSXW�YDULDEOHV�DQG�WKH�
UHVSRQVH�DV�WKH�RXWSXW�YDULDEOH��$�*DXVLLDQ�IXQFWLRQ�ZLWK������
VSUHDGDELOLW\�ZDV�DSSOLHG��ZKLFK�XVHV�WKH�HTXDWLRQ�EHORZ�WR�
HVWLPDWH�WKH�GDWD�ZLWK�D���LQSXW�OD\HU��RQH�KLGGHQ�OD\HU�ZLWK�
���QRGHV�DQG���RXWSXW�OD\HU����������WRSRORJ\��

:KHUH�ъhk�LV�EDVLV�IXQFWLRQ�RU�DFWLYDWLRQ�RI�K�WK�XQLW�LQ�WKH�
KLGGHQ�OD\HU��ɯh LV�XQLW�FHQWHU�RU�Q�GLPHQVLRQDO�SRVLWLRQ�RI�WKH�
FHQWUH�RI�K�WK��Q�DV�LQSXW�QXPEHU���xk mean or center of the 
IXQFWLRQ��ıh�LV�VWDQGDUG�GHYLDWLRQ�RU�ORFDO�VFDOLQJ�FRQVWDQW�

7KH� SUHGLFWLRQ� FDSDELOLW\� RI� WKH� PHWKRGRORJLHV� ZDV� LQ�
YHVWLJDWHG�E\�RMSE (root mean square error), MAE (mean 
absolute error), and R2�VWDWLVWLFDO�PHDVXUHPHQWV��R2 YDOXHV�IRU�
560�FDPH�RXW�IURP�WKH�GHVLJQ�SURJUDP�DQG�IRU�$11�ZHUH�

FDOFXODWHG�E\�UHJUHVVLRQ�DQDO\VLV�WRRO�LQ�06�([FHO�SURJUDP�

:KHUH�n�LV�QXPEHU�RI�GDWD��Rpre,i LV�SUHGLFWHG�PRGHO�YDOXH��
and Rexp,i LV�H[SHULPHQWDO�YDOXH��

Results
Growth curve study
7KH�RSWLFDO�GHQVLW\��YLDEOH�FHOO�DQG�ELRPDVV�GDWD�REWDLQHG�

LQ�WKH�V\QWKHWLF�<0%�PHGLXP�DUH�SUHVHQWHG�LQ�)LJXUH���IRU�
$7&&�������DQG�$7&&�������\HDVWV��%DVHG�RQ�WKH�UHDVRQ�
DEOH�SURJUHVV�RI�WKH�JURZWK�SDUDPHWHUV��WKH�IHUPHQWDWLRQ�SHUL�
RG�ZDV�GHWHUPLQHG�WR�EH�WHQ�GD\V��)LJXUH���VKRZV�WKH�JURZWK�
FXUYHV�RI�WKH�\HDVWV�PRGHOHG�ZLWK�WKH�GDWD�RI�,Q�>2�'�@�YHUVXV�
IHUPHQWDWLRQ�SHULRG��7KH�UHVXOWV�RI�WKH�VWDWLVWLFDO�HYDOXDWLRQ�RI�
WKH�PRGHOLQJ�DUH�JLYHQ�LQ�7DEOH����7KH�5�VTXDUHG�YDOXHV�DUH�
TXLWH�KLJK�������IRU�$7&&�������DQG������IRU�$7&&��������
PHDQLQJ�D�JRRG�¿WQHVV�RI�WKH�UHJUHVVLRQ�PRGHO�

7DEOH����0RGHOLQJ�UHSRUW�RI�WKH�JURZWK�FXUYH�GHWHUPLQDWLRQ

6RXUFHV $7&&������ $7&&������

a ����� ���������

E ������ ������

[� ������ ±�������

\� ������� ±���������

5� ������ ������

$GM��5� ������ ������

1RUPDOLW\�WHVW ������ ������
��SDVVHG�DW�S�����

Effect of sugar types and concentrations
7KH�PHGLD� SUHSDUHG�ZLWK� JOXFRVH� �*��� IUXFWRVH� �)�� DQG�

VXFURVH� �6�� VXJDUV� DW� IRXU� GLIIHUHQW� FRQFHQWUDWLRQV�ZHUH� LQ�
YHVWLJDWHG�WR�VHH�WKH�HIIHFWV�RI�WKH�VXJDU�W\SH�DQG�WKH�FRQFHQ�
WUDWLRQ�RQ� WKH�JURZWK�DQG�SURGXFW� IRUPDWLRQ�DELOLWLHV�RI� WKH�
VHOHFWHG�\HDVWV��7KH�RSWLFDO�GHQVLW\�YDOXHV��LQFOXGLQJ�YLDEOH�
FHOOV��GHDG�FHOOV��DQG�PHWDEROLWHV��RI�WKH�\HDVWV�DUH�VKRZQ�LQ�
)LJXUH���DQG�)LJXUH����7KH�RSWLFDO�GHQVLW\�FKDQJHV�REVHUYHG�
EHWZHHQ�����DQG�����KRXUV�DUH�VWULNLQJ�IRU�ERWK�\HDVWV��$�GH�
FUHDVH� LQ�FHOO�FRQFHQWUDWLRQ�ZDV�VHHQ�EHWZHHQ�DERXW����� WR�
����KRXUV� IRU�$7&&�������\HDVW��7KHUH�VHHPV� WR�EH�D� IHZ�
QRQ�VLJQL¿FDQW� GDWD� SRLQWV� VXFK� DV� WKH� LQFUHDVH� LQ� 6�� DIWHU�
����KRXUV�LQ�)LJXUH����ZKLFK�LV�GLVWLQFW�EHFDXVH�RI�WKH�RSWLFDO�
YDOXHV�LQFOXGLQJ�WKH�YLDEOH�FHOOV��GHDG�FHOOV�DQG�PHWDEROLWHV��,W�
FDQ�EH�VWDWHG�WKDW�JOXFRVH�DW�DQ\�FRQFHQWUDWLRQ�SUHVHQWV�D�KLJK�
FHOO�FRQFHQWUDWLRQ�IRU�$7&&�������\HDVW��7KH�2�'��YDOXHV�RI�
$7&&�������\HDVW�VKRZHG�VLJQL¿FDQW�FKDQJHV�IURP����KRXUV�
DW�DQ\�FRQFHQWUDWLRQ�RI�JOXFRVH�DQG�VXFURVH�VXJDUV��)LJXUH�����
7KH�FHOO�FRQFHQWUDWLRQV�DW�ORZ�IUXFWRVH�FRQFHQWUDWLRQV����DQG�
���J�/��ZHUH�TXLWH�KLJK�IRU�$7&&�������\HDVW��,W�LV�WKRXJKW�
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WKDW�LW�WRRN�WLPH�IRU�$7&&�������\HDVW�WR�DGDSW�WR�WKH�)���PH�
GLXP�ZKHUHDV�WKHUH�ZDV�QR�DFWLYH�JURZWK�RQ�WKH�)���PHGLXP��
$7&&�������\HDVW�DW�QR�VXJDU�PHGLXP�VKRZHG�D�FXUYH�VLP�
LODU�WR�WKH�*��¶V�DQG�WKH�JURZWK�WUHQG�RI�$7&&�������\HDVW�
ZLWK� µQR� VXJDU¶�PHGLXP� UHVHPEOHV� WKH� WUHQG�REWDLQHG� IURP�
WKH�PHGLD�RI�JOXFRVH�DQG�VXFURVH�VXJDUV�LQ�)LJXUH���

,W�LV�XQGHUVWRRG�WKDW�DV�WKH�VXJDU�FRQFHQWUDWLRQ�RI�WKH�PH�
GLD�LQFUHDVHV��WKH�DPRXQW�RI�$6;�GHFUHDVHV�IRU�ERWK�\HDVW�DV�
VHHQ�LQ�7DEOH����7KH�$6;�DPRXQW�SURGXFHG�E\�$7&&�������

LQ�DQ\�PHGLXP�LV�KLJKHU�WKDQ�WKDW�SURGXFHG�E\�$7&&��������
0D[LPXP�DPRXQWV�RI��������J�$6;�J�JOXFRVH�DQG��������J�
$6;�J�IUXFWRVH�ZHUH�PHDVXUHG�IRU�$7&&�������DQG�$7&&�
�������UHVSHFWLYHO\��,W�LV�VHHQ�WKDW�WKH�DPRXQW�RI�$6;�LV�OHVV�
LQ�WKH�DEVHQFH�RI�VXJDU�WKDQ�LQ�RWKHU�PHGLD�IRU�ERWK�\HDVWV��
:KHQ�WKH�UHODWLRQVKLS�EHWZHHQ�FHOO�FRQFHQWUDWLRQ�DQG�SURGXFW�
IRUPDWLRQ�LV�HYDOXDWHG��7DEOH����� LW�FRXOG�EH�FRQFOXGHG�WKDW�
WKHUH�LV�QR�FRQQHFWLRQ�EHWZHHQ�WKHP�

)LJXUH����7KH�JURZWK�SDUDPHWHUV�SORWWHG�IRU�;��GHQGURUKRXV�$7&&��������D��DQG�6��VDOPRQLFRORU�$7&&��������E�

)LJXUH����0RGHOHG�JURZWK�FXUYHV�RI�IRU�X. dendrorhous�$7&&��������D��DQG�S. salmonicolor�$7&&��������E���7KH�OLQHV�DQG�
GRWV�LQGLFDWH�WKH�PRGHO�UHJUHVVLRQ�RI�HVWLPDWHG�DQG�H[SHULPHQWDO�GDWD��UHVSHFWLYHO\�
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7DEOH����$VWD[DQWKLQ�\LHOG�DQG�FHOO�FRQFHQWUDWLRQ�LQ�V\QWKHWLF�PHGLD

6XJDU�FRQFHQWUDWLRQVa

$VWD[DQWKLQ�FRQFHQWUDWLRQ
�PJ�$6;�/�<0%�E

$VWD[DQWKLQ�DPRXQW
��J�$6;�J�VXJDU�c

&HOO�FRQFHQWUDWLRQ
�FHOO�P/î��7�d

$7&&������ $7&&������ $7&&
�����

$7&&
�����

$7&&�
�����

$7&&�
�����

*� ����������� ����������� ������������ ������������ ���� ����
*�� ����������� ���������� ������������ ����������� ���� ����
*�� ����������� ���������� ������������ ����������� ���� ����
*�� ����������� ����������� ���������� ����������� ���� ����
)� ����������� ����������� ������������ ������������ ���� ����
)�� ����������� ����������� ������������ ����������� ���� ����
)�� ����������� ����������� ������������ ����������� ���� ����
)�� ���������� ����������� ���������� ����������� ���� ����
6�� ����������� ����������� ������������ ����������� ���� ����
6�� ���������� ����������� ������������ ���������� ���� ����
6�� ����������� ����������� ������������ ����������� ���� ����
6�� ����������� ����������� ���������� ����������� ��� ����

No sugar ���������� ����������� � � ���� ����
a��*��JOXFRVH��)��IUXFWRVH��6��VXFURVH
E��$VWD[DQWKLQ�FRQFHQWUDWLRQ��PLOOLJUDP�DVWD[DQWKLQ�/LWHU�\HDVW�PDOW�H[WUDFW�EURWK�DV�PHDQ�YDOXH�RI�GXSOLFDWH�UHVXOWV
c��$VWD[DQWKLQ�DPRXQW��PLFURJUDP�DVWD[DQWKLQ�JUDP�VXJDU�DV�PHDQ�YDOXH�RI�GXSOLFDWH�UHVXOWV
d��2SWLFDO�GHQVLW\�YDOXHV�DW�����QP

)LJXUH����7LPH�YHUVXV�RSWLFDO�GHQVLW\�YDOXHV�IRU�X. dendrorhous�$7&&�������DW�VXJDU�FRQFHQWUDWLRQV�RI��D����J�/��E�����J�/��F�����J�/��F�����J�/

       
)LJXUH����7LPH�YHUVXV�RSWLFDO�GHQVLW\�YDOXHV�IRU�S. salmonicolor�$7&&�������DW�VXJDU�FRQFHQWUDWLRQV�RI��D����J�/��E�����J�/��F�����J�/��F�����J�/
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Modeling and optimization study
7KH�SURGXFWLRQ�RI�WKH�$6;�SLJPHQW�IURP�WKH�ZKHDW�EUDQ�

DQG�OHQWLO�ZDVWH�ZDV�DFKLHYHG�LQ�WKH�RSWLPXP�JURZWK�FRQGL�
WLRQV�RI� WKH�\HDVWV� �7DEOH�����%DVHG�RQ� WKH�VXJDU�FRQWHQW�RI�
WKH�ZDVWHV�� WKH�ZKHDW� EUDQ�SURYLGHG� WKH�KLJKHVW�$6;�\LHOG�
���������J�$6;�J�JOXFRVH�� IRU�ERWK�\HDVWV��$IWHU�FRQVLGHU�
LQJ�WKH�$6;�\LHOG�REWDLQHG�IURP�WKH�ZDVWHV��DQ�RSWLPL]DWLRQ�
VWXG\�IRU�ERWK�\HDVWV�ZDV�FRQGXFWHG�E\�JHQHUDWHG�%%'�H[SHU�
LPHQWDO�GHVLJQ��7KH�$6;�\LHOG�RI�ERWK�\HDVWV�FDQ�EH�VHHQ�LQ�
7DEOH����7KH�RSWLPL]HG�FRQGLWLRQV�ZHUH�GHWHUPLQHG�GHSHQG�
LQJ�RQ�WKH�DFWXDO�PD[LPXP�\LHOG��)RU�WKH�IHUPHQWDWLRQ�V\VWHP�
RI�WKH�ZKHDW�EUDQ�DQG�$7&&�������\HDVW��WKH�PD[LPXP�\LHOG�

RI��������J�$6;�JP�ZDV�REWDLQHG�XQGHU� WKH� FRQGLWLRQV�RI�
����&������DQG�S+�RI������7KH�PD[LPXP�\LHOG�RI���������J�
$6;�JP�ZDV�V\QWKHVL]HG�IURP�WKH�ZKHDW�EUDQ�IHUPHQWDWLRQ�
PHGLXP�ZLWK�$7&&�������\HDVW�DW�WKH�FRQGLWLRQV�RI�����&��
����DQG�S+�RI������ZKLFK�ZDV�WKH�GDWD�IURP�SUHYLRXVO\�SXE�
OLVKHG�ZRUN� HOVHZKHUH� DQG� XVHG� WR� FRPSDUH�ZLWK� WKH� RWKHU�
IHUPHQWDWLRQ�V\VWHPV�LQ�WKLV�VWXG\��7KH�ZKHDW�EUDQ�DQG�$7&&�
������\HDVW�V\VWHP�DJDLQ�PD[LPL]HG�WKH�\LHOG��)XUWKHUPRUH��
��������J�RI�$6;�JP�ZDV�D�TXLWH�KLJK�DPRXQW�RI�$6;�SUR�
GXFHG�IURP�WKH�IHUPHQWDWLRQ�V\VWHP�RI�OHQWLO�ZDVWH�DQG�$7&&�
������

)LJXUH����7LPH�YHUVXV�RSWLFDO�GHQVLW\�YDOXHV�DW�QR�VXJDU�PHGLXP�IRU�X. dendrorhous�$7&&�������DQG�S. salmonicolor�$7&&�������

7DEOH����$VWD[DQWKLQ�\LHOG�SURGXFHG�LQ�ZDVWH�PHGLXP�DW�RSWLPXP�\HDVW�JURZWK�FRQGLWLRQV

0HGLXP 6XJDU�FRQWHQW
�J�JOX�JP�a

$VWD[DQWKLQ�DPRXQW
��J�$6;�JP�E

$VWD[DQWKLQ�DPRXQW
��J�$6;�J�JOX�c

$7&&������ $7&&������ $7&&������ $7&&������

:KHDW�EUDQ ����������� ������������ ������������ �������������� ������������

/HQWLO�ZDVWH ���������� ������������ ������������ ������������ ������������
a��6XJDU�FRQWHQW��JUDP�JOXFRVH�JUDP�ZDVWH�DV�PHDQ�YDOXH�RI�GXSOLFDWH�UHVXOWV
E��$VWD[DQWKLQ�DPRXQW��PLFURJUDP�DVWD[DQWKLQ�JUDP�PDWHULDO�DV�PHDQ�YDOXH�RI�WULSOLFDWH�UHVXOWV
c��$VWD[DQWKLQ�DPRXQW��PLFURJUDP�DVWD[DQWKLQ�JUDP JOXFRVH�DV�PHDQ�YDOXH�RI�WULSOLFDWH�UHVXOWV
���VWDQGDUG�GHYLDWLRQ

:KHQ�WKH�\LHOGV�DUH�FRPSDUHG�LQ�7DEOH���DQG�7DEOH����LW�LV�
VHHQ�WKDW�WKH�SURGXFW�\LHOG�LQFUHDVHG�ZKLOH�WKH�WHPSHUDWXUH�DQG�
PRLVWXUH�FRQWHQW�OHYHOV�LQFUHDVHG�DW�WKH�RSWLPXP�S+�YDOXH�LQ�
WKH� IHUPHQWDWLRQ�V\VWHPV�RI�$7&&�������\HDVW��7KH�KLJKHVW�
$6;�\LHOG�ZDV�REWDLQHG�DW�D�ORZHU�WHPSHUDWXUH�DQG�PRLVWXUH�
FRQWHQW�YDOXH� WKDQ� WKH�RSWLPXP�RQHV�DW�D�FRQVWDQW�S+�YDOXH�
IRU�WKH�IHUPHQWDWLRQ�V\VWHP�RI�ZKHDW�EUDQ�DQG�$7&&��������
,QFUHDVLQJ�YDOXHV�RI�S+�DQG�PRLVWXUH�FRQWHQW�SDUDPHWHUV� LQ�
GXFHG�SURGXFW�IRUPDWLRQ�IRU�WKH�IHUPHQWDWLRQ�V\VWHP�RI�OHQWLO�
ZDVWH�DQG�$7&&��������

7KH�$129$�UHVXOWV�DQG�PRGHO�FRHI¿FLHQWV�IRU�DOO�WKH�IHU�

PHQWDWLRQ�V\VWHPV�DUH�VKRZQ�LQ�7DEOH����7KH�VLJQL¿FDQW�VWDWXV�
����RI�µPRGHO¶�LV�JRRG��EXW�QRW�WKH�VDPH�IRU�µODFN�RI�¿W¶��ZKLFK�
UDWHV�KRZ�WKH�PRGHO�FKRVHQ�DW�WKH�GHWHUPLQHG�SUREDELOLW\�UHS�
UHVHQWV�D�¿W�EHWZHHQ�WKH�H[SHULPHQWDO�DQG�SUHGLFWHG�GDWD��7KH�
TXDGUDWLF�PRGHO�ZDV�¿WWHG�WR�WKH�H[SHULPHQWDO�GDWD�RI�DOO�IHU�
PHQWDWLRQ�V\VWHPV�DW�S�����ZLWK�D�PLQLPXP������FRUUHODWLRQ�
IRU�WKH�¿QGLQJV�WKDW�VKRZV�WKH�SURSRUWLRQ�RI�WKH�WRWDO�YDULDWLRQ�
RI�WKH�UHVSRQVH�WKDW�¿WWHG�WKH�PRGHO��7KH�HIIHFWV�RI�WKH�LQGH�
SHQGHQW�YDULDEOHV�GHSHQGLQJ�RQ�WKH�PRGHO�FRHI¿FLHQWV�DUH�DOVR�
VHHQ� LQ�7DEOH����7KH\�DUH�VXSSRUWLYH�RXWFRPHV�RI� WKH�PRGHO�
IRU�WKH�¿WQHVV�
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7DEOH����%%'�GHVLJQ�PDWUL[�DQG�H[SHULPHQWDO�DVWD[DQWKLQ�GDWD�RI�WZR�IHUPHQWDWLRQ�V\VWHPV

5XQ x1 x2 x3

$VWD[DQWKLQ�DPRXQW���J�$6;�JP�
:KHDW�EUDQ /HQWLO�ZDVWH

$7&&������ $7&&������ $7&&������ $7&&������
1 �� � �� ���������� ����������� ����������� ������������
� �� � 1 ���������� ������������ ����������� ������������
� �� �� � ����������� ������������ ����������� ������������
� �� 1 � ����������� ������������ ����������� ������������
� � �� �� ����������� ���������� ����������� �����������
� � � � ����������� ������������ ����������� ������������
7 1 � 1 ����������� ������������ ������������ ������������
� � � � ���������� ������������ ����������� ������������
� � � � ����������� ������������ ����������� �����������
�� 1 1 � ����������� ������������ ����������� ������������
11 1 � �� ����������� ������������ ����������� ������������
�� � �� 1 ���������� ������������ ������������ ������������
�� � 1 1 ������������� ������������ ������������ ������������
�� � 1 �� ����������� ������������ ����������� ������������
�� � � � ����������� ������������ ����������� ������������
�� 1 �� � ����������� ������������ ����������� ������������
17 � � � ���������� ����������� ����������� ������������

���VWDQGDUG�GHYLDWLRQ

7DEOH����$129$�UHVXOWV�DQG�HTXDWLRQ�FRHI¿FLHQWV�IRU�HDFK�IHUPHQWDWLRQ�V\VWHP

7RROV p<
:KHDW�EUDQ /HQWLO�ZDVWH

$7&&������ $7&&������ $7&&������ $7&&������

0
RG
HO

��� � � � �
���� ±������ ������� ������� ±������
���� – – – –

/D
FN
�R
I�

¿W

��� – – � �
���� ±������ ±������ ������� ������
���� – – – –

6WG��GHYLDWLRQ ����� ���� ����� ���
0HDQ ����� ����� ����� ����
&�9�� ���� ����� ����� �����
35(66 �������� ������ �������� �������
5� ������ ������ ������ ����
$GM��5� ������ ������ ������ ����
&RHI¿FLHQWV��FRGHG�YDOXHV�

ȕ� ���� ���� ����� �����
ȕ1 ±���� ±��� ����� ±����
ȕ� ����� ����� ����� �����
ȕ� ±��� ���� ���� ����
ȕ�� ���� ���� ����� ����
ȕ�� ���� ���� ±���� ±���
ȕ�� ���� ���� ±���� ±����
ȕ11 ±����� ���� ±����� ±���
ȕ�� ±������� ������ ����� ������
ȕ�� ������ ±������ ������ ������
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7KH� UHVXOWV�RI� WKH� UHVSRQVH�GDWD�SUHGLFWLRQV�RI�560�DQG�
$11�IRU�HDFK�H[SHULPHQWDO�UXQ�DUH�SUHVHQWHG�LQ�7DEOH����7KH�
ORZHU�560(�DQG�0$(�YDOXHV�DQG�KLJKHU�5��UHVXOWV�UHYHDOHG�
WKDW�WKH�SUHGLFWLRQ�FDSDELOLW\�RI�$11�PHWKRGRORJ\�ZDV�EHWWHU�
WKDQ�560��7DEOH�����7KLV�UHVXOW�ZDV�GHSLFWHG�LQ�)LJXUH���DQG�
)LJXUH���E\�YLVXDOL]LQJ� WKH�GDWD�GLVWULEXWLRQ��7KH�¿WWHG� OLQHV�

REWDLQHG� IURP� WKH� REVHUYDWLRQV� DQG� WKH� PRGHO� FDOFXODWLRQV�
VXSSRUWHG�D�JRRG�¿W�ZLWK�$11�PHWKRGRORJ\��7KH� IHUPHQWD�
WLRQ�V\VWHPV�RI�$7&&�������\HDVW�LQGLFDWHG�PRUH�VXFFHVVIXO�
SUHGLFWLRQV�RI�WKH�$6;�\LHOG�GHSHQGLQJ�RQ�WKH�FRUUHODWLRQ�DQG�
HUURU�FDOFXODWLRQV�

7DEOH����3UHGLFWHG�DVWD[DQWKLQ�GDWD�RI�WKH�PHWKRGRORJLHV�IRU�HDFK�IHUPHQWDWLRQ�V\VWHP

5XQ
:KHDW�EUDQ /HQWLO�ZDVWH

$7&&������ $7&&������ $7&&������ $7&&������
560 ANN 560 ANN 560 ANN 560 ANN

1 ����� ���� ���� ���� ����� ���� ����� �����
� ����� ���� ����� ����� ����� ���� ����� �����
� ����� ����� ����� ����� ����� ����� ����� �����
� ����� ����� ����� ����� ����� ����� ����� �����
� ���� ����� ���� ���� ����� ����� ���� ����
� ���� ���� ���� ���� ����� ����� ����� �����
7 ����� ����� ����� ����� ����� ����� ����� �����
� ���� ���� ���� ���� ����� ����� ����� �����
� ���� ���� ���� ���� ����� ����� ����� �����
�� ����� ����� ����� ����� ����� ����� ����� �����
11 ����� ����� ����� ����� ����� ����� ����� �����
�� ����� ���� ����� ����� ����� ���� ����� �����
�� ����� ������ ����� ����� ����� ������ ����� �����
�� ����� ����� ����� ����� ����� ����� ����� �����
�� ���� ���� ���� ���� ����� ����� ����� �����
�� ����� ����� ����� ����� ����� ���� ���� �����
17 ���� ���� ���� ���� ����� ����� ����� �����

7DEOH����6WDWLVWLFDO�HYDOXDWLRQ�UHVXOWV�RI�560�DQG�$11�PHWKRGRORJLHV

6RXUFHV
:KHDW�EUDQ /HQWLO�ZDVWH

$7&&������ $7&&������ $7&&������ $7&&������
560 ANN 560 ANN 560 ANN 560 ANN

RMSE ������� ������ ������ ������ ������ ������ ������ ������
MAE ������ ������ ����� ������ ������ ������ ������ ������
R2 ������ ������ ������ ������ ������ ������ ������ ������

)LJXUH� ���7KH� ¿WQHVV� SORW� RI� WKH�$11�PRGHO� IRU� DOO� IHUPHQWDWLRQ�
V\VWHPV

)LJXUH����7KH�¿WQHVV�SORW�RI�WKH�560�PRGHO�IRU�DOO�IHUPHQWDWLRQ�
V\VWHPV
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Discussion
&HOO�JURZWK�LV�DQ�H[TXLVLWH�DQG�FRPSOH[�SURFHVV�ZKLFK�LV�

UHDOL]HG�E\�PLFURRUJDQLVPV�XWLOL]LQJ�HOHPHQWV�VXFK�DV�FDUERQ��
QLWURJHQ�DQG�R[\JHQ� WR�JURZ�DQG�SURGXFH�PHWDEROLWHV��7KH�
PLFURELRORJLFDO� JURZWK� GHSHQGV� RQ� FRQVXPLQJ� VXEVWUDWHV�
LQ� WKH�PHGLXP�ZKLFK� LV� LPSRUWDQW� IRU� WKH� WDUJHWHG� SURGXFW�
IRUPDWLRQ��,Q�WKH�V\QWKHWLF�PHGLXP��WKH�FRQVWLWXHQWV�DUH�ZHOO�
NQRZQ�VR�WKDW�WKH�JURZWK�PD\�EH�IROORZHG�HDVLO\��7KH�SHULRG��
LQWHUDFWLRQV�DQG�SURGXFW� IRUPDWLRQ�PD\�DOVR�EH�HDV\� WR�GH�
WHUPLQH��%DLOH\�DQG�2OOLV���������7KH�JURZWKV�RI�WKH�\HDVWV�
ZHUH�H[KLELWHG�LQ�)LJXUH���WR�REVHUYH�WKH�FKDQJHV�RI�YLDELOLW\�
DQG�ZHLJKW�RI�WKH�FHOOV�WKDW�DUH�WKH�IXQGDPHQWDO�LWHPV�IRU�FHOO�
NLQHWLFV��%DLOH\�DQG�2OOLV���������

,W�LV�D�ZHOO�NQRZQ�SKHQRPHQRQ�IRU�WKH�JURZWK�RI�PLFUR�
RUJDQLVPV�WKDW�D�FDUERQ�VRXUFH�LV�HVVHQWLDO��JOXFRVH�LV�SDUWLF�
XODUO\�IXQGDPHQWDO�DQG�WKH�FRQFHQWUDWLRQ�RI�WKH�VRXUFH�GHWHU�
PLQHV� WKH�JURZWK�SKDVHV� DQG�SHULRG��PHWDEROLWH�SURGXFWLRQ�
DQG�OLPLWDWLRQV�LQ�JURZWK��%HVLGHV��JOXFRVH�DQG�IUXFWRVH�DUH�
GLUHFWO\� XWLOL]HG� E\� \HDVWV� LQ� WKHLU� PHWDEROLF� PHFKDQLVPV��
6XFURVH�PD\�WKHQ�EH�PHWDEROL]HG��&DUOVRQ���������7KH�FRQ�
FHQWUDWLRQ�RI�IHUPHQWDEOH�VXJDUV�LV�D�VLJQL¿FDQW�SDUDPHWHU�IRU�
WKH�JURZWK�UDWH�RI�WKH�PLFURRUJDQLVPV��$UUR\R�/ySH]�HW�DO���
������ 7KH�SURGXFW�IRUPDWLRQ�RI�WKH�\HDVWV��DFFRUGLQJ�WR�WKH�
VXJDU�W\SH�DQG�FRQFHQWUDWLRQ��DV�JLYHQ�LQ�7DEOH����VKRZHG�WKDW�
LW� LV�QRW�QHFHVVDU\� WR� VXSSO\�PRUH�VXEVWUDWH� WR� WKH�PLFURRU�
JDQLVP�LQ�RUGHU�WR�UHDFK�D�KLJK�SURGXFWLRQ�OHYHO�DQG�SURPRWH�
FHOO�JURZWK��ZKLFK�LV�DQ�H[SODQDWLRQ�VXSSRUWHG�E\�%DLOH\�DQG�
2OOLV���������7KH�KLJKHVW�$6;�SURGXFHG�E\�X. dendrorhous 
UHVXOWHG�IURP�KDYLQJ�JOXFRVH�DV�WKH�VXJDU�W\SH�DQG�DW�LWV�ORZ�
est concentration.�0H\HU�DQG�GX�3UHH]���������5DPtUH]�HW�DO�
�������DQG�6WRNODVD�HW�DO���������UHSRUWHG�WKDW�KLJK�VXJDU�FRQ�
FHQWUDWLRQ� FDXVHG� UHGXFWLRQ�RI�$6;�V\QWKHVLV�� -RKQVRQ� DQG�
/HZLV��������VWXGLHG�GLIIHUHQW�VXJDU�W\SHV��LQFOXGLQJ�JOXFRVH�
DQG�VXFURVH��WR�SURGXFH�$6;�ZLWK�X. dendrorhous��IRUPHUO\�
P. rhodozyma���DQG�LQGLFDWHG�WKDW� WKH�FRQFHQWUDWLRQ�RI�$6;�
ZDV� KLJKHU� LQ� WKH� VXFURVH�PHGLXP� WKDQ� LQ� WKH� JOXFRVH�PH�
GLXP��*XR� HW� DO�� ������� VWXGLHG�ZLWK�GLIIHUHQW� VWUDLQV�RI�X. 
dendrorhous�DQG�IRXQG�WKDW�$6;�\LHOG�LV�KLJKHU�LQ�D�VXFURVH�
PHGLXP�WKDQ�JOXFRVH�RU�IUXFWRVH��7KH�LQFUHDVLQJ�VXJDU�FRQ�
FHQWUDWLRQ�UHYHDOHG�D�VXEVWUDWH�OLPLWDWLRQ�RQ�$6;�SURGXFWLRQ�
IRU�ERWK�\HDVWV�LQ�WKH�VWXG\��ZKHUHDV�WKHUH�ZDV�QR�VXFK�HIIHFW�
IRU�FHOO�FRQFHQWUDWLRQ��,W�KDV�EHHQ�UHSRUWHG�WKDW�KLJK�JOXFRVH�
FRQFHQWUDWLRQ�LQKLELWV�WKH�SLJPHQW�SURGXFWLRQ�IRU�X. dendror-
hous�E\�+X�HW�DO� ��������7KH�µQR�VXJDU¶�PHGLXP�VKRZHG�WKDW�
RWKHU�QXWULHQWV��SDUWLFXODUO\�QLWURJHQ��DUH�UHTXLUHG�IRU�SURGXFW�
IRUPDWLRQ��7KH�QLWURJHQ�VRXUFH�DQG�LWV�FRQFHQWUDWLRQ�DUH�LP�
SRUWDQW�SDUDPHWHUV�IRU�$6;�SURGXFWLRQ�DQG�\LHOG��5DPtUH]�HW�
DO�������1L�HW�DO���������*XR�HW�DO���������

,W� LV� YHU\� LPSRUWDQW� WKDW� SURGXFWV� ZLWK� FRPPHUFLDO� LP�
SRUWDQFH��IURP�FKHDS�DQG�KLJKO\�QXWULWLRXV�VXEVWUDWHV��FDQ�EH�
PDQXIDFWXUHG�RQ�DQ�LQGXVWULDO�VFDOH��%HVLGHV��WKH�RSWLPL]DWLRQ�
RI� WKH� SURFHVV� LV� UHTXLUHG� QRW� RQO\� IRU� V\QWKHWLF�PHGLD� EXW�
DOVR�LQ�PHGLD�FRQVLVWLQJ�RI�WKLV�NLQG�RI�VXEVWUDWH�LQ�WHUPV�RI�
UDZ�PDWHULDO� DQG� HQYLURQPHQWDO� FRQGLWLRQV� GXH� WR� WKH� KLJK�
SURGXFW�RQ�JRDO��6WRNODVD�HW�DO����������+DDUG �������UHSRUWHG�
WKDW�KH�PDQDJHG�WR�SURGXFH�PXFK�PRUH�$6;�XWLOL]LQJ�PRODV�
VHV�ZLWK�X. dendrorhous� WKDQ� WKH� V\QWKHWLF�PHGLD� SUHSDUHG�

IURP�JOXFRVH��VXFURVH�DQG�IUXFWRVH�VXJDUV��+RZHYHU��D�SDUDO�
OHO�UHVXOW�ZLWK�WKH�V\QWKHWLF�PHGLD�ZDV�REWDLQHG�ZKHUH�ORZHU�
VXJDU�FRQWHQW�SURYLGHG�WKH�PD[LPXP�$6;�\LHOG��7DEOH�����1L�
HW�DO���������VWDWHG�WKDW�WKH�RSWLPL]DWLRQ�RI�WKH�IHUPHQWDWLRQ�
FRQGLWLRQV�IRU�$6;�PDQXIDFWXULQJ�LV�YHU\�LPSRUWDQW��,Q�SUH�
YLRXV�VWXGLHV��WKH�PD[LPXP�$6;�DPRXQW�IURP�$7&&�������
ZDV�UHDFKHG�DW�������&�DQG�D�S+�RI�����XVLQJ�D�V\QWKHWLF�PH�
GLXP�ZLWKLQ� WKH� VFRSH�RI� DQ�H[SHULPHQWDO�GHVLJQ�JHQHUDWHG�
E\�5DPtUH]�HW�DO� ��������$QDQGD�DQG�9DGODQL �������VWXGLHG�
ZKHDW�EUDQ�WR�SURGXFH�$6;�XVLQJ�$7&&��������$W�WKH�HQG�
RI�DQ����GD\�IHUPHQWDWLRQ�SHULRG�� WKH\�PDQDJHG�WR�SURGXFH�
�������J�RI�$6;�J�RI�VXEVWUDWH�IURP�ZKHDW�EUDQ�

7KH� \HDVW S. salmonicolor� KDV� EHHQ� PDLQO\� VWXGLHG� IRU�
FDURWHQRLG� SURGXFWLRQ� E\� 9DOGXJD� HW� DO�� ������� ������� WKH�
PD[LPXP�WRWDO�FDURWHQRLGV�LQ�WKH�V\QWKHWLF������ȝJ�/��DQG�
DJUR�LQGXVWULDO������ȝJ�/��PHGLD�ZHUH�SURGXFHG�E\�WKH�\HDVW�
LQ�DSSUR[LPDWHO\�����KRXUV��DQG�WKH�PD[LPXP�FRQFHQWUDWLRQ�
RI�������ȝJ�/�IRU�WKH�WRWDO�FDURWHQRLGV�ZDV�REWDLQHG�XVLQJ�WKH�
VDPH�\HDVW�LQ�D�V\QWKHWLF�PHGLXP�FRQWDLQLQJ����J�/�JOXFRVH�
DW�����&��DQG�DQ�LQLWLDO�S+�RI�����DIWHU�WKH�RSWLPL]DWLRQ�ZLWK�
UHVSRQVH�VXUIDFH�PHWKRGRORJ\�

3pUH]�*XHUUD�HW�DO���������DQG�0LWFKHOO�HW�DO���������HP�
SKDVL]HG�WKDW�PRLVWXUH�FRQWHQW�LV�WKH�PRVW�FULWLFDO�SDUDPHWHU�
IRU�VROLG�VWDWH�IHUPHQWDWLRQ�V\VWHPV��,Q�SDUDOOHO��WKH�PRLVWXUH�
FRQWHQW� SDUDPHWHU� LV� WKH�PRVW� HIIHFWLYH� SDUDPHWHU� IRU�$6;�
SURGXFWLRQ� LQ� DOO� WKH� IHUPHQWDWLRQ� V\VWHPV� VWXGLHG� LQ� WKLV�
ZRUN��7DEOH�����7KH�LQWHUDFWLRQV�RI�WKH�PRLVWXUH�FRQWHQW�ZLWK�
WKH�S+�DQG�WHPSHUDWXUH�LQGXFHG�D�KLJKHU�$6;�\LHOG��0RUH�
RYHU�� WKH� LQWHUDFWLRQ�ZLWK�KLJK�PRLVWXUH�FRQWHQW�HQJHQGHUHG�
DQ� LQFUHDVH� LQ� WKH�\LHOG��ZKHWKHU�RU�QRW� WKH�RWKHU�SDUDPHWHU�
KDG�D�KLJK�RU� ORZ�YDOXH��7KH�ZDWHU�FRQWHQW�RI� WKH�V\QWKHWLF�
<0%�PHGLD�ZDV�KLJKHU�WKDQ�WKH�ZDVWH�PHGLD�ZKHQ�SUHSDUHG�
ZLWK�����ZDWHU��+RZHYHU�� WKH�DPRXQW�RI�$6;�SURGXFHG� LQ�
WKRVH�ZDVWH�PHGLD�ZDV�KLJKHU��7DEOH�����,W�LV�WKRXJKW�WKDW�WKH�
QXWULHQW�FRQWHQW�RI�WKH�ZDVWHV�KDV�DQ�HQKDQFLQJ�HIIHFW�RQ�WKH�
\LHOG�ZKHWKHU�RU�QRW�WKH�RWKHU�SDUDPHWHUV�FKDQJHG��,PSURYLQJ�
HIIHFWV�RI�PHGLXP�LQJUHGLHQWV�VXFK�DV�YLWDPLQV�DQG�WUDFH�HOH�
PHQWV�RQ�$6;�V\QWKHVLV�ZHUH�UHSRUWHG�E\�6KHZH�HW�DO����������
7KH� LQFUHDVLQJ� WHPSHUDWXUH� DIIHFWHG� RQO\� WKH� SLJPHQW� SUR�
duction of X. dendrorhous�LQ�WKH�OHQWLO�IHUPHQWDWLRQ�PHGLXP�
SRVLWLYHO\��,Q�WKH�ZKHDW�EUDQ�PHGLD�IHUPHQWHG�E\�WKH�\HDVWV��
WKH�LQFUHDVLQJ�WHPSHUDWXUH�LQWURGXFHG�IDYRUDEOH�LQWHUDFWLRQV�
ZLWK� WKH� S+� DQG�PRLVWXUH� FRQWHQW� IRU� WKH�$6;�SURGXFWLRQ��
7KH�HIIHFW�RI�S+�RQ�WKH�$6;�ELRV\QWKHVLV�ZDV�SRVLWLYH�IRU�X. 
dendrorhous�DQG�ZKHDW�EUDQ�IHUPHQWDWLRQ�V\VWHP��+RZHYHU��
6KHZH�HW�DO���������UHDFKHG�WKH�UHVXOW�RI�LQGXFHG�$6;�SUR�
GXFWLRQ�E\�ORZHULQJ�S+���

7KH�$11�EDVHG�PRGHOLQJ�DSSURDFK�ZDV�EHWWHU� LQ�¿WWLQJ�
WKH� LQSXWV�YDULDEOHV� WR� WKH� UHVSRQVH� LQ�FRPSDULVRQ� WR�560��
0RUH�DFFXUDWH�UHVXOWV�LQ�HVWLPDWLRQV�XVLQJ�WKH�$11�PHWKRG�
RORJ\�FDQ�EH�XQGHUVWRRG�E\�XVLQJ�WKH�VWDWLVWLFDO��7DEOH����DQG�
SDULW\�SORWV��)LJXUH���DQG����IRU�$6;�SURGXFWLRQ��,W�FRXOG�EH�
VWDWHG�WKDW�$11�LV�D�JRRG�DQG�SRZHUIXO�WRRO�IRU�WKH�PRGHOLQJ�
RI�WKH�QRQ�OLQHDULW\�RI�ELRSURFHVVHV��ZKHUHDV�560�LV�WKH�PRVW�
XVHG�PHWKRG�IRU�WKH�RSWLPL]DWLRQ�RI�IHUPHQWDWLRQ�FRQGLWLRQV��
7KLV�VWDWHPHQW�LV�DOVR�VXSSRUWHG�E\�6KD¿�HW�DO���������

7KH�PHGLD��LQFOXGLQJ�KLJK�OHYHOV�DQG�D�µQR�VXJDU¶�KDG�DQ�
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DGYHUVH�HIIHFW�RQ�$6;�SURGXFWLRQ�LQ�WKH�VXEPHUJHG�IHUPHQWD�
WLRQ�V\VWHPV��7KH�LQYHVWLJDWLRQ�RI�ZKHWKHU�S. salmonicolor has 
SRWHQWLDO�DV�DQ�$6;�SURGXFHU�RQ�DQ�LQGXVWULDO�VFDOH�UHVXOWHG�LQ�
the success of X. dendrorhous. 7KH�H[SHULPHQWDO�GHVLJQ�UHVXOWV�
VKRZHG�WKDW� WKH�VROLG�IHUPHQWDWLRQ�V\VWHP�RI� WKH�ZKHDW�EUDQ�
and X. dendrorhous�SURGXFHG�WKH�KLJKHVW�$6;�DPRXQW�DW�WKH�
KLJKHVW�PRLVWXUH�FRQWHQW�OHYHO��7KH�OHQWLO�ZDVWH�PHGLXP�SUR�
YLGHG�D�TXLWH�KLJK�SURGXFWLYLW\�DQG�GHPRQVWUDWHG�WKDW�LW�FRXOG�
EH� D� JRRG� UHVRXUFH� IRU� ELRV\QWKHVLV�� 7KH� $UWL¿FLDO� 1HXUDO�
1HWZRUN�ZDV�VWDWLVWLFDOO\�GHWHUPLQHG�WR�EH�WKH�PRUH�HIIHFWLYH�
DQG�DFFXUDWH�PRGHOLQJ�IRU�DVWD[DQWKLQ�ELRV\QWKHVLV�IURP�VROLG�
ZDVWH�PDWHULDOV�

$FNQRZOHGJHPHQW
7KLV�VWXG\�ZDV�IXQGHG�E\�6FLHQWL¿F�5HVHDUFK�)RXQGDWLRQ�

RI�*D]LDQWHS�8QLYHUVLW\��%$3�0�)��������
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Introduction
Berry fruits include the genus and related species such as 

VWUDZEHUULHV�� UDVSEHUULHV�� EODFNEHUULHV�� JRRVHEHUULHV�� ULEHV��
EOXHEHUULHV��URVHKLSV��EOXHEHUU\�YDFFLQLXP��EHUEHULV�YXOJDULV��
EODFNWKRUQV��$÷DR÷OX��������DQG�WKH\�KDYH�YHU\�ZLGH�UDQJH�
LQ�QDWXUH��(VSHFLDOO\� LQ�(XURSH��$VLD�DQG�1RUWK�$PHULFD� LQ�
GLIIHUHQW�FOLPDWH�DUHDV� WKH\�KDYH�VXE�JHQXV��VSHFLHV�DQG�LQ�
WHU�VSHFLHV�K\EULGV��2QXU���������$OWKRXJK�UDVSEHUU\�LV�D�SH�
UHQQLDO� SODQW� LQ� WHUPV� RI� LWV� URRWV�� LWV� VKRRW� LV� ELHQQLDO� DQG�
regeneration per year is its special characteristic that is not 
REVHUYHG�LQ�PDQ\�SODQWV��,Q�DGGLWLRQ��DQRWKHU�LPSRUWDQW�FKDU�
DFWHULVWLFLV�WKDW�LW�OD\V�IUXLW�LQ�D�VKRUW�WLPH��5DVSEHUU\�LV�LP�
portant for health.  As its glucose structure is in the type of 
ODHYXORVH�LW�LV�DOVR�VXLWDEOH�IRU�WKH�XVH�RI�GLDEHWLF�SDWLHQWV��,WV�

MXLFH�KDV�D�SRVLWLYH�HIIHFW�LQ�WKH�ÀX�DQG�LQÀDPDWRU\�GLVHDVHV�
DQG�DOVR�LW�LV�XVHIXO�IRU�UKHXPDWLF�SDWLHQWV��,Q�SKDUPDFRORJ\�
WKH�V\UXS�REWDLQHG�IURP�LWV�IUXLWV�LV�XVHG�IRU�WDVWH�DQG�RGRXU�
IRU�PHGLFLQHV��,WV�IUXLWV�DUH�ULFK�LQ�YLWDPLQ�&��RUJDQLF�DFLG�DQG�
glucose. When consumed fresh, it is used as deuretic, appe�
WLVHU�� URERUDQW�DQG�FDWKDUWLF� �*|NWDú��������� ,W�ZDV�UHYHDOHG�
WKDW�HOODJLF�DFLG��D�SKHQROLF�DFLG�ZLWK�D� VWURQJ�DQWLFDQFHUR�
JHQLF�HIIHFW��KDG�DQWLYLUDO�DQG�DQWLEDFWHULDO�HIIHFWV��$NL\DPD�
HW� DO��� ������ 6PHUDN� HW� DO��� ������� (OODJLF� DFLG� LV� LQFOXGHG�
PRVW� LQ� UHG� �5XEXVLGHDXV�� DQG� EODFN� �5XEXVRFFLGHQWDOLV��
UDVSEHUULHV�DPRQJ�DOO�IUXLWV�DQG�YHJHWDEOHV�DQG�LW�KDV�DQ�DQWL�
FDQFHURJHQLF�HIIHFW�E\�LQDFWLYDWLQJ�FDQFHU�FDXVLQJ�FKHPLFDOV�
LQ�ERG\��6WRQHU�DQG�0XNKWDU���������,Q�DGGLWLRQ��HOODJLF�DFLG�
KDV� DQ� DQWL�DJLQJ� HIIHFW��$V� D� UHVXOW� RI� VRPH� VWXGLHV�� HOODJ�
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LF� DFLG� HVSHFLDOO\� REWDLQHG� IURP� UHG� UDVSEHUULHV�ZDV� IRXQG�
WR�EH�EORFNLQJ� WKH�GHYHORSPHQW�RI� VRPH�FDQFHU�FHOOV� �*OHQ�
DQG�+DOYRUVRQ��������.UHVW\�HW�DO���������0F.HQ]LH���������
4XHUFHWLQ�KDV�DQWLFDQFHURJHQLF�DQG�DQWLR[LGDQW�HIIHFWV��7KH�
DQWLR[LGDQWV� VXFK�DV�TXHUFHWLQ�DQG�NDHPSIHURO�PD\�SUHYHQW�
WKH�GHVWUXFWLRQV�E\�OLSLG�SHUR[LGDWLRQ�LQ�FHOOV�RI�KXPDQ�ERG\��
5DVSEHUU\�LV�DQ�LPSRUWDQW�VRXUFH�RI�TXHUFHWLQ�DQG�NDHPSIHURO�
ÀDYRQRLGV��$QRQ\PRXV��������

*LEHUDOOLF�DFLG�KDV�DQ�LPSRUWDQW�UROH�LQ�JURZWK�DQG�GHYHO�
opment processes of a plant, germination, root elongation, leaf 
GHYHORSPHQW�DQG�EUHHGLQJ��*LEHUDOOLF�DFLG�LV�FRPPRQO\�FRQ�
VLGHUHG�DV�D�FRPSRXQG�ZKLFK�SURPRWHV�WKH�JURZWK��5D]HP�HW�
DO����������*LEHUDOOLF�DFLG�SURYLGHV�ERG\�HORQJDWLRQ�E\�VWLPX�
ODWLQJ�FHOO�SUROLIHUDWLRQ�DQG�ERG\�HORQJDWLRQ��,W�LV�HIIHFWLYH�LQ�
EORRPLQJ�DQG�IUXLW�FRDUVHQLQJ��,W�JURZV�WKH�FHOOV�LQ�HORQJDWLRQ�
SDUW�DQG�SURYLGHV�ODWHUDO�HORQJDWLRQ��,W�VWLPXODWHV�JHUPLQDWLRQ�
LQ�VHHGV��dHOLN��������+RSNLQV���������*LEHUDOOLQV�DUH�HIIHF�
WLYH�LQ�WKH�ZKROH�JURZWK�RI�D�SODQW�LQFOXGLQJ�OHDYHV�DQG�URRWV�
DV�ZHOO�DV�WKH�ERG\�HORQJDWLRQ��'LUHFW�DSSOLFDWLRQ�WR�WKH�URRWV�
LV�QRW�HIIHFWLYH��KRZHYHU��WKH�DSSOLFDWLRQ�WKDW�FDQ�UHDFK�WR�WKH�
WLS�RI�WKH�VKRRWV�VWLPXODWHV�WKH�GHYHORSPHQW�RI�\RXQJ�OHDYHV�
DQG� LQGLUHFWO\� URRW�GHYHORSPHQW�ZLWK� WKH� LQFUHDVH� LQ�SKRWR�
V\QWKHVLV��6DOLVEXU\�DQG�5RVV��������

,Q� FRQGXFWHG� VWXGLHV� VR� IDU� LW� KDV� EHHQ� LGHQWL¿HG� WKDW�
PHODWRQLQ� IXQFWLRQV�DV�SODQW�JURZWK� UHJXODWRU�DQG�KDV�EHHQ�
UHYHDOHG� WKDW� LW� KDV� DJLQJ� UHJXODWRU\� HIIHFWV� RQ� URRWLQJ� DQG�
VKRRW�JURZWK��,W�KDV�DQ�DFWLYH�UROH�LQ�WKH�SODQW¶V�UHVSRQVH�WR�
WKH� VWUHVV�� ,W� KDV� EHHQ� UHSRUWHG� WKDW�PHORWRQLQ� GLUHFWO\� DFWV�
OLNH� DQ� DQWLR[LGDQW� DQG� SURYLGHV� DQ� DQWLR[LGDWLYH� UHVSRQVH�
IRU� WKH�SODQW� �$UQDR� DQG�+HUQDQGH]�5XL]�� ������7DQ� HW� DO���
������=KDQJ�HW�DO����������$Q�HVVHQWLDO�IXQFWLRQ�RI�PHODWRQLQ�
LQ� SODQWV� LV� WKH� GHIHQVH� DJDLQVW� LQWHUQDO� DQG� HQYLURQPHQWDO�
VWUHVV�VRXUFHV��0HODWRQLQ�UDWH�LQ�SODQWV�LV�WKRXJKW�WR�EH�KLJKHU�
WKDQ�WKH�UDWH�LQ�DQLPDOV��0HODWRQLQ�KDV�D�UROH�LQ�WKH�SURWHFWLRQ�
RI�FKORURSK\OO��VWLPXODWLRQ�RI�SKRWRV\QWKHVLV�DQG�URRW�GHYHO�

RSPHQW��7UDQVJHQLF�SODQWV�ZLWK�LPSURYHG�PHODWRQLQ�FRQWHQW�
PD\� OHDG� WR� WKH� DWWHPSWV� WR� LQFUHDVH�SODQWLYH�SURGXFWLRQ� LQ�
DJULFXOWXUH�DQG�LPSURYH�RYHUDOO�KHDOWK�RI�SHRSOH��7DQ�HW�DO���
�������$QWLR[LGDWLYH�HIIHFW�RI�PHODWRQLQ�DSSOLFDWLRQ�KDV�EHHQ�
SUHVHQWHG�LQ�VRPH�SODQWV��DSSOHV��ULFH�DQG�JUDSHV���:DQJ�HW�
DO���������3DUN�HW�DO���������9LWDOLQL�HW�DO����������,W�KDV�EHHQ�
UHSRUWHG�WKDW�PHODWRQLQ�LV�D�VWURQJ�DQWLR[LGDQW��DQG�SUHYHQWV�
WKH�R[LGDWLYH�GDPDJH�DV�D�UHVXOW�RI�OLSLG�SHUR[LGDWLRQ��=KDQJ�
HW�DO��������/RQJRQL�HW�DO���������

,Q�WKH�FXUUHQW�VWXG\��E\�DQDO\]LQJ�WKH�HIIHFWV�RI�JLEHUDOOLF�
DFLG��*$��DQG�PHODWRQLQ��0HO��DSSOLFDWLRQVRQ�SKHQRORJLFDO�
DQG� SRPRORJLFDO� VWUXFWXUH� LQ� GLIIHUHQW� VSHFLHV� RI� UDVSEHUU\�
SODQW�ZLWK�YDULRXV�XVH�DQG�FRQVXPSWLRQ�¿HOG�DQG�DOVR�VHULRXV�
EHQH¿WV�IRU�KXPDQ�KHDOWK�LQ�WKH�HFRORJ\�RI�8VDN�SURYLQFH��LW�
LV�DLPHG�WR�VKHG�OLJKW�IRU�IXWXUH�VWXGLHV�WKDW�ZLOO�LQYHVWLJDWH�
QRW�RQO\�UDVSEHUU\�EXW�DOVR�RWKHU�EHUU\�IUXLWV��PDNH�FRWULEX�
WLRQV�WR�WKH�OLWHUDWXUH�DQG�SURYLGH�QHZ�SDUDPHWHUV�WR�VFLHQFH�

Material and Method
Material
Plant Material
2XU�H[SHULPHQW�ZDV�FRQGXFWHG� LQ�D���\HDU�ROG�5DVSEHU�

U\�DQG�EODFNEHUU\�JDUGHQ�ZLWK���GHFDUHV�RI�DUHD� LQ�0XFHY�
KLU� ORFDWLRQ�RI�.DUDD÷Do�9LOODJH�RI�8VDN�SURYLQFH�ZLWK� WKH�
FRRUGLQDWHV�RI���R��¶�����´�QRUWK�DQG���R��¶�����´�VRXWK��
+HULWDJH� DQG�7XODPHHQ� VSHFLHV�ZKLFK� DUH� �� GLIIHUHQW� ODWLVK�
UDVSEHUU\� �5XEXV� LGDHXV�� VSHFLHV� ZHUH� XVHG� LQ� RXU� H[SHUL�
PHQW��2XU�H[SHULPHQW�ZDV�HVWDEOLVKHG�DV���UHSOLFDWLRQV�ZLWK�
���SODQWV� LQ�HDFK� UHSOLFDWLRQ��7KH\�DUH�SODQWHG�DW�����P��RI�
LQWHUURZ�GLVWDQFH�DQG�����P��RI�LQWUDURZ�GLVWDQFH��

6RLO�3URSHUWLHV�RI�([SHULPHQWDO�$UHD
6RLO�VDPSOHV�ZHUH�WDNHQ�IURP�WKH�H[SHULPHQWDO�DUHD�DQG�

DQDO\]HG� IRU�SK\VLFDO�DQG�FKHPLFDO�SURSHUWLHV� LQ�8úDN�3UR�
YLQFLDO�'LUHFWRUDWH�RI�$JULFXOWXUH�DQG�)RUHVWU\�6RLO�/DERUD�
WRU\��7DEOH����

7DEOH����$QDO\VLV�5HVXOWV�RI�([SHULPHQWDO�$UHD��$QRQ\PRXV�������

pH Salt
�PLFURV?FP�

/LPH�
���

2UJDQLF�PDWWHU�
���

Saturation 
�PO�

7RWDO�1�
���

8VHIXO�3�
�SSP�

8VHIXO�.�
�SSP�

���� ��� ��� ���� �� ����� ���� ���

$OWKRXJK�WKH�UDVSEHUULHV�GR�QRW�KDYH�D�VSHFLDO�VRLO�GHPDQG��
WKH\�JURZ�ZHOO�LQ�WKH�RUJDQLF�PDWWHU�ULFK��OLJKW�RU�PHGLXP�VL�
]HG��GHHS��SHUPHDEOH��VRLO�PRLVWXUH�PDLQWDLQHG�GUDLQDJH�DUHDV��
S+�RI�WKH�VRLO�VKRXOG�EH�EHWZHHQ���DQG����)HUWLOL]DWLRQ�VKRXOG�
EH�SHUIRUPHG�DW�WKH�HQG�RI�IDOO�RU�DW�WKH�HQG�RI�ZLQWHU�LQ�WKH�
IRUP�RI�1�3�.�IHUWLOL]DWLRQ��%UDQG�:LOOLDPV�HW�DO����������

Method
7KHUH�DUH�VHYHQ�DSSOLFDWLRQ�JURXSV�DV�&RQWURO��*LEHUDOOLN�

DFLG��*$���0HODWRQLQ��0HO��DQG�*LEHUDOOLN�DFLG���0HODWRQLQ�
�*$���0HO���+RUPRQHV�ZHUH�DSSOLHG�DV�*$���DQG����SSP��0HO�
��DQG����SSP�DQG�*$������SSP����0HO������SSP����SSP��*$��
���SSP����0HO����SSP�����SSP�PL[WXUHV�EHIRUH�ÀRZHULQJ�DQG�
IUXLW�DWWLWXGHV�EHIRUH�WKH�WZR�WLPHV�

Analyzed Properties in the Experiment
Phenological Properties 

7KH\�DUH�¿UVW�EORRPLQJ�GDWH��IXOO�EORRPLQJ�GDWH��¿QDO�EORR�
PLQJ�GDWH��¿UVW�KDUYHVW�GDWH��¿QDO�KDUYHVW�GDWH��QXPEHU�RI�FOXV�
WHUV��QXPEHU�RI�JUDSHV�LQ�D�FOXVWHU��

Pomological Properties
7KH�\LHOG� SHU� VKRRW� DQG� WKH� IUXLW�ZHLJKW�ZHUH� FDOFXODWHG�

XVLQJ�WKH�IUXLWV�WDNHQ�UDQGRPO\�IRU�HDFK�UHSOLFDWLRQ�LQ�KDUYHVW�
SHULRG�LQ�D�VFDOH�ZLWK�����J�RI�VHQVLWLYLW\��)UXLW�OHQJWK�DQG�ZL�
GWK�ZHUH�FDOFXODWHG�E\�D�GLJLWDO�FRPSDVV�VFDOLQJ�WKH�DYHUDJH�
OHQJWK� RI� ��� IUXLWV� WDNHQ� DFFLGHQWO\� DQG� DYHUDJH� IUXLW� OHQJWK�
RIWKH�IUXLWV�EHORQJLQJ�WR�WKH�VSHFLHV�ZDV�GHWHUPLQHG��S+�ZDV�
GHWHUPLQHG�E\�+DQQD�EUDQG�RI�S+�PHWHU�LQ�WKH�IUXLW�MXLFH�RE�
WDLQHG�IURP�UDQGRPO\�VHOHFWHG����IUXLWV��6ROXEOH�VROLGV�FRQWHQW�
�66&��ZDV�GHWHUPLQHG�DV���E\�D�PDQXDO�UHIUDFWRPHWHU�LQ�WKH�
IUXLW�MXLFH�REWDLQHG�IURP�UDQGRPO\�VHOHFWHG����IUXLWV��

Titrable Acidity (TEA)
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��PO�RI�IUXLW�MXLFH�REWDLQHG�IURP�UDQGRPO\�VHOHFWHG����IUX�
LWV�ZDV�WDNHQ�DQG�FRPSOHWHG�WR����PO�ZLWK�GLVWLOOHG�ZDWHU��)RU�
LQVWDQFH��LW�ZDV�WLWUDWHG�ZLWK�VRGLXP�K\GUR[LGH��1D2+��XQWLO�
WKH�S+�YDOXH�ZDV������&DOFXODWLRQV�ZHUH�GHWHUPLQHG�DV���LQ�
FLWULF�DFLG��g]GHPLU�HW�DO���������$GDN�HW�DO���������

Determination of Vitamin C
7KH�RUJDQLF�DFLG�FRPSRVLWLRQV�RI�WKH�VDPSOHV�ZHUH�GHWHU�

PLQHG�E\�$JLOHQW�EUDQG������PRGHO�+3/&�¿OWHULQJ�WKH�IUXLW�
MXLFHV�ZLWK�ZKLWH�WDSH�¿OWHU�SDSHU�¿UVW�DQG�WKHQ�¿OWHULQJ�E\����
PLFURQ�RI�LQMHFWRU�WLS��)RU�WKDW�SXUSRVH��$&(���&���FROXPQ�
��ȝP������PP�[�����PP��DQG�89�GHWHFWRU�ZHUH�XVHG��,Q�WKH�
DQDO\VLV�FDUULHG�RXW�LQ�WKH�LVRFUDWLF�ÀRZ�����RI�.+�32�VROX�
WLRQ�ZDV�XVHG�DV�WKH�PRELOH�SKDVH�ZLWK�RUWKRSKRVSKRULF�DFLG�
DQG�WKH�S+�ZDV�DGMXVWHG�WR������,Q�WKH�DQDO\VLV�FDUULHG�RXW�DW�
����&� LQ�����P/�PLQ�ÀRZ�UDWH�DQG����ȝO�RI� LQMHFWLRQ�YROX�
PH��RUJDQLF�DFLGV�ZHUH�GHWHUPLQHG�DW�����QP�RI�ZDYH�OHQJWK��
$QDO\VLV�SHULRG�LV����PLQXWHV��7KH�DPRXQWV�RI�RUJDQLF�DFLG�
FRPSRQHQWV�LQ�WKH�VDPSOHV�ZHUH�FDOFXODWHG�DFFRUGLQJ�WR�VWDQ�
GDUG�RUJDQLF�DFLG�DQDO\VLV�UHVXOWV��)DGDYL�HW�DO���������

,GHQWL¿FDWLRQ�RI�7RWDO�3KHQROLF�&RQWHQW��73&��
%\� HPSOR\LQJ� WKH� )ROLQ�&LRFDOWHX� PHWKRG�� WKH� 73&� RI�

EODFNEHUU\� MXLFH� H[WUDFW� ZDV� LQGLFDWHG�� ����� �/� GHLRQL]HG�
ZDWHU� DQG�����ȝ/�XQVXEWLOLVHG�)ROLQ�&LRFDOWHXUHDJHQW�ZHUH�
ODFHG�ZLWK�������/�H[WUDFW��)ROORZLQJ����VHFRQGV��������/�
RI� ������ �Z�Y�� DTXDWLF�1D�&2��ZDV�PL[HG��$QG� WKHQ�� WKH�
VROXWLRQ�ZDV�WDNHQ�WR����PLQXWHV�RI�PDWXULQJ�SHULRG�DW�����&��
ZKLFK�ZDV�WKHQ�IROORZHG�E\�PHDVXULQJ�WKH�DEVRUEDQFH�DW������
QP� WKURXJK�HPSOR\LQJ�DQ� �89�9LV� VSHFWURSKRWRPHWHU��$QG�
WKH�UHVXOW�ZDV�DOLJQHG�ZLWK�D�JDOOLF�DFLG�FDOLEUDWLRQ�FXUYH��7KH�
DOO�SKHQROV�ZHUH�LGHQWL¿HG�DV�JDOOLF�DFLG�HTXLYDOHQWV��PJ�JDO�
OLFDFLG�J�H[WUDFW���WKH�YDOYHV�RI�ZKLFK�KDYH�EHHQ�VXJJHVWHG�DV�
PHGLXP�RI�WULSOH�DVVHVVPHQW��.lKN|QHQ�HW�DO��������

,GHQWL¿FDWLRQ�RI�7RWDO�)ODYRQRLG�&RQWHQW��7)&�7KH�7)&�
RI�WKH�SODQW�H[WUDFWLRQ�ZDV�LGHQWL¿HG�E\�HPSOR\LQJ�DOXPLQXP�
FKORULGH�FRORULPHWULFDVVD\��&KDQJ�HW�DO���������7R�EHJLQ�ZLWK��
����PO�DOLTXRWV�RI�WKH�H[WUDFW�DQG����������PJ�PO�RI�TXHUFHWLQ�
ZHUH�PL[HG�ZLWK���PO�RI�GLVWLOOHG�ZDWHU�DQG�WKHQ�ZLWK������PO�
RI�VRGLXP�QLWULWH� ����1D12��Z�Y��8SRQ�ZDLWLQJ� IRU���PL�
QXWHV�������PO�RI�LW������$O&O���Z�Y��ZDV�DFFRPSDQLHG��7KH�
VROXWLRQV�ZHUH�PDGH�WR�UHVW�IRU���PLQXWHV�PRUH��7KH�ODVW�YR�
OXPH�ZDV�DGMXVWHG�WR���PO�OHYHO�E\�DGGLQJ�LQVWDQWO\�WKH�ZDWHU�
XQGHU�GLVWLOODWLRQ��WKHQ�LW�ZDV�PL[HG�XWWHUO\�DQG�OHIW�WR�UHVW�XS�
WR�TXDUWHU�RI�DQ�KRXU��7KH�DEVRUEWLRQ�RI�HDFK�FRPSRVLWLRQ�ZDV�
LGHQWL¿HG�DW�WKH�OHYHO�RI�����QP�WRJHWKHU�ZLWK�DQ�HPSW\�WXEH�
DV�D�FRQWUROOHU��7)&�ZDV�GHWHUPLQHG�DV�PJ�TXHUFHWLQ�HTXLYD�
OHQW�WR�SHU�JUDP�RI�VDPSOH�ZLWK�WKH�KHOS�RI�FDOLEUDWLRQ�FXUYH�
RI�TXHUFHWLQ��(YHU\�WHVW�WKDW�LQGLFDWHV�WKH�OHYHO�RI�H[WUDFW�ZDV�
FRQGXFWHG�IRU�WKUHH�WLPHV��Q ����

,GHQHWL¿FDWLRQ�RI�$QWLR[LGDQW�$FWLYLW\��'33+��
7KH�'33+������GLSKHQ\O���SLFU\OK\GUD]\O��ZDV�FRQGXF�

WHG�E\�HPSOR\LQJ�7KDLSRQJ�HW�DO��WHFKQLTXH��7KDLSRQJ�HW�DO��
�������7KH�H[LVWLQJ�VROXWLRQ�ZDV�PDGH�XS�WKURXJK�VROYLQJ����
PJ�RI�'33+�LQWR�����PO�RI�PHWKDQRO�ZKLFK�ZDV�WKHQ�VWRFNHG�
DW� ±���&� WLOO� QHFHVVLW\� DFFXUV�%UDQG�:LOOLDPV� HW� DO�� �������
7KH�ZRUNLQJ�VROXWLRQ�ZDV�GHULYHG�E\�ZD\�RI�VWLUULQJ����PO�
RI�H[LVWLQJ�VROXWLRQ�ZLWK����PO�RI�PHWKDQRO�VR�DV�WR�PDNH�WKH�
DEVRUEWLRQ�RI������������XQLWV�DW�����QP�HPSOD\LQJ�WKH�VSHFW�

URSKRWRPHWHU�6KLPDG]X�89�0LQL������������O�SODQW�H[WUDFWV�
ZHUH�SXW�XQGHU�UHDFWLRQ�ZLWK��������O�RI�WKH�'33+�VRO�IRU�DQ�
KRXU�XQGHU�WKH�GDUNQHVV��$IWHUZDUGV��WKH�DEVRUEWLRQ�OHYHO�ZDV�
DSSOLHG� DW� ���� QP��7KH� DQWLR[LGDQW� OHYHO� VKRZHG� D� GHPLVH�
LQ�DEVRUEWLRQ�YDOXH�XQGHU�WKH�HTXDWLRQ��7KH�RXWFRPHV�RI�WKH�
DEVRUEWLRQ�ZHUH�WUDQVIRUPHG�LQWR�WKH�WDEOH�FRQWHQW�YLD�D�VWDQ�
GDUGL]HG�FDOLEUDWLRQ�FXUYH��7KHVH�RXWFRPHV�ZHUH�WKHQ�QRWHG�
LQ�DVFRUELF�DFLG�HTXLYDOHQWV��$$(���7KH�H[WUDFW�ZKLFK�VXSS�
OLHV� ���� RI� UDGLFDOVFDYHQJLQJ� DFWLYLW\� �,&���� WKH� FRQFHQW�
UDWLRQ�RI� WKH� VDPSOHWRVFDYHQJH�����RI� WKH�'33+� UDGLFDOV��
ZDV�FRXQWHG�XS�E\�WKH�WKH�JUDSKLF�RI�VFDYHQJLQJSHUFHQWDJH�
DJDLQVW� H[WUDFW� FRQFHQWUDWLRQ�� ,Q� RUGHU� WR� DFKLHYH� WKLV� JRDO��
VXEWLOL]DWLRQ�VHULHV��¿YH�GLIIHUHQW�FRQFHQWUDWLRQV��ZHUH�PDGH�
XS�IRU�HYHU\�SODQW�VDPSOH�H[WUDFW��7KH�UHVXOWLQJ�YDOYHV�ZHUH�
FRXQWHG�XS�DQG�JLYHQ�LQ��J�PO�

Statistical Analysis
$QDO\VHV� ZHUH� PDGH� LQ� 6366� ����� VWDWLVWLFV� VRIWZDUH��

.UXVNDO�:DOOLV�+�WHVW�ZDV�XVHG�LQ�WKH�FRPSDULVRQ�RI�DSSOLFD�
WLRQ�JURXSV��,Q�FDVH�RI�VLJQL¿FDQW�GLIIHUHQFHV�DPRQJ�JURXSV��
0DDQ�:LWQHH\�8�WHVW�ZDV�XVHG�IRU�GXDO�FRPSDULVRQV�LQVWHDG�
RI�PXOWLSOH�FRPSDULVRQ�WHVW��0DDQ�:LWQHH\�8�WHVW�ZDV�DJDLQ�
used for the comparison of the plant in application. 

Result and Discussion 
Phenological Observations
:H�FDQ�VHH�WKH�SKHQRORJLFDO�REVHUYDWLRQ�UHVXOWV�RI�+HULWD�

JH�DQG�7XODPHHQ�VSHFLHV�LQ�7DEOH����:KLOH�WKH�¿UVW�EORRPLQJ�
GDWH�LV���WK�0D\�LQ�+HULWDJH�VSHFLHV��LW�LV���QG�0D\�LQ�7XOD�
PHHQ�VSHFLHV��)XOO�EORRPLQJ�GDWH�LQ�+HULWDJH�VSHFLHV�LV���VW�
0D\��KRZHYHU��LW�LV��WK�-XQH�LQ�7XODPHHQ�VSHFLHV��:KHQ�ZH�
ORRN�DW�WKH�¿QDO�EORRPLQJ�GDWH��ZH�FDQ�VHH�WKDW�LW�LV�RQ���WK-X�
QH�LQ�+HULWDJH�VSHFLHV��KRZHYHU��LW�LV�RQ���WK�-XQH�LQ�7XODPH�
HQ�VSHFLHV��7KH�¿UVW�KDUYHVW�LQ�+HULWDJH�VSHFLHV�LQ�*$�0HO���
SSP�DSSOLFDWLRQ�LV���VW�-XQH�DQG�LW�LV���WK�-XQH�LQ�&RQWURO�DQG�
*$�0HO����SSP�DSSOLFDWLRQV��KRZHYHU��LW�LV���UG�-XQH�LQ�DOO�
WKH�RWKHU�DSSOLFDWLRQV��7KH�¿UVW�KDUYHVW�VWDUWHG�RQ���VW�-XQH�
LQ�7XODPHHQ�VSHFLHV�LQ�0HO���SSP�DQG����SSP�DSSOLFDWLRQV�
DQG�RQ���UG�-XQH�LQ�DOO�WKH�RWKHU�DSSOLFDWLRQV��:H�FDQ�VHH�WKDW�
¿QDO�KDUYHVW�GDWH� LQ�+HULWDJH�DQG�7XODPHHQ�VSHFLHV� LV���WK�
6HSWHPEHU��

<ÕOGÕ]��������UHSRUWHG�WKDW�LQ�+HULWDJH�VSHFLHV�¿UVW�EORR�
PLQJ�ZDV�RQ���WK�0D\��IXOO�EORRPLQJ�ZDV�RQ���WK�0D\��¿QDO�
EORRPLQJ�ZDV�RQ���WK�0D\��¿UVW� KDUYHVW�ZDV�RQ���WK� -XQH�
DQG�¿QDO�KDUYHVW�ZDV�RQ���WK�-XO\��KRZHYHU��LQ�7XODPHHQ�VSH�
FLHV�¿UVW�EORRPLQJ�ZDV�RQ���WK�0D\��IXOO�EORRPLQJ�ZDV�RQ�
��WK�0D\��¿QDO�EORRPLQJ�ZDV�RQ���WK�0D\��¿UVW�KDUYHVW�ZDV�
RQ���WK�-XQH�DQG�¿QDO�KDUYHVW�ZDV�RQ���WK�-XO\��$\GHPLU��LQ�
D�VWXG\�LQ�������VWDWHG�WKDW�LQ�RSHQ�DLU�FXOWLYDWHG�+HULWDJH�,�
VSHFLHV�¿UVW�EORRPLQJ�ZDV�RQ��WK�0D\��IXOO�EORRPLQJ�ZDV�RQ�
��WK�0D\��¿QDO�EORRPLQJ�ZDV�RQ���VW�0D\��¿UVW�KDUYHVW�ZDV�
RQ���WK�-XQH�DQG�¿QDO�KDUYHVW�ZDV�RQ���WK�2FWREHU��KRZH�
YHU��LQ�7XODPHHQ�VSHFLHV�¿UVW�EORRPLQJ�ZDV�RQ���WK�0D\��IXOO�
EORRPLQJ�ZDV�RQ���WK�0D\��¿QDO�EORRPLQJ�ZDV�RQ���WK�0D\��
¿UVW�KDUYHVW�ZDV�RQ���WK�-XQH�DQG�¿QDO�KDUYHVW�ZDV�RQ���WK�
-XO\��$GD���������LQ�KLV�KHU�VWXG\��VWDWHG�WKDW�¿UVW�EORRPLQJ�
GDWH�ZDV�EHWZHHQ���VW�DQG���WK�0D\��������¿QDO�EORRPLQJ�
ZDV� EHWZHHQ��UG� -XQH� DQG���UG�$XJXVW�� ������¿UVW� KDUYHVW�
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ZDV�EHWZHHQ���WK�DQG���VW�0D\�������DQG�¿QDO�KDUYHVW�ZDV�
EHWZHHQ���WK�-XQH�DQG��VW�2FWREHU��������g]��������IRXQG�WKH�
¿UVW�EORRPLQJ�GDWH�EHWZHHQ��WK�DQG���WK�0D\��IXOO�EORRPLQJ�
GDWH�EHWZHHQ���WK�DQG���WK�0D\��¿QDO�EORRPLQJ�GDWH�EHWZHHQ�
��WK�DQG���WK�0D\��¿UVW�KDUYHVW�EHWZHHQ��WK�DQG���WK�-XQH�
DQG�¿QDO�KDUYHVW�EHWZHHQ��WK�DQG���UG�-XO\��3HKOXYDQ��������
REVHUYHG� EORRPLQJ� LQ�+HULWDJH� EHWZHHQ� �WK� -XQH������ DQG�
��WK� -XQH������� LQ�7XODPHHQ� EHWZHHQ� ��QG� -XQH������ DQG�

��WK�-XQH��������&DQJL�DQG�øVODP��������IRXQG�WKDW�KDUYHVW�
SHULRG�VWDUWHG�LQ�WKH�¿UVW�ZHHN�RI�-XQH�DQG�ODVWHG�XQWLO�WKH�HQG�
RI�6HSWHPEHU�DQG�DV�D�FRQFOXVLRQ�+HULWDJH�VSHFLHV�ZDV�IRXQG�
WR�EH�WKH�PRVW�VXLWDEOH�VSHFLHV�IRU�WKH�UHJLRQ��:KHQ�WKHVH�VWX�
GLHV�DUH�DQDO\]HG��LW�FDQ�EH�VHHQ�WKDW�RXU�VWXG\�LV�PRUH�VLPLODU�
WR�<ÕOGÕ]¶V�VWXG\��KRZHYHU��WKH�SRWHQWLDO�GLIIHUHQFHV�EHWZHHQ�
WKH�\HDUV�DPRQJ�VWXGLHV�DQG�WKH�HFRORJLHV�RI�WKH�VWXG\�]RQHV�
VKRXOG�EH�FRQVLGHUHG�

7DEOH����3KHQRORJLFDO�2EVHUYDWLRQ�5HVXOWV�RI�+HULWDJH�DQG�7XODPHHQ�6SHFLHV

Species Applications First Blooming Full Blooming Final Blooming )LUVW�+DUYHVW )LQDO�+DUYHVW

H
er

ita
ge

Control ����� ����� ����� ����� �����
*$���SSP ����� ����� ����� ����� �����
*$����SSP ����� ����� ����� ����� �����
0HO���SSP ����� ����� ����� ����� �����

0HO����SSP ����� ����� ����� ����� �����
*$�0HO���SSP ����� ����� ����� ����� �����
*$�0HO����SSP ����� ����� ����� ����� �����

7X
OD
P
HH
Q

Control ����� ����� ����� ����� �����
*$��SSP ����� ����� ����� ����� �����
*$����SSP ����� ����� ����� ����� �����
0HO���SSP ����� ����� ����� ����� �����
0HO����SSP ����� ����� ����� ����� �����
*$�0HO���SSP ����� ����� ����� ����� �����
*$�0HO����SSP ����� ����� ����� ����� �����

:KHQ�ZH�ORRN�DW�7DEOH���LQGLFDWLQJ�WKH�QXPEHU�RI�JUDSHV�
LQ�D�FOXVWHU�DQG�WKH�QXPEHU�RI�FOXVWHUV�LQ�D�SODQW�LQ�+HULWDJH�
DQG�7XODPHHQ�VSHFLHV��ZH�FDQ�VHH� WKDW�PD[LPXP�QXPEHU�RI�
FOXVWHUV�LV�LQ�0HO���SSP�ZLWK�������KRZHYHU��PLQLPXP�QXPEHU�
RI� FOXVWHUV� LV� LQ�*$�0HO� �� SSP�JURXS�ZLWK� ����� LQ�+HULWD�
JH�VSHFLHV��,Q�7XODPHHQ�VSHFLHV�PD[LPXP�QXPEHU�RI�FOXVWHUV�
LV�REVHUYHG�LQ�0HO����SSP�ZLWK�������DQG�*$�0HO����SSP�
DSSOLFDWLRQV�ZLWK��������:KHQ�ZH�ORRNHG�DW�WKH�GLIIHUHQFH�LQ�
WKH�QXPEHU�RI�FOXVWHUV�LQ�SODQWV�DPRQJ�WKH�DSSOLFDWLRQV�RI�WZR�
VSHFLHV�� D� VWDWLVWLFDOO\� VLJQL¿FDQW� GLIIHUHQFH�ZDV�REVHUYHG� LQ�

DOO�DSSOLFDWLRQV�H[FHSW�IRU�*$���DQG����SSP�GRVHV��3�������
:KHQ�ZH�DQDO\]H�WKH�QXPEHU�RI�JUDSHV�LQ�D�FOXVWHU��DSSUR[L�
PDWHO\�WKH�VDPH�YDOXHV��EHWZHHQ������DQG�������ZHUH�VWDWLVWL�
FDOO\�REWDLQHG�LQ�+HULWDJH�VSHFLHV�DQG�WKH�KLJKHVW�YDOXHV�ZHUH�
REWDLQHG�LQ�&RQWURO��*$���SSP�DQG�0HO���DQG����SSP�DSSOL�
FDWLRQV�LQ�7XODPHHQ�VSHFLHV��:KHQ�ZH�ORRN�DW�WKH�GLIIHUHQFH�
LQ�WKH�QXPEHU�RI�FOXVWHUV�LQ�SODQWV�DPRQJ�WKH�DSSOLFDWLRQV�RI�
WZR�VSHFLHV��ZH�FDQ�VHH�WKDW�WKHUH�LV�D�VWDWLVWLFDO�GLIIHUHQFH�LQ�
*$����SSP�DQG�*$�0HO���DQG����SSP�DSSOLFDWLRQV��3�������

7DEOH���7KH�1XPEHU�RI�&OXVWHUV�LQ�D�3ODQW�DQG�1XPEHU�RI�*UDSHV�LQ�D�&OXVWHU�LQ�+HULWDJH�DQG�7XODPHHQ�6SHFLHV

Application
1XPEHU�RI�&OXVWHUV��QXPEHU�VKRRW� 1XPEHU�RI�*UDSHV�LQ�&OXVWHU��QXPEHU�
Heritage 7XODPHHQ 3 Heritage 7XODPHHQ 3

Control ����DE ����E ����� ���� ����D �����
*$���SSP ����DE �����DE ����� ���� ����DE �����
*$����SSP ����DE ����E ����� ���� ����E �����
0HO���SSP ����D ��DE ����� ���� ����DE �����
0HO����SSP ����DE �����D ����� ���� ����DE �����
*$�0HO���SSP ����E �����E ����� ���� ����E �����
*$�0HO���SSP ����DE �����D ����� ���� ����E �����
2YHUDOO�$YHUDJH 3.81 ����� ������� ���� 3.31 �������

7KHUH�LV�D�VLJQL¿FDQW�GLIIHUHQFH�EHWZHHQ�DSSOLFDWLRQV�DW�S������OHYHO

$\GÕQ� �������� LQ� KLV� VWXG\�VWDWHG� WKDW� WKH� DQQXDO� DYHUDJH�
QXPEHU�RI�FOXVWHUV�ZDV������LQ�+HULWDJH�,�DQG�������LQ�+HUL�
WDJH� ,,� VSHFLHV�DQG������� LQ�7XODPHHQ�VSHFLHV��KRZHYHU�� WKH�

QXPEHU�RI�JUDSHV�LQ�D�FOXVWHU�ZDV������LQ�+HULWDJH�,�������LQ�
+HULWDJH� ,,� DQG� ����� LQ�7XODPHHQ� VSHFLHV� DV� WKH� DYHUDJH� RI�
WZR�\HDUV��:KLOH�<ÕOGÕ]��������IRXQG�WKH�DYHUDJH�QXPEHU�RI�
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FOXVWHUV�DV������LQ�+HULWDJH�DQG������LQ�7XODPHHQ�VSHFLHV��KH�
IRXQG�WKH�DYHUDJH�IUXLW�QXPEHU�LQ�D�FOXVWHU�DV������LQ�+HULWDJH�
VSHFLHV�DQG������LQ�7XODPHHQ�VSHFLHV��g]��������IRXQG�WKDW�
WKH� DYHUDJH� FOXVWHU� QXPEHU�SHU� IUXLW�ZDV�EHWZHHQ������ DQG�
�����DFFRUGLQJ�WR�WKH�GDWD�KH�REWDLQHG�LQ�������KRZHYHU��WKH�
QXPEHU�RI�IUXLW�FOXVWHUV�RQ�DQQXDO�VKRRWV�YDULHG�EHWZHHQ����
DQG�������:KHQ�ZH�ORRN�DW�RWKHU�UHVHDUFK��ZH�FDQ�VHH�WKDW�LQ�
WKH�FXUUHQW�VWXG\�WKH�QXPEHU�RI�FOXVWHUV�LV�D�ELW�PRUH�LQ�7X�
ODPHHQ�VSHFLHV�LQ�JHQHUDO��KRZHYHU��WKH�QXPEHU�RI�JUDSHV�LQ�
FOXVWHUV�LV�OHVV��EXW�QRW�PXFK�GLIIHUHQW��

Pomological Measurements
7KH�IUXLW�VL]H��IUXLW�ZLGWK��IUXLW�ZHLJKW�DQG�\LHOG�SHU�VKRRW�

DUH�SUHVHQWHG� LQ�7DEOH��� IRU� WKH�DSSOLFDWLRQV�RQ� WKH� VSHFLHV�
XVHG� LQ� WKH�H[SHULPHQW��7KH�PD[LPXP�IUXLW� OHQJWK� LQ�+HUL�
WDJH�VSHFLHV�ZDV�REWDLQHG� LQ�&RQWURO�DQG�0HO����SSP�DSS�
OLFDWLRQV��7KH�KLJKHVW�YDOXH� LQ� WKH� IUXLW� OHQJWK� LQ�7XODPHHQ�
VSHFLHV�ZDV�REVHUYHG�LQ�0HO����SSP�DSSOLFDWLRQ��:KHQ�WKH�
GLIIHUHQFHV�LQ�IUXLW�VL]H�RI�WKH�SODQWV�DPRQJ�WKH�DSSOLFDWLRQV�
RI�WZR�VSHFLHV�ZHUH�DQDO\]HG��LW�ZDV�REVHUYHG�WKDW�WKHUH�ZDV�
D�VWDWLVWLFDOO\�VLJQL¿FDQW�GLIIHUHQFH�LQ�DOO�DSSOLFDWLRQV�H[FHSW�
IRU�&RQWURO� �3�������� ,Q� WKH�IUXLW�ZLGWK�YDOXHV�RI� WKHVH� WZR�
VSHFLHV��WKH�KLJKHVW�YDOXHV�LQ�+HULWDJH�VSHFLHV�ZHUH�LQ�&RQW�

URO��*$����SSP�DQG�0HO����SSP�DSSOLFDWLRQV��,Q�7XODPHHQ�
VSHFLHV�DSSUR[LPDWHO\� WKH�VDPH�YDOXHV�ZHUH�REWDLQHG� LQ�DOO�
WKH� DSSOLFDWLRQV��:KHQ� WKH�GLIIHUHQFHV� LQ� IUXLW�ZLGWK�RI� WKH�
SODQWV�DPRQJ�WKH�DSSOLFDWLRQV�RI�WZR�VSHFLHV�ZHUH�DQDO\]HG��
LW�ZDV�REVHUYHG� WKDW� WKHUH�ZDV�D�VWDWLVWLFDOO\�VLJQL¿FDQW�GLI�
IHUHQFH�LQ�DOO�WKH�DSSOLFDWLRQV�H[FHSW�IRU�&RQWURO�DQG�0HO����
SSP�DSSOLFDWLRQV��3��������7KH�KLJKHVW�YDOXHV�LQ�IUXLW�ZHLJKW�
LQ�+HULWDJH�VSHFLHV�ZHUH�LQ�&RQWURO�DQG�0DO����SSP�DSSOLFD�
WLRQV�DQG�WKH\�ZHUH�LQ�0HO����SSP�DQG�*$�0HO����SSP�LQ�
7XODPHHQ�VSHFLHV��:KHQ�WKH�GLIIHUHQFHV�LQ�IUXLW�ZHLJKW�RI�WKH�
SODQWV�DPRQJ�WKH�DSSOLFDWLRQV�RI�WZR�VSHFLHV�ZHUH�DQDO\]HG��
LW�ZDV�REVHUYHG� WKDW� WKHUH�ZDV�D�VWDWLVWLFDOO\�VLJQL¿FDQW�GLI�
IHUHQFH�LQ�DOO�WKH�DSSOLFDWLRQV�H[FHSW�IRU�&RQWURO�DSSOLFDWLRQ�
�3��������:KLOH�WKH�KLJKHVW�YDOXHV�LQ�\LHOG�DPRXQW�SHU�VKR�
RW�LQ�+HULWDJH�VSHFLHV�ZHUH�REWDLQHG�IURP&RQWURO��0HO���DQG�
���SSP�DSSOLFDWLRQV��WKH�KLJKHVW�YDOXHV�LQ�7XODPHHQ�VSHFLHV�
ZHUH�REWDLQHG�IURP�0HO����SSP�DSSOLFDWLRQ��:KHQ�WKH�GLIIH�
rences in yield per shoot of the plants among the applications 
RI�WZR�VSHFLHV�ZHUH�DQDO\]HG��LW�ZDV�REVHUYHG�WKDW�WKHUH�ZDV�
D�VWDWLVWLFDOO\�VLJQL¿FDQW�GLIIHUHQFH�LQ�DOO�WKH�DSSOLFDWLRQV�H[�
FHSW�IRU�*$���DQG����SSP�DSSOLFDWLRQV��3�������

7DEOH����/HQJWK��:LGWK��:HLJKW�DQG�<LHOG�SHU�6KRRW�0HDVXUHPHQW�5HVXOWV�RI�+HULWDJH�� DQG�7XODPHHQ�6SHFLHV�

Application /HQJWK��PP� :LGWK��PP� :HLJKW��J� <LHOG�SHU�6KRRW��J�

Heritage 7XODPHHQ 3 Heritage 7XODPHHQ 3 Heritage 7XODPHHQ 3 Heritage 7XODPHHQ 3

Control ����D �����F ����� �����D 13.2 ����� ����D ���F ����� �����D ������G �����

*$���SSP ����E �����EF ����� ����E ����� ����� ����E ����DEF ����� �����DE ������EF �����

*$����SSP ����DE �����EF ����� �����D 13.21 ����� ����DE ���EF ����� �����DE ������G �����

0HO���SSP ����DE �����DEF ����� �����DE ����� ����� ����DE ����DE ����� �����D ������EFG �����

0HO����SSP �����D 13.13a ����� �����D ����� ����� ����D ����D ����� �����D �������D �����

*$�0HO��SSP ����DE �����DEF ����� �����DE ����� ����� ����DE ����DE ����� �����E ������FG �����

*$�0HO���SSP ����DE �����DE ����� �����DE ����� ����� ����DE ����D ����� �����DE �������DE �����

2YHUDOO�$YHUDJH ���� ����� ������� 11.38 ����� ������� ���� ���� ������� ����� ������ �������
7KHUH�DUH�VLJQL¿FDQW�GLIIHUHQFHV�EHWZHHQ�DSSOLFDWLRQV�DW�S������OHYHO

)URP�+HULWDJH�VSHFLHV�<ÕOGÕ]�������IRXQG�WKH�DYHUDJH�IUXLW�
OHQJWK�DV�������PP��WKH�DYHUDJH�IUXLW�ZLGWK�DV�������PP�DQG�
WKH�DYHUDJH�IUXLW�ZHLJKW�DV������J��)RU�7XODPHHQ�VSHFLHV��KH�
VKH�IRXQG�WKH�DYHUDJH�IUXLW� OHQJWK�DV�������PP�� WKH�DYHUDJH�
IUXLW�ZLGWK�DV�������DQG�WKH�DYHUDJH�IUXLW�ZHLJKW�DV������J��$F�
FRUGLQJ�WR�$\GHPLU���������LQ�+HULWDJH�,�IUXLW�OHQJWK�LV�������
PP��IUXLW�ZLGWK�LV�������PP�DQG�IUXLW�ZHLJKW�LV������J��,Q�7XOD�
PHHQ�VSHFLHV�IUXLW�OHQJWK�LV�������PP��IUXLW�ZLGWK�LV�������PP�
DQG�IUXLW�ZHLJKW�LV������J��,Q�+HULWDJH�,,�VSHFLHV�IUXLW�OHQJWK�LV�
������PP��IUXLW�ZLGWK�LV�������DQG�IUXLW�ZHLJKW�LV������J��<ÕO�
PD]��������IRXQG�WKH�IUXLW�ZHLJKW�DV������J��WKH�IUXLW�GLDPHWHU�
DV�������DQG�WKH�IUXLW�OHQJWK�DV�������PP��$GD��������LQ�KLV�
VWXG\�IRXQG�WKH�IUXLW�OHQJWK�EHWZHHQ�������DQG�������PP��WKH�
IUXLW�ZLGWK�EHWZHHQ�������DQG�������PP�DQG�WKH�IUXLW�ZHLJKW�
EHWZHHQ������DQG������J��g]��������LQ�KLV�VWXG\�LQ�7RNDW�RQ�
5XELQ� UDVSEHUU\� IRXQG� WKH� DYHUDJH� IUXLW� OHQJWK� DV� �����PP��

IUXLW�GLDPHWHU�DV�������PP�DQG�IUXLW�ZHLJKW�DV������J��:KLOH�
3HKOXYDQ��������IRXQG�WKH�IUXLW�ZHLJKW�LQ�+HULWDJH�VSHFLHV�DV�
�����J��KH�VKH� IRXQG� LW� LQ�7XOHPHHQ� VSHFLHV� DV������J��&DQ�
JL�DQG�øVODP��������GHWHUPLQHG�WKH�IUXLW�ZHLJKW�EHWZHHQ������
DQG������J�DQG�DV�D�UHVXOW�IRXQG�RXW�WKDW�+HULWDJH�VSHFLHV�ZDV�
WKH�PRVW�VXLWDEOH�VSHFLHV�IRU�WKH�UHJLRQ��.�o�NK�VH\LQ��������
GHWHUPLQHG�WKH�IUXLW�ZHLJKWV�RI�WKH�VSHFLHV�EHWZHHQ�������+H�
ULWDJH�� DQG� ����� �&DQE\�� J� DFFRUGLQJ� WR� WKH� DYHUDJH� RI� WZR�
years. According to the study result, Heritage species stood out 
LQ�WHUPV�RI�WKH�DQDO\]HG�SURSHUWLHV��$FFRUGLQJ�WR�WKH�GDWD�RE�
WDLQHG�E\�(NH���������LW�ZDV�GHWHUPLQHG�WKDW�WKH�IUXLW�ZLGWK�LQ�
ZLOG�UDVSEHUULHV�ZDV������PP��LQ�ZLOG�EODFNEHUULHV�LW�ZDV������
PP��LQ�ZLOG�EOXHEHUULHV�LW�ZDV�����PP��WKH�IUXLW�OHQJWK�LQ�ZLOG�
UDVSEHUULHV�ZDV������PP��LQ�ZLOG�EODFNEHUULHV�LW�ZDV������PP�
DQG�LQ�ZLOG�EOXHEHUULHV�LW�ZDV�����PP��WKH�IUXLW�ZHLJKW�LQ�ZLOG�
UDVSEHUULHV�ZDV������J��LQ�ZLOG�EODFNEHUULHV�LW�ZDV������J�DQG�LQ�
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ZLOG�EOXHEHUULHV�LW�ZDV�����J��:KLOH�<ÕOGÕ]���������LQ�KLV�KHU�
study, found the amount of yield per shoot in Heritage species 
LQ������DV�������J��KH�VKH�IRXQG�LW�DV�������J�LQ������DQG�LQ�
7XODPHHQ�VSHFLHV�KH�VKH�IRXQG�LW�DV�������J�LQ�ERWK������DQG�
������:KLOH�$\GÕQ��������REWDLQHG�WKH�\LHOG�SHU�VKRRW�DV�D�
UHVXOW�RI�KLV�VWXG\�LQ�+HULWDJH�,�LQ������DV�������J��LQ������DV�
������J�DQG�LQ�+HULWDJH�,,�LQ������DV��������J�DQG�LQ������DV�
�������J��KH�VKH�REWDLQHG�LW�LQ�7XODPHHQ�VSHFLHV�LQ������DV�
������J�DQG�LQ������DV��������J��$WLOD���������LQ�KLV�KHU�DGDS�
WDWLRQ�VWXG\��REWDLQHG�������J�RI�\LHOG�SHU�VKRRW�LQ�+HULWDJH�
,�VSHFLHV��������J�RI�\LHOG�SHU�VKRRW�LQ�+HULWDJH�,,�DQG�������
J�RI�\LHOG�SHU�VKRRW�LQ�7XODPHHQ�VSHFLHV��$\GHPLU���������LQ�
KLV�KHU�VWXG\�REWDLQHG�WKH�\LHOG�SHU�VKRRW�LQ�RXWGRRU�FXOWLYD�
WLRQ�LQ�+HULWDJH�VSHFLHV�LQ������DV�������J��LQ������DV�������
J�� LQ�7XODPHHQ� VSHFLHV� LQ� ����� DV� ������ J� DQG� LQ� ����� DV�
������J�DQG�LQ�+HULWDJH�,,�VSHFLHV�LQ������DV�������J�DQG�LQ�
�����DV�������J��:KHQ�WKH�FXUUHQW�VWXG\�FDUULHG�RXW�LQ�8VDN�
DQG�WKH�SUHYLRXV�VWXGLHV�DUH�FRPSDUHG��ZH�FDQ�VHH�WKDW�ORZHU�
YDOXHV�LQ�WKH�IUXLW�OHQJWK��ZLGWK�DQG�ZHLJKW�RI�+HULWDJH�DQG�
7XODPHHQ�VSHFLHV�DUH�REWLDQHG�LQ�WKH�FXUUHQW�VWXG\��KRZHYHU��
LQ�WKH�DPRXQW�RI�\LHOG�SHU�VKRRW��KLJKHU�YDOXHV�DUH�REWDLQHG�LQ�
7XODPHHQ�VSHFLHV���

$FFRUGLQJ� WR� 7DEOH� �� ZKLFK� LQGLFDWHV� VRPH� FKHPLFDO�
SURSHUWLHV�RI�+HULWDJH�DQG�7XODPHHQ�VSHFLHV��WKHUH�LV�QR�VLJ�
QL¿FDQW� GLIIHUHQFH� LQ� DOO� WKH� JURXSV�ZKHQ�ZH� DQDO\]H�7($�
DQDO\VLV� UHVXOWV�RI�+HULWDJH�VSHFLHV�DQG�QHDU� UHVXOWV�DUH�RE�
WDLQHG�LQ�DOO�DSSOLFDWLRQV�LQ�7XODPHHQ�VSHFLHV�DQG�WKHUH�LV�QR�
VLJQL¿FDQW�GLIIHUHQFH��:KHQ�ZH�ORRN�DW�WKH�GLIIHUHQFH�RI�7($�
LQ� SODQWV� DPRQJ� DSSOLFDWLRQV� RI� WZR� VSHFLHV�� QR� VLJQL¿FDQW�
GLIIHUHQFH� LV�REVHUYHG�DPRQJ�WKH�DSSOLFDWLRQV��3��������1R�
VLJQL¿FDQW�GLIIHUHQFH�LV�REWDLQHG�LQ�S+�DQDO\VLV�UHVXOWV�RI�WKH�
DSSOLFDWLRQV�LQ�+HULWDJH�VSHFLHV�DQG�DOVR�WKHUH�LV�QR�VLJQL¿�
FDQW�GLIIHUHQFH�ZKHQ�S+�DQDO\VLV�UHVXOWV�DUH�DQDO\]HG�LQ�7X�
ODPHHQ�VSHFLHV��:KHQ�ZH�ORRN�DW�WKH�S+�GLIIHUHQFH�LQ�SODQWV�
DPRQJ�DSSOLFDWLRQV�RI� WZR�VSHFLHV��ZH�FDQ�VHH� WKDW� WKHUH� LV�
D� VWDWLVWLFDO� GLIIHUHQFH� LQ�*$� �� SSP� DQG�*$�0HO� ��� SSP�
DSSOLFDWLRQV��3��������:KLOH�WKH�KLJKHVW�YDOXH�LV�REWDLQHG�LQ�
*$���SSP�DSSOLFDWLRQ�LQ�+HULWDJH�VSHFLHV�LQ�66&�YDOXHV��WKH�
ORZHVW�YDOXH�LV�REWDLQHG�LQ�0HO���SSP�DSSOLFDWLRQ��:KHQ�WKH�
GLIIHUHQFH�LQ�66&�RI�WKH�SODQWV�DPRQJ�WKH�DSSOLFDWLRQV�RI�WZR�
VSHFLHV�LV�DQDO\]HG��ZH�FDQ�VHHWKDW�WKHUH�LV�D�VWDWLVWLFDO�GLIIH�
UHQFH�LQ�*$����SSP��*$�0HO���SSP�DQG�*$�0HO����SSP�
DSSOLFDWLRQV��3�������

7DEOH���7($��S+��66&�0HDVXUHPHQW�5HVXOWV�RI�+HULWDJH�DQG�7XODPHHQ�6SHFLHV

Application
7($���� pH 66&����

Heritage 7XODPHHQ 3 Heritage 7XODPHHQ 3 Heritage 7XODPHHQ 3

Control ����� �����D ��� ����D ����D ����� �����DEF �����D �����

*$���SSP ������ �����D ����� ����D ����D ����� 13.82a ����EF �����
*$����SSP ����� �����D ����� ����D ����D ����� �����DEF ����EF �����

0HO���SSP ����� �����D ����� ����D ����D ����� �����F �����DE �����

0HO����SSP ����� �����D ��� ����D ����D ����� �����EF 11.18a �����
*$�0HO���SSP ����� �����D ����� ����D ����D ����� �����DE ����F �
*$�0HO����SSP ����� �����D ��� ����D ����D � �����DEF �����DE �����
2YHUDOO�$YHUDJH ����� ����� ������� ���� 3.83 ������� ����� ����� �������

7KHUH�DUH�VLJQL¿FDQW�GLIIHUHQFHV�DPRQJ�WKH�DSSOLFDWLRQV�DW�S������OHYHO
$GD��������IRXQG�66&�YDOXH�EHWZHHQ�������DQG��������

S+�YDOXH�EHWZHHQ�����DQG�����DQG�7($�YDOXH�EHWZHHQ������
DQG�������:KLOH�<ÕOPD]��������IRXQG������IRU�7($�������IRU�
S+�DQG�������IRU�66&��$\GHPLU��������LQ�KLV�KHU�VWXG\�IRXQG�
S+�YDOXH�LQ�+HULWDJH�,�DV�������66&�YDOXH�DV�������DQG�7($�
YDOXH�DV�������KRZHYHU��KH�VKH� IRXQG�S+�YDOXH� LQ�7XODPHHQ�
VSHFLHV�DV�������66&�YDOXH�DV�������DQG�7($�YDOXH�DV�������
:KLOH�$\GÕQ� ������� LQ� KLV�KHU� VWXG\� IRXQG�S+�YDOXH� LQ�+H�
ULWDJH�DV�������66&�YDOXH�DV������DQG�7($�YDOXH�DV�������KH�
VKH�IRXQG�S+�YDOXH�LQ�7XODPHHQ�DV�������66&�YDOXH�DV������
DQG�7($�YDOXH� DV� ������g]� ������� IRXQG� S+�YDOXH� DV� ������
66&�YDOXH�DV�������DQG�7($�YDOXH�DV������J�O��.�o�NK�VH\LQ�
�������GHWHUPLQHG�VROXEOH�VROLG�FRQWHQWRI�WKH�VSHFLHV�EHWZHHQ�
������ �$NVX� UHG�� DQG� ������� �7XODPHHQ�� DQG� WLWUDEOH� DFLG�
UDWH�EHWZHHQ��������7XODPHHQ��DQG��������+ROODQGD�%RGX�
UX�� DFFRUGLQJ� WR� WKH� DYHUDJH� RI� WZR� \HDUV��$FFRUGLQJ� WR� WKH�
study results, Heritage species stood out in terms of the analy�
]HG�SURSHUWLHV��3HKOXYDQ��������IRXQG�66&LQ�+HULWDJH�VSHFLHV�

DV� �������� LQ�7XODPHHQ� VSHFLHV� DV� ������DQG�KH�VKH� IRXQG�
7($�LQ�+HULWDJH�VSHFLHV�DV�������DQG�LQ�7XODPHHQ�VSHFLHV�DV�
�������&DQJL�DQG�øVODP��������GHWHUPLQHG�WKDW�VROXEOH�VROLG�
FRQWHQWYDULHV�EHWZHHQ��������DQG��������DQG�DV�D� UHVXOW� LW�
ZDV� GHFLGHG� WKDW�+HULWDJH�ZDV� WKH�PRVW� VXLWDEOH� VSHFLHV� IRU�
WKH�UHJLRQ��(NH��������IRXQG�66&�LQ�ZLOG�UDVSEHUU\�DV������LQ�
ZLOG�EODFNEHUU\�DV�������DQG�LQ�ZLOG�EOXHEHUU\�DV��������KH�
VKH�IRXQG�7($�LQ�ZLOG�UDVSEHUU\�DV��������LQ�ZLOG�EODFNEHUU\�
DV�������DQG�LQ�ZLOG�EOXHEHUU\�DV���������:KHQ�WKH�H[LVWLQJ�
UHVHDUFK�LV�UHYLHZHG��LW�LV�VHHQ�WKDW�WKHUH�DUH�VRPH�VLPLODULWLHV�
DQG�GLIIHUHQFHV�ZLWK�WKH�FXUUHQW�VWXG\��7($�YDOXHV�LQ�WKH�FXU�
UHQW�VWXG\�DUH�FORVH�WR�WKH�RQHV�IRXQG�LQ�WKH�VWXGLHV�RI�<ÕOGÕ]��
$\GHPLU� DQG.�o�NK�VH\LQ�� :KHQ� S+� YDOXHV� DUH� DQDO\]HG��
YDOXHV�FORVH�WR�WKH�RQHV�IRXQG�WKH�VWXGLHV�RI�<ÕOPD]��$\GHPLU�
DQG�g]�DUH�REWDLQHG�LQ�WKH�FXUUHQW�VWXG\��KRZHYHU��ZH�FDQ�VHH�
WKDW�WKHUH�DUH�QRW�WRR�PDQ\�GLIIHUHQFHV�ZLWK�RWKHU�VWXGLHV��66&�
YDOXHV� LQ� WKH� FXUUHQW� VWXG\�DUH� ORZHU� WKDQ� WKRVH� UHSRUWHG�E\�
$GD��EXW�ZH�FDQ�VHH�WKDW�WKH\�DUH�FORVH�WR�WKH�RQHV�UHSRUWHG�E\�
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$\GHPLU�DQG�<ÕOPD]¶V�VWXGLHV�DQG�KLJKHU�WKDQ�WKRVH�UHSRUWHG�
E\�$\GÕQ�DQG�.�o�NK�VH\LQ���

$FFRUGLQJ�WR�WKH�DQDO\VLV�UHVXOWV�LQ�7DEOH����ZKLOH�WKH�KL�
JKHVW�YDOXH�LQ�+HULWDJH�VSHFLHV�LQ�WRWDO�SKHQROLF�FRQWHQW�ZDV�
IRXQG�LQ�*$���SSP�DSSOLFDWLRQ��WKH�ORZHVW�YDOXH�ZDV�IRXQG�
LQ�*$�0HO���SSP�DSSOLFDWLRQ��WKH�KLJKHVW�YDOXH�LQ�7XODPHHQ�
VSHFLHV�ZDV�IRXQG�LQ�*$�0HO����SSP�DQG�QHDUO\�WKH�VDPH�
YDOXHV�ZHUH�IRXQG�LQ�DOO�WKH�RWKHU�DSSOLFDWLRQV��:KHQ�ZH�ORRN�
at the difference of total phenolic content in plants among 
DSSOLFDWLRQV�RI�WZR�VSHFLHV��D�VWDWLVWLFDOO\�VLJQL¿FDQW�GLIIHUHQ�
FH�ZDV�REVHUYHG� LQ�DOO� WKH�DSSOLFDWLRQV�H[FHSW� IRU�*$�0HO�
��SSP��3��������$FFRUGLQJ� WR� WKH� UHVXOWV�RI� WKH�DQDO\VLV�RI�
WRWDO�ÀDYRQRLG�FRQWHQW�LQ�+HULWDJH�VSHFLHV��WKH�KLJKHVW�YDOXH�
ZDV�REWDLQHG� LQ�DOO� WKH�DSSOLFDWLRQV�H[FHSW� IRU�0HO����SSP�
VSHFLHV� DQG� WKH� KLJKHVW� YDOXH� LQ�7XODPHHQ�ZDV� REWDLQHG� LQ�
*$� DQG�0HO� �� SSP� DSSOLFDWLRQV� DQG� WKH� ORZHVW� YDOXH�ZDV�
REWDLQHG�LQ�*$�0HO���SSP�DSSOLFDWLRQ��,Q�WKH�GLIIHUHQFH�RI�
WRWDO�ÀDYRQRLG�FRQWHQW� LQ�SODQWV� DPRQJ�DSSOLFDWLRQV�RI� WZR�
VSHFLHV��D�VWDWLVWLFDOO\�VLJQL¿FDQW�GLIIHUHQFH�ZDV�REVHUYHG�LQ�
DOO� WKH� DSSOLFDWLRQV� H[FHSW� IRU�&RQWURO��*$���� SSP��0HO� ��

SSP�DQG�*$�0HO����SSP�DSSOLFDWLRQV�3��������$FFRUGLQJ�
WR� DQWLR[LGDQW� DFWLYLW\� DQDO\VLV� UHVXOWV�� WKH� KLJKHVW� YDOXH� LQ�
+HULWDJH�VSHFLHV�ZDV�LQ�0HO���SSP�DSSOLFDWLRQ��KRZHYHU��WKH�
ORZHVW�YDOXH�ZDV�LQ�&RQWURO�JURXS��:KLOH�WKH�KLJKHVW�YDOXH�LQ�
7XODPHHQ�VSHFLHV�ZDV�LQ�&RQWURO�JURXS��WKH�ORZHVW�YDOXH�ZDV�
LQ�*$����SSP�DSSOLFDWLRQ��:KHQ�WKH�GLIIHUHQFH�RI�DQWLR[LGDQW�
DFWLYLW\�LQ�SODQWV�DPRQJ�DSSOLFDWLRQV�RI�WZR�VSHFLHV�ZDV�HYD�
OXDWHG��D�VWDWLVWLFDOO\�VLJQL¿FDQW�GLIIHUHQFH�ZDV�REVHUYHG�LQ�DOO�
WKH�DSSOLFDWLRQV�H[FHSW�IRU�0HO����SSP��*$�0HO���SSP�DQG�
*$�0HO����SSP�DSSOLFDWLRQV� �3�������� ,Q�YLWDPLQ�&�YDOX�
HV�RI�+HULWDJH�DQG�7XODPHHQ�VSHFLHV��ZKLOH�WKH�KLJKHVW�YDOXH�
LQ�+HULWDJH� VSHFLHV�ZDV� REVHUYHG� LQ�*$�0HO� ��� SSP�� WKH�
ORZHVW�YDOXH�ZDV�REVHUYHG� LQ�*$�0HO���SSP�DSSOLFDWLRQV��
:KLOH�WKH�KLJKHVW�YDOXH�LQ�7XODPHHQ�VSHFLHV�ZDV�REVHUYHG�LQ�
*$���SSP�DQG�*$�0HO���SSP�DSSOLFDWLRQV��WKH�ORZHVW�YD�
OXH�ZDV�REVHUYHG�LQ�*$�0HO����SSP�DSSOLFDWLRQ��:KHQ�WKH�
GLIIHUHQFH�RI�YLWDPLQ�&�LQ�SODQWV�DPRQJ�DSSOLFDWLRQV�RI�WZR�
VSHFLHV� ZDV� HYDOXDWHG�� QR� GLIIHUHQFH� ZDV� REVHUYHG� DPRQJ�
DSSOLFDWLRQV��3�������

7DEOH���7RWDO�3KHQROLF��7RWDO�)ODYRQRLG��$QWLR[LGDQW�$FWLYLW\�DQG�9LWDPLQ�&�0HDVXUHPHQW�5HVXOWV�RI�+HULWDJH�DQG�7XODPHHQ�
Species

Application
7RWDO�3KHQROLF��SSP�*$(� 7RWDO�)ODYRQRLG��SSP�4(� $QWLR[LGDQW�$FWLYLW\��,&��� 9LWDPLQ�&��SSP�

Heritage 7XODPHHQ 3 Heritage 7XODPHHQ 3 Heritage 7XODPHHQ 3 Heritage 7XODPHHQ 3
Control ����EF ����E ���� ����D ����DE ���� ��F ������D ���� ����DE �������DE ����
*$���SSP ����D ����E ���� ����D 1.28a ���� ������E ������E ���� ����DE �������D ����
*$����SSP ����EF ����E ���� �����D ����DE ���� ���EF �����F ���� �������DE �������EF ���
0HO���SSP ����E ����E ���� 1.13a 1.31a ���� ������D ������E ���� �������DE ����EF ����
0HO����SSP ����FG ����E ���� ����E �����DE ���� ������EF ������E ���� ����DE �������EF ����
*$�0HO���SSP ����G ����E ���� ����D ����E ���� ���EF ������E ���� �������E �������D ����

*$�0HO����SSP ����FG ����D ���� ����D ����DE ��� ���EF ������E ���� �������D ����F ����
7KHUH�DUH�VLJQL¿FDQW�GLIIHUHQFHV�DPRQJ�DSSOLFDWLRQV�DW��S������OHYHO

3KHQROLF�FRPSRXQGV��PJ����J�LQ�IUHVK�IUXLW��ZHUH�IRXQG�
DV��������������PJ��'H�$QFRV�HW�DO������������������PJ��$QW�
WRQHQ�DQG�.DUMDODLQHQ�������������PJ��:DGD�DQG�2X��������
DQG�����PJ��3URWHJJHQWH�HW�DO���������LQ�DQRWKHU�VWXGLHV��7KH�
DPRXQW�RI�DQWKRF\DQLQ� �PJ����� LQ� IUHVK� IUXLW��ZDV� IRXQG�DV�
���PJ��:DGD�DQG2X���������������PJ��$QWWRQHQ�DQG�.DUMD�
ODLQHQ��������DQG�����������PJ��3DQWHOLGLV�HW�DO����������$QWL�
R[LGDQW�FDSDFLW\�ZDV�IRXQG�E\��ȝPRO�7UROR[�J��3URWHJJHQWH�HW�
DO���������DV�������:KHQ�ZH�ORRN�DW�WKH�YLWDPLQ�&�YDOXHV�LQ�
3DKOXYDQ¶VVWXG\��������LW�ZDV�GHWHUPLQHG�WKDW�+HULWDJH�VSHFLHV�
KDG� �����PJ����� J� RI� YLWDPLQ�&� FRQWHQW��7XODPHHQ� VSHFLHV�
KDG������PJ�����J�RI�YLWDPLQ�&�FRQWHQW��,Q�WKH�FXUUHQW�VWXG\��
LW� ZDV� GHWHUPLQHG� WKDW� +HULWDJH� DQG� 6XPPLW� VSHFLHV� ZLWK�
WZR�\LHOGV�SHU�\HDU��1HZEXUJ�VSHFLHV�ZLWK�RQO\�RQH�\LHOG�SHU�
\HDU�FRXOG�DGDSW�WR�WKH�UHJLRQ�EHWWHU�WKDQ�RWKHU�VSHFLHV��$\GÕQ�
�������IRXQG�WKH�YLWDPLQ�&��PJ����J��DPRXQW�DV����PJ�LQ�+H�
ULWDJH�VSHFLHV��KRZHYHU��LW�GLG�QRW�¿QG�DQ\�YDOXHV�LQ�7XODPHHQ�
VSHFLHV��$FFRUGLQJ�WR�WKH�FKHPLFDO�PHDVXUHPHQWV��(NH��������
REWDLQHG� WKH�SKHQROLF�PDWWHU� �ȝJ�*$(�J� WD�� LQ�ZLOG� UDVSEHU�
U\�DV�������LQ�ZLOG�EODFNEHUU\�DV������DQG�LQ�ZLOG�EOXHEHUU\�
DV������� �KH�REWDLQHG� WKH�DQWLR[LGDQW�ȝPRO�7(�J� WD�� LQ�ZLOG�
UDVSEHUU\�DV��������LQ�ZLOG�EODFNEHUU\�DV�������DQG�LQ�ZLOG�EOX�

HEHUU\�DV��������KH�REWDLQHG�WKH�DQWKRF\DQLQ��ȝJ�VL\���JON�J�
WD��LQ�ZLOG�UDVSEHUU\�DV���������LQ�ZLOG�EODFNEHUU\�DV��������
DQG� LQ�ZLOG�EOXHEHUU\�DV���������$FFRUGLQJ� WR� WKH� UHVXOWV�RI�
6H]JLQ�DQG�dHOLN���������WLUDEOH�DFLGLW\�YDOXH��7($��ZDV������
J����PO�DQG�DQWLR[LGDQW�OHYHO�ZDV�������������ȝ�PRO�7($&��
When some pomological properties of the current study con�
GXFWHG�LQ�8VDN�DUH�FRPSDUHG�ZLWK�RWKHU�VWXGLHV��WRWDO�SKHQROLF�
FRQWHQWV�IRXQG�LQ�WKH�FXUUHQW�VWXG\�DUH�KLJKHU��:KHQ�YLWDPLQ�
&�YDOXHV�DUH�DQDO\]HG��LW�LV�VHHQ�WKDW�WKH�YDOXHV�LQ�3HKOXYDQ¶V�
VWXG\�DUH�KLJKHU��KRZHYHU��WKHUH�DUH�QRW�VR�PDQ\�GLIIHUHQFHV��
,Q�DGDSWDWLRQ�VWXG\�E\�$\GÕQ��WKH�YDOXH�IRXQG�LQ�+HULWDJH�VSH�
FLHV�LV�YHU\�FORVH�WR�WKH�YDOXH�IRXQG�LQ�WKH�FXUUHQW�VWXG\��

Conclusion
$FFRUGLQJ�WR�WKH�UHVXOWV�LQ�WKH�FXUUHQW�VWXG\��0HO����SSP�

DSSOLFDWLRQ� LQ� 7XODPHHQ� LQ� WHUPV� RI� SRPRORJLFDO� PHDVXUH�
ments and Heritage species in general in terms of chemical 
UHVXOWV�DQG�WKH���SSP�GRVHV�RI�KRUPRQH�DSSOLFDWLRQ�LQ�WHUPV�RI�
KRUPRQH� DSSOLFDWLRQ� FDQ� EH� UHFRPPHQGHG��:KLOH�7XODPHHQ�
VSHFLHV�FDQ�EH�UHFRPPHQGHG�IRU�IUHVK�FRQVXPSWLRQ�GXH�WR�IUXLW�
VL]H��+HULWDJH�VSHFLHV�FDQ�EH�UHFRPPHQGHG�IRU�LQGXVWU\�GXH�WR�
LPSRUWDQW�FKHPLFDO�FRQWHQWV��,Q�RXU�VWXG\��ZKLOH�HYDOXDWLQJ�WKH�
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UHVXOWV�REWDLQHG�IURP�WKH�VDPH�RU�GLIIHUHQW�UHVXOWV�IURP�RWKHU�
VWXGLHV��WKH�FKDUDFWHULVWLFV�RI�WKH�SODFHV�ZKHUH�WKH�VWXGLHV�DUH�
FDUULHG�RXW��VXFK�DV�FOLPDWH��VRLO��DQG�WLPH�GLIIHUHQFH�EHWZHHQ�
WKHVH�VWXGLHV�VKRXOG�EH� WDNHQ� LQWR�FRQVLGHUDWLRQ��:KLOH� WKLV�
NLQG�RI�VWXGLHV�DUH�FDUULHG�RXW�LQ�GLIIHUHQW�IUXLW�VSHFLHV�LQ�WKH�
ZRUOG��WKH�VWXGLHV�RQ�EHUU\�IUXLWV�KDYH�MXVW�EHFRPH�D�FXUUHQW�
LVVXH�LQ�RXU�FRXQWU\�DQG�LW�LV�WKRXJKW�WKDW�RXU�VWXG\�ZLOO�FRQW�
ULEXWH�WR�WKLV�WRSLF��%RWK�LQ�RXU�FLW\�8VDN�DQG�LQ�RXU�FRXQWU\��
WKH�IDFW�WKDW�UDVSEHUU\�DQG�KRUPRQH�VWXGLHV�JR�RQ�JUDGXDOO\�
PD\�LQFOXGH�PRUH�QHZ�SDUDPHWHUV�WR�VFLHQFH�
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WLRQD�ODQG�$JULFXOWXUDO�6FLHQFH��� -RXUQDO�RI�([SHUL�
PHQWDO�%RWDQ\������������������>CrossRef]  

7KDLSRQJ��.���%RRQSUDNRE��8���&URVE\��.���&LVQHURV�=HYDOORV��/���
%\UQH��'�+����������&RPSDULVRQ�RI�� $%76��� '33+��
)5$3�� DQG� 25$&�$VVD\V� IRU� (VWLPDWLQJ�$QWLR[LGDQW�
$FWLYLW\�)URPJXDYD�)UXLW�� ([WUDFWV��-��)RRG� � &RP�
SRV��$QDO���������������>*RRJOH�6FKRODU@�>CrossRef] 

9LWDOLQL�� 6��� *DUGDQD�� &��� 6LPRQHWWL�� 3��� )LFR��*��� ,ULWL��0�� ��������

0HODWRQLQ�� 0HODWRQLQ� øVRPHUV� DQG� 6WLOEHQHV� LQ� ,WDO�
LDQ� 7UDGLWLRQDO� *UDSH� 3URGXFWV� DQG� 7KHLU� $QWLUDGLFDO�
&DSDFLW\��$SULO��9ROXPH����� ,VVXH� ��� ��������� >Cross�
Ref]  

:DGD��/��2X��%�� ��������$QWLR[LGDQW� �$FWLYLW\� DQG�3KHQROLF�&RQ�
WHQW�RI�2UHJRQ�&DQHEHUULHV��-RXUQDO�RI�$JULFXOWXUDO�DQG�
)RRG�&KHPLVWU\���������������������>CrossRef] 

:DQJ��3��<LQ��/���/LDQJ��'���/L��&���0D��)���<XH��=�����������³'HOD\HG�
6HQHVFHQFH�RI�$SSOH�/HDYHV�E\�([RJHQRXV�0HODWRQLQ�
7UHDWPHQW��7RZDUG�5HJXODWLQJ�7KH�$VFRUEDWH±*OXWDWKL�
RQH�&\FOH�� -RXUQDO� RI� 3LQHDO�5HVHDUFK��$JXVW�9ROXPH�
����,VVXH�����������>CrossRef@�>*RRJOH�6FKRODU] 

<ÕOGÕ]��$�� ��������$GDSWDWLRQ� RI� 6RPH�5DVSEHUU\� DQG�%ODFNEHUU\�
9DULHWLHV�*URZQ�LQ�+D\UDW��7UDE]RQ���&RQGLWLRQV�� 0DV�
WHU�7KHVLV��2UGX�����

<ÕOPD]��$�� �������� (IIHFWV� RI�'LIIHUHQW� )HUWLOL]HU�$SSOLFDWLRQV� RQ�
3ODQW�DQG�)UXLW�3URSHUWLHV�RI�7XODPHHQ�5DVSEHUU\��5X�
EXV�LGDHXV�/����0�6F���*D]LRVPDQSDúD�8QLYHUVLW\�7RNDW��
���

=KDQJ�� +��� 6TXDGULWR�� *�/��� 3U\RU��:�$�� �������� 7KH� 5HDFWLRQ� RI�
0HODWRQLQ�ZLWK�3HUR[\�QLWULWH��)RUPDWLRQ�RI�� 0 H O �
DWRQLQ�5DGLFDO�&DWLRQ� DQG�$EVHQFH� RI� 6WDEOH�1LWUDWHG�
3URGXFWV��%LRFKHPLFDO�DQG�%LRSK\VLFDO�5HVHDUFK�&RP�
PXQLFDWLRQV�� 9ROXPH� ����� ,VVXH� ��� ������� >CrossRef] 
>*RRJOH�6FKRODU] 

=KDQJ��1���=KDR��%���=KDQJ��+�-���:HHGD��6���<DQJ��&���<DQJ��=�&���
5HQ�� 6��� *XR�� <�'�� �������� 0HODWRQLQ� 3URPRWHV� :D�
WHU�6WUHVV�7ROHUDQFH��/DWHUDO�5RRW�)RUPDWLRQ��DQG�6HHG�
*HUPLQDWLRQ� LQ�&XFXPEHU� �&XFXPLV� VDWLYXV�/���� -RXU�
QDO�RI�3LQHDO�5HVHDUFK����������������>*RRJOH�6FKRODU] 
>CrossRef] 
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Abstract 

H�,661������������ '2,�����������MDHIV�����������

Introduction
&KLD��6DOYLD�KLVSDQLFD�/���LV�D�VXPPHU�DQQXDO�RI�WKH�/DPL-

DFHDH�IDPLO\���,W�ZDV�RQH�RI�WKH�EDVLF�IRRGV�RI�VHYHUDO�&HQWUDO�
$PHULFDQ�FLYLOL]DWLRQV�LQ�SUH�&ROXPELDQ�WLPHV���7HQRFKWLWODQ��
WKH�FDSLWDO�RI�WKH�$]WHF�(PSLUH��UHFHLYHG��%�������WRQV�RI�FKLD�
DQQXDOO\��DV�D�WULEXWH�IURP�FRQTXHUHG�QDWLRQV��&RGH[�0HQGR]D�
��������&KLD�VHHG�ZDV�DOVR�SDUW�RI�KRO\�FHUHPRQLHV�DV�DQ�RI-
IHULQJ�WR�WKH�$]WHF�JRGV��6DKDJXQ���������$SSDUHQWO\�UHOLJLRXV�
SHUVHFXWLRQ��DV�ZHOO�DV� WKH�IDFW� WKDW� LW�FRXOG�QRW�EH�JURZQ�LQ�
(XURSH��ZDV�HVVHQWLDOO\�WKH�UHDVRQ�RI�LWV�GLVDSSHDULQJ�IRU�����
\HDUV��$\HU]D�DQG�&RDWHV�����D���

&KLD� RLO� FRQWDLQV� RQH� RI� WKH� KLJKHVW� NQRZQ� FRQFHQWUD-
WLRQV�RI�Į�OLQROHQLF�IDWW\�DFLG��XS�WR��������&RDWHV�DQG�$\HU]D�
������� �5HFHQWO\��FKLD�VHHG�KDV�EHFRPH� LPSRUWDQW� IRU�KHDOWK�

DQG�QXWULWLRQ�EHFDXVH�LWV�Ȧ���IDWW\�DFLG�FRQWHQW�SURPRWHV�EHQ-
H¿FLDO�KHDOWK�HIIHFWV�LQ�ODERUDWRU\�DQLPDOV�DV�ZHOO�LQ�KXPDQV�
�$\HU]D�DQG�&RDWHV�����E��9XNVDQ�HW�DO����������$�QXPEHU�RI�
VWXGLHV�KDYH�GHPRQVWUDWHG�JRRG�R[LGDWLYH�VWDELOLW\�RI�FKLD�VHHG�
ZKHQ�XVHG� DV� DQLPDO� IHHG� RU� DV� D� IRRG� LQJUHGLHQW��ZLWK� WKLV�
EHLQJ�DWWULEXWHG�WR�WKH�KLJK�DQWLR[LGDQW�DFWLYLW\�RI�WKH�SKHQROLF�
FRPSRXQGV�LW�FRQWDLQV��7DJD�HW�DO��������5H\HV�&DXGLOOR�HW�DO��
�����

&KLD�VHHG�FRQWDLQV�FKORURJHQLF�DFLG��FDIIHLF�DFLG��P\ULFH-
WLQ��TXHUFHWLQ�DQG�NDHPSIHURO�ÀDYRQROV���7KHVH�FRPSRXQGV�DUH�
ERWK�SULPDU\�DQG�V\QHUJLVWLF�DQWLR[LGDQWV��DQG�FRQWULEXWH�LQ�D�
PDMRU�ZD\�WR� WKH�VWURQJ�DQWLR[LGDQW�DFWLYLW\�RI�FKLD��7DJD�HW�
DO��������&DVWUR�0DUWLQH]�HW�DO����������7KHUH�LV�HYLGHQFH�WKDW�
SKHQROLF�VXEVWDQFHV�DFW�DV�DQWLR[LGDQWV�E\�SUHYHQWLQJ�WKH�R[L-

&LWH�WKLV�DUWLFOH�DV��
$\HU]D��5����������$QWLR[LGDQWV��SURWHLQ��RLO�FRQWHQW�DQG�IDWW\�DFLGV�SUR¿OHV�RI�FKLD�VHHGV��6DOYLD�KLVSDQLFD�/���JHQRW\SH�7]RW]RO�JURZLQJ�
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DOI:�KWWSV���G[�GRL�RUJ����������MDHIV����������
Received:����)HEUXDU\������Accepted: ���6HSWHPEHU�������3XEOLVKHG�����6HSWHPEHU�����
Year:������Volume: ��Issue: ���6HSWHPEHU��Pages: �������
Available online at :�KWWS���ZZZ�MDHIV�FRP���KWWS���GHUJLSDUN�JRY�WU�MDHIV�
&RS\ULJKW���������,QWHUQDWLRQDO�-RXUQDO�RI�$JULFXOWXUH��(QYLURQPHQW�DQG�)RRG�6FLHQFHV��,QW��-��$JULF��(QYLURQ��)RRG�6FL���
7KLV�LV�DQ�RSHQ�DFFHVV�DUWLFOH�GLVWULEXWHG�XQGHU�WKH�WHUPV�RI�WKH�&UHDWLYH�&RPPRQV�$WWULEXWLRQ�����,QWHUQDWLRQDO��&&�E\������/LFHQV



Ricardo Ayerza DOI: https://dx.doi.org/10.31015/jaefs.2019.3.11

���

GDWLRQ�RI�/'/�OLSRSURWHLQ��SODWHOHW�DJJUHJDWLRQ��DQG�GDPDJH�RI�
UHG�EORRG�FHOOV��&KH\QLHU��������$GGLWLRQDOO\��SKHQROLFV�DFW�DV�
PHWDO�FKHODWRUV��DQWLPXWDJHQV�DQG�DQWLFDUFLQRJHQV��DQWLPLFUR-
ELDO�DJHQWV�DQG�FODULI\LQJ�DJHQWV��3URHVWRV�HW�DO���������

5HFHQWO\�$\HU]D��������UHSRUWHG�WKH�GHWHFWLRQ�RI�VHFRLVR-
ODULFUHVRUFLQRO�GLJOXFRVLGH��6'*��FRPSRXQG�LQ�WZR�JHQRW\SHV�
RI�FKLD�VHHGV���6'*�LV�D�OLJQDQ�FRPSRXQG��ZKLFK�KDV�DQWLR[-
LGDQW�DFWLYLW\��+RVVHLQLDQ��������DQG�WKH�JUHDW�R[LGDWLYH�VWD-
ELOLW\�RI�FKLD�RLO�FRXOG�EH�DWWULEXWHG�QRW� MXVW� WR� WKH�ÀDYRQROV�
FRPSRXQGV�FRQWHQW�EXW�WR�WKH�6'*�FRQWHQW�DV�ZHOO�

(DUO\� SDSHUV� GHPRQVWUDWHG� WKDW� ORFDWLRQ� DIIHFWHG� WKH� RLO��
SURWHLQ�DQG�IDWW\�DFLG�FRQWHQW�RI�FKLD�VHHG��SUHVXPDEO\�GXH�WR�
RQH�RU�PRUH�HQYLURQPHQWDO�IDFWRUV��VXFK�DV�WHPSHUDWXUH��OLJKW��
VRLO� W\SH� DQG� DYDLODEOH� QXWULHQWV� �$\HU]D� ������ ������ �������
7KXV��DQ\�SRVVLELOLW\�RI�YDULDELOLW\�LQ�WKH�SRO\SKHQROV�FRQWHQWV�

DQG�FRPSRVLWLRQ�QHHGV�WR�EH�H[SORUHG���7KH�REMHFWLYH�RI�WKLV�
VWXG\�ZDV�WR�LQYHVWLJDWH�WKH�HIIHFW�RI�JURZLQJ�ORFDWLRQ�RQ�LWV�
DQWLR[LGDQWV�FRQWHQW�DQG�FRPSRVLWLRQ�LQ�RQH�JHQRW\SH�RI�FKLD��
DQG� LWV� SRWHQWLDO� UHODWLRQVKLS�ZLWK� LWV�PDMRU� QXWULWLRQDO� FRP-
SRXQGV��VXFK�DV�SURWHLQ��RLO��DQG�IDWW\�DFLGV�

0DWHULDOV�DQG�0HWKRGV
Samples
7KLV� VWXG\�ZDV�FDUULHG�RXW�ZLWK�EODFN� VSRWWHG�FKLD� VHHGV�

FRPPHUFLDOO\� JURZQ� LQ� WKUHH� GLIIHUHQW� HFRV\VWHPV�� 7URSLFDO�
5DLQ�)RUHVW��6XE�+XPLG�&KDFR��DQG�&DPSR�&HUUDGR��ORFDWHG�
LQ�(FXDGRU��%ROLYLD�DQG�3DUDJXD\��UHVSHFWLYHO\��7DEOH������7KH�
EODFN�VSRWWHG�VHHGV�EHORQJ�WR�WKH�7]RW]RO�YDULHW\�DV�ZDV�UHSRUW-
HG�E\�$\HU]D�DQG�&RDWHV������E��

7DEOH����/RFDWLRQV�ZKHUH�Salvia hispanica /��ZDV�JURZQ�

(FRV\VWHP &RXQWU\ /DWLWXGH (OHYDWLRQ ��7HPS 5DLQIDOO 6RLO�W\SH
0HDQ�\HDU

P (& PP
6XE�+XPLG�&KDFR %ROLYLD �����¶���¶¶�6� ��� �� ������ 0ROOLF�SODQRVROV
7URSLFDO�5DLQ�)RUHVW (FXDGRU ��(��¶���¶¶�6� ��� �� �!����� 5HJRVRO�ODWHULWLFR
&DPSR�&HUUDGR 3DUDJXD\ ��(��¶���´�6� ��� �� ������ 8OWLVRO

:LWKLQ�WKH�WKUHH�HFRV\VWHPV�ZKHUH�WKH�FKLD�ZDV�JURZQ��UHS-
UHVHQWDWLYH�FRPPHUFLDO�¿HOGV�ZHUH�VHOHFWHG�IRU�VDPSOLQJ���7KH�
KDUYHVWHG�VHHG�ZDV�VWRUHG�LQ����NJ�EDJV�DQG�UDQGRP�VDPSOHV�
ZHUH�WDNHQ���6DPSOHV�ZHUH�FROOHFWHG�IROORZLQJ�WKH�VHHG�VDPSOH�
LQVWUXFWLRQV�RI�WKH�&DQDGLDQ�)RRG�,QVSHFWLRQ�$JHQF\����������
7KH�VDPSOHV�ZHUH�FOHDQHG�E\�KDQG�DQG�VHQW�WR�WKH�ODERUDWRU\�
IRU� DQDO\VLV�� �7KH� H[SHULPHQWDO� GHVLJQ� XVHG�ZDV� FRPSOHWHO\�
UDQGRPL]HG��ZLWK�VL[�UHSOLFDWLRQV�

&KHPLFDO�$QDO\VLV
&UXGH�QLWURJHQ�RI�WKH�FKLD�VHHG�VDPSOHV�ZDV�GHWHUPLQHG�E\�

VWDQGDUG�PLFUR�.MHOGDKO�PHWKRG�DQG�WKHQ�FRQYHUWHG�WR�SURWHLQ�
FRQWHQW�XVLQJ�D������FRQYHUVLRQ�IDFWRU��$2$&��������

/LSLGV�ZHUH� H[WUDFWHG� IURP� WKH� VDPSOHV� DFFRUGLQJ� WR� WKH�
PHWKRG� GHVFULEHG� E\� )ROFK� HW� DO�� �������� � 7RWDO� OLSLGV�ZHUH�
WKHQ�FRQYHUWHG�LQWR�IDWW\�DFLG�PHWK\O�HVWHUV�XVLQJ�WKH�,5$0���
���,,�PHWKRG��,5$0��������ZKLFK�LV�HTXLYDOHQW�WR�,62������
�����LWHP����,62���������)DWW\�DFLG�PHWK\O�HVWHUV�ZHUH�VHSDUD-
WHG�DQG�TXDQWL¿HG�E\�DXWRPDWHG�JDV�FKURPDWRJUDSK\��0RGHO�
������*&��+HZOHWW�3DFNDUG�&R���:LOPLQJWRQ��'(��86$��HTX-
LSSHG�ZLWK�ÀDPH�LRQL]DWLRQ�GHWHFWRUV�DQG�D����P�������OP�L�G��
FDSLOODU\�FROXPQ��0RGHO�+3�))$3)UHH�IDWW\�DFLG�SKDVH��+HZ-
OHWW�3DFNDUG�&R���:LOPLQJWRQ��'(��86$����7KH�WHPSHUDWXUHV�RI�
WKH�RYHQ��LQMHFWRU��DQG�GHWHFWRU�ZHUH�VHW�DW����������DQG�����
(&��UHVSHFWLYHO\���7KH�IDWW\�DFLG�FRPSRVLWLRQ�RI�HDFK�VDPSOH�
ZDV�GHWHUPLQHG�E\�LQWHJUDWLQJ�WKH�UHFRUGHG�SHDNV�XVLQJ�+HZ-
OHWW�3DFNDUG�&KHP�6WDWLRQ�6RIWZDUH���5HVXOWV�ZHUH�H[SUHVVHG�
DV�SHUFHQWDJH�RI�WRWDO�IDWW\�DFLGV�

7KH�SHUR[LGH�YDOXHV�ZHUH�GHWHUPLQHG�E\� ,62�����������
SURFHGXUH��UHVXOWV�ZHUH�H[SUHVVHG�DV�PHT�R[\JHQ�NJ��$2$&�
������

)ODYRQRO�DQDO\VLV�SHUIRUPHG�XVLQJ�+3/&�E\�PHWKRGRORJ\�
DGDSWHG� IURP�&KDQJ�HW� DO�� ��������XWLOL]LQJ�ZDWHU� DFHWRQLWUL-
OH���������H[WUDFW�VHSDUDWHG�RQ�D�/L&KURVSKHU�53����FROXPQ�

�0HUFN� &KHPLFDOV�� %DVHO�� 6ZLW]HUODQG��� ZLWK� PRELOH� SKDVH�
JUDGLHQW�HOXWLRQ�RI�ZDWHU�DFHWRQLWULOH�������PLQ��������������
PLQ��������HPSOR\LQJ�D�ÀRZ�UDWH�RI�����PO�PLQ�ZLWK�GHWHF-
WLRQ�DW�����QP���&DIIHLF�DFLG�DQDO\VLV�SHUIRUPHG�XVLQJ�+3/&�
E\�PHWKRG�DGDSWHG�IURP�$G]HW�HW�DO�� ��������XWLOL]LQJ�VDPS-
OHV� H[WUDFWHG� LQWR� DFHWRQH� DQG� VXEMHFWHG� WR� FKURPDWRJUDSK\�
RQ�D�FROXPQ�����[���PP��RI�6SKHULVRUE�&������ȝP���:DWHUV�
&RUSRUDWLRQ��0LOIRUG��0$��86$���HOXWHG�ZLWK�D�JUDGLHQW�PR-
ELOH�SKDVH�RI������RI�DFHWLF�DFLG�LQ�DT��PHWKDQRO�ZLWK�D�OLQHDU�
JUDGLHQW�RI����WR�����RI�PHWKDQRO�GXULQJ����PLQ��DQG�GHWHFWL-
RQ�E\�SKRWR�GLRGH�DUUD\��������QP��ZLWK�89�GHWHFWLRQ�DW�����
QP���,VRUHVRUFLQRO�DQDO\VLV�SHUIRUPHG�XVLQJ�+3/&�E\�PHWKRG�
DGDSWHG� IURP�&KDUOHW�HW�DO�� ��������XWLOL]LQJ�DFLG�K\GURO\VLV��
QHFHVVDU\� IRU� WKH� UHOHDVH�RI� OLJQDQ� IURP� WKHLU� FRPSOH[� IRUP�
WR�IRUP�IUHH�DJO\FRQH��VXEMHFWHG�WR�VHSDUDWLRQ�RQ�D�:DWHUV�6\-
PPHWU\�&����uP�FROXPQ�����[���PP���:DWHUV�&RUSRUDWLRQ��
0LOIRUG��0$��86$�� HOXWHG�ZLWK� D� JUDGLHQW�PRELOH� SKDVH� RI�
ZDWHU��������DFHWRQLWULOH������FKDQJLQJ�OLQHDUO\�LQ����PLQ�WR�
ZDWHU��������DFHWRQLWULOH��������ZLWK�GLRGH�DUUD\�GHWHFWLRQ�

Statistical Analysis
$�RQH�ZD\�DQDO\VLV�RI�YDULDQFH��$129$��ZDV�SHUIRUPHG�

IRU�RLO��LQGLYLGXDO�IDWW\�DFLG�FRQWHQW��SURWHLQ�FRQWHQW��SHUR[LGH�
YDOXH�DQG�SRO\SKHQROV�FRQWHQWV�� �:KHQ�WKH�)�YDOXH�ZDV�VLJ-
QL¿FDQW��3��������PHDQV�ZHUH�VHSDUDWHG�XVLQJ�6WXGHQW�1HZ-
PDQ�.HXOV�7HVW��&RKRUW���������$GGLWLRQDOO\��FRUUHODWLRQ�DQG�
UHJUHVVLRQ�DQDO\VLV�ZHUH�XQGHUWDNHQ�WR�GHYHORS�WKH�UHODWLRQV-
KLS�EHWZHHQ�PHDVXUHG�SDUDPHWHUV��&RKRUW�������

Results and Discussion
7RWDO�ZDWHU��SURWHLQ�FRQWHQW��RLO�FRQWHQW��DQG�SHUR[LGH�YDOXH
7RWDO�ZDWHU��SURWHLQ�FRQWHQW��RLO�FRQWHQW��DQG�SHUR[LGH�YD-

OXH��DUH�VXPPDUL]HG�LQ�7DEOH����
:DWHU�FRQWHQW�DQG�SHUR[LGH�YDOXH�ZHUH�QRW�VLJQL¿FDQWO\��3�
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��������DIIHFWHG�E\�ORFDWLRQ���$OO�WKH
YDOXHV�ZHUH� ORZHU�FRPSDUHG� WR� WKRVH� UHSRUWHG�E\�$\HU]D�

DQG�&RDWHV��������IRU�FKLD�VHHGV�IURP�&RORPELD��3HUX�DQG�$U-
JHQWLQD���+RZHYHU��DOO�WKHVH�YDOXHV�DUH�ZLWKLQ�WKH�UDQJH�RI�WZR�
JHQRW\SHV�RI�FKLD�JURZQ�LQ�¿YH�GLIIHUHQW�ORFDWLRQV�RI�(FXDGRU�
�$\HU]D�������

2LO�DQG�SURWHLQ�FRQWHQWV��DV�D�SHUFHQWDJH�RI�FKLD�VHHG�ZHL-
JKW��VKRZHG�VLJQL¿FDQW

��3���������GLIIHUHQFHV�DPRQJ�ORFDWLRQV���7RWDO�RLO�FRQWHQW�
ZDV� VLJQL¿FDQWO\� �3�������KLJKHU� LQ� WKH� VHHGV� IURP�(FXDGRU�
WKDQ�DOO�RWKHU� ORFDWLRQV�� IROORZHG�E\� WKH�RLO�FRQWHQW�RI�VHHGV�
IURP�%ROLYLD�ZKLFK�ZDV�VLJQL¿FDQWO\��3�������KLJKHU�FRPSD-
UHG�WR�WKDW�IURP�3DUDJXD\�

7KH� VHHGV� IURP� %ROLYLDQ� DQG� 3DUDJXD\DQ� HFRV\VWHPV�
VKRZHG� VLJQL¿FDQWO\� �3� �� ������ KLJKHU� SURWHLQ� FRQWHQW� DV� D�
SHUFHQWDJH�RI�FKLD�VHHG�ZHLJKW��FRPSDUHG�WR�(FXDGRU���1R�VLJ-
QL¿FDQW��3���������GLIIHUHQFH�LQ�SURWHLQ�FRQWHQW�ZDV�GHWHFWHG�
EHWZHHQ�WKH�RWKHU�WZR�ORFDWLRQV�

7KH� UHVXOWV� SUHVHQWHG� KHUHLQ� VXSSRUW� WKH� FRQWHQWLRQ� WKDW�
HFRV\VWHP�KDV� D� VWURQJ� HIIHFW� RQ� WKH�SURWHLQ� DQG�RLO� FRQWHQW�
RI� FKLD� VHHGV� �$\HU]D� ������ ������ ������� DV� LW�ZDV� UHSRUWHG�
IRU�PDQ\�RWKHU�FURSV��0RKDPPHG�HW�DO��������9ROOPDQQ�HW�DO��
��������$�SRVLWLYH�FDXVH%HIIHFW�UHODWLRQVKLS�EHWZHHQ�WHPSHUD-
WXUH�DQG�SURWHLQ��DQG�D�QHJDWLYH�RQH�EHWZHHQ�WHPSHUDWXUH�DQG�
RLO�FRQWHQW� LQ�RLO�VHHG�FURSV�VXFK�DV�VR\EHDQ�KDYH�DOVR�EHHQ�
UHSRUWHG��7KRPDV�HW�DO��������.XPDU�HW�DO���������

7DEOH�����:DWHU��SURWHLQ��RLO��DQG�SHUR[LGH�YDOXH�RI�Salvia hispanica /�

2ULJLQ :DWHU 3URWHLQ 2LO �����3HUR[LGH�9DOXH
� PHT�RI�2��NJ

%ROLYLD ���D� ����D ����E �����D

(FXDGRU ���D 19E ����D �����D

3DUDJXD\ ���D �����D ����F �����D

6'� ����� ����� ����� �����

1�0HDQV�LQ�D�FROXPQ�ZLWKLQ�D�JURXS�ZLWK�WKH�VDPH�OHWWHU�DUH�QRW�VWDWLVWLFDOO\�GLIIHUHQW��3����������/HDVW�VLJQL¿FDQW�GLIIHUHQFH�IRU�3������

5HVXOWV�RI�WKH�IDWW\�DFLG�FRPSRVLWLRQDO�DQDO\VHV�
5HVXOWV�RI�WKH�IDWW\�DFLG�FRPSRVLWLRQDO�DQDO\VLV�E\�RULJLQ�

DUH�SUHVHQWHG�LQ�7DEOH�����*DV�FKURPDWRJUDSK\�DQDO\VLV�RI�WKH�
RLO�FRPSRVLWLRQ�RI�VHHGV�IURP�DOO�ORFDWLRQV�GHWHFWHG�WKH�SUHVHQ-
FH�RI�Į�OLQROHQLF�IDWW\�DFLG��IROORZHG�E\�OLQROHLF��ROHLF��SDOPLWLF�
DQG�VWHDULF�IDWW\�DFLGV���,Q�DGGLWLRQ��VL[�PRUH�IDWW\�DFLGV�ZHUH�
LGHQWL¿HG� LQ� DOO� DQDO\]HG� VHHG� VDPSOHV�� P\ULVWLF�� DUDFKLGLF��
JDGROHLF��EHKHQLF��HUDFLF��DQG�OLJQRFHULF�� �+RZHYHU��DV�DOO�RI�
WKHP�ZHUH�SUHVHQW�MXVW�LQ�WUDFHV��WKRVH�IDWW\�DFLGV�ZHUH�RPLWWHG�
IRU�WKLV�UHSRUW�

3RO\XQVDWXUDWHG�Ȧ���OLQROHLF�IDWW\�DFLG��WKH�VHFRQG�ODUJHVW�
FRPSRQHQW�RI�FKLD�VHHG�RLO��ZDV�VLJQL¿FDQWO\��3���������ORZHU�

LQ�VHHGV�IURP�(FXDGRU�WKDQ�WKH�RWKHU�WZR�ORFDWLRQV��QR�VLJQL¿-
FDQW��3���������GLIIHUHQFHV�ZHUH�GHWHFWHG�EHWZHHQ�VHHGV�IURP�
%ROLYLD�DQG�3DUDJXD\�

7KH�PDLQ�FRQVWLWXHQW�LQ�WKH�RLO�ZDV�SRO\XQVDWXUDWHG�Ȧ���Į�
OLQROHQLF�IDWW\�DFLG���7KH�VHHG�IURP�(FXDGRU�VKRZHG�VLJQL¿FDQW�
�3�������KLJKHU�FRQWHQW�RI�Į�OLQROHQLF�IDWW\�DFLG�FRPSDULQJ�WR�
DOO� WKUHH�ORFDWLRQV�� �1R�VLJQL¿FDQW��3�������GLIIHUHQFHV�ZHUH�
GHWHFWHG�EHWZHHQ�VHHGV�IURP�WKH�RWKHU�WZR�ORFDWLRQV���7KH�SUH-
VHQW�VWXG\�FRQ¿UPHG�WKDW�WKH�IDWW\�DFLG�FRPSRVLWLRQ�RI�FKLD�RLO�
LV�LQÀXHQFHG�E\�WKH�HIIHFWV�RI�IDFWRUV�VXFK�DV�VRLO V�TXDOLW\�DQG�
FOLPDWLF�DQG�ZHDWKHU�FRQGLWLRQV��DV�LW�ZDV�GHPRQVWUDWHG�LQ�DQ�
HDUO\�UHSRUW��$\HU]D�������

7KH� VHHGV� IURP� (FXDGRU� VKRZHG� VLJQL¿FDQWO\� �3�������
ORZHU� FRQWHQW� RI� ROHLF� DQG� OLQROHLF� IDWW\� DFLGV�� FRPSDUHG� WR�
VHHGV�JURZQ�LQ�WKH�RWKHU�WZR�ORFDWLRQV���2YHUDOO��WKH�Į�OLQROH-
QLF�IDWW\�DFLG�ZDV�QHJDWLYHO\�FRUUHODWHG�ZLWK�OLQROHLF�DQG�ROHLF�
IDWW\�DFLGV�FRQWHQW��FRPSXWHG�IRU�WKHVH�QHJDWLYH�UHODWLRQVKLSV��
WKH� UHJUHVVLRQ� FRHI¿FLHQWV� �5��� DQG� VLJQL¿FDQFH� OHYHOV� �3��
ZHUH�5� ��������3�����������DQG�5� ��������3�����������UHV-
SHFWLYHO\���7KH�QHJDWLYH�UHODWLRQVKLSV�RI�Į�OLQROHQLF�IDWW\�DFLG�

FRQWHQWV�ZLWK�WKH����&�PRUH�VDWXUDWHG�IDWW\�DFLGV��OLQROHLF�DQG�
ROHLF��ZHUH�UHSRUWHG�IRU�D�QXPEHU�RI�FURSV��VXFK�DV�DOPRQGV�
�$EGDOODK� HW� DO�� ������� FKHVWQXWV� �3LUHV�%RUJHV� HW� DO�� �������
VR\EHDQV��7KRPDV�HW�DO���������ÀD[VHHG��D�ULFK�VRXUFH�RI�Į�OL-
QROHQLF�IDWW\�DFLG��:DNMLUD�HW�DO���������DQG�FKLD��$\HU]D�������
��������7KLV�VWURQJ�LQYHUVH�UHODWLRQVKLS�LV�VXSSRUWHG�E\�WKH�EL-
RV\QWKHVLV�RI�Į�OLQROHQLF�IDWW\�DFLG�WKURXJK�WKH�SURFHVV�RI�GH-
VDWXUDWLRQ�RI�ROHLF�IDWW\�DFLG�YLD�OLQROHLF�IDWW\�DFLG�E\�WKH�DFWLRQ�

7DEOH�����)DWW\�DFLG�FRPSRVLWLRQ�RI�Salvia hispanica /�

2ULJLQ ���3DOPLWLF �6WHDULF 2OHLF /LQROHLF Į�/LQROHQLF Ȧ���Ȧ���UDWH Į�/LQROHQLF
���������RI�WRWDO�IDWW\�DFLGV J�NJ�RI�VHHG

%ROLYLD ����D� ���D ���������D �����������D ���������E ����D �����E

(FXDGRU ���D ���E ���������E ��������E ���������D ����E �����D

3DUDJXD\ ���D ���F ���������D ��������D �������E ����D �����E

6'� ����� ���� ���������� ������� ���������� ����� ���
1�0HDQV�LQ�D�FROXPQ�ZLWKLQ�D�JURXS�ZLWK�WKH�VDPH�OHWWHU�DUH�QRW�VWDWLVWLFDOO\�GLIIHUHQW��3������������/HDVW�VLJQL¿FDQW�GLIIHUHQFH�IRU�3��������
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7DEOH�����$QWLR[LGDQW�FRQWHQW�DQG�FRPSRVLWLRQ�LQ�WKH�VHHGV�RI�6DOYLD�KLVSDQLFD�/�

2ULJHQ )ODYRQROV /LJQDQV
0\UFHWLQ 4XHUFHWLQ .DHPSKHURO &KORURJHQLF�DFLG &DIIHLF�DFLG� 7RWDO 6'*

PJ�J
%ROLYLD ������D� �����D �����D �����D �����F �����D �����D

(FXDGRU �����D �����D �����D �����D �����E �����D �����D

3DUDJXD\ �����D �����D �����D �����D �����D �����D �����D

6'� ����� --- ����� ����� ����� ����� ����
1�0HDQV�LQ�D�FROXPQ�ZLWKLQ�D�JURXS�ZLWK�WKH�VDPH�OHWWHU�DUH�QRW�VWDWLVWLFDOO\�GLIIHUHQW��3������������/HDVW�VLJQL¿FDQW�GLIIHUHQFH�IRU�3��������

RI�GHVDWXUDVH�HQ]\PHV��7KRPDV�HW�DO��������<DQLY�HW�DO��������
7KH�Ȧ���Ȧ���UDWLR�ZDV�VLJQL¿FDQWO\��3���������ORZHU�LQ�RLOV�

IURP�VHHGV�JURZQ�LQ�(FXDGRU�FRPSDUHG�WR�WKDW�RI�VHHGV�JURZQ�
LQ�WKH�RWKHU�WZR�ORFDWLRQV���+LJK�GLHWDU\�Ȧ���DQG�Ȧ���IDWW\�DFLG�
UDWLR�KDV�EHHQ�LGHQWL¿HG�DV�D�ULVN�IDFWRU�RI�VXIIHULQJ�D�FRURQDU\�
KHDUW�GLVHDVH��DQG�D�ZD\�RI�ORZHULQJ�WKH�ULVN�LV�WR�NHHS�GLHWDU\�
Ȧ� ��Ȧ� �� IDWW\� DFLG� UDWLR� DV� ORZ� DV� SRVVLEOH�� WKH� UDWLR� RI� ����
EHLQJ�LGHDO��6LPRSRXORV���������:HVWHUQ�GLHWV�GR�QRW�SURYLGH�
WKHVH� UDWLRV��PDLQO\�GXH� WR� WKHLU�KLJK�Ȧ��� IDWW\�DFLG�FRQWHQW���
$V�VRXUFH�RI�Ȧ����FKLD�LV�FRQVXPHG�HLWKHU�DV�RLO�RU�DV�ZKROH�
JURXQG� VHHG�� �7KH� VLJQL¿FDQW� �3��������� ORZHU�Ȧ���Ȧ��� UDWH�
�XS�WR��������VKRZHG�E\�VHHGV�JURZQ�LQ�WKH�(FXDGRU�ORFDWLRQ��
FRPSDUHG�ZLWK�WKH�RWKHU�RQHV��FRXOG�LQGLFDWH�DQ�DGGHG�KHDOWK�
EHQH¿W�IRU�WKHVH�VHHGV�

3RO\SKHQROV�FRQWHQW�DQG�FRPSRVLWLRQV�
3RO\SKHQROV� FRQWHQW� DQG� FRPSRVLWLRQV� DUH� SUHVHQWHG� RQ�

7DEOH� ��� � &KURPDWRJUDSKLF� DQDO\VLV� IRXQG� WKH� SRO\SKHQROV�
FRPSRVLWLRQ�RI�VHHGV�IURP�WKH�WKUHH�ORFDWLRQV���7KH�SUHVHQFH�RI�
TXHUFHWLQ��P\UFHWLQ��NDHPSKHURO��FDIIHLF�DFLG��DQG�FKORURJHQLF�
DFLG�ÀDYRQROV��DQG� WKH� OLJQDQ�FRPSRXQG�6'*�ZDV�GHWHFWHG���
1R� VLJQL¿FDQW� �3� �� ������ GLIIHUHQFHV� EHWZHHQ� VHHGV� RULJLQV�
ZHUH�IRXQG�� �$Q�H[FHSWLRQ�ZDV�WKH�FDIIHLF�DFLG�FRQWHQW�ZKL-
FK�VKRZHG�GLIIHUHQFHV�EHWZHHQ�VHHG�RULJLQV��WKHVH�GLIIHUHQFHV�
ZHUH�VLJQL¿FDQW��3���������DPRQJ�ORFDWLRQV�DQG�VKRZHG�D�UHOD-
WLRQVKLS�RI�3DUDJXD\�!�(FXDGRU�!�%ROLYLD���:HDWKHU�WKLV�LV�MXVW�
DQ�DQRPDO\�RU�D�UHVXOW�RI�HQYLURQPHQW�LV�QRW�NQRZ���7KH�WRWDO�
ÀDYRQROV�DPRXQW�IRXQG�KHUHLQ�DUH�QRW�IDU�RI�WKH�������������

PJ�J�IRXQG�IRU�WZR�FKLD�VRXUFHV�UHSRUWHG�E\�5H\HV�&DXGLOOR�HW�
DO���������RU�WKH�������������PJ�J�UHSRUWHG�IRU�WKH�7RW]RO�DQG�
,]WDF�JHQRW\SHV��UHVSHFWLYHO\��$\HU]D�������

1R� VLJQL¿FDQW�GLIIHUHQFH� �3��������� LQ�6'*�FRQWHQW�ZDV�
IRXQG� DPRQJ� VHHGV� RULJLQV�� � 7KH� OLJQDQ� 6'*� FRPSRXQG�
DPRXQW� IRXQG� KHUHLQ� LV� VLPLODU� WR� WKH� ������������PJ�J� GH-
WHUPLQHG�E\�$\HU]D��������IRU�WZR�GLIIHUHQW�JHQRW\SHV�RI�FKLD�
JURZQ�LQ�(FXDGRU���6LQFH�WKH�GLVFRYHU\�RI�WKHLU�SK\VLRORJLFDO�
YDOXH��OLJQDQV�KDYH�EHHQ�H[WUDFWHG�IURP�ÀD[�DQG�RWKHU�SODQWV��
LQ�D�YDULHW\�RI�ZD\V���2QFH�H[WUDFWHG��OLJQDQV�FDQ�EH�DGGHG�WR�
IRRG�RU�WDNHQ�LQ�D�FRQFHQWUDWHG�IRUP��LQ�DQ�DWWHPSW�WR�WDNH�DG-
YDQWDJH�RI�WKHLU�IXQFWLRQDOLW\�DQG�EHQH¿WV��&RPLQ�HW�DO����������
7KLV�FRQWHQW�FRXOG� LQGLFDWH�DQ�DGGHG�FRPPHUFLDO�EHQH¿W� IRU�
FKLD�VHHGV�

7KH�ODFN�RI�D�SRVLWLYH�FRUUHODWLRQ��GDWD�QRW�VKRZQ��EHWZHHQ�
Į�OLQROHQLF�IDWW\�DFLG�DQG�SRO\�SKHQRO�FRPSRXQGV�DUH�VRPHZ-
KDW�VXUSULVLQJ�EHFDXVH�ÀDYRQROV�DQG�OLJQDQV�DUH�HIIHFWLYH�DQ-
WLR[LGDQWV�LQ�RLO��DQG�LW�PD\�EH�H[SHFWHG�WKDW�WKH�SODQW�UHDFWV�
WR�LQFUHDVHG�SRO\XQVDWXUDWLRQ�E\�SURGXFLQJ�PRUH�SRO\SKHQROV�
WR�SURWHFW�WKH�RLO�IURP�R[LGDWLRQ���7KH�DEVHQFH�RI�D�GLUHFW�UH-
ODWLRQVKLS� VXSSRUWV� WKH� SURSRVLWLRQ� SXW� IRUZDUG� E\�'ROGH� HW�
DO����������WKDW�DQWLR[LGDQW V�FRQFHQWUDWLRQ�DQG�WKH�IDWW\�DFLG�
SUR¿OH� DUH� QRW� FDXVDOO\� UHODWHG� EXW� LQÀXHQFHG� GLIIHUHQWO\� E\�
LQGHSHQGHQW�H[WHUQDO�YDULDEOHV�VXFK�DV�WHPSHUDWXUH�RU�VRLO�W\SH�
DV�LW�ZDV�UHSRUWHG�IRU�RWKHU�VHHG�RLO�FURSV�VXFK�DV�VR\EHDQ�DQG�
FDQROD��5LFKDUGV�HW�DO��������

Conclusions
,Q�VXPPDU\��WKH�UHVXOWV�IRXQG�KHUHLQ�LQGLFDWH�WKDW�SURWHLQ�
FRQWHQW��RLO�FRQWHQW�DQG�IDWW\�DFLG�SUR¿OH�FKDUDFWHULVWLFV�RI�WKH�
7]RW]RO�YDULHW\�RI�FKLD�DUH�DIIHFWHG�E\�WKH�GLIIHUHQW�HFRORJLFDO�
FRQGLWLRQV�RI�WKH�HFRV\VWHPV�RI�WKLV�VWXG\��ZKLFK�QRW�DIIHFWHG�
WKH�ÀDYRQROV�DQG�OLJQDQV�FRQWHQW��DQG�FRPSRVLWLRQ���$GGLWLR-
QDO�PXOWL�ORFDWLRQ�DQG�PXOWL\HDU�WULDOV�DUH�UHTXLUHG�WR�FRQ¿UP�
WKLV�SRO\SKHQROV�FRPSRXQG V�VWDELOLW\�WR�WKH�HFRV\VWHP V�
GLIIHUHQFHV��DQG�WR�XQGHUVWDQG�WKH�ELRFKHPLFDO�EDVHV�IRU�WKHVH�
SKHQRPHQD��7KH�UHVXOWV�DOVR�LQGLFDWH�WKDW�FDXWLRQ�QHHGV�WR�EH�
H[HUFLVHG�EHIRUH�FKLD�LV�LQWURGXFHG�DV�D�FURS�LQ�D�QHZ�DUHD��
VLQFH�ORFDWLRQ�FDQ�KDYH�D�VLJQL¿FDQW�LPSDFW�RQ�VHHG¶V�SURWHLQ�
FRQWHQW��RLO�FRQWHQW�DQG�FRPSRVLWLRQ��
�
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Introduction 
Pomegranate (Punica granatum�/���LV�WKH�PRVW�LPSRUWDQW�

species of 0\UWLÀRUDH order and 3XQLFDFHDH� IDPLO\�� 3RPH-
granate, thought to have been brought to Southern Europe by 
WKH� &DUWKDJLQLDQV�� LV� NQRZQ� DV�Malum punicum (Carthagia 
DSSOH��� 7KH� QDPH� SRPHJUDQDWH�� ZKLFK� LV� GHULYHG� IURP� WKH�
ZRUGV�JUDLQHG�DSSOH��LV�QDPHG�³3RPHJUDQDWH´�LQ�(QJOLVK�DQG�
³*UDQDGDSIHO´�LQ�*HUPDQ��2QXU���������,Q�WKH�0LGGOH�$JHV��
the name Punica granatum�ZDV�GHULYHG�IURP�WKH�WHUP�3RPXQL�
granatum��DSSOH�ZLWK�VHHGV���/D�5XH���������0DQ\�KRO\�ERRNV�
PHQWLRQ�SRPHJUDQDWH�IUXLW��,Q�(J\SW��*UHHN�DQG�5RPDQ�OHJ-
HQGV��³SRPHJUDQDWH´�IUXLW�LV�PHQWLRQHG�

Pomegranate has been produced in South Asia and South-
ZHVW�$VLD�IRU�WKRXVDQGV�RI�\HDUV��3RPHJUDQDWH�LV�ZLGHO\�JURZ-
ing Afghanistan, China, Morocco, Palestine, India, Iraq, Iran, 
Israel, Italy, North and South Cyprus, Egypt, Syria, Saudi Ara-

ELD��7KDLODQG��$PHULFD�DQG�7XQLVLD��&RPSDUHG� WR�RWKHU� IUXLW�
species, production and consumption rate is less than others 
�g]EHN�� ������ 'RNX]R÷X]� DQG� 0HQGLOFLR÷OX�� ������ 2QXU��
������g]J�YHQ�DQG�<ÕOPD]���������

Many ingredients like starch, mannitol, punicic acid, an-
thocyanin, polyphenolic, isopelletierin alkaloids, triterpenes, 
resinous substances, acids, tannins and alkaloids can be found 
LQ�YDULRXV�VWUXFWXUHV�RI�SRPHJUDQDWH�WUHH�ZKLFK�DUH�URRW��VWHP��
EUDQFK�EDUN��VHHGV�DQG�IUXLWV��3RPHJUDQDWH� LV�JHQHUDOO\�XVHG�
WR� VWUHQJWKHQ� WKH� ERG\� DQG�KHDUW�� ,W� LV� DOVR� XVHG� IRU� FHDVLQJ�
GLDUUKHD��FRXJK��FRQVWLSDWLRQ��VWRPDFK�EXUQV�DQG�YRPLWLQJ��,W�
has also been used in folk medicine for centuries due to its anti-
pyretic, diuretic, antipyretic in febrile diseases and prevention 
RI�YDVFXODU�REVWUXFWLRQ��6DOHK�HW�DO���������2QXU��������$QHVLQL�
DQG�3HUH]��������3RQFH�0DFRWHOD�HW�DO���������=KDQJ��HW�DO���
������<ÕOPD]�HW�DO���������0DYO\DQRY�HW�DO���������
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,Q� UHFHQW� \HDUV�� XQGHUVWDQGLQJ� RI� WKH� EHQH¿WV� WR� KXPDQ�
health of pomegranate and increasing economic value have be-
FRPH�WKH�OHDGLQJ�FDXVHV�RI�VLJQL¿FDQW�GHYHORSPHQWV�RFFXUULQJ�
LQ� SRPHJUDQDWH� FXOWLYDWLRQ� LQ�7XUNH\�� 3URSDJDWLRQ� RI� SRPH-
granates can be done by seed, layering, cuttings, bottom shoots 
DQG� EXGGLQJ�� 3RPHJUDQDWH� LV� RQH� RI� WKH� PRVW� VXLWDEOH� IUXLW�
VSHFLHV�FDQ�EH�JURZQ�LQ�DULG�DQG�VHPL�DULG�FOLPDWLF�FRQGLWLRQV�
RZLQJ�WR�LWV�GURXJKW�UHVLVWDQW�FKDUDFWHULVWLFV��

7XUNH\�LV�RQH�RI�WKH�PRVW�LPSRUWDQW�SRPHJUDQDWH�SURGXFHU�
FRXQWULHV�LQ�WKH�ZRUOG�DQG�KDV�D�ULFK�YDULHW\�RI�YDULHWLHV�DQG�
JHQRW\SHV��7KH�VXLWDELOLW\�RI�HFRORJLFDO�FRQGLWLRQV��WKH�DEXQ-
dance of land, domestic and foreign demands increase pome-
JUDQDWH�SURGXFWLRQ�UDSLGO\��7XUNH\�KDV�D�WRWDO�RI���������WRQV�
RI� SRPHJUDQDWH� SURGXFWLRQ� DV� RI� ������ %HVLGHV�� �����������
WUHHV�DUH�LQ�WKH�\LHOG�SHULRG�LQ�WKH�H[LVWLQJ�SRPHJUDQDWH�IDUPV��
DQG� ���������� WUHHV� KDYH� QRW� \HW� LQYHVWHG� LQ� \LHOG� �$QRQ\-
PRXV�� ������� 6RXWKHDVW�$QDWROLD�5HJLRQ�� RQ� WKH� RWKHU� KDQG��
ranks third after the Mediterranean and Aegean Region in terms 
of pomegranate production due to its climatic characteristics 
�g]J�YHQ� DQG�<ÕOPD]�� �������7RWDO� SRPHJUDQDWH� SURGXFWLRQ�
DUHD�LQ�6RXWKHDVWHUQ�$QDWROLD�LV��������GD��3URGXFWLRQ�DPRXQW�
LV��������WRQV��WKH�WRWDO�QXPEHU�RI�WUHHV�LV�����������DQG�DYHU-
DJH�\LHOG�DPRXQW�SHU�WUHH�LV����NJ��$QRQ\PRXV��������

'L\DUEDNÕU�� WKH�PRVW� GHYHORSHG� FLW\� LQ� WHUPV� RI� DJULFXO-
ture and industry in Southeastern Anatolia, has a continental 
FOLPDWH��*HQHWLF�UHVRXUFHV�RI�WKH�UHJLRQ�LQFOXGH�SRPHJUDQDWH�
types that have superior properties in terms of yield and quali-
W\��1R�VWXG\�RQ�WKH�LGHQWL¿FDWLRQ�DQG�VHOHFWLRQ�RI�WKHVH�SRPH-
JUDQDWH�JHQRW\SHV�KDYH�EHHQ�FRQGXFWHG��:LWK�WKLV�¿UVW�VWXG\��
LW�ZDV�DLPHG�WR�LGHQWLI\�WKHVH�JHQRW\SHV�JURZQ�LQ�dHUPLN�DQG�
'LFOH�GLVWULFWV�RI�'L\DUEDNÕU�SURYLQFH��WR�PDNH�WKHP�D�VWDQGDUG�
genetic variety, to protect them, to preserve them for breeding 
VWXGLHV�DQG�WR�H[SDQG�WKHLU�FXOWLYDWLRQ�

Material and Methods
Samples are taken from different pomegranate genotypes 

JURZQ� QDWXUDOO\� LQ�dHUPLN� DQG�'LFOH� GLVWULFWV� RI�'L\DUEDNÕU�
SURYLQFH��7KH�VHOHFWLRQ�FULWHULD�WR�VWXG\�WKH�SRPHJUDQDWH�WUHHV�
are considered to be abundant and regular in yield, to display 
JRRG�YHJHWDWLYH�GHYHORSPHQW��WR�VKRZ�DGHTXDWH�ÀRZHULQJ��WR�
\LHOG�KLJK�IUXLW�VHW��WR�RIIHU�VKRUW�ÀRZHULQJ�SHULRG��WR�EH�DGDSW-
ed to local climate for ripening period, to produce large fruity, 
UHGGLVK��WKLQ�SHHOHG��DURPDWLF��MXLF\��VRIW�VHHGHG��WR�EH�UHVLV-
WDQW�DJDLQVW�GLVHDVHV�DQG�SHVWV��7KH�WUHHV�SUHVHQWLQJ�VXSHULRU�
SURSHUWLHV�LQ�WKHVH�FULWHULD�DUH�VHOHFWHG�

7KH�YLOODJHV�ZKHUH�WKH�SRPHJUDQDWH�FXOWLYDWLRQ�ZDV�ZLGH-
VSUHDG�ZHUH�GHWHUPLQHG�XQGHU�WKH�JXLGDQFH�RI�dHUPLN�DQG�'L-
FOH�GLVWULFW�'LUHFWRUDWH�RI�$JULFXOWXUH�LQ�'L\DUEDNÕU��7KH�YLOODJ-
HV�ZHUH�YLVLWHG��SURGXFHUV�ZHUH�LQWHUYLHZHG�DQG�H[LVWLQJ�W\SHV�
ZHUH�GHWHUPLQHG�FRQVHTXHQWO\��7KH�LGHQWL¿HG�W\SHV�DUH�JLYHQ�
QXPEHUV�DFFRUGLQJ�WR�WKH�GLVWULFW�FRGH��0D\�-XQH�LV�WKH�ÀRZ-
ering time depending on the local climate and September-No-
YHPEHU�LV�WKH�KDUYHVW�WLPH�RI�WKH�SRPHJUDQDWH���&URZQ�KHLJKW�
�FP��� FURZQ�ZLGWK� �FP��� WUXQN�QXPEHU�� WUXQN� FLUFXPIHUHQFH�
�FP��� EUDQFKLQJ� IUHTXHQF\�� FROG� GDPDJH��¿UVW� IROLDWLRQ� GDWH��
ÀRZHULQJ�GDWH�DQG�KDUYHVWLQJ�GDWH�RI�WKH�WUHHV�ZHUH�QRWHG��'H-
pending on these parameters; phenological, morphological and 

SRPRORJLFDO�FKDUDFWHULVWLFV�RI�JHQRW\SHV�ZHUH�HVWDEOLVKHG���$W�
WKH�KDUYHVW��¿YH�IUXLW�VDPSOHV�ZHUH�WDNHQ�IURP�HDFK�SUHGHWHU-
PLQHG�WUHHV�DQG�WUDQVSRUWHG�LQ�FORWK�EDJV��7KHQ��WKHVH�VDPSOHV�
ZHUH�DQDO\]HG�LQ�WKH�ODERUDWRU\�RI�*DS�,QWHUQDWLRQDO�$JULFXO-
WXUDO�5HVHDUFK�DQG�7UDLQLQJ�&HQWHU�

,Q�JHQRW\SHV��IUXLW�ZHLJKW��J���IUXLW�OHQJWK��PP���IUXLW�ZLGWK�
�PP���IUXLW�MXLFH�\LHOG��IUXLW�MXLFH�TXDQWLW\�IUXLW�ZHLJKW�[������
IUXLW�GHQVLW\��J�FP����IUXLW�YROXPH��PO���FDO\[�UDGLXV��PP�����
FDO\[� OHQJWK� �PP��� SHHO� WKLFNQHVV� �PP��� DULO� FRORU� �UHG� DQG�
SLQN���ERWWRP�SHHO�FRORU��JUHHQ��JUHHQLVK�\HOORZ��\HOORZ���SHHO�
WKLFNQHVV� �PP��� XSSHU� SHHO� FRORU� �SLQN�� UHG��� ZHLJKW� RI� WKH�
���� DULOV�� QXPEHU� RI� FKDPEHU�� DSSHDUDQFH� RI� WKH� FDO\[� �DS-
SDUHQW��OHVV�SURQRXQFHG��PRGHUDWH�SURQRXQFHG����WKH�HDVLQHVV�
RI� DULO� VHSDUDWLQJ� �HDV\��PRGHUDWH�� GLI¿FXOW��� WKH� WDVWH� RI� WKH�
IUXLW��VZHHW��VRXU���IUXLW�SXOS�ZHLJKW��J���IUXLW�VKDSH�LQGH[��IUXLW�
OHQJWK�IUXLW�ZLGWK���DULO�\LHOG� �WRWDO�DULO�ZHLJKW�IUXLW�ZHLJKW�[�
�����DQG�WRWDO�VHHG�ZHLJKW�ZHUH�PHDVXUHG�RU�FDOFXODWHG��%H-
VLGHV�� WRWDO� VROXDEOH� VROLG� ����� S+� DQG� WLWUDWDEOH� DFLGLW\� ����
FRQWHQWV�RI�IUXLWV�ZHUH�GHWHUPLQHG��2QXU�������<ÕOPD]�HW�DO��
������

7KH�SURPLVLQJ�JHQRW\SHV�ZHUH�GH¿QHG�GHSHQGLQJ�RQ�SR-
PRORJLFDO�DQG�PRUSKRORJLFDO�FKDUDFWHULVWLFV�WKURXJK�ZHLJKHG�
JUDGLQJ�PHWKRG��7KLV�PHWKRG�DWWULEXWHV�JUHDWHU�SHUFHQWDJH�YDO-
XHV�WR�WKH�SURSHUWLHV�ZKLFK�DUH�FRQVLGHUHG�WR�EH�LPSRUWDQW��7KH�
VXP�RI�WKHVH�YDOXHV�LV������*HQRW\SHV�ZHUH�HYDOXDWHG�DFFRUG-
LQJ�WR�WKLV�VFRULQJ�V\VWHP��8WLOL]LQJ�WKLV�PHWKRG��VHHG�KDUGQHVV�
ZDV�VFRUHG�DV������DULO�\LHOG������IUXLW�ZHLJKW������IUXLW�MXLFH�
YROXPH������XSSHU�SHHO�FRORU������DULO�FRORU������WLWUDWDEOH�
DFLG�UDWLR������DQG�766��WRWDO�VROXDEOH�VROLG��ZHUH�����

Results and Discussion
*HQRW\SH�VSHFL¿F�SKHQRORJLFDO��PRUSKRORJLFDO�DQG�SRPR-

ORJLFDO�IHDWXUHV�RI�HDFK�DUH�VKRZQ�LQ�WKH�WDEOHV�7DEOH����7DEOH�
���7DEOH����

Results of Fieldwork
7KLV�VWXG\�ZDV�FDUULHG�RXW�LQ�WZR�YLOODJHV�RI�dHUPLN�DQG�

'LFOH�GLVWULFWV�RI�'L\DUEDNÕU�SURYLQFH�LQ�YHJHWDWLRQ�SHULRG�RI�
����������� )LHOG� VWXGLHV� UHYHDOHG� WKH� SK\VLFDO� SURSHUWLHV� RI�
WUHHV�� 3RPHJUDQDWH� FXOWLYDWLRQ� LQ� WKH� EHIRUH� PHQWLRQHG� GLV-
WULFWV� LV�ZLGHVSUHDG� LQ� UHJLRQV�ZKHUH� LUULJDWLRQ�RSSRUWXQLWLHV�
DUH� DYDLODEOH��&XOWLYDWLRQ� RSHUDWLRQV� �SUXQLQJ�� IHUWLOL]LQJ�� LU-
ULJDWLRQ�� DJULFXOWXUDO� VSUD\LQJ�� VRLO� WLOODJH�� HWF��� DUH� QRW� SHU-
IRUPHG�E\�WKH�GH¿QLWLRQ��)DLOXUH�WR�SHUIRUP�FXOWLYDWLRQ�UHODWHG�
SURFHGXUHV�E\�WKH�GH¿QLWLRQ�GLUHFWO\�DIIHFWV�WKH�TXDOLW\�DQG�WKH�
\LHOG�RI�IUXLWV��,UULJDWLRQ�KDV�D�YHU\�LPSRUWDQW�SODFH�LQ�SRPH-
JUDQDWH� RUFKDUGV�� ,UULJDWLRQ� RI� WKH� SRPHJUDQDWHV� RUFKDUGV� LV�
SURYLGHG� E\� YDULRXV� QDWXUDO�ZDWHU� VRXUFHV��+RZHYHU�� LUULJD-
WLRQ�DUFV�DQG�FKDQQHOV�DUH�QRW�FRQVROLGDWHG��VR�ZDWHU�FDQQRW�EH�
WUDQVSRUWHG�DV�GHVLUHG�IRU�ORQJ�GLVWDQFHV��7KLV�OHDGV�WR�FUDFNV�
RQ�SRPHJUDQDWH�GXH� WR� LUUHJXODU� LUULJDWLRQ��&UDFNV�RQ�SRPH-
JUDQDWH�LV�D�ELJ�SUREOHP�LQ�WHUPV�RI�PDUNHWLQJ��3RPHJUDQDWHV�
JURZQ� LQ�dHUPLN�DQG�'LFOH�DUH�JHQHUDOO\�FRPSRVHG�RI� ORFDO�
JHQRW\SHV�

Physical Properties of Fruits
Physical properties of fruit samples belonging to pome-
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JUDQDWH�JHQRW\SHV�ZHUH�HYDOXDWHG�DQG�WKH�PHDQ�YDOXHV�RI�WKHVH�
YDOXHV�DUH�JLYHQ�LQ�7DEOH����$FFRUGLQJO\��WKH�DYHUDJH�ZHLJKW�RI�
IUXLW�VDPSOHV��WKH�ORZHVW�������J�����d5�����DQG�WKH�KLJKHVW�
������ J� ����d5� ����ZHUH� GHWHUPLQHG�� )RXU� JHQRW\SHV�ZHUH�
EHWZHHQ�����DQG�����J�������DQG�VL[�JHQRW\SHV�ZHUH�EHWZHHQ�
����DQG�����J��������2Q�WKH�RWKHU�KDQG��LQ�D�VWXG\�FRQGXFWHG�
LQ� WKH�0HGLWHUUDQHDQ�5HJLRQ�� LW�ZDV� IRXQG� WKDW� IUXLW�ZHLJKWV�
UDQJHG� IURP� ���� WR� ���� J� LQ� JHQRW\SHV� �2QXU�� ������� )UXLW�
ZHLJKWV�LQ�WKH�SRPHJUDQDWHV�RI�WKH�$HJHDQ�5HJLRQ�UDQJHG�EH-
WZHHQ����� DQG�����J� �'RNX]R÷X]� DQG�0HQGLOFLR÷OX�� �������
,W�ZDV� UHSRUWHG� WKDW� WKH�DYHUDJH� IUXLW�ZHLJKW�RI�0DUGDN\DQOÕ�
FXOWLYDU�LQ�$]HUEDLMDQ�ZDV�������JUDPV�DQG�WKDW�WKLV�YDOXH�ZDV�
EHWZHHQ�����DQG�����J� LQ�RWKHU�YDULHWLHV� �2QXU��������� ,Q�D�
study on the adaptation of pomegranates in the Mediterranean 
5HJLRQ��LW�ZDV�IRXQG�WKDW�WKH�IUXLW�ZHLJKW�UDQJHG�IURP�����WR�
����J��<ÕOPD]�HW�DO����������,Q�D�VWXG\�RQ�DGDSWDWLRQ�RI�SRPH-
JUDQDWHV� LQ� WKH�$HJHDQ�5HJLRQ�� LW�ZDV� UHSRUWHG� WKDW� WKH� IUXLW�
ZHLJKW�YDULHG�EHWZHHQ�����DQG�����J� �<ÕOPD]�HW� DO����������
,Q�RXU�VWXG\��LW�LV�NQRZQ�WKDW�WKH�ZHLJKW�DQG�GHYHORSPHQW�RI�
fruit vary depending on many factors, and it is seen that the 
SURPLVLQJ�SRPHJUDQDWH�W\SHV�ZH�KDYH�VHOHFWHG�DUH�VXSHULRU�LQ�
WHUPV�RI�IUXLW�ZHLJKW�FRPSDUHG�WR�VRPH�VWXGLHV�FRQGXFWHG�LQ�
RWKHU�UHJLRQV�DQG�UHPDLQ�ORZHU�WKDQ�RWKHUV��7KH�DYHUDJH�IUXLW�
OHQJWK�YDOXH�ZDV������PP�����d5�����DQG�WKH�KLJKHVW�ZDV������
PP� ����d5� ����� )LYH� JHQRW\SHV�ZHUH� IRXQG� WR� EH� EHWZHHQ�
�����DQG������PP��������IRXU�JHQRW\SHV�ZHUH�EHWZHHQ������
DQG������PP��������DQG�RQH�JHQRW\SH�ZDV�EHWZHHQ������DQG�
�����PP��������7KH�ORZHVW�IUXLW�ZLGWK�ZDV������PP�����'&�
����DQG�WKH�KLJKHVW�ZDV������PP�����d5������$GGLWLRQDOO\��LW�
ZDV�IRXQG�EHWZHHQ������DQG������PP�������LQ�¿YH�JHQRW\SHV�
DQG�EHWZHHQ������ DQG������PP� ������ LQ�¿YH�JHQRW\SHV�� ,Q�
WKH�VWXG\�FRQGXFWHG�LQ�WKH�0HGLWHUUDQHDQ�UHJLRQ�LQ�������WKH�
ZLGHVW�IUXLW�ZLGWK�ZDV�GHWHUPLQHG�DV�������PP�LQ�WKH����1����
(YFL�YDULHW\��g]J�YHQ�HW�DO����������,Q�WKH�VWXG\�FDUULHG�RXW�LQ�
.ÕUÕNKDQ�GLVWULFW�RI�+DWD\��IUXLW�ZLGWK�ZDV�UHSRUWHG�WR�EH�������
PP��3RODW�HW�DO����������7KH�IUXLW�ZLGWK�YDOXHV�REWDLQHG�LQ�RXU�
VWXG\�ZHUH�VLPLODU�EHWZHHQ�WKH�YDOXHV�REWDLQHG�LQ�RWKHU�VWXGLHV�
FRQGXFWHG�LQ�7XUNH\�

7KH�PHDQ�PLQLPXP�IUXLW�YROXPH�YDOXH�ZDV�������PO�����
'&� ���� DQG� WKH� KLJKHVW� YDOXH�ZDV� ������PO� ����d5� ����� ,W�
DOVR�ZDV�IRXQG�EHWZHHQ�����DQG�����PO� ������ LQ�VL[�JHQR-
W\SHV������DQG�����PO�������LQ�WKUHH�JHQRW\SHV�DQG����±����
PO� ������ LQ� RQH� JHQRW\SH�� 7KH� ORZHVW� IUXLW� GHQVLW\� YDOXHV�
ZHUH�IRXQG�WR�EH������J�PO�����d5�����DQG������J�PO�����'&�
�����,W�ZDV�EHWZHHQ������DQG������J�PO�������LQ�RQH�JHQRW\SH�
DQG�����±�����J�PO�������LQ�QLQH�JHQRW\SHV��7KH�FDO\[�UDGLXV�
ZDV�����PP�����'&�����DQG�WKH�KLJKHVW�YDOXH�ZDV������PP�
����'&������,W�ZDV�GHWHFWHG�EHWZHHQ�����DQG������PP�������
LQ�RQH�JHQRW\SH�������DQG������PP�������LQ�IRXU�JHQRW\SHV��
DQG�����±�����PP�������LQ�¿YH�JHQRW\SHV��7KH�FDO\[�OHQJWK�
ZDV� IRXQG� WR�EH������PP�����'&�����DQG� WKH�KLJKHVW�YDOXH�
ZDV������PP�����d5������7KUHH�JHQRW\SHV�ZHUH�IRXQG�WR�EH�
EHWZHHQ������DQG������PP�������DQG�VHYHQ�JHQRW\SHV�ZHUH�
EHWZHHQ������DQG������PP��������0DUV�DQG�0DUUDNFKL��������
LQ�D�VWXG\�LQ�7XQLVLD��WKH\�IRXQG�WKDW�WKH�FDO\[�OHQJWK�YDULHV�EH-
WZHHQ�������DQG�������PP��)RU�RXU�JHQRW\SHV��WKH�ORZHVW�MXLFH�
YROXPH�ZDV�IRXQG������PO�����d5�����DQG�WKH�KLJKHVW�YDOXH�

ZDV�������PO�LQ�JHQRW\SH����d5�����ZKLOH�WKH�WZR�JHQRW\SHV�
ZHUH�EHWZHHQ������DQG������PO�������DQG�WKH�HLJKW�JHQRW\SHV�
ZHUH�EHWZHHQ����DQG�����PO��������$O�0DLPDQ�DQG�$KPDG�
�������IRXQG�WKDW�WKH�IUXLW�MXLFH�YROXPH�LV�����PO�LQ�WKHLU�VWXG\�
IRU�YDULHW\�QDPHG�DV�7DL¿��*�QGR÷GX��������VKRZHG�XS�WKDW�
WKH�MXLFH�YROXPH�ZDV�EHWZHHQ������DQG�������PO��2XU�UHVXOWV�
DUH�VLPLODU�WR�WKH�UHVXOWV�RI�RWKHU�VWXGLHV��)UXLW�WDVWH�ZDV�GHWHU-
PLQHG�WR�EH�VRXU�������LQ�WZR�JHQRW\SHV�DQG�VZHHW�������LQ�
HLJKW�JHQRW\SHV��)UXLW�DULO�FRORU�ZDV�GHWHUPLQHG�DV�GDUN�SXU-
SOH�������LQ�WKUHH�JHQRW\SHV��SXUSOH�������LQ�WZR�JHQRW\SHV��
PHGLXP� UHG� ������ LQ� WZR�JHQRW\SHV� DQG� SLQN�UHG� ������ LQ�
WKUHH�JHQRW\SHV�� ,Q�D� VWXG\�FRQGXFWHG� LQ�dXNXUFD�GLVWULFW�RI�
+DNNkUL�LQ����������JHQRW\SHV�ZHUH�H[DPLQHG��$FFRUGLQJ�WR�
WKLV� VWXG\�� DULO� FRORUV�ZHUH� IRXQG� WR�EH�ZKLWH� LQ� WKUHH�JHQR-
W\SHV��OLJKW�SLQN�LQ����JHQRW\SHV��SLQN�LQ�¿YH�JHQRW\SHV�DQG�
UHG� LQ� WZR� JHQRW\SHV� �g]DWDN�� ������� (LJKW� JHQRW\SHV�ZHUH�
HDV\�������DQG�WZR�JHQRW\SHV�ZHUH�PHGLXP�������LQ�HDVLQHVV�
RI�DULO�VHSDUDWLQJ�

7KH� ORZHVW�ZHLJKW�RI� WKH�����DULOV�ZDV� IRXQG� WR�EH������
J�����'&�����DQG������J�����d5������(LJKW�RI�WHQ�JHQRW\SHV�
ZHUH�EHWZHHQ������DQG������J�������DQG�WZR�RI�WHQ�JHQRW\SHV�
ZHUH�EHWZHHQ������DQG������J��������,Q�D�SUHYLRXV�VWXG\�FRQ-
GXFWHG�LQ�.ÕUÕNKDQ�GLVWULFW�RI�+DWD\�WKH�ZHLJKW�RI�WKH�����DULOV�
ZDV�PHDVXUHG�EHWZHHQ������DQG������J��3RODW�HW�DO����������,Q�
DQRWKHU�VWXG\�FRQGXFWHG�LQ�WKH�3HUYDUL�GLVWULFW�RI�6LLUW��ZHLJKW�
RI�WKH�����DULOV�ZDV�IRXQG�DV�������������J��*�QGR÷GX����������
7KH�YDOXHV�REWDLQHG�LQ�RXU�VWXG\�VKRZV�VLPLODULW\�LQ�WHUPV�RI�
SRPRORJLFDO� IHDWXUHV�� ,Q�RXU� VWXG\�� WKH� ORZHVW�DULO�\LHOG�ZDV�
GLVFRYHUHG� DV� ������ ����d5� ���� DQG� WKH� KLJKHVW� YDOXH�ZDV�
����������d5������3UHYLRXV�VWXGLHV�UHYHDOHG�WKDW�DULO�\LHOG�ZDV�
IRXQG�WR�EH��������LQ�.ÕUÕNKDQ�GLVWULFW�RI�+DWD\��3RODW�HW�DO���
��������,Q�RXU�VWXG\��WZR�JHQRW\SHV�RXW�RI�WHQ�VKRZHG���������
PP� ������ SHHO� WKLFNQHVV� HLJKW� JHQRW\SHV� GLVSOD\HG� ��������
PP�������SHHO�WKLFNQHVV��,Q�DQRWKHU�VWXG\�FDUULHG�RXW�LQ�+L]DQ�
GLVWULFW��LW�ZDV�IRXQG�WKDW�WKH�SHHO�WKLFNQHVV�UDQJHG�EHWZHHQ�����
DQG�����PP��<ÕOGÕ]�HW�DO����������,Q�RXU�H[DPLQDWLRQ��WKH�XSSHU�
SHHO�FRORU�ZDV�SXUSOH�������LQ�IRXU�JHQRW\SHV��SLQN�UHG�������
LQ�WZR�JHQRW\SHV��RUDQJH�UHG�������LQ�RQH�JHQRW\SH�DQG�RU-
DQJH�������LQ�WKUHH�JHQRW\SHV��7KH�ERWWRP�SHHO�FRORU�ZDV�GH-
WHUPLQHG�DV�RUDQJH�UHG�������LQ�VHYHQ�JHQRW\SHV�DQG�RUDQJH�
������ LQ� WKUHH�JHQRW\SHV��6HHG�KDUGQHVV�ZDV�GHWHUPLQHG� DV�
PHGLXP�KDUG�������LQ�HLJKW�JHQRW\SHV�DQG�KDUG�������LQ�WZR�
JHQRW\SHV��,Q�WKH�VWXG\�FRQGXFWHG�LQ�WKH�3HUYDUL�GLVWULFW�RI�6LLUW�
LQ�������WKH�KDUGQHVV�RI�WKH�IUXLWV�ZDV�IRXQG�WR�EH�KDUG�LQ����
JHQRW\SHV��PHGLXP�KDUG�LQ����JHQRW\SHV�DQG�VRIW�LQ�WZR�JHQ-
RW\SHV��*�QGR÷GX��������

7KH�QXPEHU�RI�FDO\[�ZDV���������LQ�QLQH�JHQRW\SHV�DQG���
������LQ�RQH�JHQRW\SH��7KH�H[WHUQDO�DSSHDUDQFH�RI�WKH�FDO\[�
ZDV�IRXQG�WR�EH�VLJQL¿FDQW�LQ�VL[�JHQRW\SHV��������PRGHUDWH�
SURPLQHQFH�LQ�WZR�JHQRW\SHV��������DQG�QRW�SURPLQHQW�LQ�ERWK�
JHQRW\SHV��������$FFRUGLQJ�WR�WKH�DQRWKHU�VWXG\��WKH�QXPEHU�
RI�FDO\[�ZDV���LQ�HLJKW�JHQRW\SHV����LQ�HLJKW�JHQRW\SHV��DQG���
LQ�VL[�JHQRW\SHV��7KH�DSSHDUDQFH�RI�WKH�FDO\[�ZDV�IRXQG�WR�EH�
VLJQL¿FDQW�LQ����JHQRW\SHV�DQG�OHVV�SURPLQHQW�LQ�HLJKW�JHQR-
W\SHV��7KH�DSSHDUDQFH�RI�WKH�FDO\[�ZDV�IRXQG�WR�EH�VLJQL¿FDQW�
LQ����JHQRW\SHV��*�QGR÷GX���������7KH�IUXLW�VKDSH�LQGH[�ZDV�
IRXQG�WR�EH�WKH�ORZHVW�DW�����������d5����DQG����d5�����DQG�
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WKH�KLJKHVW�����������d5������,Q�DGGLWLRQ��EHWZHHQ������DQG�
������������YDOXHV�ZHUH�REWDLQHG�LQ�VHYHQ�JHQRW\SHV�DQG�EH-
WZHHQ������DQG�������������LQ�WKUHH�JHQRW\SHV�

Chemical Properties of Fruits
7KH� FKHPLFDO� SURSHUWLHV� RI� WKH� IUXLW� VDPSOHV� WDNHQ� IURP�

��� VHOHFWHG� SRPHJUDQDWH� JHQRW\SHV� ZHUH� HYDOXDWHG� DQG� WKH�
PHDQ�YDOXHV�DUH�JLYHQ� LQ�7DEOH����7KH�DPRXQW�RI� WRWDO� VROX-
DEOH�VROLG��766��LQ�IUXLW�VDPSOHV�ZDV�GHWHUPLQHG�EHWZHHQ����
DQG�����������LQ�RQH�JHQRW\SH�DQG�EHWZHHQ��������������
LQ�QLQH�JHQRW\SHV��,Q�SUHYLRXV�VWXGLHV��WKH�766�ZDV�IRXQG�WR�
EH� EHWZHHQ� ����� DQG� ������ LQ� 7XQLVLD�� ����±������ LQ� WKH�
0HGLWHUUDQHDQ�5HJLRQ������±������LQ�WKH�$HJHDQ�DQG�6RXWK-
HDVWHUQ�$QDWROLD�UHJLRQV������±������LQ�WKH�.ÕUÕNKDQ�GLVWULFW�
�+DWD\��� ����±������ LQ� +L]DQ� �%LWOLV��� ����±������ LQ� WKH�
3HUYDUL�GLVWULFW�RI�6LLUW������������� LQ�dXNXUFD�� UHVSHFWLYHO\�
�0DUV�DQG�0DUUDNFKL��������<ÕOPD]�HW�DO���������3RODW�HW�DO���
������<ÕOGÕ]�HW�DO���������*�QGR÷GX�HW�DO���������0XUDGR÷OX�HW�
DO����������&RPSDUHG�WR�RWKHU�¿QGLQJV��WKH�766�YDOXHV�RI�WKH�
SRPHJUDQDWHV�RI� WKH�'L\DUEDNÕU� UHJLRQ�DUH�KLJKHU� WKDQ� WKRVH�
RI�WKH�SRPHJUDQDWHV�JURZQ�LQ�RWKHU�UHJLRQV��6LPLODUO\��3HUYDUL�
SRPHJUDQDWHV�SUHVHQW�DQDORJ�YDOXHV�IRU�766��,Q�RXU�VWXG\��S+�
YDOXHV�ZHUH� EHWZHHQ� ���� DQG� ���� ������ LQ� VHYHQ� JHQRW\SHV�
DQG����±���� ������ LQ� WKUHH�JHQRW\SHV��*�QGR÷GX� ������� UH-
YHDOHG�WKDW�S+�YDOXHV�RI�IUXLW�MXLFH�ZDV�EHWZHHQ������DQG������
LQ����JHQRW\SHV�DQG�����±�����LQ����JHQRW\SHV�RI�WKH�VDPSOHV��
7KH�PHDVXUHV�ZHUH�UHSHDWHG�LQ�WKH�VDPH�VWXG\�IRU�QH[W�\HDU��
7KH�S+�RI� WKH� IUXLW� MXLFH�ZDV� IRXQG��������� LQ���JHQRW\SHV��
����������LQ����JHQRW\SHV��*�QGR÷GX���������7KH�S+�YDOXHV�
REWDLQHG�LQ�RXU�VWXG\�ZHUH�LQ�SDUDOOHO�ZLWK�WKH�YDOXHV�RI�GLIIHU-
HQW�VWXGLHV��$V�DQRWKHU�LPSRUWDQW�IHDWXUH��ZH�FKHFNHG�YLWDPLQ�
&�OHYHOV�LQ�RXU�VWXG\��9LWDPLQ�&�OHYHOV�LQ�IUXLW�VDPSOHV�ZHUH�
EHWZHHQ� ��� DQG� ���PJ�����J� LQ� HLJKW� JHQRW\SHV� ������ DQG�
��±����PJ�����J�LQ�WZR�JHQRW\SHV��������)RUPHU�H[DPLQD-
WLRQ�FRQGXFWHG�LQ�6LLUW�ZHUH�H[KLELWHG���±���PJ�����J�YLWDPLQ�
&�OHYHO��.D]DQND\D�HW�DO����������,W�LV�SODXVLEOH�WR�FRQFOXGH�WKDW�
vitamin C values of our study are higher than those obtained in 
WKH�VWXG\�LQ�6LLUW��7LWUDWDEOH�DFLG�FRQWHQW�ZDV�EHWZHHQ�����DQG�
�����LQ�VHYHQ�JHQRW\SHV�������DQG����±����LQ�WKUHH�JHQRW\SHV�
�������,Q�D�VWXG\�FRQGXFWHG�LQ�WKH�0HGLWHUUDQHDQ�UHJLRQ��WKH�
DPRXQW�RI�WLWUDWDEOH�DFLG�FRQWHQW�RI�IUXLW�MXLFH�YDULHG�EHWZHHQ�
�����DQG�������<ÕOPD]�HW�DO����������,Q�DQRWKHU�VWXG\�FRQGXFWHG�
LQ� WKH�0HGLWHUUDQHDQ� UHJLRQ�� WKH�PLQLPXP�DFLG� FRQWHQW�ZDV�
GHWHUPLQHG�DV�������LQ�JHQRW\SH����1�����WKH�KLJKHVW�DPRXQW�
RI� DFLG� ZDV� GHWHUPLQHG� WR� EH� ������ LQ� ��� 1� ��� JHQRW\SH�
�g]J�YHQ�HW�DO����������7KH�WLWUDWDEOH�DFLG�UDWLR�FRQWHQW�RI�WKH�
JHQRW\SHV�ZH�VWXGLHG�ZDV�PXFK�ORZHU�WKDQ�WKH�YDOXHV�REWDLQHG�
LQ�RWKHU�VWXGLHV�

Conclusion 
$FFRUGLQJ� WR� WKH� UHVXOWV�� WKH� DYHUDJH� IUXLW�ZHLJKW� RI� WKH�

JHQRW\SHV�ZDV�UDQJHG�EHWZHHQ�������DQG�������J��)UXLW�OHQJWK��
ZLGWK��YROXPH��DQG�GHQVLW\�ZHUH�GHWHFWHG�EHWZHHQ�����������
PP������±�����PP������±������PO� DQG�����±�����J�PO�� UH-
VSHFWLYHO\��7KH�FDO\[�UDGLXV�DQG�WKH�OHQJWK�RI�WKH�FDO\[�ZHUH�
UDQJHG�IURP�����WR������PP�DQG������WR������PP��UHVSHFWLYHO\��
7KH�YROXPH�RI�WKH�IUXLW�MXLFH�ZDV�GHWHUPLQHG�EHWZHHQ������DQG�

������PO��)UXLW�WDVWH�ZDV�DV�FHUWDLQHG�DV�VRXU�LQ�WZR�JHQRW\SHV�
DQG�DV�VZHHW�LQ�HLJKW�JHQRW\SHV��$ULO�FRORU�ZDV�GHWHUPLQHG�DV�
GDUN�SXUSOH�LQ�WKUHH�JHQRW\SHV��SXUSOH�LQ�WZR�JHQRW\SHV��PHGL-
XP�UHG�LQ�WZR�JHQRW\SHV�DQG�SLQN�UHG�LQ���JHQRW\SHV��7KH�HDV-
LQHVV�RI�DULO�VHSDUDWLQJ�ZDV�GHWHUPLQHG�DV�HDV\�LQ�HLJKW�JHQR-
W\SHV�DQG�PHGLXP�LQ�WZR�JHQRW\SHV��$ULO�ZHLJKW�DQG�DULO�\LHOG�
ZHUH�IRXQG�EHWZHHQ�����±�����J�DQG�����±�������UHVSHFWLYH-
O\��7KH�WKLFNQHVV�RI�WKH�SHHO�ZDV�IRXQG�EHWZHHQ�����������PP��
7KH�XSSHU�SHHO�FRORU�ZDV�SXUSOH�LQ�IRXU�JHQRW\SHV��SLQN�UHG�LQ�
WZR�JHQRW\SHV��RUDQJH�UHG�LQ�RQH�JHQRW\SH�DQG�RUDQJH�LQ�WKUHH�
JHQRW\SHV�� 7KH� ERWWRP� SHHO� FRORU� ZDV� RUDQJH�UHG� LQ� VHYHQ�
JHQRW\SHV�DQG�RUDQJH�LQ�WKUHH�JHQRW\SHV��6HHG�KDUGQHVV�ZDV�
PHGLXP�KDUG� LQ�HLJKW�JHQRW\SHV�DQG�KDUG� LQ� WZR�JHQRW\SHV��
7KH�H[WHUQDO�DSSHDUDQFH�RI�WKH�FDO\[�LQ�WKH�VHOHFWHG�JHQRW\SHV�
ZDV�IRXQG�WR�EH�VLJQL¿FDQW�LQ�VL[�JHQRW\SHV��PRGHUDWH�LQ�WZR�
JHQRW\SHV�DQG�QRW�VLJQL¿FDQW� LQ� WZR�JHQRW\SHV��7KH�QXPEHU�
RI�FKDPEHU�RI�WKH�IUXLWV�ZDV���LQ�QLQH�JHQRW\SHV�DQG���LQ�RQH�
JHQRW\SH��7KH�IUXLW�VKDSH�LQGH[�ZDV�IRXQG�WR�EH�EHWZHHQ�����±
�������9LWDPLQ�&�YDOXHV�ZHUH�GHWHUPLQHG�EHWZHHQ����DQG�����
PJ�����J��7KH�WRWDO�VROXEOH�VROLG��766��UDQJHG�IURP������WR�
�������7KH� S+� YDOXH� RI� WKH� IUXLWV�ZDV� GHWHUPLQHG� EHWZHHQ�
�����DQG��������7KH�WLWUDWDEOH�DFLGLW\�RI�IUXLW�MXLFH�YDULHG�EH-
WZHHQ������DQG�������

Pomegranate cultivation has been carried out in the Dicle 
DQG�dHUPLN�GLVWULFWV�RI�WKH�'L\DUEDNÕU�SURYLQFH�ZKHUH�WKH�VWXG\�
ZDV�FDUULHG�RXW�IRU�PDQ\�\HDUV��8S�WR�QRZ��WKHUH�LV�QR�JHQHWLF�
VHOHFWLRQ�VWXG\�FRQGXFWHG�RQ�SRPHJUDQDWH�JHQRW\SHV��,Q�WKLV�
VWXG\��LW�ZDV�XQFRYHUHG�WKDW�SRPHJUDQDWH�JHQRW\SHV�JURZQ�LQ�
WKH�UHJLRQ�KDYH�VXSHULRU� IUXLW�SURSHUWLHV��3URQRXQFHG�TXDOLW\�
FULWHULD�RI�SRPHJUDQDWH�DUH�ELJ�IUXLW��ELJ�DULOV�� MXLFLQHVV��VRIW�
VHHGV�� WDVWLQHVV�� DQG� DURPD��7KH� JHQRW\SHV�ZH� KDYH� VWXGLHG�
KDYH�EHHQ�RI�KLJKHU�TXDOLW\�WKDQ�SUHYLRXVO\�VWXGLHG�RQHV�VR�IDU��
7KH�IUXLW�VL]H��WKH�YROXPH�RI�IUXLW�MXLFH��WDVWH��HDVH�RI�JUDLQLQJ�
DIIHFWV�LWV�SURGXFWLRQ�DQG�FRQVXPSWLRQ��7KHVH�SDUDPHWHUV�DUH�
the reasons to choose for table consumption and pomegranate 
V\UXS�SURGXFWLRQ��&RQVLGHULQJ�WKHVH��SRPHJUDQDWHV�LQ�WKH�UH-
JLRQ�DUH�RI�LPSRUWDQFH�

7KH�'LFOH�DQG�dHUPLN�GLVWULFWV�RI�WKH�'L\DUEDNÕU�SURYLQFH�
KDV� RSWLPDO� FOLPDWLF� FRQGLWLRQV� IRU� SRPHJUDQDWH� FXOWLYDWLRQ��
7KLV�LV�D�PDMRU�RSSRUWXQLW\�IRU�SRPHJUDQDWH�SURGXFHUV��+RZ-
HYHU��WKH�SURGXFHUV�GR�QRW�KDYH�WKH�QHFHVVDU\�WHFKQLFDO�NQRZO-
HGJH�DERXW�SRPHJUDQDWH�FXOWLYDWLRQ��7KLV�SUHYHQWV�SURGXFHUV�
WR�EHQH¿W� IURP� WKH�FOLPDWLF�DGYDQWDJH��7R� UHVROYH� WKLV�SURE-
lem; universities, research institutes, provincial and district 
directorates of agriculture and other agricultural organizations 
should be in cooperation and organize training activities for 
SURGXFHUV��7KH�HFRQRPLF�YDOXH�RI�SRPHJUDQDWH�KDV�SURPLVLQJ�
SRWHQWLDO�IRU�WKHP��,I�FXOWLYDWLRQ�DQG�SURGXFWLRQ�EHFRPH�ZLGH-
spread, it might propose an alternative source of livelihood for 
WKH�SHRSOH�RI�WKH�UHJLRQ��&XUUHQWO\��ZH�KDYH�QRW�HQFRXQWHUHG�
DQ\�UHJLVWHUHG�SRPHJUDQDWH�JHQRW\SH�LQ�RXU�VWXG\��,Q�WKLV�UH-
gion, selective breeding activities should be accelerated as 
VRRQ�DV�SRVVLEOH�DQG�JHQRW\SHV�ZKLFK�DUH�ZHOO�DGDSWHG��KLJK-
O\�HI¿FLHQW�DQG�KDYH�VXSHULRU�SURSHUWLHV�VKRXOG�EH�UHJLVWHUHG��
7KHVH�JHQRW\SHV�DQG�YDULHWLHV�VKRXOG�EH�UHFRPPHQGHG�WR�SUR-
GXFHUV�ZKR�ZLOO�HVWDEOLVK�QHZ�SRPHJUDQDWH�RUFKDUGV�
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7DEOH����3K\VLFDO�DQG�&KHPLFDO�3URSHUWLHV�RI����3RPHJUDQDWH�*HQRW\SHV��$YHUDJH�YDOXHV��

Properties ���d5��� ���d5��� ���d5��� ���d5��� ���d5��� ���d5��� ���'&��� ���'&��� 21 DC 27 21 DC 32

)UXLW�:HLJKW��J� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

)UXLW�/HQJWK��PP� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

)UXLW�:LGWK��PP� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

)UXLW�9ROXPH��PO� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

)UXLW�'HQVLW\��J�PO� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

&DO\[�5DGLXV��PP� 11 ���� ���� ���� ���� ���� ��� ���� ���� ����

&DO\[�/HQJWK��PP� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

)UXLW�-XLFH�9ROXPH�
�PO� ���� ���� ����� ����� ����� ����� ����� ����� ����� �����

)UXLW�7DVWH 6ZHHW 6ZHHW 6ZHHW 6ZHHW 6ZHHW 6ZHHW 6ZHHW 6ZHHW Sour Sour

Aril Color Dark 
Purple

Dark 
Purple

Pink -
Red

Pink -
Red

Pink -
Red

Dark 
Purple Purple Purple Medium 

Red
Medium 

Red

$ULO�:HLJKW��J� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

$ULO�<LHOG���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

Upper Peel Color Purple Purple Pink -
Red

Pink -
Red Purple Purple Orange Orange-

Red Orange Orange

%RWWRP�3HHO�&RORU Orange-
Red

Orange-
Red

Orange-
Red

Orange-
Red

Orange-
Red

Orange-
Red Orange Orange-

Red Orange Orange

3HHO�7KLFNQHVV��PP� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

Seed Hardness
Medium 

Hard
Medium 

Hard
Medium 

Hard
Medium 

Hard
Medium 

Hard
Medium 

Hard
Medium 

Hard
Medium 

Hard Hard Hard

'U\�0DWWHU�5DWLR���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

)UXLW�3XOS��J� ����� ���� ����� ����� ����� ����� ����� ����� ����� �����

1XPEHU�RI�&DOL\[ 7 7 7 � 7 7 7 7 7 7

&ODULW\�RI�&DOL\[�
Appearance Clear Clear Medium 

Clear Clear Not 
Clear Clear Clear Clear Medium 

Clear
Not 

Clear

Easiness of Aril 
Separating Easy Easy Easy Easy Easy Easy Easy Easy Medium Medium

)UXLW�6KDSH�,QGH[ ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

9LWDPLQ�&��PJ�����J� 77 �� �� �� �� 93 71 �� ��� ��

766���� �� �� 19 �� 21 17 �� 19 17 ��

S+���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

7LWUDWDEOH�$FLG�5DWLR�
��� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
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7DEOH����:HLJKWHG�*UDGLQJ�0HWKRG�6FRUHV�RI����3RPHJUDQDWH�*HQRW\SHV�

*HQRW\SH�
Name ���d5��� ���d5��� ���d5��� ���d5��� ���d5��� ���d5��� ���'&��� ���'&��� 21 DC 27 21 DC 32

6FRUH���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
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7UXQN�1XPEHU�
�1R� � � � 3 3 � 2 � � �

7UHH�*LUWK�
�FP�
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17 11-12-12 �������� �������� ����� 12-13-13-
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Density of the 
%UDQFKHV Frequent Frequent Frequent Semi 

Frequent
Semi 

Frequent Frequent Medium
Frequent Frequent Frequent Frequent

Cold 
Damage No No No No No No No No No No

First Foliation 
Date $SU��� $SU��� $SU��� $SU��� $SU���� Apr-11 $SU���� $SU��� Apr-11 Apr-17 

)ORZHULQJ�
Date 0D\��� May-17 0D\��� May-29 0D\���� 0D\���� May-23 May-17 May-19 May-21 

Harvest Date Oct-21 Oct-19 2FW��� Oct-21 2FW���� Oct-23 2FW���� 2FW���� Oct-23 2FW����
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