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ZZZ�MDHIV�FRP-$()6 �H�,661������������,QWHUQDWLRQDO�-RXUQDO�RI$JULFXOWXUH��(QYLURQPHQW�DQG�)RRG�6FLHQFHV '2,�����������MDHIV��3URI�'U��*XOWHNLQ�2='(0,5$JULFXOWXUDO�6FLHQFHV��+RUWLFXOWXUH��9LWLFXOWXUH'LFOH�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH��'HSDUWPHQW�RI�+RUWLFXOWXUH��'L\DUEDNLU��7XUNH\�JR]GHPLU#GLFOH�HGX�WU��������HGLWRU#MDHIV�FRP�
(GLWRU�LQ�&KLHI

3URI�'U��=H\QHO�&(%(&,$JULFXOWXUDO�6FLHQFHV��%LRPHWU\�	�*HQHWLFVdXNXURYD�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH��'LY��RI�%LRPHWU\�	�*HQHWLFV��$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 3URI�'U��+DNDQ�$.7$6$JULFXOWXUDO�6FLHQFHV��+RUWLFXOWXUH6XOH\PDQ�'HPLUHO�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH�'HSDUWPHQW�RI�+RUWLFXOWXUH��,VSDUWD��7XUNH\�DNWDVKDNDQ#VGX�HGX�WU3URI�'U��<ÕOPD]�%$<+$1$JULFXOWXUDO�6FLHQFHV��$JULFXOWXUDO�0DFKLQHU\1DPÕN�.HPDO�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH�'HSDUWPHQW�RI�%LRV\VWHP�(QJLQHHULQJ��7HNLUGD÷��7XUNH\�\ED\KDQ#QNX�HGX�WU3URI�'U��2QHU�&(7,1�$JULFXOWXUDO�6FLHQFHV��$JULFXOWXUDO�6WUXFWXUHV�DQG�,UULJDWLRQ'LFOH�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH�'HSDUWPHQW�RI�$JULFXOWXUDO�6WUXFWXUHV�DQG�,UULJDWLRQ��'L\DUEDNLU��7XUNH\�RQHUBFHWLQ#\DKRR�FRP3URI�'U��+��<LOGL]�'$6*$1�$JULFXOWXUDO�6FLHQFHV��+RUWLFXOWXUHdXNXURYD�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH�'HSDUWPHQW�RI�+RUWLFXOWXUH��$GDQD��7XUNH\GDVJDQ#FX�HGX�WU3URI�'U��7HW\DQD�.$/1$�'8%,1<8.�$JULFXOWXUDO�6FLHQFHV��$JULFXOWXUDO�(FRQRPLFV1DWLRQDO�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�.$5$&$�$JULFXOWXUDO�6FLHQFHV��3ODQW�3URWHFWLRQ$SSOLHG�6FLHQFHV�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH��'HSDUWPHQW�RI�3ODQW�3URWHFWLRQ��,VSDUWD��7XUNH\�LVPDLONDUDFD#VGX�HGX�WU3URI�'U��$\]LQ�%��.8'(1�$JULFXOWXUDO�6FLHQFHV��+RUWLFXOWXUHdXNXURYD�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH�'HSDUWPHQW�RI�+RUWLFXOWXUH��$GDQD��7XUNH\DENXGHQ#FX�HGX�WU



,,

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

$VVRF�3URI�'U��(URO�$7$<�HDWD\#PNX�HGX�WU$VVRF�3URI�'U��.KXGD�%$.+6+0XVWDID�.HPDO�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH��'HSDUWPHQW�RI�3ODQW�3URWHFWLRQ��$QWDN\D��7XUNH\�
dXNXURYD�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH�'HSDUWPHQW�RI�+RUWLFXOWXUH��$GDQD��7XUNH\WDQJRODU#FX�HGX�WU3URI�'U��6HPLK�7$1*2/$5�
$JULFXOWXUDO�6FLHQFHV��3ODQW�3URWHFWLRQ
3URI�'U��6HUSLO�7$1*2/$5�

NEDNKVK#FLLWYHKDUL�HGX�SN

$JULFXOWXUDO�6FLHQFHV��+RUWLFXOWXUH
$JULFXOWXUDO�6FLHQFHV��+RUWLFXOWXUHdXNXURYD�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH�'HSDUWPHQW�RI�+RUWLFXOWXUH��$GDQD��7XUNH\VWDQJRODU#FX�HGX�WU
&206$76�,QVWLWXWH�RI�,QIRUPDWLRQ�7HFKQRORJ\��'HSDUWPHQW�RI�0DQDJHPHQW�6FLHQFHV��9HKDUL��3DNLVWDQ�

QVHNHURJOX#JPDLO�FRP

$JULFXOWXUDO�6FLHQFHV��(QYLURQPHQWDO�(FRQRPLFV

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

3URI�'U��0DUN�0$77+(:6�
\HVLPFDQ#FX�HGX�WU
3URI�'U��,EUDKLP�257$6�$JULFXOWXUDO�6FLHQFHV��6RLO�6FLHQFH��3ODQW�1XWULWLRQ

$JULFXOWXUDO�6FLHQFHV��9LWLFXOWXUH�DQG�(QRORJ\PDPDWWKHZV#XFGDYLV�HGX3URI�'U��1��<HVLP�<DOFLQ�0(1',�dXNXURYD�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH�'HSDUWPHQW�RI�+RUWLFXOWXUH��$GDQD��7XUNH\$JULFXOWXUDO�6FLHQFHV��+RUWLFXOWXUH&DOLIRUQLD�8QLYHUVLW\��'HSDUWPHQW�RI�9LWLFXOWXUH�DQG�(QRORJ\��'DYLV��8�6�$�
,VWDQEXO�8QLYHUVLW\�&HUUDKSDVD��)DFXOW\�RI�(QJLQHHULQJ��'HSDUWPHQW�RI�(QYLURQPHQWDO�(QJLQHHULQJ��,VWDQEXO��7XUNH\�VQHPOL#LVWDQEXO�HGX�WU

3URI�'U��$EGXOODK�6(66,=�$JULFXOWXUDO�6FLHQFHV��$JULFXOWXUDO�0DFKLQHU\

$VVRF�3URI�'U��6HPD�.DOH�&(/,.�

$NGHQL]�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH��'HSDUWPHQW�RI�$JULFXOWXUDO�(FRQRPLFV��$QWDO\D��7XUNH\�
dXNXURYD�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH��'HSDUWPHQW�RI�6RLO�6FLHQFH�DQG�3ODQW�1XWULWLRQ��$GDQD��7XUNH\�

QHVDUL#FX�HGX�WU3URI�'U��1D]ÕP�6(.(52*/8�)RRG�6FLHQFHV��0HGLFLQDO�DQG�$URPDWLF�3ODQWV.LOLV���$UDOLN�8QLYHUVLW\��)DFXOW\�RI�(QJLQHHULQJ�DQG�$UFKLWHFWXUH��'HSDUWPHQW�RI�)RRG�(QJLQHHULQJ��.LOLV��7XUNH\�
R]FDWDOEDV#DNGHQL]�HGX�WU3URI�'U��1HEDKDW�6$5,�
3URI�'U��2UKDQ�2=&$7$/%$6�LRUWDV#FX�HGX�WU
dXNXURYD�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH�'HSDUWPHQW�RI�+RUWLFXOWXUH��$GDQD��7XUNH\
$JULFXOWXUDO�6FLHQFHV��$JULFXOWXUDO�(FRQRPLFV
$JULFXOWXUDO�6FLHQFHV��+RUWLFXOWXUH

$JULFXOWXUDO�6FLHQFHV��$JULFXOWXUDO�6WUXFWXUHV�DQG�,UULJDWLRQ$SSOLHG�6FLHQFHV�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH�'HSDUWPHQW�RI�$JULFXOWXUDO�6WUXFWXUHV�DQG�,UULJDWLRQ��,VSDUWD��7XUNH\�VHPDNDOH#VGX�HGX�WU$VVRF�3URI�'U��<XUL\�.5$9&+(1.2�$JULFXOWXUDO�6FLHQFHV��6RLO�6FLHQFH1DWLRQDO�8QLYHUVLW\�RI�/LIH�DQG�(QYLURQPHQWDO�6FLHQFHV�RI�8NUDLQH��6RLO�6FLHQFH�DQG�6RLO�&RQVHUYDWLRQ�'HSDUWPHQW�8NUDLQH�NUDYFK#L�XD���

DVHVVL]#GLFOH�HGX�WU'LFOH�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH��'HSDUWPHQW�RI�$JULFXOWXUDO�0DFKLQHU\�DQG�7HFKQRORJLHV�(QJLQHHULQJ��'L\DUEDNLU��7XUNH\�

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



,,,

ZZZ�MDHIV�FRP-$()6 $JULFXOWXUH��(QYLURQPHQW�DQG�)RRG�6FLHQFHV,QWHUQDWLRQDO�-RXUQDO�RI
'2,�����������MDHIV��$VVRF�3URI�'U��(PLQH�(OPDVODU�2=%$6(QYLURQPHQWDO�6FLHQFHV��:DWHU�3ROOXWLRQ�DQG�&RQWURO,VWDQEXO�8QLYHUVLW\�&HUUDKSDVD��'HSDUWPHQW�RI�(QYLURQPHQWDO�(QJLQHHULQJ��,VWDQEXO��7XUNH\�HOPDVODU#LVWDQEXO�HGX�WU$VVRF�3URI�'U��5yEHUW�6=,/$*<,�$JULFXOWXUDO�6FLHQFHV��0RELOH�,QWHUQHW�LQ�$JULFXOWXUH'HEUHFHQ�8QLYHUVLW\��'HEUHFHQ��+XQJDU\�V]LODJ\L�UREHUW#HFRQ�XQLGHE�KX$VVRF�3URI�'U��6HOPD�72=$1/,�$JULFXOWXUDO�6FLHQFHV��$JULFXOWXUDO�(FRQRPLFV,QVWLWXW�$JURQRPLTXH�0pGLWHUUDQpHQ�GH�0RQWSHOOLHU��)UDQFHWR]DQOL#LDPP�IU$VVLVW�3URI�'U��6LPRQH�&$67(//$5,1�$JULFXOWXUDO�6FLHQFHV��9LWLFXOWXUH�	�3ODQW�*HQRPLFV%ULWLVK�&ROXPELD�8QLYHUVLW\��'HSDUWPHQW�9LWLFXOWXUH�	�3ODQW�*HQRPLFV��&DQDGDVLPRQH�FDVWHOODULQ#XEF�FD'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

(GLWRULDO�%RDUG

VDOLKFHOLN#QNX�HGX�WU
JLXOLDQR¿QHWWR#JPDLO�FRP

$JULFXOWXUDO�6FLHQFHV��$JULFXOWXUDO�(FRQRPLFV
)RRG�6FLHQFHV��)RRG�7HFKQRORJ\DED\UDP#GLFOH�HGX�WU3URI�'U��0RKDPHG�%28$=,=

3URI�'U��%�OHQW�*h/d8%8.

8QLYHUVLW\�RI�6ID[��7XQLVLD�
0XKDPPDG�1DZD]�6KDUHHI�8QLYHUVLW\�RI�$JULFXOWXUH��0XOWDQ��3DNLVWDQ�

$JULFXOWXUDO�6FLHQFHV��+RUWLFXOWXUH8QLYHUVLW\�RI�9HURQD��9HURQD��,WDO\�
PRKDPHG�ERXD]L]#LVEV�XVI�WQ3URI�'U��6DOLK�d(/,.$JULFXOWXUDO�6FLHQFHV��9LWLFXOWXUH

7KH�2KLR�6WDWH�8QLYHUVLW\��3LNHWRQ��86$�LVODP���#RVX�HGX
$JULFXOWXUDO�6FLHQFHV��$JULFXOWXUDO�(FRQRPLFV$QNDUD�8QLYHUVLW\��$QNDUD��7XUNH\�JXOFXEXN#DJUL�DQNDUD�HGX�WU3URI�'U��5D¿T�,6/$0�(QYLURQPHQW�6FLHQFHV��6RLO��:DWHU�DQG�%LRHQHUJ\�5HVRXUFHV

1DPLN�.HPDO�8QLYHUVLW\��7HNLUGDJ��7XUNH\3URI�'U��*LXOLDQR�),1(772

LUIDQ�EDLJ#PQVXDP�HGX�SN3URI�'U��$KPHW�%$<5$0$JULFXOWXUDO�6FLHQFHV��3ODQW�3URWHFWLRQ'LFOH�8QLYHUVLW\��'L\DUEDNLU��7XUNH\�
3URI�'U��,UIDQ�$KPDG�%$,*

$JULFXOWXUDO�6FLHQFHV��9LWLFXOWXUH2QGRNX]�0D\LV�8QLYHUVLW\��6DPVXQ��7XUNH\�KXVFHOLN#RPX�HGX�WU
$JUDULFXOWXUDO�8QLYHUVLW\�RI�*HRUJLD��7ELOLVL�J�MDSRVKYLOL#DJUXQL�HGX�JH3URI�'U��+�VH\LQ�d(/ø.$JULFXOWXUDO�6FLHQFHV��(QWRPRORJ\3URI�'U��*HRUJH�-$326+9,/,

$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��

3URI�'U��3DKODM�022/,2$JULFXOWXUDO�6FLHQFHV��$JULFXOWXUDO�(FRQRPLFV3DxxƗVƗVWUD�8QLYHUVLW\�RI�&DPERG�LD��38&���3KQRP�3HQK��&DPERGLDSDKODM#SXF�HGX�NK3URI�'U��3HWHU�21'5,âË.$JULFXOWXUDO�6FLHQFHV��$JURELRORJ\�DQG�)RRG�5HVRXUFHV6ORYDN�8QLYHUVLW\�RI�$JULFXOWXUH��1LWUD��6ORYDN�5HSXEOLF�SHWHU�RQGULVLN#XQLDJ�VN3URI�'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\�DVDELU#VHOFXN�HGX�WU3URI�'U��6HNDQ�6(//,)RRG�6FLHQFHV��)RRG�7HFKQRORJ\&XNXURYD�8QLYHUVLW\��$GDQD��7XUNH\VVHOOL#FX�HGX�WU3URI�'U��9LQD\DN�6��6+('(.$5$JULFXOWXUDO�6FLHQFHV��)RRG��$JULFXOWXUDO�DQG�%LRORJLFDO�(QJLQHHULQJ7KH�2KLR�6WDWH�8QLYHUVLW\��3LNHWRQ��86$VKHGHNDU��#RVX�HGX3URI�'U��9HOLERU�63$/(9,&(QYLURQPHQWDO�6FLHQFHV��(FRORJLFDO�(QJLQHHULQJ8QLYHUVLW\�RI�0RQWHQHJUR��3RGJRULFD��0RQWHQHJUR�YHOLERU�VSDOHYLF#JPDLO�FRP3URI�'U��*HRUJH�-��67$7+$6$JULFXOWXUDO�6FLHQFHV��(QWRPRORJ\�	�=RRORJ\7HFKQRORJLFDO�(GXFDWLRQDO�,QVWLWXWH�RI�3HORSRQQHVH��.DODPDWD��*UHHFHJVWDWKDV#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��+RUWLFXOWXUH6XOH\PDQ�'HPLUHO�8QLYHUVLW\��,VSDUWD��7XUNH\�KXVQXXQOX#VGX�HGX�WU3URI�'U��+DOLW�<(7,ù,5$JULFXOWXUDO�6FLHQFHV��+RUWLFXOWXUH(UFL\HV�8QLYHUVLW\��.D\VHUL��7XUNH\�\HWLVLU�#\DKRR�FRP

3URI�'U��9HDFHVODY�0$=Ă5(%DQDW�8QLYHUVLW\�RI�$JULFXOWXUDO�6FLHQFHV�DQG�9HWHULQDU\�0HGLFLQH��5RPDQLD(QYLURQPHQWDO�6FLHQFHV��6RLO�6FLHQFH

3URI�'U��+DúLP�.(/(%(.)RRG�6FLHQFHV��)RRG�7HFKQRORJ\

YDOHQWLQ�PD]DUH#JPDLO�FRP
$JULFXOWXUDO�6FLHQFHV��9LWLFXOWXUH$QNDUD�8QLYHUVLW\��$QNDUD��7XUNH\PDUDVDOL#DJUL�DQNDUD�HGX�WU
2UGX�8QLYHUVLW\��2UGX��7XUNH\�NRUNPD]��#KRWPDLO�FRP3URI�'U��%LUKDQ�.817(5
$GDQD�6FLHQFH�DQG�7HFKQRORJ\�8QLYHUVLW\��$GDQD��7XUNH\$JULFXOWXUDO�6FLHQFHV��6RLO�6FLHQFH�DQG�3ODQW�1XWULWLRQ3URI�'U��.�UúDW�.25.0$=KNHOHEHN#DGDQDEWX�HGX�WU$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��

$VVRF�3URI�'U��=HOMND�=*25(/(&]]JRUHOHF#DJU�KU$VVW�3URI�'U��$EGXUUDKPDQ�.$5$$JULFXOWXUDO�6FLHQFHV��$JULFXOWXUDO�(FRQRPLFV'LFOH�8QLYHUVLW\��'L\DUEDNLU��7XUNH\�DEGXUUDKPDQ�NDUD#GLFOH�HGX�WU$VVW�3URI�'U��1XUJ�O�.,7,5$JULFXOWXUDO�DQG�)RRG�6FLHQFHV��3ODQW�%LRWHFKQRORJ\

0XVWDID�.HPDO�8QLYHUVLW\��+DWD\��7XUNH\�RNDPLORJOX#PNX�HGX�WU$VRFF�3URI�'U��0LOHQD�027(9$$JULFXOWXUDO�6FLHQFHV��$JULFXOWXUDO�(FRQRPLFV

.RQ\D�)RRG�DQG�$JULFXOWXUH�8QLYHUVLW\��.RQ\D��7XUNH\�QXUJXOBNLWLU#KRWPDLO�FRP'U��%XOHQW�.RF

$JULFXOWXUDO�6FLHQFHV��$JURQRP\8QLYHUVLW\�RI�=DJUHE�)DFXOW\�RI�$JULFXOWXUH��&URDWLD�
(QYLURQPHQWDO�6FLHQFHV��:DWHU�4XDOLW\6V��&\ULO�DQG�0HWKRGLXV�8QLYHUVLW\��6NRSMH��0DFHGRQLD�YMHNRVODYWDQDVNRYLF#\DKRR�FRP

$JULFXOWXUDO�6FLHQFHV��$JULFXOWXUDO�0HFKDQL]DWLRQ&OHPVRQ�8QLYHUVLW\��&OHPVRQ��86$�EXOHQW#FOHPVRQ�HGX

1DWLRQDO�8QLYHUVLW\�RI�/LIH�DQG�(QYLURQPHQWDO�6FLHQFHV�RI�8NUDLQH��.\LY�VLORQRYD#XNU�QHW$VVRF��3URI��9MHNRVODY�7$1$6.29,.-

'U��+XPD�1D]$JULFXOWXUDO�6FLHQFHV��3ODQW�3URWHFWLRQ'HSDUWPHQW�RI�$JULFXOWXUH�DQG�&RRSHUDWLRQ��0LQLVWU\�RI�$JULFXOWXUH�DQG�)DUPHUV�:HOIDUH��.ULVKL�%KDZDQ��1HZ�'HOKL��,QGLD�

)RRG�6FLHQFHV��)RRG�3DFNDJLQJ0LGGOH�(DVW�7HFKQLFDO�8QLYHUVLW\��$QNDUD��7XUNH\�PHFLW#PHWX�HGX�WU$VVRF�3URI�'U��1DWDOLLD�6,/2129$(QYLURQPHQWDO�6FLHQFHV��0DFKLQH�/HDUQLQJ

KXPDQD]��#JPDLO�FRP
$JULFXOWXUDO�6FLHQFHV��3ODQW�3K\VLRORJ\8QLYHUVLGDG�$XWyQRPD�GH�4XHUpWDUR��4XHUHWDUR��0H[LFR�PHUFDGR������#JPDLO�FRP

8QLYHUVLW\�RI�$UFKLWHFWXUH��&LYLO�(QJLQHHULQJ�DQG�*HRGHV\��8$&(*���6R¿D�������%XOJDULD�PLOHQD�PRWHYD#\DKRR�FRP$VVRF�3URI�'U��0HFLW�+DOLO�g=723

'U��:LOVRQ�+8$1&$�0$0$1,$JULFXOWXUDO�6FLHQFHV��3ODQW�%LRWHFKQRORJ\8QLYHUVLGDG�GH�7DUDSDFi��$ULFD��&KLOHZKXDQFD#XWD�FO'U��(GPXQGR�0HUFDGR�6,/9$

$JULFXOWXUDO�6FLHQFHV��6RLO�6FLHQFH�DQG�3ODQW�1XWULWLRQ*D]LRVPDQSDVD�8QLYHUVLW\��7RNDW��7XUNH\�$VVRF�3URI�'U��+DOLO�(5'(0NRQXUDOS�HOLFLQ#GLFOH�HGX�WU�$JULFXOWXUDO�6FLHQFHV��$JULFXOWXUDO�0DFKLQHU\
$VVRF�3URI�'U��gQGHU�.$0,/2ö/8$JULFXOWXUDO�6FLHQFHV��9LWLFXOWXUHHUGHPK#KRWPDLO�FRP
'LFOH�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH��'HSDUWPHQW�RI�$JULFXOWXUDO�0DFKLQHU\�DQG�7HFKQRORJLHV�(QJLQHHULQJ��'L\DUEDNLU��7XUNH\�$VVRF�3URI�'U��$KPHW�.RQXUDOS�(/,&,1�$GYLVRU\�%RDUG
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'U��$\QXU�*�O�.$5$+$1(JH�8QLYHUVLW\��ø]PLU��7XUNH\�� �D\VHJXOBHUGRJDQ#OLYH�FRP

'U��$EGXOODK�g=.g6(.RQ\D�6HOoXN�8QLYHUVLW\��.RQ\D��7XUNH\� ��DR]NRVH#VHOFXN�HGX�WU

6�OH\PDQ�'HPLUHO�8QLYHUVLW\��,VSDUWD��7XUNH\� ��D\QXUNDUDKDQ#VGX�HGX�WU'U��%D\UDP�d(7ø1.ÕUNODUHOL�8QLYHUVLW\��.ÕUNODUHOL��7XUNH\�� �ED\UDP�FHWLQ#NOX�HGX�WU

'U��*|NW�UN�g=7h5.�$KL�(UYDQ�8QLYHUVLW\��.ÕUúHKLU��7XUNH\�� �JR]WXUN#DKLHYUDQ�HGX�WU'U��+DOLW�'HQL]�ùø5(/ø'LFOH�8QLYHUVLW\��'L\DUEDNLU��7XUNH\�� �KGVLUHOL#JPDLO�FRP'U��.D÷DQ�.g.7(1%LOJ|O�8QLYHUVLW\��%LQJ|O��7XUNH\�� �NDKDIH����#\DKRR�FRP'U��.KDOLG�.+$:$5�

dXNXURYD�8QLYHUVLW\��$GDQD��7XUNH\� ��E]DLPRJOX#FX�HGX�WU'U��)HUKDW�g=7h5.

'U��%LOJH�%$+$5
'U��%XUKDQ�.$5$�,VSDUWD�8QLYHUVLW\�RI�$SSOLHG�6FLHQFHV��,VSDUWD��7XUNH\� ��EXUKDQNDUD#LVSDUWD�HGX�WU'U��(PLQH�.$5$'(0ø5�6LLUW�8QLYHUVLW\��6LLUW��7XUNH\� ��HPLQHNDUDGHPLU#VLLUW�HGX�WU'U��)DKUL\H�%LKWHU�=$ø02*/8�21$7
7HNLUGD÷�1DPÕN�.HPDO�8QLYHUVLW\��7HNLUGD÷��7XUNH\� ��END\LVRJOX#QNX�HGX�WU'U��%LURO�.$<øù2ö/8*�P�úKDQH�8QLYHUVLW\��*�P�úKDQH��7XUNH\� ��ELOJHEDKDU#JPDLO�FRP

ùÕUQDN�8QLYHUVLW\��ùÕUQDN��7XUNH\� ��IHUKDWR]WXUN��#JPDLO�FRP'U��*�OWHNLQ�g='(0ø5'LFOH�8QLYHUVLW\��'L\DUEDNLU��7XUNH\� ��JR]GHPLU#GLFOH�HGX�WU'U��*�OV�P�<$/',=%ROX�$EDQW�ø]]HW�%D\VDO�8QLYHUVLW\��%ROX��7XUNH\�� �JB\DOGL]#KRWPDLO�FRP

dXNXURYD�8QLYHUVLW\��$GDQD��7XUNH\� ��YDU#FX�HGX�WU'U��6DWÕ�8=81

(UFL\HV�8QLYHUVLW\��.D\VHUL��7XUNH\�� �DGHPBJXQHV��#KRWPDLO�FRP'U��$EGXUUDKPDQ�.$5$'U��$GHP�*h1(ù'LFOH�8QLYHUVLW\��'L\DUEDNLU��7XUNH\�� �DEGXUUDKPDQBNDUD#KRWPDLO�FRP'U��$\GLQ�8=81��(UFL\HV�8QLYHUVLW\��.D\VHUL��7XUNH\� ��X]XQ��V#\DKRR�FRP'U��$\úHJ�O�(5'2ö$1�

(UFL\HV�8QLYHUVLW\��.D\VHUL��7XUNH\��VDWLFRFX#\DKRR�FRP�'U��7DKLU�$7,&,*D]L�8QLYHUVLW\��$QNDUD��7XUNH\� ��WDKLU#JD]L�HGX�WU'U��<LOPD]�%$<+$17HNLUGD÷�1DPÕN�.HPDO�8QLYHUVLW\��7HNLUGD÷��7XUNH\�� �\ED\KDQ#QNX�HGX�WU'U��=LED�*8/(<$ODDGGLQ�.H\NXEDW�8QLYHUVLW\��$ODQ\D��7XUNH\��]LED�JXOH\#DODQ\D�HGX�WU�

$QNDUD�8QLYHUVLW\��$QNDUD��7XUNH\� ��NPNKDZDU#JPDLO�FRP'U��0XUDW�781d7h5.9DQ�<�]�QF��<ÕO�8QLYHUVLW\��9DQ��7XUNH\� ��PXUDWWXQFWXUN#\\X�HGX�WU'U��0XVWDID�h1/h�dXNXURYD�8QLYHUVLW\��$GDQD��7XUNH\� ��PXQOX#FX�HGX�WU'U��0XVWDID�.,=,/6,06(..DKUDPDQPDUDú�6�Wo��øPDP�8QLYHUVLW\��.DKUDPDQPDUDú��7XUNH\� ��PNL]LO#NVX�HGX�WU'U��0�JH�.$0ø/2ö/8+DWD\�0XVWDID�.HPDO�8QLYHUVLW\��+DWD\��7XUNH\� ��PNDPLORJOX#JPDLO�FRP'U��1H]LKH�)LJHQ�(562<�$5&$$QDGROX�8QLYHUVLW\��(VNLúHKLU��7XUNH\� ��QIHUVR\#DQDGROX�HGX�WU'U��g]J�U�(0ø52ö/8(VNLúHKLU�2VPDQJD]L�8QLYHUVLW\��(VNLúHKLU��7XUNH\�� �HPLURJOX#RJX�HGX�WU'U��øúLO�9$5�

9,

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

�H�,661������������

mailto:aysegul_erdogan@live.com
http://(aozkose@selcuk.edu.tr
http://(aynurkarahan@sdu.edu.tr
mailto:bayram.cetin@klu.edu.tr
mailto:gozturk@ahievran.edu.tr
mailto:hdsireli@gmail.com
mailto:kahafe1974@yahoo.com
http://(bzaimoglu@cu.edu.tr
http://(burhankara@isparta.edu.tr
http://(eminekarademir@siirt.edu.tr
http://(bkayisoglu@nku.edu.tr
mailto:(bilgebahar@gmail.com
mailto:(ferhatozturk21@gmail.com
http://(gozdemir@dicle.edu.tr
mailto:g_yaldiz@hotmail.com
http://(var@cu.edu.tr
mailto:adem_gunes25@hotmail.com
mailto:abdurrahman_kara@hotmail.com
mailto:(uzun38s@yahoo.com
mailto:saticocu@yahoo.com)
http://(tahir@gazi.edu.tr
mailto:ybayhan@nku.edu.tr
mailto:ziba.guley@alanya.edu.tr)
mailto:(kmkhawar@gmail.com
http://(murattuncturk@yyu.edu.tr
http://(munlu@cu.edu.tr
http://(mkizil@ksu.edu.tr
mailto:(mkamiloglu@gmail.com
http://(nfersoy@anadolu.edu.tr
mailto:emiroglu@ogu.edu.tr


ZZZ�MDHIV�FRP-$()6 $JULFXOWXUH��(QYLURQPHQW�DQG�)RRG�6FLHQFHV,QWHUQDWLRQDO�-RXUQDO�RI
'2,�����������MDHIV��3URGXFWLRQ�,QIRUPDWLRQ

-RXUQDO�1DPH ,QWHUQDWLRQDO�-RXUQDO�RI�$JULFXOWXUH��(QYLURQPHQW�DQG�)RRG�6FLHQFHV$EEUHYLDWLRQ ,QW�-�$JULF�(QYLURQ�)RRG�6FL6XEMHFWV $JULFXOWXUH��(QYLURQPHQW�DQG�)RRG�6FLHQFHVH�,661� ���������3XEOLVKHU *XOWHNLQ�2]GHPLU2ZQHU *XOWHNLQ�2]GHPLU/DQJXDJH (QJOLVK)UHTXHQF\ 4XDUWHUO\��0DUFK��-XQH��6HSWHPEHU��'HFHPEHU�7\SH�RI�3XEOLFDWLRQ :LGHO\�GLVWULEXWHG�SHULRGLFDO,QWHUQDWLRQDO��6FLHQWL¿F��2SHQ�$FFHVV'RXEOH�EOLQGHG�SHHU�UHYLHZ
7UDFNLQJ�6\VWHP0DQXVFULSW�6XEPLVVLRQ�DQG� -$()6�XVHV�WKH�VXEPLVVLRQ�V\VWHP�RI�78%,7$.�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$GGUHVV 3URI�'U��*XOWHNLQ�2]GHPLU�'LFOH�8QLYHUVLW\�)DFXOW\�RI�$JULFXOWXUH�'HSDUWPHQW�RI�+RUWLFXOWXUH��������'L\DUEDNLU���785.(<,QWHUQDWLRQDO�-RXUQDO�RI�$JULFXOWXUH��(QYLURQPHQW�DQG�)RRG�6FLHQFHV�
&RQWDFW (�PDLO��HGLWRU#MDHIV�FRP3URI�'U��*XOWHNLQ�2]GHPLU�3KRQH�������������������

�������������GHUJLSDUN�JRY�WU�MDHIV:HE�����ZZZ�MDHIV�FRP��������������MDHIVHGLWRU#JPDLO�FRP��

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

9,,
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9,,,

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

,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�

,QFUHDVHG�YLVLELOLW\�DQG�UHDGHUVKLS5DSLG�SXEOLFDWLRQ1R�VSDWLDO�FRQVWUDLQWV�

,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��

-RXUQDO� RI� -$()6� ZHOFRPHV� DUWLFOH� VXEPLVVLRQV� DQG� GRHV� QRW� FKDUJH� DQ\� DUWLFOH� VXEPLVVLRQ� RU�SURFHVVLQJ�FKDUJHV��$�'LJLWDO�2EMHFW�,GHQWL¿HU��'2,��QXPEHU�KDV�EHHQ�DVVLJQHG�IRU�HDFK�DUWLFOH�DFFHSWHG�WR�EH�SXEOLVKHG�LQ�-$()6��VWDUWLQJ�IURP�'HFHPEHU�������

$XWKRUV� ZKR� SXEOLVK� ZLWK� ,QWHUQDWLRQDO� -RXUQDO� RI�$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��-$()6���DQG�WKH�OLQN�WR�WKHLU�ZRUN�LQ�WKH�MRXUQDO�$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��

$OO�WKH�RULJLQDO�DUWLFOHV�DQG�UHYLHZ�SDSHUV�SXEOLVKHG�LQ�-$()6�MRXUQDO�DUH�IUHH�WR�DFFHVV�LPPHGLDWHO\�IURP�WKH�GDWH�RI�SXEOLFDWLRQ��

³,QWHUQDWLRQDO�-RXUQDO�RI�$JULFXOWXUH��(QYLURQPHQW�DQG�)RRG�6FLHQFHV´�MRXUQDO�LV�OLFHQVHG�XQGHU�D�&UHDWLYH�&RPPRQV�$WWULEXWLRQ�����,QWHUQDWLRQDO�/LFHQVH�

,QWHUQDWLRQDO�-RXUQDO�RI�$JULFXOWXUH��(QYLURQPHQW�DQG�)RRG�6FLHQFHV�DOVR�RSHUDWHV�XQGHU�WKH�&UHDWLYH�&RPPRQV�/LFHQFH�&&�%<�1&�1'��

,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�

-RXUQDO�SXEOLVKHV�4XDUWHUO\��0DUFK��-XQH��6HSWHPEHU��'HFHPEHU���7KH�SXEOLFDWLRQ�ODQJXDJH�RI�WKH�MRXUQDO�LV�(QJOLVK�DQG�FRQWLQXHV�SXEOLFDWLRQ�VLQFH�'HFHPEHU�������-$()6�-RXUQDO� LV�DQ� LQWHUQDWLRQDO��VFLHQWL¿F��RSHQ�DFFHVV�SHULRGLFDO�SXEOLVKHG� LQ�DFFRUGDQFH�ZLWK�LQGHSHQGHQW��XQELDVHG��DQG�GRXEOH�EOLQGHG�SHHU�UHYLHZ�SULQFLSOHV�
�,QWHUQDWLRQDO�-RXUQDO�RI�$JULFXOWXUH��(QYLURQPHQW�DQG�)RRG�6FLHQFHV���-$()6��LV�DQ�LQWHUQDWLRQDO�MRXUQDO��ZKLFK�SXEOLVKHV�RULJLQDO�UHVHDUFK�DQG�UHYLHZ�DUWLFOHV�GHDOLQJ�ZLWK�$JULFXOWXUH��(QYLURQPHQW�DQG�)RRG�6FLHQFHV���

)UHH�DFFHVV�IRU�DOO�XVHUV�ZRUOGZLGH

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��
$XWKRUV�UHWDLQ�FRS\ULJKW�WR�WKHLU�ZRUN$OO�DXWKRUV�SXEOLVKLQJ�ZLWK�WKH�-$()6�DFFHSW�WKHVH�DV�WKH�WHUPV�RI�SXEOLFDWLRQ�%HQH¿WV�RI�RSHQ�DFFHVV�IRU�$XWKRUV�LQFOXGH�

2SHQ�$FFHVV�6WDWHPHQW

&RS\ULJKW�3ROLF\

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

5HVHDUFK�$UWLFOHV$XWKRUV 7LWOH 3DJHV7XUJXW�<(ùø/2ö/8��%HUNHQ�dø0(1��%LOJH�<,/0$=��0HUDO�ø1&(68 5HODWLRQVKLS�EHWZHHQ�SKRWRV\QWKHVLV�DQG�IUXLW�TXDOLW\�RI�µ&OHPHQXOHV�FOHPHQWLQH¶�PDQGDULQ�YDULHW\�EXGGHG�RQ�YDULRXV�URRWVWRFNV �������gQHU�d(7ø1 5HVSRQVH�RI�VRPH�SK\VLRORJLFDO�FRPSRQHQWV�RI�FRWWRQ�WR�VXUIDFH�DQG�VXEVXUIDFH�GULS�LUULJDWLRQ�XVLQJ�GLIIHUHQW�LUULJDWLRQ�ZDWHU�OHYHOV� �������+D]DO�g=<857 &KDQJHV�LQ�WKH�FRQWHQW�RI�WRWDO�SRO\SKHQROV�DQG�WKH�DQWLR[LGDQW�DFWLYLW\�RI�GLIIHUHQW�EHYHUDJHV�REWDLQHG�E\�.RPEXFKD�µWHD�IXQJXV¶ �������6LQDQ�8=81/8��/LVD�0(7+9(1 7KH�HIIHFW�RI�KLJK�K\GURVWDWLF�SUHVVXUH�RQ�VRPH�TXDOLW\�SDUDPHWHUV�RI�D�WUDGLWLRQDO�WRUWHOOLQL�OLNH�7XUNLVK�IRRG��PDQWÕ��SDFNHG�ZLWK�DW�PRGL¿HG�DWPRVSKHUH� �������=LVKDQ�*XO��)DL]DQ�4XUHVKL��=DIDU�-DPDO *URZWK�DQG�PLQLWXEHU�\LHOG�UHVSRQVH�RI�SRWDWR�SODQWOHWV�LQ�PLFURSURSDJDWLRQ�WR�GLIIHUHQW�SODQW�VSDFLQJ�XQGHU�JUHHQKRXVH�FRQGLWLRQV �������1HJDU�(%5$+,0�3285�02.+7$5, (IIHFWV�RI�ELR�IHUWLOL]HUV��%DFLOOXV�OHQWXV�±�3VHXGRPRQDV�SXWLGD��DQG�GLIIHUHQW�UDWHV�RI�7ULSOH�6XSHUSKRVSKDWH�IHUWLOL]HUV�RQ�VRPH�DWWULEXWHV�RI�VXJDU�EHHW��%HWD�9XOJDULV�/�� �������%LOJH�%$+$5 ,QYHVWLJDWLRQ�RI�WKH�FKDQJHV�LQ�EUDQ�PLQHUDO�FRQWHQW�DFFRUGLQJ�WR�WKH�\HDUV�DQG�JURZWK�FRQGLWLRQV�LQ�EUHDG�ZKHDW�JHQRW\SHV �������)DWPD�.$<$d(7ø1 %HKDYLRUDO�YDULDWLRQV�GXH�WR�HIIHFWV�RI�GD\�OHQJWK�RQ�\LHOG�DQG�UHODWHG�FKDUDFWHULVWLFV�RI�VRPH�%UDVVLFD�MXQFHD�/��JHQRW\SHV�XQGHU�KRW�KXPLG�FRQWLQHQWDO�FRQGLWLRQV �������$QGUHZ�7DSLZD�.8*('(5$��/DZUHQFH�0$1*2��/HWWLFLD�.2.(5$ø (YDOXDWLQJ�WKH�HIIHFWV�RI�LQWHJUDWHG�QXWULHQW�PDQDJHPHQW�DQG�LQVLWX�UDLQZDWHU�KDUYHVWLQJ�RQ�PDL]H�SURGXFWLRQ�LQ�GU\�UHJLRQV�RI�=LPEDEZH �������5HKD�$=ø=2*/8 &KDUDFWHUL]DWLRQ�RI�HWK\OHQHGLDPLQHWHWUDDFHWLF�DFLG�DQG�DFLG�WROHUDQFH�RI�IRRGERUQH�SDWKRJHQLF�EDFWHULD� �������5DQLD�$<'ø�%(1�$%'$//$+��+D\ID�-$%1281�.+ø$5(''ø1(��0HMGD�'$$0ø�5(0$'ø 9DULDWLRQ�LQ�WKH�FRPSRVLWLRQ�RI�WKH�PLFURELDO�FRPPXQLW\�LQ�WKH�UKL]RVSKHUH�RI�SRWDWR�SODQWV�GHSHQGLQJ�RQ�FURSSLQJ�VHDVRQ��FXOWLYDU�W\SH��DQG�SODQW�GHYHORSPHQW�VWDJH ��������
7DQWDQ�5867$1'ø�:ø5$'$5<$��:LG\D�3ø17$.$�%$<8�3875$��$QZDU�()(1'ø�+$5$+$3��$OZL�686.$ 7KH�JURZWK�FXUYH�RI�ERG\�ZHLJKW�LQ�.DFDQJ�JRDWV�PDQDJHG�E\�VPDOOKROGHUV�DW�7DPEDQJ�'LVWULFW�RI�,QGRQHVLD� �������
'DPOD�g=6$<,1 )DFWRUV�DIIHFWLQJ�WKH�XVH�RI�DUWL¿FLDO�LQVHPLQDWLRQ�RI�IDUPHUV�LQ�GDLU\�IDUPLQJ� �������ùXOH�%$ù$5��(QHV�(PUH�%$ù$5 +RZ�GRHV�WKH�HQYLURQPHQWDO�NQRZOHGJH�RI�7XUNLVK�KRXVHKROGV�DIIHFW�WKHLU�HQYLURQPHQWDOO\�UHVSRQVLEOH�IRRG�FKRLFHV"�7KH�PHGLDWLQJ�HIIHFWV�RI�HQYLURQPHQWDO�FRQFHUQV ��������(UPDQ�%(<=ø 3&$�DQDO\VLV�RQ�SRVWKDUYHVW�TXDOLW\�FKDUDFWHUL]DWLRQ�RI�IHQXJUHHN�GHSHQGLQJ�RQ�VHHG�ZHLJKW� �������&HP�72.$7/, 8VH�RI�:DWHU�4XDOLW\�,QGH[�WR�HYDOXDWH�WKH�JURXQGZDWHU�FKDUDFWHULVWLFV�RI�YLOODJHV�ORFDWHG�LQ�(GLUQH�3URYLQFH �������*�OoLQ�.hdh.g=&h��6�OH\PDQ�$9&, 7ROHUDQFH�RI�IRUDJH�SHD�FXOWLYDUV�WR�VDOLQLW\�DQG�GURXJKW�VWUHVV�GXULQJ�JHUPLQDWLRQ�DQG�VHHGOLQJ�JURZWK� �������)DWLK�*|NVHO�3(.ø7.$1��$EGXOODK�6(66ø=��5HúDW�(6*ø&ø �(IIHFWV�RI�EODGHV�W\SHV�RQ�VKHDU�IRUFH�DQG�HQHUJ\�UHTXLUHPHQW�RI�SDGG\�VWHP� �������1XVUHW�087/8 7HFKQLFDO�DQG�(FRQRPLF�)HDWXUHV�RI�7UDFWRUV�LQ�WKH�6HFRQG�+DQG�0DUNHW�LQ�6DQOLXUID�3URYLQFH� �������
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‘Clemenules’ (Nules, Clementina de Nules) has been a very popular variety in fresh mandarin markets especially in 
the Mediterranean region countries. It is commercially grown on sour orange rootstocks in the calcareous soils of Tur-
key. However, production of ‘Clemenules’ needs a substituted rootstock in addition to sour orange due to hypersen-
sitive of sour orange to the “Citrus Tristeza Virus”. ‘Clemenules’ mandarin grafted onto ten rootstocks was evaluated 
LQ�RUGHU�WR�GHWHUPLQH�WKH�LQÀXHQFHV�RI�URRWVWRFNV�RQ�IUXLW�\LHOG��TXDOLW\�DQG�SKRWRV\QWKHWLF�YDULDEOHV�RI�WKH�VFLRQ�DV�
ZHOO�DV�WKHLU�UHODWLRQVKLS��5RRWVWRFNV�VLJQL¿FDQWO\�DIIHFWHG��p�������IUXLW�\LHOG�DQG�XVLQJ�9RONDPHULDQD�VLJQL¿FDQWO\�
increased fruit yield of ‘Clemenules’ (44.71 kg tree-1). Similarly, sour orange and Volkameriana rootstocks positively 
affected fruit weight and height (p<0.05). Total acids (%) and ripening index varied within rootstocks and FA-517 
resulted the highest total acids in fruits juice samples of ‘Clemenules’ whereas the lowest ripening index was deter-
PLQHG�LQ�IUXLWV�JUDIWHG�RQ�)OKRUDJ���/HDI�FKORURSK\OO�FRQFHQWUDWLRQ��&KO��DQG�OHDI�FKORURSK\OO�ÀXRUHVFHQFH�LQ�WKH�
light adapted stage (Fv’/Fm’) of the scion differed based on rootstocks. In addition to fruit yield and characteristics, 
URRWVWRFNV�DOVR�VLJQL¿FDQWO\�DIIHFWHG�YDULDEOHV�UHODWHG�WR�SKRWRV\QWKHVLV��&OHRSDWUD�PDQGDULQ��VRXU�RUDQJH�DQG�9RO-
kameriana increased the photosynthetic rate (P

N
), while transpiration rate (E), and stomatal conductance (g

S
) of the 

VFLRQ�ZHUH�KLJKHU�RQ�9RONDPHULDQD�URRWVWRFNV��)$���PDLQWDLQHG�WKH�KLJKHVW�ZDWHU�XVH�HI¿FLHQF\��:8(��LQ�FRPSDU-
LVRQ�WR�RWKHU�URRWVWRFNV�HYDOXDWHG��7KH�SUHVHQW�UHVHDUFK�KDV�FOHDUO\�VKRZQ�WKDW�URRWVWRFNV�ZHUH�DEOH�WR�LQÀXHQFH�WKH�
TXDOLW\�RI�IUXLWV�DQG�WKH�SK\VLRORJLFDO�DFWLYLW\��5HJDUGLQJ�IUXLW�\LHOG�DQG�SKRWRV\QWKHWLF�SHUIRUPDQFH�RI�µ&OHPHQXOHV¶�
mandarin variety, Volkameriana and sour orange performed well. However, considering the calcareous soils of the 
0HGLWHUUDQHDQ�5HJLRQ��)$���FLWUDQGDULQ�SURYHG�WR�EH�SRWHQWLDO�URRWVWRFN�IRU�HQKDQFHG�SKRWRV\QWKHWLF�UDWH�DQG�:8(�
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Introduction
Mandarins are called ‘easy-peelers’ because of their sweet 

ÀDYRU�DQG�DURPD��ORRVH�VNLQV��UHODWLYHO\�VPDOO�IUXLW�VL]H�DPRQJ�
the edible citrus and are easy to peel and separate into seg-
ments (Demirkeser et al., 2009). Currently, mandarins remain 
the most consumed and demanded citrus species due to some 
important advantages, such as small fruit, thin skins and easy 
peeling in all over the world. Turkey has exceptionally reason-
able environmental conditions and citrus-producing prospec-

tive, with 4.769.726 tons of citrus fruit produced in 2017. At 
present 65 percent of the export of fresh fruits in Turkey is 
citrus and the export of citrus fruit, particularly for mandarins, 
has increased considerably in recent years. Mandarins remain 
as one of the most the most popular citrus fruits in Turkey, ac-
counting for approximately 30% of the total production (FAO, 
2020).

7KH�TXDOLW\�RI�IUXLW�ZDV�DOZD\V�D�PDMRU�LQWHUHVW�EUHHGHUV��
producers and consumers which can be manipulated by the us-
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age of rootstocks (Castle, 1995). In addition, rootstocks pos-
LWLYHO\�DIIHFW�VFLRQ�JURZWK��IUXLW� LQWHUQDO�H[WHUQDO�TXDOLW\�DQG�
fruit yield (Castle et al., 2009; Forner-Giner et al., 2003a), along 
with photosynthesis (González-Mas et al., 2009). Amongst 
other physiological progressions, photosynthesis (P

N
) is one of 

the elementary factors of plant productivity and the ability to 
sustain the carbon assimilation rate under environmental stress 
(Lawlor, 1995).

Sour orange is commonly preferred as a rootstock for many 
FLWUXV�YDULHWLHV�LQ�7XUNH\��:KLOH�VRXU�RUDQJH�RIIHUV�PDQ\�H[-
cellent horticultural advantages, its susceptibility to Citrus 
Tristeza Virus (CTV). In many areas, particularly the western 
0HGLWHUUDQHDQ� EDVLQ��&79� KDV� VLJQL¿FDQWO\� UHGXFHG� WKH� XVH�
of this rootstock. Sour orange is a good rootstock in areas not 
subjected to CTV. On the other hand, the CTV-induced prob-
lems have destroyed or degraded more than 80 million trees 
grafted into sour orange rootstock. Citrus breeders are seeking 
new rootstock genotypes until 1900’s. Some of the important 
targets of citrus rootstock breeding are tolerance/resistance to 
CTV, alkalinity, cold weather, and positive effect on high fruit 
\LHOG� DQG� TXDOLW\�� 6R� IDU�� &DUUL]R� FLWUDQJH�� 7UR\HU� FLWUDQJH��
Swingle citrumelo, C-35 citrange, C-32 citrange obtained by 
hybridization method and all of them using in citrus produc-
tion areas successfully (Castle, 1995; Castle et al., 2009; Ci-
men and Yesiloglu, 2016). Furthermore, two new rootstocks 
published in Spain have been recorded in Forner et al. (2003b). 
7KH�WZR�LQWHUVSHFL¿F�K\EULGV�WKDW�DUH�&79�DQG�KDYH�EHHQ�GRF-
umented as more tolerant to lime-induced iron (Fe) chlorosis 
than Carrrizo citrange. Gonzalez-Mas et al. (2009) also carried 
RXW�D�¿HOG�URRWVWRFN�H[SHULPHQW�LQ�WKH�FDOFDUHRXV�VRLO�LQ�RUGHU�
to explore the effects of rootstock on the leaf photosynthesis 
of ‘Navelina’ navel and recorded the best performances of the 

trees grafted on FA-5 under calcareous soils.
Although sour orange (Citrus aurantium L.) is still a pop-

ular rootstock in the Mediterranean region of Turkey, produc-
ers have begun to prefer using citranges (Carrizo and C-35 ci-
tranges) in most recently established mandarin orchards due to 
WKHLU�SRVLWLYH�HIIHFWV�RQ�IUXLW�TXDOLW\��6RXU�RUDQJH�DQG�FLWUDQJHV�
have generally been satisfactory and, thus, there are limited 
rootstock studies involving mandarin varieties. In Meditera-
QHDQ�EDVLQ��SURGXFHUV�VWLOO�WU\�WR�¿QG�D�JRRG�URRWVWRFN�QRW�RQO\�
tolerant to alkalinity, but also tolerant to CTV.

Regarding these matters, the present study was carried 
RXW� WR� HYDOXDWH� IUXLW� TXDOLW\� DQG�SKRWRV\QWKHWLF� SHUIRUPDQFH�
of ‘Clemenules’ mandarin variety budded onto ten important 
rootstocks in citriculture including commonly used sour orange 
under calcareous soil condition of the Mediterranean region. 

Materials and Methods 
Plant Material
Nine years old trees of ‘Clemenules cementine’ (Citrus 

clementina hort. ex Tanaka) mandarin variety grafted on vari-
ous rootstocks as presented in Table 1 were used as plant ma-
terial. Samples of fruits have been harvested from trees locat-
ed on the citrus rootstock experimental orchards of Cukurova 
University, Faculty of Agriculture, Department of Horticulture 
�/DWLWXGH������¶�����´�1��/RQJLWXGH�������¶�����´�(��$OWLWXGH�
49 m) at optimum maturity stage in November and randomly 
selected from trees. The soil pH ranged from 7.6 to 7.9 at a 
depth of 0-90 cm in the rootstock experiment orchard which 
represent slightly alkaline soil conditions of the Mediterranean 
Region of Turkey with a clay-loam character. The trees were 
irrigated weekly from May to October using drip irrigation.

7DEOH����*HQRW\SHV�HYDOXDWHG�DV�URRWVWRFNV�WR�µ&OHPHQXOHV¶�PDQGDULQ�YDULHW\�DQG�VFLHQWL¿F�QDPHV

Genotype Latin name Resource*

C-35 citrange C. sinensis (L.) Osbeck x Poncirus trifoliata (L.) Raf. TGK1131

Carrizo citrange C. sinensis (L.) Osbeck x Poncirus trifoliata (L.) Raf. TGK0627

FA-5 C. reshni x P. trifoliate ‘Rubidoux’ IVIA

FA-517 Citrus nobilis Lour. x P. trifoliata IVIA

FAO-SRA [C. sunki (Hayata) hort.ex Tanaka x Poncirus trifoliata (L.) Raf.] SRA

Flhorag1 Poncirus trifoliata L. Raf. + Citrus deliciosa Ten. SRA

Cleopatra mandarin Citrus reshni Tan. TGK0947

Swingle citrumelo 
(Citrumelo 4475)

Citrus paradisi Macf. var. Duncan x Poncirus trifoliata (L.) Raf. TGK0702

Sour orange Citrus aurantium L. TGK1065

Volkameriana Citrus volkameriana�9��7HQ��3DVT TGK0623
*TGK, Turkish citrus germplasm. SRA, French citrus research center; IVIA, Spain citrus research center.

Fruit Characteristics and Yield
Fruit yield of each tree evaluated as replicate in this study 

was weighted during the harvesting period. The fruit weight 
(g), height (mm), diameter (mm), fruit shape index (fruit 
height/diameter ratio), rind thickness (mm), juice content (%), 
total soluble solids (%), titratable acidity (%), and ripening in-
dex (RI) were determined. Mature fruits of ‘Clemenules’ vari-

ety budded on ten rootstocks randomly selected (25 fruits for 
HDFK�UHSOLFDWH��IURP�¿YH�WUHHV��)UXLW�VDPSOHV�ZHUH�LPPHGLDWHO\�
WUDQVIHUUHG�WR�FLWUXV�SK\VLRORJ\�ODERUDWRU\�IRU�TXDOLW\�DQDO\VLV��
Fruits were randomly selected and weighed to determine the 
DYHUDJH�IUXLW�VL]H��7KH�IUXLW�ZDV�VL]HG�DW�WKH�HTXDWRULDO�GLDP-
eter and height with a digital caliper (Mitutoyo CD-15CPX). 
The fruits were halved and the thickness of the rind was mea-
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sured with a digital caliper. 25 fruits were weighed then juiced 
with a regular juicer. As a % of the total fruit weight, the juice 
was expressed. A portable refractometer was used to detect the 
overall soluble solid (TSS) content. A titration with 0.1 N sodi-
um hydroxide (NaOH) was used to evaluate the overall acidity 
(TA) of the juice. The relationship between TSS and TA was 
determined as ripening index (Lado et al., 2014). 

Leaf Chlorophyll Concentration and Photosystem II 
(I¿FLHQF\

For the estimation of leaf Chl concentrations by SPAD-502 
chlorophyll meter, fully expanded young leaves of ‘Clem-
enules’ were used (Minolta Inc., Osaka, Japan). Because SPAD 
reading and chlorophyll levels in citrus leaves are strongly 
linked, SPAD reading was used to estimate the concentration 
RI�&KO� OHDYHV� �-LIRQ�HW� DO��� �������$OVR��36,,�PD[LPXP�HI¿-
ciency (Fv’/Fm’) readings in a light-adapted leaf phase were 
PHDVXUHG�DW� WKH� VDPH� OHDYHV�E\�XVLQJ�D�SRUWDEOH�ÀXRULPHWHU�
(FluorPen FP100, Photon System Instruments Ltd, Drasov, 
Czech Republic).

Gas Exchange Measurements
A portable photosynthesis system detected the leaf gas ex-

change parameters of fully developed 4th to 5th leaves from the 
VKRRWLQJ� DSH[� �PRGHO�/&$����$'&�%LRVFLHQWL¿F�/WG���+RG-
desdon, UK) per each rootstock (Cimen et al., 2014). Porta-
ble photosynthesis system measured stomatal conductance, 
g

S
 (mmol m-2s-1); transpiration rate, E (mmol m-2s-1); and net 

photosynthetic rate, P
N
 [µmol (CO

2
) m-2s-1] in each single mea-

VXUHPHQW��7KH�LQVWDQWDQHRXV�SKRWRV\QWKHWLF�ZDWHU�XVH�HI¿FLHQ-
F\�ZDV�SUHGLFWHG�DV�µ:8(� �P

N
�(¶�DFFRUGLQJ�WR�5LEHLUR�HW�DO��

(2009). During the gas exchange measurements, leaf tempera-
ture varied from 24 and 26oC and the relative humidity was 
55%, where PFD was detected as 750-850 ȝPRO m-2 s-1.

Statistical Analysis 
The experiment�ZDV�RUJDQL]HG�DV� WHQ� URRWVWRFNV�DQG�¿YH�

replicates for each rootstocks in a ‘Randomized Block De-
sign’. The data were tested by an analysis of variance (ANO-
VA). The means and calculated standard deviations were stat-
HG��/HDVW�VLJQL¿FDQW�GLIIHUHQFH��/6'��WHVW�ZDV�XVHG�IRU�PHDQ�
comparison within rootstocks when the F�WHVW�ZDV�VLJQL¿FDQW�
at p���������,Q�DGGLWLRQ��WKH�µFRUUHODWLRQ�FRHI¿FLHQWV¶�EHWZHHQ�
all measured parameters were calculated. Data subjected to 
ANOVA by the SAS v9 statistical analyses software and Sig-
maPlot® v11 (Systat Software, San Jose, CA, USA) was used 
for data presentation.

Results and Discussion
Fruit yield have been reported as an important factor in 

citriculture which is directly affected by rootstock as well as 
many other deciduous fruit trees (Castle, 1995). In the pres-
HQW�VWXG\�ZH�HYDOXDWHG�WKH�LQÀXHQFHV�RI�YDULRXV�URRWVWRFNV�RQ�
IUXLW�\LHOG�DQG�TXDOLW\�WUDLWV�RI�µ&OHPHQXOHV¶�PDQGDULQ�YDULHW\��
)UXLW�\LHOG�VLJQL¿FDQWO\��p < 0.05) varied among the investi-
gated rootstocks based on one-year results (Fig 1). The highest 
fruit yield per tree was determined from the trees grafted on 
Volkameriana, followed by sour orange. On the other hand, 
similar fruit yield per trees were recorded from ‘Clemenules’ 
variety grafted on C-35, Carrizo, FA-5, FA-517, Flhorag1 and 
&OHRSDWUD�PDQGDULQ�DFFRUGLQJ�WR�/6'�WHVW�DW�Į �������8VLQJ�
FAO-SRA and Swingle citrumelo as rootstocks to ‘Clem-
enules’ resulted the lowest fruit yield per tree. On the other 
hand, long-term studies are needed to determine the effect of 
rootstock on fruit yield and at least 2-3 years of data are re-
TXLUHG�IRU�DQ�H[DFW�VWDWHPHQW��

Figure 1. Fruit yield (kg tree-1) of ‘Clemenules’ mandarin variety on various rootstocks

https://doi.org/10.31015/jaefs.2020.3.1
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5RRWVWRFNV�VLJQL¿FDQWO\�DIIHFWHG�YDULDEOHV�UHODWHG� WR�IUXLW�
size such as fruit weight (p < 0.05) and fruit height (p < 0.01) 
EXW�QRW�VLJQL¿FDQWO\�DIIHFWHG�ULQG� WKLFNQHVV�DQG� WRWDO�VROXEOH�
solids based on one-year results (Table 2). For producers and 
consumers, the fruit size is a valuable trait. Medium to large 
fruits lead to full attention on the fresh market for consumers 
(Hussain et al., 2013). In our study, except Cleopatra manda-
rin and Flhorag1, rootstocks produced medium to large fruit 
size according to recorded fruit weight values. The highest 
fruit weight was 150.14 g in scion on sour orange followed 
by Volkameriana (148.60 g) whereas the lowest fruit weight 

was as 111.48 g from fruit samples on Flhorag1 allotetraploid 
somatic hybrid. Similar to fruit weight the highest fruit height 
was determined from fruits on sour orange whereas it was the 
lowest in for that of Flhorag1. Fruit diameter of ‘Clemenules’ 
grafted on various rootstocks varied from 62.88 to 69.11 mm. 
$OWKRXJK�WKHUH�ZDV�QR�VLJQL¿FDQW�URRWVWRFN�HIIHFW�RQ�IUXLW�GL-
ameter, fruit samples collected from trees on sour orange and 
Volkameriana had slightly higher fruit diameters in compari-
VRQ�WR�IUXLWV�RQ�RWKHU�URRWVWRFNV��5RRWVWRFN�KDG�QR�VLJQL¿FDQW�
effect on rind thickness which ranged from 3.09 to 4.21 mm. 

7DEOH����(IIHFWV�RI�YDULRXV�URRWVWRFNV�RQ�IUXLW�ZHLJKW��J���IUXLW�KHLJKW��PP���IUXLW�GLDPHWHU��PP���IUXLW�LQGH[�DQG�ULQG�WKLFNQHVV�
(mm) of ‘Clemenules’ mandarin variety 

Rootstock Fruit weight (g) Fruit height (mm) Fruit diameter (mm) Fruit index Rind thickness (mm)

C-35 citrange 128.34bcd 59.00abc 65.62 1.11c 3.39

Carrizo citrange 136.11abc 60.05ab 66.36 1.11c 4.21

Cleopatra mandarin 119.00cd 59.70abc 66.26 1.11c 4.04

FA-5 132.01a-d 57.23abc 65.87 1.15bc 3.85

FA-517 124.42cd 56.82a-d 64.97 1.14bc 3.23

FAO-SRA 135.65abc 55.68bcd 66.49 1.20a 3.09

Flhorag1 111.48d 52.37d 62.88 1.20a 3.57

Swingle citrumelo 124.48cd 55.35cd 65.43 1.18ab 3.66

Sour orange 150.14a 60.84a 69.00 1.14bc 3.16

Volkameriana 148.60ab 60.46ab 69.11 1.14bc 3.41

Prob>F 0.0352 0.0187 0.1295 0.0445 0.2296
LSD0.05 19.773 4.284 - 0.062 -

Based on one-year results, rootstocks also did not affect 
total soluble solids (TSS) of ‘Clemenules’, however fruit sam-
ples collected from those grafted on Volkameriana (11.15%) 
had slightly lower TSS values than those grafted on other 
URRWVWRFNV�XQGHU�HYDOXDWLRQ��,Q�FRQWUDVW��VLJQL¿FDQW�URRWVWRFN�
effect (p < 0.01) on total acidity of ‘Clemenules’ variety was 
obtained according to a one-way ANOVA (Table 3). Total acid 
values ranged from 1.14% to 1.32%. The lowest total acids 
were determined in fruit samples grafted on Cleopatra manda-
rin and Volkameriana, whereas TA values were higher in fruit 
samples collected from the rest of the rootstocks. The fruit rip-
ening index is a widely used indicator to determine the citrus 
IUXLW�PDWXULW\�OHYHO��/DGR�HW�DO����������6LJQL¿FDQWO\�KLJK�YDO-
XHV�RI�5,�ZHUH�FRQ¿UPHG�LQ�IUXLWV�RI�µ&OHPHQXOHV¶�JUDIWHG�RQ�
Cleopatra mandarin (16.07), Swingle citrumelo (15.65), and 
sour orange (15.67), as presented in Table 3. Rootstock had no 
effect on juice content of ‘Clemenules’ and fruit juice content 
ranged from 31.37% to 41.68%. 

Fruit internal and external properties are the most import-
DQW�TXDOLW\�SDUDPHWHUV�DQG�DUH�DIIHFWHG�E\�PDQ\�IDFWRUV��VXFK�
as genetic variability, climate and environment, and rootstock. 
6HYHUDO�UHVHDUFKHV�UHYHDOHG�WKDW�URRWVWRFNV�VLJQL¿FDQWO\�DIIHFW�
fruit dimensions and shape (Castle, 1995; Georgiou, 2002; 
Hussain et al., 2013; Legua et al., 2011). On the contrary, Geor-

giou (2002) reported that fruit diameter of ‘Clementine’ man-
darin on sour orange, Carrizo citrange and Swingle citrumelo 
ZDV�QRW�VLJQL¿FDQWO\�DIIHFWHG�ZKLFK�LV�SDUDOOHO�WR�WKH�UHVXOWV�RI�
the present study. In addition, Bassal (2009) reported that the 
fruits of Marisol mandarin from trees budded on sour orange 
had higher total acidity (%) than those of Cleopatra mandarin, 
which is in agreement with the present study. 

As a result of the positive linear relationship (r2 >0.8) be-
tween SPAD readings and Chl leaf concentrations reported by 
Jifon et al (2005), SPAD measurements were used to predict 
cholorophyll (Chl) levels of leaves in the present study. Ac-
cording to the estimation of Chl concentration by SPAD read-
LQJV��URRWVWRFNV�KDG�D�VLJQL¿FDQW�LPSDFW�RQ�WKH�OHDI�&KO�FRQWHQW�
of ‘Clemenules’ (Table 4). Regarding slightly alkaline soils of 
the Mediterranean region of Turkey, where the experiment or-
chard was located at, a remarkable decrease of leaf Chl con-
tent in ‘Clemenules’ grafted on Swingle citrumelo and C-35 
citrange. Previously, these rootstocks reported as susceptible to 
lime-induced iron (Fe) chlorosis by several authors (Castle et 
al., 2009; Cimen et al., 2014; Pestana et al., 2005). In contrast, 
the highest leaf Chl content was estimated in the leaves on Vol-
kameriana (58.47), followed by Cleopatra mandarin (58.30). 
Chl concentrations in the leaves of ‘Clemenules’ mandarin on 
Carrizo citrange and FA-5 growing in slightly calcareous soil 
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ZHUH�QRW� VLJQL¿FDQWO\� VHSDUDWHG� DQG�GHWHUPLQHG� LQ� WKH� VDPH�
sub-group according to the post-hoc test conducted (Table 4). 
The present study revealed that the Cleopatra mandarin and 
Volkameriana performed tolerance to slightly alkaline soils 
likely to sour orange regarding the results obtained for one 
year. Fe is especially important in the synthesis and stabiliza-
tion of chlorophyll (Pestana et al., 2011). A number of authors 
KDYH�FODVVL¿HG�)H�WROHUDQFH�WR�FLWUXV�URRWVWRFNV�EDVHG�RQ�VKRRW�
DQG�OHDI�FKORURVLV�SDUDPHWHUV��6RXU�RUDQJHV�NHSW�VLJQL¿FDQWO\�
higher Fe concentration in their leaves than trifoliate orange 
and hybrids (Byrne et al. 1995; Castle et al. 2009). 

6LPLODU� WR� OHDI� &KO� FRQFHQWUDWLRQ�� WKH� URRWVWRFNV� VLJQL¿-
FDQWO\� DIIHFWHG� 36,,� HI¿FLHQF\� �Fv’/Fm’) of ‘Clemenules’ 
(p��������&OHRSDWUD�PDQGDULQ�DQG�9RONDPHULDQD�VLJQL¿FDQWO\�
LQFUHDVHG�36,,�HI¿FLHQF\�RI�WKH�VFLRQ��7DEOH�����7KH�GHFOLQHV�LQ�
FKORURSK\OO�ÀXRUHVFHQFH�YDULDEOHV�LQ�WKH�FDVH�RI�XVLQJ�WULIROL-
ate orange hybrids have been previously reported by Gonzáles-
Mas et al. (2009) and Cimen et al (2015). In addition, Pestana 
HW�DO���������LQGLFDWHG�WKDW�FKORURSK\OO�ÀXRUHVFHQFH�RI�1HZKDOO�
QDYHO�JUDIWHG�RQ�7UR\HU� URRWVWRFN�GHFUHDVHG�XQGHU� LURQ�GH¿-
ciency. In the present study, PSII activity, in the light adapted 
period of the leaves, was slightly lower in Swingle citrumelo, 
in comparison to the rootstocks evaluated. 

The precise measurements of leaf gas exchange were con-
ducted with a portable photosynthesis system and the results 
UHYHDOHG�WKDW�WKH�SKRWRV\QWKHWLF�DFWLYLW\�RI�WKH�VFLRQ�GLG�VLJQL¿-
cantly vary depending on the rootstocks in use. Variables relat-
ed to photosynthesis of ‘Clemenules’ mandarin variety grafted 
on various rootstocks were presented in Table 4. The results of 
D�RQH�ZD\�$129$�LQGLFDWHG�D�VLJQL¿FDQW�HIIHFW��p < 0.01) on 
the net photosynthetic rate (P

N
) of ‘Clemenules’ leaves. P

N
 of 

WKH�VFLRQ�UDQJHG�IURP������WR������ȝPRO�P-2s-1. ‘Clemenules’ 
grafted on Cleopatra mandarin, sour orange and Volkameriana 
had the highest P

N
�YDOXHV�ZLWK������������DQG������ȝPRO�P-2s-1, 

respectively. On the contrary, the lowest P
N
 was determined in 

the leaves of ‘Clemenules’ grafted on Swingle citrumelo (1.88 
ȝPRO�P-2s-1). The inhibition of P

N 
of the leaves on Swingle was 

found to be corresponding with relatively lower Chl concen-
WUDWLRQ�DQG�36,,�HI¿FLHQF\��Fv’/Fm’) of the leaves on the same 
rootstock. A one-way ANOVA indicated that rootstock had 
DOVR�VLJQL¿FDQW�HIIHFW��p < 0.01) on leaf transpiration rate (E) 
of ‘Clemenules’. Leaves on sour orange and Volkameriana had 
the highest E similar to P

N
 values of these rootstocks. Besides, 

VLJQL¿FDQW�URRWVWRFN�HIIHFW��p < 0.05) on leaf stomatal conduc-
tance (g

S
) was determined. The highest g

S
 was 101.10 mmol 

m-2s-1 in the leaves of shoots grafted on to Volkameriana root-
stock followed by sour orange (92.28 mmol m-2s-1). The lowest 
g

S
 was recorded in the leaves of shoots on C-35 citrange (58.33 

mmol-m-2s-1��� /HDI�ZDWHU� XVH� HI¿FLHQF\� �:8(�� VLJQL¿FDQWO\�
varied between leaves on different rootstocks (p < 0.01). The 
KLJKHVW�:8(�ZDV�GHWHUPLQHG�RQ� WKH� OHDYHV�JUDIWHG�RQ�)$���
ZKHUHDV� WKH� ORZHVW�:8(� YDOXHV� ZHUH� GHWHUPLQHG� IURP� WKH�
leaves on C-35 citrange and sour orange (Table 4). Similar to 
RXU�¿QGLQJV��)$���SUHYLRXVO\�UHSRUWHG�WR�SHUIRUP�EHWWHU�WKDQ�
citranges in terms of photosynthetic activities under high pH 
conditions (González-Mas et al., 2009) 

Physiological parameters like measurements of CO
2
-gas 

H[FKDQJH�FDQ�FRQ¿UP�WKH�SHUIRUPDQFH�RI�WKH�SODQWV�XQGHU�KLJK�
pH conditions (Bavaresco et al., 2006; Chouliaras et al., 2005; 
Larbi et al., 2006; Molassiotis et al., 2006; Morales et al., 2000; 
1HQRYD���������,Q�DGGLWLRQ�� WKH�OLPH�LQGXFHG�LURQ�GH¿FLHQF\�
has been reported to reduce Chl and P

N
 levels in citrus leaves 

(Byrne et al., 1995; Hamzé et al., 1986). On the other side, 
leaf water potential straightforwardly directs leaf transpiration, 
gas trade, and stomatal conduction in trees developed in alka-
OLQH�VRLOV��%URGULEE�DQG�+ROEURRN��������(LFKHUW�HW�DO���������
Meinzer, 2002; Sperry, 2000). 

7DEOH����(IIHFWV�RI�YDULRXV�URRWVWRFNV�RQ�VHHG�QXPEHU�SHU�IUXLW��WRWDO�VROXEOH�VROLGV������WRWDO�DFLGV������766�7$��DQG�MXLFH�FRQ-
tent (%) of ‘Clemenules’ mandarin variety

Rootstock Seed number Total Souble Solids (%) Total acids (%) TSS / TA Juice content (%)

C-35 citrange 10.37abc 12.00 0.90ab 13.44ab 36.48

Carrizo citrange 7.90cd 11.72 0.84abc 14.17ab 39.81

Cleopatra mandarin 13.29a 11.90 0.74c 16.07a 31.37

FA-5 10.15abc 12.20 0.82bc 15.00ab 38.00

FA-517 10.99ab 11.86 0.96a 12.86b 39.07

FAO-SRA 8.59bcd 12.08 0.81bc 15.11ab 36.09

Flhorag1 11.07ab 11.65 0.93ab 12.72b 36.44

Swingle citrumelo 9.26bc 12.18 0.79bc 15.65a 38.91

Sour orange 8.83bc 12.34 0.79bc 15.67a 41.68

Volkameriana 5.28d 11.15 0.70c 16.08a 38.63

Prob>F 0.0080 0.2796 0.0245 0.0401 0.5632

LSD0.05 2.798 - 0.125 2.337 -
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Table 4. Leaf chlorophyll concentration and variables related to photosynthesis of ‘Clemenules’ mandarin variety grafted on 
various rootstocks

Rootstock SPAD PSII (Fv’/Fm’) PN E gS :8(

C-35 citrange 51.07±1.42ef 0.634±0.027c 2.51±0.15d 0.57±0.03e 58.33±2.19e 4.40±0.19d

Carrizo citrange 55.33±0.41abc 0.691±0.004ab 4.11±0.12c 0.77±0.02c 75.67±1.20d 5.34±0.19ab

Cleopatra mandarin 58.30±0.89ab 0.710±0.002a 5.66±0.20a 1.05±0.04b 86.32±3.11bc 5.39±0.37ab

FA-5 55.93±1.44abc 0.697±0.007ab 4.77±0.12b 0.83±0.03c 77.17±1.01cd 5.75±0.16a

FA-517 54.97±1.18bcd 0.679±0.036abc 4.04±0.14c 0.71±0.01cd 65.33±5.17e 5.69±0.19ab

FAO-SRA 51.90±0.96def 0.667±0.020abc 2.99±0.13d 0.57±0.02e 62.00±1.73e 5.25±0.16ab

Flhorag1 54.10±1.59cde 0.659±0.003bc 3.03±0.05d 0.59±0.01de 63.67±1.20e 5.14±0.03bc

Swingle citrumelo 49.30±0.36f 0.548±0.023d 1.88±0.13e 0.63±0.05de 63.13±0.47e 2.98±0.28e

Sour orange 56.30±0.57ab 0.687±0.001ab 5.44±0.13a 1.23±0.05a 92.28±4.10ab 4.42±0.16d

Volkameriana 58.47±1.66a 0.716±0.002a 5.77±0.50a 1.26±0.09a 101.10±2.07a 4.58±0.08cd

Prob>F 0.0002 0.0001 0.0001 0.0054 0.0024 0.0098

LSD0.05 3.375 0.051 0.599 0.126 9.757 0.590

7DEOH����&RUUHODWLRQ�FRHI¿FLHQWV�DQDO\VLV�EHWZHHQ�LQYHVWLJDWHG�SDUDPHWHUV���±�p��������±�p�������QV�±�QRW�VLJQL¿FDQW

Variable SPAD PSII PN E gS :8( Yield ): TSS TA TSS/TA Juice (%)

SPAD 1.00 0.75** 0.78** 0.66** 0.68** 0.41* 0.40* 0.15ns -0.26ns -0.30ns 0.20ns -0.14ns

PSII 1.00 0.75** 0.50* 0.49* 0.68** 0.22ns 0.15ns -0.30ns -0.24ns 0.13ns -0.10ns

PN 1.00 0.88** 0.83** 0.44* 0.47* 0.41* -0.28ns -0.40* 0.28ns -0.09ns

E 1.00 0.89** -0.02ns 0.60** 0.30ns -0.32ns -0.39* 0.27ns 0.01ns

gS 1.00 0.05ns 0.44* 0.31ns -0.38ns -0.40* 0.26ns -0.06ns

:8( 1.00 -0.10ns -0.04ns 0.02ns -0.09ns 0.08ns -0.21ns

Yield 1.00 0.04ns 0.04ns 0.10ns 0.02ns -0.11ns

): 1.00 0.22ns -0.43* 0.43* 0.28ns

TSS 1.00 -0.23ns 0.49* -0.13ns

TA 1.00 -0.94** 0.04ns

TSS/TA 1.00 -0.11ns

Juice (%) 1.00

Mean 54.57 0.67 4.02 0.82 74.50 4.89 30.22 131.15 11.95 0.84 14.57 37.88

StD 3.35 0.05 1.37 0.26 14.88 0.85 13.21 18.12 0.61 0.12 2.08 5.79

n 30 30 30 30 30 30 47 46 46 46 46 46

&RUUHODWLRQ� FRHI¿FLHQWV� UHYHDOHG� VLJQL¿FDQW� UHODWLRQVKLS�
EHWZHHQ�YDULDEOHV�UHODWHG�WR�ERWK�IUXLW�TXDOLW\�DQG�SKRWRV\Q-
WKHVLV� �7DEOH�����+LJKHU� FRHI¿FLHQW�EHWZHHQ� OHDI� FKORURSK\OO�
concentration and P

N
 showed that photosynthesis increased 

with the increasing amount chlorophyll concentration in the 
leaves regarding rootstocks. Besides, increasing P

N
 in the 

OHDYHV� UHVXOWHG� DV� D� VLJQL¿FDQW� LQFUHDVH� LQ�E. Thus, a strong 
relationship between leaf chlorophyll concentration and pho-
tosynthetic variables was observed. Regarding the increase in 
E in the leaves of ‘Clemenules’ tress increased the fruit yield of 

the variety, in the present study. In addition to the relationship 
EHWZHHQ�WKHVH�YDULDEOHV��D�VLJQL¿FDQW�LQFUHDVH�ZDV�GHWHUPLQHG�
in fruit weight according to pairwise correlations. Therefore, 
regression analyses were performed between these correlations 
and strong relationships were determined concerning high r2 
YDOXHV��7KH�UHJUHVVLRQ�DQDO\VLV�FRQ¿UPHG�WKDW�P

N
 rate was in-

creased by the high Chl content in leaves and similarly high 
P

N
 increased fruit weight of ‘Clemenules’ mandarin variety 

(Figure 2).
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)LJXUH����5HJUHVVLRQV�EHWZHHQ�$ �63$'�UHDGLQJV�YV�P
N
��% �P

N
 vs E��& �E�YV�IUXLW�\LHOG��' �P

N
 vs fruit weight

Conclusion
The present study investigated the effects of rootstock on 

VRPH�IUXLW�TXDOLW\�FKDUDFWHULVWLFV�DQG�SKRWRV\QWKHVLV�RI�µ&OHP-
enules’ mandarin which is preferred by both Turkey’s manda-
ULQ�JURZHUV�DQG�FRQVXPHUV��(VSHFLDOO\�WKH�IUXLW�\LHOG�DQG�WKH�
fruit weight were remarkably affected by the usage of different 
rootstocks as well as total acids and ripening index. Sour or-
DQJH�DQG�9RONDPHULDQD�VLJQL¿FDQWO\�LQFUHDVHG�IUXLW�\LHOG�GXH�
to their high photosynthetic performances. On the other hand, 
WKH�URRWVWRFNV�ZHUH�LQVLJQL¿FDQW�RQ�IUXLW�GLDPHWHU��ULQG�WKLFN-
ness, total soluble solids, and juice content of ‘Clemenules’. 
Since the Mediterranean region of Turkey has calcareous soils, 
concentration of leaf Chl in ‘Clemenules’ budded on Swing-
OH�FLWUXPHOR�VLJQL¿FDQWO\�UHGXFHG��*HQHUDOO\��WUHHV�EXGGHG�RQ�
Carrizo citrange, FA-5, and FA-517 performed much better 
than those of C-35 and Swingle citrumelo in terms of positive 
HIIHFWV�RQ�SKRWRV\QWKHWLF�SHUIRUPDQFH�DQG�IUXLW�TXDOLW\�WUDLWV��
Thus, using these rootstocks for ‘Clemenules’ should be bene-
¿FLDO�HVSHFLDOO\�LQ�WHUPV�RI�WKHLU�FDSDELOLW\�WR�DOORZ�KLJK�GHQ-
sity planting. However, it is worth to mention that long-term 
studies are needed to determine the exact effects of rootstocks 
on scion. Therefore, the effects of these rootstock evaluated in 
the present study will be investigated in terms of fruit yield and 
TXDOLW\�LQ�WKH�IROORZLQJ�\HDUV�
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This study was carried out to determine the leaf water potential (LWP), stomatal conductance (SC) and leaf area 
index (LAI) of cotton crop using subsurface drip irrigation (SSDI) and surface drip irrigation (SDI) and different 
irrigation water levels based on the FAO-56 Penman-Monteith (PM) during the 2016 and 2017 growing seasons. 
7KH�FULWLFDO�/:3V�LQ�YHJHWDWLYH�SHULRG��ÀRZHULQJ�VWDJH�DQG�EROO�IRUPDWLRQ�VWDJH�LQ�6',�IRU�LULJDWLRQ�WLPH�ZHUH������
-23 and -24 bar, respectively. Considering the same putting in order for the crop development stages in SSDI-40 cm, 
those were -23, -23 and -24 bar, respectively. The values of LWP in SSDI-30 cm were the same levels in SSD-40 
cm. LWP in the boll formation stage  were, in general, lower (bigger in minus numerical number) compared to the 
¿UVW�WZR�GHYHORSPHQW�VWDJHV�RI�WKH�FURS���7KH�FULWLFDO�6&V�LQ�YHJHWDWLYH�SHULRG��ÀRZHULQJ�VWDJH�DQG�EROO�IRUPDWLRQ�
stage in SDI were 312.8, 201.8 and 198.9 mmol m-2 s-1, respectively. The values of SC in the same putting in order 
for the crop development stages in SSDI-30 cm and SSDI-40 cm were 368.8, 182.6 and 221.8 mmol m-2 s-1; and 
371.7, 185.9 and 186.8 mmol m-2 s-1, respectively. SC decreased from  the vegetative period through generative 
period of the crop. The SCs increased together with increasing amount of irrigation water and it decreased with 
increasing water stress conditions. The LAIs were 2.99, 3.11 and 3.45 in SDI, SSDI-30 cm and SSDI-40 cm, re-
spectively. The values of LAI increased from  the surface drip irrigation and  lower irrigation water level applied 
through subsurface drip irrigation and highest level of amount of irrigation water. Although some plant physio-
logical indicators such as LWP and SC might be used for irrigation scheduling and  irrigation time, these indica-
tors are highly affected by soil water status, temperature, light, air humidity and calibration of the devices used.

Keywords: Cotton, Leaf water potential, Stomatal  conductance, Leaf area index, Drip irrigation

Research Article

JAEFS www.jaefs.com

Int J Agric Environ Food Sci 4 (3): 244-254 (2020)

Abstract 

e-ISSN : 2618-5946 DOI: 10.31015/jaefs.2020.3.2

,QWURGXFWÕRQ
Cotton is the major industrial crop produced in Turkey and 

LW�LV�FUXFLDO�WR�WKH�ZLGHU�HFRQRP\�VLQFH�LW�SURYLGHV�WKH�¿EHU�IRU�
textiles.  Cotton is primarily grown in the Southeast Anatolia 

Region which is in the study area of Turkey. Cotton  requires 

a large amount of water (about 1000 mm) using surface ir-

rigation methods since climatological and farmer conditions 

(Kanber et al., 1991; Cetin and Bilgel, 2002).

In the last decade, use of drip irrigation for cotton increased 

enormously by means of subsidizing of Turkish Government 

and awareness of farmers considering water saving. Howev-

er, use of modern technology, surface and subsurface drip ir-

rigation, need more attention and high experience to accurate 

and to precise irrigation water. Thus use of  irrigation water 

considering water saving and/or higher irrigation water pro-

ductivity  will be essential if farmers are to minimize risks as-

VRFLDWHG�ZLWK�GH¿FLW�ZDWHU�ZKLOH�DOVR�PLQLPL]LQJ�WKH�QHJDWLYH�
outcomes of overirrigating (Chastain et al., 2016). 

On the other hand, some data and parameters pertaining 

to the soil or plant water status for crop irrigation scheduling 

must  be known for an accurate irrigation.  However, this is 

not always reliable, as different physiological behaviours of 
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plants might correspond to the same soil water content. In ad-

GLWLRQ��LW�LV�VRPHWLPHV�GLI¿FXOW�WR�NQRZ�ZKHUH�WR�PHDVXUH�VRLO�
water content because of variation in the soil water content in 

soil volume surrounding the roots (Patane, 2011). Thus, some 

physiological criteria such as leaf water potential (LWP) and 

stomal conductance (SC) might be usefull for irrigation sched-

uling and/or to show the water stress conditions for plants. 

/:3�FRXOG�EH�GH¿QHG�DV� D�PHDVXUHPHQW�RI� WKH�QHJDWLYH�
hydrostatic pressure that occurs in the xylem tissue of a plant. 

LWP can have been, thus, estimated as the negative pressure 

value required to obtain liquid on the surface of the xylem ex-

posed to atmospheric pressure (Scholander et al., 1965; Camp-

bell, 1985; Busso, 2008). LWP can be used as an effective 

irrigation measure and/or scheduling to maximize water pro-

ductivity for cotton irigation with considerably differences in 

water availability (Chastain et al., 2016). However, some en-

vironmental factors can limit the use of indirect measurements 

of water status in the plant. This can potentially be accounted 

IRU� E\� D� FDOLEUDWLRQ�SHUWDLQLQJ� WR� WKH� VSHFL¿F� UHJLRQ�XVLQJ� D�
direct measure of plant water status (Jones, 2004). Concerning 

measurement of water potential in the midday is highly indica-

tive for the physiological state of the plant (Turner et al., 1986; 

Pettigrew, 2004; Ennahli and Earl, 2005; Chastain et al., 2016) 

and a strong indicative of water-induced variation in produc-

tivity (Grimes and Yamada, 1982). 

Stomatal conductance (SC) is a measurement of the degree 

of stomatal opening and can be used as an indicator of plant 

water status. The SC can show the stress conditions of plants 

through use of a porometer device. Some evidence indicates 

that the SC and photosynthetic rate of leaves are correlated 

across diverse environments. The correlation between SC and 

photosynthetic rate has led to the postulation of a “messenger” 

from the mesophyll that directs stomatal behavior (Radin et 

al., 1988).

On the other hand, leaf area index (LAI) directly specify 

canopy structure, and can be used to estimate primary produc-

tivity and growth of crops. LAI is commonly used in ecosys-

tem and crop. Thus many ecosystem and crop models require 

LAI as an input variable.

The main purpose of this study is to evaluate some crop 

physiological stress indicators such as  leaf water potential and 

stomatal conductance and leaf area index associated with yield 

and different irrigation water levels  using surface and subsur-

face drip irrigation for cotton. 

Materials and Methods
Study area
This study was carried out at the Research and Experimen-

tal Station, Faculty of Agriculture, Dicle University (Diyarba-

kir, Turkey) during the 2016 and 2017 cotton growing seasons. 

The experimental site is located at 37o 54’ N, 40o 14’ E, at an 

elevation of 660 m above sea level. The soil texture is heavy 

texture, clay content is about 65%.  The climate in the study 

area fall into  terrestrial climatological properties. The average 

annual rainfall of 490 mm is concentrated in winter season and 

there is no almost precipitation during the cotton irrigation sea-

son.  The bulk density of soil ranged from 1.19 to 1.27 g cm-3 

LQ� WKH� VRLO� SUR¿OH��7KH� LQ¿OWUDWLRQ� UDWH�ZDV� ��PP�K-1. There 

were no any risk in terms of water table, salinity  and irrigation 

water used.  

Experimental design and treatments
7KH�¿HOG�WULDOV�ZHUH�SHUIRUPHG�XVLQJ�D�VSOLW�SORWV� LQ�UDQ-

domize blocks with three replications (Yurtsever, 2011). Main 

plots are surface and subsurface drip irrigation systems, and 

sub-plots are different amount of water based on FAO-56 Pen-

man-Monteith method (PM) and Kc approach (Allen et al., 

1998). The experimental treatments are given in Table 1.   

The irrigation amount of water was applied according to 

the estimated crop evapotranspiration (ETc) based on FAO-56 

Penman-Monteith method and using actual climatological data 

pertaining to experimental site (Allen et al., 1998). For this, the 

reference evapotranspiration (ETo) was daily calculated using 

the meteorological data pertaining to the study site according to 

the FAO-56 Penman-Monteith method equation. Then, amount 

RI�LUULJDWLRQ�ZDWHU�ZDV��FRPSXWHG�XVLQJ�.F�FRHI¿FLHQWV�LQ�WKH�
crop development stages of cotton. Irrigation cycle was at each 

5 days. The last irrigation was ended at the approximately 10% 

of boll opening (Bilgel, 1994).  

The equations (1 and 2) given below were used to calculate 

amount of irrigation water applied (Allen et al., 1998).

Where ETc is estimated crop evapotranspiration (mm d-1), 

.F� FURS� FRHI¿FLHQW� �GLPHQVLRQOHVV�� DQG� (7R� UHIHUHQFH� FURS�
evapotranspiration for grass (mm d-1). I is amount of irrigation 

water applied to the experimental plot (Liters), A is plot area 

(m2), K is different rates of ETc, Pc is canopy cover (%). 

The plot size is 4.20 m x 8.00 m (33.60 m2). One lateral 

has irrigated two cotton rows, thus, the lateral spacing is 1.40 

m. The sowing date was at the beginning of May and the har-

vest date was at the beginning of October for two experimental 

years. 

Measurement of LWP and SC 
The physiological indicators, LWP and SC were measured  

LQ�¿YH�FRWWRQ�SODQWV�IRU�HDFK�WUHDWPHQWV�DQG�SORWV��XQGHU�GLI-
ferent irrigation treatments and irrigation systems (SDI and 

SSDI) for three critical stages of cotton, vegetative period (I), 

ÀRZHULQJ�VWDJH��,,��DQG�EROO� IRUPDWLRQ��,,,��EHIRUH� LUULJDWLRQ�
(Kara and Gunduz, 1998). LWP and SC were measured by a 

pressure chamber as bar and a diffusion porometer as mmol 

H
2
O m-2 s-1, respectively. To measure SC was used a portable 

porometer. The instruments were calibrated according to the 

manufacturer’s instructions before each measurement cycle.

The measurements were carried out at noon (13.00–14.00) 

RQ� WKH� ORZHU� VXUIDFH� RI� WKH� ODVW� IXOO\� H[SDQGHG� OHDI� RQ� ¿YH�
samples per plot  (Martinez et al., 2013; Koksal et al., 2010).

Leaf area index (LAI)
LAI  is the ratio of all leaves’ area on the plant to the cer-

WDLQ�DQG�FURSSHG�JURXQG�DUHD��)RU�WKLV��DOO� OHDYHV�RQ�WKH�¿YH�
plants in each plot were collected and they were scanned and 

computed all area of the leaves using a computer programme 

(software). Then, this area of the leaves were divided to the 

WRWDO�DUHD�RI�FHUWDLQ�FURSSHG�LQ�WKH�¿HOG��
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Table 1. Experimental treatments according to the split plots design

Main plots

(Drip irrigation systems)

Sub-plots

(Irrigation water)

I1 : Surface drip irrigation

I2: Subsurface drip irrigation 

    (depth of 30 cm) 
I3: Subsurface drip irrigation 

    (depth of 40 cm)

K1: I=1.25 × ETc ( crop evapotranspiration

       based on FAO-56 Penman-Monteith 

K2: I=1.0 × ETc 

K
3
: I=0.75 × ETc

Results and Discussion
Leaf water potential (LWP) 
The values of LWP ranged from -20.7 to -26.3 in 2016 and 

from -16.6 to -26.3  depending on crop stages, irrigation wa-

ter levels, surface and subsurface drip irrigation systems and 

experimental years. However, the average values for 2 exper-

imental years are given in Figure 1a. In addition, Figure 1a 

shows the values of LWP in both different drip irrigation sys-

tems (SDI and SSDI) and different amount of irrigation water 

according to the different development stages of cotton. Thus, 

/:3V�LQ�WKH�¿UVW�WZR�VWDJHV�RI�WKH�FURS��YHJHWDWLYH�GHYHORS-

PHQW�DQG�ÀRZHULQJ���ZHUH�KLJKHU�FRPSDUHG��VPDOOHU�LQ�PLQXV�
numerical number) to those in boll formation stage. In gener-

al, the values  of LWP in the boll formation stage, generative 

stage of crop, were, thus, lower (bigger in minus numerical 

QXPEHU��FRPSDUHG�WR�WKH�¿UVW�WZR�GHYHORSPHQW�VWDJHV�RI�WKH�
FURS��7KLV�UHVXOW�FODUL¿HG�WKDW�EROO�IRUPDWLRQ�VWDJH�ZDV�PRUH�
consumptive water use because of generative stage of the crop 

(Kara and Gündüz, 1998). On the other hand, considering the 

different development stages of crop , the range and/or treshold 

RI�/:3V��IRU�ÀRZHULQJ�VWDJH�ZHUH�VDPH�IRU�DOO�GULS�LUULJDWLRQ�
systems (Figure 1a).

According to the variance analysis, the treatments in the 

PDLQ�SORWV��VXUIDFH�DQG�VXEVXUIDFH�GULS�LUULJDWLRQ��VLJQL¿FDQWO\�
DIIHFWHG��3������

 
LWPs  in the vegetative stage of crop. It is 

understood from these results that the plants in the subsurface 

drip irrigation at 40 cm depth has got less water stress com-

pared to the surface and the other subsurface drip (30 cm) irri-

JDWLRQ���7KHUH�ZHUH�VLJQL¿FDQWO\�HIIHFWV��3�������RI�GLIIHUHQW�
amount of irrigation water on LWPs in the boll formation of 

crop. LWPs increased (smaller in minus numerical number)  

as long as increased amount of irrigation water applied (Fig-

ure 1b). Different amount of irrigation water applied in the 

boll formation of crop which has got more stress affected the 

LWP. For instance, the treatment of  I=ETc x 1.25 (K
1
, more 

irrigation water) showed lower LWP (bigger minus numerical 

number) however the treatment of  I=ETc x 0.75 (K
3
, less ir-

rigation water) showed higher  LWP (smaller minus numeri-

cal number) in both SDI and SSDI depending on amount of 

irrigation water applied (Figure 1b and Figure 2). Thus, LWP 

dependent on amount of irrigation water rather than different 

drip irrigation systems. Kaufman (1981) stated that the critical 

treshold value of cotton on LWP for irrigation is between -17 

and -18 bar. Maya (2017) reported that the values of  LWP 

RI�FRWWRQ�IRU�IXOO�LUULJDWLRQ��GH¿FLW�LUULJDWLRQ�DQG�VHYHUH�VWUHVV�
conditions  were  about -15.5,  (-16)-(-18) and (-22)-(-23) 

EDUV�� UHVSHFWLYHO\�� �<D]GÕo� DQG�'H÷LUPHQFL� �������PHDVXUHG�
the LWP to be (-23.4)-(-26.9) for cotton under the Mediterra-

nean conditions. Although there have been some similar re-

sults taking into acoount the previous studies, the values of 

LWP at the crtical development stages of cotton were more 

or less different. The values of  LWP in our study were lower 

(bigger minus numerical number) compared to these values. 

The reasons of these differences might be probably the lower 

available water in the soil since very heavy soil texture (clay 

content of soil is about 65%) and compaction, in another word, 

water retention energy by clay particules is very high thus wa-

ter moving from soil into the plants are not easy. Thus, the 

values of LWP could be different considering environmental, 

soil and agronomic conditions. These could be considered such 

as soil water availability, soil temperature, absolute humidity 

and wind spead (Kaufman and Hall, 1974; Hake and Grimes, 

2010). Considering some extreme climatic and soil conditions 

such as maximum temperatures (up to 45 oC), some extra ad-

vection to the study area, soil texture (very high clay content) 

and soil structure in the study region, obtaing different values 

of LWPs is expected results.  

According to the previous studies, LWP is an using way in 

terms of internal dynamic for the plants (Jones et al., 1991), 

and  LWP shows inverse correlation with relative water con-

tent of leaves, stoma dimension and numbers, and agronomic 

applications (Saleem et al., 2016). In addition,  relative water 

content in the leaves and photosynthesis rate decreased as long 

as decreasing (increasing negative number)  LWP (Lawlor and 

Cornic, 2002). Stomal and non-stomal irregularity under the 

GH¿FLW� LUULJDWLRQ� FRQGLWLRQV� IRU� FRWWRQ� FDXVHG� LQ� GHFUHDVH� RI�
photosynthesis rate (Leidi et al., 1999).

On the other hand, LWP is a physiological criteria frequent-

ly used in irrigation scheduling.  LWP shows energy status of 

water in the leaves, in another word it is described as a collima-

tor power of  water moving.  LWP might be varied according 

WR�WKH�WUDQVSLUDWLRQDO�ÀRZ�DQG�ZDWHU�FRQWHQW�LQ�WKH�VRLO��WKXV�LW�
is an important criteria for the assessment of plant water rela-

tionships (Camacho et al., 1974). 

Stomatal conductance (SC)
The SC could not measure  in only vegetative period in 

2016 since the porometer was out of order. In addition, although 

there has been a special calibration for porometer before  read-

ing and this was made, some readings (base or treshold values) 

might show deviation from readings from each stage  of crop. 

Because, rapid stomatal closure in the porometer cuvette is an-

other problem that can limit porometer accuracy in certain cas-

es. There is substantial variation in sensitivity to leaf surface 

humidity among plants (McDermitt, 1990). 

In the study, the SC  were ranged 82.6-312.5 mmol m-2 s-1 

and 143.4-437.3 mmol m-2 s-1 for all treatments in 2016 and 
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2017, respectively.  However, the average values of SC per-

taining to the experimental treatments and years are shown in 

Figure 3a and 3b.). According to the results of variance analy-

VLV��WKHUH�ZHUH�VLJQL¿FDQWO\�GLIIHUHQFHV��3�������EHWZHHQ�6',�
and SSDI, and different amount of irrigation water applied 

LQ�ÀRZHULQJ�VWDJH�LQ�������7KH�PD[LPXP�6&�UHDFKHG�LQ�WKH�
treatment that the maximum amount of irrigation water applied 

in K
1
: I=1.25x ETc (Figure 3b). As expected, the SC  increased 

together with increasing amount of irrigation water and de-

creased with increasing water stress conditions (decreasing 

amount of irrigation water) (Figure 4.). That the values of SC 

have been showed difference might be attributed to the devel-

opment crop stage, different application of irrigation water, cli-

matic conditions and variations in the porometer device.  

On the other hand, SC increased for the crops on the plots 

in which grown under the subsurface drip irrigation at 40 cm 

compared to the other treatments during the vegetative devel-

opment stage (Figure 3a).  Considering the stage of boll forma-

WLRQ��WKHUH�ZHUH�VLJQL¿FDQWO\�GLIIHUHQFH��3�������EHWZHHQ�6&�
under the applications of different amount of irrigation water.  

In this stage, there was no any effect on SC under surface and 

subsurface drip irrigation.  For  this, the lowest SC was ob-

tained under the lowest level of  irrigation water (Figure 3b 

DQG�����+RZHYHU��WKHUH�ZHUH�QR�VLJQL¿FDQWO\�GLIIHUHQFH�RQ�6&�
during the boll formation. This might be attributed that the ir-

rigation was ended different period considering the different 

treatments and the plants consumed more water. 

$FFRUGLQJ� WR� WKH� UHVXOWV� LQ� ������ WKHUH�ZHUH� VLJQL¿FDQW-
O\�GLIIHUHQFHV� � �3������� �EHWZHHQ�6&V�RQ� WKH�6',�DQG�66',�
GXULQJ� WKH�ÀRZHULQJ� VWDJH�� KRZHYHU� WKHUH�ZHUH� VLJQL¿FDQWO\�
GLIIHUHQFHV���3���������EHWZHHQ�6&V�RQ�GLIIHUHQW�DPRXQW�RI�LU-
rigation water during the boll formation. The SCs increased as  

long as amount of irrigation water increased (Figure 4).

Considering the treatment in which subsurface drip irriga-

tion at 40 cm and irrigation water application based on crop 

evapotranspiration using FAO-PM (I=1.0xETc), the values of 

SC were 369, 183 and 222 mmol m-2 s-1 for the stages of veg-

HWDWLYH�GHYHORSPHQW��ÀRZHULQJ��DQG�EROO�IRUPDWLRQ�VWDJH��UH-
spectively. The values of SC during the vegetative stage were 

higher compared  to those in the the other stages because this 

stage is rapidly  development stage. In another word, during 

the vegetative growth stage, roots develop rapidly (Hake and 

Grimes, 2010).  The values of SCs decreased  in the next stages 

of crop (Figure 4). One of  the factors indirectly affecting on 

SC might be soil compaction because of soil texture (very high 

clay content up to 65%) and clay type in the experimental site. 

For that reason, this condition affects soil water availability 

for crops.

Similarly, Ephrath et al. (1990) reported that SC decreased 

with increasing water stress conditions, the correlation be-

tween radiation and SC decreased as long as the plants exposed 

to water stress and there was a asymptotic relationship between 

SKRWRV\QWKHVLV�UDWH�DQG�6&��$OO�WKHVH�¿QGLQJV�VKRZ�VLPLODU�UH-
VXOWV�IURP�WKLV�VWXG\��0HLGQHU�DQG�0DQV¿HOG��������VWDWHG�WKDW�
SC is also depending on CO

2 
concentration in the surrounding 

environment and difference on leaf-air vapor pressure.  Cell 

growth in cotton is, thus, more sensitive than stoma closure 

during the limited water conditions. For this, sensitivity to cell 

gowth and increase on plants height and leaf area are more 

responsive than the results related to stoma closure on transpi-

ration and photosynthesis (Turner et al., 1986; Puech-Suanez 

et al., 1989).

On the other hand, photosynthesis and stomal conductance 

become discrete under the higher temperatures. Because, the 

higher temperature decrease absisic acid level, thus transpira-

tion become maximum, thus this cause cool of leaves. Bio-

ORJLFDO�ZDWHU� XVH� HI¿FLHQF\� DQG�ZDWHU� VDYLQJ�EHFRPH�PD[L-
mum (Radin, 1992). Connecting this, in this study region has 

very hot climate regime during the growing season up to 45 
oC. Thus, the effects of higher temperatures on stomal conduc-

tance are effective as reported by Radin (1992). In addition, 

WKH�PDLQ�HIIHFWV�RI�GH¿FLW�ZDWHU�RQ�FRWWRQ�SURGXFWLRQ�RFFXU�RQ�
GHFUHDVLQJ�RI�VWRPD�FORVXUH�DQG��&�¿[DWLRQ��LQ�WKH�OHDYHV�DQG�
leaf growth (Patterson et al., 1978; Inamullah and Isoda, 2005). 

The plants adapts differently to water stress. Cotton adapts to 

water stress by maintaining higher transpiration compared to 

the other crops such as soybean. The higher transpiration in 

cotton was due to a higher SC, which was supported by a high-

HU�ÀRZ�UDWH�RI�VWHP�VDS��ODUJHU�VWRPDWDO�DUHD��DQG�SUREDEO\�WKH�
diaheliotropism (Inamullah and Isoda, 2005). 

Leaf area index (LAI)
LAI was only computed in 2017 and it was measured at 

the generative stage of crop (boll formation).  Accoroding to 

the results, the LAIs ranged from 1.60 through 4.09 depend-

ing on the treatments and experimental years. However, the 

average values of LAI are given in Figure 5.  The lowest LAI 

was obtained from the treatment in which the lowest amount of 

irrigation water was applied and the maximum amount of irri-

gation water resulted in the maximum LAI. The values of  LAI 

increased from the surface drip irrigation and lower amount of 

irrigation water applied through subsurface drip irrigation and 

highest level of amount of irrigation water (Figure 5).

According to the results of variance analysis, increasing 

DPRXQW�RI�LUULJDWLRQ�ZDWHU�DSSOLHG�VLJQL¿FDQWO\���3��������LQ-

FUHDVHG�WKH�YDOXHV�RI�/$,��$OWKRXJK�WKHUH�ZHUH�QR�VLJQL¿FDQW-
ly difference on the values of LAI between surface and sub-

surface drip irrigation systems, the subsurface drip irrigation 

system at 40 cm resulted  in the maximum LAI (Figure 5). 

Considering the average seed cotton yields, there was a lin-

ear relationships between seed cotton yield and LAI  (for SDI: 

y = 1093+873.7X, R2� �������3���������IRU�66',����FP��\� �
-8664+4113.5X, R2� �������3���������DQG�IRU�66',����FP��\�
= 905.9+1045.4X, R2� �������3����������DQG�WKH�UHJUHVVLRQ�
curves with regard to each drip irrigation system are shown in 

Figure 6.

Ashley et al. (1964) reported that LAI reachs to 1.0 at 6 or 

8 weeks after emergency of the plants. Considering the rela-

tionship between boll formation and LAI, LAI rises up to 5.0 

during the boll formation.  In addition the evaporation from 

the soil surface decreases as long as LAI and canopy cover 

increase (Luo et al., 2011). In the previous studies, the values 

of LAI ranged from 3.62 through 3.71 depending on different 

cotton varieties (Ekinci et al., 2008), the maximum LAI was 

obtained to be 4.0-5.8 at the treatment in the maximum crop 
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evapotranpiration (Kanber et al., 1991) and LAI was 3.37 for 

cotton grown at the Lower Seyhan Plain of Turkey (Baydar, 

�������gGHPLú�HW�DO���������GHWHUPLQHG�/$,�WR�EH������IRU�IXOO�
irrigation conditions. In addition, Ertek and Kanber (2001) re-

ported that the values of LAI ranged from 3.24 through 4.40. 

LAI were found between 3.10 and 5.54 depending on amount 

of irrigation water applied and cottton variety and LAI in-

creased as long as increasing irrigation water (Keten, 2016). 

The valus of LAI in this study are, in general, similiar to the 

results of previous studies. However, LAI might be different 

as it is in this study depending on cotton varieties, irrigation 

systems and/or methods and amount of irrigation water and 

climatological conditions. On the other hand, ageing of leaves 

DFFHOHUDWH�XQGHU�WKH�GH¿FLW�LUULJDWLRQ��/$,�FRQWLQXH�WR�LQFUHDVH�

during the crop development stages under the full irrigation 

FRQGLWLRQV�EXW�LW�GHFUHDVH�XQGHU�WKH�GH¿FLW�LUULJDWLRQ��6DOHHP�
et al., 2016; Noreen et al.,  2013). In addition, LAI is one of 

the criteria on measurement of photosynthesis capacity. Thus  

LAI might be used to determine the variation rate of CO
2 

in 

the plants regardless the shape and dimension of (Pegelow et 

al., 1977). 

2Q� WKH� RWKHU� KDQG�� WKHUH�ZHUH� VLJQL¿FDQWO\� UHODWLRQVKLSV�
�3������� EHWZHHQ�/$,� DQG� DPRXQW� RI� LUULJDWLRQ�ZDWHU� XVLQJ�
regression analysis in both surface and subsurface drip irriga-

tion systems (Figure 7). For this, seed cotton  yield increased 

with increasing of LAI. As a result irrigation water applied in-

creased directly cotton yield and LAI (Chen et al., 2017).

Figure 1. The effects of different drip irrigation systems (a) and different amount  of irrigation water (b) on leaf water potential 

according to the crop  development stages for the average of  two experimental year.

Figure 2. Relationship between amount of irrigation water and LWP
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Figure 3. The effects of different drip irrigation systems (a) and different amount  of irrigation water (b) on stomatal conduc-

tance according to the crop  development stages for the average of two experimental years

Figure 4. Relationship between stomatal conductance and amount of irrigation water applied regardless SDI and SSDI

Figure 5. The values of leaf area index according to the different drip irrigation systems (a) and different amount of irrigation 

water (b)
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Figure 6.  Relationship between LAI  and seed cotton yield  according to the drip irrigation systems
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Figure 7.  Relationship between amount of irrigation water applied and LAI  according to different drip irrigation systems
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Conclusion
,Q�WKLV�VWXG\��WKH�FULWLFDO�/:3V�LQ�YHJHWDWLYH�SHULRG��ÀRZ-

ering stage  and boll formation stage of cotton in SDI for irri-
gation time were -24, -23 and -24 bar, respectively. Consider-
ing the same putting in order for the crop development stages 
in SSDI-40 cm, those were -23, -23 and -24 bar, respectively. 
The values of LWP in SSDI-30 cm were the same levels in 
SSD-40 cm. LWP in the boll formation stage were, in general, 
lower (bigger in minus numerical number) compared to the 
¿UVW�WZR�GHYHORSPHQW�VWDJHV��YHJHWDWLYH�DQG�ÀRZHULQJ�VWDJHV�
of the crop.  

7KH�FULWLFDO�6&V�LQ�YHJHWDWLYH�SHULRG��ÀRZHULQJ�VWDJH�DQG�
boll formation stage  in SDI were 312.8, 201.8 and 198.9 mmol 
m-2 s-1, respectively. The values of SC in the same putting in or-
der for the crop development stages in SSDI-30 cm and SSDI-
40 cm were 368.8, 182.6 and 221.8 mmol m-2 s-1; and 371.7, 
185.9 and 186.8 mmol m-2 s-1, respectively. SC decreased from 
the vegetative period through generative period of the crop. 
The SCs increased together with increasing amount of irriga-
tion water and it decreased with increasing water stress condi-
tions. The LAIs were 2.99, 3.11 and 3.45 in SDI, SSDI-30 cm 
and SSDI-40 cm, respectively. The values of LAI increased 
from the surface drip irrigation and lower amount of irrigation 
water applied through subsurface drip irrigation and highest 
level of amount of irrigation water. Although some plant phys-
iological indicators such as LWP and SC might be used for 
irrigation scheduling and irrigation time, these indicators are 
highly affected by soil water status, light, air humidity, tem-
perature and calibration of the devices used. 

As a result, useful parameters for crop irrigation schedul-

ing are provided by measurements of the soil or plant water 

status. Some physiological criteria such as leaf water poten-

tial (LWP) and stomal conductance (SC) might be usefull for 

irrigation scheduling and/or to show the water stress condi-

tions for plants. LWP is reference measuring of  water status 

of cotton leaves and have enabled solid reference thresholds of 

cotton plant water status. This data is obtained by measuring 

the leaf water potential by means of a pressure chamber.  The 

LWP  could be used to manage cotton irrigation. It is a useful 

method for precision irrigation which could help to save wa-

ter. However, these indicators are highly affected by soil water 

status, light, air humidity, temperature, atmospheric CO
2
 and 

calibration of the devices used. Thus, the measurement time 

and the threshold values for critical consideration such as irri-

gation scheduling might vary depending all these conditions.
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Kombucha ‘tea fungus’ is a traditional refreshing drink obtained by fermentation of black tea with sugar as well as a 
strong symbiosis of acetic bacteria and yeasts. Kombucha�WHD�KDV�VHYHUDO�KHDOWK�EHQH¿WV�VXFK�DV�DQWLK\SHUJO\FHPLF��
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amount, and titratable activity, as well as their antioxidant activities and total phenolic contents, were analyzed prior 
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Introduction 
Since consumers have become increasingly aware of the 

role of diet in promoting health and preventing disease, new 
food products called functional food have been improved.  
Functional foods have a positive effect on health, physical and 
mental condition of the human body in addition to the nutri-
tional value and the most famous examples of functional foods 
are fermented products, especially milk or dairy products 
(Siró, Kápolna, Kápolna, and Lugasi, 2008). 

Kombucha, also named as tea fungus, has been consumed 
worldwide as a healthy drink for a very long time especially 
in China, Russia, and Germany (Vázquez-Cabral et al., 2017). 
Kombucha is a symbiosis of acetic acid bacteria (Acetobacter), 
including Acetobacter xylinum, A. xylinoides, Bacterium glu-
conicum, A. suboxydans, Gluconobacter liquefaciens, A. aceti 

and A. pasteurianus, various yeasts (the genera of Brettano-
myces, Zygosaccharomyces, Saccharomyces, and Pichia de-
pending on the source), including Saccharomyces cerevisiae, 
S. inconspicus, S. ludwigii, Schizosaccharomyces pombe, 
Candida tropicalis, C. krusei, Debaryomyces hansenii, Bret-
tanomyces spp., Kloeckera spp., Zygosaccharomyces bailii 
and Z. Kombuchaensis, and lactic acid bacteria (Lactobacillus 
bulgaricus) (Battikh, Bakhrouf, and Ammar, 2012; Zubaidah, 
Yurista, and Rahmadani, 2018). Kombucha is composed of a 
ÀRDWLQJ�FHOOXORVLF�SHOOLFOH�OD\HU�DQG�WKH�VRXU�OLTXLG�EURWK��'H�
Filippis, Troise, Vitaglione, and Ercolini, 2018) and convert-
ed the sugar which is its carbon source into organic acids and 
ethanol: sucrose into glucose and fructose and produce etha-
nol, while acetic acid bacteria convert glucose into gluconic 
DFLG�DQG�IUXFWRVH�WR�DFHWLF�DFLG��0DOEDãD��/RQþDU��9LWDV��DQG�
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ýDQDGDQRYLü�%UXQHW���������
The metabolic activity of kombucha results in a refresh-

LQJ� EHYHUDJH�ZLWK� WKH� VRXU� WDVWH� DQG�PDQ\� KHDOWK� EHQH¿FLDO�
compounds. The kombucha beverage can be used to help with 
headaches, gastric illnesses, diabetes, nervousness, and aging 
problems. Moreover, it possesses antibiotic properties, relieves 
UKHXPDWLVP��JRXW��DQG�KHPRUUKRLGV�DQG�KDV�D�SRVLWLYH� LQÀX-
ence on the cholesterol level, arteriosclerosis, toxin excretion, 
and blood cleansing. The most important effect is that it pro-
vides resistance to cancer and increases the immune system 
performance (Chakravorty et al., 2016). 

Black and green teas are the usual and the best substrates 
NQRZQ� IRU� WKH� SUHSDUDWLRQ� RI�.RPEXFKD� GULQNV� �9HOLüDQVNL��
&YHWNRYLü��0DUNRY��7XPEDV�âDSRQMDF��DQG�9XOLü���������EXW�
other substrates such as coca-cola, wine, beer, fruit drinks, 
milk, and herbal teas can be used (Malbaša et al., 2011). Fur-
thermore, kombucha can be cultivated on dark beer, red wine, 
white wine, whey (Vukic et al., 2014), coffee,  Jerusalem ar-
tichoke (Helianthus tuberosus L.) (Yang, He, Corscadden, and 
8GHQLJZH�� ������ DQG� PRODVVHV� �/RQþDU�� 0DOEDãD�� DQG� .R-
larov, 2001). Kombucha constitutes several compounds that 
are known to be strong antioxidants, such as vitamins C and 
B2, as well as polyphenols, primarily catechins (Malbaša, Vi-
WDV��/RQþDU��*UDKRYDF��DQG�0LODQRYLü���������$SSOLFDWLRQ�RI�
Kombucha in lactose fermentation is still under investigations 
and a few investigations have been reported and its techno-
logical and nutritional aspects in dairy products have been de-
scribed recently (Malbaša et al., 2009). 

In the present work, black, green and Echinacea teas, as 
well as goat, cow and soy’s milk were used as a medium for 
Kombucha fermentation. To the author’s knowledge,  a few 
previous studies reported the antioxidant activity of other dif-
ferent fermented Kombucha beverages, however, there were no 
studies about the usage of different kind of milk as an alterna-
tive medium besides black and green tea. The aim of this work 
is to analyze fermentation of sucrose and lactose from three 
different types of teas, including black, green and Echinacea 
teas and milk, including goat, cow, and soy inoculated with 
plain Kombucha ‘tea fungus’ starter (which is not concentrated 
before application). Changes in the pH and total sugar of the 
beverages during fermentation were determined.  This differ-
ent tea and milk-based beverages compared to the traditional 
kombucha prepared from black tea with regards to colour, total 
phenolic content and antioxidant activities. In view of this, the 
recent study showed the antioxidant effect of kombucha appli-
cation in the development of new fermented beverages. 

Materials and Methods 
Materials
The plain kombucha culture was cultivated on six different 

substrates: goat’s, cow’s, soy’s milk as well as black, green, 
and Echinacea teas. 

Milk: Pasteurised, homogenized goat, cow and soy’s milk 
(approximate values of the milk fat content at the local mar-
ket) were used for the production of fermented milk products. 
The used goat milk has contained, on average,  2.6-3.5 % pro-
tein, 4.5-5.5 % carbohydrate, and 10-13 % dry matter content; 

cow’s milk has  3.1 % protein, 4.5 % carbohydrate, and 11 % 
dry matter content; soy’s milk has 3.3 % protein, 0.2 % carbo-
hydrate, and 6.5-7.0 % dry matter content.

Tea: The substrate from black tea was prepared using four 
grams of tea leaf and it was added to 1 l boiling water and kept 
boiling for 5 min. Sucrose (100 g) was added, the tea was then 
¿OWHUHG�WKURXJK�D�VWDLQOHVV�VLHYH�DQG�WKH�GHFRFWLRQ�ZDV�ERLOHG�
for another 5 min. The sugared tea was immediately distribut-
ed into several sterilized 250 ml-jars (each contained 150 ml) 
under aseptic conditions and allowed to cool the tea to room 
temperature. Each fermentation was repeated three times. The 
substrate from green tea, echinacea tea was prepared under the 
same conditions as the substrate from black tea.

Starter culture: Kombucha culture (3 g)
Fermentation Process
Kombucha starter was cultivated in different kinds of milk 

at room temperature. The inoculum was added to the milk in 
the amount of 10 % (v/v). The fermentation was performed un-
til the pH 4.5. The obtained milk gel was centrifuged at 10000g 
for 30 min and stored at -20 ºC for further analysis. 

The fermentation was also initiated by adding 3 % (w/v) 
starter to fresh medium and maintained at room temperature 
for 7 days for tea samples. Sampling was performed periodi-
cally at 0, 3,  7 days and the broth was centrifuged at 10000g 
for 20 min and stored at -20 ºC for further analyses. The fer-
mentation was done in triplicate.

Methods
'HWHUPLQDWLRQ� RI� S+�� pH of the beverages values was 

measured using a pH meter (WTW Inolab Level 1, Weilheim, 
Germany) during fermentation.

Total sugar content: The sugar content was assayed by the 
phenol-sulfuric acid method (Hall, 2013). 

Determination of colour: The colour of the beverages 
ZHUH�PHDVXUHG�XVLQJ� WKH�+XQWHU�/DE�&RORUÀH[� �&)/;������
Model Colorimeter; HunterLab, Reston, VA). The cylindrical 
quartz cell containing the sample was placed directly into the 
colourimeter, and L*, a*, and b* values were recorded. L* rep-
resented the lightness (L* = 0 yields blackness and L* = 100 
indicates diffuse whiteness), a* represented the redness-green-
ness (negative values indicate greenness while positive values 
indicate redness/magenta) and b* represented the yellow-
ness-blueness (negative values indicate blueness and positive 
values indicate yellowness) as index of the CIELAB. 

Determination of total titratable acidity: Total titratable 
acidity was determined according to the potentiometric titra-
tion acidity of the beverages. The beverages were diluted 10 
IROG�LQ�GHLRQL]HG�ZDWHU�DQG�¿OWHUHG��7KH�¿OWUDWH�ZDV�WLWUDWHG�XS�
to a pH 8.1 with a solution of 0.1 N NaOH using phenolphtha-
lein as indicator. The results were expressed as g 100 ml-1 with 
reference to anhydrous citric acid. 

Determination of total phenolic content: The total pheno-
lic contents of the beverages were measured according to Fo-
lin-Ciocalteu method (Singleton, Rossi, and Jr, 1965). 0.05 ml 
of the beverages were added to 2 ml of 2 % sodium carbonate. 
After 2 min, 0.1 ml Folin–Ciocalteu reagent was mixed with 
the above solution, the absorbance at 750 nm was then mea-
sured after 30 min. The total phenolic content was expressed as 
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gallic acid equivalents (GAE, mM) from the calibration curve. 
Evaluation of the Antioxidant Capacity: To achieve a more 

realistic characterization of the antioxidant properties of the 
beverages, three different antioxidant capacity assays were ap-
plied: DPPH, ABTS, and FRAP assays as spectrophotometric 
DVVD\V��0RGL¿HG� YHUVLRQV� RI� WKH� RULJLQDO�'33+��$%76� DQG�
)5$3� DVVD\V�ZHUH� SHUIRUPHG� WR� ¿W� WKH� DQWLR[LGDQW� FDSDFLW\�
analyses according to the procedures described by Brand-Wil-
liams et al., 1995 (Brand-Williams, Cuvelier, and Berset, 
1995), Re et al., 1999 (Re et al., 1999) and Gou et al., 2003 
(Guo et al., 2003), respectively. Trolox standard curves were 
FRUUHODWHG�ZLWK� WKH� GLIIHUHQFH� LQ� DEVRUEDQFH� EHWZHHQ� D�¿QDO�
reading and the reagent blank reading for the spectrophoto-
metric assays. The results were expressed as a mean of three 
determinations in milligrams of Trolox per gram of beverages.

Statistical Analysis: All experimental results were present-
ed as mean values with their corresponding standard devia-
WLRQV��6LJQL¿FDQW�GLIIHUHQFHV�EHWZHHQ�PHDQ�YDOXHV��3���������
were determined by ANOVA using SPSS 16 (SPSS Inc., Chi-
FDJR�� 86$��� 6WDWLVWLFDOO\� VLJQL¿FDQW� GLIIHUHQFHV� ZHUH� FRP-
pared between treatment groups.

5HVXOWV�DQG�'LVFXVVLRQ�
Development of fermentation
The six different kinds of beverages were produced: three 

milk-based beverages and the three tea-based beverages. The 
development of all fermentation processes was investigated by 
measuring pH values in time. Milk-based beverages were incu-
bated until their pH 4.4 and tea-based beverages were incubat-
ed for 9 days. pH of these beverages throughout fermentation 
was presented in Figure 1.

1DPHO\��VLQFH� LQYHVWLJDWLQJ� WKH� LQÀXHQFH�RI� IHUPHQWDWLRQ�
duration on the milk and tea-based beverages, it has been sta-
WLVWLFDOO\�SURYHQ� WKDW� IHUPHQWDWLRQ�GXUDWLRQ�ZDV� D� VLJQL¿FDQW�
YDULDEOH��$V�VKRZQ�LQ�)LJXUH�����D�VWDWLVWLFDOO\�VLJQL¿FDQW�GH-
crease in the pH was observed in all six beverages during the 
fermentation period (P < 0.05). The overall decrease in pH of 
the beverages would have been due to the increased concen-
tration of organic acids produced during the fermentation pro-
cess by Kombucha ‘tea fungus’ as inoculum (Battikh et al., 
2012). In milk samples, fermentations were stopped when the 
pH reached to between 4.4 and 5.7, while these beverages had 
pH between 6.6 and 7.0 at the beginning of fermentation. Tea-
based beverages had the pH between 5.2 and 6.4 prior to the 
fermentation process. At the end of day 9, the pH of the tea-

EDVHG�EHYHUDJHV�YDULHG�EHWZHHQ�����DQG������S+�IRU�¿QDO�SURG-
uct of Echinacea tea-based beverage was observed to be the 
PRVW�DFLGLF��KDYLQJ�D�¿QDO�S+�RI������ZKLOH�FRZ¶V�PLON�EDVHG�
beverage had the lowest pH of 4.43 at the end of fermentation 
duration. The pH exchange pattern during fermentation was as 
expected and it had the same shape for all substrates. Kanuric 
et al. (2018) investigated the effect of new starter culture on 
milk fermentation by kombucha and the pH value gradually 
GHFUHDVHG�DQG�DIWHU���K��IHUPHQWDWLRQ�ZDV�VWRSSHG��.DQXULü�HW�
al., 2018). This difference between the pH values of the sub-
strates could be the consequence of differences in chemical 
composition of substrates (Malbaša et al., 2011). 

Figure 1. The pH values of milk (A) and tea-based bever-
ages (B) throughout fermentation. 

The total sugar content of the beverages is shown in Table 
1.  Considering these values, the total sugar content of milk 
and tea-based beverages were lower than unfermented sample 
(control). Total sugar content decreased Kombucha’ tea fungus’ 
consumed glucose in the beverages throughout the fermenta-
tion. Soy’s milk-based and Echinacea tea-based beverages had 
the highest reduction in total sugar content while cow’s milk-
based and black tea-based beverages had the lowest reduction 
at the end of the fermentation period. Value of pH and amount 
of total sugar are standard parameters that indicate the suc-
FHVV�RI�WKH�SURGXFWLRQ�SURFHVV��9LWDV��&YHWDQRYLü��0DãNRYLü��
âYDUF�*DMLü��DQG�0DOEDãD��������

Table 1. Total sugar amount values of beverages throughout fermentation (mg l-1)
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Colour and Titratable activity (TA)
As shown in Table 2, L*, a*, and b* values were measured 

throughout fermentation. Five beverages except for Echinacea 
tea-based beverages were observed to get lighter as the fermen-
WDWLRQ�SURJUHVVHG�LQ�WHUPV�RI�/�YDOXHV��6WDWLVWLFDOO\�VLJQL¿FDQW�
FKDQJHV��S���������LQ�WKH�/�YDOXHV�RI�DOO�¿YH�EHYHUDJHV�ZHUH�
REVHUYHG�IURP�EHJLQQLQJ�SRLQW�LWVHOI�DV�FRPSDUHG�ZLWK�WKH�¿-
nal products. A sharp increase in the lightness was especially 
observed in Echinacea tea-based beverage at the end of the 
fermentation. However, as the L* values, statistically signif-
icant changes (P < 0.05) in the a* values of all six fermented 
beverages were observed between the beginning and the end of 
fermentation. As for the b* values, except for green tea-based 
EHYHUDJHV�RWKHU�¿YH�EHYHUDJHV�ZHUH�REVHUYHG�WKH�LQFUHDVH�LQ�
the yellowness at the end of the fermentation and statistically 
VLJQL¿FDQW�GLIIHUHQFHV�ZHUH�IRXQG��3���������DV�FRPSDUHG�ZLWK�
the beginning of fermentation. Overall, the L*, a* and b* val-

ues indicated that the colour value of the beverages changed 
GXULQJ�IHUPHQWDWLRQ��GHVSLWH�WKHLU�LQGLYLGXDO�ÀXFWXDWLRQV��3UH-
vious studies showed that the colour changes were associated 
with the microbial transformation of polyphenols (Jayabalan, 
Marimuthu, and Swaminathan, 2007). 

7KH�VWDWLVWLFDOO\�VLJQL¿FDQW�LQFUHDVH��S���������LQ�WKH�7$�LQ�
milk and tea-based beverages was observed as compared with 
the beginning of fermentation. The TA of three milk-based 
beverages were found between 1.95 and 3.2 at the beginning 
of fermentation as well as between 8.4 and 12.75 at the end 
of fermentation. The TA of three tea based beverages varied 
between 0.45 and 0.65 prior to the fermentation process, while 
at the end of fermentation, these values varied between 0.65 
DQG�������7KH�VWDWLVWLFDOO\�VLJQL¿FDQW�LQFUHDVH��3���������LQ�WKH�
TA in all beverages was observed as compared with the unfer-
mented beverages. These observations were in agreement with 
WKH�¿QGLQJV�RI�RWKHU�VWXGLHV��;X�HW�DO����������

Table 2. The L*, a* and b* values of the milk (A) and tea-based beverages (B)  throughout fermentation.
A

Milk based beverages Fermentation duration (h) Colour TA
 L* a* b*

Goat’s milk 0 93.1±0.01 -0.88±0.02 8.5±0.01 2.05±0.05
 6 82.72±0.1 0.86±0.03 13.57±0.17 11.9±0.1

Cow’s milk 0 91.97±0.02 0.25±0.01 10.64±0.03 1.95±0.05
 6 85.08±0.13 1.12±0.11 13.17±0.47 12.75±0.05

Soy’s milk 0 85.77±0.04 1.03±0.11 20.21±0.03 3.2±0.1
 6 78.05±0.44 3.4±0.08 22.24±0.31 8.4±0.1

B
Tea based beverages Fermentation duration (days) Colour TA

 L* a* b*
Black Tea 0 4.62±0.56 2.35±0.16 3.53±0.38 0.45±0.05

 3 4.25±0.05 2.98±0.07 3.4±0.22 0.55±0.05
 9 4.29±0.11 3.61±0.39 4.3±0.37 0.65±0.05

Green Tea 0 6.01±0.2 1.41±0.19 5.25±0.16 0.45±0.05
 3 4.66±0.08 3.78±0.15 4.8±0.23 0.55±0.05
 9 3.12±0.37 2.16±0.8 2.79±0.47 0.65±0.05

Echinacea Tea 0 2.79±0.14 1.47±0.19 3.2±0.12 0.65±0.05
 3 8.09±0.13 4.12±0.1 7.79±0.4 1.05±0.05
 9 7.37±0.02 3.49±0.37 7.73±0.34 1.55±0.05

Determination of Total Phenolic Contents 
The total phenolic contents are shown in Table 3. Total 

phenolic contents of beverages were progressively increased 
with fermentation duration. Goat’s milk-based and green tea-
based beverages had the highest total phenolic contents, while 
soy’s milk-based and Echinacea tea-based beverages had the 
least amount of total phenolic prior to the fermentation. How-
ever, following the initiation of the fermentation process, all 
IHUPHQWHG�EHYHUDJHV�KDG�D�VWDWLVWLFDOO\�VLJQL¿FDQW�LQFUHDVH��3�
< 0.05) in the total phenolics content.  Goat’s milk based and 
green tea-based beverages were observed to have the highest 
total phenolics content by the end of the fermentation since 
their initial total phenolic contents were high as well. The re-
sult of this study were found consistently with other reports 
(Chakravorty et al., 2016; Jayabalan et al., 2007). De Flippis 

et al. (2018) determined the total phenolic content of Kombu-
cha tea fermented using ceylon black or bancha green tea. At 
the beginning of the fermentation, the total phenolic content 
was found the higher in green tea than black tea. During fer-
mentation, the phenolic content were found stabile in green tea 
and increase in black tea (De Filippis et al., 2018). Literature 
data suggest that there were different extraction techniques 
were performed to extract the phenolic contents (Cvetanovic, 
Svarc-Gajic, Maskovic, Savic, and Nikolic, 2015). Vitas et al 
(2018) was found that their Kombucha fermented beverages 
had higher total phenolic contents as compared to correspond-
ing initial beverages (Vitas et al., 2018). Ayed and Hamdi 
(2015) used cactus pear as substrate to produce Kombucha-fer-
mented beverages and the results displayed that total phenol 
content increased with fermentation time (Ayed and Hamdi, 
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2015). This increase in phenolic components can be explained 
by the fact that acid hydrolysis and the bioconversion of con-

densed phenolic components takes place (Jayabalan, Subath-
radevi, Marimuthu, Sathishkumar, and Swaminathan, 2008). 

Table 3. Total phenolic content of milk (A) and tea-based beverages (B) throughout fermentation (µgGAE ml-1)
A

Fermentation duration (h) Milk-based beverages
Goat milk Cow milk Soy milk

0 540.65±38.6a,B 345.15±4.12b,B 334.8±24.46b,B

6 1334.43±3.88a,A 981.52±38.6b,A 642.19±76c,A

B
Fermentation duration (days) Tea-based beverages

Green Tea Black Tea Echinacea Tea
0 326.5±52.68a,C 227.78±0.88b,C 209.65±8.87b,C

3 380.87±28.1a,B 261.81±0.93b,B 256.52±9.05b,B

9 472.09±4.94a,A 312.26±18.55b,A 279.29±21.55c,A

D�F�'LIIHUHQW�OHWWHUV�LQ�WKH�VDPH�URZ�LQGLFDWH�VLJQL¿FDQW�GLIIHUHQFHV�EHWZHHQ�PHDQV��S���������
$�&�'LIIHUHQW�OHWWHUV�LQ�WKH�VDPH�FROXPQ�LQGLFDWH�VLJQL¿FDQW�GLIIHUHQFHV�EHWZHHQ�PHDQV��S��������

Determination of Antioxidant Activity 
Total phenolic contents of the beverages are expected to 

be directly related to their antioxidant capacity (Bravo, Goya, 
and Lecumberri, 2007). Since no single method can quantify 
the total antioxidant capacity of the samples, the usage of dif-
ferent antioxidant activity assays is possible. Therefore, three 
different methods were applied in the this research (DPPH, 
ABTS and FRAP) in order to achieve a general view of the 
antioxidant potential of the beverages during fermentation. 
The antioxidant capacity results of the beverages, measured by 
the three different methods, were presented in Table 4. Simi-
lar behavior patterns were commonly observed for the results 
of DPPH, ABTS and FRAP assays regardless of their action 
mechanism. The hypothesis of this study was to investigate the 
higher antioxidant activity of beverages at the end of fermen-
tation compared to the beginning of fermentation as samples 
blank. 

Results of DPPH assay showed different ability for milk 

and tea-based beverages (Table 4). Prior to fermentation, soy’s 
milk-based beverage showed minimum DPPH value, while 
goat’s milk based beverage showed minimum DPPH value at 
the end of fermentation. However, before and after fermenta-
tion, maximum DPPH value was observed in cow’s milk based 
beverage. When the different kind of teas were applied as 
substrates, the highest DPPH value was observed in green tea-
based beverages before fermentation while the lowest DPPH 
value was found in black tea-based beverages. However, at the 
end of fermentation, black tea-based beverage had the highest 
DPPH value and Echinacea tea-based beverage had the lowest 
DPPH value. Amarasinghe et al. (2018) traditionally carried 
out four kombucha beverages by placing the tea fungal mats 
in sugared Sri Lankan black tea at varying concentrations for a 
SHULRG�RI���ZHHNV��$�VWDWLVWLFDOO\�VLJQL¿FDQW�GHFUHDVH��S���������
in the antioxidant activity was found in these four beverages 
after fermentation (Amarasinghe, Weerakkody, and Waisund-
ara, 2018).  

Table 4. The antioxidant capacity of the beverages measured by DPPH, ABTS, and FRAP (µmol Trolox g extract-1).
A
Fermentation 
duration (h)

Milk based 
beverages 

DPPH ABTS FRAP
 Goat milk Cow milk Soy milk Goat milk Cow milk Soy milk Goat milk Cow milk Soy milk
0 2.8±0.14b,B 3.61±0.79a,B 0.28±0.076c,B 1.03±0.08c,B 1.16±0.02b,B 1.09±0.096a,A 1.46±0.039a,B 0.75±0.28b,B 0.65±0.20b,B

6 0.061±0.006c,A 0.28±0.003a,A 0.2±0.014b,A 0.81±0.06c,A 0.96±0.03c,A 1.03±0.02a,A 2.06±0.031a,A 2.02±0.02a,A 1.39±0.05b,A

D�F�'LIIHUHQW�OHWWHUV�LQ�WKH�VDPH�URZ�LQGLFDWH�VLJQL¿FDQW�GLIIHUHQFHV�EHWZHHQ�PHDQV��S���������
$�&�'LIIHUHQW�OHWWHUV�LQ�WKH�VDPH�FROXPQ�LQGLFDWH�VLJQL¿FDQW�GLIIHUHQFHV�EHWZHHQ�PHDQV��S���������

B
Fermentation 

duration 
(days)

Tea based beverages

DPPH ABTS FRAP 

Green Tea Black Tea Echinacea Tea Green Tea Black Tea Echinacea Tea Green Tea Black Tea Echinacea 
Tea

0 2.32±0.04b,A 2.18±0.01c,C 2.26±0.04b,B 1.32±0.00c,A 1.30±0.02c,B 1.27±0.013b,C 1.54±0.011b,A 0.61±0.013c,C 0.91±0.24b,B

3 2.30±0.04b,C 2.06±0.01b,A 2.25±0.05b,B 1.30±0.00b,A 1.12±0.00b,B 0.93±0.07a,C 1.62±0.04a,A 1.21±0.01b,B 1.12±0.13b,B

9 1.81±0.35a,AB 2.02±0.02a,A 1.59±0.11a,B 1.29±0.00a,A 1.06±0.00a,B 0.87±0.01a,C 1.66±0.01a,A 1.38±0.002a,B 1.37±0.12a,B

D�F�'LIIHUHQW�OHWWHUV�LQ�WKH�VDPH�FROXPQ�LQGLFDWH�VLJQL¿FDQW�GLIIHUHQFHV�EHWZHHQ�PHDQV��S���������
$�&�'LIIHUHQW�OHWWHUV�LQ�WKH�VDPH�URZ�LQGLFDWH�VLJQL¿FDQW�GLIIHUHQFHV�EHWZHHQ�PHDQV��S���������
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Before and after fermentation, among the all tea substrates 
green tea was found to be the best substrate which showed 
higher ABTS value, whereas the least ABTS value was ob-
served in Echinacea tea based beverage. Ayed and Hamdi 
(2015) performed to determinate the two antioxidant activity in 
the fermented juice: DPPH and ABTS. The DPPH and ABTS 
radical scavenging abilities of the fermented juice increased 
VLJQL¿FDQWO\��$\HG�DQG�+DPGL���������+RZHYHU��WKH�UHVXOWV�LQ�
current studies displayed incompatible with that study.  This 
situation may be explained to the utilization of phenolic com-
pounds by the tea fungus. Because, scavenging effects were 
formed from many of the compounds present in the fruit and 
their synergistic effects (Amarasinghe et al., 2018). 

Among the three tea substrates studied, green tea performed 
better ability which was similar to those observed in DPPH 
value. At the beginning of fermentation, the lowest FRAP 
value was observed in black tea and thisvalue was attained in 
Echinacea tea at the end of fermentation. Among Kombucha 
based beverages prepared from three different milk, fermented 
goat’s milk was considered to be the best beverage which had 
the ability of FRAP reaction, while fermented soy’s milk can 
have the lowest effect on the FRAP value both before fermen-
tation and at the end of fermentation. 

A review of the literature concerning antioxidant capacity 
RI� NRPEXFKD� EHYHUDJHV� UHYHDOV� D� TXLWH� GLI¿FXOW� FRPSDULVRQ�
among the reported data, mainly because of the utilization of 
different analytical methods (ABTS, CUPRAC, DPPH, FRAP, 
ORAC, or TRAP, among others), standards, reference units 
(in a wet or dry matter basis). Furthermore, substrates might 
LQÀXHQFH� VLJQL¿FDQWO\� WKHLU� DQWLR[LGDQW� FDSDFLW\� �$\HG��%HQ�
Abid, and Hamdi, 2017; Hrnjez et al., 2014; Malbaša et al., 
2014, 2011; Villarreal-Soto, Beaufort, Bouajila, Souchard, and 
Taillandier, 2018). 

Conclusion
The present study demonstrated that milk and tea-based 

beverages prepared from different substrates have excellent 
antioxidant activities. It has been interested to note and use 
kombucha-based beverages in preventing diseases caused by 
the overproduction of free radicals. Kombucha fermented bev-
erage displayed an increase in antioxidant activities of bever-
ages during fermentation. The extent of the activity depended 
upon the fermentation time and substrates. However, further 
investigations are required to investigate these results and the 
study which carried out with the different kind of substrates 
can be used as a platform to form more studies in the future 
based on different starter cultures, microbial compositions, fer-
mentation duration etc. and their combined effects as well as 
on changing the health effect of kombucha beverages during 
various periods of fermentation.
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7UDGLWLRQDO�FHUHDO�EDVHG�IRRGV�QHHG�WR�EH�WKRURXJKO\�SURFHVVHG�WR�IXO¿OO�WKH�WUDQVSRUWDWLRQ�FRQGLWLRQV�WR�GLVWDQW�OR-
FDWLRQV��7KH�SUHVHQW�VWXG\�H[DPLQHV�WKH�FRPELQHG�XVH�RI�KLJK�K\GURVWDWLF�SUHVVXUH��++3��DQG�PRGL¿HG�DWPRVSKHUH�
SDFNDJLQJ��0$3��SURFHVVHV�LQ�PDQWÕ��D�WUDGLWLRQDO�WRUWHOOLQL�OLNH�7XUNLVK�IRRG��$IWHU�WKH�PDQWÕ¶V�LQQHU�PDWHULDO�DQG�
GRXJK�ZHUH� VHSDUDWHO\�SURFHVVHG�ZLWK� D�++3� WUHDWPHQW� DW� ����03D�DQG�����03D�� WKH�PDQWÕ�ZDV�SUHSDUHG�� DQG�
SDFNDJHG�XQGHU� WKH�PRGL¿HG�DWPRVSKHUH� �����&22�������12) and stored for 14 days at 4°C. Also, the thermal 
LQDFWLYDWLRQ�ZDV�H[DPLQHG�RI�LQRFXODWHG�PDQWÕ�VDPSOHV�ZLWK�EDFWHULDO�FHOOV�RI�Staphylococcus aureus, Escherichia 
coli and Bacillus cereus��7KH�GLIIHUHQFHV�RI�SK\VLFRFKHPLFDO�DQG�PLFURELDO�UHVXOWV�ZHUH�IRXQG�VLJQL¿FDQW��3���������
DPRQJ�WKH�VDPSOHV��DV�DIIHFWHG�E\�KLJK�SUHVVXUH�DW�WKH�PRGL¿HG�DWPRVSKHUH�SDFNDJH��,Q�FDVH�RI�WKH�FRQVXPHU�VHQVRU\�
evaluation regarding cooking, HHP processed samples (HHPR) were more liked than semi-processed (CR) samples 
�VWRUHG�IRU����GD\V�DW���&���,QRFXODWHG�EDFWHULDO�FHOOV�WR�PDQWÕ�VDPSOHV�H[KLELWHG�YDU\LQJ�LQDFWLYDWLRQ�UHVSRQGV�DW�
GLIIHUHQW�WHPSHUDWXUHV�����WR����&��RI�KHDW�WUHDWPHQW��$V�D�UHVXOW��LW�KDV�EHHQ�IRXQG�WKDW�WKH�KLJK�K\GURVWDWLF�SUHVVXUH�
WUHDWPHQW�LV�D�SURPLVLQJ�SURFHVV�IRU�WKH�PDQWÕ�SDFNDJHG�LQ�WKH�PRGL¿HG�DWPRVSKHUH��H[WHQGLQJ�WKH���GD\�VWRUDJH�WLPH�
compared to the untreated control sample. 

.H\ZRUGV� &RQVXPHU�DFFHSWDELOLW\�VWXGLHV��1RQ�WKHUPDO�SURFHVVLQJ��+LJK�K\GURVWDWLF�SUHVVXUH��0RGL¿HG�DWPRVSKHUH�
SDFNDJLQJ��0DQWÕ
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Introduction
,Q�WKH�IRRG�DQG�SDFNDJLQJ�LQGXVWU\��WKHUH�DUH�PDQ\�DWWHPSWV�

to implement new processing methods for food products. 
Among these are traditional foods that must be industrialized 
IRU�ERWK�RI�WKH�GRPHVWLF�DQG�H[SRUW�PDUNHWV��0DQWÕ�FRQVLVWV�RI�
D�ZKHDW�GRXJK������Z�Z�RI�PDQWÕ��¿OOHG�ZLWK�PLQFHG�EHHI��
RQLRQ��DQG�VSLFHV������Z�Z�RI�PDQWÕ���

,I�PDQWÕ�LV�WR�EH�FRQVXPHG�LPPHGLDWHO\��WKHQ�LW�LV�FRRNHG�LQ�
ERLOLQJ�ZDWHU������J�PDQWÕ�LQ���OLWHUV�RI�ZDWHU��IRU�������PLQV��
Before serving, a sauce is prepared by combining and cooking 
EXWWHU��WRPDWR�SDVWH�DQG�JURXQG�UHG�SHSSHU��,I�GHVLUHG��\RJXUW��
garlic, sumac, red pepper and mint are added. When there is a 

QHHG�IRU�VWRUDJH��PDQWÕ�LV�IUR]HQ�RU�RYHQ�EDNHG�EHIRUH�SDFN-
aging in industrial applications. Packaging is mostly applied in 
SODQWV�E\�XVLQJ�D�YDFXXP�RU�PRGL¿HG�DWPRVSKHUH��6LWWL���������
9DFXXP�DQG�PRGL¿HG�DWPRVSKHUH�SDFNDJLQJ�H[WHQGV�WKH�VKHOI�
OLIH�RI�PDQWÕ�XS�WR�IRXU�PRQWKV��8]XQOX�DQG�9DU���������

0DQWÕ�LV�D�KLJKO\�SHULVKDEOH�SURGXFW�GXH�WR�LWV�KLJK�ZDWHU�
DFWLYLW\� �!�������PRLVWXUH� �!����� DQG� S+� FRQWHQW� �����������
DV�ZHOO�DV� WKH� IDFW� WKDW� LWV�QXWULHQWV�DUH�EHQH¿FLDO� IRU�PLFUR-
RUJDQLVP� JURZWK� �8]XQOX� DQG�9DU�� ������� ,Q� WKH� FRQWH[W� RI�
cereal-based foods, the standards limit the presence of po-
tential food poisoning risk carrying microorganisms, such as 
Staphylococcus aureus, Clostridium perfringens, Salmonella 
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spp., pathogenic Escherichia coli, and spore forming bacteria 
(Anonymous, 2011).  

3UHYLRXV� UHVHDUFK�KDV�PDLQO\� IRFXVHG�RQ�PRGL¿HG�DWPR-
VSKHUH� SDFNDJLQJ�� 2QH� VXFK� VWXG\� LQYHVWLJDWHG� WKH� HIIHFWV�
RI� ERWK� KHDW� WUHDWPHQW� DQG� PRGL¿HG�DWPRVSKHUH� SDFNDJLQJ�
�0$3��RQ�PDQWÕ��%RWK�WKH�ZKHDW�GRXJK�DQG�¿OOLQJ�ZHUH�¿UVW�
ERLOHG� DQG� WKHQ� EDNHG� �GULHG��� IROORZHG� E\� PRGL¿HG� DWPR-
VSKHUH�SDFNDJLQJ�ZLWK�GLIIHUHQW�JDV�FRPSRVLWLRQV��$�����&22 
������12 �����22�SURYLGHG�D�VWDEOH�PDQWÕ�SURGXFW�DV�MXGJHG�
DJDLQVW�PLFURELDO�� FKHPLFDO� DQG� VHQVRULDO� SDUDPHWHUV� IRU� ���
GD\V�DW���&��<�FHWHSH���������2WKHU�UHVHDUFK�KDV�EHHQ�FDUULHG�
out to determine the refrigerated storage shelf life of modi-
¿HG�DWPRVSKHUH�SDFNHG�PDQWÕ��7KH�¿QGLQJV�VKRZQ� WKDW�ERWK�
����&22�DQG�����&22 with N2 led to stable storage at 4°C for 
��PRQWKV��8]XQOX�DQG�9DU���������6LPLODUO\��6LWWL�HW�DO���������
UHSRUWHG� WKDW� WKH� PRGL¿HG�DWPRVSKHUH� SDFNDJLQJ� RI� PDQWÕ�
was found more effective than vacuum packaging in terms of 
achieving at least one month of stability during refrigerated 
storage. 

As stated above, depending on the processing conditions, 
KHDW�WUHDWPHQW�RU�IUHH]LQJ�PD\�EH�DSSOLHG�SULRU�WR�PDQWÕ�SDFN-
DJLQJ��+RZHYHU��DQ\�KHDW�WUHDWPHQW�DSSOLHG�WR�WKH�¿OOLQJ�PD\�
DGYHUVHO\�DIIHFW�WKH�RYHUDOO�TXDOLW\�RI�WKH�PDQWÕ��)RU�H[DPSOH��
heat treatment may cause the leakage of meat lipids from the 
GRXJK�RI�WKH�PDQWÕ��LQ�DGGLWLRQ�WR�EURZQLQJ�WKH�PHDW��ZKLFK��
together, may result in poor sensory quality and reduced con-
sumer purchase intent. High hydrostatic pressure (HHP) treat-
ment has been used for over 20 years as a cold pasteurization 
or non- thermal processing method (Bermúdez-Aguirre and 
Barbosa-Cánovas, 2011). This treatment is usually applied in 
the range of 100 and 1000 MPa (Bárcenas et al., 2010). The use 
of high hydrostatic pressure permits new process development 
opportunities both for industry and researches (Rastogi et al., 
�������

Because of the stated reasons, the current research aimed 
WR�DVVHVV���D��WKH�FRPELQHG�HIIHFW�RI�++3�DQG�0$3�IRU�PDQWÕ�
storage at 4°C, and (b) to determine the thermal death respons-
HV�RI�VRPH�FRPPRQ�IRRG�ERUQH�EDFWHULD�LQ�PDQWÕ�

Materials and Methods
3HSWRQH�ZDWHU���������WU\SWLF�VR\�EURWK��76%���WU\SWLF�VR\�

agar (TSA), nutrient agar (NA), 1,2-propanediol (used as a 
pressure medium) were purchased from Sigma-Aldrich (Unit-
HG�.LQJGRP���0LQFHG�EHHI��IDW�FRQWHQW�������FROODJHQ�PHDW�
SURWHLQ� UDWLR� ������ DQG� VWURQJ� ZKLWH� ¿QH� ZKHDW� ÀRXU� �$O-
linson, UK) were purchased from a local market in Reading, 
Berkshire (UK).

+LJK�+\GURVWDWLF� 3UHVVXUH� DQG�0RGL¿HG�$WPRVSKHUH�
Packaging Applications

For this purpose, three sample types were prepared and 
DQDO\]HG�� �,�� +LJK� +\GURVWDWLF� 3UHVVXUHG� �++35�� VDPSOHV��
�,,��6HPL�3URFHVVHG��&5��VDPSOHV��DQG��,,,��&RQWURO�VDPSOHV��
High hydrostatic pressure was applied at 400 MPa and 600 
03D�WR�WKH�¿OOLQJ�PDWHULDO��PLQFHG�EHHI��DQG�WKH�ZKHDW�GRXJK�
IRU����PLQV�DW�URRP�WHPSHUDWXUH��UHVSHFWLYHO\��7KH�PDQWÕ�VDP-
ples which prepared with dough treated with HHP, and minced 
EHHI�XQWUHDWHG�ZLWK�++3�ZDV�GH¿QHG�DV�6HPL�3URFHVVHG�PDQWÕ�
VDPSOHV��&5���:KLOH�++35�PDQWÕ�VDPSOHV�ZHUH�SUHSDUHG�E\�

treating both of the dough and minced beef with HHP. Prior to 
treatment, samples of beef mince and wheat dough was gently 
placed in polyethylene (PE) bags, double wrapped, and sealed. 
Stansted Fluid Power Ltd (UK) high pressure rig was used at 
the food process center of University of Reading Food and Nu-
WULWLRQDO�6FLHQFHV�'HSDUWPHQW¶V��8.���

0DQWÕ� ZDV� SUHSDUHG� IURP� ZKHDW� ÀRXU�� PLQFHG� EHHI� DQG�
sterilized distilled water. The dough was prepared by mix-
LQJ�ZKHDW�ÀRXU�DQG�ZDWHU���������Z�Y��ÀRXU�EDVLV��IROORZHG�
E\� WKH� DSSOLFDWLRQ� RI� KLJK� SUHVVXUH�� DV� GHVFULEHG� DERYH�� ,W�
was then sheeted and cut into equal squares (using a kitchen 
NQLIH��� ZLWK� DQ� DYHUDJH� VKHHW� WKLFNQHVV� RI� ����PP� ���������
(DFK�VTXDUH�RI�GRXJK� ����������J��ZDV�¿OOHG�ZLWK�DQ�HTXDO�
DPRXQW�����������J��RI�EHHI�PLQFH������Z�Z�RI�PDQWÕ���DQG�
the squares were then folded diagonally by hand to form the 
GLVWLQFWLYH�PDQWÕ�VKDSHV�XQGHU�WKH�K\JLHQLF�SURFHGXUHV��0DQWÕ�
VDPSOHV�ZHUH�SODFHG�LQ�3(�EDJV��DQG�ZHUH�¿OOHG�DV�WR�EH�ZLWK�
ZLWK�����&22�������12�JDV�PL[WXUH�LQ�D�����JDV�YROXPH�WR�
PDQWÕ�ZHLJKW�UDWLR�LQ�HDFK�EDJ�ZDV�DSSOLHG�DQG�VHDOHG�XVLQJ�D�
0XOWLYDF�$�����SDFNDJLQJ�XQLW��XQGHU���EDU�SUHVVXUH�DQG���/�
PLQ�JDV�ÀRZ��DW� WKH\�ZHUH�SXW� LQ�FROG�VWRUDJH�DW���&�IRU����
GD\V������UHODWLYH�KXPLGLW\���

Physicochemical and Microbial Analyses
)URP�HDFK�VDPSOH�W\SHV�WHQ�JUDPV�RI�PDQWÕ�ZHUH�ZHLJKHG�

LQ� D� VWHULOH� VWRPDFKHU� EDJ� FRQWDLQLQJ� ��P/� SHSWRQH� ZDWHU�
������� DQG� KRPRJHQL]HG� LQ� D� VWRPDFKHU� �6HZDUG� �����8.��
DW�����USP�IRU���PLQV��6HULDO�GHFLPDO�GLOXWLRQV�ZHUH�SUHSDUHG�
DQG� VSUHDG� RQWR� 76$�� 3ODWHV� ZHUH� LQFXEDWHG� IRU� ��±��K� DW�
���&�LQ�WHUPV�RI�SDWKRJHQ�PLFURRUJDQLVPV��(DFK�WKUHH�VDPSOH�
types (HHPR, CR, Control) were stored at 4°C for 14 days 
DQG� DQDO\]HG� RQ� HDFK� VDPSOLQJ� GD\V� ���� ��� ��� ��� ����� &RORU�
DQDO\VHV�ZHUH�SHUIRUPHG�XVLQJ�D�&RORU/LWH�VSK����LQVWUXPHQW�
�&RORU/LWH�*PE+��*HUPDQ\���,OOXPLQDQW�ZDV�'�� and observa-
tion angle was 10°. For measuring, port was applied force onto 
WKH�VDPSOHV��DQG�WKH�VL]H�RI�SRUW�ZDV�����PP��7ULSOLFDWH�UHDG-
LQJV�ZHUH�HYDOXDWHG�IRU�&�,�(��L*, a*, b* parameters. While, 
WHQ�JUDPV�RI�VDPSOHV�ZHUH�KRPRJHQL]HG�LQ����P/�RI�GLVWLOOHG�
water and pH value was recorded by using pH meter (Seve-
Q(DV\��0HWWOHU�7ROHGR��DYHUDJLQJ���PHDVXUHPHQWV��7KH�Dw of 
WKH�PDQWÕ�VDPSOHV�ZHUH�PHDVXUHG�DQG�UHFRUGHG�XVLQJ�D�3DZNLW�
water activity meter (Decagon, WA). Calibration was adjusted 
WR������Dw with NaCl standard before measurement (Clavero 
DQG�%HXFKDW��������$2$&���������

Experimental Design and Protocol of Consumer Study
6L[W\�KHDOWK\�FRQVXPHUV�ZHUH�LQYROYHG�LQ�WKH�VWXG\��,QGL-

vidual sensory booths at the sensory science center (Depart-
ment of Food and Nutritional Sciences, University of Reading, 
UK) were used. All consumers (N=60) were recruited from 
the University campus and provided informed written con-
sent. For both of the high hydrostatic pressured (HHPR) and 
semi-processed (CR) samples two sample types were prepared 
DQG�HYDOXDWHG��UDZ�DQG�FRRNHG�PDQWÕ��'XH�WR�WKH�VSRLODJH�RQ�
GD\���RI�WKH�XQWUHDWHG�FRQWURO��WKLV�VDPSOH�ZDV�H[FOXGHG�IURP�
WKH� FRQVXPHU� VWXG\�� 5DZ� PDQWÕ� VDPSOHV� ZHUH� SUHVHQWHG� WR�
consumers in their original package, stored for either 4 or 14 
GD\V�DW���&��$SSHDUDQFH�RI�UDZ�PDQWÕ�VDPSOHV����J����������
was rated using a nine-point hedonic category scale (catego-
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ries from dislike extremely to like extremely). For cooked 
VDPSOHV��SDFNDJHV����J����������RI�PDQWÕ� �VWRUHG�IRU���RU����
GD\V��ZHUH�RSHQHG�DQG�FRRNHG�LQ�D�ERLOLQJ�ZDWHU�DW�PLQ�����&�
IRU� ��PLQXWHV��7KH� WHPSHUDWXUH�ZDV� FRQWLQXRXVO\�PRQLWRUHG�
via two copper-constant thermocouples inserted into the core 
RI�HDFK�PDQWÕ�SLHFH�DQG�KHOG�IRU���PLQV�DIWHU�WKH�FRUH�WHPSHUD-
WXUH�UHDFKHG�DERYH����&��6DPSOHV�ZHUH�NHSW�ZDUP�DW����&�IRU�
an hour until served to the consumers. Cooked samples were 
VHUYHG� SODLQ� �ZLWKRXW� \RJXUW� DQG� VSLFHV��� 2YHUDOO� OLNLQJ� RI�
FRRNHG�PDQWÕ�VDPSOHV��IROORZHG�E\�OLNLQJ�RI�DSSHDUDQFH��WDVWH�
and texture, were rated using the nine-point hedonic catego-
ry scale. Free text comments for each samples were collected. 
Four batches of samples were served in balanced order in a 
monadic sequential manner; each session lasting no more than 
IRUW\�¿YH�PLQXWHV��7HVWLQJ�ZDV�KHOG�EHWZHHQ�������DQG�������
and consumers were scheduled every hour. Data were collect-
HG�XVLQJ�&RPSXVHQVH��YHUVLRQ������2QWDULR��&DQDGD����

Bacterial Inoculation and Heat Treatment
7KH�LQGLJHQRXV�PLFURELDO�ÀRUD�RI�ERWK�PLQFHG�EHHI�PHDW�

and dough were inactivated prior to inoculation of bacterial 
FXOWXUHV�WR�PDQWÕ�SLHFHV�E\�DSSO\LQJ�++3�DW�����03D�IRU����
mins at room temperature, and checked before the inoculation 
procedure. Staphylococcus aureus 1&7&� �������Escherich-
ia coli�.���1&7&�������� DQG�Bacillus cereus�1&'2������
strains were acquired from the National Collection of Type 
&XOWXUHV��1&7&��(QJODQG���7KH�SUHVHUYHG�VWUDLQV�DW�����&�LQ�
vials containing TSB were thawed at room temperature in a 
ELRVDIHW\�FDELQHW��2QH�PO�RI�WKH�FXOWXUHV�ZDV�WUDQVIHUUHG�WR����
PO�RI�76%�LQ�����PO�ÀDVNV��ZKHUH�LQFXEDWHG�DW����&�IRU���K��
Following incubation, the freeze-damaged cells were not used 
in the thermal treatments. Where, 0.1 ml of each culture were 
SLSHWWHG�WR����PO�76%�WXEHV��DQG�LQFXEDWHG�DW����&�IRU���K��
The cultures were prepared daily in a week basis. Each culture 
ZDV�FHQWULIXJHG�DW������g for 10 mins at 4°C and washed twice 
in peptone water (PW). The supernatant was discarded, and 
SHOOHWV�ZHUH�GLOXWHG� WR�REWDLQ�D�¿QDO� FRQFHQWUDWLRQ�RI��� ORJV�
&)8�P/��

7KUHH�JURXSV�RI�PDQWÕ� VDPSOHV� IRU�HDFK�EDFWHULDO� FXOWXUH�
were prepared. Each group samples were aseptically placed 
LQWR�WKH�VWRPDFKHU�EDJV��7KH�EDJV�FRPSRVHG�RI����JUDPV�RI�
PDQWÕ�VDPSOHV��WKH�ZHLJKW�RI�RQH�SLHFH�LV��������J���7KH�PDQWÕ�
EDJV��FRQWDLQV����PDQWÕ�SLHFHV��ZHUH� WKHQ�GLYLGHG�LQWR� WKUHH�
JURXSV� �IRXU� SDFNDJHV�ZHUH� XVHG� IRU� HDFK�JURXS��� ���ȝL of 
bacterial cultures of S. aureus, E. coli and B. cereus were sepa-
UDWHO\�LQRFXODWHG�ZLWK�HLWKHU�PDQWÕ�SLHFHV�����ȝL per each) for 
each bag. Bacterial cultures were pipetted into the distinctive 
VKDSHV�RI�HDFK�PDQWÕ�SLHFHV��7KH�VDPSOHV�ZHUH�KHOG�DW���°C 
for 4 h to allow the propagation. 

Cultures were then aseptically placed onto sterilized glass 
OHQVHV����PP�LQ�GLDPHWHU���DQG�KHDW�WUHDWHG�DW���°&�WR���°C 
for 4 mins in an oven (Gallenkamp, UK). The temperature 
degrees were continuously monitored. Two copper-constant 
WKHUPRFRXSOHV�LQVHUWHG�LQWR�WKH�FRUH�RI�HDFK�PDQWÕ�SLHFH�DQG�
held for 4 mins after the core temperature reached above the 
VSHFL¿HG� GHJUHHV��%DJV�ZHUH� WKHQ� FRROHG� LQ� DQ� LFH� ER[� DQG�
KRPHJHQLVHG��6HZDUG������8.��LQ�D�VWRPDFKHU�DW�����USP�IRU�
��PLQV��3HSWRQH�ZDWHU� �������ZDV�XVHG�IRU�KRPRJHQL]DWLRQ��

Serial decimal dilutions were prepared and spread onto NA for 
B.cereus, and TSA for S. aureus and E. coli. Plates were incu-
EDWHG�DW����&�IRU�B.cereus�DQG����&�IRU�S. aureus and E. coli 
IRU������K��SULRU�WR�FRXQWLQJ�WKH�FRORQLHV��

Statistical Analysis
Each experiment was repeated twice and duplicate (micro-

biological and aw analyses) samples were tested at each sam-
SOLQJ� WLPH�� ,Q�RUGHU� WR�GHWHUPLQH� WKH� HIIHFW�RI�KLJK�SUHVVXUH�
WUHDWPHQW��$129$�ZDV�XVHG�WR�HYDOXDWH�WKH�GDWD��XVLQJ�6WDWLV-
tical Package for the Social Sciences (SPSS) software, version 
����,%0��86$����'XQFDQ¶V�post hoc test was applied at a signif-
LFDQFH�OHYHO�RI�3��������$129$�ZDV�SHUIRUPHG�WR�GHWHUPLQH�
WKH�VLJQL¿FDQW�GLIIHUHQFHV�EHWZHHQ�VDPSOHV�LQ�FRQVXPHU�OLNLQJ�
ratings. To determine whether there were groups of consum-
ers exhibiting similar liking patterns, agglomerative hierarchal 
FOXVWHU�DQDO\VLV��$+&��ZDV�FDUULHG�RXW�XVLQJ�:DUG¶V�PHWKRG�
and dissimilarity. The mean liking scores of these clusters were 
WKHQ�UH�DQDO\]HG�E\�$129$��0XOWLSOH�SDLUZLVH�FRPSDULVRQV�
ZHUH�GHWHUPLQHG�XVLQJ�7XNH\¶V�+6'�WHVW��$OO�DQDO\VLV�RI�FRQ-
VXPHU�GDWD�ZDV�GRQH�XVLQJ�;/6WDW��$GGLQ6RIW��)UDQFH��������

Results and Discussion
Physicochemical and Microbial Analyses
The semi-processed (CR), pressure processed (HHP) and 

FRQWURO� JURXS� UDZ� VDPSOHV� ZHUH� DQDO\]HG� IRU� FRORU� DW� ¿YH�
VWDJHV�RI�VKHOI� OLIH� ������������DQG����GD\V��DQG�VXEVWDQWLDOO\�
affected by the high pressure; L* values decreased after day 2, 
indicating that the samples became darker. L* values of control 
and semi-processed samples were lower than for high pres-
VXUL]HG�VDPSOHV��7DEOH�����,Q�WHUPV�RI�a* and b* values, high 
SUHVVXUL]HG�VDPSOHV¶�YDOXHV�ZHUH�VLJQL¿FDQWO\��3��������ORZHU�
than semi-processed group samples (Table 1) indicating that 
the samples became less red and yellow in hue. Decreased a* 
values lead to the loss of redness in meat. The largest differ-
ence among the high pressurized, control and semi-processed 
samples were observed for a* values (Table 1) because the red-
ness of the meat was lost due to high-pressure treatment.
-XQJ�HW�DO���������VWDWH�WKDW�WKH�OXPLQRVLW\�RI�WKH�PHDW�FDQ�EH�
heightened via HHP. Also, these increased L* values become 
VWHDG\� IRU� SUHVVXUHV� DURXQG� ���±����03D�� 7KLV� FDQ� EH� DW-
tributed to the denaturation of globin and heme displacement 
or release; an increase in drip losses, leading to water content 
changes in the meat; or damage to porphyric rings and protein 
FRDJXODWLRQ� �-XQJ� HW� DO��� ������� ,Q� FDVH�RI� WKH�ZKHDW� GRXJK��
Bárcenas et al. (2010) showed that L* values were not sig-
QL¿FDQWO\� �3!� ������ GLIIHUHQW� EHWZHHQ� WKH� FRQWURO� �XQWUHDWHG�
GRXJK��DQG�WKH�WUHDWHG�GRXJKV�����WR�����03D����
When the shelf life of the meat increased, the meat assumed 
a more cooked appearance because actomyosin denatures at 
DERXW� ����03D� DQG�P\RJORELQ� GHQDWXUHV� DQG�RU� FR�SUHFLSL-
tates with other proteins at about 400 MPa (Ma and Ledward, 
�������,Q�D�UHVHDUFK�SURMHFW�E\�%iUFHQDV�HW�DO����������a* val-
XHV�ZHUH�IRXQG�WR�EH�VLJQL¿FDQWO\�GHFUHDVHG�LQ�ZKHDW�GRXJK�
�ZLWKRXW�PHDW��VDPSOHV�H[SRVHG�WR�++3�����WR�����03D��DV�
FRPSDUHG�WR�FRQWURO��XQWUHDWHG�GRXJK��VDPSOHV��7KH�¿QGLQJV�
of the current study show that the a* values of the HHP, control 
and semi-processed samples decreased during storage due to 
WKH�ODFN�RI�R[\JHQ�LQ�WKH�SDFNDJH�DWPRVSKHUH��,W�LV�ZHOO�NQRZQ�
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that oxygen maintains the redness of meat (Narasimha Rao 
and Sachindra, 2002). Similar to a* values, b* values increase 
GXULQJ�WKH�EORRPLQJ�RI�PHDW��<RXQJ�HW�DO����������*HQHUDOO\��

an increase in b* indicates increased yellowness in foods. b* 
values increased from day 0 to day 14 in all sample types 
(Table 1). 

Table 1. pH, aw, color and microbial changes during 14 days of storage at 4°C 1,2

Storage days
0 2 4 7 14

Parameters
pH
HHPR ���������D[ ���������D[ ���������E[ ���������F[ ���������E[
CR ���������D\ ���������D\ ���������E\ ���������F\ ���������G\
&21752/ ��������� ��������� ��������� ND ND
aZ

HHPR ���������DE[ ���������E[ ���������D[ ���������F[ ���������F[
CR ���������D\ ���������E\ ���������F\ ���������D\ ���������G[
&21752/ ��������� ��������� ��������� ND ND
L*
HHPR ����������D[ ����������E[ ����������F[ ����������F[ ����������G[
CR ����������D\ ����������E\ ����������F\ ����������F\ ����������G\
&21752/ ���������� ���������� ���������� ND ND
a*
HHPR ���������D[ ���������E[ ���������F[ ���������G[ ���������H[
CR ���������D\ ���������D\ ���������E\ ���������F\ ���������G\
&21752/ ���������� ���������� ��������� ND ND
b*
HHPR ����������D[ ����������D[ ����������D[ ����������E[ ����������E[ 

CR ����������D\ ����������D\ ����������E\ ����������DE[ ����������DE[ 

&21752/ ���������� ���������� ���������� ND ND
TAMB
HHPR ��������D[ ���������E[ ���������F[ ���������F[ ���������G[
CR ���������D\ ���������E\ ���������F\ ���������F\ ���������G\
&21752/ ��������� ��������� ��������� ND ND

1TAMB= total aerobic mesophilic bacteria; ND= not determined owing to the spoilage.    
2 0HDQ�GDWD�DQG�VWDQGDUG�HUURUV�LQ�WKH�VDPH�UDZ�EHDULQJ�GLIIHUHQW�ORZHU�FDVH�OHWWHUV��D��E��F��G��DUH�VLJQL¿FDQWO\�GLIIHUHQW��3<������IURP�HDFK�
RWKHU��0HDQ�GDWD�DQG�VWDQGDUG�HUURUV�LQ�WKH�VDPH�FROXPQ�EHDULQJ�GLIIHUHQW�ORZHU�FDVH�OHWWHUV��[��\��]��DUH�VLJQL¿FDQWO\�GLIIHUHQW��3��������DPRQJ�
each process.  

According to the microbiological analyses, total aerobic meso-
philic bacteria counts increased over storage for all the studied 
samples. As expected, this increase was lower in the high pres-
surized samples compared to the control and semi-processed 
VDPSOHV��7DEOH�����,Q�IDFW��KLJK�SUHVVXUL]HG�VDPSOH¶V�PLFURELDO�
ORDG�ZDV���ORJ�ORZHU�WKDQ�FRQWURO�DQG�VHPL�SURFHVVHG�VDPSOHV�
on day 0. The microbial counts increased in all sample groups, 
ZKLOH�KLJK�SUHVVXUL]HG�VDPSOH¶V�ORDG�ZDV�����ORJ�FRORQ\�IRUP-
LQJ�XQLW�J�ORZHU�WKDQ�VHPL�SURFHVVHG�VDPSOH�RQ�WKH���th day. 
The control sample spoiled after day four, resulting in no avail-
able data for days seven and fourteen. 
The pH of the high pressurized samples was slightly increased 
compared to neutral values; however, the pH of the control 
and semi-processed samples decreased during storage. This 
¿QGLQJ�ZDV�FRUUHODWHG�ZLWK�DQ�LQFUHDVH�LQ�PLFURELDO�JURZWK�LQ�

the semi-processed samples. Microbial cell growth leads to de-
FUHDVHG�S+�YDOXHV�LQ�VRPH�IRRGVWXIIV��-D\�HW�DO����������7KHUH�
ZHUH�VLJQL¿FDQW��3��������EXW�VOLJKW�GLIIHUHQFHV�LQ�S+�EHWZHHQ�
the high pressurized samples. The increase from HHPR0 to 
++35���ZDV�������7DEOH�����+RZHYHU��S+�RI�WKH�FRQWURO�DQG�
semi-processed samples decreased from day 0 to day 14 (Ta-
EOH�����7KHUHIRUH��GLIIHUHQFHV�RI�WKH�VDPSOHV�ZHUH�VLJQL¿FDQW�
�3���������7KH�Dw value is a reliable standard parameter that 
affects the microbial stability of fresh foods (Kong and Singh, 
�������7KH�¿QGLQJV�VKRZ�WKDW�Dw�YDOXHV�UDQJHG�EHWZHHQ������
DQG�������KRZHYHU�GLIIHUHQFHV�ZHUH�IRXQG�VLJQL¿FDQW��3��������
between semi-processed and high pressurized samples (Table 
1). Such values are optimal for the growth of spoilage and 
SDWKRJHQLF�EDFWHULD��-D\�HW�DO����������
As is already well-known, microbial growth limits the shelf 
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life of foods (Nychas and Panagou, 2011). Such previous re-
search used HHP on cookie dough for preservation and cookie 
quality. Cookie dough, which had 6 log colony forming unit 
per gram total aerobic mesophilic bacteria in control samples 
(untreated with HHP) were subjected to HHP at 100 and 200 
03D� IRU� �� DQG���PLQ�� DQG�����03D� IRU� ���PLQ�� UHVXOWHG� LQ�
4 log reduction. After HHP treatment in heat-sealed bags, the 
FRRNLH�GRXJK�VWRUHG�DW�DPELHQW�WHPSHUDWXUH�IRU���GD\V�GLG�QRW�
increase in total aerobic mesophilic counts, while counts of 
WKH�FRQWURO� VDPSOHV� LQFUHDVHG��� WLPHV� �$JXLUUH�HW�DO����������
Hence, in our study the dough in heat-sealed PE bags after 
++3�WUHDWPHQW�ZHUH�RSHQHG��DQG�LPPHGLDWHO\�XVHG� LQ�PDQWÕ�
preparation. The microbial counts were, therefore, increased 
during cold storage (Table 1). 
Microbiological safety of the raw materials to be used in food 
UHFLSHV�VKRXOG�EH�KLJK��2QH�VXFK�VWXG\�DSSOLHG�KLJK�SUHVVXUH�
to provide microbiological safety to the meat used to prepare 
dL÷�.|IWH��DQG�IRXQG�D�VL[�GHFLPDO�PLFURELDO�UHGXFWLRQ�DW�����
03D�DW�URRP�WHPSHUDWXUH�WUHDWPHQW��8]XQOX����������
2QFH�WKH�PHDW�EHFDPH�GLVFRORUHG��DW�SUHVVXUHV�KLJKHU�WKDQ�DW�
����03D��PLFURELRORJLFDO� LPSURYHPHQW�ZDV� DFKLHYHG�� ,I� DQ�
improvement in meat color redness for only a few days is need-
HG��WKHQ�����03D�LV�UHTXLUHG��+RZHYHU��WKLV�OHYHO�RI�SUHVVXUH�LV�
QRW�VXI¿FLHQW�WR�PRGLI\�WKH�PLFURELDO�ORDG�RI�WKH�PHDW��-XQJ�HW�
DO����������7DNLQJ�LQWR�DFFRXQW�ERWK�WKH�PHDW¶V�ORFDWLRQ��LQVLGH�
RI�PDQWÕ��DQG�LWV�SDFNDJH�ZLWKRXW�R[\JHQ�VXJJHVWHG�WKH�XVH�RI�
����03D�LQ�WKH�FXUUHQW�VWXG\��EHFDXVH�SUHVVXUHV�RI�a���±����
03D�DUH�VXI¿FLHQW�WR�LQDFWLYDWH�WKH�YHJHWDWLYH�FHOOV�RI�PLFUR-
RUJDQLVPV� �5DVWRJL� HW� DO��� �������0RUHRYHU�� SUHVVXUHV� DERYH�
����03D�FDXVH� WKH� LUUHYHUVLEOH�GHQDWXUDWLRQ�RI�HQ]\PHV�DQG�
proteins, leading to the rupturing of the cell membrane and the 
excretion of internal substances, ultimately causing bacterial 
GHDWK��+XDQJ�HW�DO����������,W�LV�ZHOO�NQRZQ�WKDW�0$3�H[WHQGV�
the shelf life of foods (Narasimha Rao and Sachindra, 2002; 
=KDQJ�HW�DO����������8VLQJ�&22-enriched atmospheres also ex-
WHQGV�WKH�VKHOI�OLIH�RI�PDQWÕ�LQ�UHIULJHUDWHG�VWRUDJH��DV�SUHYLRXV-
ly reported (Yücetepe, 2011; Uzunlu and Var, 2016). While, 
WKH�XVH�RI�KLJK�SUHVVXUH�DQG�PRGL¿HG�DWPRVSKHUH�SDFNDJLQJ�
SURYLGHG�PLFURELDO�VWDELOLW\�WR�PDQWÕ�IRU����GD\V�RI�UHIULJHUDW-
HG�VWRUDJH�LQ�WKH�FXUUHQW�¿QGLQJV�
Thermal Inactivation of Inoculated Bacteria
The effect of high hydrostatic pressure on the indigenous mi-
FURELDO�ÀRUD�RI�UDZ�PDWHULDOV�RI�PDQWÕ�ZHUH�DV�IROORZV��
Total microbial cells in dough and minced beef were inactivat-
HG�LQ����PLQV�DW�����03D��N0��LQLWLDO�ORDG��ZDV���ORJ�&)8�J�
LQ�GRXJK�DQG������ORJ�&)8�J�LQ�PLQFHG�EHHI��,Q�WHUPV�RI�WKH�
WKHUPDO� WUHDWPHQW� LQ�PDQWÕ� VDPSOHV�� QR� LQDFWLYDWLRQ�ZDV� UH-
FRUGHG�DW���°C for all the inoculated bacterial cells (S.aureus, 
E.coli, B.cereus). S.aureus�ZDV�LQDFWLYDWHG�E\�����ORJ�&)8�J�WR�
�����ORJ�&)8�J�DW���°&�WR���°C. No inactivation at 60°C was 
recorded for E.coli��$QG�WKH�FHOOV�ZHUH�LQDFWLYDWHG�E\������ORJ�
&)8�J�WR������ORJ�&)8�J�DW���°&�WR���°&�LQ�PDQWÕ�VDPSOHV��
This was similar for B.cereus. No inactivation was observed at 
60°&������ORJ�&)8�J�LQDFWLYDWLRQ�ZDV�UHFRUGHG�DW���°C, while 
D�WRWDO�LQDFWLYDWLRQ�ZDV�UHFRUGHG�DW���°&�DQG���°C.    
As a sum, E.coli was found more resistant than S.aureus and 
B.cereus��+HDW�WUHDWPHQW�DW���°&�IRU���PLQV�WR�LQDFWLYDWH���ORJ�

of the S.aureus and B.cereus cells was found adequate, while 
this was found inadequate for E.coli�FHOOV��7KLV�¿QGLQJ�VKRXOG�
be taken into account for providing food safety of this product. 
Because, currently industry is using heat or freeze treatment in 
PDQWÕ�SURGXFWLRQ��:H�VWXGLHG�VHYHUDO�FRPELQDWLRQV�RI�KHDW�����
WR����&��DQG�WLPH����WR���PLQV��WUHDWPHQWV�LQ�PDQWÕ�VDPSOHV�
�8]XQOX��������8]XQOX�DQG�9DU�����������
:KHQ�PDQWÕ�KHOG�LQ�WKH�RYHQ�LQ�LQFUHDVLQJ�SHULRGV��LW�UHVXOWHG�
LQ�OHDNLQJ�PHDW�OLSLGV�IURP�WKH�GRXJK�RI�PDQWÕ�DQG�EURZQLQJ�
WKH�PDQWÕ�SLHFHV��)RU�WKLV�UHDVRQ��WKH�PDQWÕ�UHWHQWLRQ�WLPH�LQ�
WKH�RYHQ�ZDV�GHWHUPLQHG�RSWLPXP���PLQXWHV�DW�PD[����°C.
$V�VWDWHG�E\�5DVWRJL�HW�DO�� �������++3�VKRXOG�EH�FRPELQHG�
with heat treatment, to avoid the risk of spore germination in 
foods. Because, evaluating HHP as an alternative to heat treat-
ment might lead to have the risk of spore resistant bacterial 
presence in the products. Where, very high resistance to in-
creased levels of high pressure, such as 1000 MPa, was report-
HG�IRU�EDFWHULDO�VSRUHV��5DVWRJL�HW�DO��������������������
Consumer Acceptability
When the consumer acceptability of high hydrostatic pressure 
SURFHVVHG�PDQWÕ�ZDV�HYDOXDWHG�ZH�FRXOG� VD\� WKDW�� WKHUH�ZDV�
QR�VLJQL¿FDQW�GLIIHUHQFH�EHWZHHQ�IRU�DSSHDUDQFH�OLNLQJ�VFRUHV�
of the high hydrostatic pressured raw samples (HHPR) and 
VHPL�SURFHVVHG� UDZ� VDPSOHV� �&5�� RI� PDQWÕ� ZKHWKHU� VWRUHG�
IRU���RU����GD\V�DW���&��7KHUH�ZDV�D�VLJQL¿FDQW�GLIIHUHQFH�LQ�
taste liking scores between the cooked high pressure processed 
(HHPC14) and semi-processed samples CC14 (P=0.001), with 
the HHPC14 samples being more liked than semi-processed 
samples CC14, where both had been stored for 14 days at 
��&��+RZHYHU�� FRQVXPHUV� IRXQG�QR� VLJQL¿FDQW� GLIIHUHQFH� LQ�
taste liking between the high pressure processed (HHPC4) and 
semi-processed samples (CC4) when cooked after storage for 
��GD\V�DW���&��,Q�DGGLWLRQ��WKHUH�ZDV�QR�VLJQL¿FDQW�GLIIHUHQFH�
between the processed and semi-processed samples, whether 
for 4 or 14 days of storage at 4°C, for the parameters of overall 
liking, liking of appearance and texture (Table 2).
Taking the consumer evaluation into account, the consumers 
preferred raw HHPR14 to CR14 in terms of appearance (Figure 
1A). Therefore, consumers preferred high pressurized samples 
stored for 14 days at 4°C to semi-processed samples stored in 
WKH�VDPH�ZD\��6LPLODU�UHVXOWV�ZHUH�IRXQG�IRU�WKH�FRRNHG�PDQWÕ�
samples. Consumers preferred HHPC14 and HHPC4, shown at 
Figure 1B, 1C, 1D, and 1E, to CC14 and CC4 regarding all of 
the tested parameters (overall liking, taste, texture and appear-
ance). Although not all consumers had the same liking trends 
(as shown by the cluster analysis), the overall conclusion is 
that at both 4 and 14 days of storage at 4°C, the high pressur-
ized samples were preferred to the semi-processed samples. 
7KHUH�ZHUH�WKUHH�SDWWHUQV�RI�RYHUDOO�OLNLQJ�RI�WKH�FRRNHG�PDQWÕ��
WKH�ODUJHVW�WZR�FOXVWHUV�ZHUH�RI�VLPLODU�VL]H������DQG���������
&OXVWHU� �� OLNHG� ERWK� KLJK� SUHVVXUH� SURFHVVHG� �++3&��PDQWÕ�
VDPSOHV�VLJQL¿FDQWO\�PRUH�WKDQ�VHPL�SURFHVVHG��&&��VDPSOHV��
KRZHYHU�FOXVWHU���JDYH�ORZHU�VFRUHV�WR�DOO�FRRNHG�PDQWÕ�DQG�
particularly disliked the HHPC sample that had been stored for 
4 days. When comments of cluster 1 were analyzed, consumers 
encountered that the dough was opened and the meat had come 
out in some of the samples, for both HHPC and CC. The lower 
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scores of the CC samples compared to the HHPC samples were 
due to shape, tastelessness and moist texture. However, clus-
ter 2 consumers mostly gave lower scores to HHPC4 samples, 

VLPLODUO\�IRU�WKH�UHDVRQ�WKDW�¿OOLQJ�KDG�FRPH�RXW�RI�WKH�GRXJK�
when cooked. 

Table 2. Mean liking scores for clusters of consumers following hierarchical cluster analysis 1,2  

$SSHDUDQFH�OLNLQJ�VFRUHV�RI�UDZ�PDQWÕ

Cluster 1���� Samples

CR4 CR14 HHPR14 HHPR4 6LJQL¿FDQFH�RI�VDPSOH��3�YDOXH�

1 ������� 2.6 2.2 2.4 ��� Q�D
2 ��������� ��� ��� ��� ��� �������
� ��������� 4.6 ��� 4.2 ��� �������
2YHUDOO�OLNLQJ�VFRUHV�RI�FRRNHG�PDQWÕ

Cluster 1���� Samples 6LJQL¿FDQFH�RI�VDPSOH��3�YDOXH�

  CC4 CC14 HHPC14 HHPC4  
1 ��������� ��� ��� 6.0 6.2 �������
2 ��������� 4.2 ��� ��� ��� �������
� ��������� ��� 2.6 ��� ��� Q�D
$SSHDUDQFH�OLNLQJ�VFRUHV�RI�FRRNHG�PDQWÕ

Cluster 1���� Samples 6LJQL¿FDQFH�RI�VDPSOH��3�YDOXH�

  CC4 CC14 HHPC14 HHPC4  
1 ��������� ��� ��� ��� 4.2 �������
2 ��������� ��� 6.6 ��� ��� �������
� ��������� 2.0 ��� ��� 2.6 Q�D�
4 ��������� ��� ��� ��� ��� �������
7DVWH�VFRUHV�RI�FRRNHG�PDQWÕ�

Cluster 1���� Samples 6LJQL¿FDQFH�RI�VDPSOH��3�YDOXH�

  CC4 CC14 HHPC14 HHPC4  
1 ������� ����a,b ����a 4.6 b ����a,b 0.001
2 ������ ��� ��� 2.4 2.1 Q�D�
� 12 (20) ����a,b 6.0 a ����b 6.0 a,b �������

7H[WXUH�VFRUHV�RI�FRRNHG�PDQWÕ

Cluster 1���� Samples 6LJQL¿FDQFH�RI�VDPSOH��3�YDOXH�

  CC4 CC14 HHPC14 HHPC4  
1 ��������� ��� ��� ��� ��� �������
2 ��������� ��� ��� 4.4 ��� �������
� ��������� ��� 6.1 ��� 6.1 �������

1
 &5� �VHPL�SURFHVVHG��GRXJK�WUHDWHG�ZLWK�++3��EXW�ZLWK�XQWUHDWHG�¿OOLQJ��UDZ�VDPSOHV�VWRUHG�IRU���GD\V��&5�� �VHPL�SURFHVVHG�UDZ�VDPSOHV�

stored for 14 days; HHPR4= high hydrostatic pressured raw samples stored for 4 days; HHPR14= high hydrostatic pressured raw samples 
stored for 14 days; CC4= semi-processed samples stored for 4 days served as cooked; CC14= semi-processed samples stored for 14 days served 
as cooked; HHPC4= high hydrostatic pressured samples stored for 4 days served as cooked; HHPC14= high hydrostatic pressured samples 
VWRUHG�IRU����GD\V�VHUYHG�DV�FRRNHG��Q�D �$129$�ZDV�QRW�DQDO\]HG�RQ�WKHVH�FOXVWHUV�GXH�WR�WKHLU�VPDOO�VL]H���
2'DWD�ZDV�DQDO\]HG�E\�RQH�ZD\�$129$�IRU�FRPSDULVRQV�EHWZHHQ�PDQWÕ�VDPSOHV�RI�ZLWKLQ�HDFK�FOXVWHU�RI�FRQVXPHUV�IROORZHG�E\�7XNH\¶V�SRVW�
KRF�WHVW��'LIIHUHQW�VXSHUVFULSW�OHWWHUV�ZLWKLQ�WKH�VDPH�URZ�LQGLFDWH�VLJQL¿FDQW�GLIIHUHQFHV�EHWZHHQ�PDQWÕ�VDPSOHV�DW�3��������
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�$��5DZ�0DQWÕ�$SSHDUDQFH�/LNLQJ�� ���������������������������������������%��&RRNHG�0DQWÕ�$SSHDUDQFH�/LNLQJ

�&��&RRNHG�0DQWÕ�7H[WXUH� �����������������������������������������������������'��&RRNHG�0DQWÕ�7DVWH

            

�(��&RRNHG�0DQWÕ�2YHUDOO�/LNLQJ

Figure 1. Mean liking scores for clusters of panelists following hierarchical cluster analysis of liking scores.1,2 

1
 &5� �VHPL�SURFHVVHG��GRXJK�WUHDWHG�ZLWK�++3��EXW�ZLWK�XQWUHDWHG�¿OOLQJ��UDZ�VDPSOHV�VWRUHG�IRU���GD\V��&5�� �VHPL�SURFHVVHG�UDZ�VDPSOHV�

stored for 14 days; HHPR4= high hydrostatic pressured raw samples stored for 4 days; HHPR14= high hydrostatic pressured raw samples 
stored for 14 days; CC4= semi-processed samples stored for 4 days served as cooked; CC14= semi-processed samples stored for 14 days served 
as cooked; HHPC4= high hydrostatic pressured samples stored for 4 days served as cooked; HHPC14= high hydrostatic pressured samples 
stored for 14 days served as cooked.
2�9DOXHV�DUH�PHDQV���6'� �LQGLFDWHV�VLJQL¿FDQW�GLIIHUHQFH�DW�3��������
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Conclusion
Combined use of HHP and MAP substantially improved the 
microbiological and sensorial parameters of both raw and 
FRRNHG�PDQWÕ�VDPSOHV�FRPSDUHG� WR�VHPL�SURFHVVHG�DQG�FRQ-
trol untreated samples, and was extended refrigerated stor-
DJH�IURP���GD\V� WR����GD\V��+RZHYHU�� WKH�QHHG�IRU�VWXG\LQJ�
rheology of the HHP processed dough is apparent, in further 
VWXGLHV��%HFDXVH��IRU�LQVWDQFH��ZKLOH�VHUYLQJ�FRRNHG�PDQWÕ�WKH�
LPSRUWDQW� SUREOHP�ZDV� ¿OOLQJ�PDWHULDO� KDG� FRPH� RXW� RI� WKH�
dough. As a conclusion, when all data evaluated it can be said 
that the results can contribute to new processing conditions of 
KLJK�K\GURVWDWLF�SUHVVXUH�DQG�PRGL¿HG�DWPRVSKHUH�SDFNDJLQJ�
treatments.  
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7KH�SUHVHQW�UHVHDUFK�ZRUN�ZDV�FRQGXFWHG�WR�¿QG�RXW�WKH�PRVW�VXLWDEOH�LQWHU�DQG�LQWUD�VSDFLQJ�IRU�*UHHQKRXVH�WUDQV-
plantation of in vitro grown potato plantlets in peat moss soil in order to get maximum seed potato yield. There were 

nine different combinations of inter and intra row spacing (30x15, 30x10, 10x15, 20x5, 30x5, 10x5, 20x15, 10x10, 

20x10cm) in completely randomized design. Regarding vegetative growth, maximum plant height i.e 59.01 cm, 58.92 

cm, 57.01 cm was observed at 30cmx5cm, 20cmx5cm, and 10cmx5cm, respectively. Greater number of minitubers in 

each tuber category i.e. large, medium and small were obtained at greater inter and intra plant spacing , whereas the 

maximum average tubers yield per plant (165.0g) were recorded at spacing of 30cm x15cm followed by the spacing  

20cm x10cm where the average yield per plant was  145.38g. It was concluded that the plant spacing of 30x15cm 

is the best for potato plantlets transplantation in the greenhouse benches  in order to get maximum minituber yield. 
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Research Article

JAEFS www.jaefs.com

Int J Agric Environ Food Sci 4 (3): 271-277 (2020)

Abstract 

e-ISSN : 2618-5946 DOI: 10.31015/jaefs.2020.3.5

Introduction
Vegetables are rich and comparatively cheaper source of 

vitamins. Potato (Solanum tuberosum) is one of them. It is a 

starchy, tuberous crop from the perennial night shade  family 

Solanaceae.  Potato plays an important role to mitigate the food 

and nutritional requirements of the fast growing population of 

developing countries of the world. The balance of protein to 

calories and the composition of minerals make potato second 

only to eggs in nutritional value as a single source (Swamina-

tha and Sawyer, 1983). 
$PRQJ�WKH�URRW�DQG�WXEHU�FURSV��LW�UDQNV�¿UVW�IROORZHG�E\�

cassava, sweet potatoes and yams (Hawkes, 1990; FAO, 2008). 

There are a number of constraints that negatively affect potato 

production in the world and these include lack of quality seed 

potato, declining soil fertility and structure due to poor man-

agement practice, diseases etc  (Demo et al., 2007, 2009). 
In Pakistan, it is also an important vegetable with an area 

and production of 177.3 thousands hectares and 3977.6 thou-

sand tons, respectively during 2015-16 (GOP 2016). Although 

potato production in Pakistan has increased many folds but it’s 

per acre yield is far less than in other parts of the world (Malik, 

1995). 

Among the various factors responsible for low per acre po-

tato production, potato diseases are considered to be the most 

important. More than 18 potato diseases are reported in Pa-

kistan, of which 13 are of common occurrence. Their impor-

tance, however, varies considerably in different potato grow-

ing areas (Ahmad et al., 1991). 

Tissue culture helps in the production of disease free potato 

because shortage of good quality seed has been recognized as 

the single most important factor limiting potato production in 

the developing countries. Production of quality planting mate-

rial is essential not only for improving domestic potato produc-

tivity but also to ensure commercial quality as required under 
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international agreements. 

Plant tissue culture is widely used to produce clones of a 

plant through micro propagation. In vitro micro propagation is 

an alternative to conventional propagation of potatoes (Chan-

dra and Birhman, 1994). In vitro propagation methods using 

meristem tips, nodal cuttings and micro tubers are more reli-

able for maintaining genetic integrity of the multiplied clones. 

In vitro produced disease free potato clones combined with 

conventional multiplication methods have become an integral 

part of seed production in many countries (Naik and Sarkar, 

2000). Mini tubers can be produced throughout the year and 

are principally used for the production of pre-basic or basic 

VHHG� E\� GLUHFW� ¿HOG� SODQWLQJ� �/RPPHQ�� ������ 5LWWHU� et al., 
2001).

Appropriate plant density is a key for gainful production 

of potato in various environments. The possibility of securing 

high yield depends much upon maintenance of optimum num-

ber of plants per unit area and their spatial arrangement in the 

¿HOG��0DQ\�VWXGLHV�KDYH�EHHQ�FRQGXFWHG�WR�HVWDEOLVK�WKH�RS-

timal combination of  planting distance for a certain environ-

ment not only for  potato but many other plants as well (Zerga 

et al 2017,Idoko et al 2017, Sultana and Shahiduzzaman 2016, 

Mahmood et al, 2015) etc.

It is well known that plant density (inter and intra-row 

spacing) is very important aspect of potato production since it 

VLJQL¿FDQWO\�DIIHFWV�QXPEHU�RI�WXEHUV�SHU�SODQW��WXEHU�ZHLJKW��
tuber yield and size (Arega et al, 2018). According to Hani et 

al., (2018) increase in plant density decreases the mean tuber 

size due to increased inter plant competition for light, water 

and nutrients. However, the optimal planting density differs 

depending on the environmental conditions and cultivars. Ac-

cording to Gulluoglu and Arioglu (2009) closer spacing re-

duced tuber number per hill, average tuber weight, tuber yield 

per hill.

6LQFH��TXDOLW\�RI�SRWDWR�VHHG�LV�D�NH\�IDFWRU�LQ�SUR¿WDEOH�SR-

tato production, it is imperative to identify appropriate spacing 

for seed potato productions. Previous studies were conducted 

LQ�WKH�¿HOG�RU�XQFRQWUROOHG�HQYLURQPHQW�DQG�QR�ZRUN�KDV�EHHQ�
done so far on adequate plant spacing for tissue cultured plant-

lets transplantation in green house to obtain maximum mini-tu-

bers production. The present study was conducted to optimize 

a protocol for best inter and intra row spacing for tissue cul-

tured potato plantlets transplantation on greenhouse tables in 

order to get maximum mini tubers yield and size. 

Materials and Methods
The present research work was performed at tissue culture 

laboratory and greenhouse, Hazara Agriculture Research Sta-

tion, Abbottabad in 2018. Five liters of MS media (Murashige 

and Skoog media 1962) was prepared from the stock solutions 

(Table 1) of macro and micro salts with  1 mgl-1Ca-pentoth-

enate, 100mgl-1 Myoinositol and  30gl-1 sucrose. The pH was 

adjusted to 5.8 with either 0.1N HCl or 0.1N NaOH. The media 

was poured in to the test tubes @ 10ml per test tube and  were 

autoclaved at 121°C at 15 psi for 15 minutes.

About 30 days old disease free plants of potato cultivar 

Desiree were selected from the Tissue culture laboratory as 

H[SODQWV��¿J����� The explants were cut in to nodal segments 

and inoculated into test tubes. These cultured test tubes were 

incubated into growth chamber for 30 days at 18°C under pho-

toperiod of 16h light and 8 hours dark (Fig. 1). 

After 30 days the plantlets were transplanted in peat moss 

soil on greenhouse tables. There were nine different com-

binations of inter and intra row spacing. Plants of S1 hav-

ing distance of row-row 30cm x plant-plant 15cm, S2(30cm 

x10cm), S3 (10cm x15cm), S4 (20cm x5cm) , S5(30cm x5cm) 

, S6(10cm x5cm), S7(20cm x15cm) , S8(10cm x10cm) and S9 

having distance of (20cm x10cm) respectively. 

The data on growth parameters were recorded for the each 

spacing after every 20 days. The study parameters were shoot 

length, number of leaves, inter nodal distance, number of 

nodes, number of branches, number of leaves per branch, tuber 

weight, tuber diameter, number of eyes and average tuber yield 

per plant. 

The experiment was conducted using completely ran-

domized design (CRD). The data were analyzed by Analysis 

RI�9DULDQFH��$129$��DQG�/HDVW�6LJQL¿FDQFH�'LIIHUHQFH�WHVW�
ZDV�XVHG�IRU�VLJQL¿FDQFH�RI�UHVXOWV�DW�����OHYHO�RI�FRQ¿GHQFH��
All the statistical analysis were done using computer software 

Statistix 8.1.

Figure 1.  Plantlets of potato variety Desiree are ready to be transplanted in peat moss on the greenhouse tables.

https://doi.org/10.31015/jaefs.2020.3.3
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Results
Each treatment showed different results regarding vegeta-

tive growth parameters at different spacing.

Shoot length
The data regarding shoot length in all nine inter and intra 

URZ�VSDFLQJ�FRPELQDWLRQV�ZHUH�GLIIHUHG�VLJQL¿FDQWO\��3�������

after 10 days of transplantation (Table 1). The plants of spacing 

treatments  20 x 5 cm and 30 x 5 cm showed higher shoot length 

(9.26 cm) and (9.27 cm), respectively, whereas the  spacing 20 

[����FP�VKRZHG�VLJQL¿FDQWO\�PLQLPXP�VKRRW�OHQJWK�L�H������
cm (Table 1).

Table 1. Effect of different inter (r-r) and intra (p-p) plant spacing on various growth parameters of potato plantlets Desiree after 

10 days of transplantation in peat moss on Green house tables.

Plant spacing (r-r x p-p)* (cm)  Shoot length (cm) No of leaves No of nodes

S1(30 x 15) 8.27   abc 12.37   ab 10.0 ab

S2 (30 x 10) 7.26   cd 11.87   ab 9.37 ab

S3(10 x 15) 8.87   ab 14.12   a 10.2 ab

S4(20 x 5) 9.26   a 13.25   ab 11.0 a

S5(30 x 5) 9.27   a 13.12   ab 10.3 ab

S6(10 x 5) 7.63   bcd 11.37   b 8.87   b

S7(20 x 15) 7.00   cd 12.00   ab 9.25ab

S8(10 x 10) 7.26   cd 12.50   ab 9.87ab

S9(20 x 10) 6.77   d 12.00   ab 9.37ab
'LIIHUHQW�DOSKDEHWV�ZLWK�HDFK�PHDQ�YDOXH�LQ�D�FROXPQ�LQGLFDWHV�VLJQL¿FDQW�GLIIHUHQFHV�RI���PHDQ�YDOXH�DW�3��������U�U� �URZ�WR�URZ��S�S� �
plant to plant distance).

$IWHU����GD\V�RI�WUDQVSODQWDWLRQ�D�VLJQL¿FDQW��3�0.05) in-

crease in shoot length was found at spacing 20x5cm; 10x15 cm 

and 30x5cm (Table 2). Whereas the lowest shoot length was 

recorded at spacing 20 x 10cm,, 20x15cm 20x15cm and 30 x 

10cm i.e 11.53cm, 12.17cm, 12.17cm and 11.45cm  respec-

tively. After 50 and 60 days of transplantation, a similar trend 

in increase in shoot length was observed in the plants of spac-

ing 20x5cm and 30x5cm (Table 3 & 4) however on 60 days 

of transplantation the minimum growth was recorded only at 

spacing 30x 15cm (49.9cm). After 60 days no further increase 

in shoot length was observed in any spacing combination.

Table 2. Effect of spacing on various growth parameters of potato plantlets (Desiree) after 30 days of transplantation.

Spacing (cm) Shoot length (cm) No of leaves per plant No of nodes No of branches No of leaves per branch

S1(30 x 15) 12.63bc 16.25abc 14.25abcd 7.25 a 4.50 cde

S2(30 x 10) 11.45  c 15.25  c 13.87  bcd 6.75ab 5.5 bc

S3(10 x 15) 14.08ab 17.00abc 15.00abc 4.52 d 5.25bcd

S4(20 x 5) 14.36  a 18.12  a 15.75  a 5.00cd 6.62 a 

S5(30 x 5) 14.01ab 17.62ab 15.62ab 4.75cd 5.75ab

S6(10 x 5) 12.81abc 15.62   c 13.62   cd 5.62  bc 4.00   e

S7(20 x 15) 12.17  c 16.25abc 13.62   cd 5.87 abc 5.50bc

S8(10 x 10) 12.51bc 15.62   c 13.00   d 6.00abc 4.37  de

S9(20 x 10) 11.53   c 16.25abc 13.87bcd 4.12 d 5.50bc

'LIIHUHQW�DOSKDEHWV�ZLWK�HDFK�PHDQ�YDOXH�LQ�D�FROXPQ�LQGLFDWHV�VLJQL¿FDQW�GLIIHUHQFHV�RI�PHDQ�YDOXH�DW�3�0.05

Numbers of Leaves per plant
The data pertaining to numbers of leaves presented in Ta-

EOH���UHYHDOHG�QR�VLJQL¿FDQW�GLIIHUHQFH��3!�����LQ�QXPEHU�RI�
leaves among various spacing. After 30 days (Table 2) showed 

that leaves emerge in maximum number at spacing 20x5cm 

that have a mean value of 18.12, followed as 17.62 cm from 

30x5cm spacing.

The data pertaining to number of leaves after 50 days of 

WUDQVSODQWDWLRQ�VKRZHG�D�VLJQL¿FDQWO\�KLJKHU�DYHUDJH�QXPEHUV�
of leaves at 30x15cm spacing i.e 24.62. (Table 3). A similar 

trend in average lead number was observed in plants of vari-

ous spacing after 60 days (Table 4) and no further increase in 

leaves number was recorded after this period.

Number of nodes
1R�VLJQL¿FDQW�GLIIHUHQFH� �3!�����ZDV�SUHVHQW� LQ�DYHUDJH�

number of nodes after 10 days of transplantation. However, 

highest mean no of nodes were recorded in spacing 20x5cm 

(11.0) (Table 1). After 30 days (Table 3) of transplantation sim-

ilar trend in mean average number of nodes was observed.

Data after 50 days recorded for number of nodes revealed 



Zishan Gul, Faizan Qureshi and Zafar Jamal DOI: https://doi.org/10.31015/jaefs.2020.3.5

274

that the plants of spacing 30x15cm and 20x5cm have maxi-

mum number of nodes i.e 21.87 & 20.25, respectively. Min-

imum numbers were recorded in 10x10cm spacing i.e 13.00 

mean nodes per plant (Table 3).

At about 60 days of transplantation, maximum mean num-

bers of nodes was observed in 30x15cm spacing i.e 25.37 

nodes (Table 4). After 60 days no change in the mean number 

of nodes were recorded 

Number of branches
Branches emerge after 30 days of transplantation and the 

data pertaining to number of branches showed that the maxi-

mum mean number of branches were present in 30x15cm spac-

ing (7.25). Minimum average number of branches i.e 4.125 

were recorded at spacing 20x10cm (Table 2).

After 50 days the data regarding number of branches per 

plant (Table 3) showed the maximum average value i.e 9.25 

and 8.00 at spacing 30x15cm and 30x10cm respectively. 

Whereas the minimum mean numbers of branches (4.896) 

were observed at spacing 10x5cm.

1R� VLJQL¿FDQW� GLIIHUHQFH� ZDV� UHFRUGHG� LQ� PHDQ� EUDQFK�
number after 60 days of transplantation except  at spacing 

��[��� FP� ZKLFK� VKRZHG� VLJQL¿FDQWO\� PD[LPXP� EUDQFKHV�
(14.75) (Table 4).

Table 3. Effect of spacing on various growth parameters of potato plantlets (Desiree) after 50 days of transplantation.

Spacing (cm) Shoot length (cm) No of leaves No of nodes No of branches No of leaves per branch

S1(30 x 15) 35.66  de 24.62  a 21.87  a 9.250  a 6.500  

S2(30 x 10) 37.68 bcde 21.50  b 18.87   b 8.000  b 5.250  

S3(10 x 15 40.90abc 21.00 ab 18.37  b 6.875  b 6.625 

S4(20 x 5) 43.96  a 23.00ab 20.25ab 5.875  b 6.125  

S5(30 x 5) 42.92ab 21.25   b 18.62   b 6.000  b 5.875  

S6(10 x 5) 41.70abcd 23.12   b 20.25  ab 4.896 c 6.000  

S7(20 x 15) 33.21  e 21.75   b 19.25   b 7.000 b 6.500  

S8(10 x 10) 35.91cde 21.37   b 18.75   b 6.375  b 6.250  

S9(20 x 10) 35.40  de 21.87  b 19.25   b 5.960 b 6.125  

'LIIHUHQW�DOSKDEHWV�ZLWK�HDFK�PHDQ�YDOXH�LQ�D�FROXPQ�LQGLFDWHV�VLJQL¿FDQW�GLIIHUHQFHV�RI�PHDQ�YDOXH�DW�3�0.05

 Number of leaves per branch:
Data pertaining to number of leaves per branch after 30 

days of transplantation showed maximum average leaves per 

branch (6.62) were recorded at spacing 20x5cm  followed 

by (5.75) at spacing 30x5cm.  Whereas at spacing 30x10cm, 

20x15cm and 20x10cm the same number of leaves per branch 

was recorded i.e 5.50 (Table 2).

Mean number of leaves per branch increases with time 

LQ� DOO� WKH� VSDFLQJ�EXW�QR� VLJQL¿FDQW�GLIIHUHQFH� �3!������ZDV�
found after 50 days among all nine space combinations (Ta-

ble 3). After 60 days of transplantation the data pertaining to 

number of leaves per branch revealed maximum average leaf 

number per branch at spacing 30x15cm i.e 10.12 (Table 4) 

while  minimum average value (6.000) was recorded at spac-

ing 10x5cm . After 60 days further growth was not observed in 

plants at any spacing.

Table 4. Effect of spacing on various growth parameters of potato plantlets (Desiree) after 60 days of transplantation.

Spacing (cm) Shoot length (cm) No of leaves No of nodes No of branches No of leaves per branch

S1(30 x 15) 49.90  d 29.00  a 25.37  a 14.75   a 10.12a 

S2(30 x 10) 53.28bcd 24.25  b 21.12  b 11.00   b 8.50 abc

S3(10 x 15 54.85 ab 24.87  b 22.62  b 10.00   b 6.25  ab

S4(20 x 5) 58.92  a 26.00  b 22.62  b 10.12   b 9.12   d

S5(30 x 5) 59.01  a 25.12  b 22.50  b 10.50   b 7.12  cd

S6(10 x 5) 57.01  ab 26.25  b 23.12   b 9. 12  b 6.00  d

S7(20 x 15) 54.55bc 24.62  b 21.37   b 9.12b 9.25ab

S8(10 x 10) 53.92bcd 24.37  b 21.25   b 10.7   b 9.75ab

S9(20 x 10) 50.50  cd 25.00  b 22.00   b 9. 75   b 8.37bc

'LIIHUHQW�DOSKDEHWV�ZLWK�HDFK�PHDQ�YDOXH�LQ�D�FROXPQ�LQGLFDWHV�VLJQL¿FDQW�GLIIHUHQFHV�RI�PHDQ�YDOXH�DW�3�0.05. 

Regarding tuber yield, the tubers were categorized into 

WKUHH�W\SHV�RQ�WKH�EDVLV�RI�ZHLJKW�L�H�ODUJH�!���J��PHGLXP����
20g; small < 10g  (Fig. 2).

Tubers Numbers
Data regarding average tuber number revealed that large 

size tubers are formed in small number as compared to medi-

um and small size tubers among all nine plant spacing combi-
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nations (Table 5a) (Fig.2). The highest average tuber number 

(1.28; 2.25; 8.87) of all the three tuber size categories i.e large, 

medium and small tubers, respectively were recorded at spac-

ing 30x15cm and  20x10cm (Table 5). 

  

)LJXUH����7XEHU�FDWHJRULHV�RQ�WKH�EDVLV�RI�ZHLJKW�L�H�ODUJH�!���J��PHGLXP������J��VPDOO�����J�

Tubers Weight
1R�VLJQL¿FDQW�GLIIHUHQFH�3!������ZDV�REVHUYHG�LQ�DOO�QLQH�

plant spacing combinations in case of average weight of large 

tubers (Table 5a). The highest average weight of large size tu-

bers (28.7g) were recorded at spacing 30x15cm followed by 

20x10cm i.e 27.54g. Analysis of variance revealed maximum 

average weight of medium size tubers (31.45g) at inter and in-

tra row spacing of 20x15cm, followed by (27.87g) at 30x15cm 

(Table 5). In case of small size tubers the greatest mean av-

erage weight was recorded at spacing 20x10cm (33.49g) and 

30x15cm (32.26g). However, in all the three tubers categories 

the lowest mean tuber weight was recorded at the plant spacing 

10x5cm (Table 5a). 

Tubers Diameter
The data for mean tuber diameter revealed that the maxi-

mum mean value (28.33 mm and 27.04mm) was obtained at 

spacing 30x15cm and 20x10cm, respectively for large size 

tuber category (Table 5b). Similar trend of maximum tuber di-

ameter was also recorded in case of medium and small tuber 

categories. Whereas least average tuber diameter was recorded 

at spacing 10x5cm in all the three tuber categories (Table 5b).

Number of Eyes on tubers
Mean number of eyes per large tuber presented in Table 

5 showed maximum numbers 5.62 at spacing 20x10cm fol-

ORZHG�E\���[��FP���������1R�VLJQL¿FDQW�GLIIHUHQFH��3!�����
was observed in average number of eyes on medium and small 

size tubers (Table 5b). Relatively tubers of all spacing showed 

average 4-5 eyes per tuber for medium and small tubers, re-

spectively. 

Average tuber yield per plant
$�VLJQL¿FDQW�GLIIHUHQFH� �3������� LV�QRWHG�RQ� WKH�DYHUDJH�

yield obtained in all nine spacing combination (Table 5b). The 

highest average tuber yield per plant  (165.0g) was recorded 

at inter and intra row spacing of 30x 15cm (Table 5b), fol-

lowed by spacing 20x10cm  in which the mean total yield was 

145.38g. The lowest yield (58.62g) was recorded at row and 

plant spacing of 10x5cm (Table 5b).   

Table 5a. Effect of spacing on tuber size and yield of potato variety Desiree after harvesting.

Spacing (cm)              Tubers weight (g)         Tuber numbers

large medium small large Medium small

 S1(30X15) 28.71  a 27.87  ab 32.26  a 1.28 a 2.12 a 8.87  a

 S2(30X10) 25.45  a 19.35   bc 29.10  ab 1.00  a 1.37   b 6.87  abc

 S3(10X15) 27.54  a 18.06    c 27.97  ab 1.14  a 1.16   b 5.87   bc

S4(20X5) 22.70  a 19.95   bc 25.63  ab 1.00  a 1.42   b 6.50 abc

 S5(30X5) 23.10  a 18.33   bc 21.63  ab 1.00  a 1.42   b 6.12   bc

 S6(10X5) 21.95  a 15.78    c 19.70   b 1.00  a 1.12   b 4.75    c

 S7(20X15) 24.25  a 31.45  a 26.14  ab 1.00  a 2.25  a 7.25  abc

 S8(10X10) 23.13  a 20.75   bc 25.63  ab 1.00  a 1.37   b 6.50  abc

 S9(20X10) 26.07  a 21.95   bc 33.49  a 1.20  a 1.42   b 7.75  ab

'LIIHUHQW�DOSKDEHWV�ZLWK�HDFK�PHDQ�YDOXH�LQ�D�FROXPQ�LQGLFDWHV�VLJQL¿FDQW�GLIIHUHQFHV�RI�PHDQ�YDOXH�DW�3�0.05. 
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Table 5b. Effect of spacing on tuber size and yield of potato variety Desiree after harvesting.

Spacing (cm)               Tuber diameter (mm) Number of eyes per tuber Av. yield per plant (g)

large medium small large medium small

 S1(30X15) 28.33  a 22.97  abc 16.52  a 5.50 a 5.37  a 4.00  a 165.00 a

 S2(30X10) 26.87abc 25.05  a 15.68  ab 1.87 b 5.87  a 4.25  a 100.63 cde               

 S3(10X15) 25.50abc 22.61  abc 15.55  ab 4.62ab 5.50  a 4.00  a 101.88 cd

S4(20X5) 25.15abc 22.27  abc 15.13  bc 1.87 b 5.12  a 4.12  a 77.875 de

 S5(30X5) 25.30abc 21.62   bc 14.67  bc 2.37ab 5.62a 4.37 a 84.500 de

 S6(10X5) 24.15 bc 20.26    c 15.31 bc 1.75 b 5.00 a 4.12  a 58.625 e

 S7(20X15) 25.97abc 22.27  abc 14.33  c 3.25ab 5.37 a 3.87  a 128.88  abc

 S8(10X10) 23.96 c 22.38  abc 15.12 bc 5.62 a 4.62 a 4.00  a 109.00  bcd

 S9(20X10) 27.04 ab 23.91  ab 15.36   b 5.00ab 4.87  a 4.00  a 145.38  ab
'LIIHUHQW�DOSKDEHWV�ZLWK�HDFK�PHDQ�YDOXH�LQ�D�FROXPQ�LQGLFDWHV�VLJQL¿FDQW�GLIIHUHQFHV�RI�PHDQ�YDOXH�DW�3�0.05. 

Discussion
 In potato crop, plants inter and intra spacing plays an im-

portant role on crop growth and productivity. An inappropriate 

spacing may lead to either too dense or too thin plant popu-

lation resulting in yield reduction. In this study very densely 

populated plants (10 x 5, 20x5 and 30x5 cm) in terms of plant 

to plant distance with in a row  (intra plant spacing) which was 

5cm  showed good vegetative growth in terms of shoot length, 

number of leaves etc. The result of the experiment was in line 

ZLWK�WKH�¿QGLQJV�RI�.LÀH�=HUJD�et al., (2017) who reported that 

densely populated plants showed intensive competition which 

leads to increase in plant height. 

The effect of plant spacing observed on number of leaves 

and nodes was that maximum numbers appeared in widest 

spacing within plants. This may be due to availability of bet-

ter nutritional components. This sought of  information was 

reported by Idoko et al., (2017) in which the maximum num-

ber of leaves were seen at widest spacing,  which gave it the 

ability to initiate more leaves as a result of enough above and 

below ground natural resources available to it. As the number 

of leaves increases, number of nodes also increased.

The number of branches per plant were considerably affect-

ed by spacing in our experiment. It was noticed that with the 

increase in spacing, increases the number of branches (14.75) 

at inter row spacing of 30 cm and intra plant spacing 15 cm, but 

at closer spacing, the mean number of branches per plants were 

found decreased. This may be due to the fact that plants trans-

planted at wider spacing have relatively less competition and 

they found more space to grow and produce more branches for 

absorption of light that enhances photosynthetic activity which 

resulted in good vegetative growth of the plants. 

Regarding number of large size tubers maximum number 

was recorded at wider spacing 30 x 15 cm. This may be due to 

less competition within plants at wider space. Plants can ab-

VRUE�WKH�VXI¿FLHQW�QXWULHQWV�DQG�XWLOL]HG�WKHP�LQ�SURGXFLQJ�WKH�
large size tuber. 

This result is in consistency with the work of Tesfaey Ge-

WDFKHZ��������ZKR�FRQ¿UPHG�WKDW�PD[LPXP�QXPEHU�RI�ODUJH�
tubers in total tuber yield was increased with wider spacing 

among the plants. Similarly Yenagi  et al., (2004), Essah et al., 

�������DQG�7D¿�et al��� ��������DOVR�FRQ¿UPHG� � WKH� LQFUHDVHG�
percentage of large size tubers at wider spacing as compared 

to narrow spacing. Narrow spacing leads toward decrease in 

numbers of large size tubers. Gulluoglu and Arioglu (2009) 

also have reported that mean tubers weight and tuber yield per 

SODQW�VLJQL¿FDQWO\�GHFUHDVHG�DV�SODQWV�ZHUH�SODQWHG�FORVHU�GXH�
to increase in inter plant competition. 

Regarding small size tubers category (small � 10g) more 

mean tubers number was observed at narrow spacing. This is 

because of high competition among the plants, plants were 

may be unable to get the required amount of nutrients from the 

soil due to dense vegetation and they were competing to attain 

height rather than storing the food in the tubers.

0HDQ�DYHUDJH�WXEHUV�\LHOG�SHU�SODQW�LV�DOVR�LQÀXHQFHG�E\�
WKH�SODQW�VSDFLQJ��%\�GHFUHDVLQJ�SODQW�VSDFH��D�VLJQL¿FDQW�UH-
duction in yield was observed and  lowest mean tuber yield 

per plant was recorded at 10 × 5 cm. Bhagirath (2013) also 

UHSRUWHG�WKDW�SODQW�VSDFLQJ�LQÀXHQFH�WKH�YHJHWDWLYH�JURZWK�DQG�
yield of potato tubers; wider the plants spaced, maximum will 

be the average yield. 

Conclusion and Recommendations
It has been concluded from the results that inter and in-

tra spacing of 30x15cm comparatively produces the highest 

yield. In the experiment, the spacing of 30x5cm, 20x5cm and 

10x5cm lead to the maximum vegetative growth whereas the 

wider spacing 30x15cm leads to the maximum tuber yield. 

Therefore, it has been recommended that the spacing of 30 

cm between rows and 15 cm between plants is the best space 

combination for the transplantation of tissue cultured potato 

plantlets in the green house for maximum mini-tubers produc-

tion. It has also been recommended that this plant spacing can 

also be tested for other plants produced through tissue culture 

for their transplantation on greenhouse benches.

Compliance with Ethical Standards
&RQÀLFW�RI�LQWHUHVW
The authors declare that for this article they have no actual, 

SRWHQWLDO�RU�SHUFHLYHG�WKH�FRQÀLFW�RI�LQWHUHVWV�
Author contribution
The contribution of the authors is equal. All the authors read 

https://doi.org/10.31015/jaefs.2020.3.3


Zishan Gul, Faizan Qureshi and Zafar Jamal Int J Agric Environ Food Sci 4(3):271-277 (2020)

277

DQG�DSSURYHG�WKH�¿QDO�PDQXVFULSW���$OO�WKH�DXWKRUV�YHULI\�WKDW�
the Text, Figures, and Tables are original and that they have not 

been published before.

Ethical approval
Not applicable.

Funding
1R�¿QDQFLDO�VXSSRUW�ZDV�UHFHLYHG�IRU�WKLV�VWXG\��
Data availability
Not applicable.

Consent for publication 
Not applicable.

References
Ahmad, I., Iftikhar, S., Soomro, M.H and Aslam, M. (1991). 

Investigation of powdery scab of potato in Pakistan 
CDRI-PSPDR, PARC, Islamabad, Pakistan, pp. 1-2.

Arega, A.,  Tekilen, A., Solomon,  T and Tekile, B. (2018). Ef-
fect of  inter and intra row Spacing on Tuber Yield and 
Yield Components of  Potato (Solanum tuberosum L.)  
in Guji zone, Southern Ethiopia. Journal od advance-
ments in plant science. 1: 1-11. 

&KDQGUD�5����%LUKPDQ��5�.����������,Q�YLWUR�PLFURSURSDJDWLRQ�
in relation to pedigree in potato. J. Indian Potato Assoc. 
21(1&2):87.

Demo, P., Low W.J, Mwenye, J.O. (2007). Potato production 
in Malawi: strength, weaknesses, opportunities and 
threats. African potato association conference proceed-
ings, Alexandria, Egypt. 7, 339-345. 

'HPR��3���3DQNRPHUD�3��&RQQHO��/��7��.KXPDU��1����������3R-
tential of potato farming in improving the livelihoods 
of small scale farmers in Malawi. African crop science 
conference proceedings, Uganda: Afr. Crop Sci. Soc. 
P.9. Retrived from https://www.cabdirect.org/cabdirect/
abstract/20133232452 

Essah, S.Y.C. and Honeycutt, C.W. (2004). Tillage and 
seed-sprouting strategies to improve potato yield and 
quality in short season climates. American Journal 
of Potato Research, 81, 177-186. Doi: https://doi.
org/10.1007/BF02871747 

FAOSTAT. (2008). Food  and Agriculture Organization of the 
United Nations  Statistical Database. Retrived from 
http//faostat.fao.org

GOP, Govt. of Pakistan. Ministry of Finance 2016-17. Eco-
nomic survey of Pakistan 2016-17. Economic advisor’s 
wing, Islamabad. Retrived from KWWS���ZZZ�¿QDQFH�
gov.pk/survey_1617.html

*XOOXRJOX��/��DQG�$UÕRJOX��+����������(IIHFWV�RI�VHHG�VL]H�DQG�
in row spacing on growth and yield of early potato in 
a Mediterranean-type environment in Turkey. African 
Journal of Agricultural Research.4 (5):535-541. Re-
trived from https://www.cabdirect.org/cabdirect/ab-
stract/20093175520 

Hani, N.M.B., Said, J.A., Al-Tabbal, Haddad, M.A., Aldalin 
LQ��+�.��$O�)UDLKDW��$OKURXW��+�+���+DVDQ��+�6���DQG�$O-
dabbas, F.M. (2018). Effect of plant density on water 
XVH�HI¿FLHQF\�DQG�TXDOLW\�RI�SRWDWR���6RODQXP�7XEHUR-
sum L. Cv. Spunta) in the Jordan valley. Journal of Ag-
ricultural Science. 10: 203-214.

Hawkes, J. (1990). The potato evolution, biodiversity and 
genetic resources.1990 pp.viii + 259 pp. ref.7 pp.  Re-
trived from https://www.cabdirect.org/cabdirect/ab-
stract/19901615687

Idoko, J. A., Osang,  P.O. & Ngbian, Z. (2017). Effect Of In-
tra-Row Spacing And Portion Of Planting Material On 
The Growth And Yield Of Sweet Potato In Makurdi, 
Southern Guinea Savannah Agro-Ecological Zone Of 
Nigeria.  Imperial Journal of Interdisciplinary Research 
(IJIR). 3: 5, 1345-1355. 

Lommen, W.J.M. (1999). Causes for low tuber yields of 
transplants from in vitro potato plantlets of early cul-
WLYDUV� DIWHU� ¿HOG� SODQWLQJ�� -RXUQDO� RI� � $JULFXOWXUDO�
Science. 133:275-284. Doi: https://doi.org/10.1017/
S002185969900698X

Murashige T. & Skoog F. (1962). A revised medium for rap-
id growth and bio-assays with tobacco tissue cultures. 
Physiol. Plant. 15, 473-497. 

Mahmood, A. (2005). A study of planting method and spac-
ing on yield potato using Tps, Asian Journal of Plant 
Sciences 4(2):102-105. Doi: https://doi.org/10.3923/
ajps.2005.102.105 

Malik, N. J. (1995). Potato in Pakistan. A handbook. Word 
Mate. Islamabad. pp. 3-7.

Naik, P., Sarkar, D. (2000). Potato Global Research and Devel-
opment, Volume-I, Indian Potato Association, Shimla, 
pp.194-211.

Ritter, E., Angulo, B., Riga, P. Herran, C., Relloso, J. and San 
Jose, M. (2001). Comparison of hydroponic and aero-
ponics cultivation systems for the production of pota-
to mini-tubers. Potato Research44:127-135. Retrived 
from https://link.springer.com/content/pdf/10.1007/
BF02410099.pdf 

Swaminathan, M.S., Sawyer, R.L. (1983). The potential of po-
tato as a world food.In: Hook, W.J. (Ed.). Proceeding 
International Congress “Research for Potato in the Year 
2000”, CIP, Lima, Peru, pp. 3-10.

Sultana, S.,  Shahiduzzaman, Md.  (2016). Effect of plant spac-
ing on the growth and yield of sweet potato cultivars in 
medium high land condition under AEZ-9.International 
Journal of Applied Research.  2(3): 108-112.

7RNLWD���1���,FKLNDZD���0���.DLQXPD���.���.LWD]DZD���7���6KL-
PDPXUD� �� +��� .DQD\DPD� ��$��� 6DWR� �� 6��� .XULWD� �� 7���
Youshimura , I., Tokita , T., Iwasaki , E and Iwasaki 
, T.(2015). Effects of planting density and fertilizer 
type on growth and yield of yacon (Smallanthus son-
chifolius) tubers. Asian Journal of Plant Science and 
Research. 5 (11): 38-41. Retrived from https://pdfs.
semanticscholar.org/f84c/69b84046d70a8895a0a4dc-
cd88956014602d.pdf 

Getachew, T., Belew, D and Tulu, S. (2013). Combined effect 
of plant spacing and time of earthing up on tuber qual-
ity parameters of potato (solanumtuberosuml.) At de-
gem district, north showa zone of oromia regional state. 
Asian journal of crop science, 5: 24-32. Doi: https://
doi.org/10.3923/ajcs.2013.24.32

Yenagi, B.S., Meli, S.S and Angadi, S.S. (2004). Effect of row 
spacing, planting date and nitrogen level on tuber grade, 
\LHOG�DQG�HFRQRPLFV�RI�SRWDWR��.DUQDWDND�-��$JULF��6FL���
17: 220-223.

Zerga, k., Alemu, M., Tebasa, F and Tesfaye, B. (2017). Im-
pacts of different mulching material on seedling emer-
gence and growth performance of hot pepper (Capsi-
cum annum l) at gurage zone, Ethiopia. International 
Multidisciplinary Research Journal.  7: 01-04.  https://
doi.org/10.25081/imrj.2017.v7.3362

https://www.cabdirect.org/cabdirect/abstract/20133232452
https://www.cabdirect.org/cabdirect/abstract/20133232452
https://doi.org/10.1007/BF02871747
https://doi.org/10.1007/BF02871747
http://http//faostat.fao.org
http://www.finance.gov.pk/survey_1617.html
http://www.finance.gov.pk/survey_1617.html
https://www.cabdirect.org/cabdirect/abstract/20093175520
https://www.cabdirect.org/cabdirect/abstract/20093175520
https://www.cabdirect.org/cabdirect/abstract/19901615687
https://www.cabdirect.org/cabdirect/abstract/19901615687
https://doi.org/10.1017/S002185969900698X
https://doi.org/10.1017/S002185969900698X
https://doi.org/10.3923/ajps.2005.102.105
https://doi.org/10.3923/ajps.2005.102.105
https://link.springer.com/content/pdf/10.1007/BF02410099.pdf%20
https://link.springer.com/content/pdf/10.1007/BF02410099.pdf%20
https://pdfs.semanticscholar.org/f84c/69b84046d70a8895a0a4dccd88956014602d.pdf
https://pdfs.semanticscholar.org/f84c/69b84046d70a8895a0a4dccd88956014602d.pdf
https://pdfs.semanticscholar.org/f84c/69b84046d70a8895a0a4dccd88956014602d.pdf
https://doi.org/10.3923/ajcs.2013.24.32
https://doi.org/10.3923/ajcs.2013.24.32


278

International Journal of 
Agriculture, Environment and Food Sciences

Effects of bio-fertilizers (Bacillus lentus – Pseudomonas putida) and different rates of 
Triple Superphosphate fertilizers on some attributes of sugar beet (Beta Vulgaris L.)

Negar Ebrahim Pour Mokhtari1,*

1Department of Organic Farming, Gaziantep University, Gaziantep, Turkey

*Corresponding Author: nmokhtari@gantep.edu.tr

The aim of this study was to determine both combined and individual effects of phosphorus bio-fertilizers (Bacillus 
lentus – Pseudomonas putida). Additionally, the study also monitored the different effects of triple superphosphate 
fertilizers on agronomic and quantitative characteristics of sugar beet. The factorial experiment approach (RCB de-
sign) was used to conduct this experiment. Furthermore, cultivars 7233 and BR1were used as experimental materials 
to enhance the evaluation of the different fertilizer treatment. An evaluation of the experiments result showed minimal 
adverse effect, of application of phosphorous fertilizers to phosphorous rich soils. In particular, continued application 
of phosphorous fertilizer despite its improved values, will results into plant nutritional stress. In conclusion, this 
experiment results indicated that BR1 cultivar in comparison to 7233 cultivar BR1 had improved qualitative and quan-
titative characteristics like dry weight, leaf area, high sugar content and better tolerance to increased application of 
phosphorus fertilizer. Consequently, increased application of phosphorus fertilizers to phosphorus rich soils resulted 
to decreased yield output. However, biological fertilizer in comparison to its mineral counterpart had reduced impacts 
on the traits 
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Introduction
It is important to note that various agricultural soils in the 

world, in one way or another lack the key nutrients required to 
support the growth of healthy plants. Consequently, this neces-
VLWDWHV�DSSOLFDWLRQ�RI�IHUWLOL]HUV�WR�SURPRWH�VXI¿FLHQW�IHUWLOL]HU�
VXSSO\�DQG�ERRVW�\LHOG�RXWSXW��(I¿FLHQW�XVH�RI�FKHPLFDO�IHUWLO-
izers is arguably lowers the base on the reduced ratio uptake 
by plants (Adesemoye et al., 2009). The heavy use of chemical 
fertilizers over a long period of time results into adverse struc-
tural defects on both plant and soil. These adverse impacts on 
both plant and soil by chemical fertilizers have encouraged the 
alternative use of organic fertilizers in the recent years (Nur 
HW� DO��� ������� ,W� LV� QRWHZRUWK\� WKDW� IHUWLOL]HU� XVHG� HI¿FLHQWO\��
can be an improvement and by fertilizer management where 

application rate, time and place are carefully considered for 
both organic and conventional farming. Research has indicat-
HG�WKDW�IRU�HI¿FLHQW�FURS�SURGXFWLRQ�WR�EH�DFKLHYHG�D�EDODQFH�
EHWZHHQ�QXWULHQW�XVH� HI¿FLHQF\�DQG�RSWLPDO� FURS�SURGXFWLRQ�
must be undertaken (Roberts, 2008). Intensive farming results 
into high demand for chemical fertilizers which then result 
into adverse environmental impacts. Additional, these adverse 
impacts are associated with negatively altered biogeochemical 
cycles. Therefore, attention has shifted to organic fertilizers 
which are cost effective, environmental friendly (Ehteshamiet 
al., 2007). In an attempt to manage negative environmental im-
pacts from chemical fertilizers, inoculation with plant growth 
promoting rhizobacteria (PGPR) has been encouraged. One of 
the advantages of the bacteria is that they assist plants in bet-
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ter growth and development thus making them suitable to be 
used as bio-fertilizers (Adesemoye et al., 2009). Many tests 
have proved that plant rhizosphere have boosted crop quality, 
yield output and general plant growth. Ideally, this study was 
conducted to determine the individual and combined effect of 
phosphorous bio-fertilizer (Bacillus lentus – Pseudomonas 
putida) and different rates of triple superphosphate fertilizers 
on agronomic, quantitative traits of sugar beet. Cultivars 7233 
and BR1were used as experimental materials in this study to 
evaluate the effects of different fertilizers.

Materials and Methods
Experimental Details and Treatments
The experiment was carried out in sandy loam soils with 

EC of 0.72 dS m-1 and pH of 7.8 at the Agriculture Research 
Station of the Islamic Azad University, Tabriz Branch, Iran. 
Tabriz is located at 38º5’N and Long 46º17’E about 1360 m 
above sea level and its annual mean temperature is 13.04ºC. 
7KH�UHJLRQ�LV�FODVVL¿HG�DV�FROG�DQG�VHPL�DULG��,WV�DQQXDO�SUH-
cipitation is 271.3 mm (physical and chemical properties of 
VRLO�LQ�H[SHULPHQWDO�¿HOG�ZHUH�SUHVHQWHG�LQ�WDEOH����

Seed material: 
Two sugar beet varieties (BR1-7233) were used in the ex-

periment. The seed material was obtained from the Sugar Beet 
Seed Institute Research Center at Karaj, Iran.

Table 1. Soil analysis result for physical and chemical characteristics

Characteristic Soil depth (cm) Soil texture pH P K N

Value 0-30 Sandy-loam 7.8-8.9 8/39 513 059/0 %

The study was performed as a factorial experiment based on randomized complete block design with three replications and 16 
treatments. The fertilizer levels were presented in Table 2.

Table 2. The levels of fertilizers

Control
Only impregnated seed with organic biological phosphorus (phosphorous biofertilizer) 
50kg/ha triple super phosphate 
100kg/ha triple super phosphate 
150kg/ha triple super phosphate 
25kg/ha triple super phosphate + impregnated seed with organic biological phosphorus
50kg/ha triple super phosphate + impregnated seed with organic biological phosphorus
75kg/ha triple super phosphate + impregnated seed with organic biological phosphorus

After measuring the shoot fresh weight and LAI (leaf 
area index), 20 kg sample from each plot was obtained ran-
domly. About 150 g of pulp from each plot was prepared by 
Venema apparatus and kept in a freezer until analysis. Frozen 
sugar beet pulp samples were analyzed in sugar technology 
laboratory in Sugar Beet Seed Preparing and Breeding Center 
at Karaj of Iran for purity parameters with Betalyser (model 
OR-KERNCHEN). Betalyser is a computer controlled system 
for automated routine analysis of sugar beet on sugar content 
and impurities including Na+, K+ and NH4

+-N. Sugar content 
(SC) was measured by polarimetr, Na+and K+E\�ÀDPH�EHPLV-
sion photometry and NH4

+�1�E\�GRXEOH�EHDP�¿OWHU�SKRWRPHWU\�
using the blue number method (Sheikh-Aleslami, 1997). The 
combined effect of Na+, K+and NH4

+-N on the amount of sugar 
lost to molasses in the factory process was determined follow-
ing the Reinfeld et al.(1974) method.

Molasses sugar (MS) = 0.343 * (K± + Na±) + 0.094 * NH4
+ 

-N 0.31.
[Na+, K+ and NH4

+-N in meq (100 g-1 beet). 
Standard factory loss (SFL = 0.6). 
White sugar contents (recovered sugar content) were calcu-

lated using the formula of Reinefeld et al. (1974): 
WSC = SC– MS– SFL 
White sugar yield (WSY) = root yield (RY) * WSC. 
$Q� DONDOLQLW\� FRHI¿FLHQW� �$&�� ZDV� GHWHUPLQHG� IURP� WKH�

major non-sugars K±, Na±

and NH4
+ -N, as follows (Sheikh-Aleslami, 1997):

AC = (K++ Na+)/ NH4
+ - N

Gross sugar yield and white sugar yield were obtained mul-
tiplying sugar content (SC) and white sugar content (WSC) 
by root yield. Statistical data analysis was done by using SAS 
VRIWZDUH��7KH�$129$�WHVW�ZDV�XVHG�WR�GHWHUPLQH�VLJQL¿FDQW�
�S�� ����� RU� S������� WUHDWPHQW� HIIHFW� DQG� 'XQFDQ� 0XOWLSOH�
5DQJH�7HVW� WR�GHWHUPLQH�VLJQL¿FDQW�GLIIHUHQFH�EHWZHHQ� LQGL-
vidual means.

Results and Discussion
Variance analysis revealed that differences in leaf area 

index (LAI), total dry weight, shoot fresh weigh, shoot dry 
weight, single root weight, Na (%), Molasses sugar (%) and 
KDUYHVW�LQGH[�YDOXHV�RI�WKH�FXOWLYDUV�ZHUH�IRXQG�WR�EH�VLJQL¿-
cant at 1% level and the differences in root fresh weight, white 
sugar content and extraction sugar content (%) of the cultivars 
ZHUH�IRXQG�WR�EH�VLJQL¿FDQW�DW����OHYHO��(IIHFWV�RI�GLIIHUHQW�
fertilizers on LAI, total dry weight and Na contents were found 
WR�EH�VLJQL¿FDQW�DW����OHYHO�DQG�WKH�HIIHFWV�RQ�VKRRW�GU\�ZHLJKW�
ZHUH�IRXQG�WR�EH�VLJQL¿FDQW�DW����OHYHO��2Q�WKH�RWKHU�KDQG��
effects of cultivar x fertilizer interactions were on LAI, Na and 
0RODVVHV� 6XJDU� &RQWHQW� �06�� ZHUH� IRXQG� WR� EH� VLJQL¿FDQW�
at 1% level and the effects of interactions on N (%) and ex-
WUDFWLRQ�VXJDU�FRQWHQW�����ZHUH�IRXQG�WR�EH�VLJQL¿FDQW�DW����
level (Table 4 and 5).
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Table 3. Technical terms of sugar beet yield and quality (Abdollahi Noghabi et al., 2005)
No Title 'H¿QLWLRQ EnglishEnglish Symbol

1 Root yield RY
Root yield of sugar beet 
per area unit (root wet 

weight

Weight of harvested roots in area unit 
after rinsing (net weight) t.ha-1

2 Sugar content
SC
or

(Pol)
Sugar content in wet root 

of sugar beet
Polarimetric method

% in beet
or

g sugar.100g beet-1

3

- Potassium
- Sodium

- Amino-nitro-
gen

K
Na
Į�1

Amount of health threat-
ening potassium, sodium, 

amino  nitrogen

Potassium and sodium were measured 
WKURXJK�SKRWRPHWULF�¿OP

Nitrogen was measured using chro-
mometry (blue number)

meq.100g beet-1
or

mmol. 100g beet-1

4 Molasses sugar MS

Amount of extractable 
sugar from root of sugar 

beet
(molasses/sugar beet rate)

Based on volume of health threaten-
ing potassium, sodium, and

nitrogen and using a standard experi-
mental formula

% in beet
or

g sugar.100g beet

5

White sugar 
content

or
- Recoverable 
white sugar

WSC
RWS

Amount of extractable 
white sugar content of 

sugar beet in mill
Among of extractable 

sugar

WSC = SC - (MS + 0.6*)
Sugar waste in the mill (set to 0.6)* % in beet

6 Sugar yield SY

Amount of produced 
sugar in area unit (sucrose 

content of sugar beet 
root)

SY = SC × RY t. ha-1

7 White sugar 
yield WSY

Extractable while sugar 
content of white beet per 

area unit
WSY = WSC × RY t. ha-1

8
Extraction coef-
¿FLHQW�RI�VXJDU

(Purity)

ECS
(Yield)

Content of extractable 
white sugar from sucrose 
content in sugar beet root

ECS = (WSC ÷ SC) ×100 % in sugar

9 Alkalinity coef-
¿FLHQW Alc or AC

Health threatening sodi-
um/potassium to nitrogen 

ratio in sugar beet
$OF �.�1D��·��Į�1� -

10 Brix Brix Density of roughage in 
extract of sugar beet root Refrectometry method % in extract

* Terms in the parentheses are wrong commonly used terms which are not recommended.

Table 4. Anova of effect of fertilizer and cultivar on different characters of sugar beet

ANOVA df

Mean squares

LAI
(leaf 
area 
index)

Total 
Dry 
Weight
Kg/m2

Shoot 
Dry 
Weight
Kg/m2

Root 
Fresh 
Weight 
Kg/m2

Shoot 
Dry 
Weight 
Kg/m2

Root 
Dry 
Weight 
Kg/m2

Single 
Root 
Weight 
Kg/m2

LAR ( 
leaf are 
ratio)

Sugar 
Con-
tents
%

Na (%)

Replication 2 0.557** 1.058** 23.689** 2.036** 0.551** 0.056ns 0.752* 0.373** 5.000** 2.067**
Cultivar 1 2.460** 1.026** 35.432** 1.922* 0.707** 0.058ns 1.245** 0.028ns 1.505ns 4.332**
Fertilizer 7 0.122** 0.112** 1.518ns 0.362ns 0.052* 0.009ns 0.112ns 0.042ns 0.521ns 0.797**
Cultivar x Fer-
tilizer 7 0.134** 0.039ns 1.266ns 0.219ns 0.014ns 0.008ns 0.003ns 0.016ns 0.783ns 0.834**

Error 7 0.030 0.026 0.827 0.346 0.020 0.0022 0.164 0.025ns 0.461 0.228
CV 30 4.05 7.14 32.07 8.14 30.23 8.41 32.33 8.23 4.03 26.39

QV� �1RQ�VLJQL¿FDQW��� �S��������DQG�� �S�������

https://doi.org/10.31015/jaefs.2020.3.6
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Table5. Anova of effect of fertilizer and cultivar on different characters of sugar beet

ANOVA df

Mean squares

K (%) N(%) Alc

White 
Sugar 

Content 
(WSC)

Ex-
traction 
Sugar 

Content 
(ESC)

Mollase 
Sugar 
(MS) 

%

Quality Brix Harvest 
Index

Sugar 
Con-
tents 
Yield

White 
Sugar 
Yield 
(ton/
ha)

Replication 2 1.772** 1.307* 2.718ns 10.470** 85.088** 1.055** 2.8723ns 6.772** 0.059** 28.834ns 29.031ns

Cultivar 1 0.018ns 0.517ns 0.780ns 4.219* 47.661* 0.684** 0.0008ns 3.101* 0.082** 0.450ns 0.838ns

Fertilizer 7 0.164ns 0.441ns 1.0774ns 0.950ns 8/894ns 0.148ns 0.0006ns 0.945ns 0.005ns 9.325ns 6.081ns

Cultivar x 
Fertilizer 7 0.389ns 0.668* 0.953ns 1.864ns 18.685* 0.317** 0.0002ns 1.261ns 0.002ns 7.822ns 9.169ns

Error 7 0.247 0.255 0.940 0.829 6.852 0.083 0.017 0.585 0.003 11.023 9.614

CV 30 5.95 23.02 19.82 7.09 3.44 8.53 3.36 3.24 6.57 11.18 13.65
QV� �1RQ�VLJQL¿FDQW��� �S��������DQG�� �S�������

Table 6. Mean comparison of effect of biological and chemical phosphorus fertilizer on total dry weight and shoot dry weight of 
sugar beet

Total dry weight Shoot dry weight
Control 2.488 a 0.5866 ab
Only impregnated seed with organic biological phosphorus (phosphorous bio fertilizer) 2.362 ab 0.6188 a
50kg/ha triple super phosphate 2.297 ab 0.4943 abc
100kg/ha triple super phosphate 2.101 b 0.3908 c
150kg/ha triple super phosphate 2.102 b 0.3625 c
25kg/ha triple super phosphate + impregnated seed with organic biological phosphorus 2.195 b 0.4648 abc
50kg/ha triple super phosphate + impregnated seed withorganic biological phosphorus 2.151 b 0.4093 bc
75kg/ha triple super phosphate + impregnated seed withorganic biological phosphorus 2.189 b 0.4213 bc

&ROXPQV�PHDQV�IROORZHG�E\�WKH�VDPH�OHWWHU�DUH�QRW�VLJQL¿FDQWO\�GLIIHUHQW�DW������SUREDELOLW\�OHYHO�RU������SUREDELOLW\�OHYHO�

Table 7. Means comparison of effects of biological and chemical phosphorus fertilizer on LAI, Na, N (%), ECS and MS (%) of 
sugar beet

Cultivar Fertilizers LAI Na N (%) ECS MS (%)
BR1 Control 4.401ab 1.930 bc 1.700 abcd 77.29 abc 3.220 abcd

BR1
Only impregnated seed with organic biological 
phosphorus (phosphorous bio fertilizer) 4.593 ab 2.707 ab 2.703 a 73.26 c 3.727 abc

BR1 50kg/ha triple super phosphate 4.682 a 2.250 bc 2.080 abc 75.61 abc 3.490 abcd
BR1 100kg/ha triple super phosphate 4.448 ab 2.020 bc 1.633 abcd 76.31 abc 3.353 abcd
BR1 150kg/ha triple super phosphate 4.376 abc 2.600 abc 2.627 ab 74.70 bc 3.627 abcd

BR1
25kg/ha triple super phosphate + impregnated 
seed with organic biological phosphorus 4.269 abcd 2.213 bc 1.470 abcd 77.31 abc 3.313 abcd

BR1
50kg/ha triple super phosphate + impregnated 
seed with organic biological phosphorus 4.555 ab 2.417 abc 2.660 ab 73.11 c 3.763 ab

BR1
75kg/ha triple super phosphate + impregnated 
seed with organic biological phosphorus 4.622 ab 2.250 bc 1.993 abcd 73.86 bc 3.517 abcd

7233 Control 4.451 ab 3.273 a 2.360 abc 72,87 c 3.930 a

7233 Only impregnated seed with organic biological 
phosphorus  (phosphorous biofertilizer) 4.323 abc 2.527 abc 2.313 abc 74.45 bc 3.583 abcd

7233 50kg/ha triple super phosphate 3.879 de 1.943 bc 1.227 cd 78.66 ab 3.100 bcd
7233 100kg/ha triple super phosphate 3.879de 1.730 bc 1.387 cd 76.99 abc 3.253 abcd
7233 150kg/ha triple super phosphate 3.837 de 1.663 c 0.8367 d 80.41 a 2.900 d

7233 25kg/ha triple super phosphate + impregnated 
seed with organic biological phosphorus 3.959 cde 1.877bc 1.327 cd 76.54 abc 3.243 abcd

7233 50kg/ha triple super phosphate + impregnated 
seed with organic biological phosphorus 4.227 bcd 1.930 bc 1.427 bcd 78.53 ab 3.117 bc

7233 75kg/ha triple super phosphate + impregnated 
seed with organic biological phosphorus 3.769 e 1.783 bc 1.183 cd 78.93 ab 2.973 cd

&ROXPQV�PHDQV�IROORZHG�E\�WKH�VDPH�OHWWHU�DUH�QRW�VLJQL¿FDQWO\�GLIIHUHQW�DW������RU������SUREDELOLW\�OHYHO�
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Table 8. Means comparison of effects of cultivar on Brix, Harvest Single root weight (Kg/m2) index, Total dry weight (Kg/m2), 
Shoot fresh weight (Kg/m2), Root fresh weight (Kg/m2), Shoot dry weight (Kg/m2), Single root weight (Kg/m2) and 
WSC

Cultivar Brix Harvest 
index

Total dry 
weight(Kg/m2)

Shoot fresh 
weight(Kg/m2)

Root fresh 
weight 

(Kg/m2)

Shoot dry 
weight 

(Kg/m2)

Single root 
weight 

(Kg/m2)
WSC

BR1 23.376 0.795 2.382 3.696 7.423 0.590 1.387 12.551
7233 23.884 0.841 2.090 1.977 7.023 0/374 1.056 13.144

&ROXPQV�PHDQV�IROORZHG�E\�WKH�VDPH�OHWWHU�DUH�QRW�VLJQL¿FDQWO\�GLIIHUHQW�DW������RU������SUREDELOLW\�OHYHO�

Figure 1. LAI of sugar beet due to the combined effect of cultivars and fertilizers. 
LAI (Leaf Area Index): With regard to LAI, cultivar x 

IHUWLOL]HU� LQWHUDFWLRQ�ZDV� IRXQG� WR� EH� VLJQL¿FDQW� DW� ��� OHYHO�
(Table 4). Considering the effects of fertilizers on cultivars, 
the greatest LAI (4.682 cm2) was obtained from 50 kg/ha tri-
ple super phosphate treatments of BR1cultivar. As compared 
to 7233 cultivar, BR1 exhibited more constant respond to 
different fertilizer doses and placed within the same statisti-
cal group with the control plants. Except for the control and 
biological fertilizer treatments, other fertilizers had negative 
effects on LAI of 7233 cultivar and decreased LAI values. Bi-
ological fertilizers reduced the negative effects of excessive 
soil phosphorus levels in 7233 cultivar. As compared to 7233 
cultivar, biological fertilizers yielded more positive outcomes 
in BR1cultivar. In other words, cultivar x fertilizer interaction 
ZDV� IRXQG� WR� EH� VLJQL¿FDQW� VLQFH� WKH� FXOWLYDUV� KDG� GLIIHUHQW�
responds to biological fertilizers and doses (Table 7). Exces-
sive soil phosphorus levels reduced LAI values of sugar beet 
plants in different ways. Excess phosphorus resulted in Fe and 
=Q�GH¿FLHQF\��WKXV�UHVWULFWHG�OHDI�JURZWK�DQG�GHYHORSPHQW�DQG�
decreased LAI values (Marschner, 1995). Burnett et al. (2008) 
FDUULHG�RXW�D�VWXG\�ZLWK�)DQ�ÀRZHU�SODQWV�DQG�LQGLFDWHG�WKDW�
soil phosphorus levels over 40 mg/l reduced LAI values. Sim-
LODUO\��=KDQJ�HW�DO���������DOVR�ZRUNHG�ZLWK�)DQ�ÀRZHU�SODQWV��
but indicated this time that soil phosphorus levels over 14.5 
mg/l reduced LAI values.

Total dry weight (kg/m2): Effects of cultivars and fertiliz-
HUV�RQ�WRWDO�GU\�ZHLJKWV�ZHUH�IRXQG�WR�EH�VLJQL¿FDQW�DW����OHY-
el (Table 4). In general, BR1cultivar (2.382 kg/m2) had greater 
total dry weights than 7233 cultivar (2.090 kg/m2). Since BR1 

cultivar had greater LAI (leaf area index) values, it produced 
greater quantities of dry matter (Table 8). Effects of different 
fertilizers (bio-fertilizers and chemical) on total dry weights 
are presented in Figure 2. Although phosphorous bio-fertilizers 
and 50 kg/ha triple super phosphate treatments were placed in 
the same statistical group with the control plants, the greatest 
total dry weight was obtained from the control plants. In other 
ZRUGV��LQ�FDVH�RI�VXI¿FLHQW�VRLO�SKRVSKRUXV�OHYHOV��VXSSOHPHQ-
tary phosphorus fertilizers (either biological or chemical) had 
negative effects on plant total dry weights. Over-treatments 
may alleviate toxic impacts of phosphorus in soils, imbalance 
soil Fe, Cu, Zn, Mn and B microelements and ultimately result 
in yield losses. Excessive phosphorus in soil also result in toxic 
accumulation of B, alleviated Cd pollution in soil, thus reduced 
quality and dry matter yields (Marschner, 1995). Excessive 
phosphorus reduce Fe ratio and thus decrease dry matter and 
/$,�YDOXHV��([FHVV�SKRVSKRUXV� UHVXOWHG� LQ�0Q�GH¿FLHQF\� LQ�
spinach plants and thus reduced photosynthesis rate by 28% 
and dry mater yield by 20%.
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Figure 2. Total dry weight (Kg/m2) of sugar beet due to the effect of fertilizers.

Figure3. Shoot dry weight (Kg/m2) of sugar beet due to the combined effect of cultivars and fertilizers.

Shoot Dry Weight: According to variance analysis, fer-
WLOL]HUV�KDG�VLJQL¿FDQW�HIIHFWV�RQ�VKRRW�GU\�ZHLJKWV�DW����OHYHO�
(Table 4). As can be seen in Figure 3, cultivars had different 
responds to different fertilizer treatments. Considering shoot 
dry weight and total dry weight data together, it was observed 
that plants had similar responds. The greatest shoot dry weight 
was obtained from single biological fertilizer treatments. Such 
a case indicated that the difference in total dry weight was re-
sulted from shoot dry weight. As can be seen in Table 4, fer-
WLOL]HU�IDFWRU�GLG�QRW�KDYH�VLJQL¿FDQW�HIIHFWV�RQ�URRW�IUHVK�DQG�
dry weights. Again, according to variance analysis, there were 
VLJQL¿FDQW�GLIIHUHQFHV�LQ�VKRRW�GU\�ZHLJKWV�RI�WKH�FXOWLYDUV�DW�
1% level. BR1cultivar (0.590 kg/m2) had about 41% greater 
shoot dry weight than 7233 cultivar (0.347 kg/m2). High soil 
SKRVSKRUXV�OHYHOV�LQGLUHFWO\�LQÀXHQFH�VRLO�PLFURHOHPHQWV�DQG�

thus reduce shoot dry weights. Rumheld and Marschner (1991) 
LQGLFDWHG�WKDW�H[FHVVLYH�VRLO�SKRVSKRUXV�QHJDWLYHO\�LQÀXHQFHG�
manganese (Mn) quantities absorbed by the soils and reduced 
shoot dry weight. According to Marschner (1995), high soil 
phosphorus levels decreased plant IAA (Indole acetic acid) 
contents, increased tryptophan quantities and such a case then 
decreased leaf dimensions and thus leaf areas. Burnett et al. 
(2008) indicated that increasing soil phosphorus levels to a cer-
tain level resulted in increased shoot dry weights, but further 
increases resulted in decreasing shoot dry weights. Zhang et 
DO���������UHSRUWHG�IRU�IDQ�ÀRZHU�SODQWV�WKDW�VRLO�SKRVSKRUXV�
levels over 14.5 mg/l reduced shoot dry weights, Shan et al. 
(2004) indicated for Hakea prostrata plants that phosphorus 
TXDQWLWLHV�RYHU����ȝPRO�UHGXFHG�OHDI�GU\�ZHLJKWV�
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Figure4. Extraction sugar  (ESC) of sugar beet due to the combined effect of cultivars and fertilizers.

([WUDFWLRQ� FRHI¿FLHQW� RI� VXJDU� �(&6���As can be seen 
in Table 5, fertilizer x cultivar interactions was found to be 
VLJQL¿FDQW�DW����OHYHO�ZLWK�UHJDUG�WR�H[WUDFWLRQ�FRHI¿FLHQW�RI�
sugar (ECS). The greatest ECS was obtained from 150 kg/ha 
phosphorus treatment of 7233 cultivar and the lowest value 
was obtained from the control plants. In BR1 cultivar, the great-
est ECS value was obtained from the control plants (Table 7). 
Draycott and Christenson (2003) carried out a research in Min-

nesota of the USA and reported that high soil phosphorus lev-
els had greater impacts on sugar content (%) than on ECS ratio 
of sugar beet plants. It was indicated in another research that 
LQFUHDVLQJ�SKRVSKRUXV�FRQWHQWV�RI�SKRVSKRUXV�GH¿FLHQW� VRLOV�
increased ECS ratios, but increasing phosphorus quantities 
GLG�QRW�KDYH�VLJQL¿FDQW�HIIHFWV�RQ�(&6�UDWLRV��,Q�RWKHU�ZRUGV��
SKRVSKRUXV�IHUWLOL]HU�GLG�QRW�KDYH�VLJQL¿FDQW�HIIHFWV�RQ�(&6�

Figure 5. Molasses sugar of sugar beet due to the combined effect of cultivars and fertilizers.
Molasses sugar (MS): In sugar production from sugar 

beet, the economically non-valuable portion of the sugar, so 
called as molasses, is used as a byproduct of the sugar facil-
ity. Since the molasses sugar is not able to be converted into 

white sugar, there is a loss in sugar content. With regard to 
molasses sugar, cultivar x fertilizer interactions was found to 
EH�VLJQL¿FDQW�DW����OHYHO��7DEOH�����$V�FDQ�EH�VHHQ�LQ�7DEOH�
7, the greatest molasses sugar in 7233 cultivar was obtained 
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from the control group and the other fertilizer treatments re-
duced molasses sugar ratios. In BR1cultivar, different fertilizer 
GRVHV�GLG�QRW�FUHDWHG�VLJQL¿FDQW�GLIIHUHQFHV�LQ�PRODVVHV�VXJDU�

and fertilizer treatments yielded similar results with the control 
plants. As it was in 7233 cultivar, the greatest molasses sugar 
in BR1 cultivar was also obtained from the control plants.

Figure 6. N (%) of sugar beet due to the combined effect of cultivars and fertilizers.

Alpha-amino nitrogen (N): As can be seen in Table 4, cul-
WLYDU�[�IHUWLOL]HU�LQWHUDFWLRQV�ZDV�IRXQG�WR�EH�VLJQL¿FDQW�DW����
OHYHO�ZLWK�UHJDUG�WR�1�����FRQWHQW��3UHVHQW�¿QGLQJV�UHYHDOHG�
that with regard to N (%), cultivars had different responses 
to phosphorus fertilizer. In 7233 cultivar, the greatest N (%) 
content was obtained from the control and bio-fertilizertreat-
ments. Although different phosphorus treatments did not have 
VLJQL¿FDQW�GLIIHUHQFHV��1�����FRQWHQWV�GHFUHDVHG�ZLWK�LQFUHDV-

ing phosphorus contents. In BR1 cultivar, control and fertilizer 
treatments yielded similar results and the greatest N (%) con-
tent was obtained from phosphorus bio-fertilizer treatments. In 
general, 7233 cultivar was found to be more sensitive to fertil-
izer quantities than BR1cultivar. Kuang et al. (2005) reported 
increasing N quantities in soybean plants with increasing phos-
phorus quantities. Groot et al. (2003) also indicated increasing 
plant N quantities with increasing soil phosphorus quantities.

Figure7. Na (%) of sugar beet due to the combined effect of cultivars and fertilizers.
Na (%): Na, K andalpha-amino nitrogen (N) substances 

increase molasses sugar, thus reduce white sugar content of 
sugar beet. Variance analysis revealed that cultivar x fertilizer 
LQWHUDFWLRQV�ZDV�VLJQL¿FDQW�IRU�1D�����IDFWRU�DW����OHYHO��,Q�

7233 cultivar, the lowest Na ratios (1.663%) was obtained from 
150 kg/ha triple super phosphate treatments and the greatest 
Na (%) ratio was obtained from control plots and bio-fertiliz-
ertreatments. Increasing phosphorus quantities reduced Na (%) 
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UDWLR�DQG�SRVLWLYHO\�LQÀXHQFHG�VXJDU�TXDOLW\��,Q�%51 cultivar, 
the lowest Na ratio (1.930%) was obtained from the control 
plots and the greatest Na ratios were obtained from biological 
fertilizer, 50 kg/ha triple super phosphate and 50 kg/ha triple 
super phosphate + impregnated seed with organic biological 
phosphorus treatments. Different responds of two cultivars 
with regard to Na (%) may be resulted from own characteris-
tics of the cultivars. It was reported in a previous study carried 
out with chickpeas that decreasing soil phosphorus levels in-
creased plant NA (%) contents (Das and Sen, 1981).

Conclusions
Excess soil phosphorus may have indirect negative impacts 

on sugar beet yield and quality. Excess phosphorus fertilizer 
treatments reduce plant Fe, Zn and Mn uptake from the soils, 
WKXV�QHJDWLYHO\�LQÀXHQFH�SODQW�JURZWK�DQG�GHYHORSPHQW��6XFK�
negative impacts are not solely attributed to chemical phos-
phorus fertilizers. In case of excessive soil phosphorus con-
tents, even biological phosphorus fertilizers do not have pos-
LWLYH�LPSDFWV�RQ�VXJDU�EHHW�TXDOLW\��3UHVHQW�¿QGLQJV�UHYHDOHG�
decreasing LAI and dry weight values with increasing phos-
phorus fertilizer quantities. While biological phosphorus fer-
WLOL]HU�GLG�QRW�KDYH�DQ\�VLJQL¿FDQW�HIIHFWV�RQ�VKRRW�GU\�ZHLJKW��
FKHPLFDO� SKRVSKRUXV� IHUWLOL]HU� VLJQL¿FDQWO\� GHFUHDVHG� VKRRW�
dry weights even with the lowest dose. Sugar beet cultivars had 
different responses to phosphorus quantities. In present study, 
BR1has better quality than 7233 cultivar and exhibited more 
stable respond to excess phosphorus fertilizers. In other words, 
BR1 was found to be more tolerant to negative conditions than 
7233 cultivar, thus it is recommended to be cultivated under 
adverse conditions. 
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Bran is not only the raw material of animal feed or functional products; it has also become a natural additive used in 
WKH�RWKHU�LQGXVWULDO�¿HOGV��For this reason, in this study, it has been aimed to reveal to what extent the minerals (K, P, S, 
Mg, Ca, Zn, Fe, Mn, Cu, and Na) are affected by genotypes, growth seasons (years) and growth conditions and their 
interactions, rather than how much and what kind of minerals the wheat bran contains. For this purpose, in the study, 
LQ�WKH�JURZWK�VHDVRQV�RI�����������DQG������������¿YH�EUHDG�ZKHDW�JHQRW\SHV�ZHUH�FDUULHG�RXW�DV�WKUHH�UHSOLFDWHG�
under organic and conventional growth conditions according to the trial design of split plots in random blocks. At the 
end of the study, all minerals except Cu were affected by at least one of the variation sources; in other words, although 
LW�YDULHV�DFFRUGLQJ�WR�PLQHUDOV��ZKHDW�EUDQ�PLQHUDOV�ZHUH�VLJQL¿FDQWO\�DIIHFWHG�E\�ZKHDW�JHQRW\SHV��JURZWK�\HDUV�
DQG�JURZWK�FRQGLWLRQV�DQG�WKHLU�LQWHUDFWLRQV��,Q�DGGLWLRQ��ZLWK�WKLV�VWXG\��VLJQL¿FDQW�FRUUHODWLRQV�ZHUH�IRXQG�EHWZHHQ�
some minerals in organic and conventional conditions.
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Introduction
Wheat grain is composed of three parts as coat (bran), en-

dosperm and embryo (germ). Endosperm is made of aleurone 
and starchy endosperm. Germ consists of embryonic part and 
scutellum. Germ occupies the percent of 2.5 to 3.5 of wheat 
grain and is rich for protein, sugar, fat and ash (Delcour and 
Hoseney, 2010). Bran is composed of pericarp, testa and al-
eurone. It contains non-starchy polysaccharide (40%), starch 
(34%), lignin (5%), and protein (13.5%) (Palmarola-Adrados 
HW� DO��� ������� 3HULFDUS� LV� ULFK� LQWHUPV�RI� LQVROXEOH� GLHW� ¿EHU��
ferulic acid, bioactive compunds, and vitamins (Hemery et al., 
2007).  Aleuron, the outer layer of the endosperm, is included 
in the bran by milling. However, it is rich in minerals and B 
vitamins and constitutes 7% of the grain (Antoine et al., 2002). 
Testa, rich in alkylresorcinol, a phenolic lipid, is located be-
tween aleurone and pericarp (Landberg et al., 2008). Wheat 

bran is considered brown gold by some researchers and its 
enormous applications and high market value make it very im-
SRUWDQW��:KHDW�EUDQ�LV�XVHG�LQ�PDQ\�¿HOGV�RI�WKH�LQGXVWU\�VXFK�
as fermentation, water retaining ability, complex substrate and 
nitrogen source in media for enzyme production, metabolite 
production, bioremediation, health aspects, food and feed ad-
ditive, etc. (Javed et al., 2012). 

It is seen that the wheat bran ingredients used in bakery 
products are very high. The wheat bran content used in biscuit 
in the study of El-Sharnouby et al. (2012) can be given as an 
H[DPSOH�ZKLFK�ZHUH�LQFOXGHG�FUXGH�SURWHLQ����������FUXGH�¿-
ber (15.4%), ash (4.8%), and carbohydrate (75.0%) and also 
high mineral contents such as calcium, sodium, potassium, 
iron, phosphorus, zinc, magnesium, manganese, and copper 
(76.0, 2.0, 1182, 10.6, 1013, 7.3, 611, 11.5, 1.0 mg kg-1). Simi-
ODU�YDOXHV���DUH�FRQ¿UPHG�E\�86'$���������6XGKD�HW�DO���������
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reported the ash, crude protein and fat content in wheat bran 
used in making pasta as 5.99, 15.1 and 5.83%, respectively. 
7KH\�VWDWHG�WKDW�WKH�WRWDO�GLHWDU\�¿EHU�FRQWHQW�RI�SDVWD�ZDV�LQF-
reased 5.2 times with the participation of 40% wheat bran. Hell 
et al. (2014) stated that wheat bran consists of 3-8% minerals 
as dry matter. The oil to be used in fried cereal products will 
EH�UHGXFHG�ZKLOH�WKH�GLHWDU\�¿EHU�FRQWHQW�RI�WKH�SURGXFW�ZLOO�
be increased by the bran additive (Onipe et al., 2015). Wheat 
bran usage has been increasing year by year and the amount of 
product obtained from wheat bran was 52 in 2001; however, 
this number reached 800 in 2011 (Curti et al., 2013). Wheat 
bran is rich for mineral contents like iron, zinc, manganese, 
magnesium and phosphorus as mentioned before, but 80% of 
phosphorus is kept in the phytate forms of iron, zinc and mag-
nesium, and these forms of the elements decrease their intakes 
(Anderson et al., 2014). Mineral elements have the vital im-
portance for humans, animals and plants. Indeed, they have 
important biochemical functions; for examples, Ca and P join 
the structure of bones and teeth; P also functions in the nuc-

OHRWLG��$73��1D�LV�WKH�FDWLRQ��SURYLGHV�ÀXLGLW\�RXWVLGH�WKH�FHOO�
ZKLOH�.�LV�D�FDWLRQ��SURYLGHV� LQWUDFHOOXODU�ÀXLGLW\��$OVR��0J��
Cu, Fe, Mn, Mo and Zn functions some enzymes; S is in the 
structure of some aminoacids (Soetan et al., 2010). For these 
responsibilities of the elements, they have been the subjected 
to the researhes in foods, feeds, and their organic and conven-
tional additives. 

This study aimed to investigate the change of some nutri-
tionally important minerals in bread wheat brans according to 
years and organic and conventional growth conditions.

Materials and Methods
Material 
,Q�WKH�VWXG\��¿YH�KRSHIXO�ZLQWHU�EUHDG�ZKHDW�OLQHV��ZKLFK�

were grown in Siran district of Gumushane province in 2013-
2014 and 2014-2015 seasons and whose pedigrees and origins 
are given below, are used as materials (Table 1). Some physical 
and chemical properties of the trial soils are also given in Table 
2.

Table 1. Numbers, pedigrees and origins of the bread wheat genotypes used in the trial

No Pedigree Origin
1 KARL/NIOBRARA//TAM200/KAUZ/3/TAM200/KAUZ Turkey/CIMMYT/ICARDA
2 PYN*2/CO725052/4/PASTOR/3/KAUZ*2/OPATA//KAUZ Mexica -Turkey/CIMMYT/ICARDA
3 OK98649/TX95V6608/3/ID#840335//PIN39/PEW USA-Turkey/CIMMYT/ICARDA
4 ST.ERYHTR 1287-08 Ukraine
5 TX98D1170*2/TTCC365 USA

 Table 2. Some physical and chemical properties of the trial soils 

Analyze
Saturation Total salt

pH
CaC03 P2O5 K20 Organic matter

(%) (%) (%) (kg ha-1) (kg ha-1) (%)
Value 68.0 0.15 7.99 10.66 10.95 1490.1 1.63
Evaluation clayey saltless slightly alkaline calcareous poor VXI¿FLHQW low

Climatic data for 2013-2014 and 2014-2015 growth sea-
sons were given in Table 3. According to the table, although 
there were not many differences between the years in terms of 

DYHUDJH�WHPSHUDWXUH��-XQH��ZKLFK�FRUUHVSRQGV�WR�WKH�ÀRZHULQJ�
DQG�JUDLQ�¿OOLQJ�SHULRG��ZDV�PRUH�ZHW��������PP��DQG�PRUH�
KXPLG����������LQ�WKH�VHFRQG�JURZWK�VHDVRQ�������������

Table 3. Climatic data of Gumushane province between 2013-2015 and long years average (1950-2015)

Months
Temperature (°C) Precipitation (mm) Relative humidity (%)

2013-2014 2014-2015 Long years 2013-2014 2014-2015 Longyears 2013-2014 2014-2015 Longyears

October 12.3 14.4 13.8 28.2 61.4 34.3 53.5 64.6 54.0
November 8.7 7.2 7.0 19.6 51.6 45.2 63.4 64.5 48.7

December -2.2 6.2 -1.3 31.3 14.2 45.7 65.0 63.0 66.3

January 2.1 0.8 0.0 28.5 55.5 47.8 62.9 62.0 59.9

February 3.3 3.3 4.6 22.1 34.4 33.4 54.3 59.5 54.3

March 8.9 7.3 7.3 45.3 67.4 64.2 55.7 55.9 50.6

April 13.5 9.6 12.0 38.1 46.8 47.2 53.8 57.4 44.6

May 17.1 15.9 16.0 66.7 45.3 95.8 58.5 55.1 50.2

June 20.8 20.5 20.5 31.0 40.4 69.1 51.5 60.6 51.5

July 26.0 24.5 24.1 19.3 2.8 5.8 48.7 48.8 41.4
Mean/Total 11.05 10.97 10.40 330.1 419.8 488.5 56.73 59.14 52.15
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Method
The trials were planted in the last week of October during 

the 2013-2014 and 2014-2015 growth seasons, with three rep-
licates by drill, with 500 seeds per square meter. Each plot was 
the area of   1.05 m (17.5 cm × 6 rows) × 5 m = 5.25 m2. Twenty 
tons of organic farm fertilizer (0.32% N, 0.16% P2O5, 0.12% 
K2O) and 5 t organic poultry manure (3% pure nitrogen) were 
used per hectare before sowing time. In the conventional plots, 
120 kg of pure nitrogen and 60 kg of P2O5 per hectare, half 
of the nitrogen and all of the phosphorus were given together 
with 20.20.0 commercial fertilizer and half of the remaining 
nitrogen with ammonium nitrate (26% N) during the tillering 
period. During the growth period, the weeds in the plots were 
removed by hand; no herbicides were used. After the matu-
ration is completed, the plots were harvested by sickles and 
threshed by the Monomak (MNHR- CD0025-BAH type) labo-
ratory thresher machine.

Element contents (K, P, S, Mg, Ca, Zn, Fe, Mn, Cu, Na) 
of the bread wheat genotypes which were observed from the 
organic and conventional cultivation between 2013-2015 years 
ZHUH�GHWHUPLQHG�DFFRUGLQJ�WR�(3$������PHWKRG�LQ�ÀRXU�VDP-
ples milled in laboratory type roller mill of seeds. Accordingly, 
����J�RI�HDFK�ÀRXU�VDPSOH�ZDV�EXUQHG�ZLWK���PO�RI�����+123 
and 6ml of H2O2 in the microwave (Milestone Start D) and di-
luted with 50 mL of ultrapure water. The elemental content of 
the samples was analyzed by inductively coupled plasma-mass 
spectrometry (inductively coupled plasma mass spectrometry: 
ICP-MS; Agilent brand ICP-MS 7700e series) technique. In 
analyzes, Agilent mix 2a standard was used.

The data were analyzed by JMP (2007) according to the 
split plot trial design in randomized blocks. The differences 
between the mean values   were determined in the same pack-
age program by LSD test, and the relationships between the 
features examined were also determined in the same package 
program.

Results and Discussion
F�YDOXHV�DQG�FRHI¿FLHQW�YDULDWLRQV� � UHODWHG�ZLWK�YDULDQFH�

analyzis of bread wheat genotypes in terms of bran mineral 
content (K, P, S, Mg, Ca, Zn, Fe, Mn, Cu, and Na) were giv-
en by Table 4. Also, mean values of these elements for years, 
growth conditions, genotypes, and interactions were shown by 
the Tables 5-10.

Potassium (K)
Bran K content of bread wheat genotypes for only the inte-

UDFWLRQ�RI�\HDUîJURZWK�FRQGLWLRQ��<î*&��VKRZHG�VLJQL¿FDQW-
ly variations. It is understood that the interaction is due to the 
fact that K content of bran in organic conditions was in the low-
er group with 3413 mg kg-1 in 2013-2014 growth season and 
3634 mg kg-1 in the upper group in 2014-2015 growth season 
�7DEOH�����$OWKRXJK�QRW�VWDWLVWLFDOO\�VLJQL¿FDQW��7DEOH�����¿UVW�
year and second year (3472 and 3500 mg kg-1, respectively), 
organic and conventional growth conditions (3524 and 3448 
mg kg-1, respectively) (Table 5) and genotypes (3393 to 3606 
mg kg-1) (Table 6) showed minor variations. USDA (2020) has 
reported the lower values for K content of wheat bran.

Phosphorus (P)
Bran P content of bread wheat genotypes for only the in-

teraction of year×genotype (Y×G) and growth condition×gen-
RW\SH��*&î*��VKRZHG�VLJQL¿FDQWO\�YDULDWLRQV��:KHQ�7DEOH���
is investigated, it will be seen that Y×G interaction is caused 
by the fact that genotype 4 was in the upper group (with 2198 
mg kg-1��LQ�WKH�¿UVW�\HDU��ZKLOH�LW�ZDV�LQ�WKH�ORZHU�JURXS�������
mg kg-1) in the second year. Also, the GC×G interaction was 
due to the fact that genotypes 1 and genotype 3 were in dif-
ferent groups in organic and conventional conditions (Table 
9). (YHQWKRXJK� VWDWLVWLFDOO\� QRQ�VLJQL¿FDQW� �7DEOH� ���� ¿UVW�
year and second year (1982 and 1929 mg kg-1, respectively), 
organic and conventional growth conditions (1967 and 1945 
mg kg-1, respectively) (Table 5) and genotypes (1895 to 2080 
mg kg-1) showed a slight variation. El-Sharnouby et al. (2012) 
and USDA (2020) have stated the close results (1013 mg kg-1); 
but Fardet (2010) and Brouns et al. (2012) have reported much 
higher values which ranged between 900 to 1500 mg 100g-1 

bran.
Sulphur (S)
%UDQ�6�FRQWHQW�RI�EUHDG�ZKHDW�JHQRW\SHV�FKDQJHG�VLJQL¿-

cantly except years, Y×GC, and GC×G (Table 4). Thus, con-
ventional conditions (1522 mg kg-1) for S content were higher 
than organic conditions (1291 mg kg-1) (Table 5). In addition, 
bran S contents of the genotypes changed between 1275 mg 
kg-1 (genotype 3) and 1511 mg kg-1 (genotype 4) (Table 6). 
<î*� LQWHUDFWLRQ� ZDV� VLJQL¿FDQWO\� HIIHFWLYH� RQ� WKH� EUDQ� 6�
content, and this interaction was sourced from genotype 4. 
%HFDXVH��JHQRW\SH���ZDV�VLJQL¿FDQWO\�KLJKHU�6�YDOXHV�LQ�WKH�
second year (1640 mg kg-1��WKDQ�WKH�¿UVW�\HDU�������PJ�NJ-1) 
�7DEOH�����$OVR��<î*&î*�LQWHUDFWLRQ�ZDV�VLJQL¿FDQWO\�HIIHFW�
on the bran S content (Table 4). Because, genotype 2 under 
conventional conditions was in the upper statistical group with 
1610 mg kg-1 in 2013-2014 season while it was in the lower 
group with 1291 mg kg-1 in 2014-2015 season. Also, genotype 
3 under organic conditions in 2013-2014 was in upper group 
with 1329 mg kg-1 while it was in lower group with 1018 mg 
kg-1 in 2014-2015 (Table 10).

Magnesium (Mg) 
%UDQ� 0J� FRQWHQW� VLJQL¿FDQWO\� YDULHG� DFFRUGLQJ� WR� WKH�

years, genotypes, GC×G, and Y×GC×G (Table 4). For bran 
Mg content, second year (443.8 mg kg-1) was statistically high-
HU� WKDQ� WKH�¿UVW� \HDU� �������PJ� NJ-1) (Table 5). Genotype 4 
had the highest Mg content (457.7 mg kg-1) while the geno-
type 1 (420.4 mg kg-1) had the lowest Mg content (Table 6). 
Babu et al. (2018) has reported lower values for Mg content of 
wheat bran (12 mg 100 g-1 bran). Also, Mg content of the gen-
otypes’bran was affected from the interaction of GC×G (Table 
4). It is understood that this interaction is originated from gen-
otype 1 and genotype 5. Because, these genotypes were in dif-
ferent statistical groups in different growth conditions (Table 
9). Also, the interaction of Y×GC×G affected the bran Mg con-
tent (Table 4). As a reason of this trio interaction, genotype 1 
under conventional conditions was in upper statistical group in 
2013-2014 while it was in lower group in 2014-2015. Another 
reason of the trio interaction was from genotype 5 which was 
in a low group under organic conditions in 2013-2014 while it 
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was in the highest group under the same growth conditions in 
2014-2015 (Table 10). 

Calcium (Ca)
Bran Ca content statistically differed for years, genotypes, 

GC×G, and Y×GC×G (Table 1). Growth season of  2014-2015 
had higher for Ca content (374.1 mg kg-1) than the season of 
2013-2014 (354.5 mg kg-1) (Table 5). According to the geno-
types, range of Ca content were 349.3 mg kg-1 (genotype 4) to 
373.2 mg kg-1 (genotype 5). The lower value for K content of 
wheat bran has been stated by USDA (2020). GC×G interac-
tion was arised from genotype 5; because, this genotype was 
in different statistical groups in different growth conditions 
(Table 9). Also, genotypes 2 and 5 caused to the interaction 
of Y×GC×G. Genotype 2 under organic conditions was in the 
lowest statistical group in 2013-2014 while it was in the higher 
group in 2014-2015. In addition, genotype 5 which was in a 
low group under conventional conditions in 2013-2014 while 

it was in upper group under the same growth conditions in 
2014-2015 (Table 10).

Zinc (Zn)
%UDQ�=Q�FRQWHQW�ZDV�VLJQL¿FDQWO\�GLIIHUHQW�IRU�JHQRW\SHV��

Y×G, and Y×GC×G (Table 4). Thus, the highest values for Zn 
in the genotypes were found in genotype 1 (40.41 mg kg-1) 
and genotype 4 (40.41 mg kg-1) while the lowest value was 
in genotype 3 (38.66 mg kg-1) and genotype 5 (38.36 mg kg-1) 
(Table 6). Y×G interaction is due to the fact that genotype 3 is 
in the upper group (with 39.71 mg kg-1��LQ�WKH�¿UVW�\HDU�DQG�LQ�
the lower group (37.61 mg kg-1) in the second year (Table 8). 
Some researchers have reported lower values (El-Sharnouby 
et al., 2012), while others have stated higher values (Brouns et 
al., 2012; Babu et al., 2018) for bran Zn. Also, Y×GC×G inter-
action was from the genotypes 3 and 4. These genotypes under 
organic growth conditions were at different statistical groups 
according to the years (Table 10).

Table 4. F values DQG�FRHI¿FLHQW�YDULDWLRQV����&9��UHODWHG�ZLWK�YDULDQFH�DQDO\]LV�RI�EUHDG�ZKHDW�JHQRW\SHV�
for bran mineral content

Minerals CV (%)
F value

Years (Y) Growth Conditions (GC) Genotypes (G) Y×GC Y×G GC×G Y×GC×G

K 7.64 1.888 1.215 1.327 7.929** 1.236 1.160 1.167
P 8.84 0.679 0.230 2.236 0.080 2.535* 3.797* 1.234
S 12.82 5.149 24.654** 4.407** 3.833 3.395* 2.314 8.678**

Mg 3.87 9.797* 1.354 7.708** 1.210 1.985 3.227** 3.657**
Ca 4.78 43.855** 0.229 3.275* 0.014 2.445 2.937* 3.800*
Zn 4.39 0.753 0.047 3.866* 0.027 2.565* 2.246 6.228**
Fe 3.43 0.499 6.499* 4.563** 1.106 2.035 4.694** 1.948
Mn 9.25 1.299 0.948 2.654* 0.018 2.373 0.805 0.775
Cu 4.76 0.230 0.071 1.877 0.002 0.947 0.853 1.904
Na 1.02 46.416** 4.218* 3.028* 25.970** 3.643** 9.363** 3.324*

���VKRZV�VLJQL¿FDQFH�OHYHO�RI�F value at the probability of 0.05 and 0.01, respectively.

Iron (Fe)
Growth conditions, genotypes, and GC×G interaction sig-

QL¿FDQWO\� GLIIHUHG� IRU� EUDQ�)H� FRQWHQW� RI� EUHDG�ZKHDW� JHQR-
types (Table 4). In this context, conventional conditions had 
higher bran Fe content (36.71 mg kg-1) than organic growth 
conditions (35.89 mg kg-1) (Table 5). Also, the genotypes 
changed between 35.72 mg kg-1 (genotype 1) and 37.60 mg kg-1 
(genotype 3) for Fe content (Table 6). A wide range for bran 
Fe content have been presented by some researchers (Fardet, 
2010; Brouns et al., 2012). Also, the GC×G interaction results 
from genotypes 1, 2 and 4 which are in different groups under 
different growth conditions (Table 9). 

Manganese (Mn)
Bran Mn content showed statistical difference for only gen-

otypes (Table 4). Thus, the highest values were from genotype 
1 (24.46 mg kg-1) and genotype 3 (24.64 mg kg-1) while the 
lowest value was from genotype 4 (22.21 mg kg-1) (Table 6). 
Mn content of wheat bran shows an extensively range like Fe 
content. So and so, Fardet (2010) and Brouns et al. (2012) re-
ported on these contents which were 0.9 to 10.1 mg 100 g-1 
bran.

Copper (Cu)
$OO�YDULDWLRQ�VRXUFHV�GLG�QRW�VKRZ�VWDWLVWLFDOO\�VLJQL¿FDQW�

differences in bran Cu content in bread wheat genotypes (Table 
4). But anyway, it has determined that range for Cu content of 
wheat bran were 4.94 to 5.19 mg kg-1 (Table 6). USDA (2020) 
presents lower value for bran Cu. 

Sodium (Na)
%UDQ�1D�FRQWHQW�RI� WKH�JHQRW\SHV�VLJQL¿FDQWO\�YDULHG�IRU�

all variation sources (Table 4). For years, the second growth 
season (2014-2015) (5.05 mg kg-1��ZDV� KLJKHU� WKDQ� WKH�¿UVW�
season (2013-2014) (4.89 mg kg-1) for bran Na content. Con-
ventional conditions also showed higher Na values   than organ-
ic conditions (Table 5). Na contents of the genotypes ranged 
4.94 mg kg-1 (genotype 1) to 5.00 mg kg-1 (genotype 4) (Ta-
ble 6). USDA (2020)’s Na values of wheat bran are under this 
VWXG\¶V�¿QGLQJV��$OVR��<×GC interaction was statistically sig-
QL¿FDQW�IRU�EUDQ�1D�FRQWHQW��7KXV��DOO�\HDUV�DQG�DOO�JURZWK�FRQ-
ditions were in different statistical groups as shown in Table 4. 
In addition, wheat bran Na contents were effected from Y×G 
interaction; because, all genotypes were in different statistical 
groups in different growth seasons (Table 8). Interaction of 
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GC×G resulted from genotypes 1, 2 and 5 showing different 
Na values   according to the growth conditions (Table 8). Bran 

Na content was also affected from the interaction of Y×GC×G 
(Table 4, 10). 

Table 5. Changes of bran mineral content in bread wheat genotypes according to the years and 
growth conditions (mg kg-1)

Minerals
Years  Growth Conditions

2013-2014 2014-2015 Organic Conventional
K 3472 3500 3524 3448
P 1982 1929 1967 1945
S 1391 1423 1291 b 1522 a

Mg 441.7 b* 443.8 a 440.1 445.3
Ca 354.5 b 374.1 a 365.4 363.2
Zn 39.19 39.73 39.41 39.51
Fe 36.11 36.49 35.89 b 36.71 a
Mn 23.98 23.26 23.35 23.89
Cu 5.05 5.02 5.03 5.04
Na 4.89 b 5.05 a 4.96 b 4.98 a

�9DOXHV�LQ�HDFK�FROXPQ�VKRZHG�E\�WKH�VDPH�OHWWHU�DUH�QRW�GLIIHUHQW�DFFRUGLQJ�WR�/6'�WHVW�DW������RI�VLJQL¿FDQFH�OHYHO

Table 6. Mean values of the bran mineral content of the bread wheat genotypes (mg kg-1)

Minerals
Genotypes

1 2 3 4 5
K 3393 3456 3606 3549 3426
P 1965 1935 1895 2080 1905
S 1475 a* 1302 b 1275 b 1511 a 1470 a

Mg 420.4 c 442.9 b 449.3 ab 457.7 a 443.4 b
Ca 369.1 a 364.1 a 366.0 a 349.3 b 373.2 a
Zn 40.41 a 39.38 ab 38.66 b 40.51 a 38.36 b
Fe 35.72 b 36.30 b 37.60 a 36.16 b 35.73 b
Mn 24.46 a 23.85 ab 24.64 a 22.21 b 22.96 ab
Cu 4.94 5.05 5.02 5.19 4.98
Na 4.94 c 4.99 ab 4.96 abc 5.00 a 4.95 bc

�9DOXHV�LQ�HDFK�FROXPQ�VKRZHG�E\�WKH�VDPH�OHWWHU�DUH�QRW�GLIIHUHQW�DFFRUGLQJ�WR�/6'�WHVW�DW�����RI�VLJQL¿FDQFH�OHYHO

Table 7. Changes of bran mineral content in bread wheat genotypes according to the interaction of 
year×growth condition (mg kg-1)

Minerals
2013-2014 2014-2015

Organic Conventional Organic Conventional
K 3413 b* 3531 ab 3634 a 3365 b
P 1987 1978 1946 1912
S 1229 1552 1353 1493

Mg 436.7 446.7 443.6 443.9
Ca 355.9 353.2 374.9 373.3
Zn 39.18 39.21 39.65 39.82
Fe 35.53 36.69 36.25 36.73
Mn 23.67 24.30 23.03 23.50
Cu 5.04 5.05 5.02 5.03
Na 4.85 d 4.94 c 5.07 a 5.03 b

�9DOXHV�LQ�HDFK�FROXPQ�VKRZHG�E\�WKH�VDPH�OHWWHU�DUH�QRW�GLIIHUHQW�DFFRUGLQJ�WR�/6'�WHVW�DW�����RI�VLJQL¿FDQFH�OHYHO
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Table 8. Changes of bran mineral content in bread wheat genotypes according to the interaction of year×genotype (mg kg-1)

Minerals Genotypes
 1 2 3 4 5

K
20

13
-2

01
4

3427 3570 2522 3481 3360
P 2030 ab* 1982 bc 1803 c 2198 a 1900 bc
S 1387 bc 1376 bc 1363 bc 1382 bc 1445 ab

Mg 428.1 447.2 443.9 448.4 440.8
Ca 354.0 346.9 354.6 352.1 365.1
Zn 40.04 abc 38.51 bcd 39.71 abc 39.57 a-d 38.14 cd
Fe 36.34 35.63 37.10 36.17 35.33
Mn 26.14 23.23 24.07 22.96 23.54
Cu 5.00 5.01 5.03 5.13 5.08
Na 4.87 d 4.95 c 4.89 d 4.89 d 4.87 d

1 2 3 4 5
K

20
14

-2
01

5

3358 3342 3689 3617 3492
P 1900 bc 1887 bc 1987 bc 1962 bc 1909 bc
S 1562 ab 1229 c 1187 c 1640 a 1495 ab

Mg 412.7 438.6 454.6 467.0 446.0
Ca 384.2 381.2 377.4 346.4 381.2
Zn 40.78 a 40.25 ab 37.61 d 41.45 a 38.57 bcd
Fe 35.10 36.96 38.09 36.16 36.13
Mn 22.78 24.47 25.22 21.46 22.38
Cu 4.88 5.10 5.02 5.25 4.89
Na 5.01 bc 5.03 b 5.04 b 5.11 a 5.04 b

�9DOXHV�LQ�HDFK�FROXPQ�VKRZHG�E\�WKH�VDPH�OHWWHU�DUH�QRW�GLIIHUHQW�DFFRUGLQJ�WR�/6'�WHVW�DW�����RI�VLJQL¿FDQFH�OHYHO

Table 9. Changes of bran mineral content in bread wheat genotypes according to the interaction of growth 
condition×genotype (mg kg-1)

Minerals  Genotypes
 1 2 3 4 5

K

O
rg

an
ic

 c
on

di
tio

ns

3460 3601 3629 3586 3342
P 2081 a* 1915 a-d 1775 d 2059 a 2003 abc
S 1491 1154 1174 1345 1292

Mg 409.6 d 440.6 bc 446.4 bc 448.8 abc 455.3 ab
Ca 366.5 ab 356.3 bc 362.0 bc 355.5 abc 386.6 ab
Zn 39.98 40.00 39.56 39.80 37.74
Fe 34.66 e 35.28 de 37.87 a 35.32 cde 36.32 bcd
Mn 23.96 22.94 24.76 21.64 23.45
Cu 4.97 5.10 4.94 5.12 5.01
Na 4.90 cd 5.03 a 4.99 ab 4.97 ab 4.89 d

1 2 3 4 5
K

C
on

ve
nt

io
na

l c
on

di
tio

ns

3326 3311 3582 3511 3510
P 1849 bcd 1954 a-d 2015ab 2101 a 1806 cd
S 1459 1450 1377 1678 1648

Mg 431.2 c 445.1 bc 452.1 ab 466.5 a 431.5 c
Ca 371.8 ab 371.8 ab 369.9 ab 343.0 c 359.7 bc
Zn 40.84 38.76 37.76 41.22 38.98
Fe 36.77 abc 37.32 ab 37.33 ab 37.00 ab 35.14 de
Mn 24.96 24.76 24.53 22.79 22.47
Cu 4.91 5.00 5.10 5.26 4.95
Na 4.98 ab 4.95 bc 4.94 bcd 5.03 a 5.02 a

�9DOXHV�LQ�HDFK�FROXPQ�VKRZHG�E\�WKH�VDPH�OHWWHU�DUH�QRW�GLIIHUHQW�DFFRUGLQJ�WR�/6'�WHVW�DW�����RI�VLJQL¿FDQFH�OHYHO�
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Table 10. Changes of bran mineral content in bread wheat genotypes according to the interaction of 
year×growth condition×genotype (mg kg-1)

Minerals Genotip 2013-2014  2014-2015
Organic Conventional  Organic Conventional

S

1 1111 hi 1663 a-d  1870 a 1255 f-i
2 1141 hi 1610 a-e 1167 hi 1291 f-i
3 1329 e-h 1398 d-h 1018 i 1356 e-h
4 1212 ghi 1553 b-f 1477 c-g 1804 ab
5 1353 e-h 1536 b-f  1231 ghi 1759 abc

Mg

1 410.1 fg 446.1 a-d  409.1 g 416.2 efg
2 453.8 abc 440.6b-e 427.4 c-g 449.7 abc
3 445.7 a-d 442.1b-e 447.1 a-d 462.1 ab
4 435.9 b-g 460.8ab 461.7 ab 472.3 a
5 437.8 b-f 443.9b-e  472.8 a 419.2 d-g

Ca

1 347.3 cde 360.8 bcd  385.7 ab 382.7 ab
2 327.8 e 366.1 a-d 384.9 ab 377.6 ab
3 346.8 cde 362.4 a-d 377.3 ab 377.5 ab
4 366.6 abc 337.6 de 344.5 cde 348.3 cde
5 391.0 a 339.2 cde  382.2 ab 380.3 ab

Zn

1 39.58 b-h 40.50 a-e  40.39 a-f 41.18 abc
2 40.27 a-g 36.75 h 39.73 b-g 40.78 a-d
3 41.33 ab 38.10 d-h 37.79 e-h 37.43 gh
4 36.80 h 42.35 ab 42.80 a 40.10 a-g
5 37.94 d-h 38.35 c-h  37.53 fgh 39.61 b-h

Na

1 4.78 h 4.97 cde 5.02 bc 4.99 cd
2 4.94 def 4.97 cde 5.12 a 4.93 def
3 4.87 fg 4.91 ef 5.12 a 4.97 cde
4 4.86 fgh 4.92 def 5.09 ab 5.14 a
5 4.80 gh 4.94 def  4.98 cde 5.11 a

�9DOXHV�LQ�HDFK�FROXPQ�VKRZHG�E\�WKH�VDPH�OHWWHU�DUH�QRW�GLIIHUHQW�DFFRUGLQJ�WR�/6'�WHVW�DW�����RI�VLJQL¿FDQFH�OHYHO

7DEOH�����&RUUHODWLRQ�FRHI¿FLHQWV��U��DPRQJ�WKH�EUDQ�PLQHUDOV�RI�WKH�EUHDG�ZKHDW�JHQRW\SHV�XQGHU�RUJDQLF�DQG�FRQYHQWLRQDO�
conditions (n=30)

K P S Mg Ca Zn Fe Mn Cu

P § -0.133         
0.057         

S
-0.108 -0.217        
0.130 -0.010        

Mg
0.310 -0.379* -0.113       
0.340 0.549** 0.135       

Ca
-0.295 0.140 0.005 -0.073      
-0.133 -0.182 -0.318 -0.257      

Zn
0.352 -0.279 0.296 -0.092 -0.514**     
0.082 0.086 -0.209 0.251 0.092     

Fe
0.039 -0.035 -0.371* 0.132 0.344 -0.454*    

-0.468** 0.255 0.195 0.336 0.061 -0.193    

Mn
0.190 -0.144 -0.299 -0.103 0.166 -0.328 0.380*   
-0.239 0.286 -0.287 0.290 -0.142 0.068 0.295   

Cu
-0.248 -0.003 0.021 -0.141 -0.109 0.326 -0.110 0.060  
0.288 -0.044 0.080 0.133 -0.059 0.032 -0.128 -0.299  

Na
0.508** -0.212 0.166 0.144 0.131 0.247 0.338 -0.091 0.122
-0.034 -0.222 0.446* -0.106 -0.010 0.056 -0.263 -0.325 0.026

��,Q�WKH�VDPH�OLQH��WKH�XSSHU�YDOXHV���LQ�EROG�LQGLFDWH�WKH�FRHI¿FLHQWV�LQ�RUJDQLF�FRQGLWLRQV�DQG�WKH�ORZHU�YDOXHV���LQ�FRQYHQWLRQDO�FRQGLWLRQV�����VKRZ�WKH�
VLJQL¿FDQFH�OHYHOV�DW�WKH�SUREDELOLW\�RI�P<0.05 and P<0.01, respectively.
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Relationships between Bran Minerals of the Bread 
Wheat Genotypes

&RUUHODWLRQ�FRHI¿FLHQWV�RI�WKH�EUDQ�PLQHUDO�FRQWHQWV�RI�WKH�
bread wheat genotypes under organic and conventional condi-
tions were given in Table 11. Thus, there was a negative signif-
icant correlation (r=-0.379, P<0.01) between Mg and P under 
RUJDQLF�JURZWK�FRQGLWLRQV�ZKLOH�WKHUH�ZDV�D�SRVLWLYH�VLJQL¿-
cant correlation (r=0.549, P<0.01) between them under con-
YHQWLRQDO�FRQGLWLRQV��=Q�DQG�&D�ZHUH�QHJDWLYHO\�VLJQL¿FDQWO\�
correlated each other (r=-0.514, P<0.01). Fe was negatively 
VLJQL¿FDQWO\�FRUUHODWHG�ZLWK�.��U ��������P<0.01) under con-
ventional conditions while it was negatively correlated with S 
(r=-0.371, P<0.05) under organic conditions. There was also 
QHJDWLYH�VLJQL¿FDQW�FRUUHODWLRQ�EHWZHHQ�)H�DQG�=Q��U ��������
P<0.05) under organic growth conditions. Mn and Fe showed 
SRVLWLYH�VLJQL¿FDQW�FRUUHODWLRQ��U �������P<0.05) under organ-
LF� FRQGLWLRQV�� 1D� SUHVHQWHG� SRVLWLYH� VLJQL¿FDQW� FRUUHODWLRQV�
with K (r=0.508, P<0.01) under organic conditions, and with S 
(r=0.446, P<0.05) under conventional conditions.

Conclusion
Like all cereal products; bran, which is a fraction of grain, 

does not make sense by itself and its source is important. 
In other words, the conditions in which these genotypes are 
grown (including the growth seasons and growth conditions) 
have an effect on the nutritional contents of wheat bran, espe-
cially the genotype from which bran is obtained; in this study, 
LW�ZDV�FRQFOXGHG�WKDW�EUDQ�PLQHUDOV�DUH�VLJQL¿FDQWO\�DIIHFWHG�
by these variation sources and their interactions, so that geno-
type and growth conditions should be considered in bran stud-
ies, and even location studies should be added to these factors.
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7KH�VHDUFK�IRU�QHZ�RLO�VHHG�FURSV�LQ�WKH�ORZ�UDLQIDOO�GURXJKW�&HQWUDO�$QDWROLD�KDV�DWWUDFWHG�UHVHDUFKHUV�WR�SUR¿WDEOH�
alternative crops like Brassica�VSHFLHV�LQ�UHFHQW�\HDUV��%UHHGLQJ�RI�D�VXLWDEOH�RLOVHHG�FURS�IRU�WKH�&HQWUDO�$QDWROLD�
ZLOO�SURYLGH�D�QHZ�URWDWLRQDO�EUHDN�IRU�FRQWUROOLQJ�VRLO�ERUQH�GLVHDVHV��ZHHGV�DQG�GURXJKW�VWUHVV�WKDW�DUH�YHU\�GLI¿-

cult to manage with prevailing agricultural practices. Brassica juncea L. is an important oilseed crop and is newly 

introduced in Turkey. This study was conducted to evaluate the developmental responses to 4 different day lengths 

and cosequently climatic conditions to screen 38 B. juncea genotypes for some oil yield related agronomic charach-

terisitics under hot humid climatic conditions of Yenimahalle, Ankara, Turkey. It was noted that early and delayed 

VRZQ�JHQRW\SHV�KDG�V\QFKURQL]DWLRQ�WRZDUGV�ÀRZHULQJ�LQ�WKH�PRQWK�RI�-XQH�ZLWK����K����PLQ�WR����K�WR����PLQ�GD\�
OHQJWK�SKRWRSHULRG��7KH�UHVXOWV�VKRZHG�D�VLJQL¿FDQW�HIIHFWV�RI�VRZLQJ�GDWHV�GD\�OHQJWKV�DQG�FRQVHTXHQWO\�FOLPDWHV�
upon genotypes for oil yield and agronomic traits. The maximum mean crude oil yield (38.4 g m-2) ZDV�REWDLQHG�IURP�
AK genotype. 7KH�UHVXOWV�FOHDUO\�GHVFULEH�WKDW�HDUO\�VRZLQJ�SURYLGHV�ORQJ�SHULRG�RI�YHJHWDWLYH�JURZWK�ZLWK�increased 

LQWDNH�RI�SKRWRV\QWKDWHV�WR�SODQW�VLQNV��WKDW�LV�QRW�SRVVLEOH�XQGHU�ODWH�VRZLQJV�
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Abstract 

H�,661������������ DOI: ���������MDHIV���������

Introduction 
Brassica juncea /���EURZQ�PXVWDUG� is extensively used for 

extraction of industrial oils. They are also used as YHJHWDEOH� 
spice, and production of pharmaceutical formulations (Kok-

FX� HW� DO��� ������.D\DFHWLQ�� �������B. juncea have an annual 

JURZWK�KDELW�� KHUEDFHRXV�� \HOORZ�ÀRZHULQJ� HQVXHG�E\� VHHG�
VHW� DQG� DUH� GHHS� URRWHG� �*XQHU� HW� DO��� ������ Occurrence of 

phenological events and yield of Brassica species are strongly 

related to day length related ontogenetic changes and climatic 

YDULDWLRQV��.DU�DQG�&KDNUDYDUW\��������
B. juncea require a period of short, intermediate or neut-

ral, short-long and long days for gradual moving from vege-

WDWLYH�SKDVH�WR�ÀRZHULQJ�SKDVH��.XPDU�HW�DO����������$�GHOD\�
in sowing dates (with increase or decrease in day length) can 

GHFUHDVH�VHHG�\LHOG�IURP�DERXW����WR�����LQ�GLIIHUHQW�%UDVVLFD�
VSHFLHV�DQG�LQÀXHQFH�SKHQRORJLFDO�GHYHORSPHQW�RI�FURS�SODQWV�
�6KDUJL�HW�DO���������6KHNKDZDW�HW�DO����������3KHQRORJLFDO�GH-
YHORSPHQW�LQ�%UDVVLFD�VSHFLHV�FKDQJH�VLJQL¿FDQWO\�E\�SKRWR-

SHULHG�DQG�WHPSHUDWXUH��5REHUWVRQ�HW�DO����������6RZLQJ�GDWHV�
FDQ�KDYH�D�VLJQL¿FDQW�DQG�YDULDEOH�LPSDFW�RQ�GLIIHUHQW�JHQRW\-

SHV�GHSHQGLQJ�RQ�WKHLU�JHQHWLF�EDFNJURXQGV��1R�LQIRUPDWLRQ�LV�
DYDLODEOH�RQ�WKH�UHVSRQVH�RI�B. juncea to spring sowing dates 

(long day length) for the genotypes grown in Turkey. 

The target of the present study was to determine the op-

timum spring and mild summer sowing time or day lengths 

with gradual changing day length from short to long days + 

temperature on growth, development and yield performance of 

38 improved B. juncea genotypes under hot humid continental 
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climatic conditions.

Materials and Methods 
The experiments were conducted during the growing sea-

VRQV�RI������DW�DW�WKH�H[SHULPHQWDO�¿HOGV�ORFDWHG�DW�<HQLPDKDO-
OH�$QNDUD��7XUNH\�������ƍ�������ƍ�1�������ƍ��������ƍ�(��DQG�����
P�DOWLWXGH���ZLWK�KRW�KXPLG�FRQWLQHQWDO�FRQGLWLRQV�FODVVL¿HG�DV�
'VD�W\SH�LQ�WKH�.RSSHQ�*HLJHU�FOLPDWH�FODVVL¿FDWLRQ�V\VWHP��
The study compared performance of 38 B. juncea genotypes 

REWDLQHG� IURP�86'$� JHQH� EDQN� DQG� REWDLQHG� IURP�.RQ\D��
Turkey. These were multiplied and selected for use in the ex-

periment in Central Research Institute for Field Crops during 

�����������$OO� JHQRW\SHV� ZHUH� JURZQ� XQGHU� QDWXUDO� FRQGL-
WLRQV�ZLWKRXW�XVLQJ�DQ\�IHUWLOL]HU�RU�SHVWLFLGHV��(DFK�JHQRW\SH�
was sown manually in plots having three m long three rows 

IRU�HDFK�JHQRW\SH�ZLWK����FP�ORQJ�XQUHSOLFDWHG�URZ�VSDFLQJV�

DQG�VRZLQJ�GHSWK�RI�a��������FP�DQG�VHHG�UDWH�RI������NJ�KD-1 

�.D\DFHWLQ���������Sowing was done on four different spring 

GDWHV����th March–11 h 27 min to 13 h 26 min or short day len-

JWK����th�$SULO����K����PLQ�WR����K����PLQ�VKRUW�WR�VKRUW–long 

GD\�OHQJWK����th April–���K����PLQ�WR����K����PLQ�VKRUW–long 

GD\� OHQJWK� WR� LQWHUPHGLDWH�GD\� OHQJWK�DQG���th May–���K����
PLQ�WR����K����PLQ�ORQJ�GD\�OHQJWK��DQG�WHPSHUDWXUH��

Meteorological data pertaining to vegetation period (from 

March to August) of long term and �����FOLPDWLF�FRQGLWLRQV�
RI�<HQLPDKDOOH��ZDV�REWDLQHG�IURP�WKH�0HWHRURORJ\�6WDWLRQV�
of the Central Field Crops Research Institute, Ankara, Turkey. 

There was total precipitation of 194.9 and 277.9 mm, average 

WHPSHUDWXUH�RI������DQG������ºC, and an average humidity of 

�����DQG��������UHVSHFWLYHO\�GXULQJ� WKH�H[SHULPHQWDO�SHULRG�
�7DEOH�����

7DEOH����0RQWKO\�PHWHRURORJLFDO�GDWD�RI�PXVWDUG�GXULQJ�JURZLQJ�VHDVRQ�DW�WKH�H[SHULPHQWDO�DUHD�DQG�SKRWRSHULRG��K�

Climatic factors
Months Total/Mean/

Max./Min.March April May -XQH -XO\

Total precipitation (mm)
Long years 36.7 46.7 49.9 34.2 14.3 181.8

���� 46.1 19.8 96.2 ����� ��� 264.9

Mean relative humidity 

���
Long years 63.2 ���� ���� ���� ���� ����
���� ���� 49.8 ���� ���� 38.4 ����

Mean temperature (ºC)
Long years 6.4 ���� 16.2 ���� 23.8 ����
���� 8.1 11.2 ���� ���� ���� 16.2

Maximum temperature 

(ºC)

Long years 21.4 ���� 29.3 33.6 36.2 36.2

���� 19.9 27.2 29.2 ���� 38.3 38.3

Minimum temperature 

(ºC)

Long years ���� ���� 4.1 8.1 11.4 ����
���� ���� ���� ��� ��� 14.2 ����

3KRWRSHULRG��K� Max.

Min.
13 h 26 min

11 h 27 min

14 h 37 min

���K����PLQ
���K����PLQ
���K����PLQ

���K����PLQ
���K����PLQ

���K����PLQ
���K����PLQ

'DWD�ZHUH�REWDLQHG�IURP�0HWHRURORJ\�6WDWLRQV�RI�WKH�&HQWUDO�)LHOG�&URSV�5HVHDUFK�,QVWLWXWH��$QNDUD��7XUNH\

7KH�VRLO�DQDO\VLV�GXULQJ�������IURP�WKH�VRLO�WDNHQ�DW�D�GHSWK�RI�������������FP�VKRZHG�ORZ�RUJDQLF�PDWWHU����������LQ�DOND-
OLQH��S+��������OLPH\���������DQG�FOD\�ORDP\�VRLOV�RI�WKH�H[SHULPHQWDO�SORWV��7DEOH�����7KH�VRLO�DQDO\VLV�ZDV�FDUULHG�RXW�DW�7KH�
Soil, Fertilizer and Water Resources Institute, Ankara, Turkey.

7DEOH����6RLO�VDPSOH�IHDWXUHV�EHORQJLQJ�WR�WKH�H[SHULPHQWDO�DUHD

Depth

(cm)
Texture

Saturation con-

WHQW����
Total salt 

��� pH
Lime

���
3KRVSKRUXV
(kg ha-1)

3RWDVVLXP
(kg ha-1)

2UJDQLF�6XE-

VWDQFH����
���� Clay loamy ���� ����� 7.81 ��� 93 ���� ����
����� Clay loamy ���� ����� 7.81 ��� ��� ���� 1.28

Mean ���� ����� 7.81 ��� 99 ���� 1.32

'DWD�ZHUH�REWDLQHG�IURP�6RLO��)HUWLOL]HU�DQG�:DWHU�5HVRXUFHV�,QVWLWXWH

7KH�GDWD�DERXW�JURZWK�SDUDPHWHUV�LQFOXGLQJ�VHHGOLQJ�HPHU-
JHQFH������ÀRZHULQJ�DQG�����SK\VLRORJLFDO�PDWXULW\��SODQW�
KHLJKW��QXPEHU�RI�EUDQFKHV��QXPEHU�RI�FDSVXOHV��DQG�WKRXVDQG�
seed weight were measured manualy; whereas, seed yield, 

seed weight and yield of individual genotypes was measured 

DW�DERXW������PRLVWXUH�FRQWHQW��&),$��������RQ�PLGGOH�VLQJOH�
URZV�DV�DQ�DYHUDJH�RI���UDQGRPO\�VHOHFWHG�SODQWV�IRU�HDFK�JH-
QRW\SH��<RXVDI�HW�DO����������

7KH�RLO�FRQWHQW�ZDV�GHWHUPLQHG�E\�JULQGLQJ����J�RI�SRZ-

dered samples of each genotype and hexane extracted using 

*HUKDUG������DSSDUDWXV�IRU�GHWHUPLQLQJ�WKH�FUXGH�RLO�FRQWHQW��
The mean, maximum and minimum values were calculated 

for all investigated parameters.

Results and Discussion 
7KH�GD\V�WR�HPHUJHQFH�����������G���GD\V�WR�����ÀRZHU-

LQJ������������G���GD\V�WR�PDWXULW\������������G���SODQW�KHLJKW�
������������FP���QXPEHU�RI�EUDQFKHV����������EUDQFK�SODQW-1), 
QXPEHU�RI�FDSVXOHV�������������FDSVXO�SODQW-1), thousand seed 

ZHLJKW����������J���VHHG�\LHOG������������J�P-2), crude oil con-

WHQW��������������DQG�FUXGH�RLO�\LHOG�����������J�P-2) showed 

differences among genotypes and the effects of varying envi-

ronmental conditions at the time of 4 sowing dates used in the 

VWXG\��7DEOH�����
$PRQJ����JHQRW\SHV�WKH�GD\V�WR�HPHUJHQFH��GD\V�WR�����
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ÀRZHULQJ�� GD\V� WR� PDWXULW\�� SODQW� KHLJKW�� QXPEHU� RI� ODWHU-
DO�EUDQFKHV��QXPEHU�RI�FDSVXOHV�� WKRXVDQG�VHHG�ZHLJKW��VHHG�
\LHOG��FUXGH�RLO�FRQWHQW�DQG�FUXGH�RLO�\LHOG�FKDQJHG�EHWZHHQ�
����������G������������G������������G�������������FP����������
EUDQFK�SODQW-1�������������FDSVXO�SODQW-1����������J������������J�
m-2�������������DQG����������J�P-2, in the same order for all 

JHQRW\SHV��7DEOH�����'D\�OHQJWK�FKDQJHG�IURP����K����PLQ�WR�
���K����PLQ�����K����PLQ�WR����K����PLQ�����K����PLQ�WR����
K����PLQ�����K����PLQ�WR����K�WR����PLQ�DQG����K����PLQ�WR�
���K����PLQ�GXULQJ�0DUFK��$SULO��0D\�� -XQH� DQG� -XO\������
respectively.

Days to emergence (d): Average of the genotypes relat-

LQJ�WR�GD\V�WR�HPHUJHQFH�VKRZHG�PD[LPXP�QXPEHU�RI������G�
RQ���th May or long days sowing date and the minimum days 

WR�HPHUJHQFH������G��RQ���th March (short days) sowing date 

VKRZHG�WKH�HIIHFWV�RI�GD\�OHQJWK�RQ�VHHG�JHUPLQDWLRQ��7DEOH�����
Long day length with increased temprature, low soil moisture 

and relative humidity and precipittion induced poor seed ger-

mination taking more days to emerge from soil alongwith poor 

plant growth. Contrarily, short day length (March sowing) with 

appropriate low temperature, appropriate soil moisture, rela-

tive humidity and precipitation induced rapid seed germination 

DQG�JURZWK�LQ�DJUHHPHQW�ZLWK��$QJDGL�HW�DO���������.D\DFHWLQ�
HW�DO����������7DNLQJ�DQ�DYHUDJH�RI�VRZLQJ�GDWHV�WKH�PD[LPXP�
GD\V�WR�HPHUJHQFH�ZDV�GHWHUPLQHG�DV������G�IRU�%���JHQRW\SH�
ZKLOH�WKH�PLQLPXP�GD\V�WR�HPHUJHQFH�ZDV������G�QRWHG�ZLWK�
QXPEHU�RI�RWKHU�JHQRW\SHV��7KLV�PLJKW�EH�GXH� WR�GD\� OHQJWK�
interaction with the genetic potential of the respective B. jun-
cea genotypes.

'D\V�WR�����ÀRZHULQJ��G�� As a mean of genotypes, the 

DYHUDJH�ORQJHVW�GD\V�WR�����ÀRZHULQJ�������G��ZDV�REWDLQHG�
RQ���th�0DUFK�VRZLQJ�GDWH�ZKLOH�WKH�PHDQ�HDUOLHVW�GD\V�WR�����
ÀRZHULQJ�������G��ZDV�QRWHG�RQ���th May (long days) sowing 

GDWH� �7DEOH� ����7KLV� VKRZHG� WKDW� ¿UVW� VRZLQJ� RQ� ��th March 

short day sowing helped the genotypes to to take the longest 

vegetative period with CO
2
�DVVLPLODWLRQ�DQG�EHIRUH�WUDQVIRUP-

ing them for reproductive or generative phase; whereas, the 

FRQGLWLRQ� UHYHUVHG� IRU� ��th� 0D\� ORQJ� GD\� VRZLQJ�� (QYLURQ-

PHQWDO�FRQGLWLRQV�ZHUH�KDUVK�EXW�GD\�OHQJWK�FRQGLWLRQV�ZHUH�
appropriate for going of the genotypes from vegetative to gen-

HUDWLYH�SKDVH�UHSURGXFWLYH�SKDVH��7REH�HW�DO���������HYDOXDWHG�
early sown B. napus�RQ���th March short day conditions and 

IRXQG� GHOD\HG� ���� ÀRZHULQJ� DQG� FDSVXOHV� LQGXFWLRQ� FRP-

pared to the late sown genotypes on 14th April 29th April and 

14th�0D\�XQGHU�WHPSHUDWH�FRQGLWLRQV�DW�$UGDELO��,UDQ���6LPLODU�
¿QGLQJV�ZHUH�QRWHG�E\�.XPDU�HW� DO�� �������XQGHU� VHPL�DULG�
tropic conditions. This study determined minimum days (44.3 

G��WR�����ÀRZHULQJ�IRU�$&��JHQRW\SH�DQG�WKH�PD[LPXP�GD\V�
������G��WR�����ÀRZHULQJ�IRU�%���������JHQRW\SH��

Days to maturity (d): As a mean of genotypes; the max-

LPXP�GD\V� WR�PDWXULW\� ������G��ZDV�REWDLQHG�RQ���th March 

short day sowing date, while the minimum days to maturity 

������G��ZDV�REVHUYHG�RQ���th�0D\�ORQJ�GD\�VRZLQJ�GDWH��7DEOH�
3). Again, the time sowing was very effective and the prevail-

ing environmental conditions (temperature, precipitation and 

KXPLGLW\��DQG�GD\�OHQJWK�DW�HDUOLHU�VRZQ���th March short day 

sowing had comulative positive effects at the time of harvest-

LQJ��7KHUHIRUH����th March short day sowing date was evaluat-

HG�DV�WKH�EHVW�DQG�PRVW�DSSURSULDWH�VRZLQJ�FRQGLWLRQ�IRU�WKHVH�
JHQRW\SHV��:KHUHDV� ��th May long day sowing condition in 

interaction with prevailing environmental conditions was in-

apropriate and failed to induce the required positive generative 

stimulus to the plants of respective genotypes. Similar results 

ZHUH�UHSRUWHG�E\�7REH�HW�DO���������7KH�PD[LPXP�GD\V�WR�PD-
WXULW\�ZHUH�GHWHUPLQHG�DV������G�IRU�%���JHQRW\SH�ZKLOH�WKH�
PLQLPXP�GD\V�WR�PDWXULW\��G��ZHUH�QRWHG�DV������G�IRU�%���
������������������JHQRW\SHV��7KLV�FRXOG�EH�DWWULEXWHG�WR�GLI-
IHUHQW�JHQHWLF�SRWHQWLDOV�DQG�EDFNJURXQGV�RI�WKH�VWXGLHG�JHQ-

RW\SHV�DV�DIIHFWHG�E\�GD\�OHQJWK�RU���GLIIHUHQW�SKRWRSHULRGV�
Plant height (cm): Mean of genotypes for plant height was 

WKH�PD[LPXP�IRU�WKH�JHQRW\SHV�VRZQ�RQ���th March short days 

(113.8 cm) while the minimum height (46.2 cm) was noted on 

��th May (long days) sowing. The results revealed that plant 

KHLJKW�GHFUHDVHG�ZLWK�GHOD\LQJ�VRZLQJ�GDWHV��3ODQW�KHLJKW�ZDV�
PD[LPXP�RQ���th�0DUFK��VKRUW�GD\V��VRZLQJV��7KLV�FDQ�EH�GXH�
to sowing date day length and prevailing environmental condi-

tions during sowing. The day length changed from 11 hours 27 

PLQXWHV�WR����KRXUV����PLQXWHV�LQ�$SULO�WR�-XO\�EHIRUH�ÀRZHU-
ing. They had maximum time to grow and induce leaves with 

increased photosynthesis and CO
2
 assimilation. This resulted 

LQ� EHWWHU� SODQW� OHQJWK� DQG� SODQW� \LHOG� RQ� HDUOLHU� VRZQ� JHQR-

W\SHV��7KH� UHVXOWV� FRQ¿UP� HDUOLHU� ¿QGLQJV� RI� -DW� ������� DQG�
*DZDUL\D�HW�DO����������7KH�PD[LPXP�SODQW�KHLJKW�ZDV�QRWHG�
DV�������FP�IRU�%���JHQRW\SH��ZKHUHDV�� WKH�PLQLPXP�SODQW�
KHLJKW�ZDV�REWDLQHG�DV������FP�IRU�%���JHQRW\SH��9DULDWLRQV�LQ�
SODQW�KHLJKW�DW�HDFK�VRZLQJ�RI�GLIIHUHQW�JHQRW\SHV�FRXOG�EH�GXH�
WR�JHQHWLF�EDFNJURXQGV�RI�WKH�VSHFLHV�LQFOXGHG�LQ�WKLV�VWXG\�

/RQJ�GD\V�SKRWRSHULRG�DQG�VXE�RSWLPDO�WHPSHUDWXUH�FRQ-

GLWLRQV�ZKLFK�SUHYDLOHG�GXULQJ�WKH�HPHUJHQFH�DQG�VXEVHTXHQW�
YHJHWDWLYH�JURZWK�LQKLELWHG�YHJHWDWLYH�JURZWK�RQ�WKH�ODWH�VRZQ�
genotypes that forced the respective genotypes to mature ear-

lier with earlier generative phase induction in late sown geno-

W\SHV�RQ���th May (long days) sowing. March sown genotypes 

had long period of shoot growth necessary for improved plant 

height. This is desired for appropriate vegetative and reproduc-

tive growth. May sown genotypes received long day length of 

���K����PLQ�WR����K����PLQ��KRZHYHU�RQ�UHDFKLQJ�RSWLPXP�GD\�
OHQJWK�� WKH�JHQRW\SHV�EROWHG�DQG�ÀRZHUHG�SUHFRFLRXVO\�ZLWK�
reduced cell elongation and division and nutrient accumulation 

irrespective of their growth period. These results are in confor-

PLW\�WR�WKRVH�UHSRUWHG�E\�7KXUOLQJ�DQG�'DV��������
Number of branches (branche plant-1): 7KH� VLJQL¿FDQW�

differences among different sowing dates was determined for 

HDFK�JHQRW\SH��7KH�PD[LPXP�QXPEHU�RI�EUDQFKHV������EUDQFK�
plant-1��ZDV�REWDLQHG�RQ���th March (short days) sowing date 

ZKLOH� WKH�PLQLPXP�RU� OHDVW�QXPEHU�RI�EUDQFKHV� �����EUDQFK�
plant-1��ZDV�QRWHG�RQ� WKH�JHQRW\SHV�VRZQ�RQ���th May (long 

GD\V��VRZLQJ�GDWH��,QGXFWLRQ�RI�PD[LPXP�QXPEHU�RI�EUDQFKHV�
plant-1�ZDV�QRWHG�RQ�DOO�JHQRW\SHV�RQ���th March (short days) 

sowing date due to long period of growth and CO
2
 assimilation 

EHIRUH�HQHWHULQJ�RI�WKH�JHQRW\SHV�LQWR�JHQHUDWLYH�SKDVH��6LP-

LODU�UHVXOWV�KDYH�DOVR�EHHQ�UHSRUWHG�E\�*DZDUL\D�HW�DO����������
0XKDO�DQG�6RODQNL���������$YHUDJH�VRZLQJ�GDWHV�VKRZHG�WKH�
PD[LPXP�QXPEHU�RI�����EUDQFKHV�SODQW-1 for AC1 genotype; 

https://doi.org/10.31015/jaefs.2020.3.8
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ZKHUHDV�� WKH�PLQLPXP� QXPEHU� RI� ���� EUDQFKHV� SODQW-1 were 

REWDLQHG�IRU�$���JHQRW\SH��7KLV�FRXOG�DOVR�EH�GXH�WR�YDULDEOH�
genetic potential of the genotypes under consideration for each 

sowing and the prevaling environmental conditions at the time 

of sowing and harvest.

7DEOH����(IIHFW�RI�VRZLQJ�GDWHV�RQ�JURZWK��GHYHORSPHQW�DQG�\LHOG�RI�WKH�EURZQ�PXVWDUG�JHQRW\SHV�XVHG

Treatments

Days to 

emergen-

ce (d)

Days to 

����ÀRZH-
ring (d)

Days to 

maturity 

(d)

3ODQW�
height 

(cm)

1XPEHU�RI�
EUDQFKHV�
�EUDQFK�
plant-1)

1XPEHU�
of capsu-

les (capsul 

plant-1)

Thousand 

seed wei-

ght (g)

Seed 

yield (g 

m-2)

Crude oil 

content 

���

Crude 

oil yield 

(g m-2)

Sowing dates

��th March 8.3 ���� ���� 113.8 ��� 113.8 1.8 ����� 24.8 ����
��th April ���� ���� 37.8 ����� 4.3 ����� 1.6 82.6 ���� ����
��th April 13.9 49.3 28.2 ����� ��� ����� ��� ���� ���� 13.3

��th May 14.9 ���� ���� 46.2 2.9 46.2 ��� ��� 11.9 ���
Average 11.9 47.8 ���� 92.7 ��� ���� 1.4 61.8 18.3 ����

Max. 14.9 ���� ���� 113.8 ��� 113.8 1.8 ����� ���� ����
Min. 8.3 ���� ���� 46.2 2.9 46.2 ��� ��� 11.9 ���

Genotypes

$��7XUNH\��ø]PLU ���� ���� ���� 92.2 4.8 92.2 1.3 122.4 23.2 37.2

A3-Turkey ���� ���� ���� ����� 3.9 ����� ��� ���� 24.2 27.3

A4-Turkey ���� ���� ���� ���� 4.2 ���� ��� 72.4 ���� ����
A5-Turkey, Tekirdag ���� ���� 36.3 98.9 ��� 98.9 1.7 ���� ���� 27.9

A6-Turkey, Kayseri ���� ���� 36.3 ���� 3.8 ���� 1.6 81.3 ���� ����
A7-Turkey, Tekirdag ���� ���� 36.3 ���� 3.8 ���� 1.6 76.2 ���� ����
A9-Turkey, Tekirdag ���� ���� ���� 99.8 3.8 99.8 1.6 84.6 ���� 28.4

A10-Turkey, Kirklareli ���� ���� ���� ����� ��� ����� 1.4 ���� 23.9 ����
A11-Turkey, Edirne ���� ���� ���� ���� 3.4 ���� 1.4 76.1 26.6 26.2

B4-Turkey ���� ���� ���� ���� 3.9 ���� 1.6 72.6 23.3 22.2

B5- Turkey, Tekirdag ���� ���� ���� ����� 4.8 ����� 1.6 69.1 24.8 22.7

B6-India ���� ���� 36.3 ����� 4.2 ����� 1.7 72.8 24.6 23.2

B7-India, Rajasthan ���� ���� 36.8 ����� 4.1 ����� 1.9 84.3 ���� ����
B8-Pakistan ���� ���� 36.3 ����� 3.8 ����� 2.2 ���� 24.2 ����
B10-India ���� ���� 36.8 ����� 3.7 ����� 1.6 72.9 24.4 ����
B12-Pakistan ���� ���� 36.3 ����� 3.8 ����� 1.8 ���� ���� 27.7

B13-China ���� ���� 36.3 113.6 3.7 113.6 1.6 46.9 23.2 14.6

B14-China ���� 48.3 ���� ����� 3.8 ����� ��� 89.2 ���� 29.4

B15-Pakistan ���� ���� ���� ����� ��� ����� 1.4 ���� ���� 26.9

B16-Canada ���� 48.3 ���� ����� 3.8 ����� 1.3 ���� 23.6 24.8

B17-Canada ���� 48.3 ���� 116.7 3.6 116.7 ��� ���� 26.4 19.9

B18-United States, California ���� ���� ���� 69.7 4.1 69.7 1.7 49.3 24.6 ����
B20-Russian Federation ���� 48.3 38.3 118.3 4.1 118.3 1.8 ���� 27.4 31.1

B21-Russian Federation ���� 48.3 ���� ����� 3.8 ����� ��� 67.9 26.3 23.6

%���&KLQD��;L]DQJ ���� ���� 37.3 87.2 4.1 87.2 1.6 69.6 ���� 23.2

B23-Pakistan ���� ���� 37.3 ����� 3.8 ����� 2.2 ����� 26.8 ����
%���*HUPDQ\ ���� 48.3 ���� 111.2 ��� 111.2 1.8 ���� 26.8 21.4

%���*HUPDQ\ ���� 48.3 ���� 111.8 4.2 111.8 ��� 87.8 ���� 29.2

B26-Italy, Calabria ���� 48.3 ���� 68.4 ��� 68.4 1.4 ���� 24.4 17.2

B27-United States, Minnesota ���� ���� 37.3 ����� 4.1 ����� 1.7 ���� ���� 28.9

B28-United States, Minnesota ���� ���� 37.3 ����� 4.3 ����� 1.4 ���� ���� 31.8

BJ99-India ���� 47.8 ���� ����� 4.3 ����� 1.4 69.1 24.8 22.6

BJ20-India ���� ���� ���� ����� 4.2 ����� 1.6 ���� ���� 32.4

AC1-India ���� 44.8 ���� 78.3 ��� 78.3 ��� ����� 24.9 ����
AC2-India ���� ���� ���� ���� ��� ���� 1.6 ���� 24.1 13.4

B30-India ���� ���� ���� 86.6 3.9 86.6 1.9 74.2 27.7 26.3

B33- India ���� ���� 37.3 ���� 4.2 ���� ��� ���� ���� 13.6

AK-Turkey, Konya ���� 47.8 ���� ����� 3.9 ����� 1.8 114.2 ���� 38.4

Average ���� 47.3 ���� ����� 4.1 ����� 1.6 77.3 ���� ����
Max. ���� 48.3 38.3 118.3 ��� 118.3 2.2 122.4 27.7 38.4

                      Min. ���� 44.8 ���� 68.4 ��� 68.4 1.3 ���� 23.2 13.4
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Number of capsules (capsule plant-1): The maximum 

QXPEHU�RI�FDSVXOHV��������FDSVXO�SODQW-1��ZHUH�REWDLQHG�RQ���th 

0DUFK��VKRUW�GD\V��VRZLQJ�GDWH�ZKLOH�WKH�PLQLPXP�QXPEHU�RI�
capsules (46.2 capsul plant-1��ZHUH�REWDLQHG�RQ���th May (long 

days) sowing date. The plant needs long period of vegetation to 

JURZ�DQG�PDWXUH�IRU�KLJKHU�\LHOG��7KLV�LV�SRVVLEOH�LI�YHJHWDWLYH�
period of growth is prolonged. This condition was provided 

E\�WKH�H���th March short days sowing of 38 genotypes end-

LQJ�XS�ZLWK�PD[LPXP�\LHOG��7KH�KLJKHVW�QXPEHU�RI�FDSVXOHV�
plant-1 were noted due to this effect i.e. long period of vegeta-

tive growth. As expected precocious induction of generative 

SKDVH�KDG�QHJDWLYH�HIIHFWV�RQ�JURZWK�DQG�\LHOG�QXPEHU�RI�FDS-

sules plant-1 due to shorter period of growth to reach generative 

SKDVH��7KH� JHQRW\SHV� VRZQ� RQ� GXULQJ� VXEVHTXHQW� GDWHV� KDG�
shorter periods of vegetative growth generative phase ended 

XS�ZLWK�UHGXFHG�QXPEHU�RI�FDSVXOHV�OHDGLQJ�WR�PLQLPXP�QXP-

EHU�RI�FDSVXOHV�SODQW-1�RQ���th May (long days) sowing. These 

plants from each of 38 genotypes were smaller in height and 

XOWLPDWHO\�HQGHG�XS�ZLWK�OHVV�QXPEHU�RI�EUDQFKHV�DQG�FDSVXOHV�
plant-1��7KH�UHVXOWV�DUH�DSSURYHG�DQG�FRQ¿UPHG�E\�*DZDUL\D�HW�
DO���������7KH�PD[LPXP�QXPEHU�RI�FDSVXOHV�ZDV�GHWHUPLQHG�
with 118.3 capsule plant-1�IRU�%���JHQRW\SH��ZKHUHDV��WKH�PLQ-

LPXP�QXPEHU�RI�FDSVXOHV�������FDSVXO�SODQW-1) were noted on 

%���JHQRW\SH��7KLV�PLJKW�EH�SULPDULO\�GXH�WR�WKH�HQYLURQPHQ-

WDO�DQG�SKRWRSHULRG�HIIHFWV�DLGHG�ZLWK�JHQHWLF�EDFNJURXQG�LQ�
DJUHHPHQW�ZLWK�.XPDU�HW�DO���������

Thousand seed weight (g): Comparing average thousand 

seed weight of genotypes; the maximum thousand seed weight 

�����J��ZDV�GHWHFWHG�RQ�JHQRW\SHV�VRZQ�RQ���th March (short 

GD\V���7KH�PLQLPXP�WKRXVDQG�VHHG�ZHLJKW������J��ZDV�UHFRUG-

HG�RQ�JHQRW\SHV�VRZQ�RQ���th May (long days). The plant needs 

ORQJ�SHULRG�RI�YHJHWDWLRQ�WR�JURZ�EHIRUH�HQWHULQJ�PDWXULW\��2Q�
DFFRXQW� RI� IDYRXUDEOH� ZHDWKHU� FRQGLWLRQV�� LPSURYHPHQW� LQ�
growth and yield up with the maximum seed weight gain in all 

JHQRW\SHV�RI�WKH���th�0DUFK�VKRUW�GD\V�VRZLQJV�DV�GHVFULEHG�
LQ� WKLV� VHFWLRQ��3UHFRFLRXV�PDWXULQJ�GXH� WR���th May sowing 

had negative effects on growth and thousand seed weight of 

genotypes as they had less time to transform from vegetative 

to generative phase. Higher temperature, drought and changed 

photoperiod during later phases of growth shortened the crop 

growth period and forced earlier maturity that resulted in re-

duced thousand seed weight and ultimately the minimum seed 

\LHOG� XQGHU� VXEVHTXHQW� VRZLQJV��+LJK� WHPSHUDWXUHV� DW� ÀRZ-

ering phase also cause reduction in seed yield leading to pol-

OHQ�VWHULOLW\��6LPLODU� UHVXOWV�ZHUH� UHSRUWHG�E\�6LQJK�DQG�/DO-
OX�6LQJK� ��������0XKDO� DQG� 6RODQNL� �������� 7KH�PD[LPXP�
thousand-seed weight was determined with 2.2 g B8 and B23 

genotypes. As a average of sowing dates; the minimum thou-

VDQG�VHHG�ZHLJKW�ZDV�REWDLQHG������g) for B16 JHQRW\SH��7DEOH�
����7KH�GLIIHUHQFHV�LQ�WKH�WKRXVDQG�VHHG�ZHLJKW�FRXOG�EH�GXH�WR�
plastic genetic potential of the genotypes under 4 different en-

YLURQPHQWDO�FRQGLWLRQV�LQGXFHG�E\�WKH�HIIHFWV�RI�SKRWRSHULRG�
IRU�WKH�JHQRW\SHV�LQ�WKLV�VWXG\��<RXVDI�HW�DO���������

Seed yield (g m-2):�7KH�PD[LPXP�VHHG�\LHOG��������J�P-2) 

ZDV�GHWHUPLQHG�RQ���th. March short days sowing date while 

WKH�PLQLPXP� VHHG� \LHOG� ����� J�P-2��ZDV� QRWHG� RQ� ��th May 

(long days) sowing date. The seed yield losses occured due to 

��th�0D\�EDVHG�ODWH�VRZLQJ�GDWH�WKDW�GHFUHDVHG�SUHFRFLRXV�HQ-

tering into generative phase and ended up with low seed yield. 

7KH�¿QGLQJV�RI�.DU� DQG�&KDNUDYDUW\� �������� DOVR� VXSSRUWHG�
that precocious induction of generative phase in plants along 

with delayed sowing affected completation of seed formation, 

yield and decreased. This, with ultimate consequence of weak 

UXGLPHQWDU\�DQG�IHHEOH�VHHG�LQGXFWLRQ��,W�LV�VXSSRVHG�WKDW�GLI-
ferences among sowing dates have plastic genetic potential 

under different photoperiod and environmental conditions like 

varying air temperatures, precipitation, humidity and the ge-

netic potential of the genotypes in agreement with the results 

RI�7ULSDWKL� HW� DO�� ������� DQG�7REH� HW� DO�� ��������1HRJ� HW� DO��
�������DOVR�VDLG� WKDW�GHOD\HG�VRZLQJ�GHFUHDVHG� WKH�GU\�PDW-
WHU�SURGXFWLRQ��$QJDGL�HW�DO���������VKRZHG�WKDW��B. juncea, B. 
napus and B. rapa�VLJQL¿FDQWO\�GLIIHUHG�LQ�RSWLPXP�GD\�QLJKW�
temperatures; High temperatures, low humidity and precipi-

WDWLRQ�DQG�SKRWRSHULRG�DW�VRZLQJ�DQG�ÀRZHULQJ�DOVR�DIIHFWHG�
FDSVXOH� GHYHORSPHQW� DQG� \LHOG��(YHU\� JHQRW\SH� QHHGHG� WZR�
types of photoperiods necessary for vegetative and generative 

growth. A disruption in any of these, resulted in serious loss-

es to yield. The results showed that the genotypes sown on 

��th March, received appropriate photoperiod for vegetative 

JURZWK�HQVXHG�E\�RSWLPXP�JHQHUDWLYH�SKRWRSHULRG�WR�LQGXFH�
ÀRZHULQJ��7KLV�HPSKDVLVH�WKDW�WKH�ÀRZHULQJ�RI�WKH�SODQW�PXVW�
EH�V\QFKURQL]HG�WR�DQ�DSSURSULDWH�OHQJWK�RI�GD\�OLJKW�IRU�&2

2
 

DVVLPLODWLRQ��0DUFK� VRZLQJ� DOORZHG� SODQWV� EHORQJLQJ� WR� DOO�
JHQRW\SHV�KDYH�ORQJHU�YHJHWDWLYH�JURZLQJ�SKDVH�IROORZHG�E\�
entering in to generative phase. That was inverse in case of 

May sown genotypes receiving less time for vegetative and 

generative growth with overall negative implications on all 

quality and agronomic properties of the genotypes used in this 

VWXG\����th March (short days) sowing date accumulated more 

growing degree days due to long periods of sunshine. These 

gradually received increasing day length photoperiod in com-

SDULVRQ�WR���th May (long days) sowing date with less sunshine 

GD\V�RI����K����PLQ�WR����K����PLQ�GD\�OLJKW�SKRWRSHULRG�ZLWK�
lesser vegetative growth.

$OO�JHQRW\SHV�EHJDQ�WR�UHFRYHU�IURP�WKH�VWUHVV�E\�FRQWLQX-

LQJ�ÀRZHULQJ�DIWHU�UHWXUQLQJ�WR��������&��7KH�PD[LPXP�VHHG�
yield was determined in A2. A2 and AK (122.4 and 114.2 g, re-

spectively) genotype. The differences in the seed yield of gen-

RW\SHV�ZHUH�GXH�WR�WKH�EHWWHU�SHUIRUPDQFH�RI�JHQRW\SHV�XQGHU�
the existing agro-climatic conditions of Ankara. This differ-

HQFH�PLJKW�EH�GXH�WR�ZHOO�DGDSWDWLRQ�DQG�JHQHWLF�SRWHQWLDO�RI�
%UDVVLFD�JHQRW\SHV��6LPLODU�UHVXOWV�ZHUH�REWDLQHG�E\�<RXVDI�HW�
DO���������LQ�RWKHU�%UDVVLFD�JHQRW\SSHV�XQGHU�KRW�KXPLG�DJUR�
FOLPDWLF� FRQGLWLRQV� RI�%DKDZDOSXU�� 3DNLVWDQ��7KH� FOLPDWH� RI�
Yenimahalle Ankara lies in the Central Anatolia with hot hu-

mid climate. The Bahawalpur lies very close to River Sutlej 

DQG�%H\DV�ZLWK�KRW�KXPLG�FOLPDWH��7KH�VLPLODULW\�EHWZHHQ�WKH�
WZR�FOLPDWHV�FRXOG�EH�D�SRWHQWLDO�UHDVRQ�IRU�VLPLODULW\�LQ�WKH�
UHVXOWV��7KXUOLQJ�DQG�'DV��������DQDO\]HG�WKH�UHDFWLRQ�RI�VL[�
cultivars of spring rape (B. napus) to varieties in terms of plant-

LQJ�GDWHV��7KH\�GHPRQVWUDWHG�WKDW�ERWK�WKH�VSDQ�RI�YHJHWDWLYH�
SKDVH�DQG�WLPH�RI�VRZLQJ�RI�VHHGV�ZDV�VLJQL¿FDQW�GHWHUPLQDQWV�
in measuring yield of seeds. It was likewise demonstrated that 

variety in seed yield was fundamentally connected with varia-
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tions in term of stem lengthening. They likewise found a direct 

FRQQHFWLRQ�EHWZHHQ�WKH�SODQW�JURZWK�UDWH�DQG�WKH�DYHUDJH�SKR-

WRSHULRG��ZKLOH�WKH�FRQQHFWLRQ�EHWZHHQ�WKH�JURZWK�UDWH�GXULQJ�
warm days and the average photoperiod was curvilinear at low 

average photoperiod. 

.D\DFHWLQ�HW�DO�� �������DOVR�GHWHUPLQHG�WKH�DGDSWDWLRQ�RI�
the Brassica species using planting season (spring and autumn 

planting) and locations in the terms of growth of the crop 

�HPHUJHQFH������LQÀRUHVFHQFH��SK\VLRORJLFDO�PDWXULW\�DQG�WR-

tal cultivation days), in 8 different locations under spring sow-

ing conditions. They found that required total temperature for 

JHUPLQDWLRQ�������&���ÀRZHULQJ�������&��DQG�ULSHQLQJ�������&��
ZDV�KLJKHU�GXULQJ�¿UVW�\HDU�RI�VWXG\�FRPSDUHG�WR�WKH�VHFRQG�
\HDU�RI�VWXG\����������������&��UHVSHFWLYHO\���7KH\�DOVR�IRXQG�
WKDW� WKH�¿UVW�\HDU�VHHG�\LHOG� ������NJ�KD-1) was higher com-

SDUHG� WR�VHFRQG�\HDU�VHHG�\LHOG� ������NJ�KD-1). They further 

noted that plants from early spring sowing showed increased 

VHHG� \LHOG� FRPSDUHG� WR� WKH� SODQWV� REWDLQHG� IURP� ODWH� VSULQJ�
VRZLQJ��EHFDXVH�RI�WKH�WHQGHQF\�RI�JHQRW\SHV�WR�PDWXUH�HDUOLHU�
�VKRUW�GXUDWLRQ��E\�DFFXPXODWLQJ�OHVV�KHDW�XQLWV�DQG�ORQJ�GD\�
length. 

Crude oil content (%): A comparison among genotypes 

showed that the sowing dates day length affected the maximum 

FUXGH�RLO�FRQWHQW��0D[LPXP�FUXGH�RLO�FRQWHQW���������ZDV�GH-
WHUPLQHG�RQ���th April sowing, while the minimum crude oil 

FRQWHQW���������ZDV�UHFRUGHG�RQ���WK�0D\��ORQJ�GD\V��VRZLQJ�
GDWH��7KH�FUXGH�RLO�FRQWHQW���������RI���th March (short days) 

VRZLQJ�ZDV�VWDWLVWLFDOO\�VLPLODU�WR���WK�$SULO�VRZLQJ����������
7KLV� VXJJHVW� WKDW� D� VRZLQJ�GDWH� EHWZHHQ� WKHVH�GDWHV� KDG�QR�
VLJQL¿FDQW�QHJDWLYH�HIIHFW�RQ�TXDOLW\�SDUDPHWHUV�RI�WKHVH�JHQ-

RW\SHV��&RQWUDULO\��7REH�HW�DO���������UHSRUWHG�WKDW���th March 

VRZQ�VSULQJ�FDQROD�KDG�VLJQL¿FDQWO\�KLJKHU�SHUFHQWDJH�RI�RLO�
as compared to 14th April, 19th April and 14th May sown crops. 

7KH�GLIIHUHQFH� LQ� UHVXOWV� FRXOG�EH�GXH� WR�GLIIHUHQW�DJUR�HFR-

logical and photoperiod conditions in the two experiments. 

Delayed sowing date cause a reduction in crude oil content 

due to precocious ripening under hotter and drier conditions 

�3ULWFKDUG�HW�DO����������&RPSDULQJ�VRZLQJ�GDWHV�WKH�PD[LPXP�
FUXGH�RLO�FRQWHQW�RI�������IRU�%���JHQRW\SH�ZKLOH�WKH�PLQL-
PXP�FUXGH�RLO�FRQWHQW�RI�������IRU�%����7KH�GLIIHUHQFHV�LQ�
WKH�FUXGH�RLO�FRQWHQW�FRXOG�EH�GXH�WR�JHQHWLF�SRWHQWLDO�RI�WKH�
JHQRW\SHV�DV�DIIHFWHG�E\�PHWHRURORJLFDO�FRQGLWLRQV�DQG�SKRWR-

SHULRG��<RXVDI�HW�DO����������
Crude oil yield (g m-2): A comparison among genotypes 

VKRZHG�WKH�PD[LPXP�FUXGH�RLO�\LHOG�������J�P-2) was found 

RQ� ��th March (short days) sowing date; whereas, the mini-

PXP�FUXGH�RLO�\LHOG������J�P-2��ZDV�QRWHG�RQ���th May (long 

days) sowing date. Average of sowing dates among genotypes 

showed that the maximum crude oil yield was found for AK 

(38.4 g m-2) while the minimum crude oil yield was noted for 

AC2 (13.4 g m-2�� JHQRW\SH�� ��th March (short days) sowing 

date and the genotypes AK had high seed yield, crude oil con-

tent and crude oil yield was maximum.

Conclusions
Following conclusions were drawn 

Regardless of the dates of sowing all B. juncea genotypes 

XVHG�LQ�WKLV�VWXG\�ÀRZHUHG�DW�WKH�VDPH�V\QFKURQLVHG�WLPH�ZKHQ�

WKH�DSSURSULDWH�SKRWRSHULRG�ZDV�DYDLODEOH�
Yield performance of B. juncea in regard to sowing date 

was distinctive and important for each period for its use as 

SUR¿WDEOH�DOWHUQDWLYH�FURS�IRU�KRW�KXPLG�FOLPDWHV��(DFK�VRZ-

LQJ�GDWH�DIWHU�¿UVW�VRZLQJ��PHDQW�VXEVHTXHQW�GHFUHDVH�LQ�WLPH�
of vegetative and generative growth of the next sown plants 

and ultimately studied agronomic characteristics of B. juncea 

JHQRW\SHV�LQ�FORVH�DVVRFLDWLRQ�ZLWK�WKHLU�JHQHWLF�EDFNJURXQG�
Out of 38 studied genotypes, the AK and A2 proved the 

EHVW�LQ�SHUIRUPDQFH�LQ�WHUPV�RI�JURZWK��GHYHORSPHQW�DQG�\LHOG�
performance.
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Moisture stress and inherent soil fertility caused huge loss in crop production. The use of insitu rainwater harvesting 

and integrated nutrient management can improve soil health and crop production. The Objective of the study was to 

evaluate the effects of integrated nutrient management and insitu rainwater harvesting on maize productivity in dry 

regions of Zimbabwe. Experiment was laid out as a factorial with three main factors which include cattle manure, 

insitu rainwater harvesting and inorganic manure. Data was collected from harvested net plot to obtain maize grain 

and stover yields for two growing years. Data was analysed based on analysis of variance using IBM SPSS version 

���DQG�PHDQV�ZKLFK�ZHUH�VLJQL¿FDQW�GLIIHUHQW�ZHUH�VHSDUDWHG�XVLQJ�OHDVW�VLJQL¿FDQW�GLIIHUHQW��7KH�UHVXOWV�VKRZ�WKDW�
WKHUH�ZDV�VLJQL¿FDQW�GLIIHUHQW��S��������EHWZHHQ�DOO�WUHDWPHQWV�FRPELQDWLRQV��5HVXOWV�UHFRUGHG�KLJKHU�PDL]H�JUDLQ�
yields from100 kg N/ha + 5 t/ha cattle manure treatments for both seasons. High grain yield of 3.41± 0.042 t/ha was 

recorded from ZN
100

C
5
 treatments during the second year and highest maize grain yield of 3.11 t/ha was recorded in 

¿UVW�\HDU��7KHUH�ZDV�VLJQL¿FDQW�GLIIHUHQW��S��������RQ�WKH�HIIHFWV�RI�FRPELQDWLRQ�RI�FDWWOH�PDQXUH�DQG�LQRUJDQLF�IHU-
WLOLVHU�DORQH�RQ�PDL]H�JUDLQ�\LHOGV��&RQWURO�WUHDWPHQWV�UHFRUGHG�ORZHVW�PDL]H�������± 0.031�W�KD��DQG�VWRYHU�\LHOGV�RI�
�������������W�KD��5HVXOWV�LQGLFDWHG�VLJQL¿FDQW�GLIIHUHQW��S��������RQ�WKH�HIIHFWV�RI�LQVLWX�UDLQZDWHU�KDUYHVWLQJ��FDWWOH�
manure and inorganic manure on maize stover yields. The use of integrated nutrient management and insitu rainwater 

harvesting has the capacity to increase maize yields and reduce food insecurity in dry regions of most sub-Saharan 

African countries.

Keywords: Cattle manure, Integrated nutrient management, Maize stover, Insitu rainwater harvesting, Dry regions
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Introduction
Increased soil moisture stress and inherent soil fertility has 

been major causes of poor maize production in dry regions of 

=LPEDEZH��0RWVL�HW�DO���������1\DJXPER�HW�DO����������(UUDW-
ic and low rainfall in arid and semi-arid regions contributed 

to poor soil moisture and low crop production in dry regions 

�0XJZH�HW�DO���������6KXPED�HW�DO��������0XFKDL�HW�DO����������
&RPELQDWLRQ�RI�ORZ�UDLQIDOO�DQG�ORZ�QXWULHQW�VWDWXV�KDV�VLJQL¿-

cantly affected crop production in most dry regions in African 

FRXQWULHV��<D]DU�DQG�$OL��������0XJZH�HW�DO���������6KXPED�

HW� DO�� �������(UUDWLF� UDLQIDOO� DQG� IUHTXHQW� GU\� VSHOOV� DIIHFWHG�
soil moisture which lead to poor maize growth due to reduced 

nutrient absorption. Climatic variability, long mid-season 

droughts and dry spell during growing season reduced crop 

SURGXFWLRQ�LQ�GU\�UHJLRQV��1\DJXPER�HW�DO�����������
0DL]H� �Zea mays /��� LV� UDQNHG�¿UVW� LQ�=LPEDEZH� DQG� LV�

used a one of staple food in African countries. It is widely 

grown in all regions in Zimbabwe. Integrated nutrient man-

agement and insitu rainwater harvesting can be one of the best 

options to increase maize production in dry regions of Zimba-

Cite this article as: 
7DSLZD��$�.���/DZUHQFH��0���.XG]DL��.�/�����������(YDOXDWLQJ�WKH�HIIHFWV�RI�LQWHJUDWHG�QXWULHQW�PDQDJHPHQW�DQG�LQVLWX�UDLQZDWHU�KDUYHVWLQJ�
on maize production in dry regions of Zimbabwe. ,QW��-��$JULF��(QYLURQ��)RRG�6FL����������������
DOI: https://doi.org/10.31015/jaefs.2020.3.9

ORCID:  Kugedera Andrew Tapiwa  �������������������  Mango Lawrence 0000-0003-2048-6098 Kokerai Letticia Kudzai  0000-0001-

��������� 

Received: 06 January 2020 Accepted: 04August 2020  Published Online: 15 September 2020

Year: 2020 Volume: 4  Issue: ���6HSWHPEHU��Pages: 303-310

Available online at : http://www.jaefs.com - http://dergipark.gov.tr/jaefs 

Copyright © 2020 �,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

mailto:kugederaandrew48@gmail.com?subject=
https://www.jaefs.com/
https://www.jaefs.com/
https://doi.org/10.31015/jaefs.2020.3.9
https://doi.org/10.31015/jaefs.2020.3.9
https://orcid.org/0000-0002-1700-6922
https://orcid.org/0000-0003-2048-6098
https://orcid.org/0000-0001-8601-5374
https://orcid.org/0000-0001-8601-5374
http://www.jaefs.com
http://dergipark.gov.tr/jaefs
https://orcid.org/0000-0002-1700-6922
https://orcid.org/0000-0003-2048-6098
https://orcid.org/0000-0001-8601-5374


Kugedera Andrew Tapiwa, Mango Lawrence, Kokerai Letticia Kudzai DOI: https://doi.org/10.31015/jaefs.2020.3.9

304

bwe. Integrated nutrient management increases nutrient avail-

DELOLW\�WR�SODQW�URRW�]RQH��9DQODXZH�et al���������9DQODXZH�HW�
DO��� ������ 6KXPED� HW� DO��� �������7KH� XVH� RI� LQVLWX� UDLQZDWHU�
KDUYHVWLQJ�WHFKQLTXHV�LQFUHDVHV�VRLO�PRLVWXUH�FRQWHQW��UHGXFH�
soil erosion and improve water availability in the plant root 

]RQH� �1\DPDG]DZR�et al���������0XGDWHQJXKD�et al����������
The use of integrated nutrient management and insitu rainwa-

WHU�KDUYHVWLQJ�WHFKQLTXHV�KDV�EHHQ�VXFFHVVIXOO\�XVHG�E\�VPDOO-
holder farmers to improve soil fertility and maize productivity 

�0XJZH��������0XJZH�HW�DO����������,QWHJUDWHG�QXWULHQW�PDQ-

agement option increases nutrient availability in the plant root 

]RQH� �0XJHQGL�et al��� ������9DQODXZH�et al��� ������DQG� WKLV�
improves both plant growth and nutrient absorption. The use of 

UDLQZDWHU�KDUYHVWLQJ�WHFKQLTXHV�VXFK�DV�WLHG�ULGJHV�DQG�zai pits 

KDUYHVW�DQG�VWRUH�ZDWHU�IRU�ODWHU�XVH�E\�FURSV��0LONLDV�et al., 
������ZKLFK�LI�DPHQGHG�ZLWK�RUJDQLF�DQG�LQRUJDQLF�IHUWLOLVHU�
leads to increased crop yield. The use of integrated nutrient 

management has been used by smallholder farmers for many 

\HDUV� �5XVLQDPRG]L� HW� DO��� ������ 1\DPDQJDUD� HW� DO��� ������
6KXPED�HW�DO���������LQ�=LPEDEZH�WR�LPSURYH�FURS�SURGXFWLRQ��
The use of insitu rainwater harvesting and integrated nutrient 

management has the capacity to improve maize production in 

dry regions across Africa. The objective of study was to eval-

uate the effects of integrated nutrient management and insitu 

rainwater harvesting on maize production in dry regions of 

Zimbabwe. 

Materials and Methods
Study area
The study was carried out in ward 4 of Masvingo district 

ZKLFK�LV�ORFDWHG�EHWZHHQ�6ފ�����������DQG��������������7KH)�ފ
area is characterised by deep sandy loam soils which are mod-

erately fertile soils associated with Terminalia-Combretum 

species with few Mopane trees on the river banks of Shashe 

5LYHU��)DUPLQJ�LQ�WKLV�DUHD�KDV�LPPHQVHO\�FRQWULEXWHG�WR�WKH�
VLOWDWLRQ�DQG�SROOXWLRQ�RI�6KDVKH�5LYHU�ZKLFK�QHJDWLYHO\�DIIHFW�
Muzhwi Dam. The area receives 450-500 mm of rainfall per 

annum on average and temperatures ranges from 18 º C mini-

mum and 32 ºC maximum. This area is made up of small scale 

commercial farms and few smallholder farmers in the adjacent 

of the ward. 

Experimental Design and Treatments
7KH� H[SHULPHQW� ZDV� ODLG� RXW� DV� 5DQGRPLVHG� &RPSOHWH�

Block Design with three main factors namely cattle manure, 

LQRUJDQLF�IHUWLOLVHU�DQG�ZDWHU�KDUYHVWLQJ�WHFKQLTXHV��WLHG�ULGJ-

HV� DQG� ]DL� SLWV���(DFK� WUHDWPHQWV�ZDV� UHSOLFDWHG� WKUHH� WLPHV��
Cattle manure was applied at a rate of 0 and 5 t/ha, inorganic 

fertiliser at a rate of 0 kg N/ha, 50 kg N/ ha and 100 kg N /ha 

and with tied ridges and zai pits as rain water harvesting tech-

QLTXH��7LHG�ULGJHV�ZHUH�VSDFHG���PHWUHV� LQ�ZLGWK�DQG�ULGJHV�
were 35 cm in height. Cross ties were placed at 10 m intervals 

DW� D� KHLJKW� RI� ��� FP� WR� SUHYHQW� GDPDJHV� FDXVHG�E\�ÀRZLQJ�
water. Zai pits were dug to a depth of 20 cm and width of 30 

cm in plots. Maize plants were spaced at 0.9 m between rows 

DQG�����P�ZLWKLQ�WKH�URZ�WR�DFKLHYH�D�SODQW�SRSXODWLRQ�RI����
����SODQWV��KD��3ORWV�XVHG�ZHUH�KDYLQJ�PHDVXUHPHQWV�RI����P�
E\���P�DQG�D�QHW�SORW�RI�����P�E\�����P�ZDV�PDUNHG�LQ�HDFK�
experimental plot. 

Land preparation
The trials were established at one site during the short rain 

VHDVRQ� �'HFHPEHU������ WR�0DUFK������DQG�'HFHPEHU������
WR�0DUFK�������DQG�D�VKRUW�VHDVRQ�YDULHW\�6&�����ZDV�XVHG�
under supplementary irrigation. Land was ploughed using ox-

GUDZQ�SORXJK� WR�D�GHSWK�RI����FP��5LGJHV�ZHUH�PDGH�XVLQJ�
the plough and ties were placed using hand hoe. Seeds were 

spaced at 0.9 m by 0.3 m. Zai pits were done on lad which was 

not ploughed to make sure their effectiveness can be evalu-

ated. Cattle manure was applied at before planting in opened 

farrows and zai pits using two rates of 0 and 5 t/ha. Fertilizers 

ZHUH�SUH�ZHLJKHG�IRU�HDFK�SORW�EHIRUH�JRLQJ�WR�WKH�¿HOG�DQG�
applied using dollop cups to ensure uniform distribution within 

the plot. Weeding was done twice using hand hoe weeding.

Table 1. Experimental treatments used 

No. N kg/ha Cattle manure (t/ha) Rainwater harvesting Treatment combinations

1 0 0 7LHG�5LGJH TN
0
C

0

2 0 5 7LHG�5LGJH TN
0
C

5

3 50 0 7LHG�5LGJH� TN
50

C
0

4 50 5 7LHG�5LGJH TN
50

C
5

5 100 0 7LHG�5LGJH TN
100

C
0

6 100 5 7LHG�5LGJH TN
100

C
5

� 0 0 Zai pit ZN
0
C

0

8 0 5 Zai pit ZN
0
C

5

9 50 0 Zai pit ZN
50

C
0

10 50 5 Zai pit ZN
50

C
5

11 100 0 Zai pit ZN
100

C
0

12 100 5 Zai pit ZN
100

C
5
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Data collection
Harvesting was done using hand hoe to cut maize in the 

net plot and a sharp knife was used to remove husks. All cobs 

from each plot/ treatment were collected and separately placed 

in different sacks which were well labelled.

Grain and stover yield
Grain and stover yields were measured from plants har-

vested net plots 120 days after planting. Ears and stover were 

VXQ�GULHG�IRU���GD\V�WR�DOORZ�GU\LQJ���(DUV�ZHUH�WKUHVKHG�DQG�
weighed at 12 % moisture content. Grain yields was then con-

YHUWHG�IURP�NLORJUDPPHV�SHU�QHW�DUHD�WR�WRQQHV�SHU�KHFWDUH��W�
KD���

*UDLQ�\LHOG��NJKD-1�� �ܻ݈݅݁݀ ݅݊ ݄݁ݐ 10000× ݐ݊݁݉ݐܽ݁ݎݐ

ݐݏ݁ݒݎܽܪ ܽ݁ݎܽ

:KHUH�KDUYHVW�DUHD� �������P2�DQG�������LV�HTXLYDOHQW�WR�
area of one hectare. 

Stover yields was also measured from the net plot after cut-

ting them into small pieces and weigh using a digital scale and 

convert the mass to kg ha-1. 

6WRYHU�\LHOG��NJKD-1�� �ܻ݈݅݁݀ ݅݊ ݄݁ݐ 10000× ݐ݊݁݉ݐܽ݁ݎݐ

ݐݏ݁ݒݎܽܪ ܽ݁ݎܽ

:KHUH�KDUYHVW�DUHD� �������P2 and 10000 m2�LV�HTXLYDOHQW�
to area of one hectare.

Data analysis
Data was processed using Microsoft excel and analysed for 

DQDO\VLV�RI�YDULDQFH� �$129$��XVLQJ� ,%0�6366�YHUVLRQ�����
0HDQV�ZHUH�VHSDUDWHG�XVLQJ�OHDVW�VLJQL¿FDQW�GLIIHUHQW��/6'��
DW������WR�LGHQWLI\�PHDQV�ZKLFK�ZHUH�VLJQL¿FDQWO\�GLIIHUHQW��

Results and discussion
Effects of integrated nutrient management and tied 

ridges on grain yields
7KH� UHVXOWV� VKRZ� WKDW� WKHUH� ZDV� VLJQL¿FDQW� GLIIHUHQW�

�S�������� EHWZHHQ� DOO� WUHDWPHQWV� FRPELQDWLRQV�� 5HVXOWV� UH-
corded higher maize grain yields from100 kg N/ha + 5 t/ha 

cattle manure treatments for both seasons. High grain yield of 

3.41 t/ha was recorded from ZN
100

C
5
 treatments during the sec-

ond year and highest maize grain yield of 3.11 t/ha was record-

HG�LQ�¿UVW�\HDU��7KHVH�UHVXOWV�ZHUH�LQ�DJUHHPHQW�ZLWK�UHVXOWV�E\�
0XQD�0XFKHUX�HW�DO���������ZKR�UHSRUWHG�WKDW�FDWWOH�PDQXUH�
releases nutrients slowly and supply these nutrients throughout 

WKH�VHDVRQ�WR�FURSV��0LONLDV�HW�DO���������DOVR�UHSRUWHG�WKDW�WKH�
use of insitu rainwater harvesting in combination with min-

eral fertiliser and cattle manure produces higher maize grain 

yields. Combining cattle and inorganic manure in combination 

with insitu rainwater harvesting retains a lot of moisture which 

boost absorption of nutrients making them available to plants 

for growth. High soil moisture and nutrient availability in the 

plant root zone promotes high grain yields.  

Table 2. Interactive effects of integrated nutrient management and insitu rainwater harvesting on grain yields

Treatment combinations

Mean Grain yield (t/ha)

                        Farming Seasons 

Firs year (t/ha) Second year (t/ha)
TN

0
C

0
1.20 ± 0.025 1.24 ± 0.025

TN
0
C

5
1.62 ± 0.035 �����������

TN
50

C
0

1.56 ± 0.045 1.65 ± 0.015

TN
50

C
5

2.11 ± 0.032 2.13 ± 0.026

TN
100

C
0

1.92 ± 0.025 1.9 ± 0.02

TN
100

C
5

������������ 3.11 ± 0.015

ZN
0
C

0
������������ ������������

ZN
0
C

5
������������ ������������

ZN
50

C
0

1.69 ± 0.025 ������������
ZN

50
C

5
2.31 ± 0.036 2.42 ± 0.035

ZN
100

C
0

2.03 ± 0.05 2.02 ± 0.068

ZN
100

C
5

3.18 ± 0.06 3.41 ± 0.042

P-value ������ ������
&RQWURO�WUHDWPHQWV��71

0
C

0
 and ZN

0
C

0
��UHFRUGHG�WKH�ORZHVW�

grain yield for both season which were an average of 1.20 ± 

0.025 t/ha and 1.24± 0.025�W�KD�IRU�WLHG�ULGJHV�DQG��������������
for zai pits the two farming seasons respectively. On average 

treatments without cattle manure had lower maize grain yields 

compared to those with cattle manure. All treatments with 5 t/

ha cattle manure performed above 2.0 t/ha for both seasons 

ZLWK�KLJKHU�\LHOGV�RI�������������������W�KD�REWDLQHG�IURP�D�

combination of Zai pits + 100 kg N/ha + 5t/ha cattle manure 

WUHDWPHQWV� LQ� WKH� VHFRQG�\HDU��7KH� UHVXOWV�ZHUH������KLJKHU�
WKDQ�VDPH�WUHDWPHQW�LQ�¿UVW�\HDU�DQG�������KLJKHU�WKDQ�VDPH�
treatments with tied ridges in 2019. The results coincides with 

UHVXOWV�E\�0XFKDL�HW�DO���������ZKR�UHSRUWHG�WKDW�]DL�SLWV�ZHUH�
amended with soil fertility options to improve maize, sorghum 

DQG�PLOOHW�LQ�.HQ\D��7KH�UHVXOWV�ZHUH�VLPLODU�IURP�¿QGLQJV�E\�
.LODVDUD�HW�DO���������ZKR�UHSRUWHG�LPSURYHG�VRUJKXP�\LHOGV�
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from combination of insitu rainwater harvesting and integrated 

nutrient management options in Tanzania. Higher maize yields 

from treatment with mineral fertiliser and cattle manure concur 

ZLWK�UHVXOWV�E\�6KXPED�HW�DO���������ZKR�UHSRUWHG�LQFUHDVHG�
maize grain yields in Zimbabwe after combining cattle ma-

nure and mineral fertiliser.  Treatments with 5 t/ha cattle ma-

nure and 50 kg N/ha recorded 2.31 ± 0.036 t/ha and 2.42 ± 

0.035 t/ha from Zai pits treatments and were second highest 

yields for both farming seasons as indicated in Table 2. The 

UHVXOWV�ZHUH�LQ�DJUHHPHQW�ZLWK�¿QGLQJV�E\�0XQD�0XFKHUX�HW�
al. �������ZKR�LQGLFDWHG�WKDW�WKH�XVH�RI�FDWWOH�PDQXUH�LQFUHDVHV�
nutrient availability which promote plant growth and increase 

grain yields. These results also coincide with results by Motsi 

HW�DO���������ZKR�UHSRUWHG�LQFUHDVHG�PDL]H�JUDLQ�\LHOGV�DIWHU�
combining cattle manure and Nitrogen fertiliser. The results 

VKRZ� WKDW� WKHUH�ZDV� VLJQL¿FDQW� GLIIHUHQW� �S�������� IRU� ERWK�
two farming years and indicated that the effects of Zai pits and 

tied ridges in combination with integrated nutrient manage-

PHQW�ZHUH�VLJQL¿FDQWO\�GLIIHUHQW��
5HVXOWV�DOVR�VKRZ�WKDW�WKH�LQWHUDFWLYH�HIIHFWV�RI�FDWWOH�PD-

QXUH�DQG�LQRUJDQLF�PDQXUH�VLJQL¿FDQWO\�DIIHFWHG�PDL]H�JUDLQ�
\LHOGV��7KHUH�ZDV�VLJQL¿FDQW�GLIIHUHQW��S��������RQ�WKH�HIIHFWV�
of combination of cattle manure and inorganic fertiliser alone 

RQ�PDL]H�JUDLQ�\LHOGV��7DEOH�����+LJKHU�UHVXOWV�������W�KD�DQG�
�����W�KD��ZHUH�REWDLQHG�IURP�FRPELQDWLRQ�RI���W�KD�FDWWOH�PD-
QXUH�DQG�����NJ�1��KD�IURP�ERWK�VHDVRQV�UHVSHFWLYHO\��5HVXOWV�
VKRZ�QR� VLJQL¿FDQW� GLIIHUHQW� EHWZHHQ� FRPELQDWLRQ� RI� �� W�KD�
cattle manure + 50 kg N/ha from treatments with 100kg N/

KD�RQO\�IRU�ERWK�\HDUV��7DEOH�����7KHVH�UHVXOWV�FRLQFLGHV�ZLWK�
¿QGLQJV�E\�&RXOLEDO\��������ZKR�UHSRUWHG�KLJKHU�SHDUO�PLO-
let yields after combining mineral fertiliser and cattle manure. 

7KH�¿QGLQJV�DOVR�FRQFXU�ZLWK�UHVXOWV�E\�6KXPED�HW�DO���������
who reported higher yields form a combination of mineral fer-

tiliser and cattle manure on maize grain yields. Nyamangara et 

DO���������UHSRUWHG�WKDW�FDWWOH�PDQXUH�FRQWDLQV�ERWK�PDFUR�DQG�
micro-nutrients which improves grain yields and soil proper-

WLHV��7KLV�ZDV�DOVR�DI¿UPHG�E\�6KXPED�HW�DO���������DQG�.LODV-
DUD�HW�DO���������ZKR�DOO�UHSRUWHG�WKDW�FDWWOH�PDQXUH�LPSURYHV�
water retention and releases nutrients slowly in the plant root 

zone which later improve plant growth and yields.

Table 3. Interactive effects of cattle manure and inorganic manure on maize grain yields

Cattle manure (t/ha) Inorganic manure (kg N/ha) First year 
Mean grain yield (t/ha)

Second year 
Mean grain yield (t/ha)

0 0 1.19f 1.21e

50 1.63de ���d

100 1.98bc 1.96bc

5 0 ���d ����d

50 2.21b ����b

100 3.12a 3.26a

P-value 0.001 ������

Interactive effects of insitu rainwater harvesting and inor-

JDQLF� PDQXUH� VKRZ� VLJQL¿FDQW� GLIIHUHQW� �S ������� EHWZHHQ�
treatments of tied ridges and zai pits in combination with in-

RUJDQLF�PDQXUH� LQ� WKH�¿UVW�\HDU��'XULQJ� WKH�VHFRQG�\HDU�� UH-
VXOWV�VKRZ�VLJQL¿FDQW�GLIIHUHQW��S��������HIIHFWV�EHWZHHQ�DOO�
WUHDWPHQWV��+LJKHUV�\LHOGV�������W�KD�DQG������W�KD��ZHUH�RE-

tained from combination of zai pits and 100 kg N/ha for both 

\HDUV�UHVSHFWLYHO\��7KHVH�UHVXOWV�ZHUH�������DQG������KLJKHU�
than results from combination of tied ridges and 100 kg N/

ha from same years respectively. All treatments with 0 kg N/

KD� UHFRUGHG� ORZ�\LHOG�ZKLFK�ZHUH�QRW� VLJQL¿FDQWO\�GLIIHUHQW�
DV� LQGLFDWHG� LQ�7DEOH� ���7KH� UHVXOWV� FRQFXU�ZLWK�¿QGLQJV� E\�
&RXOLEDO\��������ZKR�UHSRUWHG�KLJK�SHDUO�PLOOHW�\LHOGV�IURP�D�
combination of zai pits with inorganic manure compared with 

tied ridges with inorganic manures.  These results also coincide 

ZLWK�UHVXOWV�E\�0LONLDV�HW�DO���������ZKR�UHSRUWHG�WKDW�FRPELQ-

ing insitu rainwater harvesting with mineral fertiliser increases 

maize grain yields.  

Table 4. Interactive effects of insitu rainwater harvesting and inorganic manure on maize grain yields

Insitu rainwater 
harvesting

Inorganic manure 
(kg N/ha)

First year 
Mean grain yield (t/ha)

Second year 
Mean grain yield (t/ha)

Tied ridges 0 1.41e 1.48e

50 1.84cd 1.89d

100 2.49ab 2.5b

Zai pits 0 ����e 1.46e

50 2.0c 2.08c

100 2.61a ����a

P-value 0.043 ������

https://doi.org/10.31015/jaefs.2020.3.9
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5HVXOWV�IURP�WKH�VWXG\�LQGLFDWHV�WKDW�FDWWOH�PDQXUH�VLJQL¿-

cantly affect grain yields. The use of 5 t/ha cattle manure in-

creased maize grain yields by 31 % under tied ridges for both 

seasons. Maize grain yield increased with 32.6 % and 34.8% 

XQGHU�]DL�SLWV��7DEOH�����7KLV�VKRZ�WKDW�FRPELQLQJ�]DL�SLWV�DQG�

cattle manure produces higher yields. These results were simi-

ODU�WR�UHVXOWV�E\�0XGDWHQJXKD�HW�DO���������ZKR�UHSRUWHG�KLJKHU�
maize yields under zai pits and organic manure. This concurred 

ZLWK�UHVXOWV�E\�&RXOLEDO\��������ZKR�UHSRUWHG�LQFUHDVHG�SHDUO�
millet yields under zai pits and 2500 kg/ha cattle manure. 

Table 5. Interactive effects of insitu rainwater harvesting and cattle manure on maize grain yields

Insitu rainwater 
harvesting

Cattle manure 
(t/ha)

First year 
Mean grain yield (t/ha)

Second year 
Mean grain yield (t/ha)

Tied ridges 0 1.56cd 1.6c

5 2.26ab 2.32ab

Zai pits 0 1.63c 1.65c

5 2.42a 2.53a

P-value 0.006 ������

Sole effects of inorganic manure, cattle manure and rain-

water harvesting show that, use of 100 kg N/ha produces high-

er maize grain yields compared to all levels of cattle manure 

and inorganic manure. Zai pits alone produces higher yields 

WKDQ�WKH�XVH�RI�WLHG�ULGJHV��7DEOH�����7KLV�VXSSRUWV�WKH�UHVXOWV�
produced under interaction of organic and inorganic manure 

in combination with zai pits which produces higher results. 

7KLV�ZDV�LQ�VXSSRUW�ZLWK�UHVXOWV�E\�0XGDWHQJXKD�HW�DO���������
who reported high yields from zai pits. The results also concur 

ZLWK�UHVXOWV�E\�.LODVDUD�HW�DO��������DQG�0LONLDV�HW�DO���������

who reported higher yields from using inorganic fertiliser in 

sorghum production and maize production respectively. These 

UHVXOWV�ZHUH� LQ� VXSSRUW� RI� ¿QGLQJV� E\� 6KXPED� HW� DO�� �������
who indicated that mineral fertiliser produces higher maize 

JUDLQV�ZKHQ�XVHG�DORQH��5HVXOWV�VKRZ�QR�VLJQL¿FDQW�GLIIHUHQW�
�S �������EHWZHHQ�WKH�HIIHFWV�LQRUJDQLF�PDQXUH�DQG�VHDVRQ�RQ�
maize grain yields. This show that inorganic manure was not 

DIIHFWHG�E\�VHDVRQDO�FKDQJHV��5HVXOWV�DOVR�LQGLFDWH�VLJQL¿FDQW�
GLIIHUHQW��S �������RQ�WKH�HIIHFW�RI�FDWWOH�PDQXUH�DQG�VHDVRQ�
on maize grain yields.

Table 6. Sole effects of inorganic manure, cattle manure and rainwater harvesting on maize grain yields

Inorganic manure 
(kg N/ha)

First year 
Mean grain yield (t/ha)

Second year 
Mean grain yield (t/ha)

0 1.44 ����
50 1.92 1.99

100 2.55 2.61

P-value ������ ������
&DWWOH�PDQXUH��W�KD�

0 1.6 1.62

5 2.34 2.42

P-value ������ ������
5DLQZDWHU�KDUYHVWLQJ�

Tied ridges 1.91 1.96

Zai pits 2.03 2.09

P-value ������ ������

Effects of integrated nutrient management and tied 
ridges on stover yields

The results show positive correlation between grain and 

stover yields for all treatments used in the experiment.  Higher 

stover yields were recorded from treatment combinations of 

����NJ�1�KD�DQG��W�KD�FDWWOH�PDQXUH��71
100

C
5
��ZKLFK�UHFRUGHG�

KLJKHVW�VWRYHU�\LHOGV�RI������������ W�KD�DQG��������������W�KD�
for the year 1 and 2 respectively. Integrated nutrient manage-

ment of cattle and inorganic manure increased stover yields. 

7KH� UHVXOWV� FRQFXU� ZLWK� ¿QGLQJV� E\�9DQODXZH� HW� DO�� �������
DQG�0XJZH�HW�DO���������ZKR�UHSRUWHG�WKDW�LQWHJUDWHG�QXWULHQW�

management improves plant growth and yields. Combining in-

tegrated nutrient management with insitu rainwater harvesting 

boost crop production and yields. The results were in support 

RI�¿QGLQJV�E\�.DQRQJH�et al.,��������ZKR�UHSRUWHG�VLJQL¿FDQW�
increase of maize grain and stover yields after using cattle 

manure and mineral fertiliser. The results were also support-

LQJ�¿QGLQJV�E\�%DWLRQR�et al�����������.RNHUDL�DQG�.XJHGHUD�
������� DQG�6KXPED�HW� DO�� �������ZKR�DOO� UHSRUWHG� LQFUHDVHG�
maize yields after using integrated nutrient management op-

tions of cattle manure and mineral fertiliser. The results were 

also in support of reports by Kugedera et al����������ZKR�LQ-
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dicated high sorghum stover yields after using insitu rainwater 

harvesting, mineral fertiliser and cattle manure. 

7KH� UHVXOWV� VKRZ� VLJQL¿FDQW� GLIIHUHQW� �S�������� RQ� WKH�
effect of cattle manure, inorganic manure and rainwater har-

vesting on maize stover yields. The use of cattle manure, in-

organic manure and insitu rainwater harvesting improves soil 

structure, water retention and nutrient availability which in-

FUHDVHG�SODQW�JURZWK�DQG�\LHOGV��7KH�UHVXOWV�FRQFXU�ZLWK�¿QG-

LQJV�E\�1\DPDQJDUD�HW�DO���������ZKR�UHSRUWHG�WKDW�FDWWOH�PD-
nure improves soil structure hence more effective to increase 

FURS�SURGXFWLYLW\��7KLV�ZDV�DOVR�DI¿UPHG�E\�7LURO�3DGUH�HW�DO��
�������ZKR�LQGLFDWHG�VLJQL¿FDQW�LQFUHDVH�LQ�VWRYHU�\LHOGV�DIWHU�

using cattle manure and mineral fertiliser. Mudatenguha et al. 

�������DOVR�UHSRUWHG�WKDW�WKH�XVH�RI�LQVLWX�UDLQZDWHU�KDUYHVWLQJ�
in combination with organic and inorganic fertiliser increase 

JUDLQ�DQG�VWRYHU�\LHOGV��5HVXOWV� IURP�WKLV�VWXG\�ZHUH�DOVR� LQ�
DJUHHPHQW�ZLWK�UHVXOWV�E\�.LODVDUD�HW�DO���������ZKR�UHSRUWHG�
increased sorghum stover after combining insitu rainwater har-

vesting with farm yard manure and mineral fertiliser. Findings 

IURP� WKLV� VWXG\� DOVR� VXSSRUW� UHVXOWV� E\�0LONLDV� HW� DO�� �������
who reported increased maize stover yields after using insitu 

rainwater harvesting and integrated nutrient management.

Table 7. Interactive effects of integrated nutrient management and tied ridges on stover yields

Treatment combinations Mean Stover yield (t/ha)
                        Farming Seasons 
Firs year (t/ha) Second year (t/ha)

TN
0
C

0
4.39 ± 0.01ef 4.36 ± 0.046ef

TN
0
C

5
4.84 ± 0.055de 4.85 ± 0.038de

TN
50

C
0

4.81 ± 0.051de 4.82 ± 0.025de

TN
50

C
5

5.22 ± 0.051bc 5.29 ± 0.021bc

TN
100

C
0

4.99 ± 0.03cd �����������cd

TN
100

C
5

�����������a ������������a

ZN
0
C

0
4.48 ± 0.026e ������������e

ZN
0
C

5
4.83 ± 0.04cd 4.89 ± 0.035cd

ZN
50

C
0

4.93 ± 0.04cd 4.99 ± 0.025cd

ZN
50

C
5

5.39 ± 0.026bc 5.45 ± 0.026ab

ZN
100

C
0

5.03 ± 0.053c 5.05 ± 0.055c

ZN
100

C
5

5.5 ± 0.015b 5.54 ± 0.015ab

P-value 0.001 ������

Table 8. Sole effects of inorganic manure, cattle manure and rainwater harvesting on maize grain yields

Inorganic manure 
(kg N/ha): A

First year 
Mean stover yield (t/ha)

Second year 
Mean stover yield (t/ha)

0 4.64 4.64

50 5.09 5.13

100 5.33 5.34

P-value ������ ������
Cattle manure (t/ha): B

0 ���� ����
5 5.26 5.3

P-value ������ ������
Rainwater harvesting: C 

Tied ridges 5.01 5.01

Zai pits 5.03 ����
P-value ����� 0.001

Interaction
AB ������ ������
AC ������ ������
BC 0.001 ������

ABC 0.001 ������
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7KH� UHVXOWV� LQGLFDWHV� WKDW� FDWWOH�PDQXUH� FDQ� VLJQL¿FDQWO\�
cause a positive effect on stover yields because it supplies both 

macro and micronutrients. Cattle manure also improves soil 

structure, water retention and regulate soil pH to improve crop 

JURZWK� DQG�QXWULHQW� DEVRUSWLRQ�E\�SODQWV� �7LURO�3DGUH�et al., 
������0RWVL�et al����������*HQHUDOO\��\HDU���KDG�KLJKHU�VWRYHU�
\LHOGV�FRPSDUHG�WR�\HDU���DQG�WKHVH�UHVXOWV�ZHUH�VLJQL¿FDQWO\�
GLIIHUHQW��S���������7KH�¿QGLQJV�DOVR�VKRZ�WKDW�71

0
C

0 
treat-

ments recorded lower stover yields to all other treatments ex-

cept the control treatments only for both seasons and the yields 

ZHUH�����DQG��������OHVV�WKDQ�WKH�KLJKHVW�VWRYHU�\LHOG�IRU�WKH�
\HDU���DQG�\HDU���UHVSHFWLYHO\��7KH�UHVXOWV�ZHUH�VLJQL¿FDQWO\�
different as shown in Table 6. 

������5HVXOWV�DOVR�VKRZ�VLJQL¿FDQW�GLIIHUHQW��S �������RQ�WKH�
effect of rainwater harvesting alone on maize stover yields in 

\HDU���DQG�QR�VLJQL¿FDQW�GLIIHUHQW��S �������LQ�\HDU����&RP-

ELQLQJ� UDLQZDWHU� KDUYHVWLQJ� DQG� FDWWOH�PDQXUH� VKRZ� VLJQL¿-

FDQW�GLIIHUHQW��S��������IRU�ERWK�\HDUV�RQ�PDL]H�VWRYHU�\LHOGV��
5HVXOWV�LQ�7DEOH���VKRZ�WKDW�FRPELQLQJ�UDLQZDWHU�KDUYHVWLQJ��
FDWWOH�DQG�LQRUJDQLF�PDQXUH�VLJQL¿FDQWO\�LQFUHDVH�PDL]H�VWRYHU�
yields irregardless of the season. High stover yields were ob-

tained from the use of 100 kg N/ha. This was supporting indi-

FDWLRQV�E\�6KXPED�HW�DO���������DQG�1\DPDQJDUD�HW�DO���������
ZKR�UHSRUWHG�WKDW�LQRUJDQLF�IHUWLOLVHU�TXLFNO\�UHOHDVHV�QXWULHQWV�
in the soil which will be immediately absorbed by plants to in-

FUHDVH�SODQW�JURZWK��7KHVH�UHVXOWV�ZHUH�DOVR�LQ�VXSSRUW�RI�¿QG-

LQJV�E\�.DQRQJH�HW�DO���������ZKR�UHSRUWHG�LQFUHDVHG�OHJXPH�
yields after combining cattle manure and mineral fertiliser in 

smallholder farming systems in Zimbabwe.

Conclusion 
    The use of integrated nutrient management and insitu rain-

water harvesting has the capacity to increase food security in 

smallholder farming systems and increase maize productivity. 

Cattle manure decomposes slowly in the soil releases nutrients 

throughout the growing season and this facilitate high microbi-

al activity which improves soil structure. Insitu rainwater har-

vesting harvest water to improve soil moisture content, reduce 

surface runoff and leaching of nutrients. This increase nutrient 

availability in the plant root zone and retains a lot of moisture 

which crops can use during dry spell and drought periods. Use 

of zai pits in combination with integrated nutrient management 

recorded higher maize yields and this can be adopted by farm-

HUV� DOWKRXJK� WKH�PHWKRG� LV� ODERXU� LQWHQVLYH�GXULQJ�¿UVW�\HDU�
in preparing the pits. Maize grain yields varied with seasons 

and this can have been caused by management and amount of 

rainfall received during these two seasons. Farmers can adopt 

integrated nutrient management and insitu rainwater harvest-

ing and use it on small plots to maximise yields and reduce 
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Foodborne pathogenic bacteria are subject to different stressful conditions due to process conditions, storage and 
composition of food. It is crucial to understand the survival characteristics of these bacteria to develop effective 
measures to limit or eliminate their survival in food. EDTA is a chelating agent and commonly used in food formu-
ODWLRQV�IRU�LWV�IXQFWLRQ�WR�SUHYHQW�GLVFRORUDWLRQ�RU�ÀDYRU�ORVV�LQ�IRRG�DQG�WR��H[WHQG�VKHOI�OLIH��'XH�WR�LWV�FRPPRQ�
use in food industry, it is important to understand its antimicrobial function for possible interaction with other anti-
microbials for elimination of foodborne pathogens. In this study, different foodborne pathogenic bacteria including 
two Gram-positive (Listeria monocytogenes and Staphylococcus aureus) and three Gram-negative (Escherichia coli 
O157:H7, Pseudomonas aeruginosa and Salmonella typhimurium) bacteria were characterized for their survival and 
growth in the presence of EDTA (0.01 and 0.05%) and under acidic condition (pH 5.0). The presence of EDTA in the 
growth media caused Gram-positive and Gram-negative bacteria to become more susceptible to subsequent stressful 
conditions compared to control (p<0.05). Gram-negative bacteria were more tolerant to acidic conditions as well as 
presence of EDTA compared to Gram-positive bacteria (p<0.05). This study provides insight on survival character-
LVWLFV�RI�IRRGERUQH�SDWKRJHQLF�EDFWHULD�DJDLQVW�VHOHFWHG�VWUHVV�FRQGLWLRQV�WKH\�DUH�H[SRVHG�LQ�IRRG�DQG�KLJKOLJKWV�WKH�
antimicrobial function of EDTA in food formulations.

Keywords: Stress response, Foodborne pathogens, Listeria monocytogenes, Escherichia coli, 
Pseudomonas aeruginosa, EDTA, Acid tolerance
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Introduction
Food safety is a global public health concern and foodborne 

SDWKRJHQLF�RUJDQLVPV�FDXVH�VLJQL¿FDQW�QXPEHU�RI�GLVHDVHV�DQG�
death worldwide. Food industry and government agencies are 
focusing on development of new methods or improvement 
RI�H[LVWLQJ�PHWKRGV� WR�PLQLPL]H�FRQWDPLQDWLRQ�RI� IRRG�ZLWK�

pathogenic microorganisms. The safety of food is ensured by 
application of different measures including processing, food 
FRPSRVLWLRQ�DQG�SDFNDJLQJ��)RRGERUQH�SDWKRJHQV�DUH�H[SRVHG�
to variety of different stressful conditions through their lifecy-
cle. One key aspect in developing effective food safety mea-
sure is the understanding of ecology of foodborne pathogens 
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and how they respond to stress conditions. These conditions 
may lead to selection of strains that develop resistance or toler-
ance to harsher stress conditions (Wesche et al. 2009). 

Key intrinsic characteristics of food that allow control of 
growth or survival of pathogenic microorganisms include pH, 
salt content, water activity, etc. (Yeargin and Gibson 2019). 
Foodborne pathogens show different survival characteristics 
against these stressful conditions. In negative bacteria demon-
VWUDWH�LQFUHDVHG�WROHUDQFH�WR�H[WHUQDO�VWUHVV�IDFWRUV��LQFOXGLQJ�
lower pH, increased salt content and presence of detergents. 
This increased tolerance is mainly due to the differences in 
cell envelope assembly of Gram-negative and Gram-positive 
bacteria. Unlike Gram-positive bacteria, Gram-negative bac-
teria possess an outer membrane providing additional barrier 
(Jordan et al. 2008). The outer membrane of Gram-negative 
bacteria consists of lipopolysaccharide molecules making the 
H[WHULRU�RI�EDFWHULDO�FHOOV�K\GURSKRELF�DQG�VHUYHV�DV�D�EDUULHU�
for entrance of macromolecules and hydrophilic substances. 
This outer membrane improves the tolerance of Gram-neg-
DWLYH� EDFWHULD� DJDLQVW� H[WUDFHOOXODU� VWUHVVHV��7KH� RXWHU�PHP-
EUDQH�RI�*UDP�QHJDWLYH�EDFWHULD�FRXOG�EH�PRGL¿HG�E\�FHUWDLQ�
compounds through decomposition of the lipopolysaccharide 
layer increasing the permeability of the membrane (Vaara, 
1992; Alakomi, et al. 2006; McBroom and Kuehn 2007). One 
such compound is a chelating molecule called Ethylenedi-
aminetetraacetic acid, EDTA. EDTA is commonly used in food 
formulations for its stabilizer function. It delays or stops the 
FKHPLFDO�UHDFWLRQV�LQ�IRRG�WKDW�FDXVH�GLVFRORUDWLRQ�RU�WH[WXUH�
DQG�RU�ÀDYRU� ORVV��%HVLGHV� LWV� VWDELOL]HU� IXQFWLRQ�� LW� DOVR� KDV�
antimicrobial characteristics. As a chelator, EDTA, seques-
ters divalent cations of the outer membrane of Gram-negative 
bacteria. Divalent cations have a crucial role in enabling the 
electrostatic interconnections with proteins and lipopolysac-
charides serving as the backbone of the stability of the outer 
membrane in Gram-negative bacteria. Supplementation of ben-
zalkonium chloride with chelating compounds, such as EDTA 
and polyethylenimine, improved its activity in inhibition of 
Gram-negative bacteria Pseudomonas and Stenotrophomonas 
(Alakomi et al. 2006; Sim et al. 2019; Vale et al. 2019). 

)RRGERUQH�EDFWHULD�DUH�H[SRVHG�WR�DFLG�VWUHVV�LQ�IRRG�PD-
terials and pH adjustment of food is commonly used as a food 
protection measure. Some stress response mechanisms that 
bacteria uses to minimize the lethal impact of acid stress in-
cludes membrane composition change, increase in protein ef-
ÀX[��LQFUHDVH�LQ�DPLQR�DFLG�FDWDEROLVP��DQG�LQGXFWLRQ�RI�'1$�
repair enzymes (Siegumfeldt et al., 2000). These response 

mechanisms could be initiated by other stress factors or they 
could be complemented by other response mechanisms to al-
low bacteria become more tolerant to acidic stress. The impact 
of stress adaptation of bacteria on increased tolerance to sub-
sequent stressful conditions has been reported in number of 
were reported in a number of previous studies, Cheng et al. 
(2003) indicated that acid adaptation of cells increased acid 
tolerance and this increase was dependent on strain, acid adap-
tation time, and pH of the acid challenge.

EDTA is commonly used in food industry for its food sta-
bilizer function. Due to its antimicrobial property EDTA could 
provide additional protection along with other antimicrobial 
compounds in food or could activate stress response mecha-
nisms of pathogenic bacteria that could increase survival of 
these bacteria and cause risk in terms of foods safety. There-
fore, the impact of EDTA on their survival in acidic conditions 
was characterized within the scope of this study. Furthermore, 
the effect of prior adaptation of pathogenic bacteria within 
GLIIHUHQW�FRQFHQWUDWLRQV�RI�('7$�RQ� WKHLU�JURZWK� LQ�VSHFL¿F�
DFLGLF�FRQGLWLRQV�ZDV�VWXGLHG��7KHVH�¿QGLQJV�ZRXOG�VHUYH�DV�
a reference in food product formulation to ensure the safety of 
the food supply.

Materials and Methods
Bacterial Strains and Growth Conditions
For evaluation of EDTA and acid stress tolerance behav-

ior of bacteria, variety of foodborne pathogens that are most 
commonly associated with foodborne outbreaks were included 
in this study. Stress response of two Gram-positive and three 
Gram-negative foodborne pathogenic bacteria were character-
ized. Tested Gram-positive bacteria included: a clinical isolate 
of each of Listeria monocytogenes and Staphylococcus aureus. 
Tested Gram-negative bacteria included: a clinical isolate of 
each of Escherichia coli O157:H7, Pseudomonas aerugino-
sa and Salmonella typhimurium. Each bacterial isolate were 
grown on Brain-Hearth Infusion (BHI) agar at 37oC for 24 
hours, transferred into BHI broth (BHI-B) (Sigma-Aldrich, St. 
Louis, MS) and incubated at 37oC for 18 hours before the sub-
sequent stress characterization test.

Adaptation of Bacteria to Presence of EDTA
Prior to evaluation of stress tolerance of each bacteria, the 

cells were adapted to presence of EDTA in growth media. For 
this purpose, following overnight growth at 37oC in BHI-B, 
each culture of bacteria was transferred to BHI-B containing 
0.01% or 0.05% EDTA (Sigma-Aldrich, St. Louis, MS). Fol-
lowing inoculation in BHI-EDTA broth, the cultures were in-
cubated at 37oC for 18 hours statically. These cultures were 
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transferred to following stress conditions including acid or 
EDTA stress.

Screening of Acid Tolerance of EDTA Adapted Bacteria
The growth of selected bacteria was screened in BHI-B ad-

justed to pH of 5.0. The pH of the growth media is adjusted to 
desired acidity using HCl. Following the pH adjustment, the 
media were sterilized before testing. Bacteria grown in 0.01% 
EDTA containing BHI-B, 0.05% EDTA containing BHI-B or 
BHI-B were inoculated in BHI-B at pH 5.0. Regular BHI-B 
without pH adjustment was tested as control. Starting micro-
bial load of each culture was ~105 cfu/ml. Growth of each cul-
ture was assessed by measurement of optical density at 600nm 
(OD600). The OD600 were measured every 30 minutes for 24 
hours using a plate reader (Tecan, Switzerland).  Each condi-
tion for each of the tested foodborne bacteria was screened in 
four independent replicates. 

,PSDFW�RI�3UHVHQFH�RI�('7$�LQ�$FLGL¿HG�0HGLD
Possible effect of presence of EDTA in stress tolerance 

RI�EDFWHULD� LQ�DFLGL¿HG�PHGLD�ZDV�DOVR�HYDOXDWHG��7KH�S+�RI�
BHI-B was adjusted to 5.0, and 0.01% of EDTA was supple-
mented to the media. The growth of each bacteria at 37oC under 
these conditions were evaluated as described above: measuring 
OD600 in 30 minutes intervals for 24 hours using a plate read-
er (Tecan, Switzerland).

Statistical Analyses
(DFK� H[SHULPHQW� LQ� WKLV� VWXG\�ZDV� UHSOLFDWHG� IRXU� WLPHV��

and the impact of each condition was statistically assessed by 
comparison of the growth rates and OD600 value at stationary 
growth phase using one-way ANOVA. The growth rate in loga-
rithmic growth phase for each test was calculated by following 
formula: ln (OD600t2/OD600t1)/(t2-t1) in which t1 is the time the 
bacteria started its logarithmic growth phase and t2 is a selected 
ODWHU� WLPH� LQ� LWV� ORJDULWKPLF�JURZWK�SKDVH��6WDWLVWLFDO� VLJQL¿-
FDQFH�LV�GH¿QHG�DW�S������

Results and Discussion
7KH�FRPSRVLWLRQ�RI�IRRG�KDV�VLJQL¿FDQW�LPSDFW�RQ�VXUYLYDO�

and growth of microorganisms in food. It is important to under-
stand how pathogenic bacteria react to the stressful conditions 
of food due to food’s intrinsic properties. EDTA is commonly 
used as a food stabilizer as it interacts with the chemical reac-
WLRQV�ZLWKLQ�WKH�IRRG�WR�LQKLELW�RU�VWRS�GLVFRORUDWLRQ�RU�WH[WXUH�
DQG�RU�ÀDYRU�ORVVHV��%HVLGHV�LWV�TXDOLW\�LPSURYHPHQW�IXQFWLRQ��
EDTA has antimicrobial properties to inhibit growth or sur-
vival of microorganisms present in food. Although the antimi-
crobial function of EDTA is known, there are limited studies 
that focused on its impact against foodborne pathogens and its 

interaction with other stress conditions within the food. There-
fore, in this study the impact of EDTA on acid stress tolerance 
RI�¿YH�GLIIHUHQW�IRRGERUQH�SDWKRJHQLF�EDFWHULD�DVVRFLDWHG�ZLWK�
majority of foodborne outbreaks was studied.

Impact of EDTA adaptation on growth of Gram-posi-
tive and Gram-negative bacteria

Adaptation of L. monocytogenes and S. aureus in BHI-B 
ZLWK� ����� RU� ����� ('7$� KDG� VLJQL¿FDQW� LPSDFW� RQ� VXEVH-
quent growth in regular BHI-B (p<0.05; Figure 1). Both cells 
of L. monocytogenes and S. aureus showed impaired growth 
in BHI-B following adaptation in the presence of EDTA. The 
cells adapted to EDTA showed longer lag-phase compared to 
control cells (Figure 1). This indicates that presence of EDTA 
caused injury of cells of Gram-positive bacteria and leads to 
longer lag-phase for cells to recover. On the contrary, the tested 
Gram-negative bacteria didn’t show similar impairment in their 
growth following adaptation to EDTA. The growth behavior 
of EDTA adapted and control cells were similar to each other 
�GDWD�QRW�VKRZQ���7KLV�FRXOG�EH�H[SODLQHG�GXH�WR�WKH�FKHODWLQJ�
function of EDTA against the cell membrane of Gram-positive 
bacteria. The outer membrane of the Gram-negative bacteria 
serves as a protectant against the damaging effect of EDTA of 
cells and prevents injury of the cells (Gill and Holley 2003). 
Similar enhanced sensitivity of Gram-positive bacteria to other 
stress conditions was reported in other studies (Guardabassi et 
al. 2010; Khazandi, et al. 2019; Vale et al. 2019).

Effect of EDTA in acid tolerance of Gram-positive and 
Gram-negative bacteria

The impact of prior EDTA adaptation in acid tolerance 
showed similarity between L. monocytogenes (Figure 2a) and 
S. aureus (p>0.05; data not shown). On the other hand, the 
impact of EDTA adaptation on their acid tolerance showed 
VLJQL¿FDQW� GLIIHUHQFH� IURP�*UDP�QHJDWLYH� EDFWHULD� WHVWHG� LQ�
this study, E. coli O157:H7 (Figure 2b), S. typhimurium and 
P. aeruginosa��)LJXUH��F���S��������7KLV�¿QGLQJ�KLJKOLJKWV�WKH�
difference between Gram-positive and Gram-negative bacteria 
in their response to the presence of EDTA and their surviv-
al in acidic conditions. Gram-negative bacteria showed more 
tolerance to the stressful conditions of EDTA compared to the 
Gram-positive bacteria. This difference in the EDTA and acid 
VWUHVV� UHVSRQVH� FRXOG� EH� H[SODLQHG� E\� WKH� GLIIHUHQFHV� LQ� WKH�
cell wall structure between Gram-positive and Gram-negative 
bacteria and the presence of outer membrane in Gram-negative 
bacteria that provides additional protection against the stress-
ful conditions (Alakomi et al. 2006; Khazandi, et al. 2019).

,QWHUHVWLQJO\��LQFOXVLRQ�RI�('7$�WR�WKH�DFLGL¿HG�PHGLD�IXU-
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ther inhibited the growth of both Gram-positive and Gram-neg-
ative bacteria. The cells of L. monocytogenes were incapable 
of survival and growth under the stressful conditions of com-
bination of EDTA and high acidity. Similar impact of presence 
of EDTA was observed in S. aureus (data not shown). This in-
dicates that the cells of tested Gram-positive bacteria were in-
jured in the presence of EDTA and their growth in the presence 
of EDTA under acidic conditions were completely inhibited 
(Figure 3a). Although, the cells of E. coli O157:H7 showed 
JURZWK�XQGHU�('7$�DQG�KLJK�DFLG�VWUHVV��LW�ZDV�VLJQL¿FDQWO\�
less than the cells grown only under acid stress (p<0.05; Figure 
3b). The presence of EDTA (0.01%) in the growth media that 
is pH adjusted to 5.0 cause cells to be more susceptible and 
the growth rate and the cell density at stationary growth phase 
ZHUH�VLJQL¿FDQWO\�ORZHU�WKDQ�WKH�FHOOV�JURZQ�LQ�%+,�%�DW�S+�
5.0 (p<0.05; Fig. 3b). Salmonella typhimurium showed similar 
behavior as E. coli O157:H7 strain tested in this study (data 
not shown). 

Other tested Gram-negative bacteria, Pseudomonas aeru-
ginosa, VKRZHG�VLJQL¿FDQWO\�GLIIHUHQW�JURZWK�EHKDYLRU�FRP-
pared to the foodborne pathogenic bacteria tested in this study 

(p<0.05). The EDTA adaptation of P. aeruginosa at 0.5% sig-
QL¿FDQWO\�LQFUHDVHG�WKH�ODJ�WLPH�IRU�WKH�JURZWK�RI�WKH�FHOOV�DW�
pH 5.0 compared to the cells adapted to 0.1% EDTA or control 
cells (p<0.05; Figure 2c). On the other hand, interestingly the 
growth rate and the density of the cells at stationary growth 
phase were similar to each other regardless of the adaptation or 
the pH adjustment of the growth media (Fig. 2c & 3c).

This study highlights the differences of EDTA and acid tol-
erance of different foodborne pathogens and shows the antimi-
crobial activity of EDTA. The chelating properties of EDTA 
possibly cause formation of pores in cell membrane of the bac-
teria and cause leakage of the cell or increase the uptake of the 
other antimicrobial compounds inside the cell (Alakomi et al. 
2006; Sim et al. 2019; Vale et al. 2019). It is worthwhile to note 
that sublethal levels of EDTA in food could select for more 
tolerant strains of pathogenic bacteria and could pose threat to 
food safety. Further phenotypic and genotypic characterization 
of additional strains of these foodborne pathogens is needed 
to better understand the stress response mechanisms of these 
pathogenic microorganisms and develop better control mea-
sures to eliminate them from food sources.

 

Figure 1- Growth of L. monocytogenes  in BHI-B following overnight adaptation in BHI-B supplemented with 0.01% EDTA 
(�) or 0.05% EDTA (�). Control L. monocytogenes�RQO\�JURZQ�LQ�%+,�%�LV�UHSUHVHQWHG�E\�¿OOHG�WULDQJOHV��Ÿ���
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Figure 2a- Growth of L. monocytogenes in BHI at pH 5.0 supplemented with different concentrations of EDTA (0.01% and 
0.05%) following growth in BHI-B. Control is the cells grown in BHI-B with no EDTA supplementation.

Figure 2b- Growth of E. coli O157:H7 in BHI at pH 5.0 supplemented with different concentrations of EDTA (0.01% and 
0.05%) following growth in BHI-B. Control is the cells grown in BHI-B with no EDTA supplementation.
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Figure 2c- Growth of Pseudomonas aeruginosa in BHI at pH 5.0 supplemented with different concentrations of EDTA (0.01% 
and 0.05%) following growth in BHI-B. Control is the cells grown in BHI-B with no EDTA supplementation.

Figure 3a- Growth of L. monocytogenes in BHI at pH 5.0 supplemented with different concentrations of EDTA (0.01% and 
0.05%) following growth in BHI-B supplemented with 0.01% EDTA. Control is the cells grown in BHI-B with no EDTA sup-

plementation.

https://doi.org/10.31015/jaefs.2020.3.10
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Figure 3b- Growth of E. coli O157:H7 in BHI at pH 5.0 supplemented with different concentrations of EDTA (0.01% and 
0.05%) following growth in BHI-B supplemented with 0.01% EDTA. Control is the cells grown in BHI-B with no EDTA sup-

plementation.

Figure 3c- Growth of P. aeruginosa in BHI at pH 5.0 supplemented with different concentrations of EDTA (0.01% and 0.05%) 
following growth in BHI-B supplemented with 0.01% EDTA. Control is the cells grown in BHI-B with no EDTA supplementa-

tion.
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Conclusion
Foodborne diseases impact large population around the 

ZRUOG�FDXVLQJ�VHYHUH�LOOQHVVHV��WKHUHIRUH�LW�SRVHV�D�VLJQL¿FDQW�
public health problem. Foodborne bacteria are usually capable 
to survive or grow in food and under food storage conditions. 
In order to develop effective measures to eliminate or limit 
the occurrence of food-associated illnesses, it is important to 
understand the ecology of pathogenic microorganisms, and 
the mechanisms that provide protection for them to survive 
and grow in food. Therefore, it is crucial to understand how 
the pathogenic bacteria survive under the stressful conditions 
of food. In this study, the survival and growth of selected 
Gram-positive and Gram-negative foodborne bacteria were 
characterized under the presence of EDTA and acidic condi-
tions. This study showed that the presence of EDTA caused all 
the tested bacteria become more susceptible to the acidic con-
ditions and possibly to other stress conditions. The differences 
in EDTA and acid stress response of various foodborne patho-
gens were also presented. This study highlights the fundamen-
tal response of foodborne pathogens against EDTA and acidic 
conditions. Further phenotypic and genotypic characterization 
of commonly isolated foodborne pathogenic bacteria would 
improve our understanding on the stress response mechanisms 
and allow development of effective methods to eliminate food-
borne pathogens from foods. 
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&KDQJHV�LQ�WKH�VWUXFWXUH�RI�WKH�UKL]RVSKHUH�PLFURELRPH�DUH�LQÀXHQFHG�E\�PDQ\�IDFWRUV��,Q�WKH�FXUUHQW�LQYHVWLJDWLRQ��
the microbial community composition in the rhizosphere of four potato cultivars was monitored using the soil dilution 

SODWLQJ�WHFKQLTXH�RQ�VSHFL¿F�PHGLD��7HVWHG�FXOWLYDUV�ZHUH�JURZQ�IRU�WZR�FRQVHFXWLYH�FURSSLQJ�VHDVRQV��,QLWLDO�VRLO�
samples were collected before planting to assess the initial microbial soil species pool. During the growing period, 

rhizosphere samples were collected at three timing points. For both cropping seasons, the pH and EC of the rhizo-

sphere varied upon sampling periods but not between cultivars. Bacterial and fungal populations at both cropping 

VHDVRQV�DQG�WKDW�RI�DFWLQRP\FHWHV�DW�WKH�ODWH�VHDVRQ�FURS�ZHUH�VLJQL¿FDQWO\�LQFUHDVHG�E\����������������DQG����
�����UHVSHFWLYHO\��LQ�WKH�UKL]RVSKHUH�RI�DOO�JURZQ�SRWDWR�FXOWLYDUV�DV�FRPSDUHG�WR�WKH�LQLWLDO�VRLO�VWDJH��7KH�UHODWLYH�
abundance of Pseudomonas spp., actinomycetes, Aspergillus spp., and Fusarium spp. populations for all potato cul-

WLYDUV�FRPELQHG�ZHUH��������������������DQG��������KLJKHU�DW�WKH�ODWH�VHDVRQ�WKDQ�DW�WKH�H[WUD�HDUO\�FURSSLQJ�VHD-
son, respectively. For both cropping seasons and all sampled soils combined, the highest abundancies of fungal and 

DFWLQRP\FHWHV�FRPPXQLWLHV�ZHUH�UHFRUGHG�DW�SODQW�VHQHVFHQFH�DQG����GD\V�SRVW�KDUYHVW��7KH�WRWDO�FXOWXUDEOH�EDFWHULD�
ZHUH�PRUH�UHOHYDQW�DW�SODQW�HPHUJHQFH�DQG����GD\V�SRVW�KDUYHVW�IRU�WKH�ODWH�VHDVRQ�FURS�DQG�DW�SODQW�VHQHVFHQFH�IRU�
WKH�H[WUD�HDUO\�FURS��7KH�WRWDO�FXOWXUDEOH�EDFWHULD�ZHUH�PRUH�DEXQGDQW�LQ�WKH�UKL]RVSKHUH�RI�FYV��6SXQWD��(ODWD�DQG�
(O�0XQGR�DW�WKH�ODWH�VHDVRQ�FURS�DQG�WKDW�RI�FYV��6SXQWD�DQG�(O�0XQGR�IRU�WKH�H[WUD�HDUO\�WULDO��7KH�KLJKHVW�Pseudo-
monas spp. populations were associated to cvs. Cerata, Elata, and El-Mundo for the late-season crop and to Spunta, 

(ODWD�DQG�(O�0XQGR�IRU�WKH�H[WUD�HDUO\�FURS��7KH�KLJKHVW�IXQJL�FRXQWV�ZHUH�QRWHG�LQ�WKH�UKL]RVSKHUH�RI�FY��(O�0XQGR�
DW�WKH�ODWH�VHDVRQ�FURS�DQG�LQ�6SXQWD�IRU�WKH�H[WUD�HDUO\�WULDO��
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Abstract 

H�,661������������ DOI: ���������MDHIV����������

Introduction
The relationship between plants and soil microbial com-

PXQLW\�LV�YHU\�FRPSOH[�OHDGLQJ�HLWKHU�WR�EHQH¿FLDO�HIIHFWV�OLNH�
QLWURJHQ�¿[DWLRQ��SKRVSKDWH�VROXELOL]DWLRQ��SURGXFWLRQ�RI�SODQW�
growth stimulants, improved water retention, and biosuppres-

VLRQ�RI�SODQW�GLVHDVHV�RU�WR�QHJDWLYH�HIIHFWV�OLNH�RFFXUUHQFH�RI�

GLVHDVHV��)HUUHLUD�HW�DO���������%HUHQGVHQ�HW�DO���������6LQJK�HW�
DO���������

Rhizosphere microbiota are highly dynamic (da Rocha et 

DO���������DQG�WKH\�SOD\�D�NH\�UROH�LQ�SODQW�KHDOWK�DQG�JURZWK�
and in the preservation of soil fertility (Berendsen et al., 2012). 

They are also considered as second genome for the plant and 
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D�NH\�WUDLW�LQ�PDMRU�EUHHGLQJ�SURJUDPV��0DUTXHV�HW�DO����������
It has been demonstrated that the composition of microbial 

FRPPXQLWLHV�LV�LQÀXHQFHG�E\�WKH�VHDVRQDO�DQG�WKH�GLHO�FKDQJHV�
LQ�WHPSHUDWXUH��7XUSDXOW�HW�DO����������WKH�ZDWHU�FRQWHQW��/LG-

GHOO�HW�DO����������S+��1HOVRQ�DQG�0HOH���������&2
2
 concentra-

tion, O
2 
OHYHOV��-RVVL�HW�DO���������DQG�WKH�ELRFKHPLFDO�FRPSR-

VLWLRQ�RI�URRW�H[XGDWHV��6XQJ�HW�DO���������
Different cultivars of the same plant species grown under 

similar cropping conditions might potentially promote the se-

lection of a distinct microbial community associated to their 

WLVVXHV��*RPHV�HW�DO���������)HUUHLUD�HW�DO����������7KHVH�VKLIWV�
in the microbial community may occur due to the direct inter-

action with plants or as a result of an occurred stress (McDon-

DOG�HW�DO���������.HVZDQL�HW�DO����������$FFRUGLQJ�WR�6XQJ�HW�
DO����������SODQWV�DUH�FDSDEOH�WR�LQFUHDVH�VRLO�PLFURELDO�SRSX-

ODWLRQ�WKURXJK�WKHLU�URRW�H[XGDWHV�VHUYLQJ�DV�QXWULHQW�VRXUFHV�
for associated microorganisms. The chemical composition of 

URRW�H[XGDWHV�YDULHV�EHWZHHQ�DQG�ZLWKLQ�SODQW�VSHFLHV��*UD\HU�
HW�DO����������7KH�FKHPLFDO�FRPSRVLWLRQ�RI�URRW�H[XGDWHV�LV�WKH�
result of different belowground interactions and factors such as 

the nutritional status, plant age, biotic and abiotic stresses, and 

HQYLURQPHQWDO�FRQGLWLRQV��DOO�WKHVH�IDFWRUV�PD\�DIIHFW�WKH�PL-
FURELDO�FRPPXQLW\�DVVRFLDWHG�WR�WKH�UKL]RVSKHUH��*ULI¿WKV�HW�
al., 1999). Although the effects of plant cultivar on rhizosphere 

communities has been evidenced on various crops i.e potato, 

PDL]H��FDQQDELV��DQG�UD\�JUDVV��&KLDULQL�HW�DO���������0F'RQ-

DOG� HW� DO��� ������ )HUUHLUD� HW� DO��� ������ +DQQXOD� HW� DO��� ������
Winston et al., 2014), these effects are reported to be mini-

mal as compared to the edaphic factors (particularly pH) or the 

SODQW�GHYHORSPHQW�VWDJH��YDQ�2YHUEHHN�DQG�YDQ�(OVDV��������
0DUTXHV�HW�DO���������3IHLIIHU�HW�DO����������7KH�URRW�DVVRFLDWHG�
PLFURELRPH� YDULDWLRQ� FDQ� EH� JUHDWO\� LQÀXHQFHG� QRW� RQO\� E\�
biotic and abiotic stressors, but also by traditional agricultural 

practices, such as crop rotation (Mardanova et al., 2019).

Potato (Solanum tuberosum L.) is an economically im-

SRUWDQW�FURS�ZRUOGZLGH�DQG�LQ�7XQLVLD��'HVSLWH�LWV�VLJQL¿FDQW�
UROH� LQ� IRRG� VHFXULW\� �'HYDX[�HW� DO��� ������� VWXGLHV� DERXW� LWV�
interactions with microbial communities are scarce (Ferreira 

HW� DO��� �������8QGHUVWDQGLQJ�PLFURELDO� SDUWQHUVKLSV�ZLWK� WKH�
economically important crop Solanum tuberosum L. has the 

potential to improve plant production and yield, and obviously 

WR�PDLQWDLQ�VRLO�IHUWLOLW\��%HUHQGVHQ�HW�DO���������:LQVWRQ�HW�DO���
2014). The characterization of soil microbial communities can 

be part of plant breeding programs and may be useful for stud-

LHV�RI�HQYLURQPHQWDO�ULVN�DVVHVVPHQW�RI�VHOHFWHG�SRWDWR�FXOWL-
YDUV��)HUUHLUD�HW�DO����������0RUHRYHU��DQDO\VLV�RI�WKH�PLFURELDO�
community structure can be used as an indicator of soil quality 

and bio-fertility (van der Heijden and Wagg, 2013).

In the rhizosphere of potato plants grown under highly 

GLIIHUHQW�FRQGLWLRQV��WKH�URRW�EDFWHULDO�WD[D�VHHP�WR�EH�WLJKWO\�
OLQNHG�WR�FXOWLYDUV�LUUHVSHFWLYH�RI�WKH�JHRJUDSKLFDO�VLWH�DQG�WKH�
GHYHORSPHQW�VWDJH��3IHLIIHU�HW�DO����������However, Weinert et 

al. (2011) observed similarities in the relative dominance of 

the bacterial phyla in potato rhizosphere irrespective of soil 

W\SH�DQG�FXOWLYDU��$V� IRU� WKH� VSHFL¿F�HIIHFWV�RI� WKH�SODQW�GH-
velopmental stage, øQFHǂJOX� et al. (2013) showed that some 

EDFWHULDO�JHQHUD�DUH�XQLYHUVDOO\�SUHVHQW�DW�WKH�SODQW�ÀRZHULQJ�
stage and this based on a 3-year monitoring of the microbial 

community associated to different potato genotypes grown on 

the same site. 

According to øQFHǂJOX�et al. (2013), potato cultivars are as-

VRFLDWHG�ZLWK�D�FRUH�PLFURELRPH�DQG�WKDW�WKH�VSHFL¿F�SDWWHUQV�
RI�WKDW�PLFURELRWD�DUH�PRUH�OLQNHG�WR�WKH�ORFDO�HQYLURQPHQWDO�
variations. Therefore, to test this hypothesis under Tunisian 

conditions, the structure of rhizosphere microbial community 

associated to four potato cultivars grown for two consecutive 

cropping seasons was monitored at plant emergence, senes-

FHQFH�DQG����GD\V�SRVW�KDUYHVW��
Materials and Methods 
Plant Material
Four potato cultivars (cvs. Spunta, Elata, Cerata, and 

El-Mundo) were used in this study. The morpho-physiological 

characteristics of tested potato cultivars are listed in Table 1. 

Seed tubers were gratefully provided by the Regional Research 

Centre on Horticulture and Organic Agriculture, Tunisia. 

Before use, tubers were previously disinfected by dipping 

IRU���PLQ�LQWR�����VRGLXP�K\SRFKORULWH�VROXWLRQ��ULQVHG�ZLWK�
tap water and air dried. For the initiation of their germination 

SULRU�WR�SODQWLQJ��WXEHUV�ZHUH�LQFXEDWHG�IRU�WZR�ZHHNV�XQGHU�
������&���������UHODWLYH�KXPLGLW\�DQG�QDWXUDO�URRP�OLJKW�

Table 1. Characteristics of potato cultivars used in the studyaa Seed tubers were gratefully provided by the Regional Research 

Centre on Horticulture and Organic Agriculture, Tunisia

Characteristic Spunta Elata Cerata EL-Mundo

Tuber

Shape Elongated oval Elongated oval Round Elongated 

6NLQ�FRORU Yellow Yellow 3LQN Yellow

Pulp color Yellow Yellow White Pale yellow

/HQJWK�:LGJWK ���� ���� ���� ����
'U\�PDWWHU�FRQWHQW���� ���� ���� ���� ����
Stem

1XPEHU�SODQW ���� ���� ���� 4.40
aSeed tubers were gratefully provided by the Regional Research Centre on Horticulture and Organic Agriculture, Tunisia

https://doi.org/10.31015/jaefs.2020.3.11
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Site Description and Experimental Design
)LHOG� WULDO� ZDV� FRQGXFWHG� DW� WKH� H[SHULPHQWDO� IDUP� RI�

the Regional Research Centre on Horticulture and Organ-

LF�$JULFXOWXUH� ORFDWHG� LQ� 7HERXOED� UHJLRQ� �1�����¶������´��
(�����¶������´���7KLV�VLWH�LV�XQGHU�FRQYHQWLRQDO�IDUPLQJ�V\V-
tem and has a history of potato and other vegetable crops rota-

WLRQV��7KH�VRLO�KDV�D�VDQG\�FOD\�WH[WXUH��2UJDQLF�PDWWHU����J�
NJ�DW������FP�GHSWK���7KH�SUHFLSLWDWLRQ�LV�GDLO\�PHDVXUHG�DQG�
the monthly mean values are given in Table 2 and particular-

O\�IURP�6HSWHPEHU�WR�0DUFK�FRUUHVSRQGLQJ�WR�WKH�H[SHULPHQW�
duration.

At their pre-germination, potato tubers were planted on 

2FWREHU� ���� ����� DQG�1RYHPEHU� ���� ����� FRUUHVSRQGLQJ� WR�
the planting dates of two consecutive cropping seasons (i.e. 

ODWH� VHDVRQ� DQG� H[WUD�HDUO\��� 6HHGV�ZHUH� DUUDQJHG� LQWR� SORWV�
FRQVLVWLQJ�RI����VHHGV�SHU�URZ�DQG�SHU�SORW��6HHG�URZV�ZHUH�
�����P�DSDUW��ZLWK�IRXU�URZV�SHU�SORW��DQG�ZLWKLQ�URZ�VSDFLQJ�
of 0.33 m. 

The trial was carried out according to a completely ran-

domized design with four replications of 100 seed tubers per 

FXOWLYDU��13.�IHUWLOL]DWLRQ�UDWLRV�XVHG�IRU�ODWH�VHDVRQ�DQG�H[-

WUD�HDUO\� FURSSLQJ� VHDVRQV� DUH� ����������� DQG� ����������� UH-
spectively. For both trials, agricultural practices commonly 

adopted by farmers in the region were used.

Table 2. $YHUDJH�PRQWKO\�SUHFLSLWDWLRQ�IRU�WKH�H[SHULPHQWDO�VLWHa�GXULQJ�WKH�HVVD\������������DJULFXOWXUDO�FDPSDLJQ�

Precipitation (mm)

September 0

October ����
November 11

December ����
January 1

February ��
March ��

a7KH� H[SHULPHQWDO� IDUP� RI� WKH� 5HJLRQDO� 5HVHDUFK�&HQWUH� RQ�+RUWLFXOWXUH� DQG�2UJDQLF�$JULFXOWXUH� LQ�7HERXOED� UHJLRQ� �1�����¶������´��
(�����¶������´�

Soil Sampling
For the two crops, composite soil samples were collected 

from each cultivar and each individual plot at four time points 

i.e. before planting (soil initial stage), 30 days after planting 

(plant emergence), 120 days after planting (plant senescence) 

DQG����GD\V�SRVW�KDUYHVW��
At each VDPSOLQJ�WLPH�����VRLO�FRUHV����FP�LQ�GLDPHWHU�î�

���FP�LQ�GHSWK��ZHUH�FROOHFWHG�IURP�WKH�UKL]RVSKHUH�RI�HDFK�
VDPSOHG�SODQW�DQG�ZHUH�FRPELQHG�WR�PDNH�RQH�FRPSRVLWH�VRLO�
VDPSOH�SHU�FXOWLYDU�DQG�SHU�SORW��$OO�VRLO�VDPSOHV�ZHUH�NHSW�LQ�
LQGLYLGXDO� SODVWLF� EDJV� DQG�ZHUH� NHSW� XQGHU� FROG� FRQGLWLRQV�
during transportation to the laboratory.

Once brought to the laboratory, they were passed through 

D���PP�VLHYH�WR�UHPRYH�URFNV�DQG�ODUJH�RUJDQLF�GHEULV��7KH\�
ZHUH�VWRUHG�DW����&�DQG�SURFHVVHG�ZLWKLQ���WR���ZHHNV�DIWHU�
VDPSOLQJ��/DUNLQ�DQG�+RQH\FXWW���������7KH�EXON�VRLO�ZDV�GL-
vided into subparts.

Soil pH and Electrical Conductivity (EC)
6RLO�VDPSOHV�ZHUH�DLU�GULHG�EHIRUH�XVH��6RLO�H[WUDFWV�ZHUH�

SUHSDUHG� E\� VXVSHQGLQJ� VRLO� LQ� GLVWLOOHG� ZDWHU� LQ� ����� VRLO�
dH

2
2� UDWLR��7KH\�ZHUH� ¿OWHUHG� WKURXJK�:KDWPDQ� SDSHU�1R��

1 and chemically analyzed for the determination of their pH 

and electrical conductivity (EC) using a glass electrode (VWR 

sympHony®) and a digital conductivity meter (HANNA®), re-

spectively.

Determination of Soil Microbial Community
The total counts of culturable soil microorganisms focused 

in this study (bacteria, actinomycetes and fungi) were deter-

PLQHG� E\� VHULDO� VRLO� GLOXWLRQ� DQG� SODWLQJ� RQ� YDULRXV� VSHFL¿F�

DJDU�PHGLD� DFFRUGLQJ� WR� /DUNLQ� DQG� +RQH\FXWW� ������� ZLWK�
VOLJKW�PRGL¿FDWLRQV��)RU�HDFK�VRLO�VXEVDPSOH�����J�ZHUH�VXV-
pended into 90 ml of sterile distilled water, vigorously stirred 

for 30 min, serially diluted and a 100 µl sample was spread 

RQWR�����7U\SWLF�6R\�$JDU��76$��IRU� WRWDO�EDFWHULDO�FRXQWV��
VHOHFWLYH� .LQJ¶V� %�PHGLXP� �.%�� DPHQGHG�ZLWK� ���PJ�O� RI�
SHQLFLOOLQ� DQG� ��� PJ�/� RI� F\FORKH[DPLGH� IRU�Pseudomonas 
spp. counts, Yeast Malt Agar (ISP medium No. 2) amended 

ZLWK����PJ�/ RI�QDOLGL[LF�DFLG�DQG�����PJ�/�RI�F\FORKH[DP-

LGH�IRU�DFWLQRP\FHWH�FRXQWV��DQG�3RWDWR�'H[WURVH�$JDU��3'$��
DPHQGHG�ZLWK�����PJ�/ of streptomycin sulphate for total fun-

gal counts. Four replicates of one plate each were used for each 

soil subsample.

%DFWHULDO�DQG�DFWLQRP\FHWH�SODWHV�ZHUH�LQFXEDWHG�DW����&�
for 2 and 14 days, respectively, and fungal plates were main-

WDLQHG�DW����&�IRU���GD\V��Trichoderma spp., Aspergillus spp., 

Penicillium spp., and Fusarium�VSS��&RORQLHV�ZHUH�LGHQWL¿HG�
based on their macro- and micro-morphological traits (Barnett 

DQG�+XQWHU��������XQGHU�OLJKW�PLFURVFRSH�DQG�FRXQWHG�VHSD-
rately.

Statistical Analysis
Data were subjected to a one-way analysis of variance 

�$129$�� XVLQJ� 6WDWLVWLFDO� 3DFNDJH� IRU� WKH� 6RFLDO� 6FLHQFHV�
�6366��VRIWZDUH�IRU�:LQGRZV�YHUVLRQ�������'DWD�IRU�WKH�PL-
crobial community populations counts noted as Colony-form-

ing Unit (CFU) per g of soil were analyzed after a logarithmic 

transformation to log CFU per g of soil. Data analyses for the 

pH and EC measurements and the microbial colonies counts 

were performed according to a completely randomized facto-
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ULDO�PRGHO�ZLWK�WKUHH�IDFWRUV��VDPSOLQJ�SHULRG��¿HOG�SORW��DQG�
cultivars used). Four measures were processed for each soil 

VXEVDPSOH��7KH�H[SHULPHQW�ZDV�FRQGXFWHG�RYHU� WZR�FRQVHF-
utive cropping seasons. Means were separated using LSD or 

'XQFDQ¶V�0XOWLSOH�5DQJH�WHVWV�DW�P���������
Data analyses for the microbial community counts at the 

initial stage (before planting) were carried out according to 

a completely randomized design and means were separated 

XVLQJ�'XQFDQ¶V�0XOWLSOH�5DQJH�WHVW�DW P ��������&RUUHODWLRQV�
between soil characteristics (pH and EC), and soil microbial 

community structure were carried out using bivariate Pear-

VRQ¶V�WHVW�DW�P �������
Results and discussion
Determination of pH and EC of Soil Samples
For both cropping seasons and at each sampling period, 

no differences in pH values were recorded between potato 

cultivars (Table 3). ANOVA analysis of the pH values of the 

soil samples collected from the rhizosphere of the four pota-

WR� FXOWLYDUV�YDULHG� VLJQL¿FDQWO\� �DW�P ��������XSRQ� VDPSOLQJ�
periods and this for both cropping seasons. In fact, for the 

late-season trial and for all potato cultivars combined, the pH 

RI�UKL]RVSKHULF�VRLOV�VDPSOHG�DW�SODQW�VHQHVFHQFH�DQG����GD\V�
SRVW�KDUYHVW�ZDV�����WR������KLJKHU�WKDQ�WKDW�UHPRYHG�DW�SODQW�
HPHUJHQFH��7DEOH�����+RZHYHU��IRU�WKH�H[WUD�HDUO\�H[SHULPHQW��
D� VLJQL¿FDQW� GHFUHDVH� RI� DERXW� ����������� DV� FRPSDUHG� WR�
WKH�SODQW�HPHUJHQFH��ZDV�QRWHG�DW�VHQHVFHQFH�DQG�DW����GD\V�
post-harvest (Table 3). For both cropping seasons and partic-

XODUO\�DW�SODQW�VHQHVFHQFH�DQG����GD\V�SRVW�KDUYHVW��QR�GLIIHU-
ences were recorded between the pH values of rhizospheres of 

potato cultivars and that of the initial soil state (Table 3). 

The electrical conductivity of the rhizosphere of the four 

FXOWLYDUV� WHVWHG� ZDV� ����������� DQG� ����������� KLJKHU� DW�
SODQW�VHQHVFHQFH�DQG����GD\V�SRVW�KDUYHVW�IRU�WKH�ODWH�VHDVRQ�
FURS�DQG�DW����GD\V�SRVW�KDUYHVW� IRU� WKH�H[WUD�HDUO\� WULDO�� UH-
spectively (Table 3). For both cropping seasons, no differences 

were recorded between cultivars at each sampling period (Ta-

EOH�����$W�DOO�VDPSOLQJ�SHULRGV�FRPELQHG��D�VLJQL¿FDQW�LQFUHDVH�
LQ�(&�YDOXHV�E\������������DQG������������ZDV�UHFRUGHG�LQ�
the rhizosphere of tested cultivars as compared to the initial 

VRLO�VWDWH�DQG�WKLV�IRU�WKH�ODWH�VHDVRQ�DQG�WKH�H[WUD�HDUO\�FURSV��
respectively (Table 3). 

6RPH� ZRUNV� VXJJHVW� WKDW� UKL]RVSKHUH� FRPPXQLWLHV� DUH�
PRVWO\�LQÀXHQFHG�E\�HGDSKLF�IDFWRUV��SDUWLFXODUO\�S+��RU�SODQW�
JURZWK�VWDJH��YDQ�2YHUEHHN�DQG�YDQ�(OVDV��������:LQVWRQ�HW�
al., 2014). Indeed, pH and EC are important determinants of 

community structure and diversity of soil microbiome. Bacte-

rial communities appeared to differ strongly between the two 

¿HOGV�XVHG� LQ�+DQQXOD�HW�DO�� �������VWXG\��ERWK� IRU�EXON�VRLO�
and rhizosphere. 

Soil Microbial Structure in the Rhizosphere of Tested 
Potato Cultivars

Among the aims of this study is to evaluate the variation 

of the microbial community in potato rhizosphere according 

WR� WKH� HQYLURQPHQWDO� FKDQJHV��)RU� WKLV� UHDVRQ�� WKH�¿HOG� WULDO�
was conducted under two cropping seasons namely late-season 

DQG� H[WUD�HDUO\�� 7KH� FRPSRVLWLRQ� RI� PLFURELDO� FRPPXQLWLHV�
FDQ�ÀXFWXDWH�LQ�UHVSRQVH�WR�VHDVRQDO�DQG�WHPSHUDWXUH�FKDQJHV�

�7XUSDXOW�HW�DO���������DQG�ZDWHU�FRQWHQW��/LGGHOO�HW�DO���������
among other factors.

Bacterial Population
The total number of bacterial colonies (individual colonies 

ORRNLQJ�OLNH�GLVWLQFW�DQG�VHSDUDWH�GRWV��JURZQ�RQ�76$�PHGLXP�
YDULHG�VLJQL¿FDQWO\��DW�P ��������GHSHQGLQJ�RQ�VDPSOLQJ�SHUL-
RGV��¿HOG�SORWV�DQG�FXOWLYDUV�WHVWHG�DQG�WKHLU��LQWHUDFWLRQV��)LJ-

ure 1). For the two cropping seasons, soil samples removed 

from the  rhizosphere of the four potato cultivars showed 41.-

������DQG������������VLJQL¿FDQWO\�KLJKHU�SRSXODWLRQV�RI�WKH�
total culturable bacterial community (Figure 1) as compared to 

WKH�LQLWLDO�VWDJH��SUH�SODQWLQJ�������������ORJ�&)8��J�RI�VRLO��
(Table 4). Bacteria are also found to be more abundant in the 

UKL]RVSKHUH�RI�ULFH�SODQWV�WKDQ�LQ�EXON�VRLO��%UHLGHQEDFK�HW�DO���
������

For the late-season crop, bacterial colonies recovered from 

WKH�UKL]RVSKHUH�RI�DOO�SRWDWR�FXOWLYDUV�DW�SODQW�HPHUJHQFH�������
�����ORJ�&)8�SHU�J�RI�VRLO��DQG����GD\V�SRVW�KDUYHVW������������
ORJ�&)8�SHU�J�RI�VRLO�������WR�������VLJQL¿FDQWO\�KLJKHU�WKDQ�
DW�SODQW�VHQHVFHQFH������������ORJ�&)8�SHU�J�RI�VRLO���)LJXUHV�
�$� DQG� �$�� DQG� WKLV� IRU� DOO� ¿HOG� SORWV� FRPELQHG��7KH� SODQW�
developmental stage is considered as a main factor affecting 

EDFWHULDO�FRPPXQLWLHV�LQ�WKH�SRWDWR�UKL]RVSKHUH��YDQ�2YHUEHHN�
DQG�YDQ�(OVDV��������0DUTXHV�HW�DO���������

7KH�GLVWULEXWLRQ�RI�EDFWHULD�VLJQL¿FDQWO\�YDULHG�XSRQ�¿HOG�
plots whatever sampling times and cultivars tested where the 

VRLO�VDPSOHV�UHPRYHG�IURP�WKH�VHFRQG��WKH�WKLUG�DQG�WKH�¿UVW�
SORWV�KDG����������PRUH�DEXQGDQW�EDFWHULDO�FRPPXQLW\� WKDQ�
the last one. Microorganisms are not distributed uniformly in 

the environment, rather their abundance and activity change 

along environmental gradients (Nunan et al., 2002).

7KH�WRWDO�FXOWXUDEOH�EDFWHULD�ZHUH�VLJQL¿FDQWO\�PRUH�DEXQ-

dant in the rhizosphere of potato cultivars Spunta, Elata and 

(O�0XQGR�ZLWK� DERXW� ����� WR� ����� ORJ CFU per g of soil as 

FRPSDUHG�WR������ORJ�&)8�SHU�J�RI�VRLO�FRXQWHG�LQ�&HUDWD�UKL-
zosphere (Figure 1A) and this for all sampling periods and 

¿HOG�SORWV�FRPELQHG��
As shown in Figures 1B and 2B, the total bacterial popu-

ODWLRQ�HVWLPDWHG�DW�WKH�H[WUD�HDUO\�FURS�ZDV�VLJQL¿FDQWO\�����
�����KLJKHU�DW�SODQW�VHQHVFHQFH�WKDQ�DW�SODQW�HPHUJHQFH�DQG�
���GD\V�SRVW�KDUYHVW��&RPELQHG�GDWD�IRU�DOO�VDPSOLQJ�SHULRGV�
and cultivars tested revealed that the total rhizosphere bacterial 

FRPPXQLWLHV�ZHUH������DQG������WLPHV�PRUH�DEXQGDQW�LQ�WKH�
WKLUG�DQG�ODVW�SORWV�WKDQ�LQ�WKH�¿UVW�DQG�WKH�VHFRQG�RQHV��UHVSHF-
tively. For all plots and sampling times combined, the highest 

SRSXODWLRQ�RI�FXOWXUDEOH�EDFWHULD��RI�DERXW������DQG������ ORJ�
CFU per g of soil, was noted in the  rhizosphere of potato cul-

WLYDUV�6SXQWD�DQG�(O�0XQGR�ZKLFK�ZDV�����������WLPHV�PRUH�
than that of Elata, and Cerata (Figure 1B). In the present inves-

tigation, shifts noted in the rhizosphere bacterial communities 

associated to the rhizosphere of the tested cultivars were re-

lated to both cultivars and plant developmental stages. These 

¿QGLQJV�DUH�LQ�DJUHHPHQW�ZLWK�WKRVH�RI�,QFHR÷OX�HW�DO���������
ZKR�DOVR�GHPRQVWUDWHG�WKDW�WKH�SODQW�JURZLQJ�VWDJH�LQÀXHQFHV�
the potato rhizosphere microbiota. Also, Chapapro et al. (2014) 

noted that plant developmental changes affect the rhizosphere 

microbial community.
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As for the composition and the diversity of the bacterial 

community, the relative abundance of Pseudomonas spp. was 

IRXQG�WR�EH�������KLJKHU�LQ�WKH�UKL]RVSKHUH�RI�SRWDWR�FXOWLYDUV�
JURZQ�DW� WKH� ODWH�VHDVRQ� WKDQ�DW� WKH�H[WUD�HDUO\�FURS� �)LJXUH�
3). Pseudomonas spp. distribution within potato rhizosphere 

YDULHG�VLJQL¿FDQWO\��DW�P ��������GHSHQGLQJ�RQ�¿HOG�SORWV�DQG�
cultivars used, and the interactions between the last ones and 

the sampling periods, and this for the two cropping seasons. 

$V�JLYHQ�LQ�)LJXUHV��$�DQG��$��QR�VLJQL¿FDQW�YDULDWLRQ�ZDV�
noted between Pseudomonas spp. population estimated at 

SODQW�HPHUJHQFH��VHQHVFHQFH�DQG����GD\V�SRVW�KDUYHVW�DQG�WKLV�
IRU�DOO�¿HOG�SORWV�DQG�FXOWLYDUV�FRPELQHG��Pseudomonas spp. 

ZHUH�IRXQG�WR�EH�PRUH�DEXQGDQW�LQ�WKH�IRXUWK�DQG�VHFRQG�¿HOG�
plots (1.1-1.3 times higher) than in the remaining plots and this 

whatever the sampling times and potato cultivars used. Soil 

systems are particularly heterogeneous, and this heterogeneity 

arises as a result of the interaction of a hierarchical series of in-

WHUUHODWHG�YDULDEOHV�WKDW�ÀXFWXDWH�DW�PDQ\�GLIIHUHQW�VSDWLDO�DQG�
temporal scales (Ettema and Wardle, 2002). Different subsets 

of the community are distributed differently across the plot, 

and this is thought to be due to the variable response of indi-

vidual populations to the spatial heterogeneity associated with 

GLIIHUHQW�VRLO�SURSHUWLHV��)UDQNOLQ�DQG�0LOOV��������
As for the variation between tested potato cultivars, the 

highest Pseudomonas spp. counts, of about 2.13 to 2.31 log 

CFU per g of soil, were noted in soils sampled from Cerata, 

Elata and El-Mundo rhizosphere followed by those of Spunta, 

1.94 log CFU per g of soil, , and this for all plots and sampling 

periods combined (Figure 4A). 

Rhizosphere of all potato cultivars showed an increase in 

its Pseudomonas spp. population at all sampling period of 

DERXW�����WR������ORJ�&)8�SHU�J�RI�VRLO�DV�FRPSDUHG�WR������
log CFU per g of soil counted at the pre-planting stage (Table 

4 and Figure 4A).

Table 3. Soil pH and electrical conductivity (EC) of soil samplesa removed from the rhizosphere of four potato cultivars grown 

for two cropping seasons

pH

Late-season crop

Initial stage ���

Sampling period Emergence Senescence ���GD\V�SRVW�KDUYHVW

Spunta ����D�% ����D�$ ����D�$
Elata ����D�%� ��D�$ ����D�%
Cerata ����D�% ����D�$ ����D�$
El-Mundo ����D�% ����D�$ ����D�%

([WUD�HDUO\�FURS
Initial stage ���

Sampling period Emergence Senescence ���GD\V�SRVW�KDUYHVW

Spunta ����D�$ ����D�% ��D�%
Elata ����D�$ ����D�% ����D�%
Cerata ����D�$ ����D�% ��D�%
El-Mundo ��D�$ ����D�% ����D�%

(&��G6�P�
Late-season crop

Initial stage 0.09

Sampling period Emergence Senescence ���GD\V�SRVW�KDUYHVW

Spunta ������D�% ������D�$ ������D�$
Elata 0.119 a B ������D�$ ������D�$
Cerata 0.103 a C ������D�$ ������D�%
El-Mundo ������D�% ������D�$ 0.230 a A

([WUD�HDUO\�FURS
Initial stage 0.121 

Sampling period Emergence Senescence ���GD\V�SRVW�KDUYHVW

Spunta ������D�% ������D�% 0.449 a A

Elata 0.241 a B ������D�% ������D�$
Cerata ������D�% ������D�% 0.449 a A

El-Mundo ������D�% ������D�% ������D�$
a 6RLO�VDPSOHG�DW�WKH�LQLWLDO�VWDJH��3UH�SODQWLQJ���WKH�HPHUJHQFH�VWDJH�����GD\V�SRVW�SODQWLQJ���WKH�VHQHVFHQFH�VWDJH������GD\V�SRVW�SODQWLQJ���DQG�DW����GD\V�
SRVW�KDUYHVW�9DOXHV�ZLWKLQ�HDFK�FROXPQ��IROORZHG�E\�WKH�VDPH�ORZHU�OHWWHU�DUH�QRW�VLJQL¿FDQWO\�GLIIHUHQW�DFFRUGLQJ�WR�'XQFDQ�0XOWLSOH�5DQJH�WHVW�DW�P���������
9DOXHV�ZLWKLQ�HDFK�OLQH��IROORZHG�E\�WKH�VDPH�XS�OHWWHU�DUH�QRW�VLJQL¿FDQWO\�GLIIHUHQW�DFFRUGLQJ�WR�'XQFDQ�0XOWLSOH�5DQJH�WHVW�DW�P��������
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Table 4. Soil culturable microbiome estimated at the initial stage (pre-planting)

&XOWXUDEOH�PLFURELRPH��ORJ�&)8�J�VRLO�
Late-season crop

Bacteria Pseudomonas spp. Actinomycetes Fungi

���� 1.09 ���� 1.91

([WUD�HDUO\�FURS

Bacteria Pseudomonas spp. Actinomycetes Fungi 

1.39 ���� ���� ����

Pseudomonas� SRSXODWLRQ� PRQLWRUHG� IRU� WKH� H[WUD�HDUO\�
FURS�YDULHG� VLJQL¿FDQWO\� �DW�P ��������XSRQ� VDPSOLQJ� WLPHV��
¿HOG�SORWV�DQG�FXOWLYDUV�XVHG��DQG�WKHLU�LQWHUDFWLRQV��,Q�IDFW��DV�
shown in Figure 4B, the highest abundance of Pseudomonas 
VSS��FRORQLHV�� IRU�DOO�¿HOG�SORWV�DQG�FXOWLYDUV�FRPELQHG��ZDV�
noted at plant emergence, with 2.23 log CFU per g of soil, as 

FRPSDUHG� WR�SODQW�VHQHVFHQFH�DQG����GD\V�SRVW�KDUYHVW�ZLWK�
����� ORJ�DQG������ ORJ CFU per g of soil, respectively. Based 

RQ�)HUUHLUD�HW�DO���������VWXG\��GLIIHUHQFHV�DPRQJ�UKL]RVSKHUH�
bacterial communities are reported to be clearest at the earliest 

plant developmental stages and tend to decrease in later stages 

OLNH�VHQHVFHQFH�RU�DIWHU�KDUYHVW��:KDWHYHU�WKH�VDPSOLQJ�WLPHV�
and the cultivar grown, Pseudomonas spp. community was 

IRXQG�WR�EH�PRUH�DEXQGDQW�LQ�WKH�¿UVW��WKH�VHFRQG�DQG�WKH�WKLUG�
SORW������WR�����WLPHV�KLJKHU��WKDQ�LQ�WKH�ODVW�RQH��)RU�DOO�VDP-

SOLQJ�WLPHV�DQG�¿HOG�SORWV�FRPELQHG��FXOWXUDEOH�Pseudomonas 

spp. were more abundant in the rhizosphere of cvs. Spunta, 

(ODWD�DQG�(O�0XQGR������������ORJ�&)8�SHU�J�RI�VRLO��DV�FRP-

pared to Cerata with 1.24 log CFU per g of soil. Weinert et al. 

(2011) reported that the composition of bacterial communities 

in the rhizosphere of potato plants is dynamic and is strong-

O\� LQÀXHQFHG�E\� WKH�SODQW�FXOWLYDU�DQG� WKH�JHRJUDSKLFDO� VLWH��
'LIIHUHQW�PLFURELDO�FRPPXQLWLHV�DUH�IRXQG�DV�GH¿QHG�E\�FXO-
WLYDU��$FFRUGLQJ�WR�,QFHR÷OX�HW�DO���������VRLO�DQG�FXOWLYDU�W\SH�
shaped the potato root-associated bacterial communities that 

are responsive to some of the substrates in phenotype arrays. 

Rhizospheric soils removed around the four potato cul-

tivars sampled at plant senescence and emergence showed a 

VLJQL¿FDQW�LQFUHDVH��RI�DERXW�����DQG�����WLPHV�KLJKHU��UHVSHF-
tively) in their average Pseudomonas community as compared 

to the initial soil stage (Table 4 and Figure 4B). 

Actinomycetes Population
Soil samples removed from the rhizosphere of the four po-

tato cultivars grown as a late-season crop showed an increment 

LQ� WKH�DYHUDJH�DFWLQRP\FHWHV�SRSXODWLRQV�RI�DERXW����� WR�����
WLPHV�KLJKHU�WKDQ�WKH�LQLWLDO�VRLO�������ORJ�&)8�SHU�J�RI�VRLO��
�7DEOH���DQG�)LJXUH��$���

The relative abundance of actinomycetes populations from 

all potato cultivars was more abundant at the late-season crop, 

RI�DERXW�����������ORJ�&)8�SHU�J�RI�VRLO��WKDQ�DW�WKH�H[WUD�HDUO\�
FURS�ZKHUH�����������ORJ�&)8�SHU�J�RI�VRLO�ZHUH�QRWHG��)LJXUH�
3). For both cropping seasons, no differences in actinomycetes 

populations were recorded between potato cultivars.

The culturable actinomycetes community monitored for 

WKH�ODWH�VHDVRQ�FURS�YDULHG�VLJQL¿FDQWO\��DW�P ��������GHSHQG-

LQJ�RQ�VDPSOLQJ�SHULRGV�î�FXOWLYDUV�DQG�¿HOG�SORWV�î�FXOWLYDUV�
LQWHUDFWLRQV� �)LJXUH��$���7KH�KLJKHVW� DYHUDJH� DFWLQRP\FHWHV�
colonies, in rhizospheric soils of all tested potato cultivars 

JURZQ�LQ�DOO�¿HOG�SORWV�FRPELQHG��ZDV�HVWLPDWHG�DW���������� 

ORJ�&)8�SHU�J�RI�VRLO�DW����GD\V�SRVW�KDUYHVW�DQG�SODQW�VHQHV-
FHQFH�DV�FRPSDUHG�WR������ORJ�&)8�SHU�J�RI�VRLO�QRWHG�DW�SODQW�
HPHUJHQFH��)LJXUHV��$�DQG��$���

,Q� WKH� H[WUD�HDUO\� FURS�� DFWLQRP\FHWHV� FRPPXQLW\� YDULHG�
VLJQL¿FDQWO\��DW�P ��������GHSHQGLQJ�RQ�WKH�LQWHUDFWLRQ�EHWZHHQ�
VDPSOLQJ�SHULRGV��¿HOG�SORWV��ZLWKLQ�¿HOG�SORWV��DQG�FXOWLYDUV�
WHVWHG��)LJXUH��%���7KH�DFWLQRP\FHWHV�SRSXODWLRQ�HVWLPDWHG�LQ�
the rhizospheric soils associated to all tested potato cultivars, 

IRU�DOO�¿HOG�SORWV�FRPELQHG��ZHUH���������WLPHV�PRUH�DEXQGDQW�
DW����GD\V�SRVW�KDUYHVW�DQG�SODQW�VHQHVFHQFH�WKDQ�DW�HPHUJHQFH�
������ORJ�&)8�SHU�J�RI�VRLO���)LJXUHV��$�DQG��%���2XU�UHVXOWV�
FRQ¿UPHG�WKRVH�RI�%URHNOLQJ�HW�DO���������ZKR�IRXQG�WKDW�PL-
crobial community structures are abundant at the senescence 

VWDJH�DQG����GD\V�SRVW�KDUYHVW�
Fungal Population
Soil samples removed from the rhizosphere of the four test-

HG�SRWDWR�FXOWLYDUV�JURZQ�DV�ODWH�VHDVRQ�DQG�H[WUD�HDUO\�FURSV�
VKRZHG�D�VLJQL¿FDQW�LQFUHDVH�LQ�WKHLU�DYHUDJH�IXQJDO�SRSXOD-
tions for all sampling periods which was estimated at 1.91-

2.23 and 1.31-2.14 log CFU per g of soil, as compared to 1.91 

DQG������ORJ�&)8�SHU�J�RI�VRLO�QRWHG�DW� WKH�LQLWLDO�VRLO�VWDJH�
�SUH�SODQWLQJ��� UHVSHFWLYHO\� �7DEOH� �� DQG� )LJXUH� �$��� 7KHVH�
UHVXOWV�FRQ¿UPHG�SUHYLRXV�¿QGLQJV�UHSRUWLQJ�WKDW�IXQJDO�FRP-

SRVLWLRQ�DQG�DEXQGDQFH�LV�VWURQJO\�LQÀXHQFHG�E\�WKH�SUHVHQFH�
of potato roots (i.e. a strong rhizosphere effect) (Hannula et al., 

2010). Mardanova et al. (2019) reported that bacterial and fun-

gal microbiomes in the rhizosphere and rhizoplane of potato 

SODQWV�LV�UHPDUNDEO\�GLYHUVH�DQG�LV�GHSHQGHQW�RQ�WKH�KRVW�SODQW��
For both cropping seasons, the total culturable fungal com-

PXQLW\�YDULHG� VLJQL¿FDQWO\� �DW�P ��������GHSHQGLQJ�RQ�VDP-

SOLQJ�SHULRGV��¿HOG�SORWV��FXOWLYDUV�JURZQ�DQG�WKHLU�LQWHUDFWLRQV�
�)LJXUH� ���� 7KH� KLJKHVW� DEXQGDQFH� RI� WKH� IXQJDO� SRSXODWLRQ�
ZDV�QRWHG�DW����GD\V�SRVW�KDUYHVW��ZLWK������ORJ CFU per g of 

soil, as compared to 2.02 log and 1.92 log CFU per g of soil 

estimated at plant senescence and emergence, respectively and 

WKLV�IRU�DOO�¿HOG�SORWV�DQG�FXOWLYDUV�FRPELQHG��)LJXUHV��$�DQG�
�$���:KDWHYHU�WKH�VDPSOLQJ�WLPHV�DQG�WKH�FXOWLYDUV�JURZQ��WKH�
IXQJDO�SRSXODWLRQ�ZDV�PRUH�DEXQGDQW�LQ�WKH�¿UVW�� WKH�VHFRQG�
DQG�WKH�WKLUG�¿HOG�SORWV�������������WLPHV�KLJKHU��WKDQ�LQ�WKH�
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ODVW�RQH��$V�VKRZQ�LQ�)LJXUH��$��IRU�WKH�ODWH�VHDVRQ�FURS�DQG�
for all plots combined, the highest fungal population, estimat-

ed at 2.09 log CFU per g of soil, was noted in the rhizosphere 

RI�FY��(O�0XQGR�FRPSDUHG�WR�����������ORJ�&)8�SHU�J�RI�VRLO�
noted in cvs. Cerata, Elata and Spunta rhizospheres. 

)RU�WKH�H[WUD�HDUO\�FURSSLQJ�VHDVRQ��WKH�WRWDO�IXQJDO�SRS-

XODWLRQ� ZDV� ���� DQG� ������ VLJQL¿FDQWO\� KLJKHU� DW� ��� GD\V�
post-harvest than at plant senescence and emergence, respec-

WLYHO\��)LJXUHV��%�DQG��%���+DQQXOD�HW�DO���������LQGLFDWH�WKDW�
at the senescence stage, plants harbor the most diverse, active 

and abundant fungal communities. The presence of the highest 

IXQJDO�ELRPDVV�DQG�GLYHUVLW\�DW�VHQHVFHQFH�LV�PRUH�H[SHFWHG�DV�
decomposable plant material (dead roots and leaves) is already 

DYDLODEOH�ZKLOH� URRW� H[XGDWLRQ� VWLOO� FRQWLQXHV� WKHUHE\�EURDG-

HQLQJ�WKH�VSHFWUXP�RI�VXEVWUDWH�DYDLODELOLW\��%URHFNOLQJ�HW�DO���
������

Figure 1. Variation in the total culturable bacterial population in the rhizosphere of four potato cultivarsa depending on cropping 

seasonsb, sampling periodsc�DQG�¿HOG�SORWVc

a�63��6SXQWD��(/��(ODWD��&(��&HUDWD��(0��(O�0XQGR�
b��$��/DWH�VHDVRQ�FURS���%��([WUD�HDUO\�FURS�
c 6DPSOLQJ�SHULRGV��(PHUJHQFH�����GD\V�SRVW�SODQWLQJ���6HQHVFHQFH������GD\V�SRVW�SODQWLQJ���DQG����GD\V�SRVW�KDUYHVW��
d�����SODQWV�SHU�FXOWLYDU�ZHUH�JURZQ�SHU�¿HOG�SORW�
5HVXOWV�DUH�SUHVHQWHG�DV�PHDQ���6(��Q� ����P����������
)RU�HDFK�VDPSOLQJ�SHULRG�DQG�HDFK�¿HOG�SORW��EDUV��FXOWLYDUV��VKDULQJ�WKH�VDPH�OHWWHU�DUH�QRW�VLJQL¿FDQWO\�GLIIHUHQW�DFFRUGLQJ�WR�'XQFDQ�0XO-
tiple Range test at P���������
6RLO�GLOXWLRQ�ZDV�PDGH�IURP�D�FRQFHQWUDWLRQ�RI������Z�Y��
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Figure 2. Variation in the total culturable bacterial population in the rhizosphere of four potato cultivars depending on cropping 

seasonsa and sampling periodsb

a (A)�/DWH�VHDVRQ�FURS���%��([WUD�HDUO\�FURS�
c 6DPSOLQJ�SHULRGV��(PHUJHQFH�����GD\V�SRVW�SODQWLQJ���6HQHVFHQFH������GD\V�SRVW�SODQWLQJ���DQG����GD\V�SRVW�KDUYHVW��
5HVXOWV�DUH�SUHVHQWHG�DV�PHDQ���6(��Q� ����P����������6RLO�GLOXWLRQ�ZDV�PDGH�IURP�D�FRQFHQWUDWLRQ�RI������Z�Y��
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Figure 3. Variation in the bacterial community structure in the rhizosphere of four potato cultivars depending on cropping seasons.
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Figure 4. Variation in Pseudomonas spp. community in the rhizosphere of four potato cultivarsa depending on cropping seasonsb, sampling 

periodsc�DQG�¿HOG�SORWVd

a 63��6SXQWD��(/�(ODWD��&(��&HUDWD��(0��(O�0XQGR���b (A��/DWH�VHDVRQ�FURS���%��([WUD�HDUO\�FURS�c 6DPSOLQJ�SHULRGV��(PHUJHQFH�����GD\V�
SRVW�SODQWLQJ���6HQHVFHQFH������GD\V�SRVW�SODQWLQJ���DQG����GD\V�SRVW�KDUYHVW��d�����SODQWV�SHU�FXOWLYDU�ZHUH�JURZQ�SHU�¿HOG�SORW��5HVXOWV�DUH�
SUHVHQWHG�DV�PHDQ���6(��Q� ����P�����������)RU�HDFK�VDPSOLQJ�SHULRG�DQG�HDFK�¿HOG�SORW��EDUV��FXOWLYDUV��VKDULQJ�WKH�VDPH�OHWWHU�DUH�QRW�VLJQL¿-

cantly different according to Duncan Multiple Range test at P����������6RLO�GLOXWLRQ�ZDV�PDGH�IURP�D�FRQFHQWUDWLRQ�RI������Z�Y��
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)LJXUH����9DULDWLRQ�LQ�WKH�$FWLQRP\FHWHV�SRSXODWLRQ�LQ�WKH�UKL]RVSKHUH�RI�IRXU�SRWDWR�FXOWLYDUVa depending on cropping seasonsb, 

sampling periodsc�DQG�¿HOG�SORWVd

a�63��6SXQWD��(/��(ODWD��&(�&HUDWD��(0��(O�0XQGR�
b��$��/DWH�VHDVRQ�FURS���%��([WUD�HDUO\�FURS
c 6DPSOLQJ�SHULRGV��(PHUJHQFH�����GD\V�SRVW�SODQWLQJ���6HQHVFHQFH������GD\V�SRVW�SODQWLQJ���DQG����GD\V�SRVW�KDUYHVW��
d�����SODQWV�SHU�FXOWLYDU�ZHUH�JURZQ�SHU�¿HOG�SORW�
5HVXOWV�DUH�SUHVHQWHG�DV�PHDQ���6(��Q� ����P����������
)RU�HDFK�VDPSOLQJ�SHULRG�DQG�HDFK�¿HOG�SORW��EDUV��FXOWLYDUV��VKDULQJ�WKH�VDPH�OHWWHU�DUH�QRW�VLJQL¿FDQWO\�GLIIHUHQW�DFFRUGLQJ�WR�
Duncan Multiple Range test at P���������
6RLO�GLOXWLRQ�ZDV�PDGH�IURP�D�FRQFHQWUDWLRQ�RI������Z�Y��
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)LJXUH����9DULDWLRQ�LQ�WKH�WRWDO�FXOWXUDEOH�IXQJDO�FRPPXQLW\�LQ�WKH�UKL]RVSKHUH�RI�IRXU�SRWDWR�FXOWLYDUVb depending on cropping 

seasonsb, sampling periodsc�DQG�¿HOG�SORWVd

a�63��6SXQWD��(/��(ODWD��&(��&HUDWD��(0��(O�0XQGR�
b��$��/DWH�VHDVRQ�FURS���%��([WUD�HDUO\�FURS
c 6DPSOLQJ�SHULRGV��(PHUJHQFH�����GD\V�SRVW�SODQWLQJ���6HQHVFHQFH������GD\V�SRVW�SODQWLQJ���DQG����GD\V�SRVW�KDUYHVW��
d�����SODQWV�SHU�FXOWLYDU�ZHUH�JURZQ�SHU�¿HOG�SORW�
5HVXOWV�DUH�SUHVHQWHG�DV�PHDQ���6(��Q� ����P����������
)RU�HDFK�VDPSOLQJ�SHULRG�DQG�HDFK�¿HOG�SORW��EDUV��FXOWLYDUV��VKDULQJ�WKH�VDPH�OHWWHU�DUH�QRW�VLJQL¿FDQWO\�GLIIHUHQW�DFFRUGLQJ�WR�
Duncan Multiple Range test at P���������
6RLO�GLOXWLRQ�ZDV�PDGH�IURP�D�FRQFHQWUDWLRQ�RI������Z�Y��
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Combined data for all sampling periods and cultivars tested 

revealed that the total fungal community was 1.2 times more 

DEXQGDQW�LQ�WKH�WKLUG�¿HOG�SORW�WKDQ�LQ�WKH�UHPDLQLQJ�RQHV��
)RU�DOO�VDPSOLQJ�SHULRGV�DQG�¿HOG�SORWV�FRPELQHG��)LJXUH�

�%���WKH�UKL]RVSKHULF�VRLO�DVVRFLDWHG�WR�FY��6SXQWD�VKRZHG������
DQG� ���������� WLPHV� PRUH� DEXQGDQW� IXQJDO� SRSXODWLRQ� WKDQ�
those of cvs. Cerata, and El-Mundo and Elata.

,W� LV� ZHOO� NQRZQ� WKDW� WKH� UKL]RVSKHUH� PLFURELRPH� RU�
SODQW�DVVRFLDWHG� PLFURELDO� FRPPXQLWLHV� DUH� JHQHUDOO\� LQÀX-

HQFHG�E\�URRW�H[XGDWHV�DQG� WKHUHE\�FKDQJH� WKURXJKRXW�SODQW�
development (Chaparro et al., 2014). The chemical composi-

WLRQV�RI�URRW�H[XGDWHV�YDU\�QRW�RQO\�DPRQJ�GLIIHUHQW�SODQW�VSH-
cies but also among cultivars of the same plant species (Kerd-

FKRHFKXHQ���������)XUWKHUPRUH��WKH�FKHPLFDO�FRPSRVLWLRQ�RI�
URRW�H[XGDWHV�LV�D�UHVXOW�RI�WKH�LQWHUDFWLRQV�RI�GLIIHUHQW�IDFWRUV�
such as the nutritional status, plant age, stress, diseases, and 

HQYLURQPHQWDO� IDFWRUV� WKDW� VXEVHTXHQWO\� LQÀXHQFH� WKH�PLFUR-

ELDO�FRPPXQLW\�DVVRFLDWHG�WR�WKH�UKL]RVSKHUH��*ULI¿WKV�HW�DO���
1999).

As for composition and the diversity of the fungal commu-

nity, Aspergillus spp. colonies were found to be more abun-

dant in all sampled soils where their populations represented 

�����������DQG����������RI�WKH�WRWDO�FXOWXUDEOH�IXQJL�LVRODWHG�
IURP� WKH� ODWH�VHDVRQ� DQG� WKH� H[WUD�HDUO\� FURSV�� UHVSHFWLYHO\�
�)LJXUH�����)RU�DOO�VDPSOLQJ�SHULRGV�DQG�¿HOG�SORWV�FRPELQHG��
the highest abundance of Aspergillus VSS��FRORQLHV�ZDV������
DQG�������KLJKHU�LQ�(O�0XQGR�DQG�6SXQWD�UKL]RVSKHUHV�JURZQ�
DV� ODWH�VHDVRQ� �)LJXUH��$��DQG�H[WUD�HDUO\�FURS� �)LJXUH��%���
respectively. Fusarium spp. population in the rhizosphere of 

DOO� SRWDWR� FXOWLYDUV� WHVWHG� UHSUHVHQWHG� ZDV� HVWLDPWHG� DW� ����
������LQ�WKH�ODWH�VHDVRQ�FURS��)LJXUH��$��DQG�DW��������LQ�WKH�
H[WUD�HDUO\�VHDVRQ��)LJXUH��%���7KH�YDULDWLRQ�LQ�WKH�PLFURELDO�
FRPPXQLWLHV�GHSHQGLQJ�RQ�FURSSLQJ�VHDVRQV�FDQ�EH�H[SODLQHG�
E\�WZR�SRVVLEOH�PHFKDQLVPV��:DQJ�HW�DO����������7KH�¿UVW�RQH�
is related to temporal changes in abiotic conditions such as soil 

moisture, precipitation and temperature. The second mecha-

nism may be attributed to the changes in quality and quan-

WLW\� RI� URRW� H[XGDWHV� DQG� UKL]RGHSRVLWV�ZKLFK� DUH� LQÀXHQFHG�

E\�HQYLURQPHQWDO�DQG�HGDSKLF�IDFWRUV�DQG�RU�URRW�PRUSKRORJ\�
�0DUVFKQHU�HW�DO����������7KH�ODUJHVW�H[SODLQLQJ�IDFWRU�IRU�WKH�
variation of composition and function of fungal communities 

in the rhizosphere was the plant phonological growth stage, 

followed by the year and the soil type (Hannula et al., 2012). 

Correlations Between Soil Characteristics (pH and 
EC), and Soil Microbial Community Structure

3HDUVRQ¶V� FRUUHODWLRQ�DQDO\VLV� LQGLFDWHG� WKDW�� IRU� DOO� VDP-

SOLQJ�SHULRGV��¿HOG�SORWV�DQG�FXOWLYDUV�FRPELQHG��WKH�S+�YDO-
XHV�ZHUH� VLJQL¿FDQWO\� DQG� SRVLWLYHO\� �U�  � �������P = 0.021) 

correlated to the Pseudomonas spp. population in late-season 

FURS�DQG�QHJDWLYHO\��U� ���������P = 0.034) correlated to Pseu-
domonas VSS��FRPPXQLW\�DW�WKH�H[WUD�HDUO\�FURS���(&�YDOXHV�
ZHUH�VLJQL¿FDQWO\�DQG�SRVLWLYHO\�OLQNHG�WR�Pseudomonas spp. 

�U� ��������P� ��������DQG�IXQJDO�SRSXODWLRQV��U� ��������P = 

0.034) in the analyzed soil samples of potato cultivars grown at 

WKH�ODWH�VHDVRQ�FURS��)RU�WKH�H[WUD�HDUO\�FURS��(&�VLJQL¿FDQWO\�
and positively correlated to fungal community (r = 0.321, P = 

�������DQG�WKLV�IRU�DOO�FXOWLYDUV�U��¿HOG�SORWV�DQG�VDPSOLQJ�SH-
ULRGV�FRPELQHG��2XU�¿QGLQJV�FRQ¿UP�LQ�SDUW�WKRVH�RI�.LP�HW�
DO���������ZKR�GHPRQVWUDWHG�D�VLJQL¿FDQW�SRVLWLYH�FRUUHODWLRQ�
between soil chemical parameters such as soil pH, EC, and 

H[FKDQJHDEOH� FDWLRQV� DQG� EDFWHULDO� FRPPXQLW\�� 5RXVN� HW� DO��
(2010) reported that both the relative abundance and diversity 

of bacteria are positively related to pH whereas the relative 

DEXQGDQFH� RI� IXQJL� LV� QRW� LQÀXHQFHG� E\� S+� DQG� WKH� IXQJDO�
GLYHUVLW\� LV� ZHDNO\� UHODWHG� ZLWK� S+��$OWKRXJK� WKH� EDFWHULDO�
FRPPXQLW\�FRPSRVLWLRQ�LV�FOHDUO\� LQÀXHQFHG�E\�VRLO�S+�DQG�
(&� YDOXHV�� WKH� VSHFL¿F� UHODWLRQVKLSV� EHWZHHQ� HDFK� EDFWHULDO�
SK\OXP�DQG�S+�DQG�RU�(&�FDQ�YDU\� �.LP�HW� DO��� �������%H-
sides, Bacteroidetes, Spirochaetes, and Tenericutes are posi-

tively correlated with the EC values, but Acidobacteria had 

D�QHJDWLYH�FRUUHODWLRQ��.LP�HW�DO����������0DQ\�VWXGLHV�KDYH�
VKRZQ�WKDW�VRLO�PLFURELDO�FRPPXQLWLHV�DUH�LQÀXHQFHG�E\�YDUL-
ous environmental factors, including soil pH (Xu et al., 2014), 

HOHFWULFDO�FRQGXFWLYLW\��0D�HW�DO���������0LQ�HW�DO����������VRLO�
WH[WXUH��/DXEHU�HW�DO����������VRLO�SDUHQWDO�PDWHULDO��6XQ�HW�DO���
�������DQG�VDOLQLW\� �/R]XSRQH�DQG�.QLJKW���������3IHLIIHU�HW�

)LJXUH����9DULDWLRQ�LQ�WKH�IXQJDO�FRPPXQLW\�VWUXFWXUH�LQ�WKH�UKL]RVSKHUH�RI�IRXU�SRWDWR�FXOWLYDUV depending on cropping seasons

5HVXOWV�DUH�SUHVHQWHG�DV�PHDQ���6(��Q� ��� P ���������7KH�UHODWLYH�DEXQGDQFH�ZDV�HVWLPDWHG�SHU�WKH�WRWDO�IXQJL�FRXQWHG�LQ�HDFK�
VDPSOHG�VRLO��6RLO�GLOXWLRQ�ZDV�PDGH�IURP�D�FRQFHQWUDWLRQ�RI������Z�Y��
�I	� /DWH�VHDVRQ�FURS��%���([WUD�HDUO\�FURS�

https://doi.org/10.31015/jaefs.2020.3.11


R. Aydi-Ben-Abdallah, H. Jabnoun-Khiareddine, M. Daami-Remadi Int J Agric Environ Food Sci 4(3):319-333 (2020)

331

DO���������REVHUYHG�WKDW�WKH�WD[RQRPLF�FRPSRVLWLRQ�RI�EDFWHULD�
repeatedly occurring at particular stages of plant development 

was almost unaffected by highly diverse environmental con-

ditions.

Conclusions 
Four potato cultivars were evaluated for searching the 

eventual relationships between associated rhizosphere mirobi-

RPHV�DQG�JURZQ�FXOWLYDUV��SODQW�DJH�DQG�RU�FURSSLQJ�VHDVRQV��
The obtained results clearly demonstrated that the distribu-

WLRQ� RI� EDFWHULDO� DQG� IXQJDO� SRSXODWLRQV� YDULHG� VLJQL¿FDQWO\�
upon cultivars. For both cropping seasons, fungi were more 

associated to EL-Mundo and Spunta cultivars, while bacteria 

were more abundant in cvs. Spunta, Elata and El Mundo rhizo-

spheres. Indeed, Pseudomonas spp. were associated to the four 

tested potato cultivars, but Aspergillus spp. were more abun-

dant in the rhizosphere of El-Mundo and Spunta cultivars. In 

the present study, the highest abundance of the total culturable 

EDFWHULD�ZDV�QRWHG�DW�SODQW�HPHUJHQFH�DQG����GD\V�SRVW�KDU-
YHVW� IRU� WKH� ODWH�VHDVRQ�DQG�DW�VHQHVFHQFH�IRU� WKH�H[WUD�HDUO\�
crop. The actinomycetes and fungal populations were more 

SUHYDOHQW�DW�SODQW�VHQHVFHQFH�DQG����GD\V�SRVW�KDUYHVW�DQG�WKLV�
for both cropping seasons. The relative abundance of Pseudo-
monas spp., actinomycetes and Fusarium spp. populations was 

found to be relatively important in the rhizosphere of all potato 

FXOWLYDUV�JURZQ�IRU�D�ODWH�VHDVRQ�WKDQ�IRU�DQ�H[WUD�HDUO\�FURS��
Furthermore, the distribution of bacteria, and fungal communi-

WLHV�VLJQL¿FDQWO\�YDULHG�XSRQ�¿HOG�SORWV�ZKDWHYHU�WKH�VDPSOLQJ�
time and the cultivar tested and this for both cropping seasons. 

Variations in the rhizosphere microbial community com-

position were noted at different developmental stages for four 

potato cultivars grown for two cropping seasons. Besides, the 

PLFURELDO� FRPPXQLW\� VWUXFWXUH� VLJQL¿FDQWO\� FRUUHODWHG� ZLWK�
pH and EC of soils sampled from potato rhizopshere. This will 

KHOS�UHVHDUFKHUV�WR�H[SORUH�VSHFL¿F�PLFUREHV�WKDW�DUH�UHTXLUHG�
IRU�WKH�LPSURYHPHQW�RI�SRWDWR�JURZWK�DQG�RU�KHDOWK�XQGHU�GLI-
ferent growing conditions and during different developmental 

stages. In addition, this study can be valorized in order to in-

corporate associated microbiome in future strategies for plant 

breeding programs. 
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Kacang goat (Capra hircus) is one of Indonesian germ plasm and kept by smallholders for meat production. This 
research was carried out to obtain the growth curve of body weight from 1 to 24 months of age in Kacang goats man-
aged by smallholders at Tambang District of Indonesia. Total of 100 goats (51 buck and 49 does) were used in this 
study to obtain Logistic and Gompertz growth curves. Research showed that the Logistic and Gompertz growth curve 
KDYH�VLPLODU�RI�FRHI¿FLHQW�RI�GHWHUPLQDWLRQ�YDOXH��52= 0.98). However, the standard error (SE) value in Gompertz 
ZDV�ORZHU�WKDQ�/RJLVWLF�FXUYHV��7KH�LQÀHFWLRQ�ZHLJKW��,:��ZDV�UHDFKHG�RI�������WR�������NJ��/RJLVWLF��DQG�������
WR�������NJ��*RPSHUW]���7KH�LQÀHFWLRQ�DJH��,$��ZDV�UHDFKHG�RI�������WR�������PRQWKV��/RJLVWLF��DQG�������WR������
PRQWKV��*RPSHUW]���7KH�JURZWK�UDWH��*5��ZHUH�UHDFKHG�RI������WR������NJ�PRQWK��/RJLVWLF��DQG������WR������NJ�
month (Gompertz). It was concluded that Gompertz growth curve was the best predictor to predict body weight in 
Kacang goats.
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Abstract 

H�,661������������ DOI: ���������MDHIV����������

Introduction
Kacang goat (Capra hircus) are one of Indonesian native 

that kept by smallholders as meat production. Kacang goat was 
decided as the one of Indonesian native cattle through decision 
RI�0LQLVWU\�RI�$JULFXOWXUH�1R�������.SWV�/%�������������7KH�
average of body  kg weight and carcass weight in Kacang bucks 
ZHUH���������������NJ��<XUPLDW\��������DQG������NJ��6XPDUGL-
DQWR�HW�DO���������UHVSHFWLYHO\��0RUHYHU��1XULDGLQ�HW�DO���������
reported that the litter size, kidding interval, mortality rate at 
SUHZHDQLQJ�DJH�DQG�NLG�FURS�RI�.DFDQJ�GRHV�ZHUH������������
����������PRQWKV��������������DQG���������������UHVSHF-
tively.

Selection in the livestock can be performed based on 
growth traits. The growth of a livestock is a collection of the 

growth of parts of each component that can be seen from the 
physical appearance and weight of their life (Lawrence and 
Fowler, 2002). The growth of livestock can be evaluated based 
RQ�WKHLU�JURZWK�FXUYH��&DN�HW�DO����������*URZWK�FXUYH�LV�D�UHI-
lection of the ability of an individual or population to actualize 
themselves as a measure of the development of body parts to 
the maximum size (adult) in the existing environmental con-
ditions. In general, growth in the form of sigmoid or “S”. The 
“S” curve represents a form of acceleration and deceleration 
WKDW�LV�OLPLWHG�E\�WXUQLQJ�SRLQWV�RU�LQÀHFWLRQ�SRLQWV��7KH�LQI-
lection point is the maximum point of growth in body weight 
(Lawrence and Fowler, 2002). 

Two growth curve of Logistic and Gompertz models were 
widely used to predict growth curve of body weight in many 
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JRDW�EUHHGV�ZLWK�KLJKO\�DFFXUDF\��3UHYLRXV�VWXGLHV�XVHG�WKHVH�
model to predict the body weight in  Katjang (Kacang), Ango-
ra, Alpine, Beetal, Damascus, Repartida, Saanen, Raeini Cash-
PHUH��0DUNKR]��6LURKL�DQG�%RHU�JRDWV��7VXNDKDUD�HW�DO���������
g]GHPLU�DQG�'HOODO��������.XPH�DQG�+DMQR��������:DKHHG�HW�
DO���������*DGGRXU�HW�DO���������5HJDGDV¿OKR�HW�DO���������3LUHV�
HW�DO���������*KLDVL�HW�DO���������.KHLUDEDGL�DQG�5DVKLGL��������
:DL]�HW�DO���������*DUFLD�0XQL]�HW�DO���������

This study aimed to obtain the growth curve of body weight 
in Kacang goats managed by smallholders at Tambang District 
of Indonesia using Logistic and Gompertz models. The results 
of this study can be used as the early information to develop 
breeding program of Kacang goats at villager breeding center 
(VBC) in the future.

Materials and Methods

7KH�UHFRUGV�GDWD�RI�ERG\�ZHLJKW��%:��LQ�����.DFDQJ�JRDWV�
(51 bucks and 49 does) at Tambang District, Kampar Regency 
of Indonesia were used in this study. All goats in this study 
were born with single birth status. The research site located 
EHWZHHQ� ODWLWXGH� �����¶��´� 1� �� �����¶��� 6� DQG� ORQJLWXGH�
100°28’30” - 101°14’30” E. The average of maximum air tem-
SHUDWXUH�DERXW����������&�ZLWK�UDLQIDOO� LQWHQVLW\�DERXW�������
PP�\HDU�DQG��������P�DERYH�VHD�OHYHO��7KH�%:�RI�JRDWV�ZHUH�
obtained from 1 to 2 animals per ages group with animal wei-
ghing scale. All goats were managed by smallholders with ex-
tensive traditional system. 

Two growth curve models of Logistic and Gompertz were 
performed in this study using CurveExpert 1.4. software. The 
Logistic and Gompertz growth equations were presented in 
Table 1.

Table 1. The mathematics equation in the growth curve model of Logistic and Gompertz

:KHUH��<t is the predicted body weight at tth�DJH��D�LV�WKH�DV\PSWRWLF��E�LV�WKH�VFDOH�SDUDPHWHU��F�LV�WKH�WKH�DYHUDJH�UDWH�RI�ERG\�JURZWK�XQWLO�WKH�DQLPDO�UHDFKHV�
ERG\�PDWXULW\��H�LV�WKH�ORJDULWKP�EDVH���������W�LV�WKH�DQLPDOV�DJH��PRQWKV���,:�LV�WKH�LQÀHFWLRQ�ZHLJKW��NJ��,$��LV�WKH�LQÀHFWLRQ�DJH��PRQWKV���*5�LV�WKH�PD[L-
PXP�JURZWK�UDWH��NJ�PRQWK��DQG�$5�LV�WKH�DGXOW�UDWH��NJ�PRQWK��$PUXOODK���������

Results and Discussion
7KH�DYHUDJH�RI�%:�LQ�.DFDQJ�JRDWV�LQ�WKLV�VWXG\�ZDV�SUH-

sented in Table 2. Abadi et al. (2015) reported that the average 
RI�%:�LQ�.DFDQJ�GRHV�DW�������PRQWKV�ROG���33,��LQ�*URER-
gan Regency was 21.13 kg and similar to Kacang does in this 
VWXG\�DW����PRQWKV�ROG��:DKHHG�HW�DO���������UHSRUWHG�WKDW�WKH�
DYHUDJH�RI�%:�DW����PRQWKV�ROG�LQ�%HHWDO�JRDW�ZDV������������
NJ��PDOH��DQG������������NJ��IHPDOH��DQG�FORVH�WR�WKH�DQLPDOV�
study at 21 months old. Özdemir and Dellal (2009) the average 

RI�%:�LQ�$QJRUD�JRDW� DW����PRQWKV�ROG�ZDV������������NJ�
�PDOH�� DQG� ����������� NJ� �IHPDOH�� DQG� KLJKHU� WKDQ� DQLPDOV�
VWXG\�DW�WKH�VDPH�DJH��7KXV��:DL]�HW�DO���������UHSRUWHG�WKDW�WKH�
DYHUDJH�RI�%:�LQ�6LURKL�JRDW�DW����PRQWKV�ROG�ZDV������������
NJ��PDOH��DQG������������NJ��IHPDOH��DQG��FORVH�WR�WKH�DQLPDOV�
study at 24 months old. 

The growth curve of Logistic and Gompertz models had 
VLPLODU�RI�FRHI¿FLHQW�RI�GHWHUPLQDWLRQ�YDOXH��52 = 0.98).  

Table 2. The average of body weight in Kacang goats

Age (months)

    
              (kg)

Age (months)  
             

              (kg)
Male (N) Female (N) Male (N) Female (N)

1
  1.50 (3)   1.43 (3)

13
��������� 14.30 (2)

2   2.50 (3)   2.45 (2) 14 13.25 (2) ���������
3   3.20 (2)   3.35 (2) 15 13.95 (2) 15.80 (2)
4   3.40 (2)   4.45 (2) �� ��������� ���������
5   4.45 (2) ���������� �� ��������� 14.30 (2)
�   5.35 (2) ���������� 18 18.00 (2) 18.45 (2)
� ���������� ���������� 19 18.15 (2) 18.80 (2)
8 ����������   9.25 (2) 20 19.50 (2) 19.35 (2)
9   8.00 (2) 10.00 (2) 21 21.10 (2) 20.50 (2)
10 10.05 (2) 11.00 (2) 22 22.55 (2) 21.40 (2)
11 ��������� 11.90 (2) 23 23.85 (2) 23.00 (2)
12

12.10 (2) ���������
24

25.23 (3) 24.30 (2)

���������������WKH�DYHUDJH�RI�ERG\�ZHLJKW��1��QXPEHU�RI�DQLPDO
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Table 3. The statistical analysis in growth curve of body weight in Kacang goats

0RGHO���6H[ a b c R2 SE ,:
(kg)

IA
(months)

GR
�NJ�PRQWK�

AR
�NJ�PRQWK�

Logistic

   Male ����� 12.08 ���� 0.98 ���� 15.30 ����� 1.23 0.04

   Female ����� ������ ���� 0.98 ���� ����� 12.95 ���� 0.04

Gompertz

   Male 42.90 ������ ���� 0.98 0.53 14.59 14.41 1.10 0.03

   Female 31.12   0.98 0.09 0.98 0.99 ����� ����� 1.02 0.04

D�LV�WKH�DV\PSWRWLF��E�LV�WKH�VFDOH�SDUDPHWHU��F�LV�WKH�WKH�DYHUDJH�UDWH�RI�ERG\�JURZWK�XQWLO�WKH�DQLPDO�UHDFKHV�ERG\�PDWXULW\��52��FRHI¿FLHQW�RI�GHWHUPLQDWLRQ��
6(��VWDQGDUG�HUURU��,:�LV�WKH�LQÀHFWLRQ�ZHLJKW��,$�LV�WKH�LQÀHFWLRQ�DJH��*5�LV�WKH�PD[LPXP�JURZWK�UDWH�DQG�$5�LV�WKH�DGXOW�UDWH

In sheep, the R2�YDOXH�RI������WR������LQ�WKH�/RJLVWLF�DQG�
Gompertz growth curves were reported in Morkaraman, Awas-
si, Akkaraman, Dorper cross, Norduz, Mengali, Hemsin, Ma-
dras red, Thalli, Mehraban and Mecheri breeds (Topal et al., 
������.XFXN�DQG�(\GXUDQ��������0DOKDGR�HW�DO���������.XP�
HW�DO���������7DULT�HW�DO���������.RSX]OX�HW�DO���������*DQHVDQ�
HW�DO���������:DKHHG�HW�DO���������+RMMDWL�DQG�+RVVHLQ�=DGHK��
������%DODQ�HW�DO����������3UHYLRXV�VWXGLHV�REWDLQHG�WKH�52 = 
����� �/RJLVWLF�� DQG� ����� �*RPSHUW]�� LQ� +DLU�� 0DUNKR]� DQG�
6LURKL�JRDWV��7DWDU�HW�DO���������.KHLUDEDGL�DQG�5DVKLGL��������
:DL]�HW�DO����������0HDQZKLOH��WKH�52 value in both models for 
$QJRUD�DQG�5HSDUWLGD�JRDWV�ZHUH������DQG������UHVSHFWLYHO\�
(g]GHPLU�DQG�'DOODO��������3LUHV�HW�DO���������

The standard error (SE) value in Gompertz was lower than 
Logistic models. In Gompertz model, the growth curve in ma-
les was higher than females. Meanwhile, the growth curve 
of males in both models was lower than females (Figure 1). 
+RZHYHU��SUHYLRXV�VWXG\�UHSRUWHG�WKDW�WKH�JURZWK�FXUYH�RI�%:�
LQ�EXFNV�ZDV�KLJKHU�WKDQ�GRHV��:DKHHG�HW�DO���������:DL]�HW�DO���
������.KHLUDEDGL�DQG�5DVKLGL���������'HVSLWH��SUHYLRXV�VWXG\�
UHSRUWHG�WKDW�WKH�JURZWK�FXUYH�RI�%:�LQ�UDPV�ZDV�KLJKHU�WKDQ�
HZHV��0F0DQXV�HW�DO���������.HVNLQ�HW�DO���������*DXWDP�HW�

al., 2018). Soeparno (2005) stated that the mechanism sex hor-
monal (androgen) was caused the growth rate in male animal 
ZDV� IDVWHU� WKDQ� IHPDOH� DQLPDO��7KH� ,:�DQG� ,$� LQ�*RPSHUW]�
model were lower than Logistic model. 

According to the Gompertz model, the mature weight in 
.DFDQJ�GRHV�RI� WKLV� VWXG\�ZDV� UHDFKHG�DW� ������PRQWKV�ROG�
and lower than Kacang does at Malaysia (18 months old) as re-
ported by Tsukahara et al. (2008). Malhado et al. (2009) obta-
LQHG�WKH�,:�YDOXHV�LQ�'RUSHU�î�0RUDGD�1RYD��'01���'RUSHU�
î�5DER�/DUJR��'5/��DQG�'RUSHU�î�6DQWD� ,QHV� �'6,��VKHHSV�
EDVHG�RQ�*RPSHUW]�PRGHO�ZHUH�������NJ��������NJ�DQG�������
NJ� UHVSHFWLYHO\� ZLWK� ,$� DURXQG� ������ GD\V� �'01��� ������
GD\V��'5/��DQG�������GD\V��'6,����7KXV���*DUFLD�0XQL]�HW�DO��
�������UHSRUWHG�,:�DQG�,$�LQ�%RHU�JRDW�EDVHG�RQ�/RJLVWLF�PR-
GHO�ZHUH������NJ�DQG�������GD\V�UHVSHFWLYHO\��+HQFH��WKH�,:�
and IA in Boer goat based on Gompertz model were 20 kg and 
���GD\V�UHVSHFWLYHO\��0RUHYHU��1DMDUL�HW�DO���������REWDLQHG�,:�
of 5.93 kg and IA of 39 days in native Tunisian goats recorded 
from birth until 8 months old. 

  

Figure 1. The growth curve of body weight in Kacang goats adjusted by Logistic and Gompertz models

https://doi.org/10.31015/jaefs.2020.3.12
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Figure 2. The absolute growth rate of body weight in Kacang goats estimated by Logistic and Gompertz models

7KH�,:�DQG�,$�YDOXHV� LQ�DQLPDOV�VWXGLHG�ZLWK�*RPSHUW]�
were lower than Logistic models and similar to Boer goat 
(Garcia-Muniz et al., 2019). In this study, the mature weight 
of Kacang bucks was about 15 kg and reached at about 14-
���PRQWKV�ROG��+HQFH��WKH�PDWXUH�ZHLJKW�LQ�.DFDQJ�GRHV�ZDV�
about 13 kg and reached at about 13 months old. The IA value in 
animals studied based on Logistic and Gompertz models were 
presented in Figure 2. In addition, the GR for Kacang bucks 
LQ�WKLV�VWXG\�ZDV������NJ�PRQWK��/RJLVWLF��DQG������NJ�PRQWK�
(Gompertz). Hence, the GR for Kacang does in this study was 
����� NJ�PRQWK� �/RJLVWLF�� DQG� ����� NJ�PRQWK� �*RPSHUW]�� DV�
presented in Figure 2. Morever, the AR in animals studied was 
����������NJ�PRQWK��$PUXOODK��������REWDLQHG�WKH�$5�YDOXH�
LQ�%UDKPDQ�FRZV�RI������NJ�PRQWK� LQ�/RJLVWLF�RU�*RPSHUW]�
models and close to the present study.

Conclusion
7KH�JURZWK�FXUYH�RI�%:�ZLWK�/RJLVWLF�DQG�*RPSHUW]�PRG-

els in animals studied had R2=0.98. However, the Gompertz 
model had lower of SE value rather than Logistic model. De-
spite, selection of Kacang goat can be performed based on the 
%:�DW�������PRQWKV�ROG��PDOH��DQG����PRQWKV�ROG��IHPDOH��
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Introduction 
/LYHVWRFN�VHFWRU�KDV�VRFLR�HFRQRPLFDO�FRQWULEXWLRQV�VXFK�

as providing employment for households living in rural area, 

supplying raw materials to different sectors, and increasing 

national income �$NVR\� HW� DO��� �����. Thus, it is critically 

important for the sustainability of  livestock activities that farms 

keep up with the recent changes by following innovations and 

developments. The methods and techniques used in livestock 

activities vary in time depending on the developments in 

the sector. However, to keep up with these changes, farmers 

need to give up old methods used in livestock and adopt the 

innovations in a short time �6H]JLQ�HW�DO��������. Furthermore, 

it is rather important in this sector to have fertile breeds, and to 

increase the number of the healthy animal. Therefore, it can be 

VDLG�WKDW�DUWL¿FLDO�LQVHPLQDWLRQ��$,��LV�RQH�RI�WKH�NH\�SUDFWLFHV�
LQ� OLYHVWRFN� VHFWRU�� ,W� LV� D� WHFKQLTXH� DLPHG� DW� LPSURYLQJ� DOO�
breeds of animals. Particularly used as a reproduction method in 

GDLU\�IDUPLQJ��$,�SURYLGHV�VLJQL¿FDQW�HFRQRPLF�FRQWULEXWLRQV�
to milk production and to farmers by genetically improving 

animals �Howley et al., 2012��� ,Q� 7XUNH\��$,� HIIRUWV� EHJDQ�
LQ� ������ DQG�ZDV� XVHG� IRU� GRPHVWLF� FDWWOH� DQG� VKHHS�EUHHGV�
IURP������WR������%RWK�SULYDWH�VHFWRUV�DQG�SXEOLF�LQVWLWXWLRQV�
ZHUH�HQWLWOHG�WR�XVH�$,�DV�SHU�WKH������UHJXODWLRQV��$OO�WKHVH�
developments accelerated the studies related to this technique 

and it made widespread �Gençdal et al., 2015��� ,Q�7XUNH\�� LW�
LV�HVWLPDWHG�WKDW�WKH�QXPEHU�RI�$,�LPSOHPHQWHG�LQ������ZDV�
about 2.8 million. Bursa province is the 4th biggest city of 

Turkey, located in the northwest of Turkey and the southeast of 

the Marmara Sea. The province has a great potential in terms of 

livestock and animal production due to its economic structure 

DQG�JHRJUDSKLFDO�IHDWXUHV�� ,Q�%XUVD�SURYLQFH�� WKHUH�KDV�EHHQ�
VLJQL¿FDQW�LQFUHDVHV�LQ�WKH�FXOWXUH�EUHHGV�LQ�DQLPDO�SRSXODWLRQ��
especially in the recent years. Bursa province ranks 28th in 

7XUNH\�LQ�WHUPV�RI�WKH�QXPEHU�RI�ERYLQH�DQLPDOV��,Q�������WKLV�

&LWH�WKLV�DUWLFOH�DV��
g]VD\ÕQ��'����������)DFWRUV�DIIHFWLQJ�WKH�XVH�RI�DUWL¿FLDO�LQVHPLQDWLRQ�RI�IDUPHUV�LQ�GDLU\�IDUPLQJ��,QW��-��$JULF��(QYLURQ��)RRG�6FL���������
�������
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UDWLR�ZDV�������LQ�%XUVD�SURYLQFH�ZKLOH�WKH�VKDUH�RI�FXOWXUH�
EUHHGV��GDLU\�FDWWOH��ZDV�������LQ�7XUNH\��,Q� WKH�VDPH�\HDU��
WKH�QXPEHU�RI�$,�ZDV��������LQ�%XUVD�SURYLQFH��785.67$7��
2018���:LWK� LWV� VLJQL¿FDQW� ORFDWLRQ� IRU� GDLU\� IDUPLQJ��%XUVD�
province includes the following districts, which are known 

DV� WKH� PRXQWDLQ� UHJLRQ�� +DUPDQFÕN�� .HOHV�� 2UKDQHOL� DQG�
%�\�NRUKDQ��7KH�PDMRULW\�RI�WKH�KRXVHKROGV�LQ�WKHVH�GLVWULFWV�
live on agriculture and livestock �.DUDKDQ�HW�DO��������. Bovine 

animals in these four districts respectively constitute about 

������ ������ ����� DQG� ����� RI� WKH� ERYLQH� DQLPDOV� LQ� WRWDO�
in Bursa province. Therefore, four districts in the mountain 

UHJLRQ� PDNH� VLJQL¿FDQW� FRQWULEXWLRQV� WR� OLYHVWRFN� IDUPLQJ��
$OWKRXJK�WKHUH�DUH�PDQ\�VWXGLHV�RQ�$,�LQ�WKH�OLWHUDWXUH��WKHUH�LV�
a limited number of studies aimed at determining of the factors 

DIIHFWLQJ�IDUPHUV¶�XVH�RI�$,�DQG�WKHLU�GHFLVLRQ�PDNLQJ�WUHQGV�
regarding this technique �.DD\D� HW� DO��� ����� Sezgin et al., 

������+RZOH\�HW�DO���������*HQoGDO�HW�DO����������%HVLGHV��WKHUH�
is no comprehensive study conducted in these four districts 

in relation to this subject. For this reason, it is important to 

evaluate the factors that have an impact on farmers’ decision-

PDNLQJ� WUHQGV�RQ� WKH�XVH�RI�$,� Ior improving dairy farming 

activities in the research area. Therefore, the purpose of the 

present study is to determine the factors that impact on farmers’ 

XVH�RI�$,�LQ�WKHVH�IRXU�GLVWULFWV�NQRZQ�DV�WKH�PRXQWDLQ�UHJLRQ��
To elaborate on the issues that serve the purpose of the study, 

this study tests the following hypotheses: 

 H
0
 ,QVWLWXWLRQDO� VHUYLFHV�� VRFLR�HFRQRPLFDO� DQG� IDUP�

FKDUDFWHULVWLFV�KDYH�QR�VLJQL¿FDQW�HIIHFW�RQ�IDUPHUV¶�� �
����XVH�RI�$,

 H
1
 � ,QVWLWXWLRQDO� � VHUYLFHV�� VRFLR�HFRQRPLFDO� DQG� IDUP�

FKDUDFWHULVWLFV�KDYH�D�VLJQL¿FDQW�HIIHFW�RQ�IDUPHUV¶�XVH��
�������RI�$,

 The precautions to increase milk yield in dairy cattle 

farms, which constitute an important portion of the livestock 

sector, is essential for the sustainability of farms. Therefore, 

it is necessary to increase the number of healthy and fertile 

DQLPDOV� LQ� IDUPV�� 7KLV� VWXG\�� ZKLFK� RIIHUV� VRPH� VLJQL¿FDQW�
LQVLJKWV� LQWR� WKH� IDFWRUV� DIIHFWLQJ� WKH� IDUPHUV¶� XVH� RI�$,�� is 

of great importance IRU�WKLV�UHVHDUFK�¿HOG� The results of this 

study will potentially contribute to livestock activities in Bursa 

province and its districts, and to other studies in the relevant 

literature.

Material and Methods 
7KH�6WXG\�$UHD�DQG�6DPSOH�6L]H
This  study  was  based  on the  data  obtained  from  dairy 

FDWWOH��IDUPV��LQ�WKH��GLVWULFWV�RI�+DUPDQFÕN���.HOHV���2UKDQHOL��
and B�\�NRUKDQ of province of  Bursa in Turkey,  which  are  

known  as  the  mountain  region,  through  survey  method  

between  April and December, 2018. The data were collected 

by face-to-face interviews with farmers. A total of 3,505 

farms involved in dairy farming activities were the target 

population of the research. The number of animals in farms 

was considered in determining the sample size. The farms 

ZHUH�VHOHFWHG�E\�WKH�VWUDWL¿HG�UDQGRP�VDPSOLQJ�PHWKRG��7KH�
VDPSOH�VL]H�ZDV�FDOFXODWHG�XVLQJ�WKH�1H\PDQ�PHWKRG��6H]JLQ�HW�

DO���������<DPDQH���������7KLV�PHWKRG�LV�DV�IROORZ�

 

ZKHUH��Q�LV�WKH�VDPSOH�VL]H������IDUPV���1�LV�WKH�QXPEHU�RI�
dairy cattle farms in the GLVWULFWV��������IDUPV���1

h
 is the number 

RI�GDLU\�FDWWOH�IDUPV�LQ�WKH�K�VWUDWXP��6
h
 is the standard deviation 

for the h stratum, S
h

2 is the variance for h stratum, d is desired 

absolute precision, z is GHVLUHG�FRQ¿GHQFH�OHYHO�������IRU�������
D is acceptable error limit in population mean. Farms were 

GLYLGHG�LQWR�WKUHH�JURXSV��DV���WR�����FDWWOH�����IDUPV������WR�����
FDWWOH�����IDUPV��DQG�HTXDO����DQG�!���FDWWOH������IDUPV��� The 

total sample size was calculated as 252 dairy farms. However, 

all farms were included in the evaluation because there were not 

important differences between the farms in the strata.

Econometric Model 
This study determined the socio-economical characteristics 

of the farmers through descriptive statistics. The logit model 

ZDV�DOVR�XVHG�LQ�WKH�LGHQWL¿FDWLRQ�RI�WKH�IDFWRUV�DIIHFWLQJ�IDUPHUV¶�
decision-making trends for the use of $,�� /RJLVWLF� UHJUHVVLRQ�
is non-linear a model which can be linearization with designed 

transformations for the binary dependent variable, and dependent 

variable represents the occurrence or non-occurrence of an event 

�FRGHG� DV� �� RU� ��� The logit model is one of methods used to 

HVWLPDWH� RI� WKH� ELQDU\� GHSHQGHQW� YDULDEOH� PRGHOV� �<RKDQQHV��
2014). The dependent variable that indicates the farmers’ use of 

$,�ZDV�GLYLGHG�LQWR�WZR�UHVSRQVH�FDWHJRULHV�DV�WKH�IDUPHUV�ZKR�
XVH�$,��FRGHG�� �HYHQW��DQG�WKRVH�ZKR�GR�QRW�XVH�$,��FRGHG�� �QR�
HYHQW��DFFRUGLQJ�WR�WKH�ORJLW�PRGHO��7KH�67$7$�VWDWLVWLFDO�DQDO\VLV�
SURJUDP�ZDV�XWLOL]HG�LQ�WKH�DQDO\VLV�RI�WKH�GDWD��6WDWD&RUS�������. 
7KLV�PRGHO�LV�GH¿QHG�DV�IROORZV�

 

where,  is dependent variable, P
i
 is the probability of XVH�$, for 

the ith farmers and it ranges from 0-1,  is constant term, =parameter 

WR�EH�HVWLPDWHG��;
i
=independent variables. Based on the natural 

ORJ�RI�WKLV�HTXDWLRQ������WKH�IROORZLQJ�HTXDWLRQ�FDQ�EH�ZULWWHQ�

 

McFadden’s pseudo R-squared value and the likelihood ratio 

�/5��ZHUH�FDOFXODWHG�WR�WKH�JRRGQHVV�RI�¿W�RI�WKH�PRGHO�DQG�LWV�
explanatory power. McFadden’s pseudo R-squared value can be 

as low as 0 but can never be equal to 1, and parameter values 

between 0.2 and 0.4 contain a reference to an appropriate model 

¿W� �.DUDKDQ� HW� DO��� �������7KH� OLNHOLKRRG� UDWLR�FKL�VTXDUH� �/5�
chi2��LV�GH¿QHG�DV�����/

0
��/

1
���ZKHUH�/

0 
describes the log likelihood 

IRU�WKH�FRQVWDQW�RQO\�PRGHO�DQG�/
1
 is the log likelihood for the full 

model with constant and predictors �<RKDQQHV������). When the 

/5�VWDWLVWLF�YDOXH�RI�WKH�PRGHO�LV�JUHDWHU�WKDQ�WKH�YDOXH�RI�FKL�
VTXDUH��WKH�QXOO�K\SRWKHVLV��+

0
��LV�UHMHFWHG��

'H¿QLWLRQ�RI�9DULDEOHV
The dependent variable of the logit model has two response 

categories. To determine the dependent variable, the farmers 

were asked if they use $,�RU�QRW. Accordingly, these results were 
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FRPELQHG�LQWR�D�GXPP\�YDULDEOH��LI�WKH�IDUPHU�GR�QRW�XVH�$,��WKLV�
LV�JLYHQ�WKH�YDOXH�RI����� QR�HYHQW��DQG�WKH�YDOXH�RI���LV�JLYHQ�
ZKHQ� WKH� IDUPHU�XVHV�$,� �� HYHQW���7KH� LQGHSHQGHQW�YDULDEOHV�
included in the model were selected from some studies in the 

OLWHUDWXUH��7HIHUD�HW�DO���������*HQoGDO�HW�DO��������. Age is one 

of the important demographic characteristics affecting farmers’ 

behaviors. Because, farmers’ preferences may change depending 

on their age. Old farmers are more likely to refuse innovations 

on agriculture and livestock compared to younger or middle-aged 

farmers to avoid the risks of new technologies �<RKDQQHV������). 
Therefore, the increasing age is expected to negatively affect the 

IDUPHUV¶� XVH� RI�$,��Education enhances the ability of farmers 

to use their knowledge �3DXORV� HW� DO��� �����. Since the more 

educated farmers are, the more successful they are in adapting 

to innovations and developing skills. Therefore, it is expected 

that educational level of the farmers has a positive effect on the 

IDUPHUV¶�XVH�RI�$,��Experience is an important factor for farmers. 

Because, the farmers with knowledge and experience in dairy 

IDUPLQJ�DFWLYLWLHV�PD\�¿QG�LW�HDVLHU�WR�DGDSW�WR�QHZ�WHFKQRORJLHV�
�<RKDQQHV������). Thus, it is expected that the farmers with more 

H[SHULHQFHV�DUH�PRUH�OLNHO\�WR�XVH�$,�DQG�WKXV��H[SHULHQFH�LQ�GDLU\�
farming may have a positive impact on the farmers’ use of $,. The 

OLNHOLKRRG�WR�XVH�$,�DOVR�GHSHQGV�RQ�WKH�LQFUHDVH�LQ�WKH�QXPEHU�
of animals and the income level of the farmers. Hence, the use of 

$,�PD\�GHFUHDVH�GHSHQGLQJ�RQ�WKH�LQFUHDVH�LQ�WKH�WRWDO�QXPEHU�RI�
dairy cattle, particularly in the farms with a low income. So, the 

higher the number of animals in these farms is, the less likely the 

IDUPHUV�XVH�$,��<HW��WKH�IDUPHUV�ZLWK�D�PLGGOH�RU�KLJK�LQFRPH�DQG�
DQ�DGGLWLRQDO�LQFRPH�PD\�SUHIHU�WR�XVH�$,�WR�PDLQWDLQ�WKH�KHDOWK�RI�
their animals and to ensure herd management �<RKDQQHV������). 
Thus, the higher the number of animals in these farms is, the more 

OLNHO\�WKH�IDUPHUV�XVH�$,��,W�LV�H[SHFWHG�WKDW�WKH�QXPEHU�RI�GDLU\�
cattle may have a positive or negative impact on the farmers’ use 

RI�$,��+RXVHKROG� VL]H� SOD\V� DQ� LPSRUWDQW� UROH� LQ� WKH� GHFLVLRQ�
making process of the farmers on the use of any technological 

innovations or practices in their farms. Since the increase or 

decrease in the number of family members in a household can 

affect the tendencies of the farmers towards the adoption of new 

WHFKQRORJLHV� �%DPLUH� HW� DO��� ������� 3DUWLFXODUO\� VPDOO� IDPLO\�
farms are by nature subsistence farms. Therefore, when the 

number of family member in a household increases, the farmers 

use their income to meet the needs of these family members 

rather than buying new technologies. Hence, it is expected that 

WKH�QXPEHU�RI�WKH�IDUPHUV�XVLQJ�$,�GHFUHDVHV�GHSHQGLQJ�RQ�WKH�
increase in the number of family members in the household. 

/LYHVWRFN� GLVHDVHV� DUH� VXEVWDQWLDOO\� LPSRUWDQW� IRU� GDLU\� FDWWOH�
farms because farmers often face with various animal diseases in 

their farms. Farmers encounter problems such as loss of income 

and production due to animal deaths caused by diseases. 

7KHUHIRUH��LW�LV�H[SHFWHG�WKDW�WKH�IDUPHUV�XVH�$,�PRUH�RIWHQ�WR�
maintain herd management and to prevent animal diseases in 

their farms. Thus, in this model, the variable of livestock diseases 

takes values as 1 for the farmer faced with epidemic diseases and 

as 0 for those who do not. Farmers need an off-farm income in 

order to boost their income level. Additional income can enhance 

WKH�¿QDQFLDO�VWUHQJWK�RI�IDUPHUV�DQG�WKH�RSSRUWXQLWLHV�WR�XVH�QHZ�
technologies �<RKDQQHV������). Therefore, farmers may follow 

innovations on livestock depending on the increase in income in 

their farms. Hence, the likelihood of the farmers with an off-farm 

LQFRPH�WR�XVH�$,�LV�H[SHFWHG�WR�EH�KLJK��7KXV��LQ�WKLV�PRGHO��WKH�
variable of off-farm income takes values as 1 for the farmers with 

DQ�RII�IDUP�LQFRPH�DQG�DV���IRU�WKRVH�ZKR�GR�QRW��,W�FDQ�EH�VDLG�
WKDW� IDUPHUV� EHQH¿W� IURP�YDULRXV� OLYHVWRFN� VXSSRUWV��$,� LV� RQH�
RI�WKHVH�VXSSRUWV�WKDW�EHQH¿W�E\�IDUPHUV��7KLV�VXSSRUW�LV�NH\�LQ�
ensuring the sustainability of livestock activities and protecting 

WKH�IDUPHUV��%HFDXVH�� LW� FDQ� VLJQL¿FDQWO\� LQFUHDVH� WKH� DQLPDO�
SURGXFWLRQ� LQ� IDUPV�� 7KXV�� WKH� IDUPHUV�ZKR� EHQH¿W� IURP� WKLV�
VXSSRUW�DUH�H[SHFWHG� WR�KDYH�DQ� LQFUHDVLQJ� WHQGHQF\� WR�XVH�$,��
7KHUHIRUH�� LQ� WKLV�PRGHO�� WKH� YDULDEOH� RI� DUWL¿FLDO� LQVHPLQDWLRQ�
VXSSRUW�WDNHV�YDOXHV�DV���IRU�WKH�IDUPHUV�ZKR�EHQH¿W�IURP�WKLV�
support and as 0 for those who do not. Having access to veterinary 

services is an important for a healthy and productive livestock 

IDUPLQJ��2ODGHOH�HW�DO����������6LQFH�WKHVH�VHUYLFHV�FDQ�UHGXFH�WKH�
productivity losses and economic losses in production. For this 

reason, farmers need to easily access to veterinary services. Thus, 

LW� LV� DVVXPHG� WKDW� WKH� IDUPHUV¶� XVH� RI�$,�PD\� LQFUHDVH�ZLWK�
the provision of easy access to veterinary services. Therefore, 

in this model, the variable of access to veterinary services takes 

values as 1 for the farmers who have easy access and as 0 for those 

who do not.

Results and Discussion 
,Q�WKLV�VWXG\��WKH�UDWLR�RI�WKH�IDUPHUV�ZKR�XVH�$,�ZDV�������

DQG�WKRVH�ZKR�GR�QRW�XVH�$,�ZDV��������Similarly, the ratio of 

WKH�IDUPHUV�XVLQJ�$,�was determined as �������������������
������ DQG� ����� UHVSHFWLYHO\�� LQ� VRPH� VWXGLHV� �+RZDUG� DQG�
&UDQ¿HOG� ������ $NVR\� HW� DO��� ������ g]\�UHN� HW� DO��� ������
*HQoGDO� HW� DO��� �����. According to these results, it can be 

VDLG�WKDW�WKH�UDWLR�RI�$,�XVH�LQ�WKH�IRXU�GLVWULFWV�NQRZQ�DV�WKH�
mountain region is higher than the ratio found in previous 

studies. This result shows that the tendencies of the farmers 

WR�XVH�$,�DUH�KLJK�DQG�WKH\�KROG�SRVLWLYH�RSLQLRQV�UHJDUGLQJ�
this technique. The socio-economical characteristics of the 

IDUPHUV� ZHUH� H[SODLQHG� E\� GHVFULSWLYH� VWDWLVWLFV� �7DEOH� ��� 
,W� ZDV� IRXQG� WKDW� ������ RI� WKH� IDUPHUV�ZHUH� DJHG� EHWZHHQ�
������DQG�WKH�DYHUDJH�DJH�ZDV�����. ,Q�VWXGLHV�FRQGXFWHG�LQ�
province of Van in Turkey and Uganda, the average age of the 

farmers was reported to be 45.0 and 44.5, respectively �.DD\D�
HW�DO���������*HQoGDO�HW�DO����������7KXV��LW�FDQ�EH�VDLG�WKDW�WKH�
UHVXOWV�RI�WKLV�VWXG\�DUH�FRQJUXHQW�ZLWK�WKH�¿QGLQJV�RI�SUHYLRXV 
studies. Educational level is one of the most important 

demographic features affecting the farmers’ behaviors, and 

their preferences may change depending on their educational 

OHYHO�� ,W�ZDV� IRXQG� WKDW� WKH�PDMRULW\� RI� WKH� IDUPHUV� ��������
attended primary education and the average year of schooling 

ZDV�����LQ�WKLV�VWXG\��,Q�WKH�VWXGLHV�FRQGXFWHG�E\�.DD\D�HW�DO��
�������DQG�Gençdal et al. ������� it is reported that the average 

year of schooling of the farmers was 10.3 years and 4.5 years, 

respectively. Therefore, the average year of schooling of the 

farmers in this study is lower than the value reported by .DD\D�
et al. �������DQG�KLJKHU�WKDQ�WKH�YDOXH�H[SODLQHG�E\�Gençdal et 

al. ��������$OVR��������RI�WKH�IDUPHUV�KDG�D�KRXVHKROG�VL]H�RI�
3-4 persons and the average household size was 3.1 persons. 

Thus, it can be said that this value is below the average 

KRXVHKROG�VL]H������SHUVRQV��DW�WKH�QDWLRQDO�OHYHO��,W�ZDV�IRXQG�
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that ������ RI� WKH� IDUPHUV� KDG� D� GDLU\� IDUPLQJ� H[SHULHQFH�
of    11-20 years and the average experience was 15.1 years. 

,Q�VWXGLHV�FRQGXFWHG�E\�+RZDUG�DQG�&UDQ¿HOG���������.DD\D�
et al. ������� DQG�Gençdal et al. ������ found that the dairy 

farming experience of the farmers was ����� \HDUV�� ��� \HDUV�

and 25 years, respectively. Thus, the results of this study on the 

dairy farming experience are lower than those obtained from 

previous studies. Furthermore, it was found that 15.1��RI�WKH�
IDUPHUV�KDG�WKH�KLJKHVW�LQFRPH���¼������

Table 1. Socio-economical, farm characteristics and institutional�VHUYLFHV��Q ����

  Characteristics Frequency �� Mean **SD

)DUPHUV¶�DJH��\HDU�        
������������������������ ����   38.1

����� ����
������������������������ ����    34.1

                  48-58 ����   23.8

������������������������   10       4.0

(GXFDWLRQ�OHYHO��\HDU�
                Primary school graduate 182             �������

���� ����
                Secondary school graduate    42 �������
                High-school graduate    23 ��������
                University graduate  5               2.0

+RXVHKROG�VL]H��SHUVRQ����
�������������������������     80 �������

3.10 1.05                      3-4   140 �������
��������������������������     32 �������
)DUPHUV¶�GDLU\�IDUPLQJ�H[SHULHQFH��\HDU�
������������������������� ������    23.4

15.10 ����                    11-20   148 ���������
�������������������������     45 ��������������
*+RXVHKROG�LQFRPH��¼�\HDU-1��
�������������������¼������ ������ �������

¼������ ����������������¼�����¼������   148 �������
�������������������¼����     38    15.1

1XPEHU�RI�GDLU\�FDWWOH��KHDG�
��������������������������� ������ �������

21.38 �����                     12-21                  53    21.0

                        �����   132    52.4

/LYHVWRFN�GLVHDVHV
����������������������<HV   181 �������

���� 0.45
�����������������������1R ������    28.2

Off-farm income

�����������������������<HV   204    81.0
0.81 ����

�����������������������1R     48 �������
$UWL¿FLDO�LQVHPLQDWLRQ�VXSSRUW
�����������������������<HV ����� �������

���� ����
�����������������������1R     23 ��������
 Access to veterinary services

�����������������������<HV   224 ��������
���� 0.31

������������������������1R     28     11.1

����(XUR �����75<��7XUNLVK�OLUD��LQ�-XQH�������**SD=Standart deviation  
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,Q�WKLV�VWXG\��WKH�0F)DGGHQ¶V�pseudo R-squared value and 

OLNHOLKRRG�UDWLR��/5��ZHUH�FDOFXODWHG� WR� WHVW� WKH�JRRGQHVV�RI�
¿W�RI�WKH�HVWDEOLVKHG�PRGHO�DQG�LWV�H[SODQDWRU\�SRZHU��7KH�/5�
DQG�FKL�VTXDUH�VWDWLVWLF��chi2��YDOXHV�ZHUH�FDOFXODWHG�DV�������
DQG��������UHVSHFWLYHO\��7KH�QXOO�K\SRWKHVLV�DW����VLJQL¿FDQFH�
ZDV� UHMHFWHG� EHFDXVH� WKH� /5� YDOXH�ZDV� IRXQG� WR� EH� JUHDWHU�
than chi2 value. The McFadden’s pseudo R-squared value was 

calculated as 0.34. These results revealed that the model is 

VWDWLVWLFDOO\�VLJQL¿FDQW�DQG�¿WV�IRU�WKH�VWXG\��7DEOH����
Table 2 presents the parameter estimates of the logit 

model employed to identify the factors affecting the farmers’ 

XVH�RI� �$,��$FFRUGLQJ� WR� WKHVH� UHVXOWV�� Lt was found that age 

KDG�D�QHJDWLYH� HIIHFW�RQ� IDUPHUV�ZKR�XVH�$,� DW� ��� OHYHO�RI�
VLJQL¿FDQFH��+HQFH�� LW�FDQ�EH�VDLG� WKDW� LQVWLWXWLRQDO�VHUYLFHV��
farm and socio-economical and farm characteristics have 

D� VLJQL¿FDQW� HIIHFW� RQ� WKH� IDUPHUV¶� XVH� RI�$,�� 7KXV�� D� RQH�

year increase in the age of the farmer would decrease the 

likelihood that the farmer uses $,� E\� ������ The relevant 

results revealed that old farmers are more likely to refuse 

innovations on livestock compared to their young or middle-

DJHG�FRXQWHUSDUWV��,Q�WKLV�UHJDUG�� WKH�PDMRULW\�RI�WKH farmers 

XVLQJ�$,�ZHUH�\RXQJ�DQG�PLGGOH�DJHG��DQG�WKH�YDULDEOH�RI�DJH�
was effective in the preferences of farmers on new practices. 

7KXV�� WKHVH� UHVXOWV� DUH� FRQJUXHQW�ZLWK� WKH�¿QGLQJV� IURP� WKH�
studies of Sezgin et DO���������DQG�+RZOH\�HW�DO����������EXW�DUH 
not with those from +RZDUG�DQG�&UDQ¿HOG���������7DPEL�HW�DO��
�������DQG�.DD\D�HW�DO����������ZKLFK�LQGLFDWHG�WKDW�WKHUH�ZDV�
a positive relationship between the farmers’ age and the use of 

$,���7KHUHIRUH��LW�LV�HVVHQWLDO�WKDW�ROG�IDUPHUV�LQ�WKH�UHVHDUFK�
DUHD� DUH� LQIRUPHG� RQ�$,� WR� HQVXUH� KHUG�PDQDJHPHQW� DQG� WR�
enhance their yields from dairy cows and their tendencies to 

use such techniques are increased. 

Table 2. Factors affecting farmers’ use of DUWL¿FLDO�LQVHPLQDWLRQ

Variables &RHI¿FLHQW Standart 

Error
 z-statistic

S�YDOXH!_]_

�SUREDELOLW\�

Marjinal

Effects

  Age of farmers �������� ������ �������     0.000** �������

  Educational level �������� 0.1355   3.48     0.001** �������

  Dairy farming experience of farmers   0.1282 0.0514   2.50    0.013* �������

��1XPEHU�RI�GDLU\�FDWWOH�   0.0514 ������ ������ ���������**  0.0024

  Household size �������� 0.2541  -3.52     0.000** -0.0411

��/LYHVWRFN�GLVHDVHV� �������� 0.5255 ������     0.008**  0.0884

  Off-farm income   1.1030 0.5210   2.12    0.034* �������

��$UWL¿FLDO�LQVHPLQDWLRQ�VXSSRUW� �������� ������   3.33     0.001** �������

  Access to veterinary services   1.5044 ������   2.32    0.020*  0.1208

  Constant �������� ������   2.45    0.014*

   McFadden’s pseudo R-squared =0.34 ����ORJ�OLNHOLKRRG��/
0
� �����������

���ORJ�OLNHOLKRRG��/
1
� ����������     OLNHOLKRRG�UDWLR��/5� �����

���3URE!FKL�VTXDUH��chi2� ������3UREDELOLW\� ����/5!FKL2��������� =������!�����

��7KH�OHYHOV�RI�VLJQL¿FDQFH��*S�������**S�����
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(GXFDWLRQDO� OHYHO� KDG� D� SRVLWLYH� LQÀXHQFH� RQ� WKH� IDUPHUV�
XVLQJ�$,�DW����OHYHO�RI�VLJQL¿FDQFH��7KXV��D�RQH�\HDU�LQFUHDVH�LQ�
the school education of farmers would increase the probability 

RI�WKH�XVH�RI�$,�E\������� These results show that the number 

RI� WKH� IDUPHUV�XVLQJ�$,�PD\� LQFUHDVH�GHSHQGLQJ�RQ� LQFUHDVH�
LQ� WKHLU� HGXFDWLRQ� DQG� NQRZOHGJH� OHYHO�� 7KHVH� ¿QGLQJV� DUH�
FRQVLVWHQW�ZLWK�WKH�¿QGLQJV�RI�WKH�VWXG\�FRQGXFWHG�E\�Gençdal 

et al. �������� ZKLFK� FRQFOXGHG� WKDW� WKHUH� ZDV� D� SRVLWLYH�
relationship between the farmers’ educational level and the use 

RI�$,��EXW�DUH�QRW�FRQJUXHQW�ZLWK�WKRVH�RI�7HIHUD�HW�DO����������
7KXV��$,� SUDFWLFHV� DUH� SUHIHUUHG� E\� WKH� IDUPHUV�ZLWK� D� KLJK�
educational level more than others in the farms in the research 

area. 

The dairy farming experience KDG�D�SRVLWLYH�LQÀXHQFH�RQ�
WKH�IDUPHUV�XVLQJ�$,�DW����OHYHO�RI�VLJQL¿FDQFH��7KXV��D�RQH�
year increase in dairy farming experience would increase the 

SUREDELOLW\�RI�WKH�XVH�RI�$,�E\������� The preferences of the 

IDUPHUV�RQ�$,�PD\�FKDQJH�GXH�WR�WKH�LQFUHDVH�LQ�WKHLU�NQRZOHGJH�
and experiences depending on their dairy farming experiences. 

6LPLODU�¿QGLQJV�ZHUH�REWDLQHG�IURP�VWXG\�FRQGXFWHG�LQ�.HQ\D�
�7DPEL�HW�DO����������7KH�¿QGLQJV�RI�WKLV�VWXG\�DUH�QRW�FRQJUXHQW�
with the results of the studies conducted in Uganda and in 

Canada, which reported that there was a negative relationship 

between the dairy farming experiences of the farmers and the 

XVH�RI�$,��+RZDUG�DQG�&UDQ¿HOG��������.DD\D�HW�DO����������
7KXV�� WKH�SUREDELOLW\�RI� WKH�XVH�RI�$,�PD\� LQFUHDVH�ZLWK� WKH�
improved knowledge and skills due to increased dairy farming 

experiences in the farms. 

The nXPEHU� RI� GDLU\� FDWWOH� KDG� D� VLJQL¿FDQW� SRVLWLYH�
LQÀXHQFH�RQ�WKH�IDUPHUV�ZKR�XVH�$,�DW����OHYHO�RI�VLJQL¿FDQFH��
Thus, a one-unit increase in the number of dairy cattle would 

LQFUHDVH�WKH�SUREDELOLW\�RI�WKH�XVH�RI�$,�E\��������7KHUHIRUH��
LW� FDQ�EH� VDLG� WKDW�$,� LV� SUHIHUUHG�PRUH�E\� WKH� IDUPHUV�ZLWK�
a middle and high income, as well as an additional income, 

compared to other farmers. Although these results are not 

FRQJUXHQW� ZLWK� WKH� ¿QGLQJV� RI� 7HIHUD� HW� DO�� �������� ZKLFK�
indicated that there was a negative relationship between the 

QXPEHU�RI�GDLU\�FDWWOH�WKDW�WKH�IDUPHUV�KDG�DQG�WKH�XVH�RI�$,��
WKH�SUHVHQW� UHVXOWV� DUH� VLPLODU�ZLWK� WKH�¿QGLQJV�RI� WKH� VWXG\�
FRQGXFWHG�LQ�,UHODQG��+RZOH\�HW�DO����������7KXV��LW�LV�H[SHFWHG�
WKDW� DQ� LQFUHDVH� LQ� WKH� QXPEHU� RI� WKH� IDUPHUV� XVLQJ�$,� WR�
increase milk yield and to protect the health of animals in the 

farms depends on the increase in the number of dairy cattle. 

+RXVHKROG� VL]H� KDG� D� VLJQL¿FDQW� QHJDWLYH� HIIHFW� RQ� WKH�
IDUPHUV�XVLQJ�$,�DW����OHYHO�RI�VLJQL¿FDQFH��7KXV��DQ�LQFUHDVH�
in the household of the farmers by one person would decrease 

the probability� RI� WKH� XVH� RI�$,� E\� ������ Thus, the larger 

WKH� KRXVHKROG� LV�� WKH� OHVV� OLNHO\� WKH� IDUPHUV� XVH�$,��:KHQ�
the number of family member in a household increases, the 

farmers use their income to meet the needs of these family 

members rather than buying new technologies. Therefore, 

KRXVHKROG�VL]H�LV�VLJQL¿FDQW�IRU�WKH�IDUPV��6LPLODU�UHVXOWV�ZHUH�
REWDLQHG� E\�$VIDZ� HW� DO�� �������� 7KH� UHVXOWV� RI� WKH� SUHVHQW�
VWXG\�DUH�QRW�FRQJUXHQW�ZLWK�WKH�UHVXOWV�RI�$NVR\�HW�DO����������
which indicated that there was a positive relationship between 

WKH�QXPEHU�RI�SHUVRQV�LQ�WKH�IDPLO\�DQG�WKH�XVH�RI�$,��7KXV��
the negative effects of household size on the adoption of 

innovations by the farmers may decrease with the precautions 

taken to increase the income level and milk yield of the farmers 

in the farms. 

/LYHVWRFN�GLVHDVHV�KDG�D�VLJQL¿FDQW�SRVLWLYH�HIIHFW�RQ�WKH�
IDUPHUV� ZKR� XVH�$,� DW� ��� OHYHO� RI� VLJQL¿FDQFH�� 7KXV�� WKH�
SUREDELOLW\�RI�WKH�XVH�RI�$,�LQFUHDVHV�E\�������IRU�WKH�IDUPHUV�
who face with epidemic diseases compared to others. Because, 

it can be said that farmers take various measures to protect the 

KHUG�KHDOWK�LQ�WKHLU�IDUPV��$,��ZKLFK�LV�RQH�RI�WKHVH�PHDVXUHV��
may be more preferable by farmers who have encountered with 

HSLGHPLF�GLVHDVHV��DQG�VR� WKH�SUREDELOLW\�RI� WKH�XVH�RI�$,� LV�
higher in the farms that have faced with epidemic diseases. 

Because, losses of production and income negatively affect the 

income of farmers. 

2II�IDUP�LQFRPH�KDG�D�VLJQL¿FDQW�SRVLWLYH�HIIHFW�RQ�IDUPHUV�
WKH� XVLQJ�$,� DW� ��� OHYHO� RI� VLJQL¿FDQFH��7KH� SUREDELOLW\� RI�
WKH� XVH� RI� $,� LQFUHDVHV� E\� ������ IRU� WKH� IDUPHUV� ZLWK� DQ�
additional income compared to others. According to these 

UHVXOWV�� RII�IDUP� LQFRPH� KDG� D� VLJQL¿FDQW� SRVLWLYH� HIIHFW� RQ�
WKH�IDUPHUV�XVLQJ�$,��,Q�RWKHU�ZRUGV��WKH�IDUPHUV�ZKR�KDYH�DQ�
RII�IDUP�LQFRPH�FDQ�LQFUHDVH�OLNHO\�WR�XVH�$,��%HFDXVH��WKHVH�
income can increase the tendencies of the farmers to use new 

WHFKQRORJLHV� �<RKDQQHV���������7KHUHIRUH�� IDUPHUV�QHHG�RII�
IDUP�LQFRPH��7KHVH�UHVXOWV�DUH�LQ�OLQH�ZLWK�WKH�¿QGLQJV�RI��0DO�
et al. �������DQG�%HVKLU�HW�DO����������7KXV��PRVW�RI�WKH�IDUPHUV�
in the research area have an off-farm income besides an on-

farm income. 

$UWL¿FLDO� LQVHPLQDWLRQ� VXSSRUW� KDG� D� VLJQL¿FDQW� SRVLWLYH�
HIIHFW�RQ�WKH�IDUPHUV�ZKR�XVH�$,�DW����OHYHO�RI�VLJQL¿FDQFH��
7KH� SUREDELOLW\� RI� XVH� RI� $,� LQFUHDVHV� E\� ������� IRU� WKH�
farmers who receive such support compared to others. 

$FFRUGLQJ� WR� WKHVH� UHVXOWV�� DUWL¿FLDO� LQVHPLQDWLRQ� VXSSRUW�KDG�
D�VLJQL¿FDQW�SRVLWLYH�HIIHFW�RQ�WKH�IDUPHUV�ZKR�XVH�$,��,Q�RWKHU�
ZRUGV��WKH�IDUPHUV�ZKR�EHQH¿W�IURP�WKLV�VXSSRUW�DUH�H[SHFWHG�
WR�KDYH�DQ� LQFUHDVLQJ� WHQGHQF\� WR�XVH�$,��)XUWKHUPRUH��$,� LV�
critical to protect consumers and ensure sustainable livestock 

activities. One of the most important purposes of this support 

LV� WR� LQFUHDVH� SUR¿WDELOLW\�� )RU� WKLV� UHDVRQ��$,� LV� UHTXLUHG� WR�
FRQYHUW� WKH�H[LVWLQJ�EUHHGV� LQWR�KLJK�\LHOGLQJ�EUHHGV� �'HPLU�
DQG�<DYX]���������7KXV��EHQH¿WLQJ�IURP�WKLV�VXSSRUW�LQFUHDVHV�
WKH�QXPEHU�RI�WKH�IDUPHUV�XVLQJ�$,�

$FFHVV� WR� YHWHULQDU\� VHUYLFHV� KDG� D� VLJQL¿FDQW� SRVLWLYH�
HIIHFW� RQ� WKH� IDUPHUV� XVLQJ� $,� DW� ��� OHYHO� RI� VLJQL¿FDQFH��
7KXV�� WKH�SUREDELOLW\�RI� WKH�XVH�RI�$,� LQFUHDVHV�E\��������IRU�
the farmers who have easy access to these services compared 

to others. According to these results, access to veterinary 

VHUYLFHV�KDG�D�VLJQL¿FDQW�SRVLWLYH�HIIHFW�RQ�WKH�IDUPHUV�XVLQJ�
$,�� 9HWHULQDU\� VHUYLFHV� SUHYHQW� GLVHDVHV� IURP� VSUHDGLQJ� WR�
DQLPDOV�� DQG� IURP� DQLPDOV� WR� KXPDQV� �2ODGHOH� HW� DO��� �������
7KHUHIRUH��LW�FDQ�EH�DUJXHG�WKDW�LW�LV�NH\�IRU�IDUPHUV�WR�EHQH¿W�
from these services. Gaining an easy access to veterinary 

VHUYLFHV� PHDQV� WKDW� IDUPHUV� DQ� DOVR� HDVLO\� EHQH¿W� IURP�$,�
service. The results of the present study are not congruent with 

WKH�¿QGLQJV�RI�*HQoGDO�HW�DO����������ZKLFK�LQGLFDWHG�WKDW�WKHUH�
was a negative relationship between the distance from farm to 

WKH�GLVWULFW�DQG�WKH�SRVVLELOLW\�RI�$,�XVH��7KHUHIRUH��SURYLGLQJ�
an easy access to veterinary services can increase the number 
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RI�WKH�IDUPHUV�XVLQJ�$,��
Conclusion 
,Q�FRQFOXVLRQ�� LW� LV�HVVHQWLDO� WR�PDNH�$,�PRUH�SRSXODU� LQ�

the districts of Bursa province that old farmers are informed on 

$,�DQG�LWV�LPSRUWDQFH��WKDW�¿QDQFLDO�FDSDFLWLHV�DUH�UHLQIRUFHG�
by increasing the income obtained from off-farm activities, 

and that farmers are provided with the access to veterinary 

VHUYLFHV� LQ� WKH�VKRUWHVW� WLPH�SRVVLEOH�DQG� WKH�VXSSRUWV�RQ�$,�
DUH�LPSURYHG��,Q�RWKHU�ZRUGV��WKH�IDUPHUV�ZKR�DUH�NQRZOHGJHDEOH�
RQ�$,��RSHQ�WR�LQQRYDWLRQV�RQ�OLYHVWRFN�DFWLYLWLHV��DQG�DZDUH�RI�WKH�
IDFW�WKDW�$,�LV�NH\�IRU�D�SUR¿WDEOH�IDUPLQJ�FDQ�UHGXFH�WKH�UDWLR�RI�
ORZ�\LHOGLQJ�EUHHGV�DQG�LQFUHDVH�WKH�XVH�RI�$,�LQ�IDUPV��
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The main objective of the present study is to examine whether Turkish households’ environmental knowl-
edge effects environmentally responsible food choices through the mediating effect of households’ environmen-
tal concerns. A face-to-face survey was conducted, resulting in 450 responses from households that have recent-
ly chosen environmentally responsible foods in Erzurum, Turkey. The hypotheses were tested using the partial 
least squares-based structural equation modelling (PLS-SEM) technique to detect how the mediating role of 
environmental concerns plays in the relationships between environmental knowledge and households’ envi-
URQPHQWDOO\� UHVSRQVLEOH� IRRG� FKRLFHV�� 7KH� ¿QGLQJV� FRQ¿UP� WKDW� HQYLURQPHQWDO� NQRZOHGJH� DQG� HQYLURQPHQ-
WDO� FRQFHUQV� SRVLWLYHO\� DQG� VLJQL¿FDQWO\� HQKDQFH� KRXVHKROGV¶� HQYLURQPHQWDOO\� UHVSRQVLEOH� IRRG� FKRLFHV�� ,W� LV�
DOVR� WKH� ¿UVW� VWXG\� WR� H[DPLQH� WKH� PHGLDWLRQDO� HIIHFW� RI� HQYLURQPHQWDO� FRQFHUQV� RQ� HQYLURQPHQWDO� NQRZOHGJH�
DQG� KRXVHKROGV¶� HQYLURQPHQWDOO\� UHVSRQVLEOH� IRRG� FKRLFH� UHODWLRQV�� 7KH� ¿QGLQJV� RI� WKH� VWXG\� DQG� LWV� LPSOLFD-
WLRQV�DUH�H[SHFWHG� WR�EHQH¿W� WKH�GHYHORSPHQW�RI�HQYLURQPHQWDOO\� UHVSRQVLEOH� IRRGV� LQ� WKH�7XUNLVK� IRRG� LQGXVWU\�
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Introduction
,Q� UHFHQW� \HDUV�� KRXVHKROGV¶� LQWHUHVW� LQ� HQYLURQPHQWDOO\�

UHVSRQVLEOH� IRRGV� KDV� LQFUHDVHG� VLJQL¿FDQWO\�� )RU� H[DPSOH��
RUJDQLF�IRRG�FRQVXPSWLRQ�RQ�D�JOREDO�VFDOH�UHDFKHG�����ELO-
OLRQ� LQ�������:LOOHU�DQG�/HUQRXG��������� ,W� LV�HVWLPDWHG�WKDW�
WKLV�¿JXUH�ZLOO� LQFUHDVH� WR�DSSUR[LPDWHO\���������ELOOLRQ�E\�
������&KDXNH�DQG�'XK���������1LQHW\�SHU�FHQW�RI�HQYLURQPHQ-
tally responsible foods are demanded by developed countries 
�&KDXNH� DQG�'XK�� ������� (QYLURQPHQWDOO\� UHVSRQVLEOH� IRRG�
awareness and demand for these products are also increasing 
in developing countries (Asif et al., 2018). For example, many 
stores have recently opened in Turkey which sell environ-
mentally responsible foods like organic and eco-labeled. This 
can be considered as an important indicator of the increase in 

households’ interest in environmentally responsible foods.
On the other hand, according to the European Commission 

(2005) “food consumption is one of the most important areas 
where environmental sustainability can be improved as it is 
responsible for one third of a household’s total environmen-
WDO�LPSDFW´��FLWHG�LQ�(OGHVRXN\�HW�DO���������S������ There are 
many studies in the literature on environmental information, 
environmental concerns and environmentally responsible food 
choices (e.g. Haron, Paim and Yahaya, 2005; Peschel et al., 
������6XNL��������=DUHLH�DQG�1DYLPLSRXU��������/LQ�DQG�1LX��
2018). However, most of these studies have focused on de-
veloped countries as the demand for environmentally friendly 
food is in developed countries. However, the widespread use 
of environmentally responsible foods in developing countries 
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increases the research need on this subject in developing coun-
WULHV��,Q�DGGLWLRQ��VWXGLHV�RQ�KRXVHKROGV¶�HQYLURQPHQWDOO\�UH-
sponsible food choices in Turkey, which is an important food 
manufacturer, are expected to provide important information. 

7KH�FXUUHQW�VWXG\�DLPV�WR�¿OO�D�JDS�LQ�WKH�OLWHUDWXUH�DERXW�
the relationship between environmental information, environ-
mental concerns and households’ environmentally responsible 
food choices in Turkey. Previous studies have examined direct 
and indirect relationships between environmental knowledge 
and sustainable choices (e.g. Haron et al., 2005; Pescel et al., 
�������HQYLURQPHQWDO�NQRZOHGJH�DQG�SROOXWLRQ�FRQFHUQV��H�J��
Tong et al., 2020), and environmental concerns and purchase 
intentions (e.g. Shamsudin et al., 2018). The current study 
SURYLGHV�WKH�¿UVW�HPSLULFDO�HYLGHQFH�RI�WKH�GLUHFW�UHODWLRQVKLS�
between environmental knowledge and environmentally re-
VSRQVLEOH�IRRG�FKRLFH��,Q�DGGLWLRQ�� WKH�UROH�RI�HQYLURQPHQWDO�

FRQFHUQV�DV�D�PHGLDWRU�YDULDEOH�ZDV�H[DPLQHG�IRU�WKH�¿UVW�WLPH�
in the relationship between environmental knowledge and en-
vironmentally responsible food choice.

&RQVWUXFW�GH¿QLWLRQ�DQG�UHVHDUFK�K\SRWKHVHV
Households’ environmental knowledge is believed to be a 

determinant of their environmentally responsible food choic-
es. Furthermore, households’ environmental concerns may 
enhance the impacts of environmental knowledge on their 
environmentally responsible food choices. Therefore, environ-
mental concerns should be considered as a mediator variable in 
the research framework (see Fig. 1). Environmental concerns 
are thus the third variable that represents the reproductive 
mechanism through which the centric independent variable 
(i.e. environmental knowledge) is able to affect the dependent 
variable (i.e. environmentally responsible food choices) in this 
hypothetical relation.

Figure 1. The research framework

Environmentally responsible food choice directly affects 
KRXVHKROGV¶�TXDOLW\�RI�OLIH��,Q�WKLV�UHVSHFW��LW�FDQ�GLIIHUHQWLDWH�
from other sustainable consumption dimensions (i.e. waste 
generation and recycling, personal transport choice, residen-
WLDO�HQHUJ\�GHPDQG��UHVLGHQWLDO�ZDWHU�XVH���%DúDU���������)RU�
example, reducing household energy demand may not direct-
ly affect individuals’ quality of life, or even consuming less 
energy can be perceived as a factor that decreases the quali-
ty of life. However, environmentally responsible food choice 
improves the quality of life by helping households to protect 
WKHLU�RZQ�KHDOWK��.DUHNODV���������,Q�WKLV�UHJDUG��LW�FDQ�EH�VDLG�
that environmentally responsible food choice has emerged as 
D�UHVXOW�RI�LQGLYLGXDOV¶�FRQFHUQV�DERXW�KHDOWK��:KHQ�LQGLYLGX-
als do not choose environmentally responsible foods they are 
primarily affected by the consequences of this (Saxe, 2014). 

Previous research on environmentally responsible behav-
LRU�KDV�DVVHVVHG�YDULRXV�IDFWRUV�WKDW� LQÀXHQFH�VXFK�EHKDYLRU��
such as environmental knowledge. The importance of knowl-
edge in consumers’ environmentally responsible behavior has 
been examined in numerous studies. For instance, Thøgersen 
et al. (2010) have examined the effect of consumer knowl-
edge relative to consumers’ environmentally responsible be-
havior. Especially, consumers who had at one time purchased 
environmentally responsible products have been observed to 
show a greater likelihood of choosing products with a lower 
carbon footprint. According to Safari et al. (2018), consumer 

NQRZOHGJH�DERXW�DQ�LVVXH�LPSDFWV�VLJQL¿FDQWO\�XSRQ�GHFLVLRQ�
PDNLQJ��,Q�SDUWLFXODU��SHRSOH�GLVOLNH��DQG�KHQFH�WHQG�WR�DEVWDLQ�
from situations where they do not have enough information to 
guide their behavior and where there is a high probability of 
confusion. This explains why some people may prefer not to 
accept sustainable consumption activities such as involvement 
in reducing residential energy demand because they feel they 
do not know enough about reduction (Haron et al., 2005). On 
the other hand, Diamantopoulos et al. (2003) argue that con-
sumers having high-level environmental knowledge may not 
necessarily lead to the development of positive environmen-
WDOO\�IULHQGO\�EHKDYLRUV��,W�KDV�DOVR�EHHQ�GLVFXVVHG��PRUHRYHU��
WKDW� WKHUH�ZDV�QRW� D� VLJQL¿FDQW� FRUUHODWLRQ�EHWZHHQ�HQYLURQ-
mental knowledge and environmentally responsible behavior 
�2÷X]�HW�DO���������

As seen, there is no consensus in the literature as to how 
environmental knowledge affects environmentally responsible 
behavior. Therefore, more empirical evidence is needed on this 
issue.

Against this background, this study aims to assess the im-
pact of environmental knowledge on environmentally respon-
sible food choices via one hypothesis: 

H1: Households’ environmental knowledge directly and 
positively effects their environmentally responsible food 
choices. 
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Environmental concerns
Another important motivational factor towards households’ 

environmentally responsible food choices is environmental 
FRQFHUQV��$FFRUGLQJ�WR�+LQHV�HW�DO����������WKH�EDVLV�RI�HQYL-
ronmental researches is the individual’s concerns for the envi-
URQPHQW��FLWHG�LQ�.LP�DQG�&KRL��������S��������(QYLURQPHQWDO�
concerns, referring to an individual’s general orientation to-
ward environmental issues, have been found to be a useful pre-
GLFWRU�RI�HQYLURQPHQWDOO\� UHVSRQVLEOH�EHKDYLRU� �&KHQ��������
6DOHK�DQG�'DQPDOLNL��������6DQFKH]�6DEDWH�DQG�6DEDWp��������
Shamsudin et al., 2018). Ling (2013), in his paper, has analyzed 
the intentions of young consumer groups to buy eco-friendly 
IRRG� SURGXFWV�� 7KH� ¿QGLQJV� VKRZHG� WKDW� \RXQJ� FRQVXPHUV�
demonstrated more altruistic motivations and more concern 
towards eco-friendly foods. Environmental concerns should be 
included as a mediator that intervenes with the independent 
variable (i.e. environmental knowledge levels) and the depen-
dent variable (i.e. environmentally responsible food selection). 
The basic reasoning behind this is that though households may 
have high-level environmental knowledge, environmentally 
responsible food may not be easily chosen if households can-
not objectively or will not subjectively undertake environmen-
tal concerns. Some people may have high-level environmental 
knowledge but are not willing to consume environmentally re-
VSRQVLEOH�IRRGV�GXH�WR�WKH�KLJKHU�SULFH�RI�WKHVH�IRRGV��%DúDU��
������ &KHQ�� ������� ,Q� RWKHU�ZRUGV�� DOWKRXJK� HQYLURQPHQWDO�
knowledge and environmental concerns are correlated, some 
people still follow an environmentally unconcerned lifestyle 
even if they have high-level environmental knowledge (Chen, 
�������7KLV�PHDQV� WKDW� WKH�SRVLWLYH�UHODWLRQVKLS�EHWZHHQ�HQ-
vironmental knowledge and environmentally responsible food 
choices will be enhanced if households have environmental 
concerns.

Based on the above, the following hypotheses are proposed: 
H2: Households’ environmental knowledge directly and 

positively effects their environmental concerns.
H3: The positive relationship between households’ envi-

ronmental knowledge and environmentally responsible food 
choices is mediated by households’ environmental concerns.

Research method
Questionnaire design
The survey instruments for each of the constructs were 

designed to gather exhaustive details and were adapted from 
the literature, including environmental knowledge - 14 items 
�+DURQ�HW�DO����������HQYLURQPHQWDO�FRQFHUQV��¿YH�LWHPV��.LP�
and Choi, 2005); and environmentally responsible food choice 
��VHYHQ�LWHPV��%DúDU���������7KH�VHYHQ�SRLQW�/LNHUW�W\SH�VFDOH�
was used to measure the responses. 

Survey administration
This research was based on a face-to-face survey. The sur-

vey was conducted with 450 randomly chosen households of 
Erzurum, Turkey. To qualify for this survey, respondents had 
to buy environmentally responsible foods such as organic and 
eco-labeled food products and/or dairy products from local 
SURGXFHUV�LQ�UHFHQW�PRQWKV������PRQWKV��DQG�KDG�WR�EH�DW�OHDVW�
18 years old.

Data analysis

Partial least squares-structural equation modelling (PLS-
SEM) was used to determine the causal relationships for the-
RU\�FRQ¿UPDWLRQ�LQ�WKLV�VWXG\��,Q�WKH�DQDO\VLV�RI�WKH�GDWD��WKH�
SmartPLS 3 and SPSS 25 software was used.

Results
The sample consisted of 230 males and 220 females. The 

VDPSOH¶V� DYHUDJH� DJH�ZDV� ��� �VWDQGDUG� GHYLDWLRQ� � �������$�
ODUJH�SHUFHQWDJH�RI�WKH�VDPSOHV�ZHUH�PDUULHG��������7KH�DY-
HUDJH�PRQWKO\�LQFRPH�RI�VDPSOHV�ZDV������7/��VWDQGDUG�GH-
YLDWLRQ� ���������0RVW�KRXVHKROGV� ������KDG�XQGHUJUDGXDWH�
GHJUHH�TXDOL¿FDWLRQV��

7KH�&URQEDFK¶V� DOSKD� �&$�� YDOXH� LV�PRUH� WKDQ� ������ LQ-
dicating good internal consistency for each of the constructs. 
Composite reliability values for all the constructs were satis-
IDFWRU\��!�������%RWK�WHVW�UHVXOWV�FRQ¿UPHG�WKH�LQWHUQDO�FRQVLV-
tency and reliability of the measures. 

By examining the outer loadings of the items in each of the 
constructs, convergent validity was ensured. 

According to Hair et al. (2014), an outer loading <0.40 
VKRXOG�EH�HOLPLQDWHG�DQG�YDOXHV�!�����DUH�DFFHSWDEOH��)RU�DOO�
WKDW�� DOO� LWHP� ORDGLQJV� ZHUH� VWDWLVWLFDOO\� VLJQL¿FDQW� �W�YDOXH�
!������)LJ�����

Examining the Fornell-Larcker criterion, the hetero-
trait-monotrait (HTMT) ratio and cross-loadings of items were 
used to ensure discriminant validity. First, the Fornell-Larcker 
criterion was used. Accordingly, the square root of the AVEs 
of all constructs should be greater than the highest correlation 
value for other constructs. Table 1 shows convergent and dis-
criminant validity test results (Hair et al., 2014). 

As seen in Table 1, the square root of the AVEs of all con-
structs should be greater than the highest correlation value for 
other constructs (Sultan et al., 2020). Thus, discriminant valid-
ity has been established.

Second, the heterotrait-monotrait ratio of correlations 
(HTMT) was also used in assessing the discriminant validity 
RI�UHÀHFWLYH�FRQVWUXFWV��

As seen in Table 2, none of the HTMT values of the con-
VWUXFWV�H[FHHGHG�������+HQVHOHU�HW�DO����������+HQFH��GLVFULP-
LQDQW� YDOLGLW\� KDV� EHHQ� HVWDEOLVKHG� EHWZHHQ� UHÀHFWLYH� FRQ-
structs.

Third, the “cross-loadings of items (Appendix 1), where 
item loadings for their own constructs are relatively higher 
WKDQ�ORDGLQJV�IRU�WKH�RWKHU�FRQVWUXFWV��FRQ¿UPLQJ�WKH�GLVFULPL-
nant validity of the items” (Sultan et al., 2020: 5). 

)LJ����VKRZV�WKDW�HQYLURQPHQWDO�FRQFHUQ�H[SODLQV�����RI�
the variance of environmental knowledge and that environ-
PHQWDOO\�UHVSRQVLEOH�IRRG�FKRLFH�H[SODLQV�����RI�WKH�YDULDQFH�
of the independent constructs. Both constructs are statistically 
VLJQL¿FDQW��S���������7KH�QRUPDOL]HG�¿W�LQGH[�LV�������YDOXH�
closer to 1). The standardized root mean square residual val-
XH�LV�������YDOXH���������7KH�JRRGQHVV�RI�¿W�YDOXH��WKH�VTXDUH�
root of the product of average AVE and average R2, which is 
������ �YDOXH� !������� LV� FRQVLGHUHG� VDWLVIDFWRU\� IRU�PRGHO� ¿W�
LQGLFHV��FRQ¿UPLQJ�WKH�SUHGLFWLYH�YDOLGLW\��+DLU�HW�DO����������

The relationships among the three main variables must 
be tested and satisfy the following four conditions: (a) envi-
URQPHQWDO�NQRZOHGJH��WKH�LQGHSHQGHQW�YDULDEOH��VLJQL¿FDQWO\�

https://doi.org/10.31015/jaefs.2020.3.14
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LQÀXHQFHV� HQYLURQPHQWDOO\� UHVSRQVLEOH� IRRG� FKRLFH� �WKH� GH-
SHQGHQW�YDULDEOH����E��HQYLURQPHQWDO�NQRZOHGJH�VLJQL¿FDQWO\�
LQÀXHQFHV� HQYLURQPHQWDO� FRQFHUQV� �PHGLDWRU��� �F�� HQYLURQ-
PHQWDO�FRQFHUQV��WKH�PHGLDWRU�YDULDEOH��VLJQL¿FDQWO\�LQÀXHQFH�
environmentally responsible food choice (the dependent vari-
able); and (d) the impact of the independent variable on the de-
pendent variable must be reduced or must become statistically 
LQVLJQL¿FDQW�DIWHU�FRQWUROOLQJ�IRU�WKH�HIIHFW�RI�WKH�PHGLDWRU��,I�

WKH� ¿UVW� WKUHH� FRQGLWLRQV� DUH� VLJQL¿FDQW� DQG� WKH� UHODWLRQVKLS�
between environmental knowledge and environmentally re-
VSRQVLEOH� IRRG� FKRLFH� LV� VWLOO� VLJQL¿FDQW� EXW� UHGXFHG�� WKLV� LV�
called “partially” mediated. But if the relationship between en-
vironmental knowledge and environmentally responsible food 
FKRLFH�LV�QRW�VLJQL¿FDQW��WKH�HIIHFW�RI�HQYLURQPHQWDO�FRQFHUQV�
is called “fully” mediated.

)LJXUH����7KH�VWUXFWXUDO�PRGHO�ZLWK�RXWHU�ORDGLQJV�DQG�SDWK�FRHI¿FLHQWV

Table 1. Convergent and discriminant validity test results

CA CR AVE 01 02 03

Environmental Knowledge 0.852 ����� ����� �����

Environmental Concern ����� ����� ����� ����� 0.832

Environmentally Responsible 
Food Choice ����� 0.823 ����� ����� ����� 0.804

CA = Cronbach’s alpha; CR = Composite reliability; AVE = Average variance extracted
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Table 2. Heterotrait-monotrait ratio of correlations (HTMT)

Environmental Knowl-
edge

Environmental Con-
cern

Environmentally Responsible Food 
Choice

Environmental Knowledge -

Environmental Concern ����� -
Environmentally Responsible Food 
Choice ����� ����� -

The results show that environmental knowledge positively 
effects environmentally responsible food choice (ȕ = 0.21, p 
YDOXH����������LPSO\LQJ�WKDW�+��LV�VXSSRUWHG��,W�LV�DOVR�IRXQG�
that environmental knowledge positively effects environmen-
WDO�FRQFHUQ��ȕ� �������S�YDOXH����������KHQFH�VXSSRUWLQJ�+���
Also, environmental knowledge–environmental concern is 
VWURQJHU�WKDQ�RWKHU�SDWK�FRHI¿FLHQWV�LQ�WKH�PRGHO��$OO�SDWK�FR-
HI¿FLHQWV� DUH� VWDWLVWLFDOO\� VLJQL¿FDQW�� XVLQJ� DOO� GDWD� VHW� ERRW-
VWUDS�VDPSOHV�LQ�WKH�����FRQ¿GHQFH�LQWHUYDO��FDVXDO�K\SRWKH-
VHV�DUH�FRQ¿UPHG��7DEOH�����

Regarding the mediating effects of environmental concern 
on the association between environmental knowledge and 
environmentally responsible food choice, the indirect results 

VKRZ�D�VLJQL¿FDQW� LQGLUHFW�HIIHFW��ȕ� ��������S�YDOXH���������
7KLV�¿QGLQJ��DORQJ�ZLWK�WKH�IDFW�WKDW�WKH�GLUHFW�HIIHFW�EHWZHHQ�
environmental knowledge and environmentally responsible 
IRRG� FKRLFH� LV� VWLOO� VLJQL¿FDQW� EXW� GHFUHDVHG�� DV� LQ� WKH� EDVLF�
model, suggests that environmental knowledge directly and 
indirectly affects environmentally responsible food choice via 
environmental concern. These results offer empirical support 
for H3, suggesting that the relationship between environmen-
tal knowledge and environmentally responsible food choice 
is partially mediated by environmental concern. Furthermore, 
Table 3 shows the mediating effect of environmental concern 
in the model.

Table 3. Hypotheses and mediation test results

Causal hypotheses ȕ t p Results
H1 ����� 3.421 0.000 Accepted
H2 0.431 ������ 0.000 Accepted
Mediation test 
H3 Direct effect 0.200 3.402 0.001 Partial mediation effect

,QGLUHFW�HIIHFW 0.053 ����� 0.012

Discussion, Limitations and Future Directions 
The aim of the present study is to examine the mediating 

effect of households’ environmental concerns on environmen-
tal knowledge and environmentally responsible food choice 
relationships. Thus, the current study proposed two causal and 
one mediating hypothesis. This study validated the research 
IUDPHZRUN� DQG� IRXQG� VWDWLVWLFDOO\� VLJQL¿FDQW� UHVXOWV� IRU� DOO�
K\SRWKHVHV�� XVLQJ� WKH�3/6�6(0� WHFKQLTXH�� ,Q� VXPPDU\�� WKH�
UHVXOWV�VKRZ�SRVLWLYH�DQG�VLJQL¿FDQW�HIIHFWV�RI�HQYLURQPHQWDO�
NQRZOHGJH��ȕ� ��������S��������DQG�HQYLURQPHQWDO�FRQFHUQ��ȕ�
= 0.431, p <0.01) on environmentally responsible food choice, 
supporting H1 and H2. These results offer empirical support 
IRU�WKH�¿QGLQJV�RI�UHODWHG�UHVHDUFK��H�J���%D]RFKH�HW�DO���������
Bezawada and Pauwels, 2013; Scalvedi, 2018; Heo and Mu-
UDOLGKDUDQ�� ������ 7RQJ� HW� DO��� ������� VXJJHVWLQJ� WKDW� KRXVH-
holds having environmental knowledge and environmental 
concern tend to choose environmentally responsible foods that 
in turn can lead to sustainable consumption. 

The mediation test results show that environmental con-
cern has a partial-mediation effect between environmental 
knowledge and environmentally responsible food choice rela-
WLRQVKLSV��FRQ¿UPLQJ�+���7KLV�UHVXOW�RIIHUV�QRYHO�¿QGLQJV�IRU�

several reasons. Environmental knowledge itself is found to be 
VXI¿FLHQW� LQ� UDLVLQJ�KRXVHKROGV¶� HQYLURQPHQWDOO\� UHVSRQVLEOH�
food choices. However, the mediation test results clearly point 
to the importance of the indirect effect role, including that for 
environmental knowledge which raises households’ environ-
mentally responsible food choices through environmental con-
cerns. Previous studies attempting to explain households’ envi-
URQPHQWDOO\�UHVSRQVLEOH�IRRG�FKRLFHV��H�J��<X�HW�DO���������=KX�
et al., 2013) have been addressed in single-equation models 
and led to largely biased predictions. The PLS-SEM applica-
tion used in the current study contributes to the literature meth-
odologically by revealing two direct and one indirect pathway 
in which observed and latent variables interact in explaining 
households’ environmentally responsible food choices (Tong 
et al., 2020). A possible explanation of the partial mediation 
may be due to the role of other factors, such as income, reg-
ulations, and/or best practices, in encouraging households to 
strengthen their environmentally responsible food choices.

This research supplies new evidences on the roles that 
households’ environmental knowledge, and environmental 
concerns play in Turkish households’ environmental respon-
sible food choices. However, the sample size of the work is 

https://doi.org/10.31015/jaefs.2020.3.14


ùXOH�%DúDU�DQG�(QHV�(PUH�%DúDU ,QW�-�$JULF�(QYLURQ�)RRG�6FL��������������������

353

Appendix 1. Cross-loadings of items

,WHPV Environmental 
Knowledge

Environmental 
Concern

Environmentally Re-
sponsible Food Choice

Q1_1 All living things play an important role in main-
taining balance in the ecology ����� 0.512 �����

4�B��1DWXUDO�UHVRXUFHV�VKRXOG�EH�FRQVHUYHG�IRU�IXWXUH�
generations ����� 0.500 �����

Q1_3 The condition of our environment can affect our 
health 0.803 0.534 �����

Q1_4 Destruction of forests will cause biological imbal-
ances ����� 0.525 �����

Q1_5 There is an abundance of natural resources that 
can never be depleted ����� ����� �����

4�B��7KH�PDLQ�FDXVH�RI�DLU�SROOXWLRQ�LQ�RXU�FRXQWU\�LV�
fumes from vehicles ����� 0.545 �����

4�B��0RVW�ULYHUV�LQ�RXU�FRXQWU\�DUH�SROOXWHG 0.813 ����� �����
Q1_8 Our country is faced with serious solid waste 
�JDUEDJH��DQG�ODQG¿OO�SUREOHPV ����� ����� �����

4�B��$OWHUQDWLYH�HQHUJ\��H�J��VRODU�HQHUJ\�FDQ�EH�XWL-
lized in place of electricity ����� ����� �����

4�B���7KH�QDWXUDO�HQYLURQPHQW�VKRXOG�EH�VDFUL¿FHG�LQ�
the name of development ����� 0.541 �����

Q1_11 Usage of disposable goods should be encouraged 
as it provides convenience to consumers ����� ����� �����

Q1_12 Unleaded petrol is better than leaded petrol as it 
is less harmful to the environment ����� ����� �����

Q1_13 Using public transport can help alleviate air pol-
lution ����� ����� �����

Q1_14 Vehicles improperly maintained will cause pol-
lution ����� ����� �����

4�B��,�DP�H[WUHPHO\�ZRUULHG�DERXW�WKH�VWDWH�RI�WKH�
world’s environment and what it will mean for my fu-
ture

����� 0.825 0.532

Q2_2 Mankind is severely abusing the environment ����� ����� �����
4�B��:KHQ�KXPDQV�LQWHUIHUH�ZLWK�QDWXUH�LW�RIWHQ�SUR-
duces disastrous consequences ����� 0.850 �����

Q2_4 The balance of nature is very delicate and easily 
upset ����� 0.818 �����

Q2_5 Humans must live in harmony with nature in or-
der to survive ����� ����� �����

4�B��,�FDQ�SD\�PRUH�IRU�RUJDQLFDOO\�JURZQ�IRRG ����� ����� �����
4�B��,�DYRLG�FRQVXPLQJ�IRRG�ZLWK�*02��JHQHWLFDOO\�
PRGL¿HG�RUJDQLVP� ����� ����� �����

4�B��,�SUHIHU�WR�FRQVXPH�HFR�ODEHO�IRRG ����� ����� �����
Q3_4 ,�DP�FDUHIXO�QRW�WR�FRQVXPH�WRR�PXFK�PHDW ����� ����� 0.803
Q3_5 ,�SUHIHU�WR�EX\�GDLU\�SURGXFWV�IURP�ORFDO�SURGXF-
ers ����� ����� �����

4�B��,�DYRLG�FRQVXPLQJ�LPSRUWHG�IRRG�VXFK�DV�D�YDUL-
ety of exotic fruits 0.552 ����� �����

4�B��,�DYRLG�FRQVXPLQJ�FDQQHG�³UHDG\�PDGH´�IRRG ����� ����� �����
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limited and hence not representative of all Turkish households. 
Larger sample sizes could give more evidence in the gener-
alizability of results. Furthermore, it would be interesting to 
apply the study with the same constructs to other countries or 
FXOWXUHV��,W�FRXOG�DOVR�EH�ZRUWKZKLOH�WR�DVVHVV�GDWD�XVLQJ�3/6�
SEM, to determine further impacts, including the potential ef-
fects of demographic variables.

2XU� ¿QGLQJV� DOVR� VKHG� OLJKW� RQ� RQH� RI� WKH� PHFKDQLVPV�
through which households’ characteristics may affect environ-
mentally responsible food choice. Future research can build 
upon this relationship by examining other aspects of house-
holds’ environmentally responsible food choice in addition to 
environmental knowledge. Moreover, the partial mediation of 
environmental concern suggests that there may be other be-
haviors that households endorse to improve environmentally 
responsible food choice. Hence, researchers may investigate 
other mechanisms, such as purchase intention and environ-
mental education, to explain the environmental knowledge–
environmentally responsible food choice relationship.

Conclusions
The analysis in this paper shows that the effect of house-

holds’ environmental knowledge on environmentally respon-
sible food choice is enhanced via the mediator variable (i.e. 
environmental concern). The application of PLS-SEM in this 
study provides a great depth of insight into the effect pathway 
that shows how households’ environmental concern and en-
vironmental knowledge affect their environmentally responsi-
EOH� IRRG�FKRLFHV�� ,W� LV� IRXQG� WKDW�KRXVHKROGV¶� HQYLURQPHQWDO�
knowledge is essential for forming environmentally responsi-
ble food choices, while their environmental concerns are direct 
and indirect additional drivers of a growing environmentally 
responsible food choice.
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In this study, the changes of quality characters of fenugreek according to thousand-seed weight (TSW) was ex-

amined and compared with Principal Component Analysis (PCA). Fenugreek seeds were separated into 5 dif-

IHUHQW� 76:� UDQJHV� �:���:���:���:���:���� 'LIIHUHQW� 76:� KDG� VLJQL¿FDQW� HIIHFWV� RQ� FUXGH� SURWHLQ� FRQWHQW��
palmitic, stearic, linoleic and linolenic acid contents and K, Ca and Mn contents.  Linoleic acid had the high-

est content among fatty acid components. Increasing K and Mn contents and decreasing Ca contents were ob-

served with increasing TSW. The highest values were obtained from W1 range in terms of crude ash and crude 

oil content, palmitic and linolenic acid, Ca, Mg, P, Na and S. At the end of the study, the W1 (10.00-13.00 g) 

range, which stands out in many quality features, can be recommended in fenugreek cultivation for high quality.
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Introduction
Fenugreek is an annual medicinal and aromatic plant of 

Fabaceae family (Kaviarasan et al., 2007; Hassanzadeh et al., 

2011). It has long been used as a traditional foodstuff (Pand-

ey and Awasthi, 2015). Fenugreek plants have a gene center 

including South Europe, West Asia and Mediterranean basin 

(Tunçtürk and Çiftçi, 2011). Plant pods are about 15 cm long 

and include about 10-20 seeds in golden yellow color (Pet-

ropoulos, 2002; Pandey and Awasthi, 2015; Venkata et al., 

2017). Plant seeds are used as spice or used in folk medicine 

(Gürbüz et al., 2000). 

3URWHLQ��DVK�DQG�RLO�FRQWHQWV�DUH�VLJQL¿FDQW�TXDOLW\�SDUDP-

eters of fenugreek plants. Fenugreek seeds contain about 27% 

protein, 3-4% ash, 8% crude oil and trace amounts of mucilage, 

trigonelline, diosgenin, choline, phytin, coumarin (Tunçtürk 

and Çiftçi, 2011). Besides high protein content, fenugreek 

seeds are also rich in calcium, iron and minerals (Pandey and 

Awasthi, 2015). Plant seeds constitute a good source of protein 

both in human and animal nutrition (Gökçe and Efe, 2016). 

Seeds are also rich in saturated and unsaturated fatty acids. Su-

lieman et al. (2008) reported that fenugreek plants contained 

around 43.2% linoleic acid, 22.0% linolenic acid and 16.7% 

oleic acid.

It was indicated in previous studies that several morpholog-

ical characteristics (plant height, number of branches, number 

of pods, number of seeds per pod, pod length, seed weight) of 

fenugreek plants were closely related to seed yield (Sade et 

al., 1996; McCormick et al., 2009). A yield parameter, TSW is 

DPRQJ�WKH�PRVW�VLJQL¿FDQW�RQHV�RI�WKHVH�FKDUDFWHULVWLFV��6LQFH�
fenugreek plants are generally grown for their seeds, high seed 

yields are desired in fenugreek plants. Previous studies put 

IRUWK�GLUHFW�DQG�SRVLWLYH�LPSDFWV�RI�76:�RQ�\LHOG��$\DQR÷OX�HW�
al., 2004; Fikreselassie et al., 2012; Gurjar et al., 2016). 

Starting from the positive effect of TSW on seed yield, be-

VLGHV�WKH�WUHDWPHQWV�WR�LQFUHDVH�76:�LQ�¿HOG�VWXGLHV��ODERUDWR-

ry studies are also needed to elucidate the effects of  TSW on 
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quality attributes. Therefore, in this study, after harvesting, the 

changes of quality characters of fenugreek according to TSW 

was examined and compared with PCA analysis.

Materials and Methods
Materials 
Seeds of Gürarslan fenugreek cultivar were used in this 

VWXG\��6HHGV�ZHUH�FROOHFWHG�IURP�WKH�FXOWLYDU�¿HOG�LQ�-XO\������
and preserved in sacks until separation of them into different 

seed weight.

Determination of Thousand Seed Weight Ranges
Following the harvest, the seeds preserved in sacks were 

VHSDUDWHG� LQWR�¿YH� GLIIHUHQW�76:� �J�� UDQJHV� �:���:���:���
W4 and W5). Each range was formed in three replicates. For 

TSW, 1000 seeds were counted, weighed in a precise scale and 

expressed on dry matter in g. Resultant ranges are provided 

in Table 1 and average of replicates of ranges are provided in 

Table 2.

Table 1. Thousand-seed weight (g) ranges formed from fenugreek seeds

Thousand-seed weight ranges

10.00-13.00 W1

13.01-16.00 W2

16.01-19.00 W3

19.01-22.00 W4

22.01-25.00 W5

For chemical composition, crude protein, ash and oil con-

tents of the seed groups were determined by AOAC (1990). 

Crude protein content was determined from 0.2 g ground 

fenugreek seeds with the aid of Kjeldahl method. Resultant 

nitrogen content was multiplied by 6.25 to get crude protein 

content. Crude ash content of fenugreek seeks was determined 

from 1 g ground samples through ashing the samples in an ash 

oven at 550 ºC for 4 hours. For crude oil quantities, 3 g ground 

samples of each group were used. Samples were analyzed with 

petroleum ether in a device. Crude oil content was calculated 

over dry matter. Chemical composition analysis were replicat-

ed three times for each group and average of resultant mea-

surements were expressed in % (Table 2).   

Fatty Acid Composition
Fatty acid methyl esters for samples were prepared us-

LQJ� ��VWHS� H[WUDFWLRQ�WUDQVHVWHUL¿FDWLRQ� SURFHVV� �6XNKLMD� DQG�
Palmquist, 1988). In the study, the analysis was performed on 

a GC device (Schimadzu, GC 2010 plus) equipped with a FID 

�ÀDPH�LRQL]DWLRQ�GHWHFWRU��GHWHFWRU�DQG�FROXPQ��D�����P�IXVHG�
silica capillary column - i.d. 0.25 mm). Helium was used as 

the carrier gas. Fatty acid methyl esters were separated using 

a temperature gradient program (Chilliard et al., 2013) and the 

SHDNV�ZHUH�LGHQWL¿HG�EDVHG�RQ�FRPSDULVRQ�RI�UHWHQWLRQ�WLPHV�
with authentic standard (Supelco #37, Sigma, Supelco Inc., 

Bellefonte, PA, USA). Fatty acid composition analysis were 

repeated three times for each group and average of resultant 

values was expressed in % (Table 3).   

Mineral Composition
Mineral composition of fenugreek samples was determined 

in an ICP OES spectrophotometer (Inductively Couple Plas-

ma spectrophotometer) (Perkin-Elmer, Optima 4300 DV, ICP/

OES, Shelton, CT 06484-4794, USA). 10 ml of a mixture of 

nitric + perchloric acid was added to 0.5 g of ground fenugreek 

seed and subjected to wet digestion until it had 1 ml of sample. 

After the digestion process, distilled water was added to the 

obtained solutions and readings were made on the ICP OES 

spectrophotometer to determine the mineral contents (Mertens, 

2005). Mineral composition analysis were repeated three times 

for each range and resultant values were expressed in % (Table 

4). 

Statistical Analysis
All analysis were performed in three replicates. SPSS Sta-

tistics (version 17.0) for Windows was used for statistical anal-

ysis of the experimental data. Data were subjected to one-way 

DQDO\VLV� RI� YDULDQFH� �$129$�� DQG� VLJQL¿FDQW� PHDQV� ZHUH�
compared with the aid of Duncan’s multiple range test (p < 

0.05). PCA analysis was performed using PAST (version 3.20) 

(Hammer et al., 2001).

Results and Discussion
TSW average of each range is provided in Table 2. Vari-

ance analysis for TSW revealed that the experimental ranges 

ZHUH� VLJQL¿FDQW� DQG� IHQXJUHHN� VHHGV� ZHUH� VHSDUDWHG� LQWR� ��
different weight ranges. TSW varied between 11.96 - 23.01 g 

(Table 2). In previous studies, Tunçtürk et al. (2011) reported 

76:�DV������J�LQ�WKH�¿UVW�\HDU�DQG�DV������J�LQ�WKH�VHFRQG�\HDU��
$\DQR÷OX� DQG�0HUW� ������� UHSRUWHG�76:� DV� EHWZHHQ� ������
�� ������J�� 3UHVHQW�¿QGLQJV� RQ�76:� WKXV� FRPSO\�ZLWK� WKRVH�
earlier ones.

Chemical Composition
Results for chemical composition of fenugreek seeds are 

provided in Table 2. Variance analysis on investigated traits 

revealed that crude ash and oil contents of the ranges were not 

VLJQL¿FDQWO\�GLIIHUHQW� �p>0.05). Crude protein content of the 

UDQJHV�ZDV�IRXQG�WR�EH�VLJQL¿FDQW��p<0.05).

Crude protein contents of the TSW ranges varied between 

20.43-24.91%, crude ash content varied between 3.20 - 3.50% 

and crude oil content varied between 2.81 - 3.88%. The great-

est crude protein content was observed in W3 range and the 

greatest crude ash content and crude oil content were observed 

in W1 range (Table 2). The lowest crude protein and crude oil 

contents were observed in W4 range and the lowest crude ash 

content was observed in W5 range (Table 2).
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In previous studies about chemical composition of fen-

ugreek plants, Ali et al. (2012) reported protein content as 

19.8% and ash content as 4%; Al-Jasass and Al-Jasser (2012) 

reported protein content as 12.91%, ash content as 4.23% and 

crude oil content as 4.51%; Sulieman et al. (2008) reported 

protein content as 25.0%, ash content as 3.0% and crude oil 

content as 8.4%; Acharya et al. (2006) reported protein con-

tents as between 26.0 - 31.6%; Tunçtürk et al. (2011) report-

HG�SURWHLQ�FRQWHQW�DV�������LQ�WKH�¿UVW�\HDU�DQG�DV�������LQ�
the second year. Niknam et al. (2004) reported protein content 

as 29.93% and Beyzi (2020) reported crude oil content as be-

tween 4.01-4.95%.

Table 2. Thousand-seed weight averages and chemical composition of experimental ranges

Charac-

ters

Ranges

p
W1 W2 W3 W4 W5

Mean ± SD Mean ± SD Mean ± SD Mean ± SD Mean ± SD

TSWA (g) 11.96e 0.21 14.83d 0.86 17.68c 0.57 20.22b 0.35 23.01a 1.28 <0.05
CP (%) 24.18a 0.17 24.10a 0.79 24.91a 0.50 20.43c 0.25 21.86b 0.70 <0.05
CA (%) 3.50 0.55 3.43 0.43 3.23 0.28 3.35 0.40 3.20 0.18 NS
CO (%) 3.88 0.50 3.14 0.62 3.14 0.02 2.81 0.78 3.60 0.49 NS

TSWA: thousand-seed weights averages of ranges; CP: crude protein content; CA: crude ash content; CO: crude oil content; SD: standard 

deviation; a-b: different letters indicate differences in same raw at p�������16��QRW�VLJQL¿FDQW

Fatty Acid Composition
Results for fatty acid composition of fenugreek seeds are 

provided in Table 3. According to variance analysis on fatty 

acid composition, while the differences in linoleic, linolenic, 

palmitic, stearic acids and  UFA/SFA content of the experi-

PHQWDO�UDQJHV�ZHUH�VLJQL¿FDQW��p<0.05), the differences in the 

RWKHU�FRPSRQHQWV�ZHUH�QRW�IRXQG�WR�EH�VLJQL¿FDQW��p>0.05). 

In fatty acid composition analysis, 8 components were 

LGHQWL¿HG��/LQROHLF�DFLG�KDG�WKH�KLJKHVW�FRQWHQW�DPRQJ�WKHVH�
components. This component (linoleic acid) was followed by 

linolenic acid and oleic acid, respectively. Linoleic acid of 

TSW ranges varied between 43.85 - 46.02%, palmitic acid var-

ied between 8.43 - 8.95%, stearic acid varied between 4.24 - 

4.67% and linolenic acid varied between 26.47 – 28.04%. The 

greatest linoleic acid was observed in W4 range. The greatest 

palmitic acid was observed in W1 range and a regular decrease 

was observed in palmitic acid with increasing TSW. Contrary 

to palmitic acid, the greatest stearic acid content was observed 

in W5 range and a regular increase was in stearic acid with 

increasing TSW.

$PRQJ�WKH�LQVLJQL¿FDQW�IDWW\�DFLGV��WKH�JUHDWHVW�ROHLF�DFLG�
was observed in W2 range, arachidic acid in W5 range, eicose-

noic acid in W3 range and behenic acid in W2 range. The UFA/

SFA contents of experimental ranges varied between 5.62 – 

5.86% with the greatest value in W4 range and the lowest val-

ue in W1 range (Table 3).

In previous studies about fatty acid composition of fenu-

JUHHN�SODQWV��%LHĔNRZVNL�HW�DO���������UHSRUWHG�OLQROHLF�DFLG�DV�
37.9%, Į�OLQROHQLF�DFLG�as 28.2%, oleic acid as 13.3%, palmitic 

acid as 13.1%, stearic acid as 3.8%, arachidic acid as 1.4%. 

Ciftci et al. (2011) reported linoleic acid as between 45.1 – 

�������Į�OLQROHQLF�DFLG�DV�EHWZHHQ������±��������ROHLF�DFLG�DV�
between 12.4 – 17.0%, palmitic acid as between 9.8 –11.2% 

and stearic acid as between 3.8 – 4.2%; Ali et al. (2012) report-

ed palmitic acid as 10.5%, stearic acid as 6.5%, oleic acid as 

20%, linoleic acid as 42.5%, linolenic acid as 18%, arachidic 

acid as 2% and behenic acid as 0.5%; Sulieman et al. (2008) 

reported average palmitic acid as 11.0%, stearic acid as 4.5%, 

oleic acid as 16.7%, linoleic acid as 43.2% and linolenic acid 

as 22.0%. Dinu et al. (2013) reported average palmitic acid 

as 8.77%, stearic acid as 3.71% and linoleic acid as 43.15%. 

Beyzi (2020) reported linoleic acid as between 39.62-43.68%, 

linolenic acid as between 26.11-29.89%, oleic acid as between 

11.60-14.10%, palmitic acid as between 8.94-9.50% and stea-

ric acid as between 4.67-5.55%. 

Mineral Composition
Results for mineral composition of different weight ranges 

are provided in Table 4. Of the macro elements, the differences 

in K and Ca contents of the experimental ranges were found to 

EH�VLJQL¿FDQW��p<0.05), but the differences in Mg, P, S and Na 

FRQWHQWV�ZHUH�QRW�IRXQG�WR�EH�VLJQL¿FDQW��p>0.05). For micro 

HOHPHQWV��0Q�ZDV�IRXQG�WR�EH�VLJQL¿FDQW��p<0.05), but Cu, Fe, 

=Q�DQG�%�ZHUH�QRW�IRXQG�WR�EH�VLJQL¿FDQW��p>0.05).

K contents of the TSW ranges varied between 8908 - 10356 

mg/kg. Increasing K contents were observed with increasing 

TSW and the greatest value was observed in W5 range. Ca 

contents varied between 1353 - 1897 mg/kg. Ca contents de-

creased with increasing TSW and the greatest value was ob-

served in W1 range. Mn contents varied between 6.31 - 12.15 

mg/kg. Mn contents increased with increasing TSW and the 

greatest value was observed in W5 range (Table 4). For insig-

QL¿FDQW�PLQHUDOV��WKH�JUHDWHVW�0J��3��6�DQG�1D�FRQWHQWV�ZHUH�
observed in W1 range, the greatest Cu content was observed 

in W5 range, the greatest Fe and Zn contents were observed 

in W4 range and the greatest B content was observed in W2 

range.

In previous studies about mineral composition of fenugreek 

plants, Bouhenni et al. (2019) reported average Ca, K, Mg, P, S, 

B, Cu, Fe and Zn contents respectively as 1445, 10605, 1229, 

5143, 2648, 11.8, 9.9, 91 and 30.9 mg/kg, Ali et al. (2012) re-

ported average Ca, Cu, Fe, Zn, K, Mg, P, Na and Mn contents 

respectively as 226, 5.4, 11.6, 4.4, 1080, 78.4, 200, 290 and 1.6 

mg/100 g; Al-Jasass and Al-Jasser (2012) reported K, Mg, Ca, 

Zn, Mn, Cu and Fe contents respectively as 603, 42, 75, 2.4, 

0.9, 0.9, 25.8 mg/100 g.
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Table 3. Fatty acid composition of the thousand-seed weight ranges

Table 4. Mineral composition of the thousand-seed weight ranges

Principal Component Analysis (PCA)
The eigenvalue and variability values resulting from the 

PCA analysis were given in Table 5. According to PCA anal-

\VLV��WKH�¿UVW�WZR�3&V�H[SODLQHG��������RI�WKH�WRWDO�YDULDQFH��
PC1 explained 42.50%, PC2 25.02%, PC3 19.26% and PC4 

13.22% of the total variance. In Eigenvalue values, PC1 was 

9.775, PC2 5.754, PC3 4.430 and PC4 3.041 (Table 5). It can 

be said that W1 range was separated from other TSW ranges 

since it located in a separate location (Fig. 1). The highest val-

ues were obtained from W1 range in terms of crude ash and 

crude oil content, palmitic and linolenic acid, Ca, Mg, P, Na 

and S (Table 2,3,4). For this reason, W1 range can be recom-

mended in fenugreek cultivation for high quality.

Table 5. Eigenvalue and variance values formed as a result of PCA analysis

Eigenvalue Variability (%)

PC1 9.775 42.50

PC2 5.754 25.02

PC3 4.430 19.26

PC4 3.041 13.22
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Figure 1. PCA graph of quality characteristics of fenugreek depending on thousand-seed weight; UFA: sum of unsaturated 

fatty acids; SFA: sum of saturated fatty acids; CP: crude protein content; CA: crude ash content; CO: crude oil content

Conclusion
In this study, the changes of postharvest quality characters 

of fenugreek according to TSW was examined and compared 

ZLWK�3&$�DQDO\VLV��'LIIHUHQW�76:�KDG�VLJQL¿FDQW�HIIHFWV�RQ�
crude protein content, palmitic, stearic, linoleic and linolenic 

acid contents and K, Ca and Mn contents. In this study, it has 

EHHQ�GHWHUPLQHG�WKDW�3&$�DQDO\VLV�FDQ�EH�XVHG�IRU�FODVVL¿FD-
tion according to the quality characteristics of fenugreek de-

pending on TSW. At the end of the study, the W1 (10.00-13.00 

g) range, which stands out in many quality features, can be 

recommended in fenugreek cultivation for high quality.
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Introduction
:DWHU� TXDOLW\� DVVHVVPHQW� KDV� EHFRPH� DQ� LPSRUWDQW�

PDQGDWRU\� RQ� DOO� RYHU� WKH� ZRUOG�� EHFDXVH� RI� LQFUHDVLQJ�
SRSXODWLRQ�DQG�QHHG�RI�IUHVKZDWHU��2QH�RI�WKH�PDLQ�SRLQWV�RQ�
DQ�HIIHFWLYH�PDQDJHPHQW�RI�IUHVKZDWHU�UHVRXUFHV�LV�PRQLWRULQJ�
TXDOLW\�RI�DTXDWLF�KDELWDWV��6RODN�HW�DO���������dLoHN�HW�DO���������
7RNDWOÕ�HW�DO���������������.|VH�HW�DO���������������8VWDR÷OX�HW�
DO���������$WÕFÕ�HW�DO���������2QXU�DQG�7RNDWOÕ��������

:DWHU�TXDOLW\�DVVHVVPHQW�LQGLFHV�DUH�NQRZQ�DV�DQ�HIIHFWLYH�
WRRO�WR�GHWHUPLQH�DQG�HYDOXDWH�WKH�TXDOLW\�RI�ZDWHU�HFRV\VWHPV��
:HLJKWHG�$ULWKPHWLF�:DWHU�4XDOLW\�,QGH[��:$:4,���ZKLFK�LV�
RQH�RI�WKH�PRVW�FRPPRQO\�XVHG�GULQNLQJ�ZDWHU�TXDOLW\�LQGLFHV��
LV� FDOFXODWHG� IURP� WKH� SHUVSHFWLYH� RI� VXLWDELOLW\� RI� GULQNLQJ�
ZDWHU�IRU�KXPDQ�FRQVXPSWLRQ��7\DJL�HW�DO���������$NWHU�HW�DO���
������0XNDWHD�HW�DO���������7RNDWOÕ��������8VWDR÷OX�DQG�7HSH��
������8VWDR÷OX�HW�DO���������

(GLUQH�3URYLQFH�RI�7XUNH\� LV�RQH�RI� WKH�PRVW�SURGXFWLYH�

ODQG�EHFDXVH�RI�QLFH�VRLO�VWUXFWXUH�DQG�ULFK�IUHVKZDWHU�UHVRXUFHV��
%XW�DV�LQ�PDQ\�DTXDWLF�HFRV\VWHPV��VXUIDFH�DQG�JURXQGZDWHU�
RI�WKH�UHJLRQ�LV�EHLQJ�DGYHUVHO\�DIIHFWHG�IURP�DJULFXOWXUDO�DQG�
GRPHVWLF�GLVFKDUJHV��7KH�DLP�RI�WKH�SUHVHQW�LQYHVWLJDWLRQ�ZDV�
WR� GHWHUPLQH� WKH� JURXQGZDWHU� TXDOLW\� RI� WKH� YLOODJHV� ORFDWHG�
LQ� WKH� (GLUQH� 3URYLQFH� E\� GHWHUPLQLQJ� VRPH� ZDWHU� TXDOLW\�
SDUDPHWHUV�DQG�HYDOXDWH�WKH�GHWHFWHG�GDWD�DFFRUGLQJ�WR�7XUNLVK�
5HJXODWLRQV�:DWHU�4XDOLW\�&ODVVHV�DQG�DSSO\�WKH�:$:4,�LQ�
RUGHU�WR�DVVHVV�WKH�ZDWHU�TXDOLW\�LQ�WHUPV�RI�GULQNLQJ�SXUSRVHV�

Material and Method
Sample collection
,Q� WKLV� UHVHDUFK�� JURXQGZDWHU� VDPSOHV� ZHUH� WDNHQ� IURP�

WHQ� YLOODJHV� ORFDWHG� LQ� WKH�(GLUQH� 3URYLQFH� LQ�ZLQWHU� VHDVRQ�
RI�������7KH� FRRUGLQDWH� LQIRUPDWLRQ�RI� WKH� VWDWLRQV� LV� JLYHQ�
LQ�7DEOH���DQG�WKH�PDS�RI�VWXG\�DUHD�DQG�VHOHFWHG�VWDWLRQV�DUH�
JLYHQ�LQ�)LJXUH���DQG�
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Table 1. &RRUGLQDWH�LQIRUPDWLRQ�RI�YLOODJHV

Villages North East
%�\�NG|OO�N ������ ������

0HQHNúHVRIXODU ������ ������
.�o�NG|OO�N ������ ������
.D\DSD ������ ������
.RUXFX ������ ������
6LQDQN|\ ������ ������

d|POHNDNSÕQDU ������ ������
+DQOÕ\HQLFH ������ ������
/DODSDúD ������ ������
+ÕGÕUD÷D ������ 26.661

Physical – chemical and statistical analysis
'2��26��S+��(&��7'6��253�DQG� VDOLQLW\�YDULDEOHV�ZHUH�

GHWHUPLQHG� E\� XVLQJ� D� PXOWLSDUDPHWHU� GHYLFH� �+DFK� /DQJH�
±� +4��'�� GXULQJ� WKH� ¿HOG� VWXGLHV�� WXUELGLW\� YDULDEOH� ZDV�
GHWHUPLQHG� E\� XVLQJ� D� SRUWDEOH� WXUELGLPHWHU� GHYLFH� �+DFK�
/DQJH�±�����4��GXULQJ�WKH�¿HOG�VWXGLHV��123��122��324��624 
DQG�&2'�YDULDEOHV�ZHUH� GHWHUPLQHG� E\� XVLQJ� D� FRORULPHWHU�

GHYLFH��+DFK�/DQJH�±�'5�����DQG�D�VSHFWURSKRWRPHWHU�GHYLFH�
�+DFK�/DQJH�±�'5������GXULQJ�WKH�ODERUDWRU\�VWXGLHV�

&OXVWHU�$QDO\VLV� �DFFRUGLQJ� WR� %UD\�&XUWLV��ZDV� XVHG� LQ�
WKH�SUHVHQW� UHVHDUFK�E\�XVLQJ� WKH�³3$67´�VWDWLVWLFDO�SDFNDJH�
SURJUDP� LQ� RUGHU� WR� FODVVLI\� WKH� LQYHVWLJDWHG� ORFDWLRQV�
DFFRUGLQJ�WR�VLPLODU�ZDWHU�TXDOLW\�FKDUDFWHULVWLFV�

Figure 1.�6WXG\�DUHD�DQG�VHOHFWHG�VWDWLRQV
Calculation of Weighted Arithmetic Water Quality 

Index
:$:4,�FDOFXODWLRQ�ZDV�PDGH�E\�XVLQJ�WKH�IROORZLQJ�IRU�

PXOD�

7KH�IROORZLQJ�IRUPXOD�ZDV�XVHG�WR�FDOFXODWLRQ�RI�4XDOLW\�
UDWLQJ�VFDOH��4L��

³9L´�LV�HVWLPDWHG�DFFXPXODWLRQ�RI�Lth�YDULDEOH��³9R´�LV�WKH�
EHVW�YDOXH�RI� WKLV�YDULDEOH��³6L´� LV� UHFRPPHQGHG�YDOXH�RI� Lth 
variable.

7KH�IROORZLQJ�IRUPXOD�ZDV�XVHG�WR�FDOFXODWLRQ�RI�³:L´�

7KH�IROORZLQJ�IRUPXOD�ZDV�XVHG�WR�FDOFXODWLRQ�RI�³.´�

7KH�TXDOLW\�FODVVHV�RI�:$:4,�LV�JLYHQ�LQ�7DEOH����%URZQ�
HW�DO���������
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Table 2.�:DWHU�TXDOLW\�UDWLQJ�IRU�:$:4,

WAWQI  
Value

Rating of Water 
Quality Usage Possibilities Grading

��±��� ([FHOOHQW 'ULQNLQJ��LUULJDWLRQ��LQGXVWULDO $
���±��� *RRG 'ULQNLQJ��LUULJDWLRQ��LQGXVWULDO B
���±��� 3RRU ,UULJDWLRQ��LQGXVWULDO C
���±���� 9HU\�3RRU Irrigation D
!���� 8QVXLWDEOH 3URSHU�WUHDWPHQW�LV�UHTXLUHG (

Results and Discussion
5HVXOWV� RI� GHWHFWHG� SK\VLFDO� ±� FKHPLFDO� SDUDPHWHUV� LQ�

YLOODJHV� ORFDWHG� LQ� WKH� (GLUQH� 3URYLQFH� DUH� JLYHQ� LQ� 7DEOH�
��� $FFRUGLQJ� WR� WKH� 7XUNLVK� 5HJXODWLRQV� ������� �������
JURXQGZDWHU�RI� WKH� UHJLRQ�KDV����&ODVV�TXDOLW\� IRU�GLVVROYHG�
R[\JHQ�� S+�� QLWULWH�� VXOSKDWH� DQG� &2'� SDUDPHWHUV�� LQ�
JHQHUDO� DQG� KDV� ��� &ODVV� TXDOLW\� IRU� R[\JHQ� VDWXUDWLRQ�� (&��
QLWUDWH�DQG�SKRVSKDWH�� LQ�JHQHUDO��8VOX�DQG�7�UNPDQ�������� 
.�o�NG|OO�N�YLOODJH�KDV����&ODVV�TXDOLW\�IRU�QLWUDWH�SDUDPHWHU�
DQG� %�\�NG|OO�N� YLOODJH� KDV� ��� &ODVV� TXDOLW\� IRU� QLWULWH�
SDUDPHWHU��,W�ZDV�DOVR�GHWHUPLQHG�WKDW�DQ\�LQYHVWLJDWHG�VWDWLRQ�
GLG�QRW�H[FHHG�WKH�GULQNLQJ�ZDWHU�VWDQGDUGV�LQ�WHUPV�RI�WKHVH�
SDUDPHWHUV��76�����������(&��������:+2���������

7KH�QLWUDWH�LQ�ZDWHU�LV�FDXVHG�E\�WKH�R[LGDWLRQ�RI�DPPRQLD��
ZKLFK� RFFXUV� DV� D� UHVXOW� RI� WKH� GHFRPSRVLWLRQ� RI� SURWHLQV�

FRQWDLQHG� LQ� DQLPDO� DQG� YHJHWDEOH� ZDVWHV�� DQG� HVSHFLDOO\�
QLWUDWH�IHUWLOL]HUV�XVHG�LQ�DJULFXOWXUDO�DUHDV��$�VPDOO�DPRXQW�RI�
QLWUDWH� LQ�FOHDQ�ZDWHUV� LV� WKH�PRVW�FRPPRQ�IRUP�RI�QLWURJHQ�
LQ� VWUHDPV� �:HW]HO�� ������ 0DQDKDQ�� ������� 1LWULWH� LV� DQ�
LQWHUPHGLDWH�LQ�ELRORJLFDO�R[LGDWLRQ�IURP�DPPRQLXP�WR�QLWUDWH��
DQG�LW�PD\�KDYH�R[LGL]HG�WR�QLWUDWH�RU�UHGXFHG�WR�DPPRQLD��,W�
LV�PRVWO\�ORZ�LQ�QDWXUDO�ZDWHUV��1LWULWH�FDQ�UHDFK�KLJK�GHQVLWLHV�
LQ�ORZ�R[\JHQDWHG�ZDWHUV�ZLWK�RUJDQLF�SROOXWLRQ�DQG�VXJJHVWV�
VHZDJH�FRQWDPLQDWLRQ�LI�LW�LV�IRXQG�LQ�KLJK�DPRXQWV��7KH�PRVW�
LPSRUWDQW� VRXUFHV� RI� QLWULWH� LQ� VRLOV� DQG� ZDWHUV� DUH� RUJDQLF�
VXEVWDQFHV��QLWURJHQRXV�IHUWLOL]HUV�DQG�VRPH�PLQHUDOV��:HW]HO��
������0DQDKDQ���������7KH�UHDVRQ�RI�WKH�TXLWH�KLJK�QLWUDWH�DQG�
QLWULWH�YDOXHV���GHWHFWHG�LQ�GULQNLQJ�ZDWHU�RI�VRPH�YLOODJHV�PD\�
EH�DSSOLHG�LQWHQVLYH�DJULFXOWXUDO�IHUWLOL]HUV�LQ�WKH�EDVLQ�

Table 3.�5HVXOWV�RI�GHWHFWHG�SDUDPHWHUV

&OXVWHU� $QDO\VLV� �&$�� ZDV� DSSOLHG� WR� GHWHFWHG� GDWD� WR�
GHWHUPLQH�WKH�VLPLODU�JURXSV�DPRQJ�WKH�LQYHVWLJDWHG�YLOODJHV�
DFFRUGLQJ� WR� ZDWHU� TXDOLW\� FKDUDFWHULVWLFV�� 7KH� GLDJUDP� RI�
&$� LV� JLYHQ� LQ� )LJXUH� ���$FFRUGLQJ� WR� WKH� UHVXOWV� RI� &$�� ��
FOXVWHUV� ZHUH� LGHQWL¿HG�� ZKLFK� ZHUH� QDPHG� DV� ³PRGHUDWH�
FRQWDPLQDWHG� ]RQHV´� DQG� ³OHVV� FRQWDPLQDWHG� ]RQHV´�� 7KH�
PRGHUDWH� SROOXWHG� FOXVWHU� �&���ZDV� IRUPHG� E\� WKH� ORFDWLRQV�
RI� +ÕGÕUD÷D��0QHNúHVRIXODU�� %�\�NG|OO�N�� .�o�NG|OO�N� DQG�
+DQOÕ\HQLFH��DQG�WKH�ORZHU�SROOXWHG�FOXVWHU��&���ZDV�IRUPHG�

E\�WKH�ORFDWLRQV�RI�.D\DSD��/DODSDúD��d|POHNDNSÕQDU��.RUXFX�
DQG�6LQDQN|\�

0RQRPLDO�DQG�PXOWLQRPLDO�ULVNV�RI�HOHFWULFDO�FRQGXFWLYLW\��
WXUELGLW\�� QLWUDWH� DQG� QLWULWH� SDUDPHWHUV� LQ� JURXQGZDWHU� RI�
WKH� UHJLRQ� ZHUH� GHWHUPLQHG� E\� XVLQJ�:$:4,�� 7KH� TXDOLW\�
UDWLQJ�VFDOH�YDOXHV��4L���ZKLFK�PHDQV�WKH�UHVXOWV�RI�PRQRPLDO�
:$:4,�� FDOFXODWHG� XQLW� ZHLJKWV� �:L�� RI� LQYHVWLJDWHG�
SDUDPHWHUV�DQG�WKH�GDWD�RI�RYHUDOO�:$:4,��ZKLFK�PHDQV�WKH�
UHVXOWV�RI�PXOWLQRPLDO�:$:4,�DUH�JLYHQ�LQ�7DEOH����
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$FFRUGLQJ�WR�WKH�UHVXOWV�RI�:$:4,��WKH�YDOXHV�RI�RYHUDOO�
:$:4,�ZHUH�ZLWKLQ� WKH� SHUPLVVLEOH� OLPLWV� �������� DQG� WKH�
LQYHVWLJDWHG� YLOODJHV� ORFDWHG� LQ� WKH� (GLUQH� 3URYLQFH� ZHUH�
IRXQG� DV� ³$� JUDGH´�ZDWHU� TXDOLW\� FKDUDFWHULVWLF�� ,W� ZDV� DOVR�
GHWHUPLQHG�WKDW�WKH�ULVN�VHTXHQFH�RI�WKH�LQYHVWLJDWHG�SDUDPHWHUV�
LQ�JURXQGZDWHU�RI�WKH�UHJLRQ�XVHG�LQ�WKH�:HLJKWHG�$ULWKPHWLF�
:DWHU� 4XDOLW\� ,QGH[� DV� IROORZV�� HOHFWULFDO� FRQGXFWLYLW\� !�
WXUELGLW\�!�QLWUDWH�!�QLWULWH�LQ�JHQHUDO�

,Q� D� VWXG\� SHUIRUPHG� LQ� WKH� VDPH� UHJLRQ�� JURXQGZDWHU�
TXDOLW\� RI� (UJHQH� 5LYHU� %DVLQ� ZDV� HYDOXDWHG� E\� XVLQJ�
:$:4,��$FFRUGLQJ�WR�WKH�UHVXOWV�RI�WKLV�UHVHDUFK��WKH�PDMRULW\�

RI�LQYHVWLJDWHG�HOHPHQW�FRQFHQWUDWLRQV�LQ�JURXQGZDWHU�RI�WKH�
EDVLQ�KDYH�EHHQ�IRXQG�WR�EH�LQ�WKH�UDQJH�RI�KXPDQ�FRQVXPSWLRQ�
VWDQGDUGV� �7RNDWOÕ�� ������� ,Q� DQRWKHU� VWXG\�SHUIRUPHG� LQ� WKH�
FLW\�RI�3RJUDGHF��$OEDQLD���GULQNLQJ�ZDWHU�TXDOLW\�DVVHVVPHQW�
ZDV�PDGH�E\�XVLQJ�WKH�ZDWHU�TXDOLW\�LQGH[��$FFRUGLQJ�WR�WKH�
UHVXOWV�RI�WKLV�UHVHDUFK��WKH�GULQNLQJ�ZDWHU�TXDOLW\�LQ�WKH�FLW\�
RI�3RJUDGHF�ZDV�IRXQG�DV�³JRRG´�OHYHO�DQG�DV�VLPLODU�RI�WKH�
UHVXOWV�RI� WKH�SUHVHQW� LQYHVWLJDWLRQ�� WXUELGLW\�SDUDPHWHUV�ZDV�
IRXQG�DV�RQH�RI� WKH�PDLQ�SUREOHP�RQ�GULQNLQJ�ZDWHU�TXDOLW\�
�'DPR�DQG�,FND��������
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Figure 3. &$�GLDJUDP�RI�YLOODJHV

0RQRPLDO�DQG�PXOWLQRPLDO�ULVNV�RI�HOHFWULFDO�FRQGXFWLYLW\��
WXUELGLW\�� QLWUDWH� DQG� QLWULWH� SDUDPHWHUV� LQ� JURXQGZDWHU� RI�
WKH� UHJLRQ� ZHUH� GHWHUPLQHG� E\� XVLQJ�:$:4,�� 7KH� TXDOLW\�
UDWLQJ�VFDOH�YDOXHV��4L���ZKLFK�PHDQV�WKH�UHVXOWV�RI�PRQRPLDO�
:$:4,�� FDOFXODWHG� XQLW� ZHLJKWV� �:L�� RI� LQYHVWLJDWHG�
SDUDPHWHUV�DQG�WKH�GDWD�RI�RYHUDOO�:$:4,��ZKLFK�PHDQV�WKH�
UHVXOWV�RI�PXOWLQRPLDO�:$:4,�DUH�JLYHQ�LQ�7DEOH����

$FFRUGLQJ�WR�WKH�UHVXOWV�RI�:$:4,��WKH�YDOXHV�RI�RYHUDOO�
:$:4,�ZHUH�ZLWKLQ� WKH� SHUPLVVLEOH� OLPLWV� �������� DQG� WKH�
LQYHVWLJDWHG� YLOODJHV� ORFDWHG� LQ� WKH� (GLUQH� 3URYLQFH� ZHUH�
IRXQG� DV� ³$� JUDGH´�ZDWHU� TXDOLW\� FKDUDFWHULVWLF�� ,W� ZDV� DOVR�
GHWHUPLQHG�WKDW�WKH�ULVN�VHTXHQFH�RI�WKH�LQYHVWLJDWHG�SDUDPHWHUV�
LQ�JURXQGZDWHU�RI�WKH�UHJLRQ�XVHG�LQ�WKH�:HLJKWHG�$ULWKPHWLF�
:DWHU� 4XDOLW\� ,QGH[� DV� IROORZV�� HOHFWULFDO� FRQGXFWLYLW\� !�

WXUELGLW\�!�QLWUDWH�!�QLWULWH�LQ�JHQHUDO�
,Q� D� VWXG\� SHUIRUPHG� LQ� WKH� VDPH� UHJLRQ�� JURXQGZDWHU�

TXDOLW\� RI� (UJHQH� 5LYHU� %DVLQ� ZDV� HYDOXDWHG� E\� XVLQJ�
:$:4,��$FFRUGLQJ�WR�WKH�UHVXOWV�RI�WKLV�UHVHDUFK��WKH�PDMRULW\�
RI�LQYHVWLJDWHG�HOHPHQW�FRQFHQWUDWLRQV�LQ�JURXQGZDWHU�RI�WKH�
EDVLQ�KDYH�EHHQ�IRXQG�WR�EH�LQ�WKH�UDQJH�RI�KXPDQ�FRQVXPSWLRQ�
VWDQGDUGV� �7RNDWOÕ�� ������� ,Q� DQRWKHU� VWXG\�SHUIRUPHG� LQ� WKH�
FLW\�RI�3RJUDGHF��$OEDQLD���GULQNLQJ�ZDWHU�TXDOLW\�DVVHVVPHQW�
ZDV�PDGH�E\�XVLQJ�WKH�ZDWHU�TXDOLW\�LQGH[��$FFRUGLQJ�WR�WKH�
UHVXOWV�RI�WKLV�UHVHDUFK��WKH�GULQNLQJ�ZDWHU�TXDOLW\�LQ�WKH�FLW\�
RI�3RJUDGHF�ZDV�IRXQG�DV�³JRRG´�OHYHO�DQG�DV�VLPLODU�RI�WKH�
UHVXOWV�RI� WKH�SUHVHQW� LQYHVWLJDWLRQ�� WXUELGLW\�SDUDPHWHUV�ZDV�
IRXQG�DV�RQH�RI� WKH�PDLQ�SUREOHP�RQ�GULQNLQJ�ZDWHU�TXDOLW\�
�'DPR�DQG�,FND��������
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Table 2.�4XDOLW\�UDWLQJ�VFDOH�YDOXHV��4L���XQLW�ZHLJKWV��:L��DQG�RYHUDOO�:$:4,

Stations

Parameters used in WAWQI
Overall
WAWQI

EC Turbidity NO3 NO2Wi
���������� ������� ������ �����

Qi
%�\�NG|OO�N ����� ��� ���� ���� ���������

0HQHNúHVRIXODU ����� �� ���� ��� ���������
.�o�NG|OO�N 34.12 ��� 23 2 ���������
.D\DSD ����� 14 ����� ��� ���������
.RUXFX ����� ��� ���� ��� ���������
6LQDQN|\ ����� 13.4 ���� 1 ���������

d|POHNDNSÕQDU 13.24 ���� ����� 3 ���������
+DQOÕ\HQLFH ����� ���� ����� 4 ���������
/DODSDúD ����� ��� ����� 3 ���������
+ÕGÕUD÷D ����� 13 14.36 ��� ���������

min 13.24 8.2 1.814 0.5 8.3035581
max 34.12 65.8 23 40.5 25.024223
mean 21.232 18.76 11.093 5.95 14.264963

SD 22.72 8.4 15.8 40.5 21.864369
Conclusion
,Q� WKH� SUHVHQW� UHVHDUFK�� JURXQGZDWHU� TXDOLWLHV� RI� ���

YLOODJHV�LQ�(GLUQH�3URYLQFH�ZHUH�DVVHVVHG�E\�XVLQJ�:HLJKWHG�
$ULWKPHWLF�:DWHU�4XDOLW\�,QGH[��:$:4,���$V�D�UHVXOW�RI�WKLV�
VWXG\�� WKH�TXDOLW\�RI�JURXQGZDWHU� LQ�WKH�UHJLRQ�ZDV�IRXQG�DV�
��������&ODVV��LQ�JHQHUDO�DQG�DQ\�LQYHVWLJDWHG�YDULDEOH�KDV�QRW�
H[FHHGHG�WKH�GULQNLQJ�ZDWHU�VWDQGDUGV��,W�ZDV�DOVR�GHWHUPLQHG�
WKDW� WKH�YDOXHV�RI� RYHUDOO�:$:4,�ZHUH� UHFRUGHG�ZLWKLQ� WKH�
SHUPLVVLEOH� OLPLWV��������DQG�WKH�JURXQGZDWHU�TXDOLW\�RI� WKH�
UHJLRQ�ZDV�IRXQG�DV�³$�JUDGH´�ZDWHU�TXDOLW\�FKDUDFWHULVWLF�

,Q�FRQFOXVLRQ��DOWKRXJK�OHYHOV�RI�VRPH�RI�WKH�LQYHVWLJDWHG�
SDUDPHWHUV� LQ� VRPH� YLOODJHV� RI� WKH� UHJLRQ� ZHUH� GHWHUPLQHG�
DV�TXLWH�KLJK�OHYHOV�� WKH�PDMRULW\�RI� LQYHVWLJDWHG�YDULDEOHV�LQ�
GULQNLQJ�ZDWHU�RI�WKH�UHJLRQ�KDYH�EHHQ�IRXQG�WR�EH�LQ�WKH�UDQJH�
RI�KXPDQ�FRQVXPSWLRQ�VWDQGDUGV��

7KH� GHWHFWHG� GDWD� UHYHDOV� WKDW� DJULFXOWXUDO� UXQRII� LV� WKH�
PDLQ�ULVN�IDFWRU�IRU�WKH�JURXQGZDWHU�RI�WKH�UHJLRQ�DQG�LI�VXFK�
FRQWDPLQDWLRQ�SHUVLVWV� LQ� HVSHFLDOO\�DURXQG� WKH�%�\�NG|OO�N�
DQG� .�o�NG|OO�N� 9LOODJHV�� FRQFHQWUDWLRQV� RI� QLWURJHQ�
FRPSRXQGV�LQ�GULQNLQJ�ZDWHU�PD\�UHDFK�WKH�FULWLFDO�OHYHOV�DQG�
PD\�DGYHUVHO\�DIIHFW�WKH�KXPDQ�KHDOWK�LQ�WKH�QHDU�IXWXUH�
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Abstract 

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

Introduction
:RUOGZLGH�� ���� RI� DJULFXOWXUDO� ODQGV� H[SHULHQFH� VDOW�

VWUHVV��DQG�WKDW�UDWH�LV�H[SHFWHG�WR�ULVH�WR�����E\�������.DQJ�
HW�DO���������7LU\DNL���������6DOLQLW\�LQ�WKH�VRLO�PRVWO\�RFFXUV�
LQ� DULG� DQG� VHPL�DULG� UHJLRQV�ZLWK� ORZ� UDWHV� RI� SUHFLSLWDWLRQ�
DQG�KLJK�WHPSHUDWXUHV��ZKHUH�LW�FDXVHV�VHYHUH�ORVVHV�LQ�\LHOG�
�0XQQV�DQG�7HUPDDW��������8PH]DZD�HW�DO����������,Q�VWXGLHV�
RQ�VDOLQLW\��JHUPLQDWLRQ�DQG�VHHGOLQJ�GHYHORSPHQW�DUH�W\SLFDOO\�
H[DPLQHG�LQ�GHWHUPLQLQJ�KRZ�FURS�JHQRW\SHV�UHVSRQG�WR�VDOW�
�*KRXODP�DQG�)DUHV��������.DUD�DQG�8\VDO��������� �7KH�WRS�
UHDVRQ�ZK\� VHHGV� LQ� RYHUO\� VDOW\� VRLOV� IDFH� DGYHUVLW\� GXULQJ�
JHUPLQDWLRQ� LV� WKH� VWXQWHG� LQWDNH� RI� ZDWHU� WKURXJK� WKH� VHHG�
FRDW� �&RRQV� HW� DO��� ������ 0DQVRXU�� ������� � %H\RQG� WKDW��
GHWHULRUDWLRQ�LQ�WKH�LRQ�EDODQFH�LQ�SODQWV�JURZQ�LQ�VDOLQH�VRLOV�
GDPDJHV�WKHLU�SK\VLRORJLFDO�IXQFWLRQV��LQFOXGLQJ�WKHLU�FDSDFLW\�

IRU�SKRWRV\QWKHVLV�DQG�UHVSLUDWLRQ��/HYLWW��������$\GÕQúDNLU�HW�
DO���������

$VLGH� IURP� VDOLQLW\�� GURXJKW� VWUHVV�� REVHUYHG� LQ� ���� RI�
DJULFXOWXUDO�ODQGV�ZRUOGZLGH��FDXVHV�D�UDQJH�RI�SK\VLRORJLFDO��
ELRFKHPLFDO��DQG�PROHFXODU�HYHQWV�LQ�SODQWV��%OXP�DQG�-RUGDQ��
������� 'XULQJ� GURXJKW�� SODQWV� UHGXFH� WKHLU� FHOO� JURZWK� DV� D�
PHDQV� WR� SURWHFW� DJDLQVW� ZDWHU� GH¿FLHQF\� �7DL]� DQG� =HLJHU��
�������DIWHU�ZKLFK�WXUJRU�SUHVVXUH�GURSV��DQG�WKH�ZDWHU�EDODQFH�
EHWZHHQ� SODQW� WLVVXHV� EHFRPHV� GLVWXUEHG� �/HYLWW�� ������� 2Q�
WRS�RI� WKDW��GURXJKW�QRW�RQO\�FDXVHV�GDPDJH� WR�SLJPHQWV� IRU�
SKRWRV\QWKHVLV� DQG� GHFUHDVHV� FKORURSK\OO� FRQWHQW� �6DHLGL�
DQG�$EGROL��������EXW�DOVR�FDXVHV�WKH�IDLOXUH�RI�PDMRU�RUJDQV�
DQG�URRW�HORQJDWLRQ�E\�LQFUHDVLQJ�WKH�DPRXQW�RI�DEVLFLF�DFLG��
ZKLFK�GHFUHDVHV�WKH�DPRXQW�RI�F\WRNLQLQ�DQG�JLEEHUHOOLF�DFLG�
�g]HO�HW�DO���������
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,Q�7XUNH\��EDUUHQ� ODQGV� UHSUHVHQW�������RI� DOO� FXOWLYDWHG�
ODQGV�� DQG� ����RI� WKRVH� EDUUHQ� ODQGV� DUH� VDOW\�� ������KDYH�
VDOLQH±DONDOLQH�VRLOV��ZKLOH������KDYH�DONDOLQH�VRLOV��.DUDR÷OX�
DQG� <DOoÕQ�� ������� $OWKRXJK� WKH� DYHUDJH� DQQXDO� UDLQIDOO� LQ�
7XUNH\� LV� DSSUR[LPDWHO\� ����PP��PDQ\� UHJLRQV� H[SHULHQFH�
ZDWHU� VKRUWDJH� DQG� GURXJKW� GXH� WR� WKH� LUUHJXODU� GLVWULEXWLRQ�
RI� SUHFLSLWDWLRQ�� ,W� KDV� EHHQ� K\SRWKHVL]HG� WKDW�7XUNH\� UDQNV�
DPRQJ� FRXQWULHV� DW� ULVN� WR� WKH� SRVVLEOH� HIIHFWV� RI� JOREDO�
ZDUPLQJ��DQG�LQ�WKH�IXWXUH��7XUNH\¶V�0HGLWHUUDQHDQ�DQG�,QQHU�
$QDWROLDQ�UHJLRQV�ZLOO�EH�HVSHFLDOO\�PRUH�DIIHFWHG�E\�FOLPDWH�
FKDQJH� �.DSOXKDQ�� ������� &RQVLGHULQJ� WKH� TXDOLW\� URXJKDJH�
GH¿FLW�LQ�7XUNH\��LW�LV�FULWLFDO�WR�LGHQWLI\�IRUDJH�FURSV�UHVLVWDQW�
WR� VDOW� DQG� GURXJKW� VWUHVV�ZLWK� KLJK� \LHOG� SRWHQWLDO� WKDW� FDQ�
JXDUDQWHH�WKHLU�XVH�DV�IRGGHU�IRU�OLYHVWRFN�LQ�WKH�IXWXUH�

$PRQJ� OLNHO\� FDQGLGDWHV�� IRUDJH� SHDV� >�Pisum sativum�
YDU��arvense��/���3RLUHW�@�SURGXFHG�IRU�IUHVK�IRUDJH��KD\��DQG�
VLODJH�KDYH�QRW�RQO\�VKRZQ�KLJK�\LHOG�SRWHQWLDO�EXW�DOVR�EHHQ�
DGDSWHG� WR�QHDUO\�DOO�RI�7XUNH\¶V� UHJLRQV�� UHJDUGOHVV�RI� WKHLU�
GLIIHUHQW�FOLPDWLF�DQG�VRLO�FRQGLWLRQV��8]XQ�HW�DO����������5LFK�
LQ�SURWHLQ��WKH�KD\�DQG�VHHG�RI�IRUDJH�SHDV�DUH�ERWK�QXWULWLRXV�
DQG�DWWUDFWLYH�IRRG�VRXUFHV�IRU�OLYHVWRFN��$oÕNJ|]�HW�DO����������
7KH\�DOVR� OHDYH�FOHDQ�VWXEEOH�DV�ZHOO� DV� VLJQL¿FDQW�QLWURJHQ�
DQG� RUJDQLF�PDWWHU� LQ� WKH� VRLO� IRU� WKH� EHQH¿W� RI� VXEVHTXHQW�
FURSV��3DUU�HW�DO����������

%HFDXVH�WKH�HI¿FLHQF\�RI�FXOWLYDWLQJ�IRUDJH�SHDV�GHSHQGV�
RQ� WKHLU� DELOLW\� WR� FRSH� ZLWK� DELRWLF� VWUHVVHV�� GHWHUPLQLQJ�
WKH� UHVSRQVHV� RI� GLIIHUHQW� IRUDJH� SHD� YDULHWLHV� DJDLQVW� VWUHVV�
IDFWRUV� LV� FULWLFDO�� 5HFRJQL]LQJ� WKDW� QHHG��$YFÕ� HW� DO�� �������
DQG� 'HPLUNRO� HW� DO�� ������� KDYH� LQYHVWLJDWHG� WKH� HIIHFWV� RI�
VDOW�VWUHVV�RQ�WKH�JHUPLQDWLRQ�DQG�HDUO\�VHHGOLQJ�GHYHORSPHQW�
RI� IRUDJH�SHDV� LQ�7XUNH\�� ,Q�RWKHU�ZRUN��2NoX�HW� DO�� ��������
3HWURYLü�HW�DO����������DQG�3HUHLUD�HW�DO���������KDYH�H[DPLQHG�
WKH� UHVSRQVHV� RI� GLIIHUHQW� SHD�JHQRW\SHV� WR� VDOW� DQG�GURXJKW�
VWUHVV��,Q�WKRVH�VWXGLHV��WKH�UHVSRQVHV�RI�SHD�JHQRW\SHV�WR�VDOW�
DQG� GURXJKW� VWUHVV� GLIIHUHG�� KRZHYHU�� ,Q� UHVSRQVH� WR� WKRVH�
¿QGLQJV��WKH�VWXG\�UHSRUWHG�KHUH�LQYROYHG�H[DPLQLQJ�KRZ�VDOW�
DQG�GURXJKW�VWUHVV�DIIHFW�WKH�JHUPLQDWLRQ�DQG�VHHGOLQJ�JURZWK�
RI�VL[�GLIIHUHQW�IRUDJH�SHD�FXOWLYDUV�LQ�7XUNH\�

Materials and Methods
7KUHH�SXUSOH�ÀRZHUHG��7|UH��7DúNHQW��DQG�g]ND\QDN��DQG�

WKUHH�ZKLWH�ÀRZHUHG� �8OXEDWOÕ�� hU�QO��� DQG�*|O\D]Õ�� IRUDJH�
SHD� �P. sativum� YDU��arvense�/��3RLU��� FXOWLYDUV�ZHUH�XVHG�DV�
VHHG�PDWHULDOV�

$�FRQWUROOHG�H[SHULPHQW�LQ�LQFXEDWRUV�ZDV�SHUIRUPHG�LQ�D�
WZR�IDFWRU�DUUDQJHPHQW�ZLWK�D�FRPSOHWHO\�UDQGRPL]HG�GHVLJQ�
LQYROYLQJ�IRXU�UHSOLFDWLRQV��7KH�¿UVW�IDFWRU�ZDV�WKH�IRUDJH�SHD�
FXOWLYDUV� XQGHU� ERWK� VWUHVVHV�� ZKLOH� WKH� VHFRQG� ZDV� VDOW� ����
�����������DQG����G6�P��RU�GURXJKW���������DQG����EDU��VWUHVV��
6DOLQLW\� ZDV� DGMXVWHG� ZLWK� D� :7:� ����L� (&� PHWHU� XVLQJ�
VRGLXP�FKORULGH��1D&O���ZKHUHDV�GURXJKW�VWUHVV�ZDV�DFKLHYHG�
XVLQJ�SRO\HWK\OHQH�JO\FRO��3(*������PRO�Z����DV�GHVFULEHG�E\�
0LFKHO�DQG�.DXIPDQQ��������

*HUPLQDWLRQ�ZDV�SHUIRUPHG�LQ�IRXU�UHSOLFDWLRQV�RI����VHHGV�
HDFK�RQ� WKUHH�¿OWHU�SDSHUV����î����FP�LQ�VL]H��,67$���������
2QFH���P/�RI�SXUH�ZDWHU�ZDV�DGGHG�WR�HDFK�¿OWHU�SDSHU�� WKH�
SDSHUV�ZHUH�SODFHG�LQ�VHDOHG�SODVWLF�EDJV�LQ�RUGHU�WR�SUHYHQW�
HYDSRUDWLRQ��7KH�SDSHUV�ZHUH�FKHFNHG�HYHU\��GD\V��DQG�SXUH�

ZDWHU�ZDV�DGGHG�DV�QHHGHG��7KH�VHHGV�ZHUH�FRXQWHG�HYHU\�GD\��
DQG�RQHV�ZLWK�D�URRW�OHQJWK�RI���PP�ZHUH�FRQVLGHUHG�WR�KDYH�
JHUPLQDWHG�

*HUPLQDWLRQ�SHUFHQWDJH��PHDQ�JHUPLQDWLRQ�WLPH��VHHGOLQJ�
OHQJWK��VHHGOLQJ�IUHVK�DQG�GU\�ZHLJKWV��DQG�UHGXFWLRQ�UDWH�ZHUH�
HYDOXDWHG�WR�GHWHUPLQH�WKH�WROHUDQFH�RI�WKH�FXOWLYDUV�WR�VDOLQLW\�
DQG�GURXJKW��0HDQ�JHUPLQDWLRQ�WLPH�ZDV�FDOFXODWHG�ZLWK�WKH�
IRUPXOD�RI�(OOLV�DQG�5REHUWV���������ZKLOH�WKH�UHGXFWLRQ�UDWH�
ZDV�FDOFXODWHG�DV�IROORZV���6HHGOLQJ�FKDUDFWHULVWLFV�RI�FRQWURO�
SODQWV�±�6HHGOLQJ�FKDUDFWHULVWLFV�RI� VWUHVV�SODQWV�� �� �6HHGOLQJ�
FKDUDFWHULVWLFV�RI�FRQWURO�SODQWV��������

$OO�GDWD�ZHUH�VXEMHFWHG�WR�YDULDQFH�DQDO\VLV�XVLQJ�067$7��
$UFVLQ� ¥[� WUDQVIRUPDWLRQ� ZDV� DSSOLHG� WR� SHUFHQWDJH� YDOXHV�
�6RNDO�DQG�5RKOI��������� DQG�'XQFDQ¶V�PXOWLSOH�FRPSDULVRQ�
WHVW� ZDV� SHUIRUPHG� WR� GHWHUPLQH� WKH� GLIIHUHQFHV�� LI� DQ\��
EHWZHHQ�PHDQ�YDOXHV�

Results and Discussion
,Q�WHUPV�RI�VDOW�VWUHVV��WKH�HIIHFWV�RI�FXOWLYDUV��VDOLQLW\��DQG�

WKH� LQWHUDFWLRQ� RI� FXOWLYDU� DQG� VDOLQLW\� RQ� FKDUDFWHULVWLFV� RI�
JHUPLQDWLRQ� DQG� VHHGOLQJ� JURZWK�ZHUH� VLJQL¿FDQW� DW� WKH� ���
OHYHO��7DEOH�����$V�VKRZQ�LQ�7DEOH����WKH�7|UH�FXOWLYDU�LQ�WKH�
FRQWURO� FRQGLWLRQ� DQG� LQ� �� G6�P� RI� VDOLQLW\�� DORQJ� ZLWK� WKH�
*|O\D]Õ�FXOWLYDU�LQ�WKH�FRQWURO�FRQGLWLRQ�DQG�LQ���DQG����G6�P�
RI�VDOLQLW\��KDG�KLJKHU�JHUPLQDWLRQ�SHUFHQWDJHV�WKDQ�WKH�RWKHU�
FXOWLYDUV��7KH�ORZHVW�JHUPLQDWLRQ�SHUFHQWDJH��ZDV�UHFRUGHG�IRU�
WKH�8OXEDWOÕ�FXOWLYDU��GHFUHDVHG�UDSLGO\�RQFH�VDOLQLW\�UHDFKHG�
�� G6�P�� ,Q� JHQHUDO�� WKH� LQFUHDVH� LQ� VDOLQLW\� EHJDQ� DGYHUVHO\�
DIIHFWLQJ�JHUPLQDWLRQ�DW�OHYHOV�RI����G6�P�DQG�KLJKHU��7DEOH�
����6LPLODU�WR�WKRVH�¿QGLQJV��'HPLUNRO�HW�DO���������REVHUYHG�
D�VLJQL¿FDQW�GHFUHDVH�LQ�JHUPLQDWLRQ�UDWH�SDUDOOHO�WR�LQFUHDVHG�
VDOLQLW\� DIWHU� ��� P0�� &RQWUDU\� WR� WKRVH� ¿QGLQJV�� 2NoX� HW�
DO�� ������� DQG�$YFÕ� HW� DO�� ������� UHSRUWHG� WKDW� JHUPLQDWLRQ�
SHUFHQWDJH�GLG�QRW�YDU\�E\�OHYHO�RI�VDOLQLW\�

0HDQ�JHUPLQDWLRQ� WLPH�ZDV�SURORQJHG� LQ� DOO� FXOWLYDUV� DV�
VDOLQLW\�OHYHO�LQFUHDVHG��7DEOH�����:KHUHDV�7|UH��g]ND\QDN��DQG�
hU�QO��FXOWLYDUV�JHUPLQDWHG�WKH�IDVWHVW��8OXEDWOÕ�DQG�*|O\D]Õ�
FXOWLYDUV� ZHUH� WKH� VORZHVW� �7DEOH� ���� 6XFK� ¿QGLQJV� FRQ¿UP�
WKH�UHVXOWV�RI�7VHJD\�DQG�$QGDUJLH��������DQG�'HPLUNRO�HW�DO��
��������ZKR� IRXQG� WKDW�PHDQ� JHUPLQDWLRQ� WLPH� LQFUHDVHG� LQ�
SDUDOOHO�WR�VDOW�FRQFHQWUDWLRQ��6LPLODU�¿QGLQJV�KDYH�DOVR�EHHQ�
UHSRUWHG�IRU�OHQWLOV��.DUDPDQ�DQG�.D\D���������FRPPRQ�YHWFK�
�(UWHNLQ� HW� DO��� ������� DQG� +XQJDULDQ� YHWFK� �gQDO�$úoÕ� DQG�
hQH\��������

$V� VDOLQLW\� URVH�� WKH� OHQJWK� RI� VHHGOLQJV� GHFUHDVHG��
H[FHSW�LQ�g]ND\QDN�DQG�8OXEDWOÕ�FXOWLYDUV��7DEOH�����,Q�WKRVH�
FXOWLYDUV�� WKH� HIIHFW� RI� VDOLQLW\� DW� �� G6�P�RQ� VHHGOLQJ� OHQJWK�
ZDV�HYHQ�SRVLWLYH��:KHQ�WKH�UHGXFWLRQ�UDWH�LQ�VHHGOLQJ�OHQJWK�
FRPSDUHG�WR�WKH�FRQWURO�DW����G6�P�ZDV�HYDOXDWHG��g]ND\QDN��
8OXEDWOÕ��DQG�7|UH�FXOWLYDUV�GHPRQVWUDWHG�WKH�ORZHVW�YDOXHV��LQ�
WKDW�RUGHU��)LJXUH�����+RZHYHU��D�GRVH�RI����G6�P�QHJDWLYHO\�
DIIHFWHG�QHDUO\�DOO�YDULHWLHV��IRU�WKH�DYHUDJH�UHGXFWLRQ�UDWH�RI�
DSSUR[LPDWHO\� �����$YFÕ� HW� DO�� ������� DQG� 'HPLUNRO� HW� DO��
������� DOVR� IRXQG� WKDW� VDOLQLW\� QHJDWLYHO\� DIIHFWHG� VHHGOLQJ�
JURZWK��DV�ZHOO�DV�WKDW�LWV�HIIHFW�RQ�WKH�URRWV�RI�SHD�JHQRW\SHV�
FRPPHQFHG�DW�ORZHU�GRVHV�WKDQ�RQ�WKH�VKRRWV�

7KH� KLJKHVW� IUHVK� DQG� GU\�ZHLJKWV� RI� DOO� VHHGOLQJV�ZHUH�
REWDLQHG� LQ� WKH� FRQWURO� FRQGLWLRQ� IRU� WKH� *|O\D]Õ� FXOWLYDU��
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ZKHUHDV�WKH�ORZHVW���ZHUH�REWDLQHG�LQ�WKH����G6�P�WUHDWPHQW�RI�
WKH�7DúNHQW�FXOWLYDU��7DEOH�����$V�VDOLQLW\�LQFUHDVHG��IUHVK�DQG�
GU\�ZHLJKWV� GHFUHDVHG� LQ� DOO� FXOWLYDUV� H[FHSW� IRU�g]ND\QDN��
ZKRVH�IUHVK�DQG�GU\�ZHLJKWV�ZHUH�SRVLWLYH�DIIHFWHG�E\���G6�P�
RI� VDOLQLW\�� 7KH� ORZHVW� UHGXFWLRQ� UDWH� LQ� IUHVK� ZHLJKW� DW� ���
G6�P�RI�VDOLQLW\�ZDV�UHFRUGHG�LQ�WKDW�FXOWLYDU�DV�ZHOO��)LJXUH�

����$OWKRXJK� DOO� UHGXFWLRQ� UDWHV� LQ� WKH� IUHVK� ZHLJKWV� RI� WKH�
VHHGOLQJV�DW����G6�P�ZHUH�VLPLODU��WKH�7DúNHQW�FXOWLYDU�ZDV�WKH�
PRVW� DIIHFWHG�� 6XSSRUWLQJ� WKRVH�¿QGLQJV��$YFÕ� HW� DO�� ��������
7VHJD\� DQG� $QGDUJLH� �������� DQG� 'HPLUNRO� HW� DO�� �������
KDYH�DOO� UHSRUWHG� WKDW� WKH� IUHVK�DQG�GU\�ZHLJKWV�RI�VHHGOLQJV�
GHFUHDVHG�LQ�SHD�JHQRW\SHV�GXH�WR�LQFUHDVHG�VDOLQLW\�

7DEOH����$QDO\VLV�RI�YDULDQFH�DQG�GLIIHUHQFHV�EHWZHHQ�PHDQ�YDOXHV�RI�JHUPLQDWLRQ�DQG�VHHGOLQJ�JURZWK�FKDUDFWHUV�RI�IRUDJH�SHD�
FXOWLYDUV�JURZQ�XQGHU�GLIIHUHQW�VDOLQLW\�VWUHVVHV�

)DFWRUV *HUPLQDWLRQ�
���

0HDQ�JHUPLQDWLRQ�
WLPH��GD\�

6HHGOLQJ�OHQJWK�
�FP�

)UHVK�ZHLJKW��PJ�
VHHGOLQJ�

'U\�ZHLJKW��PJ�
VHHGOLQJ�

Cultivars

7|UH �����D� ����F ����D ������EF �����FG

7DúNHQW �����E ����E ����D ������F �����G

g]ND\QDN �����E ����EF ����D ������E �����FG

8OXEDWOÕ �����E ����D ����D ������D �����E

hU�QO� �����E ����EF ����E ������EF �����F

*|O\D]Õ �����D ����D ����E ������D �����D

Salinity (dS/m)

���&RQWURO� �����D ����G �����D ������D �����D

� �����D ����F �����D ������E �����E

�� �����D ����EF ����E ������F �����F

�� �����E ����E ����F �����G �����G

�� �����E ����D ����G �����H ����H

Analysis of variance

&XOWLYDUV��$� * * * * *

6DOLQLW\��%� * * * * *

$�[�% * * * * *
��VLJQL¿FDQW�OHYHO�RI��������OHWWHUV�VKRZ�GLIIHUHQW�JURXSV�DW����OHYHO�

)LJXUH���5HGXFWLRQ�UDWHV�LQ�VHHGOLQJ�OHQJWKV�RI�IRUDJH�SHD�FXOWLYDUV�DW����DQG����G6�P�RI�VDOLQLW\�VWUHVVHV
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7DEOH����7KH�HIIHFW�RI�FXOWLYDUV�[�VDOLQLW\�LQWHUDFWLRQ�RQ�JHUPLQDWLRQ�DQG�VHHGOLQJ�JURZWK�FKDUDFWHUV�RI�IRUDJH�SHD�FXOWLYDUV�

&XOWLYDUV 6DOLQLW\
�G6�P�

*HUPLQDWLRQ
���

0HDQ�JHUPL�
QDWLRQ

WLPH��GD\�
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7DEOH����$QDO\VLV�RI�YDULDQFH�DQG�GLIIHUHQFHV�EHWZHHQ�PHDQ�YDOXHV�RI�JHUPLQDWLRQ�DQG�VHHGOLQJ�JURZWK�FKDUDFWHUV�RI�IRUDJH�SHD�
FXOWLYDUV�JURZQ�XQGHU�GLIIHUHQW�GURXJKW�VWUHVVHV�
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VHHGOLQJ�
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Cultivars
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hU�QO� ����EF ����E ����E ������DE �����E

*|O\D]Õ ����G ����D ����EF ������D �����D

Droughts (bar)

���FRQWURO� �����D ����F �����D ������D �����D

�� �����E ����E ����E �����E �����E

�� �����F ����D ����F �����F ����F

Analysis of variance

&XOWLYDUV��$� ** ** ** ** **

'URXJKWV��%� ** ** ** ** **

$�[�% ** ** * ** **
����VLJQL¿FDQW�OHYHO�RI����DQG�����UHVSHFWLYHO\�����OHWWHUV�VKRZ�GLIIHUHQW�JURXSV�DW����OHYHO�

7KH� 7|UH� FXOWLYDU� DFKLHYHG� WKH� IDVWHVW� JHUPLQDWLRQ��
ZKHUHDV� WKH� 8OXEDWOÕ� DQG� *|O\D]Õ� FXOWLYDUV� JHUPLQDWHG� WKH�
VORZHVW� �7DEOH� ����0HDQ�JHUPLQDWLRQ� WLPH�ZDV� SURORQJHG� LQ�
DOO�FXOWLYDUV�DV�GURXJKW�VWUHVV�LQFUHDVHG��7DEOH�����7KH�IDVWHVW�
JHUPLQDWLQJ�FXOWLYDUV�DW����EDU�RI�GURXJKW�VWUHVV�ZHUH�WKH�7|UH�
DQG�hU�QO��FXOWLYDUV��6XFK�¿QGLQJV�UHJDUGLQJ�SURORQJHG�PHDQ�
JHUPLQDWLRQ�WLPH�GXH�WR�LQFUHDVHG�GURXJKW�VWUHVV�DOLJQ�ZLWK�WKH�
UHVXOWV�RI�2NoX�HW�DO���������DQG�$VODQ�DQG�$WÕú��������

7KH� ORQJHVW� VHHGOLQJV�� DW�������FP��ZHUH�REWDLQHG� LQ� WKH�
FRQWURO� FRQGLWLRQ� RI� WKH� 7|UH� FXOWLYDU�� ZKHUHDV� WKH� VKRUWHVW�
RQHV�� DW� ����� FP�� HPHUJHG� LQ� WKH� ��� EDU� DSSOLFDWLRQ� RI� WKH�
8OXEDWOÕ� FXOWLYDU� �7DEOH� ���� $V� GURXJKW� VWUHVV� LQWHQVL¿HG��
VHHGOLQJ�OHQJWK�VWHDGLO\�GHFUHDVHG�LQ�DOO�FXOWLYDUV��7KH�ORZHVW�
UHGXFWLRQ� UDWHV� LQ� VHHGOLQJ� OHQJWKV� DW� ��� EDU� ZHUH� UHFRUGHG�
LQ� WKH� 7|UH�� g]ND\QDN�� DQG� 8OXEDWOÕ� FXOWLYDUV� �)LJXUH� ����
$OWKRXJK� WKH�hU�QO���g]ND\QDN�� DQG�7|UH� FXOWLYDUV� VKRZHG�
WKH� ORZHVW� UHGXFWLRQ� UDWHV� DW� ��� EDU�� WKH� KLJKHVW� UHGXFWLRQ�
UDWHV� ZHUH� REVHUYHG� LQ� WKH� 7DúNHQW�� 8OXEDWOÕ�� DQG� *|O\D]Õ�
FXOWLYDUV��%RWK�2NoX�HW�DO�� �������DQG�3HWURYLü�HW� DO�� �������
KDYH� UHSRUWHG� WKDW� LQFUHDVHG� GRVHV� RI� GLIIHUHQW� DSSOLFDWLRQV�
RI�RVPDWLF�SUHVVXUH� FUHDWHG�XVLQJ�1D&O� DQG�3(*�QHJDWLYHO\�

DIIHFWHG�URRW�DQG�VKRRW�OHQJWK�LQ�SHD�JHQRW\SHV��$GGHG�WR�WKDW��
3HUHLUD�HW�DO���������IRXQG�WKDW�D�UHGXFWLRQ�LQ�HSLFRW\O�DQG�URRW�
OHQJWK�LQ�SHD�JHQRW\SHV�RFFXUUHG�ZKHQ�RVPRWLF�SRWHQWLDO�ZDV�
QR�PRUH�WKDQ�����03D�

7KH� IUHVK� DQG� GU\� ZHLJKWV� RI� WKH� VHHGOLQJV� VWHDGLO\�
GHFUHDVHG� DV�GURXJKW� VWUHVV� LQFUHDVHG� �7DEOH�����7KH�KLJKHVW�
DQG�ORZHVW�IUHVK�DQG�GU\�ZHLJKWV���ZHUH�REWDLQHG�IRU�WKH�*|O\D]Õ�
FXOWLYDU�LQ�WKH�FRQWURO�FRQGLWLRQ�DQG�LQ�WKH�7DúNHQW�FXOWLYDU�DW�
��� EDU� RI� GURXJKW� VWUHVV�� UHVSHFWLYHO\�� 7KH� ORZHVW� UHGXFWLRQ�
UDWHV�LQ�IUHVK�ZHLJKW�DW����EDU�RI�GURXJKW�VWUHVV�ZHUH�UHFRUGHG�
IRU� WKH� 7|UH� DQG� g]ND\QDN� FXOWLYDUV�� ZKLFK� SDUDOOHOHG� WKH�
UHGXFWLRQ� UDWHV� LQ� VHHGOLQJ� OHQJWK� �)LJXUH� ���� $OWKRXJK� WKH�
UHGXFWLRQ� UDWHV� RI� FXOWLYDUV� DW� ��� EDU� RI� GURXJKW� VWUHVV�ZHUH�
VLPLODU�� DV� ZLWK� WKH� UHGXFWLRQ� UDWHV� RI� VHHGOLQJ� OHQJWK�� WKH�
7|UH��g]ND\QDN��DQG�hU�QO��FXOWLYDUV�KDG�ORZ�UHGXFWLRQ�UDWHV��
ZKHUHDV�WKH�7DúNHQW��8OXEDWOÕ��DQG�*|O\D]Õ�FXOWLYDUV�KDG�KLJK�
RQHV��2NoX�HW�DO����������3HWURYLü�HW�DO����������DQG�3HUHLUD�HW�
DO���������DOO�REVHUYHG�D�UHPDUNDEOH�GHFUHDVH�LQ�WKH�IUHVK�DQG�
GU\�ZHLJKWV�RI�SHD�VHHGOLQJV�GXH�WR�WKH�GHFUHDVHG�DYDLODELOLW\�
RI�ZDWHU�DV�GRVHV�RI�1D&O�DQG�3(*�LQFUHDVHG��

$V�LQ�WKH�VDOW�VWUHVV�VWXG\��WKH�HIIHFWV�RI�FXOWLYDU��GURXJKW��
DQG� WKHLU� LQWHUDFWLRQ� RQ� FKDUDFWHULVWLFV� RI� JHUPLQDWLRQ� DQG�
VHHGOLQJ�JURZWK�ZHUH�VLJQL¿FDQW�LQ�WKH�GURXJKW�VWXG\��7DEOH�����
7KH�KLJKHVW�DQG�ORZHVW�JHUPLQDWLRQ�SHUFHQWDJHV�ZHUH�DFKLHYHG�
E\� WKH�7|UH�DQG�*|O\D]Õ�FXOWLYDUV�� UHVSHFWLYHO\��DOWKRXJK�WKH�
JHUPLQDWLRQ�SHUFHQWDJHV�RI� WKH�FXOWLYDUV�ZHUH�QRW�QHJDWLYHO\�
DIIHFWHG�LQ����EDU�RI�GURXJKW�VWUHVV�H[FHSW�LQ�WKH�8OXEDWOÕ�DQG�
*|O\D]Õ�FXOWLYDUV��7DEOH�����7KRVH�WZR�FXOWLYDUV�DOVR�VKRZHG�

WKH� JUHDWHVW� GHFUHDVH� LQ� JHUPLQDWLRQ� SHUFHQWDJH� DW� ��� EDU� RI�
GURXJKW� VWUHVV�� 'URXJKW� VWUHVV� FDXVHG� E\� 3(*� QHJDWLYHO\�
DIIHFWHG�JHUPLQDWLRQ�RQ�SHD�JHQRW\SHV�LQ�WKH�VWXGLHV�RI�2NoX�
HW� DO�� ������� DQG� 3HUHLUD� HW� DO�� �������� 6LPLODU� UHVXOWV� KDYH�
DOVR�EHHQ�REWDLQHG�IRU�OHQWLO�JHQRW\SHV��0XVFROR�HW�DO���������
JUDVV� SHD� YDULHWLHV� �$VODQ� DQG�$WÕú�� ������� DQG� VRPH� DOIDOID�
JHQRW\SHV��g]NXUW�HW�DO���������
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7DEOH����7KH�HIIHFW�RI�FXOWLYDUV�[�GURXJKWV�LQWHUDFWLRQ�RQ�JHUPLQDWLRQ�DQG�VHHGOLQJ�JURZWK�FKDUDFWHUV�RI�IRUDJH�SHD�FXOWLYDUV�
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)LJXUH����5HGXFWLRQ�UDWHV�LQ�VHHGOLQJ�OHQJWKV�RI�IRUDJH�SHD�FXOWLYDUV�DW����DQG����EDU�RI�GURXJKW�VWUHVVHV

)LJXUH����5HGXFWLRQ�UDWHV�LQ�VHHGOLQJ�IUHVK�ZHLJKWV�RI�IRUDJH�SHD�FXOWLYDUV�DW����DQG����EDU�RI�GURXJKW�VWUHVVHV
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Conclusion
,Q� VXP�� WKH� UHVSRQVHV� RI� WKH� FXOWLYDUV� WR� VDOLQLW\� DQG�

GURXJKW� VWUHVVHV� ZHUH� VLPLODU�� 7KH� 7|UH� FXOWLYDU� KDG� KLJK�
YDOXHV�LQ�WHUPV�RI�JHUPLQDWLRQ�SHUFHQWDJH��PHDQ�JHUPLQDWLRQ�
WLPH�� DQG� VHHGOLQJ� OHQJWK��ZKHUHDV� WKH�*|O\D]Õ� FXOWLYDU� KDG�
KLJK� YDOXHV� LQ� WKH� IUHVK� DQG� GU\�ZHLJKWV� RI� LWV� VHHGOLQJV� LQ�
ERWK�VWUHVV�FRQGLWLRQV��'HSHQGLQJ�RQ�WKH�LQWHQVLW\�RI�WKH�VWUHVV�
FRQGLWLRQV�� UHGXFWLRQ� UDWHV� LQ� WKH� VHHGOLQJ� OHQJWK� DQG� IUHVK�
ZHLJKW�RI�WKH�FXOWLYDUV�LQGLFDWHG�WKDW�WKH�7|UH��g]ND\QDN��DQG�
8OXEDWOÕ�FXOWLYDUV�ZHUH�OHVV�DIIHFWHG�WKDQ�WKH�7DúNHQW��*|O\D]Õ��
DQG�hU�QO��RQHV� DW� ���EDU�RI� GURXJKW� VWUHVV� DQG� LQ����G6�P�
RI� VDOLQLW\�� +RZHYHU�� DOO� FXOWLYDUV� ZHUH� DGYHUVHO\� DIIHFWHG�
LQ� ��� G6�P� RI� VDOLQLW\� DQG� H[KLELWHG� DSSUR[LPDWHO\� VLPLODU�
UHGXFWLRQ�UDWHV��$PRQJ�RWKHU�UHVXOWV��DV�RVPRWLF�SUHVVXUH�URVH��
WKH�hU�QO��FXOWLYDU�KDG�WKH�ORZHVW�UHGXFWLRQ�UDWH���DW����EDU�RI�
GURXJKW�VWUHVV��IROORZHG�E\�WKH�g]ND\QDN�DQG�7|UH�FXOWLYDUV��
7KH�PRVW�QHJDWLYHO\�DIIHFWHG�FXOWLYDUV�DW�WKDW�OHYHO�RI�GURXJKW�
VWUHVV�ZHUH�WKH�7DúNHQW��8OXEDWOÕ��DQG�*|O\D]Õ�RQHV��$OWRJHWKHU��
WKH� UHVXOWV� UHYHDOHG� WKDW� WKH� 7|UH� FXOWLYDU� FDQ� EHVW� WROHUDWH�
DGYHUVH�VWUHVV�FRQGLWLRQV�EXW�WKDW�WKH�g]ND\QDN�FXOWLYDU�VKRZV�
SURPLVH� DV� ZHOO�� $OWKRXJK� SDUDPHWHUV� RWKHU� WKDQ� UHGXFWLRQ�
UDWHV�ZHUH�GLVDSSRLQWLQJ��LW�FDQ�DOVR�EH�IRFXVHG�RQ�WKH�8OXEDWOÕ�
DQG�hU�QO��FXOWLYDUV�
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This study was aimed to determine of the shearing force and shearing energy of paddy stem as a function of blade 
type, blade-edge angle and cutting speed. The Karacadag white paddy variety was used as plant materials. Shearing 
properties were measured by a universal testing machine. Depend on measured shear force and cross-section area of 
paddy stem, energy values were calculated by measuring the surface area under the cutting force-deformation curve 
IRU�HDFK�WHVW�VHSDUDWHO\��7KH�WHVWV�ZHUH�FRQGXFWHG�DW�¿YH�EODGH�DQJOHV��¿YH�ORDGLQJ�VSHHG�ZLWK�YDULRXV�WKUHH�GLIIHUHQW�
W\SH�EODGHV��7KH�WHVWV�UHVXOWV�VKRZHG�WKDW�WKH�VKHDULQJ�IRUFH��VKHDULQJ�VWUHQJWK��VKHDULQJ�HQHUJ\��VSHFL¿F�VKHDULQJ�
HQHUJ\�DQG�H[WHQVLRQ�DW�PD[LPXP�ORDG�ZHUH�DIIHFWHG�VLJQL¿FDQW��S�������E\�EODGH�W\SH��FXWWLQJ�DQJOH�DQG�FXWWLQJ�
VSHHG��:KLOH�WKH�ORZHVW�YDOXHV�ZHUH�GHWHUPLQHG�DW�VHUUDWHG���EODGH�W\SHV��IROORZHG�E\�WKH�VHUUDWHG���DQG�ÀDW�HGJH�
EODGH��7KH�SDGG\�VWDON�VKHDULQJ�IRUFH�DQG�HQHUJ\�YDOXHV�KDV�LQFUHDVHG�ZLWK�GHFUHDVH�LQ�WKH�EODGH�HGJH�DQJOH�IURP�����
WR������7KH�KLJKHVW�IRUFH�DQG�HQHUJ\�YDOXHV�ZHUH�PHDVXUHG�DW�����FXWWLQJ�HGJH�RI�EODGH�DV�������1�DQG�����1�FP��7KH�
HIIHFW�RI�ORDGLQJ�VSHHG�RQ�WKH�FXWWLQJ�IRUFHV��FXWWLQJ�VWUHQJWK��FXWWLQJ�HQHUJ\�DQG�VSHFL¿F�FXWWLQJ�HQHUJ\�ZHUH�IRXQG�
VLJQL¿FDQW��S��������7KH�VKHDULQJ�DQG�HQHUJ\�KDV�VOLJKWO\�GHFUHDVHG�ZLWK�DQ�LQFUHDVH�RI�EODGH�FXWWLQJ�VSHHG��:KLOH�
the highest values were found at 2 m s-1 loading speeds, the lowest values were found at 6 mm s-1 cutting speed.

Keywords: Cotton, Cutting properties, Design, Shearing force, Stalk
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Abstract 
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Introduction
3DGG\� �2U\]D� VDWLYD�/��� LV� RQH� RI� WKH� ROGHVW� FHUHDOV� DQG�

important staple food and the main source of income for about 
half of the world’s population and it is growing in more than 
half of the countries in the world and it will continue to be the 
PDLQVWD\�RI� OLIH�IRU�IXWXUH�JHQHUDWLRQV�DV�ZHOO��&RUUHD�DW�DO���
������%DGDZL��������(VJLFL�HW�DO��������������RI�ZRUOG�SDGG\�
production takes place in Asian continent. One of the paddy 
producer countries in terms of climate, soil and environmental 
conditions is Turkey. Southeastern part of Turkey is also an 
important paddy producer. In this region, the paddy variety 
known as Karacadag white widely is grown.

Harvesting and threshing operations of paddy are known as 
RQH�RI�FUXFLDO�SDUW�DQG�LQÀXHQWLDO�SURFHVVHV�RQ�TXDQWLW\��TXDOLW\��
grain losses and production cost. Paddy harvesting is mostly 
performed by worker using sickles. So, in paddy harvest stage, 
use of labor is intensity and also harvest cost is very high. In 
the recent years, paddy producers in this region have been 
using conventional grain harvesters that are not suitable for 
paddy. As a result, combine harvesters have negative impacts 
RQ�TXDQWLW\�DQG�TXDOLW\�RI�SDGG\�JUDLQV�ZKLFK�VHULRXVO\�DIIHFW�
WKH�SUR¿WDELOLW\�RI�WKH�FURS�VLQFH�PDMRULW\�RI�WKH�ORVVHV�DUH�GXH�
to improper adjustment of the machines according to paddy 
YDULHWLHV�DQG�FURS�FRQGLWLRQV��/RVVHV�LQ�SDGG\�SURGXFWLRQ�LV�DQ�
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HVWLPDWHG�UDWLR�UDQJLQJ�EHWZHHQ������WR�������(VJLFL�HW�DO���
������LQ�WKLV�UHJLRQ��7KLV�YDOXH�RI�ORVVHV�LV�TXLWH�KLJK�DQG�ZH�
have to reduce a reasonable level. Because, the objective of 
good harvesting is to maximize grain yield while minimizing 
JUDLQ� ORVVHV� DQG� TXDOLW\� GHWHULRUDWLRQ�� 7KHUHIRUH�� LW� LV� YHU\�
important to choose proper shearing parameters of paddy stem 
and kernel during harvesting processes to minimize the level of 
JUDLQ�GDPDJH�DQG�WR�LQFUHDVH�JUDLQ�TXDOLW\��&RUUHD�HW�DO���������
<RUH�HW�DO����������3DGG\�KDUYHVWLQJ�PDFKLQHV�DQG�FRPELQH�
KDUYHVWHUV�DUH�FRPPRQO\�HTXLSSHG�ZLWK�UHFLSURFDWLQJ�FXWWLQJ�
mechanism. In this case, a cutting bar has some blades and 
counter edges which move against each other. If plants stem 
stands between them, it is cut due to reciprocating movement 
of blade or both blade and counter edge. The performance of 
cutting elements on harvesting mechanisms can be judged by 
FXWWLQJ�HQHUJ\�UHTXLUHPHQW��VKHDULQJ�IRUFH��VKHDULQJ�VWUHQJWK�
and applied force. Various parameters such as physical and 
mechanical properties of the stem, paddy cultivar, blade 
velocity and blade components are effective on the cutting force 
HQHUJ\�DQG�WKH�VSHFL¿F�FXWWLQJ�HQHUJ\��$OODPHK�DQG�$OL]DGHK��
�������&XWWLQJ�HQHUJ\�RI�D�SODQW�VWHP�FDQ�EH�HVWLPDWHG�IURP�
the relationships between the force of cutting the stem and the 
GLVSODFHPHQW�RI�WKH�EODGH��&KHQ�HW�DO���������

Information on plant properties and the power or energy 
UHTXLUHPHQW�RI�HTXLSPHQW�KDV�EHHQ�YHU\�YDOXDEOH�IRU�VHOHFWLQJ�
GHVLJQ�DQG�RSHUDWLRQDO�SDUDPHWHUV�RI�WKH�HTXLSPHQW��3HUVVRQ��
������&KHQ�HW�DO���������-LFKHQJ�HW�DO����������6XFK�LQIRUPDWLRQ�
is needed for the design of paddy harvesters and combine 
harvesters, assuring appropriate machine functions and an 
HI¿FLHQW�XVH�RI�HQHUJ\��$OWKRXJK�WKHUH�LV�FRQVLGHUDEOH�LQWHUHVW�

in mechanical processing of paddy, there is little information on 
shearing properties depend on blade type, shearing angle and 
loading speed of paddy stems. This information is important to 
know behavior of cutting of paddy stem. We have to be made 
paddy harvest at high moisture contents by Combine harvesters. 
Because during the harvesting season, the moisture content of 
paddy stalk is higher than the other cereals and the strength 
of paddy is more. Also, the behavior is different from paddy 
variety to variety during cutting stage. So, both suitable blade 
type and edge angle are important parameters for reducing 
shearing force, cutting energy and increase effective cutting 
SHUIRUPDQFH�RI�FXWWHU�EDU�RI�PDFKLQH��.RORRU�DQG�%RUJKHLH��
������

The main aim of this study was to determine the shearing 
IRUFH�� VKHDULQJ� VWUHQJWK�� VKHDULQJ� HQHUJ\�� VSHFL¿F� VKHDULQJ�
energy and extension at maximum load speed depend on 
blade type, blade cutting- angle and blade-loading speed in a 
laboratory condition with paddy stems.

Materials and Methods
7KH�.DUDFDGDJ�ZKLWH�SDGG\�YDULHW\��)LJXUH����ZDV�XVHG�IRU�

tests. Paddy stems were collected at harvesting season from 
D� FRPPHUFLDO� IDUP� LQ�'L\DUEDNÕU� SURYLQFH� LQ� ������7XUNH\��
7KH�ZKROH�SDGG\�SODQWV�DYHUDJH������P�LQ�KHLJKW�DQG�ZHUH�FXW�
manually prior to the cutting testes at height of 25 cm above 
the soil level. After the paddy stem was harvested, it was 
covered and transported to University of Dicle, Department 
of Agricultural Machinery and Technologies Engineering 
5HVHDUFK�/DERUDWRU\� IRU� WHVWV��7KH� WHVWV� VDPSOHV� VWRUHG� DW� D�
WHPSHUDWXUH�RI���ºC for one month until start to shearing tests. 
Selected some properties of paddy are seen in Table 1.

Figure 1. Paddy stalk with panicles

Table 1. Some physical properties of paddy.

Physical properties
Plant height, m ����
Panicle length, cm ��
Panicle weight, g ����
0RLVWXUH�FRQWHQW�RI�VWDON��� �����
0RLVWXUH�FRQWHQW�RI�NHUQHO��� �����
7KH�ZHLJKW�RI������NHUQHO��J �����
Stem diameter, mm ����
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Moisture content of paddy stems samples were measured 
DFFRUGLQJ�WR�$6$%(�VWDQGDUGV��$6$%(���������%HIRUH�WHVWV��
four samples of 25 g paddy stalks were weighed and dried in 
DQ�RYHQ�RI�����&�IRU����K�ZKLFK�ZHUH�WKHQ�UHZHLJKHG�LQ�RUGHU�
to determine the average moisture content of paddy stem. The 
DYHUDJH�PRLVWXUH�FRQWHQW�RI�SDGG\�VWHPV��VWDON��ZDV�REWDLQHG�
DV� ������ �� Z�E� GXULQJ� WHVWV�� 7KH� GLDPHWHU� YDULHG� JUHDWO\�
ZLWKLQ�WKH�¿HOG��UDQJLQJ�IURP���WR�����PP�DQG�DYHUDJHG�����
mm. Diameters of stalks were measured with a digital caliper. 
6R��VWHP�GLDPHWHU�ZDV�FRQVLGHUHG�DV������PP�IRU�WKH�FXWWLQJ�
H[SHULPHQWV��7KH�VWDONV�GLDPHWHU��PP��ZDV�FRQYHUWHG�WR�FURVV�
section area in mm2.

$Q� 8QLYHUVDO� 0DWHULDOV� 7HVWLQJ� 0DFKLQH�� /OR\G� /5;�
Plus, were used to measure of shearing properties of paddy 
VWDONV��)LJXUH�����7KH�VKHDU�IRUFH�ZDV�UHFRUGHG�DV�D�IXQFWLRQ�
of displacement depend on selected parameters. The tests were 

FDUULHG�RXW�ZLWK�WKUHH�GLIIHUHQW�W\SHV�RI�EODGHV��)LJXUH�����WZR�
RI�WKHP�DUH�VHUUDWHG�W\SH��VHUUDWHG����EODGH�HGJH�WKLFN���VHUUDWHG�
���EODGH�HGJH�WKLQ��DQG�ÀDW��EODGH�HGJH�ÀDW���)LYH�EODGH�DQJOHV�
���º�� ��º�� ��º�� ��º� DQG� ��º�� DQG� ¿YH� FXWWLQJ� VSHHG� ���� ��� ���
5, and 6 mm s-1��ZHUH�VHOHFWHG� LQGHSHQGHQW�SDUDPHWHUV��7KH�
shearing energy of paddy stalk was calculated by measuring 
the surface area under the force-deformation curve by an 
LQVWURQ�XQLYHUVDO�PDWHULDO�WHVWLQJ�PDFKLQH��&KDWWRSDGK\D\�DQG�
3DQGH\��������<RUH�HW�DO���������&KHQ�HW�DO���������.RFDEL\LN�
DQG�.D\LVRJOX��������(NLQFL�HW�DO���������=DUHLIRURXVK�HW�DO���
������*KDKUDHL�HW�DO���������9RLFX�HW�DO���������2]GHPLU�HW�DO���
������1RZDNRZVNL��������3HNLWNDQ�HW�DO����������$�FRPSXWHU�
GDWD�DFTXLVLWLRQ�V\VWHP�UHFRUGHG�DOO�IRUFH�GLVSODFHPHQW�FXUYHV�
GXULQJ� WKH� FXWWLQJ� SURFHVV� E\� XVLQJ� D�1(;<*(1�FRPSXWHU�
program for each parameter.

Figure 2. View of testing machine and blades
A force-deformation curve is given in Figure 3. As you 

VHHQ� LQ� )LJXUH� ��� WKH� ¿UVW� SHDN� YDOXH�ZDV� FRQVLGHUHG� DV� WKH�
\LHOG�SRLQW��ORZHU�\LHOG��DW�ZKLFK�VWDON�GDPDJH�ZDV�LQLWLDWHG��

7KH�VHFRQG�SHDN�YDOXH��XSSHU�\LHOG��FRUUHVSRQGV�WR�PD[LPXP�
IRUFH��)LJXUH����

Figure 3. The time –shearing curve for cutting of paddy stalks.

The maximum shearing strength, obtained from the force 
YDOXHV��ZDV�GHWHUPLQHG�E\�WKH�IROORZLQJ�HTXDWLRQ��0RKVHQLQ��
������2¶'RJKHUW\�HW�DO���������=DUHLIRURXVK�HW�DO���������
(NLQFL�HW�DO���������&KDQGLR�HW�DO���������6HVVL]�HW�DO���������
6HVVL]�HW�DO���������

Where: ıs�LV�WKH�PD[LPXP�VKHDULQJ�VWUHQJWK�LQ��03D���
Fmax�LV�WKH�PD[LPXP�VKHDULQJ�IRUFH�LQ��1��DQG�$�LV�WKH�FURVV�
VHFWLRQDO�DUHD�LQ��PP2��

6SHFL¿F�VKHDULQJ�HQHUJ\��(VF�ZDV�FDOFXODWHG�E\�

Where: Esc�LV�WKH�VSHFL¿F�FXWWLQJ�HQHUJ\��-�PP
-2��DQG�(s is 

WKH�VKHDULQJ�HQHUJ\��-��

Test results were subjected to variance analysis. Mean 
comparisons were made according to Duncan’s multiple range 
tests . 
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Results and Discussion
The effect of Blade type

The shearing properties depend on blades types are given 
in Table 2. The analysis of variance and Duncan’s test results 
VKRZHG� WKDW� WKH� HIIHFW� RI� EODGH� W\SH� ZDV� IRXQG� VLJQL¿FDQW�
�S�������RQ�VKHDULQJ�IRUFH��VKHDULQJ�VWUHQJWK��VKHDULQJ�HQHUJ\��
VSHFL¿F�VKHDULQJ�HQHUJ\�DQG�H[WHQVLRQ�DW�PD[LPXP�ORDG��7KHUH�
ZHUH�IRXQG�VLJQL¿FDQW�GLIIHUHQFHV�DPRQJ�WKH�WKUHH�EODGH�W\SHV�
�S�������DFFRUGLQJ�WR�PHDVXUHG�SURSHUWLHV��7KH�ORZHVW�YDOXHV�
were determined at serrated 2 blade types, followed by the 
VHUUDWHG���DQG�ÀDW�W\SH�EODGH��7DEOH�����7KH�KLJKHVW�VKHDULQJ�
IRUFH�� VKHDULQJ� VWUHQJWK�� VKHDULQJ� HQHUJ\�� VSHFL¿F� VKHDULQJ�
energy and extension at maximum load values were obtained 

DW�ÀDW�EODGH�W\SH�DV�������1��������1�PP-2��������1P��������
J mm-2�DQG������PP��UHVSHFWLYHO\��$�VHUUDWHG�EODGH�HGJH�JLYHV�
D�ORZHU�FXWWLQJ�IRUFH�DQG�UHTXLUHV�ORZHU�FXWWLQJ�HQHUJ\�WKDQ�D�
ÀDW��HGJH�W\SH��6R��ZH�FDQ�DUJXH�WKDW�VHUUDWHG�EODGH�W\SHV�DUH�
EHWWHU�WKDQ�WKH�ÀDW�W\SH�EODGHV�IRU�SDGG\�KDUYHVWLQJ��$FFRUGLQJ�
WR� UHVXOWV�� ÀDW�HGJH� EODGH� W\SH� LV� QRW� VXLWDEOH� IRU� VKHDULQJ�
paddy stem. It is concluded that the edge of serrated blades 
KDV�D�JRRG�JUDVS�RI�WKH�SDGG\�VWHPV�WKDQ�ÀDW�HGJH�W\SH�EODGH��
7KLV�PHDQV�WKDW�WKH�HQHUJ\�UHTXLUHPHQW�RI�ÀDW�HGJH�EODGH�IRU�
cutting of paddy stem is more than serrated blades. In contrast, 
.RORRU�DQG�%RUJKHLH��������DUJXHG�WKDW�EODGH�EHYHO�DQJOH�DQG�
EODGH�W\SH�KDG�QR�VLJQL¿FDQW�HIIHFW�RQ�WKH�VKHDULQJ�VWUHQJWK�RI�
paddy stem.

Table 2. Analysis of variance of the cutting force and cutting energy with respect to blade type.

Blade type Shearing 
IRUFH��1�

Energy strength 
�1�PP-2�

Energy 
�1P�

SCE
�-�PP-2�

Extension at maximum 
ORDG��PP�

6HUUDWHG�W\SH����EODGH�HGJH�WKLFN� �����E ������E ������D ������D ������D

6HUUDWHG�W\SH����EODGH�HGJH�WKLQ� �����F ������F ������E ������E 11.11 b

)ODW�W\SH��EODGH�HGJH�ÀDW�� 22.66a ������D ������D ������D �����F

Mean ����� ����� ����� ����� 12.73
PHDQV�IROORZHG�E\�WKH�VDPH�OHWWHU�LQ�HDFK�FROXPQ�DUH�QRW�VLJQL¿FDQWO\�GLIIHUHQW�E\�'XQFDQ¶V�PXOWLSOH�UDQJH�WHVW�DW�WKH�����OHYHO�

The Effect of Blade Edge Angle
Table 3 shows the mean values of the shearing force, 

VWUHQJWK��HQHUJ\��VSHFL¿F�VKHDULQJ�HQHUJ\�DQG�H[WHQVLRQ�XQGHU�
maximum load at different blade- edge angle. The effect 
of blade cutting angle on shearing properties were found 
VLJQL¿FDQW�DV�VWDWLVWLFDOO\��S��������7KH�VWXG\�VKRZHG�WKDW�WKH�
mean shearing values gradually decreased with decrease in 
WKH� EODGH�HGJH� DQJOH� IURP� ���� WR� �����7KH� KLJKHVW� VKHDULQJ�
IRUFH�� VKHDULQJ� VWUHQJWK�� VKHDULQJ� HQHUJ\�� VSHFL¿F� VKHDULQJ�
energy and extension at maximum load values were obtained 
DW�����DQJOH�DV��������1��������1�PP-2��������1P��������-�
mm-2�DQG�������PP��UHVSHFWLYHO\�� IROORZHG�E\���������������
DQG�����EODGH�HGJH�DQJOHV��7KH�ORZHVW�UHVXOWV�ZHUH�GHWHUPLQHG�
DW� VHUUDWHG� �� EODGH� W\SHV� DV� ������1�� ������1�PP-2�� �������
1P��������-�PP-2�DQG�������PP��UHVSHFWLYHO\��7DEOH�����%\�
decreasing vertical shearing angle, the paddy stem will be 
bent alongside the applied force. Therefore, more energy is 
taken in order to complete shear operation. The similar results 
ZHUH�REVHUYHG�E\�.URQEHUJV� HW� DO�� ��������7KH\�DUJXHG� WKDW�
shearing force and energy depends on some parameters such 
as the material deformation process, blades edge- angle and 
IULFWLRQ�IRUFHV��7KHVH�SDUDPHWHUV�FDXVH�VLJQL¿FDQW�LQFUHDVH�RI�
cutting energy. According to the results, the suitable blades 
HGJH� DQJOH� LV� FKDQJH� EHWZHHQ� ���� DQG� �����7KH� GHFUHDVH� RI�
shearing force and energy depend on blade- edge angle allows 
proper design of the cutting unit and cutting machine for paddy 
VWHP�DQG�SUHGLFWLQJ� WKH�SRZHU�UHTXLUHPHQWV��+RVHLQ]DGHK�HW�
DO�� ������� LQYHVWLJDWHG� WKH� HIIHFW� RI�PRLVWXUH� FRQWHQW�� EHYHO�
angle and cutting speed on shearing energy for three wheat 
varieties. According to theirs results, the blade edge angle has 
VLJQL¿FDQW�HIIHFW�RQ� WKH�FXWWLQJ� IRUFH�DQG�HQHUJ\��'RZJLDOOR�

�������DOVR�UHSRUWHG�WKDW�EHVLGHV�WKH�FXWWLQJ�HGJH��EODGH�HGJH�
sharpness and blade speed are effect parameters on cutting 
SURSHUWLHV�� 7KH� FXWWLQJ� IRUFH� DQG� HQHUJ\� UHTXLUHG� IRU� WKH�
SLJHRQ�SHD�FURSV�ZHUH�LQYHVWLJDWHG�E\�'DQJH�HW�DO����������7KH�
study investigated that the cutting energy and cutting force 
were directly proportional to cross-sectional area and moisture 
FRQWHQW�DW�WKH�WLPH�RI�KDUYHVWLQJ�RI�SLJHRQ�SHD�FURS������DQG�
���� EHYHO� DQJOH� ZHUH� VHOHFWHG� IRU� WKH� FXWWLQJ� H[SHULPHQW��
$FFRUGLQJ� WKHLU� UHVXOW�� WKH� EODGH� ���� EHYHO� DQJOH� UHTXLUHG�
��������PRUH� FXWWLQJ� HQHUJ\� WKDQ� WKH� EODGH�ZLWK� ���� EHYHO�
DQJOH�IRU����PP�GLDPHWHU�VWHP��:KHUHDV� WKH�EODGH�ZLWK�����
EHYHO�DQJOH�UHTXLUHG���������PRUH�FXWWLQJ�IRUFH�WKDQ�WKH�EODGH�
ZLWK������EHYHO�DQJOH��2SWLPXP�EODGH�HGJH�DQJOH��VKHDU�DQJOH��
REOLTXH� DQJOH�� DQG� UDNH� DQJOH� ZHUH�PHDVXUHG� ����� ����� �����
DQG������UHVSHFWLYHO\��IRU�.HQDI�VWHPV��*KDKUDHL�HW�DO����������
.RORRU� DQG�%RUJKHLH� ������� VWXGLHG� WKDW� WKH� HIIHFW� RI� EODGH�
parameters on the cutting energy of paddy stem by an impact 
W\SH� VKHDUV� WHVWV� DSSDUDWXV��$FFRUGLQJ� WKHLU� UHVXOWV�� VSHFL¿F�
FXWWLQJ� HQHUJ\� GHFUHDVHG� ZLWK� LQFUHDVLQJ� LQ� REOLTXH� DQJOH�
DQG�LW�LV�D�PLQLPXP�DW������<RUH�HW�DO���������LQYHVWLJDWHG�WKH�
cutting properties of paddy straw to aid development of novel 
KHDGHU�V\VWHP�IRU�FRPELQHV��7DYDNROL�HW�DO���������FRPSDUHG�
mechanical properties of two Iranian varieties of paddy straw, 
namely Hashemi and Alikazemi. The results showed that the 
HQHUJ\� UHTXLUHPHQW� IRU� FXWWLQJ� RI� +DVKHPL� VWUDZ� LV� PRUH�
WKDQ�$OLND]HPL�YDULHW\��0DWKDQNHU� HW� DO�� ������� LQYHVWLJDWHG�
WKH�HIIHFW�RI�FXWWLQJ�VSHHG�DQG�EODGH�REOLTXH�DQJOH�RQ�FXWWLQJ�
HQHUJ\�� 7KH� UHVXOWV� VKRZHG� WKDW� WKH� VSHFL¿F� FXWWLQJ� HQHUJ\�
LQFUHDVHV� ZLWK� FXWWLQJ� VSHHG�� 7KH� VSHFL¿F� FXWWLQJ� HQHUJ\�
showed a close correlation with stem diameter and stem cross-
sectional area. Our results indicated that shear force and energy 
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ZHUH�VLJQL¿FDQWO\�ODUJHU�IRU�WKH�����DQJOH�WKDQ�WKH�RWKHU�IRXU�
FXWWLQJ�HGJH�DQJOHV��7KH�PHDQ�RI�WKLV�VLWXDWLRQ�WKDW�XVLQJ�����

blade edge angle and serrated 2 blade types can minimize the 
VKHDULQJ�IRUFH�DQG�VKHDULQJ�HQHUJ\�UHTXLUHPHQWV�

Table 3. Analysis of variance of the cutting force and cutting energy with respect to blade edge angle

Blade cutting 
DQJOH��ƕ�

Cutting force
�1�

(QHUJ\�VWUHQJWK��1�
mm-2�

Energy
�1P�

SEC
�-�PP-2�

Extension at Max. load 
�PP�

�� ������D* 1.677 a ������D ������D 11.31 d
�� 23.13 b 1.521 b ������D ������D ������E
�� 17.63 c 1.159 c ������DE ������D ������D
�� ������G ������G ������E ������E ������E
�� ������H ������H ������E ������D ������F

Mean ����� ����� ����� ����� 12.73
PHDQV�IROORZHG�E\�WKH�VDPH�OHWWHU�LQ�HDFK�FROXPQ�DUH�QRW�VLJQL¿FDQWO\�GLIIHUHQW�E\�'XQFDQ¶V�PXOWLSOH�UDQJH�WHVWV�DW�WKH�����OHYHO�

The effect of loading speed on shearing properties of paddy 
VWHP� LV� VXPPDUL]HG� LQ�7DEOH� ���7KH�7DEOH� �� VKRZV� WKDW� WKH�
HIIHFW�RI�EODGH�ORDGLQJ�VSHHG�KDV�EHHQ�VLJQL¿FDQW��S�������RQ�
WKH�VKHDULQJ�IRUFHV��VKHDULQJ�VWUHQJWK��VKHDULQJ�HQHUJ\��VSHFL¿F�
shearing energy and extension at maximum load. There has 
been an inverse relationship occurred between stem loading 
speed and independent shearing properties such as shearing 
force, strength and energy. The cutting force and energy values 
decreased with increase loading speed from 2 mm s-1 to 6 mm 
s-1. The highest shearing force, shearing strength, shearing 
HQHUJ\�� VSHFL¿F� VKHDULQJ� HQHUJ\� DQG� H[WHQVLRQ� DW�PD[LPXP�
load were obtained at 2 mm s-1�DV�������1��������1�PP-2��������
1P��������-�PP-2�DQG�������PP��UHVSHFWLYHO\��7KH�PLQLPXP�
YDOXHV�ZHUH�RFFXUUHG�DW������DQG���PP�V-1��:KLOH�WKH�VLJQL¿FDQW�
differences were found between 2 mm s-1 and the other loading 
VSHHG� YDOXHV�� WKHUH� ZHUH� QRW� IRXQG� VLJQL¿FDQW� GLIIHUHQFHV�
DPRQJ������DQG���PP�V-1 cutting speed. The resistance of plant 
to lodging is closely related to the physical and mechanical 
SURSHUWLHV� RI� WKHLU� VWHPV� �$OL]DGHK� HW� DO��� �������$FFRUGLQJ�
WR�2¶'RJKHUW\� HW� DO�� ������� WKH� SK\VLFDO� SURSHUWLHV� RI� SODQW�
materials depend on rate of loading. Similar results were 
UHSRUWHG� E\�<RUH� HW� DO�� ������� IRU� SDGG\� VWUDZ�� E\�$OL]DGHK�
HW� DO�� ������� IRU�SDGG\� VWHP��7KHVH� UHVXOWV� DUH� LQ� DJUHHPHQW�
ZLWK� &KDQGLR� HW� DO�� ������� ZKR� FRQFOXGHG� WKDW� WKH� DYHUDJH�
VKHDU� IRUFH�DQG�VWUHQJWK�ZDV�REWDLQHG�IURP����1�WR����1�DW�
������DQG����PP�PLQ-1 for paddy stalk. Similar results were 

IRXQG�E\�<LOMHS�DQG�0RKDPPHG���������7KH\�LQYHVWLJDWHG�WKDW�
WKH�HIIHFW�RI�EODGH�YHORFLW\�RQ�VKHDULQJ�HQHUJ\�DQG�HI¿FLHQF\�
during impact of sorghum stalk. According to their results, the 
FXWWLQJ� HQHUJ\� UHTXLUHPHQW� GHFUHDVHG�ZLWK� LQFUHDVH� LQ� EODGH�
YHORFLW\�� 7KH� FXWWLQJ� HQHUJ\� UHTXLUHG� WR� FXW� VRUJKXP� VWHPV�
showed a minimum at 2.9 m s-1 cutting speed and it increased as 
the cutting speed increased above 2.9 m s-1. However, contrary 
to these results, our results did not in agreement with Yiljep 
DQG� 0RKDPPHG� ������� UHVXOWV�� 7KH� FXWWLQJ� IRUFH�� VWUHQJWK�
and cutting energy increased with an increase in loading 
speed from 5 to 15 mm min-1��$OODPHK�DQG�$OL]DGHK��������
conducted a study on cutting properties of paddy. The results 
UHYHDOHG�WKDW�SDGG\�FXOWLYDU�DQG�EODGH�YHORFLW\�KDG�VLJQL¿FDQW�
HIIHFWV� �3������� RQ� WKH� VSHFL¿F� FXWWLQJ� HQHUJ\�� 7KHUH� ZHUH�
VLJQL¿FDQW�GLIIHUHQFHV�DPRQJ�FXOWLYDUV�LQ�WKH�YLHZ�RI�VSHFL¿F�
cutting energy so that the highest and lowest values belonged 
WR�+DVKHPL�YDULHW\��������N-�P-2��DQG�.KD]DU�YDULHW\��������N-�
m-2���UHVSHFWLYHO\��:KHQ�EODGH�YHORFLW\�LQFUHDVHG�IURP�����P�
s-1 to 2.5 m s-1��VSHFL¿F�FXWWLQJ�HQHUJ\�UDLVHG�DERXW������

Also, to calculate and estimate the cutting force and energy 
YDOXHV� DV� WKH� WKHRUHWLFDO�� D� UHJUHVVLRQ� HTXDWLRQ�ZDV� GHULYHG�
IURP� WKH� DYHUDJH� YDOXHV� IRU� ¿YH� EODGH�HGJH� DQJOH� OHYHOV�
DQG�¿YH� ORDGLQJ�VSHHGV��7KH� OLQHDU� UHJUHVVLRQ�HTXDWLRQV�DQG�
FRHI¿FLHQWV� YDOXHV� DUH� VKRZQ� LQ� 7DEOH� �� DQG� 7DEOH� ��� 7KLV�
derived linear relationship can be used to estimate the shearing 
properties to cut paddy stem.

7DEOH����7KH�UHODWLRQVKLS�EHWZHHQ�FXWWLQJ�SURSHUWLHV�DQG�FURVV�VHFWLRQDO�DUHD�RI�SDGG\�VWHP

&XWWLQJ�VSHHG��PP�
s-1�

Cutting force
�1�

Energy strength
�1�PP-2�

Energy
�1P�

SEC
�-�PP-2�

Extension at Max. load 
�PP�

2 ������D* ������D ������D ������D ������E
3 ������DE ������DE ������D ������D ������D
� ������E ������E ������D ������D ������E
5 ������E ������E ������E ������D ������E
6 ������E 1.157 b ������E ������E 12.59 b

Mean ����� ����� ����� ����� 12.73
PHDQV�IROORZHG�E\�WKH�VDPH�OHWWHU�LQ�HDFK�FROXPQ�DUH�QRW�VLJQL¿FDQWO\�GLIIHUHQW�E\�'XQFDQ¶V�PXOWLSOH�UDQJH�WHVW�DW�WKH�����OHYHO�
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7DEOH����7KH�UHJUHVVLRQ�HTXDWLRQV�GHSHQG�RQ�EODGH�HGJH�DQJOH�

Parameter 5HJUHVVLRQ�HTXDWLRQ R2

6KHDULQJ�IRUFH��1� < �������±���������;1 �����

6KHDULQJ�VWUHQJWK��1�PP-2� < �������±���������;1 �����

6KHDULQJ�HQHUJ\��1P� < ��������±����������;1 �����

6SHFL¿F�VKHDULQJ�HQHUJ\��-�PP-2� < �������±���������;1 ����
;1is the angle of blade edge.

7DEOH����7KH�UHJUHVVLRQ�HTXDWLRQV�GHSHQG�RQ�EODGH�ORDGLQJ�VSHHG�

Parameter 5HJUHVVLRQ�HTXDWLRQ R2

6KHDULQJ�)RUFH��1� < �������±����������;1 �����
6KHDULQJ�VWUHQJWK��1�PP-2� < �������±����������;1 �����
6KHDULQJ�HQHUJ\��1P� < ������±����������;1 �����
6SHFL¿F�VKHDULQJ�HQHUJ\��-�PP-2� < �������±���������;1 ����

;1is the blade loading speed.

Conclusion
The results of the analysis of variance and Duncan’s test 

also showed that the main effect of blade type, blade angle 
DQG�FXWWLQJ�VSHHG�DQG�WKHLU�LQWHUDFWLRQV�ZHUH�IRXQG�VLJQL¿FDQW�
RQ�VKHDULQJ�IRUFH��VKHDULQJ�VWUHQJWK��VKHDULQJ�HQHUJ\��VSHFL¿F�
VKHDULQJ�HQHUJ\�DQG�H[WHQVLRQ�DW�PD[LPXP�ORDG��S��������7KH�
lowest and best results were determined at serrated 2 blade 
W\SHV������VKHDULQJ�DQJOH�DQG���PP�V-1 loading speed, followed 
E\�WKH�VHUUDWHG���DQG�ÀDW�HGJH�W\SH�EODGH��7KH�KLJKHVW�YDOXHV�
ZHUH�REVHUYHG�DW�ÀDW�EODGH�W\SH��7KH�FXWWLQJ�IRUFH�DQG�FXWWLQJ�
energy increased with an increase in the blade edge angle from 
����WR�����HGJH�DQJOH��:KHQ�ZH�HYDOXDWHG�DOO�PHDVXUHPHQW�RI�
interactions of Duncan test results, the peak values of shearing 
IRUFH�� VKHDULQJ� VWUHQJWK�� VKHDULQJ� HQHUJ\�� VSHFL¿F� VKHDULQJ�
HQHUJ\�DQG�H[WHQVLRQ�DW�PD[LPXP�ORDG�ZHUH�REVHUYHG�DW�ÀDW�
HGJH�EODGH������VKHDULQJ�DQJOH�DQG���PP�V-1 cutting speed as 
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Introduction
7KH� XVH� RI� WUDFWRUV� LQ� DJULFXOWXUDO� HQWHUSULVHV� LV� DQ� LVVXH�

WKDW�QHHGV�WR�EH�H[DPLQHG�LQ�WHFKQLFDO�DQG�HFRQRPLFDO�WHUPV��
6FLHQWL¿F� DSSURDFK� LQ� PDNLQJ� GHFLVLRQV� DERXW� WKH� WUDFWRU�
LV� D� UHTXLUHPHQW� RI� D� UDWLRQDO�PDQDJHPHQW��%HFDXVH�� WUDFWRU�
LQYHVWPHQW� KDV� DQ� LPSRUWDQW� SODFH� LQ� WKH� ¿[HG� LQYHVWPHQW�
H[SHQGLWXUHV�PDGH� LQ� WKH� HQWHUSULVH��2Q� WKH� RWKHU� KDQG�� WKH�
SDUW� VWHPPLQJ� IURP� WKH� WUDFWRU� FRQVWLWXWHV� WKH� OHDGLQJ� SDUW�
RI� WKH� RSHUDWLQJ� H[SHQVHV�� )RU� WKHVH� UHDVRQV�� LW� LV� QHFHVVDU\�
WR� GHWHUPLQH� WKH� RSHUDWLQJ� SDUDPHWHUV� UHODWHG� WR� WKH� XVH� RI�
WUDFWRUV�LQ�RUGHU�WR�PDNH�FRUUHFW�LQYHVWPHQW�DQG�PDQDJHPHQW�
GHFLVLRQV�

2SHUDWLQJ� SDUDPHWHUV� RI� WUDFWRUV� UHODWHG� WR� XVH� LQFOXGH�
DJH��UDWHG�HQJLQH�SRZHU��HQJLQH�SRZHU�SHU�XQLW�DUHD��ORDGLQJ�

UDWH�� IXHO� DQG� RLO� FRQVXPSWLRQ�� PDLQWHQDQFH� DQG� UHSDLU�
FRVWV�� FRQGLWLRQ� RI� HQJLQH�JHDUER[�K\GUDXOLF� V\VWHP�FDELQ�
ERG\ZRUN�DQG�WLUHV��DYHUDJH�DQQXDO�VHUYLFH�OLIH��PDUNHW�YDOXH��
GHSUHFLDWLRQ�FKDUDFWHULVWLFV��VFUDS�YDOXH�HWF��SDUDPHWHUV�FDQ�EH�
FRXQWHG��%RZHUV�������:LWQH\�����E��+XQW�������%DVRO��������
7KH� YDOXHV� RI� WKHVH� SDUDPHWHUV�PD\� YDU\� GHSHQGLQJ� RQ� WKH�
EXVLQHVV�DQG�WKH�XVHU��7KH�SURFHVV��ZKLFK�LQLWLDOO\�VWDUWHG�ZLWK�
WKH�GHFLVLRQ�WR�FKRRVH�VXLWDEOH�WUDFWRUV�IRU�WKH�EXVLQHVV��HQGV�
LQ�PDQ\�GLIIHUHQW�ZD\V�GHSHQGLQJ�RQ�WKH�XVDJH�FKDUDFWHULVWLFV��
)URP�WKLV�SRLQW�RI�YLHZ��GHWHUPLQLQJ�WKH�XVDJH�FKDUDFWHULVWLFV�
RI�WUDFWRUV�LV�LPSRUWDQW�LQ�WHUPV�RI�WKH�DSSURSULDWHQHVV�RI�WKH�
VHOHFWLRQ�DQG�WKH�RSHUDWLRQDO�SHUIRUPDQFH�

7KH�DLP�RI�WKLV�VWXG\�LV�WR�H[DPLQH�WKH�YDULRXV�SDUDPHWHUV�
RI� WUDFWRU� XVH� LQ� DJULFXOWXUDO� SURGXFWLRQ� LQ� 6DQOÕXUID�+DUUDQ�
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UHJLRQ� �DJH�� UDWHG� HQJLQH� SRZHU�� HQJLQH�� JHDUER[�� K\GUDXOLF�
V\VWHP�� FDELQ�KRRG�DQG� WLUH� FRQGLWLRQ�� DYHUDJH�DQQXDO�XVDJH�
WLPH�� HVWLPDWHG� VDOHV�SULFH��GHSUHFLDWLRQ�FKDUDFWHULVWLFV�� HWF���
REWDLQV�JHQHUDOL]DEOH�UHVXOWV�E\�GHWHUPLQLQJ�DQG�DQDO\]LQJ�WKH�
GDWD�FROOHFWHG�IRU�WUDFWRUV��,Q�WKLV�ZD\��LW�LV�DLPHG�WR�GHWHUPLQH�
WKH�WHQGHQF\�RI�WKH�IDUPHUV�LQ�WKH�UHJLRQ�WRZDUGV�WUDFWRU�XVH�

Material and Method
Material
7KH�UHVHDUFK�PDWHULDO�FRQVLVWV�RI�WKH�WUDFWRUV�IRXQG�LQ�WKH�

WUDFWRU� GHDOHUV� LQ� 6DQOÕXUID� 3URYLQFH� DQG� LWV� GLVWULFWV� DQG� LQ�
JDOOHULHV��EURNHUV��WKDW�WUDGH�DQG�H[FKDQJH�WUDFWRUV��,Q�RUGHU�WR�
UHDFK�WKH�GHWHUPLQHG�VDPSOH�VL]H��GDWD�RI�����WUDFWRUV�LQ�WRWDO��
ZKLFK�DUH�RIIHUHG�IRU�VDOH�LQ����VHSDUDWH�JDOOHULHV��KDYH�EHHQ�
FRPSLOHG��7KH�JHQHUDO�DJULFXOWXUDO�SURGXFWLRQ�FKDUDFWHULVWLFV�
RI�6DQOÕXUID�DQG� LWV�GLVWULFWV�DQG� WKH�JHQHUDO�VRLO�VWUXFWXUH�RI�
WKH� GLVWULFWV�� FOLPDWH� FKDUDFWHULVWLFV�� WKH� XVH� RI� DJULFXOWXUDO�
ODQG��DJULFXOWXUDO�SURGXFWV�SURGXFWLRQ��EXVLQHVV�VL]H�DQG�ODQG�
GLVWULEXWLRQ� GHWHUPLQH� WKH� W\SHV� RI� WUDFWRUV� SUHIHUUHG� LQ� WKH�
SODLQ�

Method
Method used to determine the sample size
$Q�LQIRUPDWLRQ�JDWKHULQJ�IRUP�ZDV�SUHSDUHG�WR�GHWHUPLQH�

WKH� WHFKQLFDO� DQG� HFRQRPLF� FKDUDFWHULVWLFV� RI� WUDFWRUV� LQ� WKH�
XVHG�WUDFWRU�PDUNHW��7KH�����LQIRUPDWLRQ�JDWKHULQJ�SUDFWLFHV�
FRQVLVWLQJ�RI� ���TXHVWLRQV�ZHUH� FDUULHG�RXW� E\�PHHWLQJ� IDFH�
WR� IDFH� ZLWK� WKH� WUDFWRU� GHDOHUV� LQ� WKH� SURYLQFH�� WKH� GHDOHU�
�EURNHU��WUDGLQJ�WUDFWRUV�DQG�WKH�YHQGRUV�LQ�WKH�WUDFWRU�PDUNHW��
$Q� LQIRUPDWLRQ�JDWKHULQJ� IRUP�ZDV�¿OOHG� LQ� IRU�HDFK� WUDFWRU�
VXEMHFW�WR�VDOH�LQ�WKH�PDUNHW�

Conducting interviews and information gathering 
method

7KH�TXHVWLRQV� LQ� WKH� LQIRUPDWLRQ�FROOHFWLRQ� IRUP�XVHG� LQ�
WKH� VHFRQG� KDQG� WUDFWRU� PDUNHW� UHVHDUFK� ZHUH� SUHSDUHG� IRU�
WKH�SXUSRVH�RI�GHWHUPLQLQJ�WKH�FXUUHQW�VLWXDWLRQ�LQ�WKH�UHJLRQ�
LQ�DFFRUGDQFH�ZLWK� WKH�SXUSRVH�RI� WKH�UHVHDUFK��6RPH�RI� WKH�
TXHVWLRQV�LQ�WKH�LQIRUPDWLRQ�FROOHFWLRQ�IRUP�UHÀHFW�WKH�YLHZV�
RI� WKH� DXWKRUL]HG� SHUVRQ� LQWHUYLHZHG� RQ� WKH� LVVXH�� 7KHVH�
TXHVWLRQV�ZHUH�DQVZHUHG�LQ�OLQH�ZLWK�WKH�SHUVRQDO�RSLQLRQ�RI�
WKH� DXWKRUL]HG� SHUVRQ� DQG� WKH� JHQHUDO� VWUXFWXUH� RI� WKH� XVHG�
WUDFWRU� PDUNHW�� %HIRUH� SUHSDULQJ� WKH� LQIRUPDWLRQ� JDWKHULQJ�
IRUP�� LQIRUPDWLRQ�DERXW� WKH�JHQHUDO�� WHFKQLFDO�DQG�HFRQRPLF�
FKDUDFWHULVWLFV� RI� WUDFWRUV� ZDV� UHYLHZHG�� 3DUWLFXODU� DWWHQWLRQ�
ZDV�SDLG�WR�VHOHFWLQJ�WKH�PRVW�SURPLQHQW�DQG�UHOHYDQW�TXHVWLRQV�
RQ�WKH�VXEMHFW��6RPH�RI�WKH�TXHVWLRQV�LQ�WKH�IRUP�LQFOXGH�WKH�
GDWH�RI�WKH�LQWHUYLHZ��WKH�SODFH�ZKHUH�WKH�LQWHUYLHZ�ZDV�KHOG��
WKH�DGGUHVV� LQIRUPDWLRQ�RI� WKH�LQWHUYLHZHH�DQG�WKH�FRPSDQ\��
0RVW�RI�WKH�TXHVWLRQV�LQ�WKH�IRUP�DUH�UHODWHG�WR�WKH�WHFKQLFDO�
DQG�HFRQRPLF�FKDUDFWHULVWLFV�RI�WKH�WUDFWRU��7KHVH�DUH�HQJLQH��
FDELQ�KRRG��JHDUER[��K\GUDXOLF�V\VWHP�DQG�WLUH�FRQGLWLRQ�

Methods used in data analysis
7KH�TXHVWLRQV�LQ�WKH�LQIRUPDWLRQ�FROOHFWLRQ�IRUPV�VKRZLQJ�

WKH� WHFKQLFDO� DQG� HFRQRPLF� FKDUDFWHULVWLFV� RI� WUDFWRUV� ZHUH�
¿OOHG�RXW�VHSDUDWHO\�IRU�HDFK�WUDFWRU��7KH�LQIRUPDWLRQ�FROOHFWLRQ�
IRUPV�REWDLQHG�DV�D� UHVXOW�RI� WKH� UHVHDUFK�ZHUH�JURXSHG�DQG�
QXPEHUHG�SULPDULO\�RQ�WKH�EDVLV�RI�GLVWULFWV��7KH�DQVZHUV�WR�WKH�
TXHVWLRQV�LQ�WKH�LQIRUPDWLRQ�FROOHFWLRQ�IRUPV�ZHUH�SURFHVVHG�
LQ� D�ZRUNERRN� FUHDWHG� LQ� WKH�0LFURVRIW�([FHO� SURJUDP��7KH�

GDWD�REWDLQHG�ZHUH�DQDO\]HG�ZLWK�WKH�KHOS�RI�YDULRXV�VWDWLVWLFDO�
DQDO\VLV�SURJUDPV��6366��0,1,7$%��

5HJUHVVLRQ� UHODWLRQV� EHWZHHQ� YDULDEOHV� ZHUH� GHWHUPLQHG�
E\� FUHDWLQJ� PHDQV�� SURSRUWLRQDO� YDOXHV� DQG� WDEOHV� ZLWK� WKH�
GDWD�REWDLQHG�E\�HYDOXDWLQJ�WKH�DQVZHUV�WR�WKH�TXHVWLRQV�LQ�WKH�
LQIRUPDWLRQ�FROOHFWLRQ�IRUPV��7KH�GDWD�FODVVL¿HG�RQ�WKH�EDVLV�
RI�WZR�RU�PRUH�FKDUDFWHULVWLFV�RI�WKH�WUDFWRUV�ZLWKLQ�WKH�VFRSH�
RI�WKH�VWXG\�ZHUH�HYDOXDWHG��$FFRUGLQJO\��WKH�GHJUHH�RI�DI¿QLW\�
EHWZHHQ� WZR� RU� PRUH� WUDFWRUV� RI� WUDFWRUV� ZDV� GHWHUPLQHG��
%\�DSSO\LQJ�VWDWLVWLFDO�DQDO\VLV� WR� WKHVH�YDULDEOHV�� WKH�PRGHO�
JLYLQJ�WKH�KLJKHVW�GHJUHH�UHODWLRQ�ZDV�GHWHUPLQHG�

/DWHU�� LQ� GHWHUPLQLQJ� WKH� UHODWLRQVKLS� EHWZHHQ� WKH�
HVWLPDWHG�VDOHV�SULFH�RI�WUDFWRUV�LQ�WKH�VHFRQG�KDQG�PDUNHW�DQG�
RWKHU�YDULDEOHV�� WKH�/,0'(3�SDFNDJH�SURJUDP�ZDV�XVHG� IRU�
PRGHO� DSSURDFKHV�EDVHG�RQ�GDWD� WUDQVIRUPDWLRQV�� WDEXODWLRQ��
OLQHDU�DQG�QRQOLQHDU� UHJUHVVLRQ�DQDO\VLV� �*�O�HW�DO��������� ,Q�
WKH�PXOWLSOH�UHJUHVVLRQ�DQDO\VLV�PRGHO�XVHG�ZLWKLQ�WKH�VFRSH�RI�
WKH�SURJUDP��WKH�HVWLPDWHG�VDOHV�SULFH��(63��SDUDPHWHUV�IRU�WKH�
WUDFWRUV�LQ�WKH�VHFRQG�KDQG�PDUNHW�ZHUH�XVHG�DV�WKH�GHSHQGHQW�
YDULDEOH�

7UDFWRU� EUDQGV� �1HZ� +ROODQG�� 8]HO� �0)��� 7�UN� 7UDNW|U�
�),$7�� DQG� )RUG��� WUDFWRU� DJH�� QXPEHU� RI� F\OLQGHUV�� UDWHG�
HQJLQH� SRZHU�� WRWDO� VHUYLFH� OLIH�� HQJLQH� FRQGLWLRQ�� HQJLQH�
UHYLVLRQ��FDELQ�ERG\ZRUN�FRQGLWLRQ��JHDUER[�GLIIHUHQWLDO�� WKH�
SDUDPHWHUV�UHODWHG�WR�WKH�K\GUDXOLF�V\VWHP�DQG�WLUH�FRQGLWLRQV�
ZHUH� LQFOXGHG� DV� LQGHSHQGHQW� YDULDEOHV� LQ� WKH� PRGHOV�� %\�
FRUUHFWLQJ� WKH� YDULDWLRQ� RI� HUURU� WHUPV� LQ� WKH� PRGHO�� HDFK�
REVHUYDWLRQ�KDV�WKH�IHDWXUH�RI�KDYLQJ�HTXDO�YDULDWLRQ�

7KH� IROORZLQJ� IRUPXOD� ZDV� XVHG� IRU� FDOFXODWLQJ� WKH�
HODVWLFLW\�FRHI¿FLHQWV�RI�WKH�YDULDEOHV�LQ�WKH�GHYHORSHG�OLQHDU�
PRGHOV��&LQHPUH�DQG�&H\KDQ�������

ZKHUH�
H��(ODVWLFLW\�FRHI¿FLHQW�LV�XVHG�WR�FDOFXODWH�ZKDW�SHUFHQWDJH�

FKDQJH�LQ�WKH�LQGHSHQGHQW�YDULDEOH�FUHDWHV�D�SHUFHQWDJH�FKDQJH�
RQ�WKH�GHSHQGHQW�YDULDEOHV�RI�VXSSO\�RU�GHPDQG��$QRQ\PRXV��
������

� �� )LUVW� RUGHU� GHULYDWLYH� RI� WKH� GHSHQGHQW� YDULDEOH� ZLWK�
UHVSHFW�WR�;��FRHI¿FLHQW�RI�;��

���$YHUDJH�YDOXH�RI�WKH�H[SODQDWRU\�YDULDEOH�

����6KRZV�WKH�DYHUDJH�YDOXH�RI�WKH�GHSHQGHQW�YDULDEOH�

,Q�RUGHU� WR� DFKLHYH�PHDQLQJIXO� UHVXOWV� LQ� WKLV�PRGHO�� WKH�
HODVWLFLW\�FRHI¿FLHQWV�ZHUH�GHWHUPLQHG�DQG�HYDOXDWHG�LQ�RUGHU�
WR�UHYHDO�WKH�SHUFHQWDJH�FKDQJH�RQ�WKH�WUDFWRU�SXUFKDVH�SULFH�
�733���ZKLFK�LV�WKH�GHSHQGHQW�YDULDEOH�RI�WKH�RWKHU�LQGHSHQGHQW�
YDULDEOHV��$*(��787�DQG�5(3���ZKLFK�DUH�QRW�RQO\�GXPP\�
YDULDEOHV��H[SUHVVHG�DV�XQLW���RU�]HUR��

Results and Discussion
$PRQJ� WKH� WHFKQLFDO� IHDWXUHV� RI� WKH� WUDFWRUV� VXEMHFW� WR�

UHVHDUFK�� WKH� FKDUDFWHULVWLFV� RI� WKH� WUDFWLRQ� FRQGLWLRQ� FRPH�
¿UVW��7KH�����RI�WKH�VHFRQG�KDQG�WUDFWRUV�RIIHUHG�IRU�VDOH�LQ�
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WKH�PDUNHW�FRQVLVW�RI�VWDQGDUG�VWUXFWXUHG�WUDFWRUV�FDOOHG�VLQJOH�
ZKHHO�GULYH��'RXEOH�ZKHHO�GULYH�WUDFWRUV�KDYH�D�SURSRUWLRQDO�
VKDUH�RI������7KLV�VLWXDWLRQ�HQFRXQWHUHG�FDQ�EH�VDLG�WKDW�WKH�
HQWHUSULVHV�LQ�WKH�SODLQ�KDYH�WXUQHG�WR�WKH�XVH�RI�GRXEOH�ZKHHO�
GULYH�WUDFWRUV�ZLWK�WKH�SRO\FXOWXUH�SURGXFW�SDWWHUQ�LPSOHPHQWHG�
ZLWK�LUULJDWLRQ�

7KH�����RI� WKH� WUDFWRUV� LQ� WKH� VHFRQG�KDQG�PDUNHW�KDYH�
��F\OLQGHUV��+HUH��LW�LV�REVHUYHG�WKDW�WKH�QXPEHU�RI�F\OLQGHUV�
RI�PHGLXP�SRZHU�WUDFWRUV��������N:���ZKLFK�LV�WKH�GRPLQDQW�
JURXS��VWDQGV�RXW�

2QH�RI�WKH�PRVW�LPSRUWDQW�RSHUDWLQJ�SDUDPHWHUV�WKDW�FRPH�
WR� WKH� IRUH� LQ� UHVHDUFKHV� RQ� WUDFWRUV� LV� WKH� GXUDWLRQ� RI� XVH��
%HFDXVH� WKH�RSHUDWLQJ� WLPH�RI� WKH� WUDFWRU�GLUHFWO\�DIIHFWV� WKH�

RSHUDWLQJ�FRVWV��,Q�)LJXUH����WKH�WRWDO�VHUYLFH�OLIH��76/��YDOXHV�
RI�WKH�WUDFWRUV�LQ�WKH�VHFRQG�KDQG�PDUNHW�ZLWK�UHOLDEOH�GDWD�DUH�
JLYHQ�GHSHQGLQJ�RQ�WKH�DJH��7KH�OLQHHU�HTXDWLRQ�REWDLQHG�DV�D�
UHVXOW�RI�WKH�UHJUHVVLRQ�DQDO\VLV�ZDV�SODFHG�RQ�WKH�VFDWWHU�SORW�
RI�WKH�GDWD�

$� SUREDELOLW\� OHYHO� RI� S� ��������ZDV� GHWHUPLQHG�ZLWK� D�
FRHI¿FLHQW� RI� LQGLFDWLRQ� RI� 5��  � ������ LQ� WKH� OLQHDU� PRGHO�
EHWZHHQ�WKH�DJH�DQG�76/�SDUDPHWHUV�IRU�WUDFWRUV�LQ�WKH�VHFRQG�
KDQG�PDUNHW��7KH�HTXDWLRQ�IRU�WKH�OLQHDU�PRGHO�LV�\� ��������
[��)URP�WKH�¿UVW�GHULYDWLYH�RI�WKH�UHJUHVVLRQ�HTXDWLRQ�REWDLQHG��
WKH� DQQXDO� DYHUDJH� XVDJH� WLPH� FDQ� EH� FDOFXODWHG� DV� ������ K�
�)LJXUH����

)LJXUH����7KH�FKDQJH�EHWZHHQ�WUDFWRU�DJH�DQG�WRWDO�VHUYLFH�OLIH��76/��LQ�WKH�XVHG�WUDFWRU�PDUNHW

7KH� JUDSK� VKRZQ� LQ� )LJXUH� �� LV� REWDLQHG� E\� WDNLQJ� WKH�
DYHUDJH� RI� WKH� WRWDO� XVDJH� SHULRGV� RI� WUDFWRUV� RI� WKH� VDPH�
DJH� IURP� WKH� GDWD� LQ� )LJXUH� ��� ,W� KDV� EHHQ� GHWHUPLQHG� WKDW�
WKH�REVHUYDWLRQ�YDOXHV� LQ� WKH�JUDSK� DUH� VXLWDEOH� IRU� D�PRGHO�

�FXELF�PRGHO��WKDW�FDQ�EH�H[SUHVVHG�ZLWK�D�WKLUG�RUGHU�HTXDWLRQ�
ZLWK� WKH� FRHI¿FLHQW� RI� GHWHUPLQDWLRQ� RI� 5��  � ������� DW� WKH�
SUREDELOLW\�OHYHO�RI�S����������7KH�HTXDWLRQ�RI�WKH�GHWHUPLQHG�
PRGHO�LV��\� ����������������[�������������������

)LJXUH����&KDQJH�RI�DJH�DQG�WRWDO�XVDJH�WLPH�YDOXHV�REWDLQHG�DFFRUGLQJ�WR�DYHUDJH�YDOXHV
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7KH� DYHUDJH� DQQXDO� XVDJH� WLPH� RI� WUDFWRUV� LQ� WKH� VHFRQG�
KDQG�PDUNHW� LV� ������ KRXUV�� 7KHVH� YDOXHV� DUH� EDVHG� RQ� WKH�
DYHUDJH�DQQXDO�XVDJH�WLPH�RI�WUDFWRUV������K�\HDU��GHWHUPLQHG�
IRU� +DUUDQ� 'LVWULFW� LQ� WKH� VWXG\� FRQGXFWHG� E\� ,VLN� �������
LQ� 6DQOÕXUID�+DUUDQ� 3ODLQ�� DQG� WKH� DYHUDJH� DQQXDO� XVDJH�
WLPH� GHWHUPLQHG� E\� 6XPHU� HW� DO�� ������� IRU� XVHG� WUDFWRUV� LQ�
&DQDNNDOH������KRXUV�\HDU��DQG�$NLQFL�DQG�&DQDNFL��������IRU�
WKH�HQWHUSULVHV�ZLWK� WKH�KLJKHVW�QXPEHU�RI�HQWHUSULVHV� LQ� WKH�
$QWDO\D�UHJLRQ�ZLWK�D�ODQG�VL]H�RI��������KD�YDOXHV�IRXQG�IRU�
WUDFWRUV� DQG� VRPH� LQ�%XVLQHVV�$GPLQLVWUDWLRQ� �������K�\HDU��
DJDLQ�� JLYHQ� UREXVW� DQG�$NGHPLU� LQ� WKH� OLWHUDWXUH� ������� E\�
WKH� DYHUDJH� DQQXDO� XVDJH�SHULRG� VHW� IRU�7XUNH\¶V� QRUWK�ZHVW�
��������K�\HDU��KLJK�DQG�WUDFWRUV�LQ�WKH�VHFRQG�KDQG�PDUNHW��
7KH�YDOXHV�IRXQG�IRU��������K�\HDU��DUH�ORZHU�WKDQ�WKH�YDOXHV�
LQ�WKH�VDPH�OLWHUDWXUH�

&RQVLGHULQJ�WKH�OLWHUDWXUH�LQIRUPDWLRQ�VXFK�WKDW�WKH�KRXUO\�
WRWDO�FRVWV�RI�WUDFWRUV�GHFUHDVH�ZLWK�WKH�LQFUHDVH�RI�DQQXDO�XVDJH�
WLPH��KRXUO\�WUDFWRU�FRVWV�DUH�ORZHU�IRU�HQWHUSULVHV�ZLWK�ODUJH�
SURGXFWLRQ�DUHDV��+HQGHUVRQ�DQG�)DQDVK�������DQG�WKH�WUDFWRU�
XVDJH� WLPH� VKRXOG� EH� RYHU� ���� KRXUV� HFRQRPLFDOO\� �6DUDO�
�������DW� OHDVW�����K�\HDU�VKRXOG�EH�XVHG�DQG� WKDW� WKH�XVDJH�
EHWZHHQ����������K�\HDU�LV�WKH�UDQJH�ZKHUH�WKH�WUDFWRU�LV�XVHG�
HIIHFWLYHO\��'HPLUFL��������LW�LV�VHHQ�WKDW�WKH�WUDFWRU�XVDJH�WLPH�
LV�TXLWH�ORZ�XQGHU�WKH�FRQGLWLRQV�RI�WKH�+DUUDQ�3ODLQ�

7KH� PRVW� LPSRUWDQW� WHFKQLFDO� SDUDPHWHU� RI� DJULFXOWXUDO�
WUDFWRUV� LV� WKH� UDWHG� HQJLQH� SRZHU�� 7KLV� YDOXH� VLJQL¿FDQWO\�
DIIHFWV� WKH�PDFKLQH� VL]H� DQG� RSHUDWLQJ� FRVWV� WKDW� WKH� WUDFWRU�
FDQ�RSHUDWH��7KH�UDWHG�HQJLQH�SRZHU�RI�WUDFWRUV�HQFRXQWHUHG�LQ�
EXVLQHVVHV�YDULHG�EHWZHHQ����N:�DQG����N:��7KH�UDWHG�HQJLQH�
SRZHU�RI�WUDFWRUV�HQFRXQWHUHG�LQ�WKH�VHFRQG�KDQG�PDUNHW�YDULHG�
EHWZHHQ����N:�DQG����N:��([DPLQLQJ�WKH�WUDFWRUV�LQ�WKH�XVHG�
WUDFWRU�PDUNHW�� LW� LV�XQGHUVWRRG�WKDW� WKH�SRZHU�GLVWULEXWLRQ� LV�

LQ�WKH�������N:�UDQJH��ZKLFK�FDQ�EH�GHVFULEHG�DV�WKH�PHGLXP�
SRZHU�JURXS�

,W�FDQ�EH�VDLG�WKDW�WKH�SURSRUWLRQDO�LQFUHDVH�LQ�WKH�DPRXQW�
RI�WUDFWRUV�IRU�VDOH�ZLWK�D�QRPLQDO�HQJLQH�SRZHU�RI�������N:�
LQ�WKH�VHFRQG�KDQG�PDUNHW�GHSHQGV�RQ�WKH�ODFN�RI�SRZHU��:LWK�
WKH�ZLGHVSUHDG�XVH�RI�LUULJDWHG�DJULFXOWXUH�LQ�WKH�+DUUDQ�3ODLQ��
LW�LV�REVHUYHG�WKDW�WKH�WUDFWRUV�DQG�WKH�HTXLSPHQW�RSHUDWHG�ZLWK�
WKHP� KDYH� GLYHUVL¿HG� DQG� WKHLU� FDSDFLWLHV� KDYH� LQFUHDVHG� LQ�
SDUDOOHO�ZLWK�WKH�DSSOLHG�SURGXFW�SDWWHUQ�DQG�WKH�WUDFWRUV�ZLWK�D�
UDWHG�HQJLQH�SRZHU�EHORZ����N:�DUH�GHFUHDVLQJ�LQ�WKH�UHJLRQ��
$FFRUGLQJO\��LW�LV�REVHUYHG�WKDW�WKHUH�LV�DQ�LQFUHDVH�LQ�WKH�XVH�
RI�KLJK�SRZHUHG�WUDFWRUV��,Q�WKH�H[DPSOH�WDNHQ�IURP�WKH�VHFRQG�
KDQG�WUDFWRU�PDUNHW��WKH�DYHUDJH�UDWHG�HQJLQH�SRZHU�YDOXH�RI�
DOO�WUDFWRUV�ZDV�FDOFXODWHG�DV����N:�

+RZHYHU�� WKH� DYHUDJH� WUDFWRU� SRZHU� IRU� 7XUNH\� ZDV� ���
N:� DFFRUGLQJ� WR� $JULFXOWXUDO� 0DFKLQHU\� DQG� (TXLSPHQW�
0DQXIDFWXUHUV�$VVRFLDWLRQ� �7$50$.%,5�� UHSRUW� IRU� �����
�$QRQ\PRXV��������6DEDQFL�HW�DO�������D��(YFLP�HW�DO���������
UHSRUWHG�LW�DV������N:�DQG����N:��UHVSHFWLYHO\��$FFRUGLQJ�WR�
WKHVH�YDOXHV�� WKH� DYHUDJH�SRZHU�GHWHUPLQHG� WR� WUDFN� WUDFWRUV�
VFRSH� RI� ZRUN� LQ� WKH� VHFRQG� KDQG� PDUNHW� ���� N:�� VHHPV�
KLJKHU� WKDQ�WKH�DYHUDJH�LQ�7XUNH\��+RZHYHU�� LW� LV� ORZHU�WKDQ�
WKH�DYHUDJH�WUDFWRU�HQJLQH�SRZHU�����N:��GHWHUPLQHG�IRU�(8�
FRXQWULHV��$QRQ\PRXV��������

,Q� RUGHU� WR� GHWHUPLQH� WKH� DYHUDJH� DQQXDO� VHUYLFH� OLIH� RI�
WUDFWRUV�LQ�WKH�VHFRQG�KDQG�PDUNHW��WKH�WRWDO�XVDJH�WLPH��787��
YDOXH� ZDV� SURSRUWLRQHG� WR� WKH� WUDFWRU� DJH� �$*(��� 7KH� GDWD�
REWDLQHG�DUH�JLYHQ�LQ�)LJXUH���GHSHQGLQJ�RQ�WKH�UDWHG�HQJLQH�
SRZHU�� 7KH� UHVXOWV� RI� ERWK� WKH� VKDSH� H[DPLQDWLRQ� DQG� WKH�
VWDWLVWLFDO�DQDO\VLV�UHYHDOHG�WKDW�WKH�DYHUDJH�DQQXDO�XVDJH�WLPH�
LV� LQGHSHQGHQW� RI� WKH� UDWHG� HQJLQH� SRZHU� IRU� WUDFWRUV� LQ� WKH�
VHFRQG�KDQG�PDUNHW�

)LJXUH���9DULDWLRQ�RI�WKH�DYHUDJH�DQQXDO�VHUYLFH�OLIH�RI�WUDFWRUV�LQ�WKH�VHFRQG�KDQG�PDUNHW�GHSHQGLQJ�RQ�WKH�UDWHG�HQJLQH�SRZHU�
�5(3�

7KH�����RI�WKH�WRWDO�WUDFWRUV�HYDOXDWHG�ZLWKLQ�WKH�VFRSH�RI�
WKH�VWXG\�DUH�WUDFWRUV�WKDW�KDYH�QRW�XQGHUJRQH�HQJLQH�UHYLVLRQ�
EHIRUH����UHYLVLRQ�QXPEHU���&RQVLGHULQJ�WKDW�WKH�DYHUDJH�DJH�
RI� WKH� WUDFWRUV� LQ� WKH�H[DPSOH� LV�DSSUR[LPDWHO\����� LW� LV�VHHQ�
WKDW�WKH�UHPDLQLQJ�WUDFWRUV�KDYH�XQGHUJRQH�DW�OHDVW�RQH�HQJLQH�
RYHUKDXO�� 2Q� WKH� RWKHU� KDQG�� E\� H[DPLQLQJ� WKH� QXPEHU� RI�
UHYLVLRQV�GHSHQGLQJ�RQ�DJH�� LW� LV�VHHQ�WKDW� WKHUH�LV�QR�WUDFWRU�
WKDW�XQGHUZHQW� UHYLVLRQ�EHIRUH� WKH�DJH�RI���� ,Q� WKH������DJH�

UDQJH��LW�LV�REVHUYHG�WKDW�WKH�¿UVW�RU�WKH�VHFRQG�HQJLQH�UHYLVLRQ�
WRRN�SODFH��7UDFWRUV�EHWZHHQ�WKH�DJHV�RI�������KDYH�DW�OHDVW���
HQJLQH�UHYLVLRQ��DQG�WKLV�QXPEHU�FDQ�JR�XS�WR����,I�WKH�DJH�RI�
���DQG�RYHU�LV��WKH�DYHUDJH�QXPEHU�RI�HQJLQH�UHYLVLRQV�LV�����
SHU�WUDFWRU�

,W� LV� QRWHZRUWK\� WKDW� WKH� HQJLQH�� JHDUER[� DQG� K\GUDXOLF�
V\VWHP�UHSDLU�UHTXLUHPHQWV�RI�WUDFWRUV�LQ�WKH�XVHG�PDUNHW�VKRZ�
DJH�UHODWHG� UHSHWLWLYH� FKDQJHV�� 7KLV� VLWXDWLRQ�� ZKLFK� VKRZV�
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SHULRGLF� FKDQJHV�� LV� WKRXJKW� WR� VWHP� IURP� WKH� XVH� DQG� WKH�
LPSRUWDQFH�RI�WKHVH�WKUHH�RUJDQV�IRU�WKH�WUDFWRU��,Q�RWKHU�ZRUGV��
LW�LV�DEVROXWHO\�QHFHVVDU\�WR�HOLPLQDWH�WKH�PDOIXQFWLRQV�RI�WKHVH�
RUJDQV�LQ�WHUPV�RI�WKH�WUDFWRU¶V�IXQFWLRQ�

+RZHYHU��WKH�FKDQJH�REWDLQHG�LQ�WHUPV�RI�WKH�FDELQ�ERG\�
UHSDLU�UHTXLUHPHQW�LV�GLIIHUHQW�IURP�WKHVH��7KLV�QHHG�IRU�UHSDLU�
DULVHV� ERWK� DW� D� ODWHU� DJH� DQG� LV� FRQVLGHUHG� WR� EH� D� GHOD\HG�
UHSDLU� UHTXLUHPHQW� IURP� WKH� IDUPHU¶V� SHUVSHFWLYH�� :H� KDYH�
WKH� LPSUHVVLRQ� WKDW� WKH� UHDVRQ� IRU� WKH� SURSRUWLRQDO� KLJKQHVV�
RI����\HDU�ROG�WUDFWRUV�LQ�WKH�VHFRQG�KDQG�PDUNHW�LQ�WHUPV�RI�
WKH�QHHG� IRU� FDELQ�KRRG� UHSDLU� LV�GXH� WR� WKH� IDFW� WKDW� IRU� WKH�
¿UVW� WLPH� VXFK� D� UHTXLUHPHQW� DULVHV� DW� WKH�PHQWLRQHG� DJH� LV�
D� UHVXOW� RI� WKH� VDLG� GHOD\��:KLOH� WKHUH� DUH� SHULRGLF� UHQHZDOV�
WKDW�FDQ�EH�HQFRXQWHUHG�DW�DQ�HDUO\�DJH�GXH�WR�XVH�LQ�WKH�WLUH�

UHQHZDO� UHTXLUHPHQW�RI� WUDFWRUV� LQ� WKH�XVHG� WUDFWRU�PDUNHW��D�
SURSRUWLRQDO� LQFUHDVH�DW� WKH� DJH�RI����DQG���� LV�QRWHZRUWK\��
7KH�UHDVRQ�IRU�WKLV�LV�WKRXJKW�WR�EH�GXH�WR�WKH�JHQHUDO�DJLQJ�RI�
WKH�WUDFWRU�

6LQFH�WKH�WUDFWRUV�HQFRXQWHUHG�LQ�WKH�VHFRQG�KDQG�PDUNHW�
KDYH�QRW�EHHQ�VROG�\HW��WKH�PRQHWDU\�YDOXHV�GHPDQGHG�E\�WKH�
VHOOHUV�KDYH�EHHQ�QDPHG�DV�WKH�HVWLPDWHG�VDOHV�SULFH�DQG�XVHG�
LQ�RUGHU�WR�GHWHUPLQH�WKH�YDOXH�RI�WKH�WUDFWRU��,Q�GHWHUPLQLQJ�
WKH� HVWLPDWHG� VDOHV� SULFH�� WKH� RSLQLRQV� RI� WKH� H[SHUWV� RI� WKH�
RUJDQL]DWLRQV�RSHUDWLQJ�LQ� WKH�PDUNHW�ZHUH�DOVR�XVHG��)LJXUH�
�D� DQG� �E� VKRZV� WKH� GLVWULEXWLRQ� RI� HVWLPDWHG� VDOHV� SULFH�
�(63��YDOXHV�GHSHQGLQJ�RQ� WKH�PRGHO�\HDU�RI� WKH� WUDFWRUV� LQ�
WKH�H[DPSOH��)LJXUH���VKRZV�WKH�GLVWULEXWLRQ�RI�HVWLPDWHG�VDOHV�
SULFH�YDOXHV�GHSHQGLQJ�RQ�WKH�DJH�RI�WKH�WUDFWRU�

)LJXUH��D��7KH�FKDQJH�RI�WKH�HVWLPDWHG�VDOHV�SULFH��(63��RI�WUDFWRUV�LQ�WKH�VHFRQG�KDQG�PDUNHW�GHSHQGLQJ�RQ�WKH�PRGHO�\HDU�
$V�D�UHVXOW�RI�WKH�DQDO\]HV�PDGH�E\�WDNLQJ�WKH�DYHUDJH�IRU�

WKH� SXUSRVH� RI�PRGHOLQJ� WKH� GLVWULEXWLRQ�� LW� ZDV� GHWHUPLQHG�
WKDW�WKH�DJH�UHODWHG�HVWLPDWHG�VDOHV�SULFH�YDOXHV�FRUUHVSRQG�WR�
D�WKLUG�RUGHU��FXELF��IXQFWLRQ�DW�D�KLJK�GHJUHH��5�� ��������DQG�
DW�WKH�SUREDELOLW\�OHYHO�RI�S��������7KH�HTXDWLRQ�RI�WKH�FXELF�
PRGHO� REWDLQHG� LV� \�  � ������[�� �� �����[������[� �� �������
)LJXUH���VKRZV�WKH�DYHUDJH�YDOXHV�DQG�WKH�JUDSK�RI�WKH�FXELF�
PRGHO�REWDLQHG�GHSHQGLQJ�RQ�WKHP�

7KH�GHFUHDVH�LQ�WKH�HVWLPDWHG�VDOHV�SULFH��(63��RI�WUDFWRUV�
ZLWK�WKH�LQFUHDVH�LQ�DJH�LQ�WUDFWRUV�LQ�WKH�VHFRQG�KDQG�PDUNHW�

LV�VLPLODU�WR�WKH�UHVXOWV�JLYHQ�LQ�WKH�OLWHUDWXUH��,VLN�HW�DO��������
*XKHU�������%DVRO�������

$V�D�UHVXOW�RI�WKH�VWDWLVWLFDO�DQDO\VLV�PDGH�ZLWK�WKH�DYHUDJH�
HVWLPDWHG� VDOHV� SULFH� YDOXHV� RI� WUDFWRUV�ZLWK� WKH� VDPH�XVDJH�
KRXUV��WKH�GLVWULEXWLRQ�RI�WKH�HVWLPDWHG�VDOHV�YDOXH�RI�WUDFWRUV�
LQ� WKH� VHFRQG�KDQG�PDUNHW�EDVHG�RQ� WKH� WRWDO�RSHUDWLQJ� WLPH�
�727��LV�VHFRQG�RUGHU��5�� ���������S�����������D�UHODWLRQVKLS�
KDV�EHHQ�LGHQWL¿HG��7KH�HTXDWLRQ�RI�WKH�PRGHO�REWDLQHG�LV�\� �
��������[��������[����������)LJXUH����

)LJXUH��E��$JH�UHODWHG�FKDQJH�LQ�WKH�HVWLPDWHG�VDOHV�SULFH��(63��RI�WUDFWRUV�LQ�WKH�VHFRQG�KDQG�PDUNHW
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)LJXUH����&KDQJHV�LQ�WKH�DJH�HVWLPDWHG�VDOHV�SULFH��(63��YDOXHV�RI�WUDFWRUV�LQ�WKH�VHFRQG�KDQG�PDUNHW�DFFRUGLQJ�WR�DYHUDJH�
YDOXHV�

)LJXUH���9DULDWLRQ�RI�WKH�HVWLPDWHG�VDOHV�SULFH��(63��RI�WUDFWRUV�LQ�WKH�VHFRQG�KDQG�PDUNHW�GHSHQGLQJ�RQ�WKH�WRWDO�VHUYLFH�OLIH�
�76/�

,Q� WKH� VWXG\�� WKH� DYHUDJH� DQQXDO� OLIH� RI� WKH� WUDFWRU� ZDV�
REWDLQHG�E\�SURSRUWLRQLQJ�WKH�WRWDO�XVDJH�WLPH��787��UHDG�IURP�
WKH� WUDFWRU�PHWHU� WR� WKH� DJH��)LJXUH��� VKRZV� WKH�GLVWULEXWLRQ�
RI�HVWLPDWHG�VDOHV�SULFH��(63��YDOXHV�GHSHQGLQJ�RQ�WKH�787�
$*(�SDUDPHWHU�

6WDWLVWLFDO�DQDO\VLV�UHYHDOHG�WKDW�WKHUH�ZDV�QR�UHODWLRQVKLS�
EHWZHHQ� WKH� 787�$*(� SDUDPHWHU� DQG� (63� WKDW� FRXOG� EH�
VXEMHFW� WR� WKH�PRGHO��7KH�HVWLPDWHG�VDOHV�SULFH� �(63��RI� WKH�
WUDFWRU�LQ�WKH�VHFRQG�KDQG�PDUNHW�LV�GHWHUPLQHG�E\�WKH�HIIHFWV�
RI�YDULRXV�IDFWRUV��7KH�¿UVW�IDFWRU�WKDW�FRPHV�WR�PLQG�DPRQJ�
WKHVH�LV�WKH�WUDFWRU¶V�UDWHG�HQJLQH�SRZHU��5(3��

$V�D�UHVXOW�RI�WKH�DQDO\]HV�PDGH�IRU�WKH�SXUSRVH�RI�PRGHOLQJ�
WKH�UHODWLRQVKLS�EHWZHHQ�WKH�HVWLPDWHG�VDOHV�SULFHV�RI�WUDFWRUV�
LQ�WKH�VHFRQG�KDQG�PDUNHW�DQG�WKH�QRPLQDO�HQJLQH�SRZHU��WKH�
HVWLPDWHG�VDOHV�SULFH�YDOXHV�GHSHQGLQJ�RQ�WKH�QRPLQDO�HQJLQH�

SRZHU�FDQ�EH�FRQYHUWHG�WR�D�WKLUG�RUGHU��FXELF��IXQFWLRQ��5�� �
�������S���������OHYHO�

7KH�HTXDWLRQ�RI�WKH�FXELF�PRGHO�REWDLQHG�LV�\� ������[��
�����[�������[����������7KH�UHVXOW�REWDLQHG�KHUH�VKRZV�WKDW�
WKH�UDWHG�PRWRU�SRZHU�IDFWRU�KDV�D�KLJK�HIIHFW��DSSUR[LPDWHO\�
�����RQ�WKH�HVWLPDWHG�VDOHV�SULFH��)LJXUH����

2Q� WKH� RWKHU� KDQG�� LW� ZDV� SUHYLRXVO\� GHWHUPLQHG� WKDW�
WKH� DJH�UHODWHG� HVWLPDWHG� VDOHV� SULFH� YDOXHV� ¿W� D� WKLUG�RUGHU�
�FXELF��IXQFWLRQ�ZLWK�D�KLJK�GHJUHH��5�� ���������DW�WKH�OHYHO�
RI�S��������$FFRUGLQJO\��WKH�DJH�SDUDPHWHU�KDV�D�KLJKHU�HIIHFW�
RQ� WKH� HVWLPDWHG� VDOHV� SULFH� WKDQ� WKH� QRPLQDO� PRWRU� SRZHU�
SDUDPHWHU��7KHVH�YDOXHV�DUH�VLPLODU�WR�WKH�YDOXHV�JLYHQ�LQ�WKH�
OLWHUDWXUH��%DVRO���������$V�D�UHVXOW�RI� WKH�DQDO\]HV�DLPHG�DW�
GHWHUPLQLQJ�WKH�HIIHFWV�RI�ERWK�SDUDPHWHUV�RQ�WKH�PDUNHW�YDOXH�
WRJHWKHU��WKH�IROORZLQJ�HTXDWLRQ�KDV�EHHQ�REWDLQHG�
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(63��7/�� �����������������������AGE�������������REP 
�N:�

,Q�WKLV�HTXDWLRQ��5�� �������DQG�S��������ZKLOH�WKH�VWDQGDUG�
HUURU�RI�WKH�HVWLPDWLRQ�PDGH�XVLQJ�WKH�HTXDWLRQ�LV�����������

7/��7KH�GDWD�REWDLQHG�ZLWKLQ�WKH�VFRSH�RI�WKH�VWXG\�DUH�LQ�JUHDW�
DJUHHPHQW�ZLWK�WKH�UHVXOWV�REWDLQHG�LQ�WKH�VWXG\�RI�,VÕN�HW�DO��
�������LQ�WKH�OLWHUDWXUH�DQG�SUHYLRXVO\�UHSRUWHG�

)LJXUH����9DULDWLRQ�LQ�WKH�HVWLPDWHG�VDOHV�SULFH��(63��RI�WUDFWRUV�LQ�WKH�VHFRQG�KDQG�PDUNHW�GHSHQGLQJ�RQ�WKH�DYHUDJH�DQQXDO�
XVDJH�SHULRG��787�$*(�

)LJXUH����9DULDWLRQ�RI�WKH�HVWLPDWHG�VDOHV�SULFH�RI�WUDFWRUV�LQ�WKH�VHFRQG�KDQG�PDUNHW�GHSHQGLQJ�RQ�WKH�DYHUDJH�UDWHG�HQJLQH�
SRZHU�

/LNHZLVH��ZKHQ�WKH�HVWLPDWHG�VDOHV�SULFH�RI�WKH�XQLW�UDWHG�
HQJLQH�SRZHU�RI�WUDFWRUV�LV�VKRZQ�ZLWK�WKH�UDWLR�RI�(63�5(3��WKH�
FKDQJH�RI�WKHVH�YDOXHV�GHSHQGLQJ�RQ�WKH�DJH�LV�VHHQ�LQ�)LJXUH�
���,Q�WKLV�JUDSK��WKH�DYHUDJH�RI�WKH�(63�5(3�YDOXHV�RI�GLIIHUHQW�
WUDFWRUV� RI� WKH� VDPH� DJH� ZDV� REWDLQHG�� DQG� WKH� REVHUYDWLRQ�
YDOXHV�LQ�)LJXUH����ZHUH�REWDLQHG��,W�ZDV�GHWHUPLQHG�WKDW�WKH�
REVHUYDWLRQ�YDOXHV�LQ�WKLV�ZD\�¿W�D�WKLUG�RUGHU�PRGHO�ZLWK�DQ�
LQGLFDWLRQ�FRHI¿FLHQW�RI�5�� �������DQG�D�SUREDELOLW\�OHYHO�RI�
S�������

7KH�HTXDWLRQ�RI�WKH�FXELF�PRGHO�REWDLQHG�LV�\� ������[��
�����[���������[����������,Q�RWKHU�ZRUGV��LW�LV�REVHUYHG�WKDW�
GXH� WR� WKH� LQFUHDVH� LQ� WUDFWRU� DJH�� WKH� HVWLPDWHG VDOHV� SULFH�

�(63�� IRU�XQLW�SRZHU�GHFUHDVHV�ZLWKLQ� WKH� IUDPHZRUN�RI� WKH�
GHWHUPLQHG�PRGHO�

,Q� RUGHU� WR� KDYH� LQIRUPDWLRQ� DERXW� WKH� GHSUHFLDWLRQ�
FKDUDFWHULVWLFV� RI� WUDFWRUV� LQ� WKH� VHFRQG�KDQG� PDUNHW�� XVHG�
WUDFWRUV��RI�ZKLFK�QHZ�RQHV�DUH�VWLOO�SURGXFHG�DQG�VROG��ZHUH�
DOVR� DQDO\]HG�� )RU� WKLV� SXUSRVH�� WKH� UDWLR� RI� HVWLPDWHG� VDOHV�
SULFH��(63��YDOXHV�WR�WKH�VDOHV�SULFH��63��RI�WKH�QHZ�RQH�RI�WKH�
VDPH�WUDFWRU�ZDV�XVHG�DV�WKH�DQDO\VLV�SDUDPHWHU��7KH�FKDQJH�RI�
WKH�YDOXHV�REWDLQHG�LV�JLYHQ�LQ�)LJXUH����

$QDO\]HV�IRU�WUDFWRUV�LQ�WKH�VHFRQG�KDQG�PDUNHW�KLJKOLJKWHG�
WZR�GLIIHUHQW�PRGHO�W\SHV��7KH�¿UVW�RI�WKHVH�LV�WKH�OLQHDU�PRGHO�
DQG� LW� KDV� D� FRHI¿FLHQW� RI� LQGLFDWLRQ� RI� 5��  � ������ DQG� D�
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SUREDELOLW\�OHYHO�RI�S��������7KH�HTXDWLRQ�IRU�WKH�OLQHDU�PRGHO�
LV�\� �������;����������7KH�VHFRQG�PRGHO�LV�WKH�FXELF�PRGHO�
ZLWK�D� WKLUG�RUGHU�HTXDWLRQ�� ,Q� WKLV�PRGHO��5�� �������DQG�S�
�������7KH� HTXDWLRQ� IRU� WKH� FXELF�PRGHO� LV� \� � ������;����
�����;�������;����������$QDO\]HV�PDGH�E\�+XQW��������IRU�
86� FRQGLWLRQV� EDVHG� RQ� WKH� DJH�GHSHQGHQW� YDOXH� �WKH� YDOXH�

RI� WKH� WUDFWRU� DW� WKH�EHJLQQLQJ�RI� WKH�\HDU� �� WKH�GHSUHFLDWLRQ�
DPRXQW�IRU�WKDW�\HDU��DOVR�VKRZHG�D�YHU\�VWURQJ��5�� ��������S�
��������FXELF�PRGHO�EHWZHHQ�WKHVH�WZR�SDUDPHWHUV��UHYHDOHG�
WKDW� LW�ZDV� IRXQG��$� VLPLODU� UHVXOW� FDQ� EH� REWDLQHG�ZLWK� WKH�
YDOXHV�JLYHQ�E\�:LWQH\������E��

)LJXUH����$JH�GHSHQGHQW�YDULDWLRQ�RI�WKH�HVWLPDWHG�SXUFKDVH�SULFH��(63�5(3��RI�WKH�XQLW�UDWHG�HQJLQH�SRZHU�RI�WUDFWRUV�LQ�WKH�
VHFRQG�KDQG�PDUNHW

)LJXUH�����7KH�FKDQJH�RI�DJH�UHODWHG�(63/5(3�YDOXHV�REWDLQHG�DFFRUGLQJ�WR�WKH�PHDQ�YDOXHV�DQG�WKH�JUDSK�RI�WKH�FXELF�PRGHO�
REWDLQHG�DFFRUGLQJO\
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)LJXUH�����$JH�UHODWHG�(63��63�YDOXHV�RI�WUDFWRUV�LQ�WKH�VHFRQG�KDQG�PDUNHW

Results and Conclusions
:LWK� WKLV� VWXG\�� WKH� SURSHUWLHV� RI� XVHG� WUDFWRUV� IRU� VDOH�

LQ� 6DQOÕXUID� +DUUDQ� 3ODLQ� �&HQWUDO�� +DUUDQ� DQG� $NFDNDOH�
'LVWULFWV��ZHUH�WULHG�WR�EH�GHWHUPLQHG��7KHVH�IHDWXUHV�DQG�VRPH�
RWKHU�IDFWRUV�WKDW�DUH�WKRXJKW�WR�EH�HIIHFWLYH�ZHUH�DQDO\]HG�DQG�
WKHLU�GHJUHH�RI�LQÀXHQFH�ZDV�LQYHVWLJDWHG��6WXGLHV�FRQGXFWHG�
KDYH�UHYHDOHG�WKH�UHVXOWV�VXPPDUL]HG�EHORZ��$FFRUGLQJ�WR�WKLV�

�	� 7KH� DYHUDJH� UDWHG� HQJLQH� SRZHU� RI� WUDFWRUV� LQ� WKH�
VHFRQG�KDQG�PDUNHW�LQ�WKH�UHVHDUFK�DUHD�LV����N:��ZKLOH�WKH�
UDWHG�HQJLQH�SRZHU�RI�WKH�WUDFWRUV�YDULHV�EHWZHHQ�������N:��
ZKLOH�WKH�SRZHU�GLVWULEXWLRQ�LV�LQ�WKH�UDQJH�RI�������N:��ZKLFK�
LV�DOVR�GHVFULEHG�DV�WKH�PHGLXP�SRZHU�JURXS�

�	� 7KH�DYHUDJH�DJH�RI�WUDFWRUV�LQ�WKH�VHFRQG�KDQG�WUDFWRU�
PDUNHW�LV�DSSUR[LPDWHO\�����DQG�WUDFWRUV�LQ�WKH������DJH�JURXS�
FRQVWLWXWH� DSSUR[LPDWHO\� ���� RI� WKH� WRWDO� WUDFWRUV� DQG� ����
LQ�WKH�������DJH�JURXS��,W� LV�VHHQ�WKDW�����RI�WKH�WUDFWRUV�LQ�
WKH� VHFRQG� KDQG�PDUNHW� DUH� ��� \HDUV� ROG� DQG� ROGHU� WUDFWRUV��
&RQVLGHULQJ�WKH����\HDU�HFRQRPLF�OLIH�JLYHQ�LQ�WKH�OLWHUDWXUH�
IRU� WUDFWRUV��6DEDQFÕ�HW�DO������D��6DEDQFÕ�HW�DO������E��� WKLV�
VLWXDWLRQ� UHYHDOV� WKDW� WKH�XVH�RI� WUDFWRUV� WKDW�KDYH�FRPSOHWHG�
WKHLU� HFRQRPLF� OLIH� LV� TXLWH� VLJQL¿FDQW�� +RZHYHU�� ZKHQ� ZH�
ORRN� DW� WKH� VDOHV� UHDVRQV� IRU� WKH� WUDFWRUV� LQ� WKH� VHFRQG�KDQG�
PDUNHW������RI�WKH�WUDFWRUV�DUH�GXH�WR�PRGHO�DJLQJ�����WR�ZHDU�
DQG�DJDLQ����WR�ODFN�RI�FDSDFLW\��7KLV�VKRZV�WKDW�PRUH�WKDQ�
KDOI�������RI�VHFRQG�KDQG�WUDFWRUV�LQ�WKH�PDUNHW�KDYH�EHHQ�SXW�
XS�IRU�VDOH�IRU�XSJUDGHV��WKLV�UHYHDOV�WKH�UHQHZDO�SRWHQWLDO�RI�
WKH�WUDFWRU�SDUN�LQ�ùDQOÕXUID�+DUUDQ�3ODLQ�

�	� 7KH� DYHUDJH� DQQXDO� XVDJH� WLPH� RI� WUDFWRUV� LQ� WKH�
VHFRQG� KDQG� PDUNHW� LV� ������ KRXUV�� :KHQ� WKH� SURGXFW�
SURMHFWLRQV�SURSRVHG� IRU� WKH� UHJLRQ� LQ�ERWK� WKH�*$3�0DVWHU�
3ODQ��$QRQ\PRXV�������DQG�WKH�*$3�5HJLRQDO�'HYHORSPHQW�
3ODQ� �$QRQ\PRXV�����E�� DUH� LPSOHPHQWHG�� WKHVH�YDOXHV� IRU�
WKH�DYHUDJH�WUDFWRU�XVDJH�SHULRGV�DUH�FDOFXODWHG�DV�WKH�WUDFWRU�
XVHG� HFRQRPLFDOO\� �����K�\HDU�� RU� HIIHFWLYHO\� ����������K� ��
\HDU���\HDUV���,Q�RUGHU�WR�LQFUHDVH�WKLV�SHULRG��LW�LV�QHFHVVDU\�WR�
LQFUHDVH�WKH�XVH�RI�DJULFXOWXUDO�PDFKLQHU\�IRUHVHHQ�E\�LUULJDWHG�

DJULFXOWXUH�GHSHQGLQJ�RQ�WKH�YDULHW\�RI�SURGXFW�SDWWHUQV�RI�WKH�
HQWHUSULVHV�

�	� $V�D�UHVXOW�RI�WKH�DQDO\VLV�RI�WKH�UHJUHVVLRQ�DQDO\VLV�
EHWZHHQ�WKH�WRWDO�XVDJH�WLPH��787��RI�WKH�WUDFWRUV�LQ�WKH�VHFRQG�
KDQG�PDUNHW�DQG�WKH�DJH�SDUDPHWHUV��LW�ZDV�REVHUYHG�WKDW�WKH�
WRWDO�XVDJH�WLPH�RI�WKH�WUDFWRU�LQFUHDVHG�GHSHQGLQJ�RQ�WKH�DJH�
RI�WKH�WUDFWRU�

�	� ,W� KDV� EHHQ�REVHUYHG� WKDW� WKHUH� LV� D� VWURQJ�QHJDWLYH�
UHODWLRQVKLS�EHWZHHQ�WKH�DJH�UHODWHG�PDUNHW�YDOXH�RI� WUDFWRUV�
LQ�WKH�VHFRQG�KDQG�PDUNHW�DQG�WKH�DJH�UHODWHG�HVWLPDWHG�VDOHV�
SULFH��7KH� SULFH� GHWHUPLQDWLRQ� IRU� XVHG� WUDFWRUV� LV� EDVHG� RQ�
PDUNHW� FRQGLWLRQV��$YHUDJH� SULFHV� DUH� GHWHUPLQHG� E\�PRGHO�
�DJH��DQG�UDWHG�HQJLQH�SRZHU�DQG�EUDQG��3ULFH�YDOXHV��ZKLFK�
DUH� KLJKO\� DIIHFWHG� E\� WKH� JHQHUDO� HFRQRPLF� VLWXDWLRQ�� DUH�
DGRSWHG� E\� DOPRVW� DOO�PDUNHW� SOD\HUV�� 2WKHU� IHDWXUHV� RI� WKH�
WUDFWRU�PD\�KDYH�OLWWOH�HIIHFW�RQ�WKH�DFWXDO�SULFH�

�	� )RU� WUDFWRUV� LQ� WKH� VHFRQG�KDQG�PDUNHW�� LW� KDV� EHHQ�
GHWHUPLQHG�WKDW�WKH�DYHUDJH�DQQXDO�VHUYLFH�OLIH�LV�LQGHSHQGHQW�
RI�WKH�UDWHG�HQJLQH�SRZHU�

�	� $SSUR[LPDWHO\�����RI�WKH�YDULDWLRQ�LQ�WKH�HVWLPDWHG�
VDOHV�SULFH��(63��RI�WUDFWRUV�LQ�WKH�VHFRQG�KDQG�PDUNHW�FDQ�EH�
H[SODLQHG�E\�WKH�YDULDWLRQ�LQ�WKH�WRWDO�XVDJH�SHULRG�

�	� ,W� KDV� EHHQ� UHYHDOHG� WKDW� WKHUH� LV� QR� UHODWLRQVKLS�
EHWZHHQ�WKH�DYHUDJH�DQQXDO�VHUYLFH�OLIH��$6/�$*(��SDUDPHWHU�
RI�WUDFWRUV�LQ�WKH�VHFRQG�KDQG�PDUNHWV�DQG�WKH�HVWLPDWHG�VDOHV�
SULFH��(63��WKDW�FDQ�EH�VXEMHFW�WR�WKH�PRGHO��,W�LV�WKRXJKW�WKDW�
WKH�ORZ�DQQXDO�DYHUDJH�XVDJH�WLPH�RI�WUDFWRUV�LV�HIIHFWLYH�RQ�
WKLV�UHVXOW�

�	� 7KH�����RI�WKH�YDULDWLRQ�LQ�WKH�HVWLPDWHG�VDOHV�SULFH�
RI� WUDFWRUV� LQ� WKH� VHFRQG�KDQG� PDUNHW� FDQ� EH� H[SODLQHG� E\�
WKH� FKDQJH� LQ� WKH� UDWHG� HQJLQH� SRZHU� �5(3�� RI� WKH� WUDFWRUV��
,Q� WKLV� FRQWH[W�� LW� KDV� EHHQ�GHWHUPLQHG� WKDW� WKH� UDWHG� HQJLQH�
SRZHU��5(3��LV�YHU\�HIIHFWLYH�LQ�SULFH�IRUPDWLRQ��HVSHFLDOO\�IRU�
WUDFWRUV�LQ�WKH�VHFRQG�KDQG�PDUNHW�

��	� 7KH�����RI�WKH�FKDQJH�LQ�XQLW�SRZHU�SULFH��(63�5(3��
LQ�WUDFWRUV�LQ�WKH�VHFRQG�KDQG�PDUNHW�LV�GXH�WR�WKH�DJH�IDFWRU�
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