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0RKDPPDG�HW�DO��>��@�DQG�PL[HG�WKRURXJKO\�LQ�VRLO�EHIRUHٽ�OOLQJ� WKH
SRWV�DW�D�UDWH�RI����.J�����GD\V�EHIRUH�VRZLQJ�>��@��%&�ZDV�DQDO\]HG�IRU
LQRUJDQLF�HOHPHQWV�DQG�+0V�FRQWHQW�

)HUWLOL]DWLRQ�� GXULQJ� VRLO� SUHSDUDWLRQ�� 3� ZDV� DGGHG� DV� VXSHU
SKRVSKDWH�DW�D�UDWH�RI�����.J�DFUH��1�ZDV�DGGHG�DV�XUHD�DW�D�UDWH�RI���
.J�DFUH�DW��������DQG����GD\V�IURP�VRZLQJ��.�ZDV�DGGHG�DV�SRWDVVLXP
VXOSKDWH�DW�D�UDWH�RI����.J�DFUH�LQ�WKUHH�HTXDO�GRVHV�DV�QLWURJHQ��$іHU
���GD\V�IURP�VRZLQJ��1�DQG�.�ZHUH�DSSOLHG�DW�WKH�VDPH�GRVHV�

6HHG� FRDWLQJ� ZLWK� $0)� DQG�RU� 5K�� EHIRUH� SODQWLQJ�� DOIDOID� VHHGV
ZHUH�VXUIDFH�VWHULOL]HG�ZLWK������VRGLXP�K\SRFKORULWH�VROXWLRQ�IRU�RQH
PLQXWH�� ZDVKHG� VHYHUDO� WLPHV� ZLWK� GLVWLOOHG� ZDWHU�� WKHQ� ZHWWHG� ZLWK
����$UDELF�JXP�VROXWLRQ�DV�DQ�DGKHVLYH�DJHQW�DQG�FRDWHG�ZLWK���J�RI
UKL]RELD�DQG�RU�P\FRUUKL]D�VSRUHV�>��@��6HHGV�ZHUH�DOORZHG�WR�DLU�GU\
LQ�WKH�VKDGH�IRU����PLQ�DQG�VRZQ�LPPHGLDWHO\�

/D\RXW�RI�SRW�H[SHULPHQW��НH�SRWV�ZHUH�GLYLGHG�LQWR�HLJKW�JURXSV�
(DFK�JURXS�FRQVLVWHG�RI�VL[�UHSOLFDWHV�

ͫ 6HUYHG�DV�&RQWURO�IXOO�13.��IHUWLOL]HU��
ͫ ,QRFXODWHG�ZLWK�5KL]RELD��5K�������1�RI�UHFRPPHQGHG�GRVH�IXOO

3.��
ͫ ,QRFXODWHG�ZLWK��$UEXVFXODU�0\FRUUKL]DO�)XQJL���$0)�������3�RI

UHFRPPHQGHG�GRVH�IXOO�1.��
ͫ 7UHDWHG�ZLWK�%&��IXOO�13.�
ͫ 5K�$0)������1�����3�.�
ͫ %&�5K������1�3.�
ͫ %&�$0)������3�1.�
ͫ %&�$0)�5K������3�����1�.��

$SSUR[LPDWHO\�HTXDO�QXPEHU�RI�DOIDOID�VHHGV�ZDV�VRZQ�LQ�HDFK�SRW
���� VHHGV��SRW���3RWV� ���.J�FDSDFLW\��ZHUH� UHJXODUO\� LUULJDWHG��НH� �VW
WKUHH� UHSOLFDWHV� IURP� HDFK� JURXS� ZHUH� LUULJDWHG� ZLWK� GHFKORUL]HG� WDS
ZDWHU��ZKLOH�WKH�RWKHU�WKUHH�UHSOLFDWHV�ZHUH�LUULJDWHG�ZLWK���P0�&G&O�
VROXWLRQ��LW�EDVHG�RQ�WKH�&G�FRQFHQWUDWLRQ�LQ�VRPH�FRQWDPLQDWHG�VRLOV
RI� (J\SW��� WKH� LUULJDWLRQ� ZDV� LQWHUPLWWHQW�� $іHU� ��� GD\V� RI� VRZLQJ�
VRPH� SODQWV� ZHUH� FROOHFWHG� IRU� PHDVXULQJ�� IUHVK� DQG� GU\� ZHLJKW� RI
VKRRWV� DQG� URRWV��PLQHUDO� FRQWHQW� LQ� OHDYHV� DQG� URRWV��&G� FRQWHQW� LQ
URRWV�� VWHP�� DQG� OHDYHV��QLWURJHQDVH� DQG�GHK\GURJHQDVH� DFWLYLW\�� WRWDO
PLFURELDO�FRXQW�DQG�P\FRUUKL]DO�FRORQL]DWLRQ������$іHU���PRQWKV�RI
VRZLQJ��&G�FRQWHQW� LQ� VHHGV�� WUDQVORFDWLRQ�RI�&G� IURP�URRWV� WR� VHHGV
DQG�IUHVK�DQG�GU\�ZHLJKW�RI� WKH�SURGXFHG�VHHGV��DV�ZHOO�DV� WKHLU� WRWDO



7RWDO�FDUERK\GUDWHV�FRQWHQW�ZDV�PHDVXUHG�E\�WKH�PHWKRG�GHVFULEHG
E\�'XERLVH�HW�DO��>��@�

0LQHUDO�LRQV�FRQWHQW�ZDV�PHDVXUHG�DW�6RLO��:DWHU�DQG�(QYLURQPHQW
5HVHDUFK�,QVWLWXWH��6�:�(�5�,���$JULFXOWXUDO�5HVHDUFK�&HQWUH��(J\SW�

1LWURJHQ� ZDV� GHWHUPLQHG� XVLQJ� WKH� PRGLٽHG� 0LFUR�.MHOGDKO
PHWKRG�>��@�

3KRVSKRUXV�ZDV�GHWHUPLQHG�E\�XVLQJ�YDQDGDWH�PRO\EGDWH�PHWKRG
>��@�

3RWDVVLXP� ZDV� PHDVXUHG� XVLQJ� �DPHپ SKRWRPHWHU� DFFRUGLQJ� WR
0HJURWK�DQG�&HJDUUD�>��@�

&DOFLXP�DQG�PDJQHVLXP�ZHUH�HVWLPDWHG�XVLQJ�,QGXFWLYHO\�&RXSOHG
6SHFWURPHWU\�3ODVPD��,&3��0RGHO�8OWLPD��-RELQ<YRQ�

НH�WUDQVORFDWLRQ�IDFWRU��7)��IRU�&G�ZLWKLQ�D�SODQW�ZDV�GHWHUPLQHG
WR� VKRZ� &G� WUDQVORFDWLRQ� SURSHUWLHV� IURP� URRWV� WR� VHHGV� >��@�� ,W� ZDV
H[SUHVVHG�DV�

7) PHWDO��LQ�VHHGV��PHWDO��LQ�URRWV��

6WDWLVWLFDO� DQDO\VLV� ZDV� FDUULHG� RXW� DFFRUGLQJ� WR� WKH� PHWKRG� RI
FRPSOHWH� UDQGRPL]HG� EORFNV� GHVLJQ� �&&5%6(�� %DV�� XVLQJ� WZR�ZD\
DQDO\VLV� RI� YDULDQFH� $129$� IROORZHG� E\� 'XQFDQ
V� 0XOWLSOH
&RPSDULVRQ�7HVW�XVLQJ�,%0�6WDWLVWLFDO�3URGXFW�DQG�6HUYLFH�6ROXWLRQV�
6366� 6WDWLVWLFV� IRU� :LQGRZV�� 9HUVLRQ� ���� 3˂����� DQG� 3˂����� ZHUH
GHQRWHG�DV�EHLQJ�VWDWLVWLFDOO\�VLJQLٽFDQW�IRU�WKH�PHDQV�FRPSDUHG��XVLQJ
OHDVW� VLJQLٽFDQW�GLٶHUHQFH� �/6'� DW� �� DQG� ���� DFFRUGLQJ� WR� 6QHGHFRU
DQG�&RFKUDQ�>��@�

Physical Properties Soil texture pH EC* Ms/cm SP*(%) Cations and anions (mg/Kg) 

Sand (%) Silt (%) Clay (%) Coarse sand (%)     Na+ K+ Ca++ Mg++ Cl- HCO- CO3
- SO4

--

37.9 17.2 9.4 35.5 Sandy loams. 8 3.2 28 18.5 0.3 7.7 3.5 27.7 0.8 -- 3.5



Results and Discussion
%&�DQDO\VLV��7DEOH����VKRZHG�OLWWOH�FRQWHQW�RI�+0V�LQ�DEVHQFH�RI�&G�

3K\VLFDO�DQG�FKHPLFDO�SURSHUWLHV�RI�WKH�VRLO��7DEOH����LQGLFDWHG�D�VDQG\
ORDP��6/��VWUXFWXUH�ZLWK�DQ�H[FKDQJHDEOH�&D��.��0J�DQG�1D�

&RQFHUQLQJ� WR�JURZWK�RI�DOIDOID�� WKH� UHVXOWV� LQGLFDWHG�D�GHOHWHULRXV
LPSDFW�RI���P0�&G�RQ�IUHVK�DQG�GU\�ZHLJKW�RI�VKRRWV�DQG�URRWV��7DEOH
����НLV�UHGXFWLRQ�PLJKW�EH�GXH�WR�&G�XSWDNH�SULPDULO\�WKURXJK�URRWV
>��@��2QH�RI�WKH�YLWDO�FDXVHV�RI�SODQW�JURZWK�UHGXFWLRQ�XQGHU�&G�VWUHVV
LV� WKH� DOWHUDWLRQ� RI� SKRWRV\QWKHWLF� HٹFLHQF\� DQG� FRQVHTXHQWO\�� D
GHFUHDVH� LQ� &2�� DVVLPLODWLRQ� DQG� SKRWRV\QWKDWHV� DFFXPXODWLRQ� >��@�
2QH�RI�WKH�RWKHU�PRVW�LPSRUWDQW�UHDVRQV�EHKLQG�WKH�KDUPIXO�\LHOG�RI
DOIDOID� RQ� DOIDOID� JURZWK� LV� WKH�GLPLQLVKLQJ�RI� HVVHQWLDO�PLQHUDOV��НH
UHVXOWV� LQGLFDWHG� WKDW� OHDYHV�DQG�URRWV�FRQWHQW�RI�1��3��.��&D�DQG�0J

GHFUHDVHG�E\�WKH�HٶHFW�RI���P0�&G&O���7DEOH�����НLV�PLJKW�EH�GXH�WR
FRPSHWLWLRQ� EHWZHHQ� &G� DQG� RWKHU� PLQHUDOV� IRU� ELQGLQJ� VLWHV� RU
WUDQVSRUWHUV�� WKLV� OHG� WR� PLQHUDO� GHٽFLHQF\� RU� LPEDODQFH� DQG
GHSUHVVLRQ�RI�DOIDOID�JURZWK�

,Q�DGGLWLRQ�� WKH�GHFUHDVH�RI�PLFURQXWULHQWV� FRQWHQW�PD\�EH�GXH� WR
WKH�LQWHUIHUHQFH�RI�&G�ZLWK�WKHLU�PRYLQJ�SDWKZD\�IURP�URRWV�WR�VHHGV�
НH�UHGXFWLRQ�LQ�.��XSWDNH�LQ�OHDYHV�DQG�URRWV�XQGHU�&G�VWUHVV�PLJKW
EH�GXH�WR�WKH�DQWDJRQLVP�EHWZHHQ�&G���DQG�.��LRQV��'HFUHDVLQJ�RI�0J
DQG�1�FRQWHQW�XQGHU�&G�VWUHVV�KDG�D�QHJDWLYH�HٶHFW�RQ�SKRWRV\QWKHVLV�
FRQVHTXHQWO\� SODQW� JURZWK�� :KHQ� SODQWV� DEVRUE� KLJK� DPRXQW� RI� &G�
WKH� PHWDO� FDXVHV� R[LGDWLYH� LQMXU\� WR� WKH� SODVPD� PHPEUDQH� >��@� DQG
UHGXFHV�1�XSWDNH��WKXV�OHG�WR�GLVWXUE�LQ�WKH�QLWURJHQ�PHWDEROLVP�XQGHU
&G�VWUHVV�WKDW�DٶHFW�SODQW�JURZWK�





Treatments Cd (1 mM) Nitrogenase





WUHDWPHQW� LV� HDV\� WR� DSSO\�� FKHDS� DQG� VDIH� RQ� SODQW�� VRLO� DQG
HQYLURQPHQW�� НLV� ZRXOG� PDLQWDLQ� VRLO� IHUWLOLW\� DQG� SODQW�� DV� ZHOO� DV
DQLPDO�DQG�KXPDQ�KHDOWK�
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