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%HQHILFLDO�,QWHUDFWLRQ�RI��UEXVFXODU�0�FRUUKL]DO�)XQJL�LQ�3ODQW�WR�
,PSURYH�WKH�8SWDNH�RI�3KRVSKRUXV

�HEDVLV�0LWUD���%DKPDQ�.KRVKUX���3UDGHHS�.��DV�0RKDSDWUD���3HUL�DVDP��3DQQHHUVHOYDP�

�XWKRU�V��IILOLDWLRQ���5HVHDUFKHU��3ODQW�0LFUREHV�,QWHUDFWLRQ���'HSDUWPHQW�RI�0LFURELRORJ���5DLJDQM�8QLYHUVLW���5DLJDQM���������
:HVW�%HQJDO��,QGLD�� �3KG�6FKRODU��'HSDUWPHQW�RI�6RLO�6FLHQFH�6RLO�%LRORJ��DQG�%LRWHFKQRORJ���8QLYHUVLW��RI�7DEUL]��7DEUL]�� ,UDQ��
�$VVRFLDWH� 3URIHVVRU�� 'HSDUWPHQW� RI� 0LFURELRORJ�� DQG�'LUHFWRU�� 3$.%� (QYLURQPHQW� &RQVHUYDWLRQ� &HQWUH�� 5DLJDQM� 8QLYHUVLW���
8WWDU�'LQDMSXU��5DLJDQM����������:HVW�%HQJDO��,QGLD���3ULQFLSDO�6FLHQWLVW��&URS�3URGXFWLRQ�'LYLVLRQ��,&$5�1DWLRQDO�5LFH�5HVHDUFK�
,QVWLWXWH��&XWWDFN�����������2GLVKD��,QGLD�

�R��WR�FLWH�WKLV�DUWLFOH�

'HEDVLV�0LWUD��%DKPDQ�.KRVKUX��3UDGHHS�.�'DV�0RKDSDWUD��HW��DO��%HQHILFLDO�LQWHUDFWLRQ�RI�$UEXVFXODU�P�FRUUKL]DO�IXQJL�LQ�
SODQW�WR�LPSURYH�WKH�XSWDNH�RI�SKRVSKRUXV��,QGLD��,QGLDQ�-�3ODQW�6RLO������������������

$UEXVFXODU�P�FRUUKL]DO�IXQJL��$0)��DQG�SODQW�V�PELRVLV��LV�WKH�ROGHVW��IDVFLQDWLQJ�DQG�EHQHILFLDO�UHODWLRQVKLS�
RQ�(DUWK�IRU�SODQW��$0)�LV�WKH�PRVW�FRPPRQ�V�PELRWLF�DVVRFLDWLRQ�RI�FURS�SODQWV�RFFXUULQJ�LQ�PRVW�QDWXUDO�KDELWDWV�
DQG�SURYLGLQJ� D�UDQJH� RI� HVVHQWLDO�HFRORJLFDO� VHUYLFHV� L�H��PRELOL]H�QXWULHQWV� IRUP�PDLQO��SKRVSKRUXV� WR�SODQWV��
HQKDQFLQJ�SODQW�JURZWK��LQGXFWLRQ�RI�UHVLVWDQFH�DQG�LPSURYLQJ�VRLO�VWUXFWXUH�DQG�IHUWLOLW���$0)�LV�FRPPRQO��XVHG�
ELR�LQRFXODQWV� IRU�PRVW� RI� WKH� DJULFXOWXUDO��KRUWLFXOWXUDO� DQG�SODQWDWLRQ� FURSV�� WKHUHIRUH� WKH�� UHFHLYH� LQFUHDVLQJ�
DWWHQWLRQ�QRZ�D�GD�V��7KH�FXUUHQW�PLQL�UHYLHZ�SURYLGHV�D�FRPSUHKHQVLYH�XS�WR�GDWH�XQGHUVWDQGLQJ�RI�$0)�DQG�
LWV�HIIHFW�RQ�KRVW�SODQWV��WKHLU�EHQHILWV�DQG�DSSOLFDWLRQV��DQG�WKHUHIRUH�WKH�VLJQLILFDQFH�RI�WKH�UHODWLRQVKLSV�EHWZHHQ�
GLIIHUHQW�SODQW�QXWULHQWV�DQG�$0)�

.H��RUGV��$UEXVFXODU�P�FRUUKL]DO�IXQJL��3KRVSKRUXV��6RLO��3ODQW�JURZWK�

�EVWUDFW

&RUUHVSRQGLQJ� �XWKRU�� 3UDGHHS� .� �DV� 0RKDSDWUD��$VVRFLDWH� 3URIHVVRU��'HSDUWPHQW�RI�0LFURELRORJ��DQG�'LUHFWRU�� 3$.%�
(QYLURQPHQW�&RQVHUYDWLRQ�&HQWUH��5DLJDQM�8QLYHUVLW���8WWDU�'LQDMSXU��5DLJDQM����������:HVW�%HQJDO��,QGLD�

(�PDLO��SNGPYX�JPDLO�FRP

,QWURGXFWLRQ

,Q� WKH� FXUUHQW� VFHQDULR� RI� LQFUHDVLQJ� WKH� SULFH�
RI� V�QWKHWLF� IHUWLOL]HUV� DQG� WKH� ZLGHQLQJ� JDS�
EHWZHHQ�WKH�VXSSO��DQG�GHPDQG�RI�WKHVH�QXWULHQWV��
WKH� XWLOL]DWLRQ� RI� SKRVSKDWH� VROXELOL]DWLRQ� RU�
mobilization�and�biological�nitrogen��xation�offers�
D� UHPDUNDEOH� RSSRUWXQLW�� WR� XVH� ORZ�FRVW� DQG�
HQYLURQPHQWDOO�� IULHQGO�� QXWULHQWV� VXSSOHPHQW�
WR� FURSV�� 3KRVSKRURXV� �3�� LV� WKH� PDLQ� QXWULHQW�
UHTXLUHG� IRU� WKH� SURGXFWLYLW�� DQG� JURZWK� RI�
SODQWV��ZKLFK�LV�FRPPRQO��DSSOLHG�WR�FURSV�LQ�WKH�
IRUP�RI�VLQJOH�VXSHU�SKRVSKDWH��663���WULSOH�VXSHU�
SKRVSKDWH� �763��� PRQRDPPRQLXP� SKRVSKDWH�
�0$3��� DQG�GLDPPRQLXP�SKRVSKDWH� IHUWLOL]HUV� LQ�
RUGHU� WR� VXSSO�� SKRVSKRURXV� WR� WKH� VRLO� �$]]L]HW�
DO����������2Q�DYHUDJH���������Z�Z��RI�3�LV�SUHVHQW�
LQ�WKH�VRLO��RXW�RI�ZKLFK������LV�WUDQVIHU�RU�DFFHVVLEOH�

WR�WKH�SODQWV�=KX�HW�DO����������7KH�LQRUJDQLF�IRUP�RI�
SKRVSKDWHV��3L�� LV�DYDLODEOH� LQ� ODUJH�FRQFHQWUDWLRQ�
L�H���������LQ�WKH�VRLO��,QRUJDQLF�SKRVSKDWH�LV�SUHVHQW�
LQ����—0�RI�FRQFHQWUDWLRQ�LQ�VRLO�ZKLFK�LV�PXFK�OHVV�
WKDQ�WKH�FRQFHQWUDWLRQ�RI�3L�LQ�SODQW�WLVVXHV�L�H�������
—0��+DUULVRQ�������� 6KHQ�HW�DO��� �������'XH� WR� WKH�
SRRU�PRELOLW��DQG�ORZ�FRQFHQWUDWLRQ�RI�3�DYDLODEOH�
WR� WKH� SODQW�� WKH� DSSOLFDWLRQ� RI� PDQXUH� DQG�
FKHPLFDO�3�IHUWLOL]HU�KDYH�LPSURYHG�WKH�IHUWLOLW��RI�
VRLO�ZKLFK�KDYH�UDLVHG�WKH�FURS�IURP�SDVW�GHFDGHV�
EXW� GDPDJHG� WKH� HQYLURQPHQW� E�� GLVWXUELQJ� WKH�
SKRVSKRURXV�F�FOLQJ��0LWUD�HW�DO���������

��RVS�R��VD�G�SOD�W�V�VWHP

3ODQW�DUFKLWHFWXUH�LV�D�FRPSOH[�FKDUDFWHULVWLF�DQG�D�
signi�cant�in�uence�on�crop�yield.�The�plant�yield�
LV� RIWHQ� GHWHUPLQHG� E�� D� WLOOHU� QXPEHU�� KHLJKW��
DQG�WLOOHU�DQJOH�DV�WKH�PRVW�LPSRUWDQW�DJULFXOWXUDO�
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FKDUDFWHULVWLF� �6PLWK� DQG� 6PLWK�� ������ :DQJ� HW�
DO��� ������� 3KRVSKRURXV� LV� QHHGHG� IRU� WKH� JURZWK�
RI�SODQW� DQG�FRQVWLWXWH�DERXW������RI�GU��ZHLJKW��
but�it�is�the�most�dif�cult�nutrient�to�acquire.�Plant�
FRORQL]HG� WKH� WHUUHVWLDO� HQYLURQPHQW� WKURXJK� WKH�
GHYHORSPHQW�RI�PXOWLSOH�RUJDQV�WKDW�FDQ�DEVRUE�WKH�
ZDWHU� DQG� QXWULHQWV� QHHGHG� IRU� WKH� GHYHORSPHQW�
DQG� JURZWK�� 7KH� URRW� RUJDQ� LV� WKH� PDMRU� RUJDQ�
WKURXJK�ZKLFK�SODQW�FDQ�DEVRUE�ZDWHU�DQG�QXWULHQWV�
IURP�WKH�VRLO��+XDQJ�HW�DO���������

��E�VF�OD��P�FR���L�DO�I���L�D�G�VRLO�S�RVS�R��V�

$VVRFLDWLQJ� DQG� LQFRUSRUDWLQJ� DUEXVFXODU�
P�FRUUKL]DO� IXQJL� �$0)�� RU� $0)�EDVHG�
IRUPXODWLRQV�LV�DQRWKHU�DSSURDFK�WR�FXOWLYDWLRQ�WKDW�
KDV�SOD�HG�D�PDMRU�UROH�LQ�VXVWDLQDEOH�DJULFXOWXUH�IRU�
D� IHZ� GHFDGHV���ORP�V�� )����OL�R�PLV�� �KL�RSKDJ�V��
�LJDVSR�D�� &OD�RLG�RJORP�V�� 6FO��RF�V�LV� D�G�
�FD�ORVSR�D� WR� EH� WKH� SUHGRPLQDQW� $0)� VSHFLHV�
LQ� VRLO� �0LWUD� HW� DO��� ������:DQJ� HW� DO��� ������� 7KH�
V�PELRWLF� DVVRFLDWLRQ� EHWZHHQ� IXQJXV� DQG� SODQW�
UDLVH�WKH�DELOLW��RI�WKH�SODQW�WR�DFFHVV�3��LQ�H[FKDQJH�
WKH� IXQJXV� JHWV� FDUERK�GUDWHV�� DQG� RWKHU� IURP�
WKH� KRVW� SODQW�� 7ZR� SDWKZD�V� DUH� H[LVWLQJ� LQ� WKH�
XSWDNH� RI� 3� LQ� WKH� DVVRFLDWLRQ� RI� $0)�� WKH� $0�
IXQJDO� SDWKZD�� DQG� WKH� GLUHFW� SDWKZD�� �6PLWK�
DQG�6PLWK���������%��WKH�KHOS�RI�$0�SDWKZD���WKH�
YROXPH� RI� VRLO� IURP� ZKLFK� 3� FDQ� EH� DFFHVVHG� LV�
UDLVHG��$GGLWLRQDOO���WKH�IXQJDO�K�SKDH�FDQ�DFFHVV�
WKH�SRRO�RI�3�WKDW�DUH�QRW�DFFHVVLEOH�WR�WKH�URRWV�RI�
SODQW��8QGHUVWDQGLQJ� WKH� JHQHWLF� DQG�SK�VLRORJLF�

FRQWUROV� RI� WKH� SODQW�$0)� LQWHUDFWLRQ� PD�� DOORZ�
URRW�LQIHFWLRQ�WR�RFFXU�DW�WKH�ODUJH�FRQFHQWUDWLRQ�RI�
3��ZKLFK�PD��LPSURYH�WKH�XSWDNH�RI�3�RYHU�D�EURDG�
UDQJH�RI�VRLO�3�FRQFHQWUDWLRQ� WKDW�SUHVHQW�UHFHQWO��
�0LWUD�HW�DO���������6PLWK�DQG�6PLWK�������)LJ�����

,�WH��H�WLR�� RI� �0)�� S�RVS�R��V� �SWDNH� D�G�
EH�HILWV

7KH�LQWHUDFWLRQ�RI�$0)�ZLWK�WKH�URRWV�RI�SODQW�FDQ�
EH� WUHDWHG� DV� D� SRVLWLYH� ZD�� IRU� WKH� VXVWDLQDEOH�
SURGXFWLRQ�RI�FURSV��([DPSOH��WKH�FXOWLYDWLRQ�RI�ULFH�
XQGHU�DHURELF�FRQGLWLRQ�QRW�RQO��VDYH�WKH�XVDJH�RI�
ZDWHU� EXW� DOVR� RSHQV�XS� D� VFRSH� IRU� WKH� HIIHFWLYH�
usage� of� bene�cial� root� symbionts� in� the� rice�
XQOLNH� WKH� FRQYHQWLRQDO� FXOWLYDWLRQ� RI� ULFH�ZKHUH�
ZDWHU� ORJJHG� FRQGLWLRQ� DFW� DV� OLPLWDWLRQ� IRU� WKH�
proliferation� of� bene�cial� microorganism� such� as�
$0)�DQG�$0)�DVVRFLDWHG�EDFWHULD�3DQQHHUVHOYDP�
HW� DO��� ������ 0LWUD� HW� DO��� ������� 5HVHDUFK� KDV�
GHWHUPLQHG� WKH� SURGXFWLRQ� RI� FURSV� LQ� WKH�
YDULDEOH� HFRORJ�� LV� VHYHUHO�� DIIHFWHG� GXH� WR� WKH�
ORZ�DFTXLVLWLRQ� RI� 3� DQG� FKHPLFDO� IHUWLOL]HUV�� 7KH�
$0)� V�PELRWLF� DVVRFLDWLRQ�PDMRUO�� UHFRJQL]HG� WR�
LPSURYH� WKH� JURZWK� RI� SODQW� XQGHU� FKDOOHQJLQJ�
FRQGLWLRQV�OLNH�3�ODFNLQJ�FRQGLWLRQV��+XDQJ�HW�DO���
�������

&URSV�DVVRFLDWHG�ZLWK�$0)�FDQ�JURZ�ZHOO�XQGHU�
YDULDEOH� VWUHVVIXO� FLUFXPVWDQFHV� VXFK� DV� VDOLQLW���
drought,� and� nutrient� de�ciency.� Regarding� the�
XSWDNH� RI� 3� IURP� WKH� VRLO�� H[WUD� UDGLFDO� P�FHOLD�

3�XSWDNH�IDVWHU�WKDQ�VRLO�
UHSODFHPHQW

7KH�DUHD�QHDU�WKH�URRW�ZLOO�
EH�GHSOHWHG�RI�3

7KHUH�ZLOO�EH�OLPLWHG�3
XSWDNH

�

�

�

3�GHSOHWHG�DUHD

5DSLG�XSWDNH�RI�3�DQG�LWV
WUDQVIHU�WR�WKH�SODQW�E��

IXQJDO�K�SKDH

)LJ�����3DWKZD��RI�QXWULHQW�PRELOL]DWLRQ�WR�SODQW�E��$0)�LQWHUDFWLRQ�
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FDQ� DOVR� LPSURYH� WKH�SHUIRUPDQFH�� QXWULWLRQ�� DQG�
JURZWK�E��UDLVLQJ�WKH�VXUIDFH�DUHD�RI�URRW�QXWULHQW�
XSWDNH� DQG� LPSURYLQJ� WKHLU� DEVRUSWLRQ� FDSDFLW���
,W� LV� UHSRUWHG� WKDW� WKH� FURS� SODQWV� ZLWK� PRUH�
FRORQL]DWLRQ�RI�$0)�DQG�VSRUXODWLRQ�VKRZV�EHWWHU�
ELRPDVV�� ZLGHU� FRQGXFWDQFH� RI� VWRPDWD�� JUHDWHU�
YROXPH�RI�36,,��JUHDWHU�3�DQG�1�QXWULHQW�XSWDNHV��
LQKLELWLRQ� RI� SDWKRJHQ�� LPSURYH� WKH� IHUWLOLW�� RI�
VRLO�� V�QHUJLVWLF� LQWHUDFWLRQ�� DOOHYLDWLRQ� RI� VWUHVV��
�LHOG�� DQG� ELRUHPHGLDWLRQ� �0LWUD� HW� DO��� ������
3DQQHHUVHOYDP�HW�DO���������%HJXP�HW�DO����������6R��
AMF� application� has� appeared� to� be� a� bene�cial�
DQG�XVHIXO�RSWLRQ�WR�DGGUHVV�WKLV�OLPLWDWLRQ��

�FNQR�OHGJHPHQWV�

7KH� DXWKRUV� DUH� WKDQNIXO� WR� 5DLJDQM� 8QLYHUVLW���
5DLJDQM��,QGLD��8QLYHUVLW��RI�7DEUL]��7DEUL]��,UDQ�DQG�
,&$5���1DWLRQDO�5LFH�5HVHDUFK� ,QVWLWXWH��&XWWDFN��
,QGLD��'��0LWUD�LV�JUDWHIXO�WR�*RYHUQPHQW�RI�:HVW�
%HQJDO�� ,QGLD� IRU�6ZDPL�9LYHNDQDQGD�0HULW�&XP�
0HDQV�3K�'��6FKRODUVKLS�

�RPSHWL���L�WH�HVWV

7KH� DXWKRUV� GHFODUH� WKDW� WKH��KDYH�QR�FRPSHWLQJ�
LQWHUHVWV�
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$EXQGDQFH�� GLYHUVLW�� DQG� SURVSHFWLQJ� RI�
FXOWXUDEOH� SKRVSKDWH� VROXELOL]LQJ� EDFWHULD�
RQ� VRLOV� XQGHU� FURS�SDVWXUH� URWDWLRQV� LQ� D�
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=KDQJ�� -��� ������ ,VRODWLRQ� DQG� FKDUDFWHUL]DWLRQ�
RI� SKRVSKRIXQJL�� DQG�VFUHHQLQJ�RI� WKHLU�SODQW�
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,VRODWLRQ� DQG� FKDUDFWHUL]DWLRQ� RI� D� SKRVSKDWH�
VROXELOL]LQJ� KDORSKLOLF� EDFWHULXP� .XVKQHULD�
VS�� <&:$��� IURP� 'DTLDR� 6DOWHUQ� RQ� WKH�
FRDVW� RI� <HOORZ� 6HD� RI� &KLQD�� (YLGHQFH�%DVHG�
&RPSOHPHQWDU��DQG�$OWHUQDWLYH�0HGLFLQH�������


