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$EVWUDFW 

7KLV�SDSHU�DVVHVVHV�JHQGHU�GLIIHUHQFHV�LQ�DJULFXOWXUDO�DFWLYLWLHV�WKDW�KDYH�D�SRWHQWLDO�HIIHFW�RQ�
N²2�HPLVVLRQV�IURP�DJULFXOWXUDO�VRLOV�LQ�WKH�$QVLNKROD�ZDWHUVKHG�RI�WKH�PLG�KLOO�UHJLRQ�RI�1HSDO��
0XOWLSOH�PHWKRGV�ZHUH�XVHG�WR�FROOHFW�GDWD��LQFOXGLQJ�D�TXHVWLRQQDLUH�VXUYH\������KRXVHKROGV���
VL[�IRFXV�JURXS�GLVFXVVLRQV��¿YH�NH\�LQIRUPDQW�LQWHUYLHZV�DQG�¿HOG�JDV�ÀX[�PHDVXUHPHQWV�RYHU�
D�\HDU��5HVXOWV�LQGLFDWH�WKDW�ZRPHQ�DUH�LQYROYHG�LQ�IDUP\DUG�PDQXUH��)<0��FROOHFWLRQ��WUDQVSRUW�
DQG�DSSOLFDWLRQ��'HFLVLRQV�UHJDUGLQJ�ZKLFK�FURSV�WR�SODQW�DQG�DERXW�SXUFKDVHV�RI�FKHPLFDO�
IHUWLOL]HUV�KDYH�FKDQJHG�RYHU�WKH�ODVW����\HDUV��ZLWK�ZRPHQ�QRZ�EHLQJ�PRUH�LQFOXGHG�LQ�VXFK�
GHFLVLRQV��DOWKRXJK�WKLV�LV�KDSSHQLQJ�PRUH�DPRQJ�KLJKHU�DQG�PLGGOH�FDVWH�JURXSV�WKDQ�LQ�WKH�
ORZHU�FDVWHV��,QYROYHPHQW�RI�ZRPHQ�LQ�FRPPXQLW\�EDVHG�DJULFXOWXUH�UHODWHG�LQVWLWXWLRQV�KDV�
DOVR�LQFUHDVHG��UHJDUGOHVV�RI�FDVWH��)LHOG�ÀX[�PHDVXUHPHQWV�VKRZ�YDULDWLRQ�LQ�1²O emissions 
GHSHQGLQJ�RQ�WKH�W\SH�RI�ODQG�XVH��H�J��Khet�YHUVXV�Bari���FURSSLQJ�V\VWHP��WUDGLWLRQDO�YHUVXV�
LQWHQVL¿HG��DQG�DFURVV�VHDVRQV��H�J��KLJKHU�GXULQJ�WKH�UDLQ\�VHDVRQ���7KH�UHVXOWV�VKRZ�WKDW�
LQFUHDVHG�IHUWLOL]HU�DSSOLFDWLRQ�RYHU����\HDUV�KDV�UHVXOWHG�LQ�D�KLJKHU�LQWULQVLF�SURSHQVLW\�RI�WKH�
soils to emit N²2��7KHUHIRUH�WKH�RQJRLQJ�LQWHQVL¿FDWLRQ�RI�DJULFXOWXUH�LQ�6RXWK�$VLD�PD\�UHVXOW�LQ�
increasing N²O emissions. 

Keywords
.H\ZRUGV��JHQGHU��1HSDO��DJULFXOWXUDO�LQWHQVL¿FDWLRQ��PLWLJDWLRQ��PDQXUH��IHUWLOL]HU��1²O 
emissions.
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,QWURGXFWLRQ
,Q�1HSDO��WKH�PDMRULW\�RI�KRXVHKROGV�RZQ�OHVV�WKDQ�����KD��$YHUDJH�KRXVHKROG�IDUP�VL]H�KDV�
GHFUHDVHG�RYHU�WKH�ODVW�IHZ�GHFDGHV��PDLQO\�GXH�WR�WKH�WUDGLWLRQ�RI�SDWHUQDO�SURSHUW\�VXEGLYLVLRQ�
DPRQJ�KRXVHKROG�KHLUV��DV�ZHOO�DV�D�JUDGXDOO\�JURZLQJ�SRSXODWLRQ��&,3��������7KDSD�	�1LURXOD��
�������6XFK�D�WUHQG�KDV�VHULRXVO\�WKUHDWHQHG�WKH�OLYHOLKRRGV�DQG�IRRG�VHFXULW\�RI�WKRVH�ZKR�GHSHQG�
RQ�DJULFXOWXUH��7KDSD�	�1LURXOD���������7KH�VLWXDWLRQ�LV�HYHQ�ZRUVH�LQ�WKH�PLG�KLOOV�UHJLRQ��ZKHUH�
ODQGKROGLQJV�RI�IDUPHUV�DUH�DOUHDG\�VPDOO�DQG�WKH�RSSRUWXQLWLHV�IRU�WKHP�WR�KDYH�RWKHU�VRXUFHV�
RI�LQFRPH�IURP�QRQ�DJULFXOWXUDO�DFWLYLWLHV�DUH�OLPLWHG��7KHUHIRUH��D�PDMRULW\�RI�WKH�1HSDOHVH�KLOO�
IDUPHUV�OLYLQJ�QHDU�XUEDQ�FHQWUHV�KDYH�EHHQ�LQWHQVLI\LQJ�WKHLU�FURSSLQJ�V\VWHPV�E\�LQFUHDVLQJ�IURP�
WZR�WR�WKUHH�FURSV�SHU�VHDVRQ��'DKDO�HW�DO����������7KLV�KDV�LQYROYHG�DQ�LQFUHDVHG�XVH�RI�FKHPLFDO�
IHUWLOL]HUV�DQG�SHVWLFLGHV��DQG�QHZ�SURGXFWLRQ�RI�RII�VHDVRQ�YHJHWDEOHV�DQG�IRRG�FURSV��

$OWKRXJK�UXUDO�ZRPHQ�DQG�PHQ�SOD\�FRPSOHPHQWDU\�UROHV�LQ�JXDUDQWHHLQJ�IRRG�VHFXULW\��ZRPHQ�
WHQG�WR�SOD\�D�JUHDWHU�UROH�LQ�QDWXUDO�UHVRXUFH�PDQDJHPHQW�DQG�HQVXULQJ�QXWULWLRQ��)$2���������
:RPHQ�LQ�1HSDO�OLYH�LQ�D�VRFLHW\�ZLWK�FXOWXUDO�QRUPV�WKDW�IDYRXU�PHQ��:RPHQ�KDYH�ORZHU�OLWHUDF\�
UDWHV��OHVV�DFFHVV�WR�SROLWLFDO�SRZHU��DQG�DV�WKH�SULPDU\�FROOHFWRUV�RI�IRRG��ZDWHU�DQG�IXHO�ZRRG��
DUH�LQ�D�PRUH�YXOQHUDEOH�SRVLWLRQ�WKDQ�PHQ�WR�HFRQRPLF��VRFLDO�DQG�HQYLURQPHQWDO�FKDQJHV��
LQFOXGLQJ�D�FKDQJLQJ�FOLPDWH��7KXV�LW�LV�LPSHUDWLYH�WKDW�JHQGHU�SROLFLHV�EH�LQWHJUDWHG�LQWR�WKH�
RI¿FLDO�GLVFRXUVH�VXUURXQGLQJ�FOLPDWH�SROLF\�

1HSDO�DOUHDG\�KDV�D�FRQVLGHUDEOH�VWDNH�LQ�LQWHUQDWLRQDO�DFFRUGV�UHODWHG�WR�FOLPDWH�FKDQJH��,W�
KDV�UDWL¿HG�WKH�5LR�FRQYHQWLRQV�DQG�SUHSDUHG�WKH�QDWLRQDO�FRPPXQLFDWLRQ�VWUDWHJ\�IRU�WKH�
81)&&&��8QLWHG�1DWLRQV�)UDPHZRUN�&RQYHQWLRQ�RQ�&OLPDWH�&KDQJH���,W�LV�DOVR�D�SDUW\�WR�WKH�
.\RWR�3URWRFRO��+RZHYHU�1HSDO¶V�RZQ�SROLF\�GRFXPHQWV�PDNH�OLWWOH�PHQWLRQ�RI�FOLPDWH�FKDQJH��
7KHUH�KDV�EHHQ�OLWWOH�RU�QR�UHVHDUFK�WKDW�DWWHPSWV�WR�PHDVXUH�JUHHQKRXVH�JDV�HPLVVLRQV�IURP�DQ�
DJULFXOWXUDO�VHFWRU�WKDW�KDV�EHHQ�XQGHUJRLQJ�ZLGHVSUHDG�LQWHQVL¿FDWLRQ��,W�LV�LPSRUWDQW�WKDW�WKLV�LV�
LQYHVWLJDWHG��DV�D�VWXG\�RI�JUHHQKRXVH�JDV�ÀX[HV�XQGHU�FRQGLWLRQV�RI�DJULFXOWXUDO�LQWHQVL¿FDWLRQ�
ZLOO�OHDG�WR�D�EHWWHU�XQGHUVWDQGLQJ�RI�WKH�LPSOLFDWLRQV�RI�GLIIHUHQW�DJULFXOWXUDO�SUDFWLFHV�IRU�
SRWHQWLDO�DFWLRQV�WKDW�FDQ�KHOS�PLWLJDWH�LPSDFWV�RI�FOLPDWH�FKDQJH��

7KH�REMHFWLYHV�RI�WKH�VWXG\�ZHUH�����WR�H[DPLQH�JHQGHU�GLIIHUHQFHV�LQ�DJULFXOWXUDO�DFWLYLWLHV�WKDW�
KDYH�D�SRWHQWLDO�HIIHFW�RQ�1²2�HPLVVLRQV�LQ�WKH�PLG�KLOOV�RI�1HSDO��DQG����WR�GHWHUPLQH�WKH�OHYHOV�
RI�1²2�HPLVVLRQV�IURP�GLIIHUHQW�FURSV�JURZQ�XQGHU�YDULRXV�FRQGLWLRQV�LQ�LQWHQVLYHO\�FXOWLYDWHG�
V\VWHPV��)RU�REMHFWLYH�RQH��WKH�UHVHDUFK�TXHVWLRQ�ZDV��³:KDW�DUH�WKH�JHQGHU�GLIIHUHQFHV�LQ�
DJULFXOWXUDO�UHODWHG�DFWLYLWLHV��FKRLFHV�RI�FURSV��LQSXWV��WUDLQLQJV�DQG�JURXSV�"´�)RU�REMHFWLYH�
WZR��WKH�WDUJHWHG�UHVHDUFK�TXHVWLRQ�ZDV��³:KDW�LV�WKH�OHYHO�RI�1²2�HPLVVLRQV�XQGHU�GLIIHUHQW�
PDQDJHPHQW�SUDFWLFHV�DQG�ODQG�XVHV"´�%RWK�TXDQWLWDWLYH�DQG�TXDOLWDWLYH�PHWKRGV�ZHUH�XVHG�WR�
DGGUHVV�WKHVH�TXHVWLRQV�
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%DFNJURXQG�
*HQGHU�UHIHUV�WR�TXDOLWLHV�RU�FKDUDFWHULVWLFV�WKDW�VRFLHW\�DVFULEHV�WR�HDFK�VH[�E\�ZKLFK�ZRPHQ�
DQG�PHQ�DUH�LGHQWL¿HG��-DJHUVNRJ�	�&ODXVHQ������������$OWKRXJK�UXUDO�ZRPHQ�DQG�PHQ�
SOD\�FRPSOHPHQWDU\�UROHV�LQ�JXDUDQWHHLQJ�IRRG�VHFXULW\��ZRPHQ�WHQG�WR�SOD\�D�JUHDWHU�UROH�
in maintaining the household, ensuring nutrition and natural resource management. The 
FRPPHUFLDOL]DWLRQ�RI�DJULFXOWXUH�LQ�GHYHORSLQJ�FRXQWULHV�KDV�OHG�WR�SURGXFWLRQ�DQG�FRQVXPSWLRQ�
FKDQJHV�IRU�PHQ�DQG�ZRPHQ��5HVHDUFKHUV�KDYH�VWXGLHG�JHQGHU�EDVHG�DJULFXOWXUDO�GLYLVLRQ�RI�
ODERXU�DQG�LWV�LPSOLFDWLRQV�LQ�PDQ\�GHYHORSLQJ�FRXQWULHV��%XYLQLY�	�0HKUD���������7KH\�¿QG�
WKDW�ZRPHQ¶V�ZRUN�LQ�UXUDO�DUHDV�LV�VWUHQXRXV�DQG�WLPH�FRQVXPLQJ��%HVLGHV�PDQ\�IDUP�DFWLYLWLHV��
ZRPHQ�DUH�DOVR�UHVSRQVLEOH�IRU�KRXVHKROG�FKRUHV��,Q�$VLD��EHWZHHQ����DQG����SHU�FHQW�RI�WKH�
ZRUN�LQ�ULFH�¿HOGV�LV�GRQH�E\�ZRPHQ��)$2���������$QG�DIWHU�KDUYHVW��UXUDO�ZRPHQ�DUH�DOPRVW�
HQWLUHO\�UHVSRQVLEOH�IRU�VWRUDJH��KDQGOLQJ��VWRFNLQJ�DQG�SURFHVVLQJ��8QGHUVWDQGLQJ�WKH�ORFDO�JHQGHU�
GLYLVLRQ�RI�UHVSRQVLELOLWLHV��ZRUN�DQG�NQRZOHGJH�LV�NH\�ZKHUH�LPSURYHPHQWV�LQ�QDWXUDO�UHVRXUFH�
PDQDJHPHQW�DQG�ZHOO�EHLQJ�DUH�VRXJKW��0HLQ]HQ�'LFN�HW�DO���������

$JULFXOWXUH��WKH�PDLQVWD\�RI�1HSDOHVH�HFRQRP\�SURYLGHV�DERXW�RQH�WKLUG�RI�*'3��HPSOR\V�WZR�
WKLUGV�RI�WKH�FRXQWU\¶V�ODERXU�IRUFH��DQG�LV�FHQWUDO�WR�UXUDO�OLYHOLKRRGV��*DXFKDQ���������:LWK�D�
YLHZ�WR�ODXQFKLQJ�WKH�DJULFXOWXUDO�VHFWRU�SURJUDP�RI�1HSDO��WKH�$JULFXOWXUDO�3URVSHFWLYH�3ODQ�
ZDV�GHYHORSHG�LQ�������7KH�$JULFXOWXUH�3HUVSHFWLYH�3ODQ��$33��KDV�DOVR�SULRULWL]HG�DGGUHVVLQJ�
RI�JHQGHU�LVVXHV�DQG�UHFRJQL]HG�LW�DV�RQH�RI�WKH�LPSRUWDQW�LPSOHPHQWDWLRQ�VWUDWHJLHV��2QH�RI�WKH�
PDMRU�FRPSRQHQWV�RI�WKH�&RXQWU\�,QYHVWPHQW�3ODQ��&,3��LV�JHQGHU�LQFOXVLRQ��WKH�REMHFWLYH�RI�
ZKLFK�LV�WR�EULQJ�ZRPHQ�LQWR�WKH�PDLQVWUHDP�RI�DJULFXOWXUDO�JURZWK�WKURXJK�VNLOO�GHYHORSPHQW�
WUDLQLQJ��SDUWLFLSDWRU\�UHVHDUFK�DQG�SDUWLFLSDWRU\�GHYHORSPHQW�UHODWHG�DFWLYLWLHV��&,3���������
6SHFL¿FDOO\��WKH�&,3�DLPV�WR�LPSURYH�ZRPHQ¶V�DFFHVV�WR�SURGXFWLRQ�LQSXWV�DQG�FUHGLW��DQG�EULQJ�
WKHP�DFWLYHO\�LQWR�LQFRPH�JHQHUDWLRQ�DQG�PDUNHWLQJ�DFWLYLWLHV�

2QH�RI�WHQ�SULRULW\�DUHDV�PHQWLRQHG�LQ�WKH�(LJKWK�3ODQ�LV�DJULFXOWXUDO�LQWHQVL¿FDWLRQ�DQG�
GLYHUVL¿FDWLRQ��$VVRFLDWHG�ZLWK�WKH�(LJKWK�3ODQ�LV�WKH�JRYHUQPHQW¶V�SROLF\�RI�LQFRUSRUDWLQJ�
ZRPHQ�LQWR�WKH�HFRQRPLF�GHYHORSPHQW�RI�WKH�QDWLRQ��6WUDWHJLHV�WR�HQVXUH�ZRPHQ¶V�SDUWLFLSDWLRQ�LQ�
FRPPHUFLDO�DJULFXOWXUDO�DFWLYLWLHV�LQFOXGH�WKH�H[SDQVLRQ�RI�ZRPHQ¶V�DFFHVV�WR�IRUPDO�DQG�LQIRUPDO�
HGXFDWLRQ��LQFUHDVHG�DFFHVV�WR�FUHGLW��WHFKQRORJLFDO�NQRZOHGJH��PDUNHW�IDFLOLWLHV�DQG�HPSOR\PHQW�
RSSRUWXQLWLHV��

7KH�$33�KDV�D�VWUDWHJ\�IRU�KLOO�DQG�PRXQWDLQ�DUHDV�WKDW�LQFOXGHV�DSSURDFKHV�DLPHG�DW�LQFUHDVLQJ�
SURGXFWLRQ�RI�KLJK�YDOXH�FURSV�DQG�OLYHVWRFN�SURGXFWV��,W�UHFRJQL]HG�WKDW�D�VXEVLVWHQFH�EDVHG�
WUDGLWLRQDO�IDUPLQJ�V\VWHP��5DVXO�	�7KDSD��������KDV�EHHQ�XQDEOH�WR�VXSSRUW�D�JURZLQJ�
SRSXODWLRQ�DQG�WKHLU�VXEVLVWHQFH�QHHGV��DQG�WKXV�D�VKLIW�WRZDUGV�FURS�LQWHQVL¿FDWLRQ�ZDV�QHHGHG�
�3DXGHO�	�7KDSD��������%URZQ�	�.HQQHG\��������7LZDUL�HW�DO����������7KH�WUDGLWLRQDO�IDUPLQJ�
V\VWHP��FKDUDFWHUL]HG�E\�ORZ�IHUWLOL]HU�OHYHOV�DQG�RQH�RU�WZR�FURSV�SHU�\HDU��LV�UHSODFHG�E\�D�
V\VWHP�WKDW�XVHV�PRUH�IHUWLOL]HU�DQG�SURGXFHV�D�PLQLPXP�RI�WKUHH�FURSV�SHU�\HDU��)RU�SXUSRVHV�RI�
WKLV�DQDO\VLV��µLQWHQVL¿HG¶�DJULFXOWXUH�UHIHUV�WR�WKUHH�FURSV�EHLQJ�SODQWHG�SHU�\HDU�WKDW�XVHV�PRUH�
IHUWLOL]HU��,Q�UHFHQW�\HDUV��FDVK�FURSV�±�LQFOXGLQJ�YHJHWDEOHV��ZKLFK�GHPDQG�KLJK�GRVHV�RI�FKHPLFDO�
IHUWLOL]HUV�±�KDYH�JDLQHG�LPSRUWDQFH�LQ�PLG�KLOO�UHJLRQV��

7KH�HQYLURQPHQWDO�LPSOLFDWLRQV�RI�LQFUHDVHG�FKHPLFDO�IHUWLOL]HU�XVH�DUH�SRRUO\�DGGUHVVHG�LQ�
VFLHQWL¿F�DQG�SROLF\�DUHQDV�RI�1HSDO��7KHUH�LV�HYLGHQFH�WR�VXJJHVW��KRZHYHU��WKDW�RQH�RI�WKH�
FRQVHTXHQFHV�RI�VXFK�LQWHQVL¿FDWLRQ�LV�WKDW�WKH�VRLO�S+�LV�ORZHUHG��DQG�GHFUHDVHG�S+�OHDGV�WR�
GHQLWUL¿FDWLRQ�WKDW�OLEHUDWHV�PRUH�1²2�JDV�LQ�WKH�HQYLURQPHQW��*XR�HW�DO���������6LPHN�	�&RRSHU��
�������1²2��D�SRWHQW�JUHHQKRXVH�JDV��)RUVWHU�HW�DO����������LV�D�VWUDWRVSKHULF�R]RQH�GHSOHWLQJ�
VXEVWDQFH��5DYLVKDQNDUD�HW�DO���������DQG�KDV�����WLPHV�VWURQJHU�VSHFL¿F�JOREDO�ZDUPLQJ�SRWHQWLDO�
WKDQ�DQ�HTXDO�PDVV�RI�&2²��$JULFXOWXUDO�VRLOV�DFFRXQW�IRU�D�ODUJH�SURSRUWLRQ��������SHU�FHQW��RI�
the increase in N²2�HPLVVLRQV�WR�WKH�DWPRVSKHUH�ZLWK�WKH�LQFUHDVH�OLQNHG�WR�PHDVXUHG�1�IHUWLOL]HU�
XVH��%DUWRQ�HW�DO����������6RLO�PLFURELDO�DFWLYLW\�LV�WKH�PDMRU�VRXUFH�RI�DWPRVSKHULF�1²O (Barton 
HW�DO����������SULPDULO\�WKURXJK�GHQLWUL¿FDWLRQ��ZKLFK�UHIHUV�WR�WKH�UHGXFWLRQ�RI�QLWUDWH�RU�QLWULWH�
WR�JDVHRXV�SURGXFWV��WKDW�LV��12��1²O and N²��7KLV�VWXG\�FRQWULEXWHV�WR�D�EHWWHU�XQGHUVWDQGLQJ�RI�
WKH�HQYLURQPHQWDO�FRQVHTXHQFHV�RI�KLJKO\�LQWHQVLYH�FURSSLQJ�V\VWHPV�DQG�DFWLYLWLHV�E\�PHDVXULQJ�
N²2�HPLVVLRQV�IURP�DJULFXOWXUDO�VRLOV�XQGHU�GLIIHUHQW�FRQGLWLRQV�DQG�FURSSLQJ�VHDVRQV�
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Methodology 
%RWK�TXDQWLWDWLYH�DQG�TXDOLWDWLYH�PHWKRGV�ZHUH�XVHG�DQG�DUH�GHVFULEHG�EHORZ��3UHOLPLQDU\�¿HOG�
YLVLWV�ZHUH�PDGH�LQ�RUGHU�WR�XQGHUVWDQG�¿HOG�FRQGLWLRQV�DQG�VHOHFW�H[SHULPHQWDO�SORWV�IRU�WKH�¿HOG�
ÀX[�PHDVXUHPHQW��*UHHQKRXVH�JDV��1²2��HPLVVLRQV�IURP�WKH�VRLO�ZHUH�DQDO\]HG�LQ�WKH�ODERUDWRU\��
+RXVHKROG�OHYHO�VXUYH\V��JURXS�GLVFXVVLRQV�DQG�NH\�LQIRUPDQW�LQWHUYLHZV�ZHUH�FRQGXFWHG�

Study area 

7KH�VWXG\�DUHD�FRPSULVHV�WKH�$QVLNKROD�VXE�ZDWHUVKHG��ORFDWHG�LQ�.DYUH�GLVWULFW�RI�1HSDO��)LJXUH�
����7KH�VXE�ZDWHUVKHG�OLHV�EHWZHHQ�ODWLWXGHV�1������¶�DQG������¶��DQG�ORQJLWXGHV�(������¶�DQG�
�����¶��´�DQG�H[WHQGV�RYHU�DQ�DUHD�RI����VTXDUH�NP��7KH�HOHYDWLRQ�RI�WKH�ZDWHUVKHG�UDQJHV�IURP�
����P�DW�WKH�ERWWRP�WR������P�RQ�WKH�KLOO�VORSHV��7KH�FOLPDWH�LV�ZDUP�VXE�WURSLFDO�ZLWK�DQQXDO�
UDLQIDOO�RI������PP��

7KH�DQQXDO�PD[LPXP�DQG�PLQLPXP�WHPSHUDWXUHV�LQ�WKH�DUHD�DUH����&�DQG����&�UHVSHFWLYHO\��ZLWK�
DQ�DQQXDO�UHODWLYH�KXPLGLW\�RI����SHU�FHQW��'DKDO�HW�DO����������7KH�FXOWLYDWHG�DUHDV�FRQVLVW�RI�
Bari and Khet land. Bari ODQGV�DUH�RI�WZR�W\SHV�����Gharbari �ODQG�DURXQG�WKH�KRPHVWHDG��DQG����
Pakhobari��OHVV�SURGXFWLYH�VHSDUDWH�SORWV��XVXDOO\�DZD\�IURP�WKH�KRPHVWHDG���Khet lands are also 
RI�WZR�W\SHV�����Galkhet��OHYHOOHG�WHUUDFHV�ZLWK�LUULJDWLRQ��DQG����Tarkhet��OHYHOOHG�WHUUDFHV�WKDW�DUH�
QRW�LUULJDWHG�DQG�VR�GHSHQG�RQ�PRQVRRQ�UDLQ���

7KH�UHDVRQV�IRU�FKRRVLQJ�WKH�$QVLNKROD�ZDWHUVKHG�IRU�WKLV�VWXG\�ZHUH�����LW�LV�UHSUHVHQWDWLYH�
RI�PLG�KLOO�ZDWHUVKHGV�ORFDWHG�LQ�UHODWLYHO\�FORVH�SUR[LPLW\�WR�XUEDQ�FHQWUHV��EHFDXVH�RI�WKHVH�
H[SDQGLQJ�XUEDQ�PDUNHWV��IDUPHUV�KDYH�EHHQ�LQWHQVLI\LQJ�WKHLU�FURSSLQJ�V\VWHPV��L�H���VKLIWLQJ�
WR�WKUHH�FURSV�SHU�DQQXP�ZLWK�KLJK�IHUWLOL]HU�LQSXWV��LQ�UHFHQW�\HDUV�����WKH�VLWH�UHSUHVHQWV�D�
KHWHURJHQHRXV�VRFLR�HFRQRPLF�VLWXDWLRQ�DQG�GLIIHUHQW�FDVWH�JURXSV�LQYROYHG�LQ�DJULFXOWXUH�����
UHVHDUFK�LQWR�WKH�LPSOLFDWLRQV�RI�DJULFXOWXUDO�LQWHQVL¿FDWLRQ�RQ�VRLOV��ZDWHU�DQG�SHVWLFLGHV�KDV�EHHQ�
FDUULHG�RXW�LQ�WKH�VDPH�ZDWHUVKHG��ZKLFK�KHOSHG�LQ�EXLOGLQJ�WUXVW�DQG�UHODWLRQVKLSV�IRU�WKLV�ZRUN��
7KH�ZDWHUVKHG�DUHD�KDV�IRXU�YLOODJH�GHYHORSPHQW�FRPPLWWHHV��9'&V��PDGH�XS�RI�D�WRWDO�RI����
ZDUGV��WKH�VXE�XQLW�RI�D�9'&���HQFRPSDVVLQJ�D�WRWDO�RI������KRXVHKROGV��

)LJXUH����/RFDWLRQ�RI�WKH�VWXG\�DUHD��$QVLNKROD�ZDWHUVKHG��

Kathmandu

Kavre
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7DEOH����0DMRU�FURSSLQJ�SDWWHUQV�LQ�WKH�$QVLNKROD�ZDWHUVKHG��5DXW�HW�DO�������D�

�ƵůƟǀĂƚĞĚ�ůĂŶĚ�ƚǇƉĞƐ �ƌŽƉƉŝŶŐ�ƉĂƩĞƌŶ�;ϯ�ĐƌŽƉƐͿ �ƌŽƉƉŝŶŐ�ƉĂƩĞƌŶ�;Ϯ�ĐƌŽƉƐͿ

Khet Rice-potato-rice Rice-rice

Rice-potato-maize/Rice-maize-rice Rice-maize

Rice-potato-maize Rice-maize

Rice-potato-vegetables

Rice-potato-tomato

Bari Vegetable-maize-potato/Maize-
mustard-potato

Maize-potato

Chilly-vegetable-potato Maize-millet

Maize-millet/Maize-wheat

'DWD�FROOHFWLRQ�PHWKRGV

'DWD�FROOHFWLRQ�ZDV�FRQGXFWHG�WKURXJK�KRXVHKROG�VXUYH\V��IRFXV�JURXS�GLVFXVVLRQV��)*'V���
NH\�LQIRUPDQW�LQWHUYLHZV�DQG�GLUHFW�REVHUYDWLRQ��7KH�VXUYH\�ZDV�FRQGXFWHG�LQ�����KRXVHKROGV��
7KHVH�KRXVHKROGV�ZHUH�WKH�VDPH�RQHV�WKDW�KDG�EHHQ�VHOHFWHG�IRU�WKH�VXUYH\�LQ������XVLQJ�D�
UDQGRP�VDPSOLQJ�SURFHGXUH��5DXW�HW�DO���������WR�FROOHFW�LQIRUPDWLRQ�RQ�WKH�WUHQGV�RI�DJULFXOWXUDO�
LQWHQVL¿FDWLRQ�VXFK�DV�VWDWXV�RI�ODQGKROGLQJV��WUHQGV�RI�IHUWLOL]HU�XVH��FURSSLQJ�SDWWHUQV��LUULJDWLRQ�
IDFLOLWLHV��ODERXU�LQYHVWPHQW�SULRULWLHV��OLYHVWRFN�KROGLQJV��DQG�WKH�VWDWXV�RI�LQVWLWXWLRQDO�VXSSRUW�
VHUYLFHV�LQ�DJULFXOWXUH��$�VWUXFWXUHG�TXHVWLRQQDLUH�WKDW�LQFOXGHG�ERWK�FORVHG�DQG�RSHQ�HQGHG�
TXHVWLRQV�ZDV�LPSOHPHQWHG��7KH�VXUYH\�ZDV�FRQGXFWHG�EHWZHHQ�0DUFK�DQG�$SULO�LQ������E\�WKUHH�
WUDLQHG�HQXPHUDWRUV��,Q�D�1HSDOHVH�FRQWH[W��WKH�KHDG�RI�WKH�KRXVHKROG�LV�XVXDOO\�WKH�GHFLVLRQ�
PDNHU��7KXV��WKH�KHDGV�RI�VHOHFWHG�KRXVHKROGV�ZHUH�LQWHUYLHZHG�XVLQJ�WKH�VWUXFWXUHG�TXHVWLRQQDLUH�
LQ�RUGHU�WR�REWDLQ�GHPRJUDSKLF�LQIRUPDWLRQ�DQG�LQIRUPDWLRQ�RQ�LQYROYHPHQW�RI�ODERXU�RQ�IHUWLOL]HU�
DQG�SHVWLFLGH�DSSOLFDWLRQ��

6HSDUDWH�IRFXV�JURXS�GLVFXVVLRQV��)*'V��ZHUH�FRQGXFWHG�ZLWK�GLIIHUHQW�FDVWH�JURXSV��(DFK�
JURXS�FRQVLVWHG�RI�VHYHQ�WR�WHQ�SHRSOH��$FFRUGLQJ�WR�WKH�1HSDOHVH�OHJDO�FRGH�RI�������'DKDO�
HW�DO����������WKH�FDVWHV�LQ�WKH�ZDWHUVKHG�LQFOXGH�D�KLJK�FDVWH�PDGH�XS�RI�%UDKPLQ�DQG�&KKHWUL�
JURXSV��D�PLGGOH�FDVWH�WKDW�LQFOXGHV�*XUXQJ��7DPDQJ��5DL�DQG�1HZDUV��DQG�D�ORZ�FDVWH�JURXS�WKDW�
LQFOXGHV�'DPDL��WDLORUV�DQG�GUXPPHUV���.DPL��EODFNVPLWK��DQG�6DUNL��OHDWKHU�ZRUNHUV���7KH�OLVW�
RI�KRXVHKROGV�LQ�WKH�ZDWHUVKHG�ZDV�¿UVW�GLYLGHG�LQWR�WKUHH�JURXSV�EDVHG�RQ�WKH�FDVWHV��)RU�HDFK�
JURXS��UDQGRP�VDPSOLQJ�ZDV�XVHG�WR�VHOHFW�SDUWLFLSDQWV�IRU�WKH�)*'��,Q�HDFK�FDVWH�JURXS��RQH�
)*'�IRU�ZRPHQ�DQG�RQH�)*'�IRU�PHQ�ZHUH�FRQGXFWHG��7KH�)*'�ZDV�FRQGXFWHG�VHSDUDWHO\�IRU�
PHQ�DQG�ZRPHQ�VLQFH�VRPH�RI�WKH�ZRPHQ�KDG�PHQWLRQHG�WKDW�WKH\�FRXOG�RQO\�HQJDJH�LQ�RSHQ�
GLVFXVVLRQV�LQ�WKH�DEVHQFH�RI�PHQ��$�WRWDO�RI�VL[�)*'V�ZHUH�FRQGXFWHG��WKUHH�ZLWK�HDFK�JHQGHU��
7KH�VL]H�RI�WKH�JURXSV�ZDV�EHWZHHQ���DQG����UHVSRQGHQWV��7KH�SXUSRVH�RI�JDWKHULQJ�ZDV�H[SODLQHG�
EULHÀ\��DQG�D�VHPL�VWUXFWXUHG�GLVFXVVLRQ�ODVWLQJ�WZR�WR�WKUHH�KRXUV�IROORZHG��7KH�JURXSV�GLVFXVVHG�
JHQGHU�UROHV�LQ�GLIIHUHQW�DJULFXOWXUDO�DFWLYLWLHV�LQFOXGLQJ�FKRLFH�RI�FURSV��IHUWLOL]HU�DSSOLFDWLRQ�DQG�
ODQG�SUHSDUDWLRQ��(DFK�JURXS�DOVR�GLVFXVVHG�WKH�LQYROYHPHQW�RI�PHQ�DQG�ZRPHQ�LQ�FRPPXQLW\�
EDVHG�ORFDO�LQVWLWXWLRQV�VXFK�DV�IRUHVW�XVHUV¶�JURXSV��DQG�VDYLQJV�DQG�FUHGLW�FRRSHUDWLYHV��

7KH�VHOHFWLRQ�RI�NH\�LQIRUPDQW�LQWHUYLHZV�ZDV�DOVR�GRQH�UDQGRPO\��$�WRWDO�RI�¿YH�NH\�LQIRUPDQW�
LQWHUYLHZV�ZHUH�XQGHUWDNHQ��7ZR�IHPDOH�NH\�LQIRUPDQWV�ZHUH�VHOHFWHG�IURP�IHPDOH�KHDGHG�
KRXVHKROGV��DV�ZHOO�DV�WZR�PDOH�NH\�LQIRUPDQWV�IURP�PDOH�KHDGHG�KRXVHKROGV��$�IDUPHU�ZKR�LV�D�
PHPEHU�RI�D�ORFDO�FRRSHUDWLYH�JURXS�ZDV�DOVR�FKRVHQ�DV�D�NH\�LQIRUPDQW��7KH�SXUSRVH�RI�VHSDUDWH�
LQWHUYLHZV�ZLWK�PHQ��DQG�ZRPHQ�KHDGHG�KRXVHKROGV�ZDV�WR�DVVHVV�JHQGHUHG�ODERXU�LPSOLFDWLRQV�
RI�DJULFXOWXUDO�DFWLYLWLHV��'LUHFW�¿HOG�REVHUYDWLRQV�ZHUH�DOVR�PDGH�
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Gas flux measurement

*DV�ÀX[�VDPSOLQJV�ZHUH�FDUULHG�RXW�IRU�ERWK�ODQG�XVHV��Bari �GUDLQHG��QRQ�WHUUDFHG��DQG�Khet 
�ÀRRGHG��WHUUDFHG���)RU�HDFK�ODQG�XVH��WZR�WUHDWPHQWV�ZHUH�VHOHFWHG�����D�WUDGLWLRQDO�DJULFXOWXUDO�
V\VWHP�ZLWK�WZR�FURSV�SHU�DQQXP��DQG����DQ�LQWHQVL¿HG�DJULFXOWXUDO�V\VWHP�ZLWK�WKUHH�FURSV�SHU�
\HDU��7KH�VDPSOLQJ�ZDV�GRQH�DW�DQ�LQWHUYDO�RI���WR����GD\V�RYHU�D�SHULRG�RI�RQH�\HDU�EHWZHHQ�
0D\������DQG�$SULO�������7KH�JDV�ÀX[HV�ZHUH�PHDVXUHG�XVLQJ�D�FORVHG�FKDPEHU�WHFKQLTXH�
ZLWK�IRXU�UHSOLFDWHV�IRU�HDFK�WUHDWPHQW�LQ�HDFK�ODQG�XVH��7KH�FKDPEHU�KDV�D�����PP�LQWHUQDO�
GLDPHWHU�DQG�����PP�KHLJKW��ZLWK�D����PP�FXWWLQJ�HGJH��2QH����PP�GLDPHWHU�KROH�ZDV�GULOOHG�
DW�WKH�ERWWRP�RI�HDFK�FKDPEHU�DQG�ZDV�FDSSHG�E\�D�EXW\O�UXEEHU�VWRSSHU��IRU�WUDQVIHUULQJ�JDV�
LQWR����P/�DQG�HYDFXDWHG�XS�WR������.SD�EHIRUH�WKH�JDV�VDPSOHV�ZHUH�WUDQVIHUUHG��*DV�VDPSOHV�
LQVLGH�WKH�FKDPEHU�ZHUH�WDNHQ�E\�SLHUFLQJ�D�WZR�ZD\�V\ULQJH�WKURXJK�WKH�UXEEHU�VWRSSHU��6RLO�
WHPSHUDWXUH�DQG�PRLVWXUH�ZHUH�DOVR�PHDVXUHG�GXULQJ�HDFK�WLPH�ÀX[�PHDVXUHPHQW�EHFDXVH�KLJK�
VRLO�WHPSHUDWXUH�DQG�PRLVWXUH�FRQGLWLRQ�DUH�OLNHO\�WR�LQFUHDVH�1²O emission. N²O concentrations 
ZHUH�PHDVXUHG�LQ�WKH�ODERUDWRU\�XVLQJ�*DV�&KURPDWRJUDSK\�

Data analysis

7KH�LQIRUPDWLRQ�REWDLQHG�IURP�WKH�IRFXV�JURXS�GLVFXVVLRQV�DQG�NH\�LQIRUPDQW�LQWHUYLHZV�ZDV�
TXDOLWDWLYHO\�DQDO\]HG�DQG�GHVFULSWLYH�VWDWLVWLFV�XVHG�WR�DQDO\]H�WKH�TXDQWLWDWLYH�GDWD�

7KH�OLQHDU�PL[HG�PRGHO�XVHG�IRU�WKH�DQDO\VLV�RI�¿HOG�ÀX[�GDWD�LV�DV�IROORZV�

<� �;ȕ���=X���İ

X��a��1����9�Ȗ��

İ�a�1����9�į��

ZKHUH��<�LV�WKH�UHVSRQVH�YHFWRU�IRU�REVHUYDWLRQV��;�LV�WKH�PRGHO�PDWUL[�IRU�WKH�¿[HG�HIIHFWV�IRU�
REVHUYDWLRQV��ȕ�LV�WKH�YHFWRU�RI�¿[HG�HIIHFW�FRHI¿FLHQWV��=L�LV�WKH�PRGHO�PDWUL[�IRU�WKH�UDQGRP�
HIIHFWV�IRU�REVHUYDWLRQV��X�LV�WKH�YHFWRU�RI�UDQGRP�HIIHFW�FRHI¿FLHQWV��DQG�İ�LV�WKH�YHFWRU�RI�HUURUV�
IRU�REVHUYDWLRQV�

)L[HG�HIIHFWV�DUH�WKRVH�YDULDEOHV�GLUHFWO\�UHFRUGHG�LQ�WKH�FRXUVH�RI�WKH�H[SHULPHQW��:KHQ�WKH�
QXPEHU�RI�REVHUYDWLRQV�SHU�FOXVWHU�LV�ODUJH��ZH�WUHDW�WKHP�DV�¿[HG�HIIHFWV��)L[HG�HIIHFWV�DUH�UHODWHG�
WR�D�WUHQG�LQ�WKH�GDWD�VHW��7KH\�DUH�ZLGHO\�XVHG�LQ�DQDO\VLV�RI�ELRORJLFDO�RU�H[SHULPHQWDO�GDWD��
VXFK�DV�LQ�WKH�FDVH�RI�PRLVWXUH�DQG�WHPSHUDWXUH�HIIHFWV��5DQGRP�HIIHFWV�DUH�WUHDWHG�DV�LI�UDQGRPO\�
VDPSOHG�IURP�D�ODUJH�SRSXODWLRQ�DQG�DUH�QRQ�VSHFL¿F�XQNQRZQ�HIIHFWV��DOVR�UHIHUUHG�WR�DV�SVHXGR�
UHSOLFDWLRQ��7KH�HUURU�WHUP�LV�D�UHVLGXDO�DQG�UHODWHV�WR�FRUUHODWLRQ�DQG�YDULDQFH�LQ�WKH�GDWD�DW�WKH�
VPDOOHVW�JURXS�OHYHO�

7KH�REMHFWLYH�RI�WKH�UHVHDUFK�ZDV�WR�HVWLPDWH�KRZ�1²2�JDV�HPLVVLRQ�DUH�DIIHFWHG�E\�GLIIHUHQW�
ODQG�XVH�W\SHV��GLIIHUHQW�VHDVRQV�DQG�WUHDWPHQWV��7ZR�W\SHV�RI�ODQG�XVH�ZHUH�FKRVHQ��QRQ�WHUUDFHG�
IDUPODQG�DQG�WHUUDFHG�IDUPODQG��ZLWK�WZR�W\SHV�RI�WUHDWPHQWV�HDFK��WUDGLWLRQDO�YHUVXV�LQWHQVL¿HG�
�WZR�FURSSLQJ�VHDVRQV�RU�WKUHH�FURSSLQJ�VHDVRQV�DQQXDOO\���
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5HVXOWV�DQG�GLVFXVVLRQV
'HPRJUDSKLF�FKDUDFWHULVWLFV

7KH�PDMRULW\�RI�UHVSRQGHQWV�VWXGLHG�EHORQJ�WR�WKH�PLGGOH�FDVWH�����SHU�FHQW���IROORZHG�E\�
KLJK�FDVWH�SHRSOH�����SHU�FHQW���7KH�SUHGRPLQDQW�UHOLJLRQ�LV�+LQGX��7DEOH�����$OPRVW�KDOI�RI�
UHVSRQGHQWV�DUH�LOOLWHUDWH�DQG�DJULFXOWXUH�LV�WKHLU�PDLQ�RFFXSDWLRQ�����SHU�FHQW���

7DEOH����'HPRJUDSKLF�FKDUDFWHULVWLFV�RI�WKH�ZDWHUVKHG

Caste system

Percentage of 
respondents

High caste Middle caste Low caste

45 50 5

Religion

Percentage of 
respondents

Hindu Buddhist

73 27

Education

Percentage of 
respondents

Illiterate Primary Secondary Higher 
Secondary

University

49 24 1 2 2

2FFXSDWLRQ

Percentage of 
respondents

Agriculture Business Service Student

90 1 7 2

*HQGHU�DQG�FDVWH�VSHFLILF�GLYLVLRQ�RI�ODERXU�LQ�ODQG�SUHSDUDWLRQ

%RWK�PHQ�DQG�ZRPHQ�DFWLYHO\�SDUWLFLSDWH�LQ�ODQG�SUHSDUDWLRQ�DFWLYLWLHV��7KH�¿UVW�SKDVH�RI�ODQG�
SUHSDUDWLRQ�LQYROYHV�FXWWLQJ�DQG�UHPRYDO�RI�YHJHWDWLRQ�DQG�LQFRUSRUDWLRQ�RI�FURS�UHVLGXHV��7KLV�
VWHS�LV�PRVWO\�SHUIRUPHG�E\�ZRPHQ��7DEOH���VKRZV�JHQGHUHG�GLIIHUHQFHV�LQ�DJULFXOWXUDO�DFWLYLWLHV�
LQFOXGLQJ�ODQG�WLOOLQJ��IHUWLOL]HU�DSSOLFDWLRQ��SHVWLFLGH�DSSOLFDWLRQ�DQG�LUULJDWLRQ�DPRQJ�GLIIHUHQW�
FDVWH�JURXSV��7KH�JURXS�GLVFXVVLRQV�UHYHDOHG�WKDW�SORXJKLQJ�LV�FXUUHQWO\�SHUIRUPHG�RQO\�E\�PHQ��
,W�LV�PRVWO\�ZRPHQ�ZKR�EUHDN�XS�WKH�VRLO�FORGV�DIWHU�SORXJKLQJ�LV�GRQH��DOWKRXJK�LQ�D�IHZ�FDVHV��
ZRPHQ�DOVR�SORXJKHG�XVLQJ�D�KDQG�KRH��7KH�JHQGHU�EDVHG�GLYLVLRQ�RI�ODERXU�KHUH�LV�VLPLODU�
DPRQJ�DOO�WKUHH�FDVWH�JURXSV��,Q�WKH�SDVW��SORXJKLQJ�ZDV�GRQH�RQO\�E\�ORZ�FDVWH�SHRSOH��6LQFH�
ODQG�KDV�EHFRPH�VFDUFH�DQG�IDUPHUV�KDYH�JUDGXDOO\�EHHQ�LQWHQVLI\LQJ��PHQ�IURP�KLJK�FDVWH�DUH�
DOVR�LQYROYHG�LQ�SORXJKLQJ��2QH�RI�WKH�NH\�LQIRUPDQWV�PHQWLRQHG�WKDW�ORZ�FDVWH�IDUPHUV�DUH�DOVR�
LQWHQVLI\LQJ��L�H��DSSO\LQJ�PRUH�LQSXWV�WKDQ�SUHYLRXVO\���UHVXOWLQJ�LQ�ODERXU�VKRUWDJHV��WKXV�IRUFLQJ�
KLJK�FDVWH�IDUPHUV�WR�GR�WKHLU�RZQ�SORXJKLQJ��$�VWXG\�E\�7LZDUL�HW�DO���������IRXQG�WKDW�ORZ�FDVWH�
SHRSOH�JDLQHG�PRUH�IURP�FRPPHUFLDO�YHJHWDEOH�SURGXFWLRQ��DQG�WKHUHIRUH�VWRSSHG�SORXJKLQJ�WKH�
ODQG�RI�KLJK�FDVWH�SHRSOH�IRU�UHODWLYHO\�ORZ�UHWXUQV��%HIRUH�LQWHQVL¿FDWLRQ�ZDV�DGRSWHG�LQ�WKH�VWXG\�
DUHD��SORXJKLQJ�ZDV�FDUULHG�RXW�XVLQJ�R[HQ�DQG�KDQG�KRHV��NQRZQ�DV�kodali�LQ�WKH�ORFDO�ODQJXDJH���
8S�WR�WKH�����V��IHZ�IDUPHUV�KLUHG�KDQG�WUDFWRUV�IRU�XVH�GXULQJ�SORXJKLQJ�VHDVRQV�IURP�QHDUE\�
YLOODJHV��5HFHQWO\��LW�ZDV�UHFRUGHG�WKDW�IRXU�IDUPHUV�RZQ�KDQG�WUDFWRUV�LQ�WKH�ZDWHUVKHG��5DXW�
HW�DO����������7KHVH�DUH�PRVWO\�XVHG�WR�SORXJK�ÀDW�ORZODQGV��6RPH�RI�WKH�IDUPHUV�ZKR�RZQ�KDQG�
WUDFWRUV�DOVR�KLUH�WKHP�RXW�WR�HDUQ�DGGLWLRQDO�LQFRPH��'XULQJ�FXOWLYDWLRQ�VHDVRQ��KDQG�WUDFWRUV�DUH�
RSHUDWHG�IRU�XS�WR����KRXUV�LQ�WKUHH�GLIIHUHQW�VKLIWV��5DXW�HW�DO���������
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�7DEOH����*HQGHU�EDVHG�ODERXU�XVH�IRU�GLIIHUHQW�DJULFXOWXUDO�DFWLYLWLHV�

Agricultural activities Higher caste

Tillage

Plough ƃ
%UHDNLQJ�FORGV Ƃ

Fertilizer

&DUU\LQJ�IDUP�\DUG�PDQXUH��)<0��WR�¿HOG 0RVWO\�Ƃ
)<0�6SUHDGLQJ� 0RVWO\�Ƃ
'HFLVLRQ�RQ�EX\LQJ�FKHPLFDO�IHUWLOL]HUV Both
$SSOLFDWLRQ�RI�FKHPLFDO�IHUWLOL]HU�LQ�¿HOG Both

Pesticides

3HVWLFLGH�EX\LQJ 0RVWO\�ƃ
3HVWLFLGH�VSUD\LQJ 0RVWO\�ƃ

Irrigation

0RVWO\�ƃ

Choice of crop Both
$JULFXOWXUDO�WUDLQLQJ ,30�Ƃ

'LVWDQFH�WUDLQLQJ�ƃ

*HQGHUHG�FRQVHTXHQFHV�RI�IHUWLOL]HU�DSSOLFDWLRQ�

*UHHQ�WUHH�OHDYHV��JUDVV�DQG�FURS�UHVLGXHV�VXFK�DV�ZKHDW�VWUDZ�DUH�XVHG�WR�IHHG�DQLPDOV�RU�XVHG�
DV�EHGGLQJ�LQ�WKH�DQLPDO�VKHG��7KH�DQLPDO�VKHGV�DUH�FOHDQHG�HYHU\GD\�RI�FDWWOH�GXQJ��XULQH�DQG�
XQHDWHQ�IRUDJH��ZKLFK�LV�VWDFNHG�LQ�D�KHDS��2QFH�WKH�KHDS�WXUQV�GDUN�EURZQ�RU�EODFN��LW�LV�UHIHUUHG�
WR�DV�IDUP\DUG�PDQXUH��)<0���)<0�LV�FDUULHG�WR�WKH�¿HOGV�E\�ZRPHQ��UHJDUGOHVV�RI�FDVWH��7KH�
PDQXUH�LV�DOVR�VSUHDG�E\�WKH�ZRPHQ��7KLV�¿QGLQJ�LV�FRQVLVWHQW�ZLWK�DQRWKHU�VWXG\�E\�3LOEHDP�HW�
DO����������ZKR�IRXQG�WKDW�)<0�LV�WUDQVSRUWHG�PDLQO\�E\�ZRPHQ�LQ�EDPERR�EDVNHWV��DQG�VSUHDG�
SULRU�WR�SORXJKLQJ��7KH�PRVW�FRPPRQ�UHDVRQ�JLYHQ�E\�ZRPHQ�GXULQJ�NH\�LQIRUPDQW�LQWHUYLHZV�
DQG�JURXS�GLVFXVVLRQV�RQ�ZK\�WKH\�DUH�SUHGRPLQDQWO\�LQYROYHG�LQ�)<0��ZDV�WKDW�WKH\�DUH�WKH�RQHV�
ZKR�FOHDQ�WKH�FDWWOH�VKHGV�HYHU\GD\�DQG�VSHQG�PRUH�WLPH�RQ�KRXVHKROG�DFWLYLWLHV�WKDQ�PHQ��0RVW�
PHQ�DJUHHG��2QH�UHVSRQGHQW�QRWHG��³Women are more experienced at knowing whether the FYM 
KHDS�LV�UHDG\�IRU�XVH�LQ�WKH�¿HOG�´�7KH�WUHQG�RI�)<0�XVH�ZDV�IRXQG�WR�EH�GHFUHDVLQJ�EHWZHHQ������
DQG�������DQG�WKHUH�H[LVWHG�D�SRVLWLYH�VWURQJ�FRUUHODWLRQ�EHWZHHQ�)<0�DSSOLFDWLRQ�DQG�OLYHVWRFN�
QXPEHUV��ZKLFK�LQGLFDWHV�WKDW�WKH�H[WHQW�RI�)<0�XVH�LV�GHWHUPLQHG�E\�WKH�QXPEHU�RI�OLYHVWRFN�SHU�
KRXVHKROG��5DXW�HW�DO����������2QH�RI�WKH�UHVSRQGHQWV�GXULQJ�JURXS�GLVFXVVLRQ�RI�WKH�ORZHU�FDVWH�
PHQWLRQHG��³When we began growing commercial vegetables, we started keeping cows or goats so 
that our children could have milk and at the same time get FYM for the crops�´�+RZHYHU��OLYHVWRFN�
QXPEHUV�KDYH�GHFUHDVHG�GXULQJ�WKH�VDPH�SHULRG�LQ�WKLV�ZDWHUVKHG��7KLV�LV�DSSDUHQWO\�EHFDXVH�
IDUPHUV�KDYH�FRQFHQWUDWHG�PRUH�RQ�PLON�SURGXFWLRQ�WKDQ�RQ�PDQXUH�SURGXFWLRQ��DQG�SUHIHU�WR�NHHS�
VPDOOHU�QXPEHUV�RI�SXUH�RU�FURVV�EUHG�YDULHWLHV�RI�FDWWOH��UDWKHU�WKDQ�NHHSLQJ�ODUJH�QXPEHUV�RI�
LQGLJHQRXV�ORFDO�FDWWOH�EUHHGV��WKXV�OHDGLQJ�WR�D�GHFUHDVH�LQ�WKH�QXPEHU�RI�OLYHVWRFN��,Q�DGGLWLRQ��
IDUPHUV�SUHIHU�WR�XVH�)<0�IRU�KLJKHU�YDOXH�FURSV��VXFK�DV�ZLQWHU�SRWDWRHV��UDWKHU�WKDQ�IRU�RWKHU�
FURSV��$�VWXG\�E\�:HVWDUS�HW�DO���������DOVR�IRXQG�WKLV�WR�EH�WUXH��7KH�UHDVRQ�IRU�DSSO\LQJ�)<0�WR�
KLJKHU�YDOXH�FURSV�LV�WKDW�WKHUH�LV�D�KLJKHU�UHVLGXDO�HI¿FDF\�RI�PDQXUH�DSSOLHG�WR�ZLQWHU�FURSV�RYHU�
VXPPHU�UDLQ\�FURSV��

)DUPHUV�LQ�WKH�$QVLNKROD�ZDWHUVKHG�KDYH�LQFUHDVHG�WKHLU�FKHPLFDO�IHUWLOL]HU�DSSOLFDWLRQV�ZLWK�
WKH�VKLIW�WR�WKUHH�FURSV�SHU�\HDU��7KH�PDMRU�FKHPLFDO�IHUWLOL]HUV�XVHG�LQ�WKH�DUHD�DUH�XUHD�DQG�
GLDPPRQLXP�SKRVSKDWH��'$3���+RXVHKROG�OHYHO�GHFLVLRQ�PDNLQJ�LV�FKDQJLQJ�WR�D�PRUH�LQFOXVLYH�
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DQG�FRQVHQVXV�EDVHG�DSSURDFK�ZLWK�PRUH�IDPLO\�PHPEHUV�LQYROYHG�WKDQ�EHIRUH��'LVFXVVDQWV�IURP�
KLJK�DQG�PLGGOH�FDVWH�JURXSV�LQGLFDWHG�WKDW�ERWK�PHQ�DQG�ZRPHQ�DUH�QRZ�LQYROYHG�LQ�PDNLQJ�
GHFLVLRQV�RQ�WKH�SXUFKDVH�RI�FKHPLFDO�IHUWLOL]HUV��+RZHYHU��LQ�WKH�ORZHU�FDVWH�JURXSV��VXFK�
GHFLVLRQV�DUH�EHLQJ�PDGH�RQO\�E\�PHQ��

7KH�GHFLVLRQ�PDNLQJ�SURFHVV�UHJDUGLQJ�SXUFKDVH�RI�FKHPLFDO�IHUWLOL]HUV�KDV�DOVR�FKDQJHG�ZLWK�WKH�
LQWURGXFWLRQ�RI�FRPPHUFLDO�YHJHWDEOH�IDUPLQJ�LQ�WKH�PLG�KLOO�UHJLRQ��$�VKLIW�IURP�D�WUDGLWLRQDO��
��VHDVRQ�FURSSLQJ�V\VWHP�WR�D�PRUH�LQWHQVL¿HG����VHDVRQ�DQQXDO�FURSSLQJ�VHDVRQ�KDV�FRQWULEXWHG�
WR�D�FKDQJH�LQ�WKH�GLYLVLRQ�RI�ODERXU�EHWZHHQ�PHQ�DQG�ZRPHQ��,Q�WKH�SDVW��PHQ�PDGH�WKH�GHFLVLRQV�
UHJDUGLQJ�SXUFKDVH�RI�FKHPLFDO�IHUWLOL]HUV��ZKLOH�QRZDGD\V��ZRPHQ�DUH�DOVR�LQYROYHG�WRJHWKHU�
ZLWK�WKHLU�KXVEDQGV��6LQFH�KLJK�DQG�PLGGOH�FDVWH�IDUPHUV�KDYH�JUHDWHU�ODQGKROGLQJV�WKDQ�ORZ�FDVWH�
IDUPHUV��WKH�DGRSWLRQ�RI�DJULFXOWXUDO�LQWHQVL¿FDWLRQ�SUDFWLFHV�KDV�OHG�WR�D�PXFK�KLJKHU�GHPDQG�IRU�
DJULFXOWXUDO�ODERXU��2QH�RI�WKH�FRQVHTXHQFHV�KDV�EHHQ�D�KLJKHU�LQYROYHPHQW�RI�KLJK�FDVWH�IHPDOH�
IDUPHUV�LQ�DSSO\LQJ�FKHPLFDO�IHUWLOL]HUV�WR�FURSV��7KH�WRWDO�ODERXU�WLPH��LQFOXGLQJ�PHQ�DQG�ZRPHQ��
LQYROYHG�LQ�IHUWLOL]HU�DSSOLFDWLRQ�LV�KLJKHU�ZLWKLQ�WKH�Galkhet�IROORZHG�E\�Tarkhet��7KH�OHDVW�ODERXU�
WLPH�XVH�ZDV�LQ�Pakhobari��7DEOH�����)URP������WR�������Galkhet�UHFHLYHG�VLJQL¿FDQWO\�KLJKHU�
DPRXQWV�RI�XUHD�DQG�)<0�DV�FRPSDUHG�WR�RWKHU�ODQG�XVH�W\SHV��5DXW�HW�DO���������

7DEOH����/DERXU�XVH�LQ�IHUWLOL]HU�DSSOLFDWLRQ

Manure 1��1XPEHU�RI�UHVSRQGHQWV� 0HDQ�QXPEHU�RI�KRXUV��\HDU�KD�

Galkhet 295 249

Tarkhet 306 168

Gharbari 305 119

Pakhobari 287 87

*HQGHU�DQG�XVH�RI�SHVWLFLGHV

7KH�UHVXOWV�LQGLFDWH�WKDW�LW�LV�PHQ�ZKR�PDNH�WKH�GHFLVLRQV�DERXW�DQG�EX\�SHVWLFLGHV�LQ�DOO�FDVWHV��
7KH�PRVW�FRPPRQ�UHDVRQ�JLYHQ�IRU�WKLV�ZDV�WKDW�PHQ�VSHQG�VLJQL¿FDQWO\�PRUH�WLPH�LQ�DFWLYLWLHV�
DZD\�IURP�WKH�KRXVHKROG�DQG�WKH\�KDG�PRUH�H[SHULHQFH�ZLWK�FDVK�WUDQVDFWLRQV��+RZHYHU��LW�WXUQV�
RXW�WKDW�SHVWLFLGH�DSSOLFDWLRQ�LV�FDUULHG�RXW�E\�ERWK�PHQ�DQG�ZRPHQ��DFFRUGLQJ�WR�ERWK�JURXSV�
�ZRPHQ�GR�LW�ZKHQ�PHQ�DUH�WRR�EXV\���+RZHYHU��ERWK�JURXSV�DUJXHG�WKDW�LW�ZDV�QRW�JRRG�IRU�
SUHJQDQW�ZRPHQ�DQG�FKLOGUHQ�WR�EH�HQJDJHG�LQ�VXFK�DFWLYLWLHV��DV�SHVWLFLGH�DSSOLFDWLRQ�FDXVHV�
KHDOWK�SUREOHPV�VXFK�DV�KHDGDFKHV��VNLQ�DQG�H\H�LUULWDWLRQV��2WKHU�VWXGLHV��$]DURII�	�1HDV��
������*DUFLD��������DOVR�VKRZHG�WKDW�ZRPHQ�H[SHULHQFH�D�VLJQL¿FDQWO\�LQFUHDVHG�ULVN�RI�KHDOWK�
DQG�ZHOO�EHLQJ�LVVXHV�ZKHQ�DSSO\LQJ�SHVWLFLGHV��6RPH�PHQ�DUJXHG�WKDW�WKH\�WU\�WR�PLQLPL]H�WKH�
LQYROYHPHQW�RI�ZRPHQ�DQG�FKLOGUHQ�VLQFH�D�ORW�RI�SK\VLFDO�VWUHQJWK�LV�UHTXLUHG�WR�FDUU\�D�KHDY\�
SHVWLFLGH�VSUD\HU�GXULQJ�DSSOLFDWLRQ��$�VWXG\�E\�$WUH\D��������LQ�WKH�PLG�KLOOV�UHJLRQ�DVVHUWV�WKDW�
PHQ�DUH�EHWWHU�HGXFDWHG�DQG�WKXV�PDNH�WKH�GHFLVLRQV�RQ�SHVWLFLGH�DSSOLFDWLRQ��DQG�DUH�PRUH�DZDUH�
RI��DQG�XQGHUVWDQG�WKH�ODEHOV�EHWWHU�WKDQ�ZRPHQ��7KH�ODERXU�WLPH�XVH�RQ�SHVWLFLGH�DSSOLFDWLRQ�ZDV�
KLJKHU�IRU�Galkhet�WKDQ�RWKHU�ODQG�XVH�W\SHV��7DEOH�����7KLV�ZDV�DOVR�IRXQG�LQ�DQRWKHU�VWXG\��5DXW�
HW�DO����������$FFRUGLQJ�WR�WKLV��WKH�PRVW�VLJQL¿FDQW�FKDQJH�LQ�FURSSLQJ�SDWWHUQV�LQ�WKH�VKLIW�IURP�
WZR�WR�WKUHH�FURSV�LV�LQ�Galkhet�OLHV�LQ�WKH�LQWURGXFWLRQ�RI�SRWDWRHV��YHJHWDEOHV�DQG�VSULQJ�ULFH�
SDGG\�FURSV�
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7DEOH����/DERXU�XVH�LQ�SHVWLFLGH�DSSOLFDWLRQ

$JULFXOWXUDO�ODQG�XVH�W\SHV 1��QXPEHU�RI�UHVSRQGHQWV� Mean number of hours/year/ha

Galkhet 295 177

Tarkhet 306 101

Gharbari 305 59

Pakhobari 287 0

$JULFXOWXUDO�WUDLQLQJ�DQG�JHQGHU�GLIIHUHQFHV

)DUPHUV�LQ�WKH�VWXG\�KDG�SDUWLFLSDWHG�LQ�LQWHJUDWHG�SHVW�PDQDJHPHQW��,30��WUDLQLQJ��DV�ZHOO�DV�LQ�
FRPPHUFLDO�RII�VHDVRQ�YHJHWDEOH�SURGXFWLRQ��DQG�VRPH�IDUPHUV�KDG�DOVR�SDUWLFLSDWHG�LQ�H[SRVXUH�
WULSV�DQG�REVHUYDWLRQ�YLVLWV�WR�IDUPHUV¶�¿HOG�VFKRROV�DQG�FRPPHUFLDO�IDUP�VWDWLRQV�LQ�RWKHU�SDUWV�
RI�WKH�FRXQWU\��RUJDQL]HG�E\�WKH�'LVWULFW�$JULFXOWXUH�'HYHORSPHQW�2I¿FH��'$'2��DQG�E\�QRQ�
JRYHUQPHQWDO�RUJDQL]DWLRQV��1*2V��VXFK�DV�WKH�-DSDQ�,QWHUQDWLRQDO�&RRSHUDWLRQ�$JHQF\��-,&$��
DQG�WKH�&HQWUH�IRU�(QYLURQPHQWDO�DQG�$JULFXOWXUDO�3ROLF\�5HVHDUFK��([WHQVLRQ�DQG�'HYHORSPHQW�
�&($35('���5DXW�	�6LWDXOD���������7KLV�UDLVHG�FRQ¿GHQFH�OHYHOV�DQG�HQKDQFHG�WHFKQLFDO�VNLOOV�
DPRQJ�PDQ\��7KH�ZRPHQ¶V�IRFXV�JURXS�GLVFXVVLRQV�SRLQWHG�RXW�WKDW�ZRPHQ�ZHUH�PRUH�LQYROYHG�
LQ�LQWHJUDWHG�SHVW�PDQDJHPHQW��,30��WUDLQLQJ�VHVVLRQV��ZKHUHDV�PHQ�ZHUH�PRUH�LQYROYHG�ZKHQ�
IDUPHUV�KDG�WR�EH�DZD\�IURP�KRPH��VXFK�DV�H[SRVXUH�WULSV��:RPHQ�DOVR�DUJXHG�WKDW�LW�ZDV�QRW�
JRRG�IRU�WKHP�WR�SDUWLFLSDWH�LQ�WUDLQLQJV�ZKHUH�WKH\�KDG�WR�EH�DZD\�IURP�KRPH�EHFDXVH�WKH\�
KDG�WR�WDNH�FDUH�RI�WKH�FKLOGUHQ�DQG�WKH�UHVW�RI�WKH�IDPLO\�PHPEHUV��+RZHYHU��ZRPHQ�IDUPHUV�
DFNQRZOHGJHG�WKDW�WUDLQLQJV�RQ�FDVK�FURSSLQJ�LQ�WKH�SDVW�KDG�KHOSHG�WKHP�WR�EH�D�SDUW�RI�GHFLVLRQ�
PDNLQJ�DFWLYLWLHV�DQG�KDG�OHG�WKHP�WR�SOD\�D�PRUH�DFWLYH�UROH�LQ�VRFLHW\��

7KH�SDUWLFLSDQWV�RI�ORZHU�FDVWH�JURXSV�DUJXHG�WKDW�WKH\�KDG�QRW�SDUWLFLSDWHG�LQ�DQ\�DJULFXOWXUDO�
UHODWHG�WUDLQLQJ��2QH�RI�WKH�ORZHU�FDVWH�ZRPHQ�PHQWLRQHG�WKDW��³Normally such trainings were 
communicated to key persons (coming) from a higher caste and (he) only invited people in his 
network and therefore we never got (a) chance.´�6RPH�PHQ�IURP�WKH�KLJKHU�FDVWH�PHQWLRQHG�WKDW�
ORZHU�FDVWH�SHRSOH�KDG�RWKHU�RFFXSDWLRQV�DV�D�WKHLU�PDMRU�VRXUFH�RI�OLYHOLKRRG��SOXV�WKH\�KDG�
VPDOOHU�ODQGKROGLQJV�DV�FRPSDUHG�WR�KLJKHU�DQG�PHGLXP�FDVWH�IDUPHUV��ZKLFK�RYHUVKDGRZHG�
WKHLU�SDUWLFLSDWLRQ�LQ�DJULFXOWXUDO�WUDLQLQJV��7KH\�DOVR�PHQWLRQHG�WKDW�HYHQ�ZKHQ�LQIRUPHG��WKH�
ORZHU�FDVWH�SHRSOH�GLG�QRW�VKRZ�LQWHUHVW�LQ�SDUWLFLSDWLRQ��FRQWUDGLFWLQJ�WKH�H[SODQDWLRQ�IURP�
ORZHU�FDVWH�UHVSRQGHQWV�RI�QHYHU�EHLQJ�LQIRUPHG��6RPH�IHPDOH�GLVFXVVDQWV�VKRZHG�D�FRPPRQ�
LQWHUHVW�LQ�SDUWLFLSDWLQJ�LQ�WUDLQLQJ�RQ�IHUWLOL]HU�DSSOLFDWLRQ�VR�WKDW�WKH\�FRXOG�EHWWHU�MXGJH�WKH�
DPRXQW�RI�ERWK�FKHPLFDO�DQG�RUJDQLF�IHUWLOL]HU�QHHGHG�DQG�DSSOLHG��:RPHQ�IDUPHUV�IURP�KLJKHU�
DQG�PHGLXP�FDVWHV�DUJXHG�WKDW�LW�ZDV�PRVWO\�ZRPHQ�ZKR�GHFLGHG�RQ�WKH�FKRLFH�RI�FURSV��ZKHUHDV�
PHQ�EHOLHYHG�ERWK�GHFLGHG��7KH�FDVH�IRU�ORZHU�FDVWH�SHRSOH�ZDV�GLIIHUHQW��VXJJHVWLQJ�WKDW�WKLV�
GHFLVLRQ�ZDV�PDGH�PDLQO\�E\�PHQ��$QRWKHU�VWXG\�VKRZHG�D�SURFHVV�RI�FKDQJH�LQ�KRXVHKROG�OHYHO�
GHFLVLRQ�PDNLQJ��SDUWLFXODUO\�UHJDUGLQJ�FURS�VHOHFWLRQ�DQG�IDUP�LQSXWV��7LZDUL�HW�DO����������ZKLFK�
FRQWUDGLFW�WKH�¿QGLQJV�RI�RXU�VWXG\�DV�SHUWDLQV�WR�ORZHU�FDVWH�SHRSOH��

*HQGHUHG�LQYROYHPHQW�LQ�FRPPXQLW\�EDVHG�ORFDO�LQVWLWXWLRQV

$IWHU�WKH�DGRSWLRQ�RI�LQWHQVL¿HG�FXOWLYDWLRQ�SUDFWLFHV��FRPPXQLW\�EDVHG�DFWLYLWLHV�LQYROYLQJ�
ORFDO�OHYHO�JURXSV�LQVWLWXWLRQV�KDYH�JDLQHG�PRPHQWXP�LQ�WKH�VWXG\�DUHD��,Q�WKH�)*'V�DQG�NH\�
LQIRUPDQW�LQWHUYLHZV��IDUPHUV�UHSRUWHG�WKDW�WKHUH�DUH�PDQ\�ORFDO�OHYHO�LQVWLWXWLRQV�HVWDEOLVKHG�LQ�
WKH�ZDWHUVKHG�SOD\LQJ�VRPH�NLQG�RI�VXSSRUWLYH�UROH��PRVWO\�LQ�WKH�DGRSWLRQ�RI�FURS�LQWHQVL¿FDWLRQ�
DQG�FRPPHUFLDO�YHJHWDEOH�IDUPLQJ��EXW�QRW�QHFHVVDULO\�RQO\�DJULFXOWXUDO�UHODWHG��7KHVH�LQVWLWXWLRQV�
DUH�OLVWHG�LQ�7DEOH����7KUHH�RI�WKH�FRPPXQLW\�EDVHG�ORFDO�LQVWLWXWLRQV�LQ�WKH�ZDWHUVKHG�FRQVLVW�
RQO\�RI�ZRPHQ��7KH�UHVW�RI�WKH�JURXSV�KDYH�ERWK�ZRPHQ�DQG�PHQ�PHPEHUV��)HPDOH�EDVHG�
ORFDO�LQVWLWXWLRQV�ZHUH�PDLQO\�LQYROYHG�LQ�PLFUR¿QDQFH�DQG�VDYLQJV�HIIRUWV��$V�RQH�RI�WKH�NH\�
LQIRUPDQWV�H[SODLQHG��³Women are more concerned about sending their children to boarding 
schools and securing funds for their future�´
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7DEOH����*HQGHU�LQYROYHPHQW�LQ�FRPPXQLW\�EDVHG�ORFDO�LQVWLWXWLRQV�LQ�$QVLNKROD�
watershed

/RFDO�LQVWLWXWLRQV Involvement

Panchakanya Cooperative Mostly Ƃ
Forest User Groups Mostly ƃ
Samjhana Cooperative Only Ƃ
Mothers’ Group Only Ƃ
Laxmi Cooperative Only Ƃ
Societal Development Fund (Samudayek Bikash Kosh) Both

Cooperative for Milk Collection Mostly ƃ 

Saving and Credit Cooperative Both

Seasonal variation of N²O emissions 

6HDVRQDO�YDULDWLRQ�RI�QLWURXV�R[LGH��1²2��HPLVVLRQV��J�1²O m�ð�SHU�VHDVRQ��LQ�WZR�GLIIHUHQW�ODQG�
XVHV�DQG�WZR�GLIIHUHQW�WUHDWPHQWV�DUH�VKRZQ�LQ�)LJXUHV���DQG����

)LJXUH����6HDVRQDO�YDULDWLRQ�RI�1²O emission in Bari land
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Figure 3. Seasonal variation of N²O  emission in Khet land

7KURXJKRXW�WKH�WUDFNLQJ�SHULRG��HPLVVLRQV�ZHUH�KLJKHU�GXULQJ�WKH�UDLQ\�VHDVRQ�FRPSDUHG�WR�RWKHU�
VHDVRQV��DQG�ZHUH�VLJQL¿FDQWO\�KLJKHU�LQ�WKH�LQWHQVL¿HG�DJULFXOWXUDO�V\VWHPV��WKUHH�FURSSLQJ�
VHDVRQV��IRU�ERWK�WKH�ÀRRGHG�DQG�GUDLQHG�IDUPODQG��7KH�VHDVRQDO�DFFXPXODWHG�ÀX[HV�RI�1²O 
HPLVVLRQ�GXULQJ�UDLQ\�VHDVRQ�ZHUH�!�WKUHH�WLPHV�LQ�LQWHQVL¿HG�ÀRRGHG�IDUPODQG�DQG�!�WZR�WLPHV�LQ�
GUDLQHG�IDUPODQG�DV�FRPSDUHG�WR�UHVSHFWLYH�WUDGLWLRQDO�IDUPODQG��7KH�DFFXPXODWHG�1²O emission 
IRU�WKH�ZKROH�\HDU�ZDV�IRXU�WLPHV�KLJKHU�LQ�LQWHQVL¿HG�ÀRRGHG������NJ�1²O ha�ï��FRPSDUHG�WR�
WUDGLWLRQDO�ÀRRGHG�IDUPODQG��/LNHZLVH��WKH�DFFXPXODWHG�1²2�HPLVVLRQ�IRU�WKH�ZKROH�\HDU�ZDV�WZR�
WLPHV�KLJKHU�LQ�LQWHQVL¿HG�GUDLQHG�������NJ�1²O ha�ï��FRPSDUHG�WR�WUDGLWLRQDO�GUDLQHG�IDUPODQG��
7KH�UHVXOWV�VKRZ�WKDW�WKH�LQWHUDFWLRQ�HIIHFW�RI�ODQG�XVH��WUHDWPHQW�DQG�VHDVRQ�RQ�1²2�HPLVVLRQ�ZDV�
VLJQL¿FDQW��p��������7DEOH���VKRZV�WKH�HVWLPDWHV�IRU�HDFK�FRPELQDWLRQ�RI�ODQG�XVH�DQG�WUHDWPHQW�
ZLWK�FRUUHVSRQGLQJ�VWDQGDUG�HUURUV��

7KH�UHVXOWV�VKRZLQJ�WKDW�1²2�HPLVVLRQV�DUH�KLJKHU�GXULQJ�WKH�UDLQ\�VHDVRQ�FRPSDUHG�WR�RWKHU�
VHDVRQV�LQ�ERWK�ODQG�XVHV�DQG�WUHDWPHQW�DUH�QRW�VXUSULVLQJ��7KH�UDWH�RI�1²2�SURGXFWLRQ�LV�UHJXODWHG�
E\�PRLVWXUH�FRQWHQW�LQ�WKH�VRLO��/HPNH�HW�DO���������5D¿TXH�HW�DO����������7KH�KLJK�PRLVWXUH�
FRQWHQW�FUHDWHV�DQDHURELF�VLWHV�LQ�WKH�VRLO�SRUH�YROXPH��7KLV�FRQGLWLRQ�LV�IDYRUDEOH�IRU�LQFRPSOHWH�
FRQYHUVLRQ�RI�QLWUDWH��12³��WR�GLQLWURJHQ��1²��NQRZQ�DV�GHQLWUL¿FDWLRQ��OHDGLQJ�WR�UHOHDVH�RI�1²O 
DV�D�E\SURGXFW.�$OWKRXJK�Bari soils are drained soils, during the rainy season they get saturated, 
ZKHUHDV�Khet�VRLOV�DUH�ÀRRGHG�DV�QHHGHG�E\�WKH�ULFH�FURS��7KH�PDMRU�FURSV�GXULQJ�WKH�UDLQ\�
season in Khet and Bari�ODQGV�DUH�ULFH�DQG�PDL]H��5LFH�QHHGV�LUULJDWLRQ�IUHTXHQWO\��+RZHYHU��
N²2�HPLVVLRQ�IURP�Khet�VRLOV�ZDV�ORZHU�FRPSDUHG�WR�Bari�VRLO��7KLV�PLJKW�EH�EHFDXVH�Khet soils 
DUH�H[SRVHG�WR�ÀRRGLQJ�IRU�SURORQJHG�SHULRGV��PLFURELDO�FRPPXQLW\�LV�PRUH�WROHUDQW�WR�VXFK�
FRQGLWLRQV��,W�LV�DOVR�OLNHO\�WKDW�GXH�WR�SHULRGLF�ÀRRGLQJ��WKH�GLIIXVLRQ�RI�1²2�IURP�WKH�VRLO�WR�WKH�
DWPRVSKHUH�JHWV�LQWHUUXSWHG��7KXV�WKH�PLFURRUJDQLVPV�EHKDYH�QRUPDOO\�DQG�SURGXFH�OHVV�1²O as 
FRPSDUHG�WR�ZKDW�WKH\�SURGXFH�LQ�Bari�VRLOV��7KHUH�DUH�GLIIHUHQW�GHQLWULI\LQJ�HQ]\PHV�WKDW�FDUU\�
RXW�WKH�FRPSOHWH�GHQLWUL¿FDWLRQ�SURFHVV�FRQYHUWLQJ�12³ in the soil to N²�WR�WKH�DWPRVSKHUH��2QH�
RI�WKH�LPSRUWDQW�HQ]\PHV�LQ�WKH�SURFHVV�LV�1²O reductase (that reduces N²O to N²���WKH�ODVW�SDUW�
RI�WKH�SURFHVV�RI�GHQLWUL¿FDWLRQ��ZKLFK�LV�DIIHFWHG�E\�PRLVWXUH�GXULQJ�UDLQ\�VHDVRQV��7KLV�WKHQ�
OHDGV�WR�LQFRPSOHWH�GHQLWUL¿FDWLRQ�ZLWK�KLJKHU�HPLVVLRQ�RI�1²2��:LWK�LQFUHDVLQJ�FURSV�SHU�DQQXP��
VLJQL¿FDQWO\�KLJKHU�LQSXW�RI�QLWURJHQ�IHUWLOL]HU�LQ�WKH�WKUHH�FURSSLQJ�V\VWHP�FRXOG�EH�D�SRWHQWLDO�
VLWH�IRU�KXJH�1²2�HPLVVLRQ�WR�WKH�DWPRVSKHUH�
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7DEOH����(VWLPDWHG�PHDQ�DQG�FRQILGHQFH�LQWHUYDO

,QWHUDFWLRQ�RI�ODQG�XVH��WUHDWPHQW�
and seasons

(VWLPDWHG�PHDQ��õJ�1²2�P�ð�K�ï� Standard error

Bari-Traditional-Autumn 36.46 0.458

Bari-Traditional-Rainy 164.55 0.390

Bari-Traditional-Spring 4.27 0.748

Bari-Traditional-Winter 2.55 0.579

%DUL�,QWHQVLÀHG�$XWXPQ 43.63 0.458

%DUL�,QWHQVLÀHG�5DLQ\ 308.15 0.390

%DUL�,QWHQVLÀHG�6SULQJ 16.19 0.748

%DUL�,QWHQVLÀHG�:LQWHU 4.82 0.579

Khet-Traditional-Autumn 2.20 0.458

Khet-Traditional-Rainy 51.07 0.390

Khet-Traditional-Spring 15.89 0.748

Khet-Traditional-Winter 5.74 0.579

.KHW�,QWHQVLÀHG�$XWXPQ 10.01 0.458

.KHW�,QWHQVLÀHG�5DLQ\ 184.09 0.390

.KHW�,QWHQVLÀHG�6SULQJ 28.21 0.748

.KHW�,QWHQVLÀHG�:LQWHU 32.82 0.579
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&RQFOXVLRQ
7KH�VWXG\�VKRZV�WKDW�RQJRLQJ�DJULFXOWXUDO�LQWHQVL¿FDWLRQ�LQ�1HSDO�LV�FKDQJLQJ�WKH�UROHV�RI�PHQ�
DQG�ZRPHQ�ZLWK�UHVSHFW�WR�YDULRXV�DJULFXOWXUDO�DFWLYLWLHV�WKDW�FRXOG�KDYH�DQ�LPSDFW�RQ�JUHHQKRXVH�
JDV�HPLVVLRQV��0HQ�DUH�GRLQJ�PRVW�RI�WKH�SORXJKLQJ��DQG�ZRPHQ�WKHQ�IXUWKHU�EUHDN�XS�WKH�VRLO�
FORGV��7KH�LQYROYHPHQW�RI�ZRPHQ�LQ�VDYLQJV�DQG�FUHGLW�FRRSHUDWLYHV�KDV�LQFUHDVHG�UHJDUGOHVV�RI�
FDVWH��:RPHQ�JDWKHU��WUDQVSRUW�DQG�DSSO\�IDUP\DUG�PDQXUH��:RPHQ�DUH�LQFUHDVLQJO\�EHFRPLQJ�
LQYROYHG�LQ�GHFLVLRQV�MRLQWO\�ZLWK�WKHLU�KXVEDQGV�UHJDUGLQJ�FKHPLFDO�IHUWLOL]HU�XVH�DQG�SXUFKDVH��
DQG�FKRLFH�RI�FURSV��DOWKRXJK�WKLV�LV�KDSSHQLQJ�PRUH�IRU�ZRPHQ�DPRQJ�KLJKHU�DQG�PLGGOH�FDVWHV�
WKDQ�ORZHU�FDVWHV��7KH�LQFUHDVHG�XVH�RI�IHUWLOL]HU�DVVRFLDWHG�ZLWK�DQ�LQFUHDVLQJ�QXPEHU�RI�FURSV�
SHU�DQQXP�KDV�DFFHOHUDWHG�HPLVVLRQV�GXULQJ�WKH�ZDWHU�VDWXUDWHG�DQG�ÀRRGHG�SHULRGV��7KH�DQDO\VLV�
VXJJHVWV�WKDW�LQFUHDVHG�IHUWLOL]HU�DSSOLFDWLRQ�KDV�UHVXOWHG�LQ�D�KLJKHU�LQWULQVLF�SURSHQVLW\�RI�WKH�
soils to emit N²O. These increases in N²2�HPLVVLRQV�FRXOG�FRQWULEXWH�IXUWKHU�WR�FOLPDWH�FKDQJH�
XQOHVV�DGGUHVVHG�WKURXJK�PLWLJDWLRQ�IRFXVHG�HIIRUWV�DQG�LQLWLDWLYHV�DLPHG�DW�LPSURYHG�PDQDJHPHQW�
�H�J��PRUH�WDUJHWHG�DSSOLFDWLRQ��RI�FKHPLFDO�IHUWLOL]HUV��6LQFH�ZRPHQ�DUH�LQFUHDVLQJO\�LQYROYHG�LQ�
)<0�DQG�FKHPLFDO�IHUWLOL]HU�DSSOLFDWLRQ��WKHLU�UROHV�DUH�LPSRUWDQW�LQ�QLWURJHQ�PDQDJHPHQW�LQ�WKH�
DJULFXOWXUDO�ODQGV��:LWK�1HSDOHVH�ZRPHQ�EHFRPLQJ�LQFUHDVLQJO\�LQYROYHG�LQ�DJULFXOWXUDO�SUDFWLFHV�
WKDW�FDQ�KDYH�QHJDWLYH�HQYLURQPHQWDO�LPSDFWV��PRUH�WKLQNLQJ�QHHGV�WR�JR�LQWR�KRZ�EHVW�WR�WDUJHW�
LPSURYHG�LQIRUPDWLRQ�DQG�LQWHUYHQWLRQV�WRZDUGV�ZRPHQ�LQ�RUGHU�WR�LPSURYH�HQYLURQPHQWDO�
VXVWDLQDELOLW\�RI�RQJRLQJ�LQWHQVL¿FDWLRQ��
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