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2�����DO���W�FOH

�JURHFRORJ��IRU�&URS��LYHUVLILFDWLRQ����&DVH�6WXG��IURP��
�QDQWDSXU��LVWULFW���QGKUD�3UDGHVK

%�3��%KDVNDU���9��5DPDPXUWK��

�R��WR�FLWH�WKLV�DUWLFOH�

%�3�� %KDVNDU��9�� 5DPDPXUWK��� �JURHFRORJ�� IRU� FURS� GLYHUVLILFDWLRQ�� �� FDVH� VWXG�� IURP��QDQWDSXU� GLVWULFW�� �QGKUD�
3UDGHVK��,QG�-�3ODQW�6RLO�������������������

�EVWUDFW

7KH� DUWLFOH� GHOYHV� LQWR� WKH��JURHFRORJ�� FRQFHSWV� DLPHG� DW� SURYLGLQJ� DOWHUQDWLYHV� IRU� OR��
LQSXW�GU�ODQG�IDUPLQJ��LWK�D�KLVWRU��RI�OR��JURXQGQXW��LHOG�LQ�WKH�VHPLDULG�UHJLRQV�RI��QGKUD�
3UDGHVK�� ,W� H[DPLQHV� HYLGHQFH�EDVHG� DJURHFRORJ�� FRQFHSWV� IRU� UDLQIHG� JURXQGQXW� IDUPLQJ��
SDUWLFXODUO�� IRFXVLQJ� RQ� WKH� KLJK� LQVWDELOLW�� RI� WKH� �LHOG� LQGH[� LQ� �QDQWDSXU� GLVWULFW�� 7KLV� LV�
DFKLHYHG� WKURXJK�D�GHWDLOHG� DQDO�VLV� RI� UDLQIDOO� SDWWHUQV�DQG� VRLO� FKDUDFWHULVWLFV� WR�GHWHUPLQH�
WKH� VXLWDELOLW�� RI� WKH� UHJLRQ� IRU� JURXQGQXW� FXOWLYDWLRQ�� 7KH� VWXG�� VSDQV� D�SHULRG� RI� ����HDUV�
������ WR� ������ DQG� UHYHDOV� WKDW� WKH� UDLQIDOO� GLVWULEXWLRQ� LV� KLJKO�� LUUHJXODU���LWK� SURQRXQFHG�
VHDVRQDOLW��DQG�H[WHQGHG�GU��SHULRGV��DV�LQGLFDWHG�E��D�VHDVRQDOLW��LQGH[�UDQJLQJ�IURP�����WR�
������%��FRQGXFWLQJ�D�WKRURXJK�DQDO�VLV�RI�UDLQIDOO�GDWD��WKUHH�GLVWLQFW�FOXVWHUV�DQG�W�R�SULQFLSDO�
FRPSRQHQWV��HUH�LGHQWLILHG��KLJKOLJKWLQJ�WKH�YDULDELOLW��LQ�ERWK�LQWHU�DQG�LQWUD�VHDVRQDO�UDLQV��
)XUWKHUPRUH��WKH�HYDOXDWLRQ�RI�WKH�VRLO�PDS���KLFK�FRQVLVWV�RI����VRLO�PDSSLQJ�XQLWV��LQGLFDWHV�
WKDW�RQO��������RI�WKH�WRWDO�DUHD�LV�PRGHUDWHO��VXLWDEOH�IRU�JURXQGQXW�FXOWLYDWLRQ���KLOH�����LV�
FRQVLGHUHG�PDUJLQDOO��VXLWDEOH��7KH�XQVXLWDELOLW��RI�WKH�UHPDLQLQJ�DUHD�LV�DWWULEXWHG�WR�IDFWRUV�
VXFK�DV�PRLVWXUH�VWUHVV��SURORQJHG�GU��VSHOOV��VKDOOR��VRLOV��JUDYHOO��DQG�VWRQ��VXUIDFHV��DV��HOO�
DV�VHYHUHO��HURGHG�JUDQLWH�ODQGVFDSHV��&RQVLGHULQJ�WKHVH�ILQGLQJV��WKH�DQDO�VLV�XQGHUVFRUHV�WKH�
LPSRUWDQFH�RI�H[SORULQJ�DJURHFRORJLFDO�DOWHUQDWLYHV�WR�PLWLJDWH�WKHVH�FKDOOHQJHV��FRQVHUYH�ODQG�
UHVRXUFHV��DQG�XOWLPDWHO��HQKDQFH�JURXQGQXW��LHOG�LQ�WKH�UHJLRQ�

.H��RUGV���JURHFRORJ����JUR�(QYLURQPHQW��*URXQGQXW��3UHFLSLWDWLRQ�FRQFHQWUDWLRQ�LQGH[��
6HDVRQDOLW��LQGH[��3ULQFLSDO�FRPSRQHQW�DQDO�VLV��.�PHDQ�FOXVWHULQJ�

�XWKRU�V� �IILOLDWLRQ�� �3ULQFLSDO� 6FLHQWLVW��
�+HDG��� 3ULQFLSDO� 6FLHQWLVW�� ,&�5�1DWLRQDO� %XUHDX� RI�
6RLO� 6XUYH�� �� /DQG� 8VH� 3ODQQLQJ�� %DQJDORUH� ��������
,QGLD�

�&RUUHVSRQGLQJ��XWKRU�� %�3�� %KDVNDU�� 3ULQFLSDO�
6FLHQWLVW��,&�5�1DWLRQDO�%XUHDX�RI�6RLO�6XUYH����/DQG�

8VH�3ODQQLQJ��%DQJDORUH���������,QGLD�

(�PDLO��EKDVNDUDSKDQHHQGUD�JPDLO�FRP

5HFHLYHG�RQ������������

�FFHSWHG�RQ������������

,1752�8&7,21

0RGHUQ� DJULFXOWXUH� KDV� WUDQVIRUPHG� QDWXUDO�
DJURHFRORJLFDO� V�VWHPV� WR� LQFUHDVH� FURS�

SURGXFWLYLW�� LQ�DQ�H[SRQHQWLDO��D��DQG�WR�HQVXUH�

IRRG�VHFXULW��LQ�SURSRUWLRQ�WR�GHPRJUDSKLF�JUR�WK���
�6KDWWXFN�� ������� 7KH� WUDQVIRUPDWLRQ� RI� PRGHUQ�
DJULFXOWXUH�KDV�EURXJKW� LQ� FKDQJHV�RI� LQVWDOODWLRQ�
RI� PRQRFXOWXUH�� GHHS� SOR�LQJ� DQG� JHQHWLFDOO��
modi�ed� crops� (Wu� H�� D���� ������� 0RQRFXOWXUHV�
UHO�� RQ� FKHPLFDO� IHUWLOL]HUV� SULPDULO�� GXH� WR� WKH�
speci�c� nutritional� requirements� of� the� single�
FURS�EHLQJ�FXOWLYDWHG�RYHU�ODUJH�DUHDV�UHVXOWLQJ�LQ�
QXWULWLRQDO� LPEDODQFHV� DQG�GHFOLQH� LQ� VRLO� IHUWLOLW��
��OWLHUL�� ������ %KDWWDFKDU�D�� ������ 6KXNOD� H�� D����
�������7KH�LQWHUFRQQHFWHG�LVVXHV�UHODWHG�WR�UDLQIHG�
DJULFXOWXUH� OLNH� ULVLQJ� WHPSHUDWXUHV�� DOWHUHG�
SUHFLSLWDWLRQ�SDWWHUQV��DQG�H[WUHPH��HDWKHU�HYHQWV�
KDYH� GLVUXSWHG� WUDGLWLRQDO� JUR�LQJ� VHDVRQV� DQG�
KHLJKWHQHG�WKH�LQFLGHQFH�RI�FURS�IDLOXUHV�GXH�WR�SHVWV�
DQG� GLVHDVHV� DQG� VHDVRQDO� GURXJKWV� VSHFLDOO�� LQ�
VHPLDULG�UHJLRQV�RI�VRXWKHUQ�,QGLD��0XNKRSDGK�D��
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H�� D���� ������� 7KHUH� LV�DQ�XUJHQW�QHHG� LQ�UHYLYDO� RI�
UDLQIHG�DJULFXOWXUH�LQ�VHPLDULG�UHJLRQV�E��DGRSWLQJ�
DJUR� HFRORJLFDO� FRQFHSWV� FRQVLVWLQJ� RI� WKUHH�
VWUDQGV�� �L�� V�VWHPDWLF� LQWHJUDWLRQ� RI� DJULFXOWXUDO�
practices� as� per� context-speci�c� regional�methods�
IRU� VXVWDLQDEOH� SURGXFWLYLW�� �LWK� ELRGLYHUVLW��
FRQVHUYDWLRQ�� 3DUWLFLSDWRU�� DSSURDFK� LQYROYLQJ�
IDUPHUV�LQ�ODQG�XVH�SURJUDPV�IRU�XSJUDGLQJ�VNLOOV�
DQG�SURPRWLQJ� LQFOXVLYH� IRRG�SURGXFWLRQ� ��OWLHUL��
������:H]HO�H��D����������(ORXDWWDVVL��H��D�����������

�ULG�DQG�VHPL�DULG�WURSLFDO�DUHDV�IDFH�LQFUHDVHG�
ULVNV� DQG� YXOQHUDELOLWLHV� GXH� WR� FOLPDWH� FKDQJH��
7KHVH� FOLPDWHV� DUH� FKDUDFWHUL]HG� E�� LQIUHTXHQW�
DGLDEDWLF� ULVH� RI� DLU� DQG�GLVWDQFH� IURP�DQ�RFHDQLF�
PRLVWXUH� VRXUFH� �0F�RQDOG�� ������� �JURHFRORJ��
LV� D� FRPSUHKHQVLYH� DSSURDFK� WKDW� FRPELQHV�
HFRORJLFDO� SULQFLSOHV� �LWK� DJULFXOWXUDO� V�VWHPV� WR�
HQKDQFH�SURGXFWLYLW���UHVLOLHQFH��DQG�VXVWDLQDELOLW���
,W� HPSKDVL]HV� ELRGLYHUVLW��� HFRORJLFDO� SURFHVVHV��
DQG� ORFDO� NQR�OHGJH� �.HVVHOPDQ�� 1JFR�D� DQG�
&DVDOH�� ������� %�� LQWHJUDWLQJ� HFRORJLFDO� SULQFLSOHV�
LQWR� IDUPLQJ� SUDFWLFHV�� DJURHFRORJ�� SURPRWHV�
VXVWDLQDEOH� WHFKQLTXHV� WKDW� LPSURYH� VRLO� KHDOWK��
ELRGLYHUVLW���DQG�HFRV�VWHP�VHUYLFHV��KLOH�UHGXFLQJ�
H[WHUQDO� LQSXWV� �*ODVVPDQ�� ������� 6WUDWHJLHV�
LQFOXGH� XVLQJ� LQGLJHQRXV� FURSV�� FRQVHUYDWLRQ�
DJULFXOWXUH��LQWHUFURSSLQJ��DJURIRUHVWU���DQG��DWHU�
PDQDJHPHQW�� 7KHVH� PHWKRGV� DLP� WR� ERRVW� FURS�
resilience,�soil�fertility,�water�ef�ciency,�and�overall�
farm�productivity,�bene�ting�smallholder�farmers’�
OLYHOLKRRGV� DQG� HQVXULQJ� IRRG� VHFXULW�� ��NDQPX�
H�� D���� ������ 7LWWRQHOO�� ������� �JULFXOWXUH� LQ� WKHVH�
UHJLRQV� LV� FKDOOHQJHG� E�� GHFOLQLQJ� SURGXFWLYLW��
DQG� QDWXUDO� UHVRXUFH� GHJUDGDWLRQ�� �V� D� UHVXOW��
PDQ��RI� WKHVH�DUHDV�VWUXJJOH��LWK� IRRG� LQVHFXULW��
GXH�WR�YDULRXV�QDWXUDO�DQG�KXPDQ�LQGXFHG�IDFWRUV�
DIIHFWLQJ� DJULFXOWXUDO� SURGXFWLRQ�� 7KH� VFDUFLW��
RI� �DWHU� FULWLFDOO�� OLPLWV� WKH� SURGXFWLRQ� RI� IRRG��
fodder,� and��rewood� in� these� regions,� leading� to�
OR��FURS��LHOGV�DQG�RFFDVLRQDO�FURS�IDLOXUH�GXH�WR�
OLPLWHG�DQG�XQSUHGLFWDEOH�SUHFLSLWDWLRQ��7KH�VPDOO�
DQG�PDUJLQDO�ODQG�KROGLQJ�LQ�,QGLD�LV�OHVV�WKDQ��KD��
DFFRXQWLQJ� ���� �����PLOOLRQ� RSHUDWLRQDO�KROGLQJV�
RI�WRWDO�����PLOOLRQ���R�&�):���������7KH�GHFOLQH�
LQ� WKH� DYHUDJH� VL]H� RI� ODQGKROGLQJV� IURP������KD��
LQ���������WR������KD��LQ���������LV�D�PDMRU�FRQFHUQ�
IRU� DGRSWLRQ�RI� QH�� WHFKQRORJLHV� DQG� ORRNLQJ� IRU�
EHWWHU�RSSRUWXQLWLHV�HOVH�KHUH��1,7,��D�RJ���������
7KH�VKLIW�WR�DUGV�VXVWDLQDEOH�DJULFXOWXUH�DQG�IRRG�
V�VWHPV�RIWHQ�SURYHV�WR�EH�FKDOOHQJLQJ�GXH�WR�WKH�
IDLOXUH� WR� DGGUHVV� WKH� LVVXH� LQ� D� FRPSUHKHQVLYH�
manner�and�to�acknowledge�the�critical�signi�cance�
RI�SHUYDVLYH�LQWHUDFWLRQV�DPRQJ�YDULRXV�ELRORJLFDO��
VRFLR�HFRQRPLF��FXOWXUDO��DQG�SROLWLFDO�IDFWRUV�RYHU�
WLPH��7DPEXULQR�H��D�����������,W�LV�QRW�VROHO��D�PDWWHU�

RI� SRRU� VHOHFWLRQ� RI� JHUPSODVP� DQG� FURSSLQJ�
V�VWHP�GHVLJQ��EXW�DOVR�RI�FRQVWUDLQWV�LQ�VRLO�QXWULHQW�
DYDLODELOLW���RIWHQ�DVVRFLDWHG��LWK�WKH�SUHYDOHQFH�RI�
SHVWV� DQG� GLVHDVHV�� WKH� FRQQHFWLRQ� EHW�HHQ� ODQG�
GHJUDGDWLRQ� DQG� SRYHUW��� XQIDYRUDEOH� QDWLRQDO�
DQG� JOREDO� SROLFLHV� LQ� WHUPV� RI� LQFHQWLYHV�� DQG�
LQVWLWXWLRQDO� VKRUWFRPLQJV� �7LWWRQHOO� H�� D���� �������
1HYHUWKHOHVV�� WKH� UHVWUXFWXULQJ� RI� DJULFXOWXUDO�
V�VWHPV� WR�DUGV� VXVWDLQDELOLW�� QHFHVVLWDWHV� D�
FRPSUHKHQVLYH� �HW� �LGHO�� DSSOLFDEOH� PRQLWRULQJ�
DQG�HYDOXDWLRQ� IUDPH�RUN��2QJRLQJ�HYDOXDWLRQ�LV�
FUXFLDO�WR�WKH�UHVWUXFWXULQJ��7LWWRQHOO���������DQG�LQ�
WKH� FRQWH[W� RI� VRFLDO�HFRORJLFDO� WUDQVLWLRQV� JXLGHG�
E�� WKH� ��� (OHPHQWV� RI� �JURHFRORJ��� KHUHDIWHU�
UHIHUUHG� WR� DV� ¶DJURHFRORJLFDO� WUDQVLWLRQV�� IRU�
EUHYLW��� PRQLWRULQJ� DQG� HYDOXDWLRQ� VKRXOG� HQWDLO�
LQWHJUDWLYH�IUDPH�RUNV�WKDW�FRQVLGHU�WKH�HFRORJLFDO�
DV� �HOO� DV� WKH� VRFLR�HFRQRPLF�� FXOWXUDO�� DQG�
SROLWLFDO� GLPHQVLRQV� RI� DJURHFRORJ��� �JULFXOWXUDO�
SURGXFWLYLW��� FRQVHUYDWLRQ� RI� WKH� HQYLURQPHQW��
DQG�DJURHFRORJLFDO� V�VWHPV�UHO��RQ�DFFHVVLEOH�DQG�
HIIHFWLYH� IDUPLQJ� WHFKQRORJLHV� WR� PLQLPL]H� ODQG�
GHJUDGDWLRQ�WKURXJK�VRLO�HURVLRQ��KLOH� LQFUHDVLQJ�
SURGXFWLRQ��+RQJ�H��D�����������7KH�ODQG�VXLWDEOH�IRU�
DJULFXOWXUH� PD�� DOVR� EH� VXLWDEOH� IRU� FRQVHUYDWLRQ�
WR�VXSSRUW�RWKHU� HFRORJLFDO� FUHDWXUHV�� WKXV� UDLVLQJ�
con�icting� interests� in� land� use� (Mkonda,� 2021).�
3URWHFWLRQ�RI�HQYLURQPHQWDOO��VHQVLWLYH�DUHDV��VXFK�
DV� ULYHUEHGV�RU� ULYHUEDQNV�� LV� DIIHFWHG�E�� IDUPHUV�
�KR�FRQVLGHU�VXFK�DUHDV� IHUWLOH�DQG�VXSSRUWLYH�RI�
IDUPLQJ� DFWLYLWLHV� �LWKRXW� WDNLQJ� SUHFDXWLRQDU��
PHDVXUHV� RI� FRQVHUYLQJ� WKH� HQYLURQPHQW� �0VX�D�
DQG�.LGHJKHVKR���������,Q�WKH�ORQJ�UXQ��XQUHJXODWHG�
IDUPLQJ� DFWLYLWLHV� FDXVH� VRLO� HURVLRQ��7KH� IDUPLQJ�
DFWLYLWLHV�WKDW�GHJUDGH�WKH�HQYLURQPHQW�RU�GHSOHWH�
PLFURELDO� DFWLYLWLHV� LQ� WKH� VRLO� PD�� LQFOXGH� WKH�
XVH� RI� V�QWKHWLF� IHUWLOL]HUV�� ,Q� PRVW� UXUDO� DUHDV�
LQ� 7DQ]DQLD�� WUDGLWLRQDO� IDUPLQJ� V�VWHPV� VXFK�
DV� VKLIWLQJ� FXOWLYDWLRQ� DQG� PRQRFXOWXUH� SDUWO��
FRQWULEXWH� WR� DJULFXOWXUDO� SURGXFWLYLW��� KR�HYHU��
WKH�� DUH� QRW� HQYLURQPHQWDOO�� IULHQGO�� �0EH�DOH�
DQG�0FKDUR��������

�QDQWDSXU� LV� WKH� RQO�� DULG� GLVWULFW� RI� �QGKUD�
3UDGHVK��LWK� DERXW� ����PP�DQQXDO� UDLQIDOO�� 7KLV�
GLVWULFW�OLHV�LQ�WKH�UDLQ�VKDGR��DUHD�RI�WKH�VWDWH�DQG�
VXIIHUV�IURP�IUHTXHQW�GURXJKWV��,W�KDV�RQO������RI�
WKH�DUHD�XQGHU�LUULJDWLRQ��LWK�JURXQGQXW�RFFXS�LQJ�
PD[LPXP�DUHD�XQGHU�UDLQIHG�FRQGLWLRQ�DFFRXQWLQJ�
IRU�RYHU�����RI�WKH�FURSSHG�DUHD��2WKHU�LPSRUWDQW�
crops� are� gram� (6.3%),� rice� (4.2%),� sun�ower�
��������SLJHRQ�SHD��������DQG�VRUJKXP���������7KH�
SURGXFWLYLW��RI�WKH�PDMRU�FURSV�LV�OHVV�WKDQ�����W�KD���
re�ecting�the�harsh�production�environment�in�the�
GLVWULFW��+R�HYHU���QDQWDSXU�LV�XQOLNH�WKH�GLVWULFW�
RI� -DLVDOPHU�� PRVW� RI� WKH� UXUDO� SRSXODWLRQ� ������

%�3��%KDVNDU��9��5DPDPXUWK����JURHFRORJ��IRU�FURS�GLYHUVLILFDWLRQ����FDVH�VWXG��IURP��
�QDQWDSXU�GLVWULFW���QGKUD�3UDGHVK
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%�3��%KDVNDU��9��5DPDPXUWK����JURHFRORJ��IRU�FURS�GLYHUVLILFDWLRQ����FDVH�VWXG��IURP��
�QDQWDSXU�GLVWULFW���QGKUD�3UDGHVK

GHSHQGV�RQ�DJULFXOWXUH��)RU�H[DPSOH��WKH�GLVWULFW�KDV�
DERXW������ODNKV�FXOWLYDWRUV�������ODNKV�DJULFXOWXUDO�
ODERUHUV���KHUHDV�WKH�GLVWULFW�-DLVDOPHU�V�FXOWLYDWRU�
SRSXODWLRQ�DQG�DJULFXOWXUDO�ODERUHUV�DUH�DERXW������
ODNKV�DQG������ODNKV�UHVSHFWLYHO���&HQVXV�RI�,QGLD��
������� WKXV�� PDNLQJ� WKH� GLVWULFW� PRVW� YXOQHUDEOH�
WR� FOLPDWH� FKDQJH�� �PRQJ� WKH� IDUPLQJ� V�VWHPV�
RI� PDUJLQDO� IDUPHUV�� LQWHJUDWHG� IDUPLQJ� V�VWHP�
LQYROYLQJ� FURS� SURGXFWLRQ� �JURXQGQXW� �� SLJHRQ�
SHD�LQWHUFURSSLQJ��DQG�UHDULQJ�RI�VPDOO�UXPLQDQWV�
����VKHHS�DQG����JRDWV���DV�IRXQG�EHWWHU��LWK�D�QHW�
UHWXUQ�RI�����������HDU���FRPSDUHG�WR�RWKHU�IDUPLQJ�
V�VWHPV��6LPLODUO���DPRQJ�WKH�WKUHH�IDUPLQJ�V�VWHPV�
RI� VPDOO� IDUPHUV�� LQWHJUDWHG� IDUPLQJ� V�VWHPV�
LQYROYLQJ� FURS� SURGXFWLRQ� �JURXQGQXW� �� SLJHRQ�
SHD� LQWHUFURSSLQJ�� DQG� OLYHVWRFN� UHDULQJ� ��� GHVL�
FR�V�DQG�����VKHHS��JDYH�KLJKHU�QHW�UHWXUQ��UXSHHV�
����������HDU���FRPSDUHG�WR�RWKHU�IDUPLQJ�V�VWHPV��
6DKDGHYD� 5HGG��� H�� D��� ������� DOVR� UHSRUWHG� WKDW�
IDUPLQJ� V�VWHPV� LQYROYLQJ� OLYHVWRFN� FRPSRQHQW�
and� groundnut� production�were� pro�table� in� the�
UDLQIHG� DUHD� RI� �QDQWDSXU�� 7KH� VWXG�� IRFXVHG�
on� adoption� trends� and� bene�ts� of� agroecology�
SUDFWLFHV�� SDUWLFXODUO�� LQ� VHPL�DULG� HQYLURQPHQWV�
�KHUH� YXOQHUDEOH� FRPPXQLWLHV� UHO�� RQ� UDLQ�IHG�
agriculture.�The��ndings�provide�insights�for�future�
HFRORJLFDO� DQG� DJULFXOWXUDO� SROLFLHV� WR� VXSSRUW�
VPDOO�IDUPHUV�LQ�DGRSWLQJ�DJUR�HFRORJ��SURGXFWLRQ�
V�VWHPV� LQ� VHPL�DULG� DQG� GURXJKW� KLW� DUHDV� RI�
JURXQG� QXW� JUR�HUV� �QDQWKDSXU� GLVWULFW� RYHU�
�HDUV��,W��DV��RI�FRXUVH��QRW�SRVVLEOH�WR�WKRURXJKO��
DVVHVV�DOO�WKH�ELRSK�VLFDO�SDUDPHWHUV�SUHGRPLQDWH�
LQ�GU�ODQG�UHJLRQV�

0�7(5,�/6��1��0(7�2�6

6W�G��D�HD

�QDQWKDSXU� GLVWULFW� LV� VLWXDWHG� LQ�5D�DODVHHPD�
UHJLRQ� RI��QGKUD� 3UDGHVK� VWDWH� DQG� OLHV� EHW�HHQ�
�������1�WR��������1�/DWLWXGH�DQG��������(�WR�����
���(� /RQJLWXGH� �LWK� D� SRSXODWLRQ� RI� ����������
������ FHQVXV��� 7KH� ERUGHULQJ� GLVWULFWV� DUH� %HOODU��
DQG�.XUQRRO�LQ�WKH�1RUWK��.DGDSD�WR�WKH�VRXWKHDVW��
DQG� .RODU� WR� WKH� 1RUWK�� �JULFXOWXUH� LV� WKH� PDLQ�
OLYHOLKRRG�RI�IDUPHUV�LQ�DULG�GLVWULFWV��LWK�D�PHDQ�
DQQXDO� UDLQIDOO� RI� ���� PP� ������������ DQG� D�
coef�cient�of�variation�(CV)�of�28%.�The�higher�CV�
RI�UDLQIDOO�UHODWLYH�WR�WKH�WKUHVKROG�OHYHO�RI�����IRU�
DQQXDO� UDLQIDOO� VXJJHVWV� KLJK� ULVN�� GHSHQGDELOLW��
RI� UDLQIHG� DJULFXOWXUH�� 7KH� PDMRU� VRLO� W�SHV� DUH�
Al�sols� covering� 78%� of� the� area.� Next� to� that�
9HUWLF� ,QFHSWLVROV� ������� DQG�RWKHU� VRLOV� DUH� ������
7KH� WH[WXUH� RI� VRLOV� LV� VDQG�� ORDP� ������� FOD��
������ORDP��VDQGV��������VDQG��FOD��ORDPV�������

DQG� URFN�� ODQGV� ������� 7KLV�GLVWULFW� LV� NQR�Q� IRU�
JURXQGQXW�����K�SRJDHD�/���DQG�PRVWO��JUR�Q�E��
VPDOO�DQG�PDUJLQDO�IDUPHUV��LWK�OR���LHOGV�GXH�WR�
OR��DQG�HUUDWLF�GLVWULEXWLRQ�RI�PRQVRRQ�UDLQIDOO��7KH�
PHDQ�SRG��LHOG��DV�����NJ�KD�EXW�YDULHV�IURP�����
NJ�KD�WR������NJ�KD�IURP��HDU�WR��HDU��7KH�VWXGLHV�
RQ�VHDVRQDO�UDLQIDOO�RQ��LHOG�UHSRUWHG�WKDW�LI�WKHUH�LV�
(YLGHQFH�IURP�����OHVV�RI�QRUPDO�VHDVRQDO�UDLQIDOO��
WKHUH�LV�����RI�UHGXFWLRQ�LQ�SRG��LHOG��%DSXML�5DR�
H��D�����������7KH�VLPXODWLRQ�VWXGLHV�LQ�UHFHQW�WLPHV�
XVLQJ�&523*52�3HDQXW�PRGHO�VKR�HG�WKDW�WKHUH�
LV�D�VFRSH�WR�LQFUHDVH�SRG��LHOGV�RQ�DYHUDJH�E��������
������ ������� DQG� ������� IROOR�LQJ� WKH� DGRSWLRQ�
RI� KHDW� WROHUDQFH�� GURXJKW� WROHUDQW� FXOWLYDUV� DQG�
supplemental� irrigation� respectively.� The� bene�ts�
of�adaptation�of�options�differ�spatially�but�bene�ts�
DUH�PRUH�E��JUR�LQJ�GURXJKW�WROHUDQW�QH��YDULHWLHV�
DQG�RQH�VXSSOHPHQWDU�� LUULJDWLRQ�DW����GD�V�DIWHU�
VR�LQJ��.DGL�DOD�H��D����������

��7��&2//(&7,21

Forty��ve�years�of�rainfall�data��������WR�������RI�
PRQWKO��GDWD�IURP�WKH��HEVLWH�RI�0LQLVWU��RI�HDUWK�
VFLHQFHV� � �DV� GR�QORDGHG� �,QGLD� 0HWHRURORJLFDO�
�HSDUWPHQW�2�2��GGLWLRQDO��LUHFWRU�*HQHUDO� RI�
0HWHRURORJ�� 5HVHDUFK�� IURP� FOLPDWH� DSSOLFDWLRQ�
JURXS� ������� DQG� RSHQ� UHSRVLWRU�� GDWD� RI� �HDU�
�LVH�JURXQGQXW�DUHD�DQG��LHOG�IURP�,&5,6�7�GDWD�
�������� 7KHVH� GDWD� VHWV��HUH� XVHG� LQ� WKH� SUHVHQW�
VWXGLHV� WR� SXW� XS� D� YLH�SRLQW� RQ� DJURHFRORJLFDO�
strategies� for� crop� diversi�cation� in� arid� district�
OLNH� �QDQWKDSXU�� 7KH� VRLO� GDWD� �DV� WDNHQ� IURP�
1%66�/83� ������� UHSRUW� RQ� 6RLO� UHVRXUFHV� RI�
�QDQWDSXU� GLVWULFW�� �QGKUD� 3UDGHVK�� �� GHWDLOHG�
VRLO�VXUYH���DV�FDUULHG�RXW�XVLQJ�6XUYH��RI�,QGLD�
7RSRVKHHWV�RQ���������VFDOH�DV�SHU�WKH�SURFHGXUHV�
GHVFULEHG� �6RLO� 6XUYH�� �LYLVLRQ� 6WDII�� ������ DQG�
identi�ed� 36� soil� series.� Derived� soil� map� with�
���PDSSLQJ� XQLWV� DV� VHULHV� DVVRFLDWLRQ�� 7KH� VRLOV�
were� classi�ed� up� to� subgroup� level� as� per� Soil�
6XUYH��6WDII� ��������7KH�VXLWDELOLW�� IRU�JURXQGQXW�
�DV� �RUNHG� RXW� EDVHG� RQ� 6�V� H�� D��� �������� 7KH�
OLPLWDWLRQV� RI� DJURHFRORJLFDO� VWUDWHJLHV� �HUH�
H[SORUHG� LQ��QDQWDSXU� GLVWULFW��KHUH� JURXQGQXW�
�DV� JUR�Q� XQGHU� PRGHUQ�PRQRFXOWXUH� V�VWHPV�
DQG� LQFXUUHG� KHDY�� FURS� ORVV� GXULQJ� GURXJKW�
�HDUV�� 7KLV� VWXG��PDGH�RQ�UDLQIDOO� FKDUDFWHULVWLFV�
DQG� ELRSK�VLFDO� OLPLWDWLRQV� IURP� ODQG� UHVRXUFH�
LQYHQWRU��DV�GLVFXVVHG�XQGHU��

�D��IDOO��D��DE�O�W��D�DO�V�V

5DLQIDOO� YDULDELOLW�� �DV� �RUNHG� RXW� XVLQJ�
Coef�cient� of� Variation� (CV),� Precipitation�
&RQFHQWUDWLRQ�,QGH[��3&,��DQG�6HDVRQDOLW��LQGH[�
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����������� 6HDVRQDO� ����������� 0DUNHGO�� VHDVRQDO�
�LWK�D� ORQJ�GULHU�VHDVRQ������������0RVW� UDLQ� LQ���
PRQWKV� RU� OHVV� ���������� DQG� ([WUHPH�� DOPRVW� DOO�
rain�in�1–2�months�≥�1.20.

6WDW�VW�FDO�D�DO�V�V

7KH� VRIW�DUH� DSSOLFDWLRQ� VXFK� DV� 0LFURVRIW�
([FHO�� 6WDW� %OXH�� DQG� 6WDWLVWLFV� .LQJGRP� 2QOLQH�
�HUH� XWLOL]HG� IRU� WKH� FRPSXWDWLRQ� RI� 3&,� DQG� 6,�
DV��HOO� DV� IRU� FRQGXFWLQJ�GHVFULSWLYH� VWDWLVWLFV� RQ�
UDLQIDOO�GDWD��FRUUHODWLRQ�DQG�UHJUHVVLRQV��SULQFLSDO�
FRPSRQHQW�DQDO�VLV�� VFDWWHU�SORWV��DQG�KLVWRJUDPV�
DV�RXWOLQHG�LQ�WKH�VWXG���3&���DV�XVHG�IRU�FOLPDWH�
]RQLQJ� PHWKRG� �5LFKPDQ�� ������� 7KH� IRUHFDVWLQJ�
RI� UDLQIDOO� WUHQGV�DQG�RI�3&,��DV�FDOFXODWHG�XVLQJ�
����YHUVLRQ�RI�([SRQHQWLDO�VPRRWKLQJ�WHFKQLTXH�
IRU� KDQGOLQJ� D� WLPH� VHULHV� WKDW� GLVSOD�V� D� VOR�O��
FKDQJLQJ� OLQHDU� WUHQG� �0LFURVRIW� ����� *DUGHQHU��
�������HFNNHU�H��D������������7KH�UHODWLYH�YDULDELOLW��LQ�
WKH�DUHD���LHOG�DQG�SUHFLSLWDWLRQ�LQ�*URXQGQXW���DV�
DVVHVVHG�XVLQJ�WKH�&XGG���HOOD�9DOOH�,QGH[���������
7KH�IRUPXOD�IRU�WKH�LQVWDELOLW��LQGH[��DV�JLYHQ�E��
IX�=�CV√�(1�−�R�����KHUH�,;�UHSUHVHQWV�WKH�LQVWDELOLW��
index,� CV� denotes� the� coef�cient� of� variation�
�H[SUHVVHG�DV�D�SHUFHQWDJH���DQG�R��UHSUHVHQWV�WKH�
coef�cient� of�determination�obtained� from� a� time�
WUHQG�UHJUHVVLRQ�DGMXVWHG�E��WKH�QXPEHU�RI�GHJUHHV�
RI�IUHHGRP�

5(68/76��1���,6&866,21

�HVF��SW��H�VWDW�VW�FV�RI��D��IDOO�FKD�DFWH��VW�FV�
������WR������

0HD�� PR�WKO�� D�G� VHDVR�DO� �D��DW�R�� D�G�
W�H�GV�����D��IDOO

7KH� DYHUDJH� DQQXDO� UDLQIDOO� LQ� �QDQWDSXU� LV�
544.60�±�124.51�mm,�with�a�coef�cient�of�variation�
RI��������7KH� UDQJH�RI� UDLQIDOO� YDULHG� IURP�������
PP�LQ������WR�������PP�LQ�������VKR�LQJ�D�KLJK�
GHJUHH� RI� YDULDELOLW��� 7KH� VWDQGDUG� GHYLDWLRQ�
and� coef�cient� of� variation� (CV)� were� higher,�
LQGLFDWLQJ�D�KLJK�YDULDELOLW��LQ�WKH�DQQXDO�UDLQIDOO�
VHULHV�� 0RQWKO�� UDLQIDOO� YDULDELOLW�� LV� DOVR� KLJK��
�LWK�YDOXHV�OHVV�WKDQ�����RI�&9�LQ�6HSWHPEHU�DQG�
2FWREHU�EXW�H[FHHGLQJ������LQ�RWKHU�PRQWKV��7KH�
VHDVRQDO� UDLQIDOO�LV������PP�IRU��LQWHU�������PP�
IRU� SUH�PRQVRRQ�� ������PP� IRU� PRQVRRQ�� DQG�
������PP�IRU�SRVW�UDLQ��VHDVRQ��0RQVRRQ�UDLQIDOO�
FRQWULEXWHV� WR� ������� RI� WKH� WRWDO�� �KLOH� �������
FRPHV� IURP�SRVW�PRQVRRQ�DQG��������IURP�SUH�
PRQVRRQ�� 7KH� �LQWHU� UDLQIDOO� LV� �����PP��HDU��
�LWK�KLJK�VWDQGDUG�GHYLDWLRQ�DQG�&9�� LQGLFDWLQJ�

�6,��

�RHII�F�H�W�RI��D��DW�R����9�

The� CV� value� was� calculated� as:� CV� =� σ/μ� ×�
100� (10)�where,�CV� is� coef�cient�of�variation;�σ� is�
standard�deviation�and�μ� is�mean�of� rainfall.�The�
degree� of� variability� based� on� CV� was� classi�ed�
DV� OR������� ��� WR� ���PRGHUDWH� DQG������ DV� KLJK�

�.RNDJ� H�� D���� ���������HF�S�WDW�R�� FR�FH�W�DW�R��
��GH��������

7KH� 3&,� YDOXH� �DV� FDOFXODWHG� ERWK� IRU� DQQXDO�
DQG�VHDVRQDO�DV�SHU�WKH�IRUPXODH�RI�*DR�H��D����������
DV�JLYHQ�XQGHU�

3&,�DQQXDO�� � ;���

3&,��LQWHU� ������������;����

3&,�PRQVRRQ�� ��;�����

3&,�SUHPRQVRRQ� ��������;����

3&,�SRVW�PRQVRRQ�� �����������;�����

�KHUH�� SL� LV� WKH� UDLQIDOO� DPRXQW� RI� LWK� PRQWK��
3� LV� �QQXDO� UDLQIDOO� �PP��� :LQWHU� ��HFHPEHU��
-DQXDU��� )HEUXDU���� 3UHPRQVRRQ� �0DUFK�� �SULO��
0D���� 0RQVRRQ� �-XQH�� -XO��� �XJXVW�� 6HSWHPEHU��
DQG�3RVW�PRQVRRQ��2FWREHU��1RYHPEHU��IRU�VWXG��
DUHD� DV� SHU� ,QGLDQ� 0HWHRURORJLFDO� �HSDUWPHQW�
3&,�YDOXHV�DUH�FDWHJRUL]HG�DV�3&, ����DV�XQLIRUP�
SUHFLSLWDWLRQ�� ��� WR� ��� DV� PRGHUDWH� SUHFLSLWDWLRQ��
������ DV� LUUHJXODU�GLVWULEXWLRQ� DQG���� DV� VWURQJO��
LUUHJXODU�SUHFLSLWDWLRQ��

6HDVR�DO�W����GH���6��

A�seasonality�index�allows�for�the�quanti�cation�
RI� SUHFLSLWDWLRQ� YDULDELOLW�� WKURXJKRXW� WKH� �HDU�
using� a� single� �gure.� This� index� does� not� offer� a�
GHWDLOHG�PRQWK�E��PRQWK�YLH��RI�VHDVRQDO�YDULDWLRQ�
EXW�VKRXOG�EH�VXSSOHPHQWHG�E��D�GHWDLOHG�DQDO�VLV�
of�monthly� precipitation� across� a� speci�c� area,� as�
GHPRQVWUDWHG�LQ�WKH�FXUUHQW�VWXG���2QH�FRPPRQO��
XVHG� VHDVRQDOLW�� LQGH[� LV� WKH� RQH� GHYHORSHG� E��
Walsh�and�Lawler�(1981):�SI�=�1�/�R�*�∑�|Xn�-�R̅|12�
:KHUH�5�UHSUHVHQWV�WKH�WRWDO�DQQXDO�SUHFLSLWDWLRQ�IRU�
WKH��HDU�XQGHU�VWXG��DQG�;Q�LV�WKH�DFWXDO�PRQWKO��
SUHFLSLWDWLRQ� IRU�PRQWK�Q�� ,Q� WKLV� VWXG�� RI� VSDWLDO�
DQG� WHPSRUDO� YDULDWLRQ� LQ� VHDVRQDOLW��� ;QLV� WKH�
PHDQ�UDLQIDOO�RI�PRQWK�Q�DQG�5�LV�WKH�PHDQ�DQQXDO�
UDLQIDOO��7KHRUHWLFDOO���WKH�6,�FDQ�YDU��IURP�]HUR��LI�
DOO�WKH�PRQWKV�KDYH�HTXDO�UDLQIDOO��WR�������LI�DOO�WKH�
UDLQIDOO�RFFXUV�LQ�RQH�PRQWK��

Seasonality� index� (SI)� classes:� Very� equable� ≤�
0.19,� Equable� but� with� a� de�nite� wetter� season�
�����������5DWKHU�VHDVRQDO��LWK�D�VKRUW�GULHU�VHDVRQ�

%�3��%KDVNDU��9��5DPDPXUWK����JURHFRORJ��IRU�FURS�GLYHUVLILFDWLRQ����FDVH�VWXG��IURP��
�QDQWDSXU�GLVWULFW���QGKUD�3UDGHVK
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unreliable� rainfall� for� rabi� crops.� The� con�dence�
LQWHUYDOV� KDYH� D� OR�HU� OLPLW� RI� ������� PP� DQG�
DQ� XSSHU� OLPLW� RI� ������� PP� EXW� VKR�� GUDVWLF�
FKDQJHV�LQ�IRUHFDVWLQJ�IURP������WR�������7DEOH�����
7KH�VHDVRQDO�UDLQIDOO�LV�KLJKO��VNH�HG�IRU��LQWHU��
SUH�PRQVRRQ�� DQG� PRQVRRQ� PRQWKV�� H[FHSW�
PRGHUDWHO��VNH�HG�IRU�0D����XJXVW��6HSWHPEHU��
DQG�2FWREHU��7KH�NXUWRVLV��LWK�YDOXHV����LQGLFDWHV�
SRVLWLYH�NXUWRVLV� IRU�)HEUXDU���0DUFK��-XQH��-XO���

DQG� �HFHPEHU�� EXW� QHJDWLYH� IRU� WKH� UHVW� RI� WKH�
PRQWKV��7KH�6.S�LV�XVHG�WR�PHDVXUH�WKH�GLUHFWLRQ�
RI� YDULDWLRQ���LWK� YDOXHV� RI� ���� IRU� )HEUXDU��EXW�
PLQLPXP�IRU�2FWREHU���������LQGLFDWLQJ�SRVLWLYHO��
VNH�HG� GDWD�� 7KH� �HOOR�� WUHQGOLQH� LOOXVWUDWHV�
D� JUDGXDO� GHFOLQH� LQ� UDLQIDOO�� �LWK� D� FKDQFH� RI�
UHDFKLQJ�D�PD[LPXP�RI�����PP�DQG�D�PLQLPXP�
RI����PP��UHIHU�WR�)LJ�����

7DEOH�����HVFULSWLYH�VWDWLVWLFDO�VXPPDU��RI�UDLQIDOO�IURP������WR�����
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0HDQ ���� ���� ���� ����� ����� ����� ����� ����� ������ ������ ����� ���� ������

6� ���� ���� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ������

&9 ������ ������ ������ ����� ����� ����� ����� ����� ����� ����� ����� ������ �����

0LQL ���� ���� ���� ���� ���� ���� ���� ���� ����� ����� ���� ���� ������

0D[ ����� ����� ����� ����� ������ ������ ������ ������ ������ ������ ������ ����� ������

&) ���� ���� ���� ���� ����� ����� ����� ����� ����� ����� ����� ���� �����

8SSHU ���� ���� ����� ����� ����� ����� ����� ����� ������ ������ ����� ����� ������

/R�HU ���� ���� ���� ����� ����� ����� ����� ����� ������ ����� ����� ���� ������

6NH�QHVV ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

.XUWRVRV ���� ����� ���� ���� ����� ���� ���� ���� ����� ����� ���� ���� ����

6N�S ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

)LJ�����7UHQGV�DQG�IRUHFDVWLQJ�RI�UDLQIDOO�IURP�KLVWRULFDO�GDWD�RI������WR�����

�����HF�S�WDW�R��FR�FH�W�DW�R����GH�������

7KH�PHDQ� DQQXDO�3&,� LV� �������LWK� 6�� RI� �����
DQG�PRGHUDWH�YDULDELOLW���&9�����������7KH�UDLQIDOO�
LV�LUUHJXODU�EXW�IUHTXHQF��GDWD�VKR�V�WKDW�RXW�RI����

�HDUV�� WKH�UHJLRQ�KDV����LUUHJXODU�DQG����VWURQJO��
LUUHJXODU� GLVWULEXWLRQ� RI� UDLQIDOO� �7DEOH� ���� 7KH�
IRXU� GLVWLQFW� VHDVRQDO� GDWD� RI� 3&,� VKR�V� GLVWLQFW�
YDULDWLRQV� LQ� RFFXUUHQFH� RI� UDLQIDOO� GLVWULEXWLRQ��

%�3��%KDVNDU��9��5DPDPXUWK����JURHFRORJ��IRU�FURS�GLYHUVLILFDWLRQ����FDVH�VWXG��IURP��
�QDQWDSXU�GLVWULFW���QGKUD�3UDGHVK
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�PRQJ� IRXU� VHDVRQV�� 7KH� PRQVRRQ� DQG� SRVW�
PRQVRRQ�SHULRG��KDV� ��� WR� ���PRGHUDWH� LQWHQVLW��
RI� UDLQIDOO� DQG� ��� HYHQWV� RI� XQLIRUP�GLVWULEXWLRQ�
�KHUHDV� �LQWHU� KDV� ��� VWURQJO�� LUUHJXODU�
GLVWULEXWLRQ� RI� UDLQIDOO� HYHQWV�� 7KH� SUH� PRQVRRQ�
SHULRG� KDV� ���PRGHUDWH� DQG� ��� LUUHJXODU� UDLQIDOO�
HYHQWV��

7KH� ��� �HDUV� � RI� � ERWK� VHDVRQDO� DQG� DQQXDO�
3&,� YDOXHV� �HUH� XVHG� IRU� GHULYLQJ� W�R� 3ULQFLSDO�
FRPSRQHQWV� KDYLQJ� (LJHQ� YDOXH� PRUH� WKDQ� ��
�)LJ�� ���� %DVHG�RQ� WKH�3&��DQDO�VLV�� WKUHH� � �PDLQ�
FRPSRQHQWV� �3&��3&��� �HUH� REWDLQHG� IURP�
WKHVH� LQGLFDWRUV�� �KLOH� WKH� YDULPD[� URWDWLRQ� �DV�
employed� to� improve� the� signi�cance� of� the�
in�uencing�variables.�According�to�the�matrices�of�

WKH� W�R�SULQFLSDO� FRPSRQHQWV� DIWHU� URWDWLRQ�� 3&��
H[SODLQV��������RI�WRWDO�YDULDWLRQ�������HLJHQ�YDOXH��
�KLOH�3&��DFFRXQWV�IRU��������������HLJHQ�YDOXH��RI�
WRWDO�YDULDQFH�RI���������7DEOH�����7KH�FRUUHODWLRQ�
coef�cient� (r)� of� the� principal� components� after�
rotation� exhibits� an� identical� con�dence� level� of�
������FFRUGLQJ�WR�WKH�GDWD�SUHVHQWHG�LQ�7DEOH���DQG�
GLVSOD�HG� LQ� VWURQJ�UHODWLRQ�RI�PRQVRRQ� �U �������
DQG� SRVW� PRQVRRQ� 3&,� �������� �LWK� DQQXDO� 3&,��
7KH�6HDVRQDOLW��LQGH[�KDV�D�VWURQJ�FRUUHODWLRQ��LWK�
DQQXDO�3&,��U ���������PRQVRRQ��U �������DQG�SRVW�
PRQVRRQ�3&,��U ��������7KH�ELYDULDWH�SORW�EHW�HHQ�
3&��DQG�3&��VKR�V�SRVLWLYH�VFRUHV� IRU�ERWK� LQWUD�
DQG� LQWHU� DQQXDO� SUHFLSLWDWLRQ� LQGLFHV� EXW� �HOO�
H[SUHVVHV�WKH�SUR[LPLW��RI�ERWK�PRQVRRQ�DQG�SRVW�
PRQVRRQ�3&,��LWK��QQXDO�3&,�

7DEOH����<HDU��LVH��QQXDO�DQG�VHDVRQDO�3&,�LQ��QDQWDSXU�GLVWULFW�������WR������

�HDU� 3&,

�QQXDO� �:LQWHU� 3UH�PRQVRRQ 0RQVRRQ 3RVW�PRQVRRQ 6,
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���� ����� ���� ����� ���� ���� ����

���� ����� ����� ����� ����� ���� ����

���� ����� ����� ����� ����� ���� ����

���� ����� ����� ����� ����� ���� ����

���� ����� ����� ����� ����� ����� ����

���� ����� ���� ����� ����� ���� ����

���� ����� ����� ����� ����� ����� ����

���� ����� ����� ����� ����� ����� ����

���� ����� ����� ����� ���� ����� ����

���� ����� ���� ����� ����� ���� ����

���� ����� ����� ����� ����� ����� ����

���� ����� ����� ����� ����� ����� ����

���� ����� ����� ���� ����� ����� ����

���� ����� ����� ����� ���� ���� ����

���� ����� ����� ����� ����� ����� ����

���� ����� ���� ����� ���� ���� ����

���� ����� ����� ����� ���� ����� ����

���� ����� ����� ����� ���� ����� ����

�D��H�&R�����

%�3��%KDVNDU��9��5DPDPXUWK����JURHFRORJ��IRU�FURS�GLYHUVLILFDWLRQ����FDVH�VWXG��IURP��
�QDQWDSXU�GLVWULFW���QGKUD�3UDGHVK
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%�3��%KDVNDU��9��5DPDPXUWK����JURHFRORJ��IRU�FURS�GLYHUVLILFDWLRQ����FDVH�VWXG��IURP��
�QDQWDSXU�GLVWULFW���QGKUD�3UDGHVK

���� ����� ����� ����� ���� ����� ����

���� ����� ����� ����� ���� ����� ����

���� ����� ����� ���� ����� ���� ����

���� ����� ����� ����� ����� ����� ����

���� ����� ����� ����� ����� ����� ����

���� ����� ����� ����� ����� ����� ����

���� ����� ����� ����� ����� ����� ����

���� ����� ����� ����� ���� ����� ����

���� ����� ����� ����� ���� ����� ����

���� ����� ����� ����� ����� ����� ����

���� ����� ����� ����� ���� ����� ����

���� ����� ����� ����� ����� ���� ����

���� ����� ����� ����� ���� ����� ����

���� ����� ����� ����� ���� ���� ����

���� ����� ����� ����� ����� ���� ����

���� ����� ����� ����� ���� ���� ����

PHDQ ����� ����� ����� ����� ����� ����

VG ���� ���� ���� ���� ���� ����

FY ����� ����� ����� ����� ����� ����

7DEOH����5HVXOWV�RI�3&��DQDO�VLV

3DUDPHWHU 3&
�

3&
�

3&
�

3&
�

3&
�

(LJHQYDOXH ���� ���� ���� ���� ����

��RI�9DULDQFH ����� ����� ����� ����� ����

&XPXODWLYH���� ����� ����� ���

7DEOH����&RUUHODWLRQ�PDWUL[

3&,�*URXS �QQXDO :LQWHU 3UHPRQVRRQ 0RQVRRQ 3RVW�PRQVRRQ

�QQXDO � ���� ���� ���� ���

:LQWHU ���� � ����� ������ �����

3UHPRQVRRQ ���� ����� � ����� ����

0RQVRRQ ���� ������ ����� � ����

3RVW�PRQVRRQ ��� ����� ���� ���� �

)LJ�����6FDWWHU�SORW�RI�3&,��LWK�3&�

.�PHD��FO�VWH����

7KUHH�JURXSLQJV��HUH�HVWDEOLVKHG��)LJ������7KH�
�rst�group�(red�dot�line)�consists�of�eight�years,�the�
VHFRQG�JURXS��EOXH�GRW�OLQH��FRQVLVWV�RI�����HDUV��
DQG�WKH�WKLUG�JURXS��JUHHQ�GRW�OLQH��FRQVLVWV�RI����
�HDUV�� HQFRPSDVVLQJ� ERWK� VHDVRQDO� DQG� DQQXDO�
3&,�6,� GDWD� VHWV� VSDQQLQJ� ��� �HDUV� �������������
7KH� GDWD� VHWV� IRU� HDFK� JURXS� DUH� GLVFXVVHG�
LQGLYLGXDOO��

&OXVWHU����7KH�DYHUDJH�DQQXDO�3&,�LV������“������
VXJJHVWLQJ�D�KLJKO��HUUDWLF�GLVWULEXWLRQ�RI�UDLQIDOO�
RYHU� DQ� HLJKW��HDU� SHULRG�� �QQXDO� 3&,� YDOXHV�
UDQJHG�IURP��������������WR���������������LWK�D�OR��
OHYHO� RI� YDULDELOLW�� �&9� RI� ���������7KH� DYHUDJH�
VHDVRQDO� 3&,� YDOXHV� LQGLFDWH� PRGHUDWH� UDLQIDOO��
�LWK� YDOXHV� RI� �����“����� IRU� SUH�PRQVRRQ� DQG�
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)LJ�����&OXVWHULQJ�RI�3&,�DQG�6,�GDWD�VHWV�RI��QDQWDSXU�GLVWULFW

�����“����� IRU� SRVW�PRQVRRQ�� VKR�LQJ� OR��
YDULDELOLW�� �&9� ������� 7KH� FOXVWHU� PHDQ� IRU� 6,�
LV�����“�������LWK�D�&9�RI��������VXJJHVWLQJ�WKDW�
PRVW� RI� WKH� UDLQIDOO� RFFXUV� LQ� �� RU� ��PRQWKV�� ,Q�

������ WKH� 6,� LV� ������ LQGLFDWLQJ� H[WUHPH� UDLQIDOO��
�LWK� DOPRVW� DOO� WKH� UDLQ� IDOOLQJ� LQ� ���� PRQWKV�
�7DEOH����

7DEOH�����HVFULSWLYH�VWDWLVWLFDO�VXPPDU��IRU�FOXVWHU��LVH�3&,�DQG�VHDVRQDOLW��LQGH[

�,��1DPH �QQXDO 0RQVRRQ 3UH�PRQVRRQ :LQWHU 3RVW�PRQVRRQ 6,

&OXVWHU��

0HDQ ����� ����� ����� ����� ����� ����

6� ���� ���� ���� ���� ���� ����

&9 ����� ����� ����� ����� ����� ����

&OXVWHU��

0HDQ ����� ����� ����� ����� ����� ����

6� ���� ���� ���� ����� ���� ����

&9 ���� ����� ���� ����� ����� ����

&OXVWHU��

0HDQ ����� ����� ����� ����� ����� ����

6� ���� ���� ���� ���� ���� ����

&9 ����� ����� ����� ����� ����� ����

&OXVWHU���SUHVHQWV�D�����HDU�GDWDVHW�VKR��FDVLQJ�
WKH� PHDQ� DQQXDO� 3&,� RI� �����“���� �LWK� D� &9� RI�
������� 7KH� 3&,� YDOXHV� H[KLELW� D� VWURQJ� LUUHJXODU�
GLVWULEXWLRQ��UDQJLQJ�IURP�������3&,�DQQXDO��������
WR� ������ IRU� ����������� 7KH� PHDQ� 3&,� GXULQJ�
�LQWHU�������“�������DQG�SUH�PRQVRRQ�������“������
SHULRGV� DUH� LUUHJXODU�� �KLOH� SRVW�PRQVRRQ� �PHDQ�
�����“������DQG�PRQVRRQ�SHULRG��PHDQ������“������
VKR�� D� PRUH� PRGHUDWH� SDWWHUQ�� 7KH� KLJKHVW� &9�
LV� UHFRUGHG� IRU� �LQWHU� 3&,� DW� ������� 7KH� PHDQ�
VHDVRQDOLW�� LV� ����“������LWK� D� &9� RI� ������� 7�R�
RXW�RI�WKH�����HDUV�������������H[SHULHQFHG�PDUNHG�
VHDVRQDO�UDLQV��LWK�H[WHQGHG�GU��SHULRGV���KLOH�WKH�
UHPDLQLQJ�HLJKW� �HDUV�KDG�UDLQV�RFFXUULQJ� LQ� ��RU�

IH�HU�PRQWKV��&OXVWHU����RQ�WKH�RWKHU�KDQG��VSDQV�
��� �HDUV� DQG� GLVSOD�V� D� PRGHUDWH� PHDQ� DQQXDO�
DQG�VHDVRQDO�3&,��LWK�&9V�EHOR�������H[FHSW�IRU�
�LQWHU�3&,��KLFK�KDV� D�&9� RI� ��������7KH�PHDQ�
VHDVRQDOLW��LQGH[�LV�����“������LWK�D�&9�RI��������
7KH�VHDVRQDOLW��LQGH[�LQGLFDWHV�����HDUV�DV�VHDVRQDO�
�������� DQG� ��� �HDUV� DV� PDUNHGO�� VHDVRQDO� �LWK�
SURORQJHG�GU��VSHOOV������WR��������7KH�3&,�WUHQGOLQH�
VXJJHVWV� D� PRGHUDWH� GLVWULEXWLRQ�� IRUHFDVWLQJ�
PRGHUDWH�SUHFLSLWDWLRQ�OHYHOV�XS�WR�������+R�HYHU��
IURP������WR�������WKH�XSSHU�OLPLW�VKR�V�LUUHJXODU�
WR� VWURQJO�� LUUHJXODU� SDWWHUQV�� �KLOH� WKH� OR�HU�
ERXQGDU�� LQGLFDWHV� D� XQLIRUP�GLVWULEXWLRQ��LWK� D�
GHFOLQLQJ�WUHQG��)LJ�����

%�3��%KDVNDU��9��5DPDPXUWK����JURHFRORJ��IRU�FURS�GLYHUVLILFDWLRQ����FDVH�VWXG��IURP��
�QDQWDSXU�GLVWULFW���QGKUD�3UDGHVK
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%�3��%KDVNDU��9��5DPDPXUWK����JURHFRORJ��IRU�FURS�GLYHUVLILFDWLRQ����FDVH�VWXG��IURP��
�QDQWDSXU�GLVWULFW���QGKUD�3UDGHVK

)LJ����7UHQG�OLQH�RI�3&,�DQG�LWV�IRUHFDVWLQJ�XSWR�����

7UHQGV� RI��UHD� ������ KD�� DQG� �LHOG� �NJ�KD�� RI�
*URXQGQXW� RYHU� ��� �HDUV� LQ� �QDQWDSXU� GLVWULFW�
������������

7KH�DYHUDJH�DUHD� LV���������“��������� WKRXVDQG�
KHFWDUHV� �LWK� D� KLJK� GHJUHH� RI� YDULDELOLW�� �&9�
RI� ������ 6LPLODUO��� WKH� DYHUDJH� SRG� �LHOG� RI�
JURXQGQXW� LV� ������� “� ������� NJ�KD� �LWK� D� KLJK�
GHJUHH�RI� YDULDELOLW�� �&9�RI� ��������� 7KH� DYHUDJH�
VRXWK�HVW�PRQVRRQ�UDLQIDOO�LV��������“���������LWK�
D�&9�RI�������SHU�FHQW��7KH�UHODWLRQVKLSV�EHW�HHQ�
�HDUO��UDLQIDOO���LHOG��DQG�DUHD�DUH�GHSLFWHG�LQ�)LJ��
���DQG�UHJUHVVLRQV�KDYH�EHHQ�FDOFXODWHG��7KHUH�LV�D�
signi�cant�positive�linear�relationship�of�area�with�
WLPH��UHVXOWLQJ�LQ�DQ�5��(coef�cient�of�determination)�
RI���������7KH�UHVXOWV�RI�WKH� LQVWDELOLW�� LQGH[��LWK�

WLPH� UHJUHVVLRQ� VKR��PHGLXP� LQVWDELOLW�� IRU� DUHD�
�����������KHUHDV� WKHUH�LV�D�KLJK� LQVWDELOLW�� LQGH[�
IRU� �LHOG� ���������DQG� UDLQIDOO� ��������� DFFRUGLQJ�
WR��XGKDW� �������� 7KH� UHJUHVVLRQ�HTXDWLRQ���KLFK�
UHSUHVHQWV� KR�� PXFK� �� FKDQJHV� �LWK� DQ�� JLYHQ�
FKDQJH�RI�[�� FDQ�EH�XVHG�WR�FRQVWUXFW�D� UHJUHVVLRQ�
OLQH�RQ�D�VFDWWHU�GLDJUDP��DQG�LQ�WKH�VLPSOHVW�FDVH��
WKLV� LV�DVVXPHG�WR�EH�D�VWUDLJKW� OLQH��7KH�DUHD�KDV�
D�OLQHDU�UHODWLRQVKLS��LWK�WLPH�WR�SUHGLFW���IURP�[�
DQG�SURYLGHV�D�EHWWHU�VXPPDU��RI�WKH�UHODWLRQVKLS�
EHW�HHQ� WKH� W�R� YDULDEOHV�� 7KLV� OLQHDU� HTXDWLRQ�
H[SODLQV�������RI�WKH�YDULDELOLW��LQ�DUHD��LWK�WLPH��
7KH� �WK� RUGHU� SRO�QRPLDO� HTXDWLRQ� RI� �LHOG� �LWK�
WLPH�KDV�UHVXOWHG�LQ�D�SRRU�FRUUHODWLRQ��LWK�DQ�5��RI�
���������KLOH�UDLQIDOO�KDV�D�OLQHDU�UHODWLRQVKLS��LWK�
WLPH�DQG�D�SRRU�5��RI��������

)LJ�����<HDUO��FKDQJHV�LQ�DUHD���LHOG�DQG�UDLQIDOO�LQ�JURXQGQXW�JUR�LQJ��QDQWDSXU�GLVWULFW�

7KH� FRUUHODWLRQ� EHW�HHQ� �LHOG� DQG� UDLQIDOO�
is� statistically� signi�cant� at� the� 5%� level,� as�
LQGLFDWHG�E�� WKH� HTXDWLRQ�� �LHOG� �NJ�KD��  � ������
����PRQVRRQ�UDLQIDOO� �PP�� �)���������� �������S� �
������5�� �������5�DGM� �������7KH�5�VTXDUH��5���YDOXH�
RI� ���� VXJJHVWV� WKDW� WKH� SUHGLFWRUV� �;L�� DFFRXQW�

for�13.8%�of� the�variance� in�Y.�The�coef�cient�of�
PXOWLSOH� FRUUHODWLRQ� �5�� RI� ���� LQGLFDWHV� D� �HDN�
correlation� between� the� predicted� data� (ŷ)� and�
WKH�REVHUYHG�GDWD�������LWK�D�OR�HU�OLPLW�RI�������
NJ�KD� DQG� DQ� XSSHU� OLPLW� RI� ������ NJ�KD�� 7KH�
IRUHFDVWLQJ� OLQH� GLDJUDP� LOOXVWUDWHV� WKDW� VWDUWLQJ�
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IURP�D�EDVH�OHYHO��LHOG�LQ��������LHOG�WUHQGV�FDQ�EH�
SUHGLFWHG�WR�UDQJH�IURP������NJ�KD�WR������NJ�KD��

)LJ�����7UHQGV�DQG�IRUHFDVWLQJ�RI��LHOG��NJ�KD��XS�WR�������LWK�&RQILGHQFH�LQWHUYDOV�

6R�O��HVR��FHV�D�G�WKH���FKD�DFWH��VW�FV

�QDQWDSXU�GLVWULFW� LV�FKDUDFWHUL]HG�E��D�YDULHW��
RI� VRLO� W�SHV�� �LWK� ���� RI� WKH� VRLOV� RFFXUULQJ� RQ�
JUDQLWH�JQHLVLF� DQG� VHGLPHQWDU�� ODQGIRUPV�� ����
RQ� VFKLVW�� OLPHVWRQH�� DQG� VDQGVWRQH� ODQGVFDSHV��
and� the� remaining� 17%� on� �uvial� landforms.�
7KH� GRPLQDQW� VRLO� VHULHV� LQ� WKH� KLOO�� DQG� URFN��
JUDQLWLF� WHUUDLQ� DUH� WKH� VKDOOR�� DQG� �HOO�GUDLQHG�
.RQGDSXUDP� VHULHV�� FKDUDFWHUL]HG� E�� D� UHGGLVK�
�HOOR��PDWUL[�� 2Q� UROOLQJ� ODQGV�� WKH�0DGDNDVLUD��
%DWUHSDOOH�� *RRW��� DQG� 5DPSXUDP� VHULHV� DUH�
SUHYDOHQW���LWK�GHHS�WR�PRGHUDWHO��GHHS�DQG��HOO�
GUDLQHG� VRLOV� IHDWXULQJ� �HOOR�LVK�UHG�� UHGGLVK�
EUR�Q��DQG�UHGGLVK��HOOR��VXEVRLO��LWK�PRUH�WKDQ�
����JUDYHOV��8QGXODWLQJ�SHGLPHQWV�DUH�GRPLQDWHG�
E��WKH�0DOOHUHGGLSDOOH��9D�DOSDG��DQG�:DMUDNDUXU�
VHULHV�� �KLOH� JHQWO�� VORSLQJ� SHGLPHQWV� KDYH� WKH�
%UDKPDQDSDOOH��.RWWDFKHUXYX��6DWDUDODSDOOH��7HOLJL��
8UDYDNRQGD�� *ROODSDOOH�� DQG� ,WLJL� VHULHV�� 7KHVH�
VRLOV� DUH� FKDUDFWHUL]HG� E�� �HOOR�LVK� UHG� WR� YHU��
GDUN�JUD��PDWUL[�DQG�FOD�H��VXEVRLOV��RFFXUULQJ�RQ�
slopes�ranging�from�2�to�5%.�Valley��oors�are�home�
WR�YHU��GHHS��EUR�Q�WR�JUD�LVK�EUR�Q��QDQWDSXU��

*DUXGDSXUDP�� DQG�0DQHVDPXGUDP� VHULHV�� �KLOH�
SRRUO��GUDLQHG�ORDP��3HUXUX�DQG�3HQQHU�VRLOV�DUH�
IRXQG�RQ���WR����VORSS��ODQGV�

7KH�3HGGDPSDOOH�VHULHV��FRQVLVWLQJ�RI�VKDOOR��DQG�
�HOO�GUDLQHG� JUDYHOO�� FOD��� FDQ� EH� IRXQG� RQ� ULGJHV�
RI� WKH� VFKLVW� EHOW��0HDQ�KLOH�� XQGXODWLQJ�SHGLPHQW�
VXUIDFHV� DUH� KRPH� WR� WKH�PRGHUDWHO��GHHS� UHGGLVK�
EUR�Q�0LQFKHUL�VHULHV��DQG�JHQWO��VORSLQJ�SHGLPHQWV�
KRVW� WKH� PRGHUDWHO�� GHHS� DQG� UHGGLVK�EUR�Q�
9HOLGDQGOD�VHULHV��2Q�JHQWO��VORSLQJ�SHGLPHQWV�� WKH�
%RJDONDWD��+XJDOXUX��9HODPDNXUX��DQG�.DPDODSDGX�
VHULHV� DUH� GHHS��LWK�GDUN�JUD�LVK�EUR�Q� FOD�� VRLOV��
9DOOH�� VRLOV� OLNH� 6D]]DOGLQQH� DQG� 8WDNDOOX�� RQ� WKH�
RWKHU�KDQG��KDYH�GDUN�JUD���SRRUO��GUDLQHG�VRLOV��LWK�
VXEVRLO� PRWWOHV�� ,Q� WKH� QRUWKHDVWHUQ�HDVWHUQ� SDUWV�
RI� WKH� GLVWULFW�� ULGJHV� RQ� VHGLPHQWDU�� ODQGVFDSHV�
IHDWXUH� WKH� VKDOOR�� DQG� �HOO�GUDLQHG� .DGDYDNDOOX�
VHULHV� DORQJVLGH� WKH� /DNVKPLSDOOH� VHULHV�� 3HGLPHQW�
VXUIDFHV�DUH�FKDUDFWHUL]HG�E��WKH�YHU��GHHS�DQG�GDUN�
JUD�LVK�0XVVXNRWD� DQG� 7DPEDODSDOOH� VHULHV���KLFK�
H[KLELW�FDOFDUHRXV�DQG�YLVLEOH�VKHHW�HURVLRQ�IHDWXUHV��
7KHVH�VRLO�VHULHV�IDOO�XQGHU�WKH�VXEJURXSV�RI�(QWLVROV��
Inceptisols,�Aridisols,�Al�sols,�and�Vertisols�(Table�6).

�DEOH��R�W���

%�3��%KDVNDU��9��5DPDPXUWK����JURHFRORJ��IRU�FURS�GLYHUVLILFDWLRQ����FDVH�VWXG��IURP��
�QDQWDSXU�GLVWULFW���QGKUD�3UDGHVK

�LWK�D�OR�HU�OLPLW�RI�����NJ�KD�DQG�DQ�XSSHU�OLPLW�
RI������NJ�KD��)LJ�����

7DEOH����6RLO�VHULHV�DQG�WKHLU�FODVVLILFDWLRQ

6RLO�WD�RQRP� 6RLO�VHULHV�

�ULGLF�+DSOXVWHUWV 7HOLJL��9DODPDNXUX��0XVVXNRWD��%RJODNDWWD

/LWKLF�+DSORFDPELGV� ,WLJL��*ROODSDOOH��.RQGDSXUDP��0LQFKHUL��.DGDYDNDOOX��0DGDNDVLUD��/DNVKPXSDOOH�

7�SLF�8VWLIOXYHQWV� 8WWDNDOOX���QDQWDSXU��&KLWUDYDWKL�

7�SLF�+DSORFDPELGV :DMUDNDUXU��*RRW���%DWU�SDOOH

7�SLF�7RUULRUWKHQWV *DUXGDSXUDP

7�SLF�3DOHDUJLGV 5DPDSXUDP
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%�3��%KDVNDU��9��5DPDPXUWK����JURHFRORJ��IRU�FURS�GLYHUVLILFDWLRQ����FDVH�VWXG��IURP��
�QDQWDSXU�GLVWULFW���QGKUD�3UDGHVK

7�SLF�+DSODUJLGV� .RWWDFKHUXYX��6DWUDODSDOOH��%UDKPDQDSDOOH

7�SLF�5KRGXVWDOIV 9D�DOSDG

/LWKLF�+DSOXVWHSWV .RQGDSXUDP��9HOLGDQGOD

)OXYHQWLF�+DSORFDPELGV 0DOOHUHGGLSDOOH�

7�SLF�+DSOXVWHUW 9HODPDNXUX

�TXLF�7RUULRUWKHQWV 3HUXUX

�TXLF�8VWLIOXYHQWV 3HQQHU

/LWKLF�7RUULRUWKHQWV 3HGGDPDOOHSDOOH

6R�O�PDSS���

7KH� VRLO� PDS� RI� �QDQWDSXU� GLVWULFW� GLVSOD�V� ���
VRLO�PDSSLQJ�XQLWV�DV�VHULHV�DVVRFLDWLRQV��DV�VKR�Q�
LQ�)LJ����DQG�7DEOH�����PRQJ�WKHVH�XQLWV��RQO��IRXU�
DUH�KLJKOLJKWHG��FRYHULQJ�PRUH�WKDQ����RI�WKH�WRWDO�
DUHD��6RLO�PDSSLQJ�XQLW�����KLFK�HQFRPSDVVHV�������
RI�WKH�WRWDO�JHRJUDSKLFDO�DUHD�����������KD���FRQVLVWV�
RI� W�R� VRLO� VHULHV� DVVRFLDWLRQV� �� 0DGDNDVLUD� DQG�
.RQGDSXUDP� �/LWKLF� +DSORFDPELGV�� �LWK� UHGGLVK�
EUR�Q� VXEVRLOV�� 7KHVH� VRLOV� UDQJH� IURP� VOLJKWO��
DFLG� WR� QHXWUDO�� �LWK� FOD�� FRQWHQW� LQFUHDVLQJ� IURP�
����� WR������� LQ�.RQGDSXUDP�DQG������ WR������� LQ�
0DGDNDVLUD�VRLO��7KH�&(&�RI�WKHVH�VRLOV�UDQJHV�IURP�
���FPRO�NJ� WR� ����FPRO�NJ�� �LWK� H[FKDQJHDEOH�
&D� DQG�0J� EHLQJ� GRPLQDQW�� 6RLO� PDSSLQJ� XQLW���
IHDWXUHV�WKH�.RQGDSXUDP�VHULHV�DVVRFLDWHG��LWK�URFN�
RXWFURSV�� FRYHULQJ�����������KD� �������RI� WKH� WRWDO�
geographical�area).�This�series�is�classi�ed�as�Lithic�
+DSORFDPELGV���LWK�VKDOOR��UHGGLVK��HOOR��JUDYHOO��
ORDP�� VDQG� KRUL]RQV� RYHU� �HOOR�LVK� UHG� JUDYHOO��
FOD��VXEVRLOV��7KH�VRLO�LV�QHXWUDO�WR�VOLJKWO��DFLG���LWK�
D�&(&�RI����FPRO�NJ�RQ�WKH���KRUL]RQ��6RLO�PDSSLQJ�

)LJ�����6RLO�PDS�RI��QDQWDSXU

XQLW����FRPSULVHV�WKH�9D�DOSDG��7�SLF�5KRGXVWDOIV��
DQG�.RQGDSXUDP�VHULHV�DVVRFLDWLRQ��FRYHULQJ�������
RI� WKH�DUHD� ����������KD���7KLV�DVVRFLDWLRQ�LQFOXGHV�
9D�DOSDG�VHULHV��PRGHUDWHO��GHHS��LWK�GDUN�UHGGLVK�
EUR�Q� FOD�H�� VXEVRLO�� DQG� .RQGDSXUDP� VHULHV�
�VKDOOR��UHGGLVK��HOOR��JUDYHOO��ORDP��VDQG�VXUIDFH�
OD�HU� DQG� �HOOR�LVK� UHG� JUDYHOO�� FOD�� VXEVRLOV���
/DVWO���PDSSLQJ�XQLW����FRQVLVWV�RI�%DWUHSDOOH��7�SLF�
+DSORFDPELGV��DQG�5DPDSXUDP��7�SLF�3DOHDUJLGV���
FRYHULQJ� ����� RI� WKH� WRWDO� DUHD� �������KD��� 7KHVH�
VRLOV� DUH�PRGHUDWHO�� GHHS�� �LWK� %DWUHSDOOH� KDYLQJ�
D�OLJKW�EUR�Q�VDQG��ORDP�VXEVRLO�DQG�5DPDSXUDP�
IHDWXULQJ�GDUN�UHGGLVK�EUR�Q�WR�GDUN�UHG�JUDYHOO��
FOD��VXEVRLOV��7KH�VRLOV�DUH�VOLJKWO��DFLG� WR�QHXWUDO��
�LWK� D� VOLJKW� LQFUHDVH� LQ� FOD�� FRQWHQW�� 7KH� &(&�
UDQJHV�EHW�HHQ������DQG������FPRO�NJ��7KH�VRLO�PDS�
YLYLGO�� GLVSOD�V� WKH� VSDWLDO� DUUDQJHPHQW� RI� DULGLF�
VXEJURXSV�RI�,QFHSWLVROV�OLQNHG��LWK�DUJLOOLF�VXEVRLOV�
RI��ULGLVROV� LQ� WKH�VRXWKHUQ�UHJLRQV��9HUWLVROV��DQG�
YHUWLF�VRLO�VXEJURXSV�LQ�WKH�QRUWKHDVWHUQ�DUHDV��7KH�
SUHVHQFH�RI�KLJKO��DONDOLQH�VRGLF�VRLOV�LV��LGHVSUHDG�
in� the� valley� �oors� of� Pennar/Chitravathi� basins�
�%KDVNDU�DQG�1DJDUDMX��������
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7DEOH����([WHQW�DQG�SHU�FHQW�DUHD�XQGHU�HDFK�VRLO�PDSSLQJ�XQLWV�LQ�WKH�VRLO�PDS

0DSSLQJ�
XQLW�QXPEHU�

6RLO�VHULHV�DVVRFLDWLRQ� �UHD

�KD� ���

� 3HGGDPSDOOH ������� ���

� .DGDYDNDOOX�5RFNRXWFURSV� ������� ���

� .RQGDSXUDP�5RFNRXWFURSV ��������� ����

� /DVKPXSDOOH�5RFNRXWFURSV �������� ���

� *ROODSDOOH�6DWDUODSDOOH �������� ���

� ,WLJL�7HOLJL �������� ���

� 0DGDNDVLUD�.RQGDSXUDP ���������� ����

� 0LQFKHUL�5RFNRXWFURSV ������� ���

� 9HOLGDQGOD �������� ���

�� %UDKPDQDSDOOH�.RWWDFKHUXYX �������� ���

�� %DWUHSDOOH�5DPDSXUDP ��������� ���

�� *RRW� �������� ���

�� .RWWDFKHUXYX�0DGDNDVLUD�%UDKPDQDSDOOH �������� ���

�� 0DOOHUHGGLSDOOH�5DPDSXUDP ������� ���

�� 0XVVXNRWD�9HODPDNXUX �������� ���

�� 3HUXUX�3HQQHU� ������� ���

�� 5DPDSXUDP�.RWWDFKHUXYX �������� ���

�� 6DUDUODSDOOH�%UDKPDQDSDOOH ������� ���

�� 9D�DOSDG�.RQGDSXUDP ��������� ����

�� :DMUDNDUXU�*RRW� �������� ���

�� �QDQWKDSXU ������� ���

�� %RJODNDWWD�9HODPDNXUX ������� ���

�� &KLUDYDWKL ������� ���

�� *DUXGDSXUDP �������� ���

�� +DJDUL�&KLWUDYDWKL �������� ���

�� +XJDOXUX �������� ���

�� .DPDODSDGX�/DNVKPXSDOOH ������� ���

�� 0DQHVDPXGUDP �������� ���

�� 3HQQHU�3HUXUX �������� ���

�� 6D]]DOGLQQH�6DWDUODSDOOH ������� ���

�� 7DGLSDWUL�6D]]DODGLQQH ������� ���

�� 7DPEDOODSDOOH ������� ���

�� 7HOLJL�,WLJL ������� ���

�� 8UDYDNRQGD�*RRW� �������� ���

�� 8WWDNDOOX ������� ���

�� 9DODPDNXUX�0XVVXNRWD ������� ���

WDQN ������� ����

ULYHU ����� ����

PDUVK� ���� ����

WRWDO ������� ���

6��WDE�O�W��IR���D��IHG���R��G��W

�QDQWDSXU� GLVWULFW� LV� FKDUDFWHUL]HG� E��
���� FODVV�,9� ODQGV� �������KD�� �LWK� VRLO�

PRLVWXUH� DQG� GHSWK� OLPLWDWLRQV�� SUHGRPLQDQWO��
IRXQG� LQ� �KDUPDYDUDP�� .DGLUL�� �QDQWDSXU�� DQG�
7DGLSDWUL��2Q�WKH�RWKHU�KDQG��FODVV�,,,�ODQGV�FRYHU�
���� RI� WKH� DUHD�� SDUWLFXODUO�� LQ� SDUWV� RI� *RRW���

%�3��%KDVNDU��9��5DPDPXUWK����JURHFRORJ��IRU�FURS�GLYHUVLILFDWLRQ����FDVH�VWXG��IURP��
�QDQWDSXU�GLVWULFW���QGKUD�3UDGHVK
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+LQGXSXU�� 5D�DGXUJ� DQG� 0DGDNDVLUD� 7HKVLO��
�SSUR[LPDWHO������RI�WKH�ODQG�IHDWXUHV�PRGHUDWHO��
GHHS� WR� VKDOOR�� VRLOV�� RIWHQ� DVVRFLDWHG��LWK� URFN�
RXWFURSV�� HVSHFLDOO�� LQ� *RRW��� 0DGDNDVLUD�� DQG�
5D�DGXUJ�WHKVLOV��5HSRUWV�LQGLFDWH�WKDW�����RI�WKH�
area� is� de�cient� in� DTPA� extractable� Zn,� while�
����ODFNV�DYDLODEOH�QLWURJHQ��+R�HYHU��WKH�GLVWULFW�
VKR�V� D� PHGLXP� VWDWXV� LQ� 2OVHQ�V� 3� DQG� KLJK�
DYDLODELOLW��RI�.��*URXQGQXW� LV� WKH�SULQFLSDO�FURS��
FRYHULQJ�PRUH�WKDQ�����RI�WKH�QHW�VR�Q�DUHD��DQG�
VHUYHV�DV�D�YLWDO�VRXUFH�RI�OLYHOLKRRG�IRU�VPDOO�DQG�
PDUJLQDO� IDUPHUV� LQ� WKH� UHJLRQ�� 7KH� HYDOXDWLRQ�
RI� UDLQIHG� *URXQGQXW� VXLWDELOLW�� FRQVLGHUHG� VRLO�
FRQVWUDLQWV� IROOR�LQJ� )�2� JXLGHOLQHV� LQ� �5&�

LQIR�9HUVLRQ���������)LJ������7KH�PDS�LQGLFDWHV�WKDW�
RQO�����RI� WKH� WRWDO�DUHD� LV�KLJKO�� VXLWDEOH���KLOH�
PRGHUDWHO��VXLWDEOH�ODQGV�FRYHU�������GGLWLRQDOO���
���� RI� DUHDV� DUH� PDUJLQDOO�� VXLWDEOH� GXH� WR�
VHYHUH� OLPLWDWLRQV� LQ� URRWLQJ� GHSWK�� JUDYHOOLQHVV��
DQG� WH[WXUH� LQ� DUHDV� VXFK� DV� .DGLUL�� 0DGDNDVLUD��
+LQGXSXU�� .DO�DQDGXUJ�� DQG� 7DGLSDWUL� WHKVLOV��
2YHUDOO�� VXLWDEOH� WR�PRGHUDWHO�� VXLWDEOH� ODQGV� IRU�
JURXQGQXW� FXOWLYDWLRQ� DUH� HVWLPDWHG� DW� ������KD�
��������RI�WKH�WRWDO�DUHD����KLOH�PDUJLQDOO��VXLWDEOH�
ODQGV� FRYHU�����RI� WKH� WRWDO� DUHD� �������KD��� 7KH�
PDLQ�FRQVWUDLQWV�LQFOXGH�URFN�RXWFURSV�DQG�VHYHUHO��
HURGHG�JUDQLWLF�ODQGVFDSHV��LWK�VKDOOR��VRLOV�

)LJ�����6XLWDELOLW��PDS�IRU�*URXQGQXW

���RHFROR���IR��DOWH��DW��HV

7KH� �QDQWDSXU� GLVWULFW� KHDYLO�� UHOLHV� RQ� UDLQIHG�
JURXQGQXW� FXOWLYDWLRQ�� �KLFK� KDV� OHG� WR� OR��
SURGXFWLYLW�� LQ� WKH� DUHD�� *URXQGQXW� KDXOPV� DUH� D�
FUXFLDO� VRXUFH�RI� IRGGHU� IRU�FDWWOH�SURGXFWLRQ� LQ� WKH�
VHPL�DULG�]RQHV�RI��QGKUD�3UDGHVK��SDUWLFXODUO��LQ�WKH�
VRXWK��HVWHUQ�UHJLRQ�LQFOXGLQJ�WKH��QDQWDSXU�GLVWULFW�
(ISAP,�197).�Despite�being�a�signi�cant�food-feed�crop�
LQ� GHYHORSLQJ� FRXQWULHV�� WKH� FRQYHQWLRQDO� PHWKRGV�
RI�JURXQGQXW�FXOWLYDWLRQ�LQ��QDQWDSXU�GLVWULFW�KDYH�

EHHQ� IDLOLQJ� XQGHU� UDLQIHG� FRQGLWLRQV�� UHVXOWLQJ� LQ�
D� VWHDG��GHFOLQH� LQ� �LHOG�RYHU� WKH��HDUV��(IIRUWV� DUH�
EHLQJ� PDGH� WR� H[SORUH� DJURHFRORJLFDO� DOWHUQDWLYHV�
for� crop� diversi�cation� due� to� the� consecutive�
IDLOXUH�RI� FRQYHQWLRQDO�PHWKRGV���QDQWDSXU�GLVWULFW�
OHDGV� LQ�JURXQGQXW�SURGXFWLRQ�DQG�DUHD� LQ��QGKUD�
3UDGHVK�� EXW� GHVSLWH� KDYLQJ� WKH� ODUJHVW� DUHD� XQGHU�
FXOWLYDWLRQ��WKH�SURGXFWLYLW��UHPDLQV�OR���7KH�DUHD�V�
DJUL�HQYLURQPHQWDO� FRQGLWLRQV� DUH� FKDUDFWHUL]HG� E��
JUDQLWLF� ODQGVFDSHV� VXSSRUWLQJ�GHHS� DQG�EULJKW� UHG�

%�3��%KDVNDU��9��5DPDPXUWK����JURHFRORJ��IRU�FURS�GLYHUVLILFDWLRQ����FDVH�VWXG��IURP��
�QDQWDSXU�GLVWULFW���QGKUD�3UDGHVK
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VRLOV� LQ� XSODQGV�� �LWK� DUJLOOLF� GDUN� UHG� WR� UHGGLVK�
EUR�Q� VXEVRLOV� LQ� OR�HU� WRSRJUDSKLF� SRVLWLRQV��
0RQRFXOWXUHV�KHDYLO��GHSHQG�RQ�FKHPLFDO�IHUWLOL]HUV�
due� to� the� speci�c� nutritional� requirements� of� the�
VLQJOH� FURS� EHLQJ� JUR�Q� DFURVV� YDVW� H[SDQVHV��
0RQRFXOWXUHV� UHO�� KHDYLO�� RQ� FKHPLFDO� IHUWLOL]HUV�
due�to�the�speci�c�nutritional�needs�of�the�single�crop�
EHLQJ� FXOWLYDWHG� DFURVV� ODUJH� DUHDV� �&ODSS�� �������
:KHQ�RQH�FURS�GRPLQDWHV�WKH�ODQG��LW�GHSOHWHV�WKH�VRLO�
RI�HVVHQWLDO�QXWULHQWV�QHFHVVDU��IRU�LWV�JUR�WK��OHDGLQJ�
WR�QXWULHQW�LPEDODQFHV�DQG�UHGXFHG�VRLO�IHUWLOLW��RYHU�
WLPH��%KDWWDFKDU�D���������7R�PDLQWDLQ�KLJK��LHOGV�DQG�

%�3��%KDVNDU��9��5DPDPXUWK����JURHFRORJ��IRU�FURS�GLYHUVLILFDWLRQ����FDVH�VWXG��IURP��
�QDQWDSXU�GLVWULFW���QGKUD�3UDGHVK

PHHW�WKH�FURS�V�QXWULWLRQDO�UHTXLUHPHQWV��IDUPHUV�WXUQ�
WR�FKHPLFDO� IHUWLOL]HUV� WR�FRPSHQVDWH� IRU� WKH�ODFNLQJ�
QXWULHQWV��.ORSSHQEXUJ���������7KLV�SUDFWLFH�GLVUXSWV�
HFRORJLFDO�SURFHVVHV��VHUYLFHV��DQG�KDV�QHJDWLYH�HIIHFWV�
RQ�KXPDQ�KHDOWK��&RUQX��������6KXNOD�H��D������������V�
D�UHVXOW��WKH�RYHUDOO�SURGXFWLYLW��RI��QGKUD�3UDGHVK�
LQ���������DV�UHSRUWHG�DW�����NJ�KD��DSDJULVQHW�JRY�
LQ���7KH�DUHD�DQG��LHOG�RI�*URXQGQXW�LQ��QDQWKDSXU�
RYHU�����HDUV�IURP������WR������DUH�FRQVLGHUHG��DQG�
HVWLPDWHG�SUHGLFWLRQV� LQGLFDWH�D�SRVVLEOH�PHDQ�DUHD�
RI� �������� “�������� WKRXVDQG� KHFWDUHV� �LWK� KLJK�
YDULDELOLW���&9�RI������

)LJ������JUL�HQYLURQPHQW�RI�JURXQGQXW�V�VWHPV�LQ�HDVWHUQ�SDUW�RI��QDQWDSXU�GLVWULFW
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%�3��%KDVNDU��9��5DPDPXUWK����JURHFRORJ��IRU�FURS�GLYHUVLILFDWLRQ����FDVH�VWXG��IURP��
�QDQWDSXU�GLVWULFW���QGKUD�3UDGHVK

7KH� VRXWK�HVW� PRQVRRQ� SUHFLSLWDWLRQ� H[KLELWV�
signi�cant� variability,� showing� a� yield� trend�
of� 692.26� ±� 288.14� kg/ha� and� a� coef�cient� of�
variation� (CV)� of� 41.62%.� Similar� �ndings� have�
EHHQ�GRFXPHQWHG��SURPSWLQJ� WKH�QHHG� WR�H[SORUH�
DOWHUQDWLYH� KLJK��LHOGLQJ� FURSV� IRU� UDLQIHG�
groundnut�cultivation�in�Al�sols�(Radha�kumara�H��
D����������� ,Q�DUHDV��KHUH�UDLQIDOO� LV�HYHQO��VSUHDG�
WKURXJKRXW� WKH� JUR�LQJ� SHULRG�� FURSV� W�SLFDOO��
�LHOG�DERXW���WR����NJ�KD�RI�SRGV�SHU�PLOOLPHWHU�RI�
UDLQIDOO�� )RU� UDLQIHG�SHDQXWV�� D�PLQLPXP�DYHUDJH�
UDLQIDOO� RI� ���� PP� EHW�HHQ� -XQH� DQG� 6HSWHPEHU�
LV�QHFHVVDU�� WR�HQVXUH�D� VXFFHVVIXO�KDUYHVW�� /RQJ�
term� rainfall� data� indicates� a� 60� mm� de�cit,� but�
PRUH�WKDQ�����PP�RI�UDLQIDOO�LV�UHFHLYHG�GXULQJ�WKH�
SRG� GHYHORSPHQW� VWDJH� LQ� 6HSWHPEHU�� 1DWDUDMDQ�
DQG�:LOOH���������FRQGXFWHG�D�VWXG��RQ�WKH�HIIHFWV�
RI� GURXJKW� RQ� HQKDQFHG� �LHOGV� E�� LPSOHPHQWLQJ�
PXOWL�FURSSLQJ� WHFKQLTXHV��LWK� YDU�LQJ� OHYHOV� RI�
�DWHU�VWUHVV�RQ�LQWHUFURSV�RI�VRUJKXP�DQG�SHDQXW��
PLOOHW� DQG� SHDQXW�� DQG� VRUJKXP� DQG� PLOOHW�� �OO�
LQWHUFURSV� FRQVLVWHQWO�� VKR�HG� LQFUHDVHG� �LHOGV�
across� �ve� different� moisture� availability� levels,�
UDQJLQJ� IURP� ���� WR� ���� PP� RI� �DWHU� DSSOLHG�
WKURXJKRXW� WKH� JUR�LQJ� VHDVRQ�� 7KH� LPSDFW� RI�
drought� on� yield� is� in�uenced� by� environmental�
IDFWRUV�� LQFOXGLQJ� DJULFXOWXUDO� SUDFWLFHV� �6XQ�
H�� D���� ������� SUH�GURXJKW� FRQGLWLRQV�� DQG� VRLO�
FKDUDFWHULVWLFV��SDUWLFXODUO��VRLO�PRLVWXUH�UHWHQWLRQ�
SURSHUWLHV��+RIHU�H��D�����������1RWDEO���DQ�DYHUDJH�
DQQXDO�UDLQIDOO�RI�����PP�DW�WKH�WLPH�RI�VR�LQJ���LWK�
D�GHYLDWLRQ�RI������WR������PP��FDQ�HQKDQFH��DWHU�
XWLOL]DWLRQ�DQG�ERRVW��LHOGV�LQ�KHDY��FOD��VRLOV��2��
/HDU��DQG�&RQQRU���������,W��DV�REVHUYHG�WKDW�����RI�
VRLOV�KDYH�KLJK�������WR�YHU��KLJK�&DWLRQ�([FKDQJH�
&DSDFLW�� �&(&�� ������� �KLOH� WKH� UHPDLQLQJ� ����
KDYH�OR��������WR�PRGHUDWH�&(&��������,W�LV��RUWK�
PHQWLRQLQJ� WKDW� OR��&(&�OHYHOV�FDQ�EH�DWWULEXWHG�
WR�WKH�KLJK�VDQG�FRQWHQW�DQG�OR��RUJDQLF�PDWWHU�LQ�
WKH�VRLOV��7KLV�HYDOXDWLRQ�RI�WKH�FRUUHODWLRQ�EHW�HHQ�
SHGRORJLFDO� V�VWHPV� DQG� FOLPDWLF� YDULDWLRQV� LQ�
WKH� UHJLRQ� LV� EDVHG�RQ� W�R�NH�� DVVXPSWLRQV�� 7KH�
GLVWULEXWLRQ� RI� VHDVRQDO� UDLQV� SOD�V� D� FUXFLDO� UROH�
LQ� GHWHUPLQLQJ� FURS� �LHOGV�� (YHQO�� GLVWULEXWHG�
UDLQV� WHQG� WR� UHVXOW� LQ� JRRG� �LHOGV�� �KLOH� SRRUO��
GLVWULEXWHG� UDLQIDOO�� VXFK� DV� PLG�VHDVRQ� GURXJKWV�
DQG� SURORQJHG� GU�� VSHOOV�� RIWHQ� OHDGV� WR� SRRU�
SURGXFWLYLW���7KHVH�DVVXPSWLRQV�DUH�EDVHG�RQ�VRFLR�
HFRQRPLF�VXUYH�V�DQG�GLVWULFW�OHYHO�FURS�VWDWLVWLFV��
�GGLWLRQDOO���FRQVHFXWLYH�FURS�ORVV�DQG�SURORQJHG�
SRRU��LHOGV�RI�JURXQGQXW�LQ�GURXJKW�KLW��QDQWDSXU�
GLVWULFW�KLJKOLJKW�WKH�QHHG�IRU�D�WKRURXJK�DSSUDLVDO�
RI� ODQG� UHVRXUFHV� IRU� JURXQGQXW� VXLWDELOLW��
�7DJKL]DGHK� H�� D���� ������� (YDOXDWLQJ� WKH� FOLPDWH��
VRLO�� DQG� WRSRJUDSKLFDO� FRPSRQHQWV� LV� HVVHQWLDO�

LQ�GHWHUPLQLQJ� WKH� VXLWDELOLW�� RI� DJULFXOWXUDO� ODQG�
DQG� SURPRWLQJ� VXVWDLQDEOH� DJULFXOWXUDO� V�VWHPV��
7KLV��LQ�WXUQ��KDV�D�GLUHFW�LPSDFW�RQ�IDUPHU�LQFRPH�
DQG�VXSSRUWV�WKH�GHFLVLRQ�WR�HQJDJH�LQ�VXVWDLQDEOH�
DJULFXOWXUH� �3LQHLUR� H�� D���� ������� ,GHQWLI�LQJ�
VXLWDEOH� ODQGV� IRU� ORFDO� FURSV� FDQ� KHOS� PLWLJDWH�
XQVXVWDLQDEOH� DJULFXOWXUH� DQG� HQYLURQPHQWDO�
GHJUDGDWLRQ� �0HVJDUDQ� H�� D���� ������� 7KH� VHPLDULG�
UHJLRQV�RI��QGKUD�3UDGHVK�DUH�DW�D�KLJKHU�ULVN�RI�
HQYLURQPHQWDO�GHWHULRUDWLRQ��HPSKDVL]LQJ�WKH�QHHG�
WR�DVVHVV� WKHLU� FOLPDWLF� DQG�ELRSK�VLFDO� DVSHFWV� WR�
SUHYHQW�IXUWKHU�GHJUDGDWLRQ�DQG�HQKDQFH�UHVLOLHQFH�
�0DWKXU�DQG�6XQGDUDPRRUWK�����������Q�H[DPSOH�
RI�WKLV�LV�WKH��QDQWDSXU�GLVWULFW�LQ��QGKUD�3UDGHVK��
�KLFK� LV�FXUUHQWO��JUDSSOLQJ��LWK�VHYHUH�GURXJKW�
FRQGLWLRQV� OHDGLQJ� WR� HQYLURQPHQWDO� GHJUDGDWLRQ��
UHGXFHG� JURXQGQXW� SURGXFWLYLW��� DQG� D� WKUHDW� WR�
IRRG�VHFXULW��

&RQVLGHULQJ�WKH�YXOQHUDELOLW��RI�DJURHFRV�VWHPV�
LQ�WKH�UHJLRQ��LW�LV�FUXFLDO�WR�FRQGXFW�D�FRPSUHKHQVLYH�
DQDO�VLV�RI�UDLQIDOO�SDWWHUQV�DORQJ��LWK�ELRSK�VLFDO�
IDFWRUV�WR�HYDOXDWH�WKH�SRWHQWLDO�RI�LPSOHPHQWLQJ�D�
groundnut�system�for�agricultural�diversi�cation.�
7KH� LQFRUSRUDWLRQ� RI� UDLQIDOO� FKDUDFWHULVWLFV� LQWR�
DJURHFRORJLFDO�PHDVXUHV�LV�YLWDO�IRU�VXVWDLQLQJ�WKH�
HFRQRPLF� V�VWHP� RI� DJURHFRV�VWHPV�� +DUYH�� H��
D��� �������KDYH�SURSRVHG�YDULRXV� VWUDWHJLHV�� VXFK�
DV� FOLPDWH�VPDUW� DJULFXOWXUH� DQG� DJURHFRORJLFDO�
SUDFWLFHV��WR�DGGUHVV�FOLPDWH�FKDQJH�LPSDFWV��7KHVH�
DSSURDFKHV� DUH� KLJKO�� UHFRPPHQGHG� IRU� WKHLU�
DELOLW�� WR� UHGXFH� FRVWV�� HQKDQFH� VRLO� KHDOWK�� DQG�
VWUHQJWKHQ� FRPPXQLW�� UHVLOLHQFH� DJDLQVW� FOLPDWH�
FKDQJH��HQYLURQPHQWDO��DQG�HFRQRPLF�DGYHUVLWLHV�
�/LQ�� ������� 7KH� UHFRPPHQGHG� PHWKRGV� LQFOXGH�
agroforestry,� crop� diversi�cation,� ground� cover,�
LQFRUSRUDWLRQ�RI�OHJXPHV�LQWR�DJULFXOWXUDO�V�VWHPV��
DQG�XWLOL]DWLRQ�RI� RUJDQLF� SURGXFWLRQ� WHFKQLTXHV�
�%H]QHU�.HUU�H��D����������0ER��H��D�����������%OHVVLQJ�
H�� D��� ������� FRQGXFWHG� D� WKRURXJK� H[DPLQDWLRQ�
RI� IRXU� LQWHUFURSSLQJ� PRGHOV�� 7KHVH� PRGHOV�
FRQVLVW�RI�UHOD��LQWHUFURSSLQJ��UR��LQWHUFURSSLQJ��
VWULS� LQWHUFURSSLQJ�� DQG� PL[HG� LQWHUFURSSLQJ��
5HOD�� LQWHUFURSSLQJ� LQYROYHV� SODQWLQJ� RQH� RU�
PRUH� FURSV� �LWKLQ� DQ� DOUHDG�� HVWDEOLVKHG� FURS��
HQVXULQJ� WKDW� WKH� VHFRQG� FURS�V� LQLWLDO� JUR�WK�
stage� aligns�with� the� �rst� crop’s�maturity� stage.�
5R�� LQWHUFURSSLQJ� HQWDLOV� JUR�LQJ� W�R� RU�PRUH�
crops�in�the�same��eld,�while�strip�intercropping�
LQYROYHV�FXOWLYDWLQJ�PXOWLSOH�FURSV�LQ��LGH�VWULSV�
WR� IDFLOLWDWH� PRGHUQ� DJULFXOWXUDO� PDFKLQHU�� DQG�
SURPRWH� LQWHUDFWLRQ� EHW�HHQ� DVVRFLDWHG� VSHFLHV��
0L[HG�LQWHUFURSSLQJ��RQ�WKH�RWKHU�KDQG��LQYROYHV�
FRPSOHWHO�� PL[LQJ� FXOWXUHV� LQ� WKH� DYDLODEOH�
space� without� a� de�ned� line� arrangement.� Each�
model�offers�unique�bene�ts,�such�as�mechanical�
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FXOWLYDWLRQ�� FURS� KDUYHVWLQJ�� LQFRPH� LQFUHDVH��
HFRV�VWHP� GLYHUVLW�� LPSURYHPHQW�� VRLO� TXDOLW��
modi�cation,� and� response� to� forage�preferences�
DQG� FXOWXUDO� UHTXHVWV� �,TEDO� H�� D���� ������ %L� H�� D����
������

�&21&/86,216

7KH� �QDQWDSXU� GLVWULFW� LQ� �QGKUD� 3UDGHVK�
KDV� WKH� SRWHQWLDO� WR� EHFRPH�D� OHDGLQJ� JURXQGQXW�
SURGXFHU�� GHVSLWH� KLVWRULFDO� OR�� �LHOGV�� :LWK� D�
XQLTXH�FOLPDWH�FKDUDFWHUL]HG�E����PRQWKV�RI�UDLQV�
DQG�KLJK��LHOG�LQVWDELOLW��RYHU�����HDUV��WKLV�GLVWULFW�
RIIHUV� D� FKDOOHQJLQJ� �HW� SURPLVLQJ� HQYLURQPHQW�
for� crop� diversi�cation.� By� analyzing� the� agro�
HQYLURQPHQWDO� FRQGLWLRQV� DQG� LQWHJUDWLQJ� VRLO�
PDSV� �LWK� SHGRORJLFDO� GDWD� VHWV�� LW� �DV� REHUYHG�
WKDW�QHDUO������RI�WKH�DUHD�LV�VXLWDEOH�IRU�JURXQGQXW�
FXOWLYDWLRQ�� �HVSLWH� OLPLWDWLRQV� VXFK� DV� URFN�
outcrops�and�nutrient�de�ciencies,� there� is�a�clear�
RSSRUWXQLW��WR�HQKDQFH�JURXQGQXW��LHOG�XS�WR������
NJ�KD�E��LPSOHPHQWLQJ�LQQRYDWLYH�DJURHFRORJLFDO�
WHFKQRORJLHV�� ,W� LV� FUXFLDO� WR� DGRSW� FRQVHUYDWLRQ�
VWUDWHJLHV�WR�FRPEDW�GURXJKWV�DQG�HQVXUH�D�VWDEOH�
�LHOG� IRU� JURXQGQXW� SURGXFWLRQ�� /HW�V� VHL]H� WKLV�
RSSRUWXQLW��WR�WUDQVIRUP��QDQWDSXU�LQWR�D�WKULYLQJ�
groundnut�hub�for�years�to�come!

�&.12:/(�*(0(176

7KH� DXWKRUV� DUH� JUDWHIXO� WR� 0U�� 0DGHOHWWL��
Assistant� Technical� Of�cer� at� the� Regional�
&HQWUH� LQ�+HEEDO�� %DQJDORUH�� IRU� KLV� DVVLVWDQFH� LQ�
SURYLGLQJ�*,6�PDSV�RI�VRLOV�DQG�WKHLU�VXLWDELOLW��IRU�
JURXQGQXW�

5()(5(1&(6

��� �NDQPX����2����NRO����0���1GROR����2���.XWX��)�5���
%DEDOROD��2�2���JURHFRORJLFDO�WHFKQLTXHV���GRSWLRQ�
RI�VDIH�DQG�VXVWDLQDEOHDJULFXOWXUDO�SUDFWLFHV�DPRQJ�
WKH� VPDOOKROGHU� IDUPHUV� LQ� �IULFD�� )URQW�� 6XVWDLQ��
)RRG�6�VW��������������������>&URVV5HI@�

��� �OWLHUL�� 0�� ��� *UHHQ� GHVHUWV�� 0RQRFXOWXUHV� DQG�
WKHLU� LPSDFWV� RQ� ELRGLYHUVLW��� )LUVW� SXEOLVKHG� LQ�
�HFHPEHU����������

��� �OWLHUL��0������JURHFRORJ���WKH�VFLHQFH�RI�VXVWDLQDEOH�
DJULFXOWXUH��&5&�3UHVV�������

��� %DSXML� 5DR�� %��� 5DPDQD� 5DR�� %�9��� 6XEED� 5DR��
��9�0��� 0DQLNDQGDQ�� 1��� 1DUDVLPKD� 5DR�� 6�%�6���
5DR�� 9�8�0��� 9HQNDWHV�DUOX�� %�� �VVHVVPHQW� RI�
WKH� LPSDFW� RI� LQFUHDVLQJ� WHPSHUDWXUH� DQG� UDLQIDOO�
YDULDELOLW�� RQ� FURS� SURGXFWLYLW�� LQ� GU�ODQGV�
�� DQ� LOOXVWUDWLYH� DSSURDFK�� 5HVHDUFK� %XOOHWLQ�
������&HQWUDO� 5HVHDUFK� ,QVWLWXWH� IRU� �U�ODQG�

�JULFXOWXUH�� 6DQWRVK� 1DJDU�� +�GHUDEDG�� �QGKUD�
3UDGHVK��,QGLD����������SS�

��� %H]QHU� .HUU�� 5��� 0DGVHQ�� 6��� 6W�EHU�� 0��� /LHEHUW��
-��� (QORH�� 6��� %RUJKLQR��1��� 3DUURV�� 3���0XW�DPEDL��
��� 0��� 3UXGKRQ�� 0��� :H]HO�� ��� &DQ� DJURHFRORJ��
LPSURYH� IRRG�VHFXULW��DQG�QXWULWLRQ����UHYLH��� ,Q�
*OREDO�)RRG�6HFXULW������������(OVHYLHU�%�9��KWWSV���
GRL�RUJ���������M�JIV�������������

��� %KDVNDU�� %�3��� 1DJDUDMX�� 0�6�6�� &KDUDFWHUL]DWLRQ�
RI� VRPH�VDOW�DIIHFWHG�VRLOV�RFFXUULQJ�LQ�&KLWUDYDWKL�
ULYHU� EDVLQ�� �QGKUD� 3UDGHVK�� ,QGLDQ� 6RF�� 6RLO�
6FL���������������������

��� %KDWWDFKDU�D�����&KDQJLQJ�HQYLURQPHQWDO�FRQGLWLRQV�
DQG� SKRVSKRUXV�XVH� HIILFLHQF�� LQ� SODQWV��&KDQJLQJ�
&OLPDWH�DQG�5HVRXUFH�8VH�(IILFLHQF��LQ�3ODQWV��������
��������

��� Bi,�Y.,�Zhou,�P.,�Li,�S.,�Wei,�Y.,�Xiong,�X.,�Shi,�Y.,�Liu,�N.,�
&�Zhang,�Y.� Interspecific� interactions� contribute� to�
KLJKHU�IRUDJH��LHOG�DQG�DUH�DIIHFWHG�E��SKRVSKRUXV�
DSSOLFDWLRQ� LQ� D� IXOO�� PL[HG� SHUHQQLDO� OHJXPH�
DQG� JUDVV� LQWHUFURSSLQJ� V�VWHP�� )LHOG� &URSV�
5HVHDUFK�� ������ ����� KWWSV���GRL�RUJ���������M�
IFU�������������

��� %OHVVLQJ�����-���*X��<���&DR��0���&XL��<���:DQJ��;�����
�VDQWH�%DGX��%����������2YHUYLH��RI�WKH�DGYDQWDJHV�
DQG� OLPLWDWLRQV� RI�PDL]H�VR�EHDQ� LQWHUFURSSLQJ� LQ�
VXVWDLQDEOH� DJULFXOWXUH� DQG� SURVSHFWV�� �� UHYLH���
,Q� &KLOHDQ� -RXUQDO� RI� �JULFXOWXUDO� 5HVHDUFK�������
��� ����� ��������� ,QVWLWXWR� GH� ,QYHVWLJDFLRQHV�
�JURSHFXDULD�V�� ,1,��� KWWSV���GRL�RUJ���������
6�����������������������

���� &XGG���-��������DQG��HOOD�9DOOH��3���������0HDVXULQJ�
WKH� LQVWDELOLW�� LQ� WLPHVHULHV� GDWD�� 2[IRUG� %�� (FRQ��
6WDW��������������

���� �HNNHU�� 0��� 9DQ� �RQVHODDU�� .� DQG� 2X�HKDQG��
3������� �+R�� WR� XVH� DJJUHJDWLRQ� DQG� FRPELQHG�
IRUHFDVWLQJ�WR�LPSURYH�VHDVRQDO�GHPDQG�IRUHFDVWV���
,QW�-�3URG�(FRQ��YRO������QR�����SS�����������-XO��������
GRL����������M�LMSH�������������

���� �R�&�):�� �������� �JULFXOWXUH� FHQVXV�� ���������
1H�� �HOKL�� �JULFXOWXUH� &HQVXV� �LYLVLRQ��
�HSDUWPHQW� RI� �JULFXOWXUH�� &R�RSHUDWLRQ� ��
)DUPHUV:HOIDUH�0LQLVWU�� RI� �JULFXOWXUH� DQG�
)DUPHUV�:HOIDUH��*RYHUQPHQW�RI�,QGLD�

���� �XGKDW����6��� 3XVKSD�<DGDY�DQG�9HQX�-D�DNDQWK��
%�� ������ �� 6WDWLVWLFDO� �QDO�VLV� RQ� ,QVWDELOLW�� DQG�
6HDVRQDO� &RPSRQHQW� LQ� WKH� 3ULFH� 6HULHV� RI� 0DMRU�
�RPHVWLF�*URXQGQXW�0DUNHWV� LQ� ,QGLD�� ,QW�-�&XUU�
0LFURELRO��SS�6FL������������������GRL��KWWSV����GRL�
RUJ����������LMFPDV�������������

���� (ORXDWWDVVL�� <��� )HULRXQ�� 0��� *KDFKWRXOL�� 1�(,���
�HUUD]�� .��� 5DFKLGL�� )�� �JURHFRORJLFDO� FRQFHSWV�
DQG� DOWHUQDWLYHV� WR� WKH�SUREOHPV�RI� FRQWHPSRUDU��
DJULFXOWXUH��0RQRFXOWXUH�DQG�FKHPLFDO�IHUWLOL]DWLRQ�
LQ�WKH�FRQWH[W�RI�FOLPDWH�FKDQJH��-�(,�����������������
�������2,����������MDHLG�������

���� *DR�� )��� ;LDROLQJ�� &��� <DQJ�� :��� :DQJ�� :���
Lijiang,�S.,�Xiaolong,�Z.,�Liu,�Y.,�Tian,�Y.�Statistical�

%�3��%KDVNDU��9��5DPDPXUWK����JURHFRORJ��IRU�FURS�GLYHUVLILFDWLRQ����FDVH�VWXG��IURP��
�QDQWDSXU�GLVWULFW���QGKUD�3UDGHVK
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%�3��%KDVNDU��9��5DPDPXUWK����JURHFRORJ��IRU�FURS�GLYHUVLILFDWLRQ����FDVH�VWXG��IURP��
�QDQWDSXU�GLVWULFW���QGKUD�3UDGHVK

FKDUDFWHULVWLFV�� WUHQGV�� DQG� YDULDELOLW�� RI� UDLQIDOO�
LQ� 6KDQ[L� SURYLQFH�� &KLQD�� GXULQJ� WKH� SHULRG�
�����������7KHRU���SSO��&OLPDWRO���������������������
KWWSV���GRL�RUJ���������V������������������

���� *DUGQHU�(�6�� ������ �([SRQHQWLDO� 6PRRWKLQJ�� 7KH�
6WDWH�RI�WKH��UW��������

���� *OLHVVPDQ�� 6�5�� �JURHFRORJ��� 7KH� (FRORJ�� RI�
6XVWDLQDEOH�)RRG�6�VWHPV���UG�HG���&5&�3UHVV��%RFD�
5DWRQ��)/��86��������

���� +DUYH��� &�� ���� &KDFyQ��0��� �RQDWWL�� &�� ,��� *DUHQ��
(��� +DQQDK�� /��� �QGUDGH�� ���� %HGH�� /��� %UR�Q��
���� &DOOH�� ���� &KDUi�� -�� &OLPDWH�VPDUW� ODQGVFDSHV��
RSSRUWXQLWLHV� DQG� FKDOOHQJHV� IRU� LQWHJUDWLQJ�
DGDSWDWLRQ� DQG� PLWLJDWLRQ� LQ� WURSLFDO� DJULFXOWXUH��
&RQVHUYDWLRQ�/HWWHUV��������������������KWWSV���GRL�
RUJ���������FRQO�������

���� Hong,� Z.,� Mkonda,� M.� Y.,� He,� X.� Conservation�
DJULFXOWXUH� IRU� HQYLURQPHQWDO� VXVWDLQDELOLW�� LQ� D�
VHPLDULG�DJURHFRORJLFDO�]RQH�XQGHU�FOLPDWH�FKDQJH�
VFHQDULRV��6XVWDLQDELOLW��������������������

���� Iqbal,�N.,�Hussain,�S.,�Ahmed,�Z.,�Yang,�F.,�Wang,�
;��� /LX��:��� <RQJ�� 7��� �X�� -��� 6KX��.��� �� <DQJ��:��
&RPSDUDWLYH� DQDO�VLV� RI� PDL]H�VR�EHDQ� VWULS�
LQWHUFURSSLQJ�V�VWHPV����UHYLH���3ODQW�3URGXFWLRQ�
6FLHQFH�� ������ ��������������� KWWSV���GRL�
RUJ����������������;���������������

���� .DGL�DOD�� 0���0��� 1HGXPDUDQ� 6��� 3LDUD� 6LQJK��
&KXNND� 6��� 0RKDPPDG� ��� ,�� %DQWLODQ�� 0�&�6�� �Q�
LQWHJUDWHG� FURS� PRGHO� DQG� *,6� GHFLVLRQ� VXSSRUW�
V�VWHP� IRU� DVVLVWLQJ� DJURQRPLF� GHFLVLRQ� PDNLQJ�
XQGHU� FOLPDWH� FKDQJH�� 6FLHQFH� RI� WKH� WRWDO� (QY
LURQPHQW����������������������KWWS���G[�GRL�
RUJ���������M�VFLWRWHQY��������������

���� .DQHOORSRXORX� (�� ����� 6SDWLDO� GLVWULEXWLRQ� RI�
UDLQIDOO�VHDVRQDOLW��LQ�*UHHFH��:HDWKHU�������������

���� Kokeb,� Z.B.,� Tamene,� A.D.,� Fekadu,� F.F.�
&RPSDUDWLYH� DQDO�VLV� RI� ORQJ�WHUP� SUHFLSLWDWLRQ�
WUHQGV�DQG�LWV�LPSOLFDWLRQ�LQ�WKH�0RGMR�FDWFKPHQW��
FHQWUDO�(WKLRSLD�� -��RI�:DWHU��DQG�&OLPDWH�&KDQJH��
������ ��� ����� ����������� KWWSV���GRL�RUJ����������
�FF����������

���� /LQ��%��%�� ��������5HVLOLHQFH�LQ��JULFXOWXUH�WKURXJK�
&URS� �LYHUVLILFDWLRQ�� �GDSWLYH� 0DQDJHPHQW� IRU�
(QYLURQPHQWDO�&KDQJH��%LRVFLHQFH�� ������� ���������
KWWSV���GRL�RUJ���������ELR������������

���� 0DWKXU�� 0��� 6XQGDUDPRRUWK��� 6��� ������ �SSUDLVDO�
RI� DULG� ODQG� VWDWXV�� KROLVWLFDVVHVVPHQW� SHUWDLQV�
WR� ELR�SK�VLFDO� LQGLFDWRUV� DQG� HFRV�VWHP� YDOXHV��
(FRO�� 3URFHVV�� ��� ���� KWWSV���GRL�RUJ���������
V�����������������

���� 0HVJDUDQ��0�%��� 0DGDQL�� .��� +DVKHPL�� +��� �]DGL��
3��� ,UDQ�V� ODQG� VXLWDELOLW�� IRUDJULFXOWXUH�� 6FL�� 5HS��
������� ����� ������ KWWSV���GRL�RUJ���������V������
�����������

���� ,QGR�6�LVV� 3URMHFW� �QGKUD� 3UDGHVK� >,63�@�

¶/LYHVWRFN� IHHGLQJ� VLWXDWLRQ� LQ� �QGKUD� 3UDGHVK�
�� RSWLRQV� IRU� LPSURYHPHQW��� ,QGR�6�LVV� 3URMHFW��
�QGKUD� 3UDGHVK�� 9%5,� SUHPLVHV�� 6KDQWL� 1DJDU��
+�GHUDEDG������

���� 0ER���&���9DQ�1RRUG�LMN��0���/XHGHOLQJ��(���1HXIHOGW��
+��� 0LQDQJ�� 3�� ���� �� .R�HUR�� *�� �JURIRUHVWU��
VROXWLRQV� WR� DGGUHVV� IRRG� VHFXULW�� DQG� FOLPDWH�
FKDQJH� FKDOOHQJHV� LQ� �IULFD�� &XUUHQW� 2SLQLRQ�
LQ� (QYLURQPHQWDO� 6XVWDLQDELOLW��� ������ ��� �������
KWWSV���GRL�RUJ�KWWSV���GRL�RUJ���������M �
FRVXVW�������������

���� 0EH�DOH��*��(���0FKDUR��1��,QVWLWXWLRQDO�DQG�ODQG�XVH�
G�QDPLFV�RI�&KDJJD�KRPH�JDUGHQV� LQ�.LOLPDQMDUR�
5HJLRQ��7DQ]DQLD��7DQ]DQLD�-RXUQDO�RI�)RUHVWU��DQG�
1DWXUH�&RQVHUYDWLRQ�����������������������

���� 0NRQGD�� 0�� <�� �JULFXOWXUDO� 6XVWDLQDELOLW�� DQG�
Food�Security�in�Agroecological�Zones�of�Tanzania.�
6XVWDLQDEOH��JULFXOWXUH�5HYLH�V���������������������

���� 0VX�D�� 7�� 6��� .LGHJKHVKR�� -�� 5�� 0DLQVWUHDPLQJ�
DJURIRUHVWU�� SROLF�� LQ� 7DQ]DQLD� OHJDO� IUDPH�RUN��
�JURIRUHVWU�� IRU� %LRGLYHUVLW�� DQG� (FRV�VWHP�
6HUYLFHV�6FLHQFH��QG�3UDFWLFH����������������

���� 1%66�/83�� 6RLO� UHVRXUFH� RI� �QDQWDSXU� GLVWULFW��
�QGKUD�3UDGHVK��7HFKQLFDO�UHSRUW�1������������

���� 1,7,��D�RJ��5HSRUW�RI�WKH�H[SHUW�FRPPLWWHH�RQ�ODQG�
OHDVLQJ��1,7,��D�RJ��*RYHUQPHQW�RI�,QGLD�������

���� 3LxHLUR��9����ULDV�� -�����UU�� -��� (OYHUGLQ�� 3��� ,EixH]��
��0���.LQHQJ�HUH������2SD]R��&�0���2�RR��1���3DJH�
-�5��� 3UDJHU� 6����� 7RUHUR��0�� �� VFRSLQJ� UHYLH�� RQ�
LQFHQWLYHV� IRU� DGRSWLRQ� RI� VXVWDLQDEOH� DJULFXOWXUDO�
SUDFWLFHV� DQG� WKHLU� RXWFRPHV�� 1DW� 6XVWDLQ�� ������
��������������

���� 6FKRHQHEHUJHU� 3�-��� ����� :�VRFNL�� (�&�� %HQKDP��
6RLO� 6XUYH�� 6WDII�� )LHOG� ERRN� IRU� GHVFULELQJ� DQG�
VDPSOLQJVRLOV�� 9HUVLRQ� ����� 1DWXUDO� 5HVRXUFHV�
&RQVHUYDWLRQ�6HUYLFH��1DWLRQDO�6RLO�6XUYH��&HQWHU��
/LQFROQ��1(�������

���� 6KDWWXFN�� ��� *HQHULF�� JUR�LQJ�� JUHHQ�� 7KH�
FKDQJLQJ�SROLWLFDO�HFRQRP��RI�WKH�JOREDO�SHVWLFLGH�
FRPSOH[�� 7KH� -RXUQDO� RI� 3HDVDQW� 6WXGLHV�� ������
���������������
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