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7KH�JHR�HQYLURQPHQWDO�DVVHVVPHQW� LV�D�SUHUHTXLVLWH� IRU�DGRSWLQJ�DJUR�HFRORJLFDO�SULQFLSOHV�
DQG�DFKLHYLQJ�VXVWDLQDEOH�FURS��LHOGV��:H�SUHVHQW�WKUHH�FDVH�VWXGLHV�IURP�WKUHH�DJUR�HFRORJLFDO�
UHJLRQV�� 3HGRORJLFDO� GDWD� VHWV� ZHUH� PDGH� DQG� XVHG� WR� HYDOXDWH� ELR�SK�VLFDO� SDUDPHWHUV� LQ�
3XOLYHQGXOD� WHKVLO� LQ� .DGDSD�� FRWWRQ� SURGXFLQJ� <DYDWPDO� GLVWULFW�� DQG� ULFH� IDUPLQJ� 0DMXOL��
$VVDP��$FFRUGLQJ�WR�WKH�VXLWDELOLW��DVVHVVPHQW�LQ�SXOLYHQGXOD�WHKVLO��������KD�DUH�VXLWDEOH�IRU�
EDQDQDV�XQGHU�GULS�LUULJDWLRQ�DQG�������KD�DUH�DW�KLJK�HURVLRQ�ULVN��&RWWRQ�FDQ�EH�JURZQ�RQ����
SHUFHQW�RI�WRWDO�DUDEOH�ODQG�LQ�<DYDWPDO�GLVWULFW��EXW�������SHUFHQW�FDQQRW�EH�LUULJDWHG��5LFH�FDQ�EH�
JURZQ�RQ�����RI�0DMXOL�LVODQG��+RZHYHU��WKHUH�DUH�OLPLWDWLRQV�VXFK�DV�VXEVRLO�DFLGLW���VKDOORZ�
JURXQG�ZDWHU�WDEOHV��SRRU�RUJDQLF�FDUERQ�VWDWXV��DQG�ORZ�FDWLRQ�H[FKDQJH�FDSDFLW���7KURXJK�ODQG�
HYDOXDWLRQ�H[HUFLVHV�� ODQG�UHVRXUFHV�FDQ�EH�KDUQHVVHG�XVLQJ�VXVWDLQDEOH�VRLO�ODQG�PDQDJHPHQW�
WHFKQLTXHV��:LWK� WKH�XVH�RI�VRLO�TXDOLW��DVVHVVPHQW�DQG�HURVLRQDO�VWDWXV�XVLQJ�86/(�� WKH�FDVH�
VWXGLHV�VKHG�OLJKW�RQ�UHJLRQ�OHYHO�ELRSK�VLFDO�FRQVWUDLQWV�WKDW�DIIHFW�SURGXFWLYLW��

.H��RUGV�� $JURHFRORJ��� 'ULS� ,UULJDWLRQ�� *HRGLYHUVLW���+�GULF� 6RLOV�� /DQGIRUPV�� 6KULQN�6�
:HOO�6RLOV��6HPLDULG�(FRV�VWHPV��6RLO�6LWH�6XLWDELOLW��
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+XPDQV� DUH� HVSHFLDOO�� FRQVFLRXV� RI� WKH�
REVHUYDEOH� HQYLURQPHQW�� VXFK� DV� WKH� DLU�� ZDWHU��
DQG� ODQGVFDSH�� ZKHQ� WKH�� DUH� FRQVLGHULQJ� WKHLU�

VXUURXQGLQJV�� 0RVW� SHRSOH� KDYH� D� QHJDWLYH�
SHUFHSWLRQ� RI� WKH� VXEVXUIDFH� DV� EHLQJ� GDQJHURXV��
XVHOHVV��DQG�RU�JORRP���7KH�VXEVXUIDFH��KRZHYHU��
plays� a� signi�cantly� larger� role� in� society's�
DELOLW�� WR� PHHW� LWV� GHPDQGV� WKDQ� WKH�PDMRULW�� RI�
SHRSOH� UHDOLVH�� 7KH� HIIHFW� DQG� GHSHQGHQFH� RQ� WKH�
VXEVXUIDFH�DUH�SUHGLFWHG�WR�H[SDQG�GUDPDWLFDOO��LQ�
WKH�HQVXLQJ�GHFDGHV�GXH�WR�WKH�ZRUOG�SRSXODWLRQ�V�
SURMHFWHG� H[SDQVLRQ� WR� ���� ELOOLRQ� SHRSOH�� WKH�
XUEDQLVDWLRQ�UDWH� UHDFKLQJ������DQG� WKH�SURMHFWHG�
WULSOLQJ�RI�WKH�VL]H�RI�WKH�JOREDO�HFRQRP���&UXW]HQ�
DQG� 6WRHUPHU�� ������$QGUHZV� 6SHHG�� HW� DO��� �������
7KH�FRQFHSWXDOL]DWLRQ�RI��PRVWO���DELRWLF�UHVRXUFHV�
(including� 3D-space)� and� their� signi�cance� for�
KXPDQ�ZHOO�EHLQJ� LV� QHFHVVDU�� IRU� WKH� VXEVXUIDFH�
WR�EH�GHYHORSHG�VXVWDLQDEO���.HQQHG���HW�DO���������
=KDQJ��HW�DO����������7KHUH�DUH�FXUUHQWO��QR�UHOLDEOH�
DQDO�VHV� RI� WKH� VXEVXUIDFH�V� IXQFWLRQ� DQG� WKH�

�XWKRU�V� �IILOLDWLRQ�� 3ULQFLSDO� 6FLHQWLVW�� 5HJLRQDO�
&HQWUH�� 'HSDUWPHQW� RI� 6RLO� 6FLHQFH�� ,&$5�1DWLRQDO�
%XUHDX�RI�6RLO�6XUYH����/DQG�8VH�3ODQQLQJ��$PUDYDWL�
5RDG��1DJSXU���������0DKDUDVKWUD��,QGLD�

� &RUUHVSRQGLQJ� �XWKRU�� �KDVNDUD� 3KDQHHQGUD�
�KDVNDU�� 3ULQFLSDO� 6FLHQWLVW�� 5HJLRQDO� &HQWUH��
'HSDUWPHQW� RI� 6RLO� 6FLHQFH�� ,&$5�1DWLRQDO� %XUHDX�
RI�6RLO�6XUYH����/DQG�8VH�3ODQQLQJ��$PUDYDWL�5RDG��
1DJSXU���������0DKDUDVKWUD��,QGLD�

(�PDLO��EKDVNDUDSKDQHHQGUD#JPDLO�FRP

5HFHLYHG�RQ������������

�FFHSWHG�RQ�����������
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DVVRFLDWHG�HQYLURQPHQWDO� WUDGH�RIIV��,W�WDNHV�PRUH�
WKDQ� DGGLQJ� XS� DELRWLF� FRPSRQHQWV� WR� TXDQWLI��
JHRGLYHUVLW��� 7KURXJK� SURFHGXUHV� WKDW� UHSUHVHQW�
WKH�(DUWK�V�VXUIDFH��LW�HQDEOHV�WKH�LQYHVWLJDWLRQ�RI�WKH�
LQWULFDWH�LQWHUDFWLRQV�EHWZHHQ�YDULRXV�FRPSRQHQWV��
6SDWLDO� SODQQLQJ� DQG� JHRFRQVHUYDWLRQ� LQLWLDWLYHV�
can� bene�t� from� this� quanti�cation� (Gordon,� HW�
DO�� ������� ,W�PD�� DOVR� SURYLGH� WKH�RSSRUWXQLW�� IRU�
DQ� LQWHJUDWHG� LQYHVWLJDWLRQ� RI� DELRWLF� IDFWRUV� DQG�
FRQVHUYDWLRQ� VWUDWHJLHV�� UHFRQVLGHULQJ� WKH� RUGHU�
RI� LPSRUWDQFH� IRU� WKH� SUHVHUYDWLRQ� RI� WKH� QDWXUDO�
KHULWDJH�� ZKLFK� LQFOXGHV� ERWK� ELRWLF� DQG� DELRWLF�
KHULWDJH��%pWDUG��HW�DO��������

&RQVLGHULQJ� WKH� JHRV�VWHP� DV� D� JHRJUDSKLFDO�
system,�Sochava��rst�used� the� term�"Geosystems"�
LQ� ����� �$O�EUXW�� ������ 6Q�WNR� DQG� 6HPHQRY��
2008).� He� de�ned� the� geosystem� as� "a� whole�
HQWLW�� FRQVLVWLQJ� RI� LQWHUUHODWHG� FRPSRQHQWV� RI�
1DWXUH� WKDW� REH�� UHJXODULWLHV� RSHUDWLQJ� LQ� WKH�
geographical� envelope� or� landscape� sphere"�
�6RFKDYD�� ������ TXRWHG� LQ� 6Q�WNR� DQG� 6HPHQRY�
������� DQG� 6HPHQRY� DQG� 6Q�WNR� �������� 6LQFH� LWV�
LQWURGXFWLRQ�LQ�������WKH�QRWLRQ�RI�JHRGLYHUVLW��KDV�
UHFHLYHG�PXFK�DWWHQWLRQ�IURP�HDUWK�VFLHQFH�H[SHUWV�
�=ZROLQVNL�� HW� DO��� ������� &RQVHUYDWLRQ�� SODQQLQJ��
DQG� HQYLURQPHQWDO� PDSSLQJ� DOO� GHSHQG� RQ� WKLV�
LGHD��ZKLFK�KDV�ODWHO��PDGH�LW�SRVVLEOH�WR�LGHQWLI��
JHRGLYHUVLW���2]VDKLQ���������*HRGLYHUVLW��LQGLFHV�
KDYH� EHHQ� FRPSXWHG� XVLQJ� JHRPRUSKRORJLFDO��
JHRORJLFDO�� VRLO�� DQG� WHUUDLQ� PDSV� IRU� WKH� 6XUL�D�
UHJLRQ� LQ� 6SDLQ�� 7KH� JHRGLYHUVLW�� RI� WKH� 6XUL�D�
UHJLRQ�LV�GLYLGHG�LQWR���FODVVHV��DQG�WKH�VWLIIQHVV�RI�
WKH�VORSH�PDS�LV�GHWHUPLQHG��6HUUDQR��HW�DO����������
7KH� 5RPDQLDQ� %X]DXOXL� *HRSDUN�V� JHRGLYHUVLW��
PDS�ZDV�HYDOXDWHG�DQG�SURYLGHG�XVLQJ� WKH�VDPH�
PHWKRGRORJ���&RPDQHVFX�DQG�1HGHOHD��������DQG�
LQ�WKH�/DU�EDVLQ�RI�1RUWKHUQ�,UDQ��*KDKURXGL�7DOL�
DQG�+HLGDU����������$�YDULHW��RI�JHRPRUSKRPHWULF�
YDULDEOHV�KDYH�EHHQ�WDNHQ�IURP�WKH�GLJLWDO�HOHYDWLRQ�
PRGHO� DQG� FRPSDUHG� WR� JHRORJLFDO� DQG� FOLPDWLF�
GDWD�XVLQJ�*,6�VRIWZDUH��7KH�DQDO�VLV�SURGXFHG�E��
WKLV�GDWD�ZDV�XWLOLVHG�WR�FUHDWH�D�JHRGLYHUVLW��PDS�
�$UJ�ULRX��HW�DO����������7KH�&RURPDQGHO�SHQLQVXOD�
LQ� 1HZ� =HDODQG� LPSOHPHQWHG� D� V�VWHPDWLF�
approach� for� de�ning� and� quickly� evaluating�
DELRWLF� FRPSRQHQWV��8VLQJ� WKH� PRVW� FXUUHQW� GDWD�
DQG�UHFRUGV�DV�D�IRXQGDWLRQDO�GDWDEDVH��WKLV�VWXG��
is� the� �rst� step� in� developing� a� universal� system�
IRU�HYDOXDWLQJ�WKH�JHRGLYHUVLW��RI�DQ��UHJLRQ�RI�RXU�
SODQHW��=DNKDURYVN�L��HW�DO��������

The� geosystem� can� be� identi�ed� by� certain�
JHRORJLFDO� IRUPDWLRQV�� ODQGVFDSHV�� DQG� URFN��
PLQHUDO�� DQG� IRVVLO� FRPSRVLWLRQV�� $GGLWLRQDO�
GLVWLQJXLVKLQJ� FKDUDFWHULVWLFV� XVHG� WR� GHVFULEH�
JHRV�VWHPV� LQFOXGH� WKH� ULVN� RI� FHUWDLQ� QDWXUDO�

GLVDVWHUV� �VXFK� DV� HDUWKTXDNHV�� ODQGVOLGHV��
OLTXHIDFWLRQ�� DQG� VXEVLGHQFH�� DV� ZHOO� DV�
XQLTXH� DQWKURSRJHQLF� VWUHVVHV� �H�J�� VXEVXUIDFH�
FRQVWUXFWLRQ�� PLQHUDO� H[WUDFWLRQ�� FRQWDPLQDWLRQ��
7KH�VXEVXUIDFH�LV�UHIHUUHG�WR�DV�WKH�UHJLRQ�EHORZ�WKH�
HDUWK�V� VXUIDFH�� LQFOXGLQJ� ERWK� VXEWHUUDQHDQ� DQG�
VXEPDULQH�UHJLRQV��2Q� WKH� RQH�KDQG��ZH� LGHQWLI��
HFRORJLFDO�V�VWHPV��VXFK�DV�ELRPHV�DW�WKH�VXUIDFH�RI�
WKH�WHUUHVWULDO�HQYLURQPHQW�DQG�PDULQH�HFRV�VWHPV��
ZKLFK�DUH�WLHG�WR�ELRWLF�FRPPXQLWLHV�DQG�DFWLYLWLHV�
in�uenced,�for�example,�by�the�availability�of�light,�
ZDWHU��DQG�R[�JHQ��,Q�FRQWUDVW��WKH�ODFN�RI�OLJKW�DQG�
IUHTXHQWO��DQDHURELF�FRQGLWLRQV�LQ� WKH�OLWKRVSKHUH�
DQG� LWV� JHRV�VWHPV� DUH� OLQNHG� WR� ORZ� ELRORJLFDO�
DFWLYLW���/DQG�LQVLGH�WKH�&HQWUDO�)UDPHZRUN��6(($��
LV�VHJUHJDWHG�IURP�QDWXUDO�UHVRXUFHV�LQ�UHFRJQLWLRQ�
RI�LWV�XQLTXH�IXQFWLRQ�LQ�WKH�VXSSO��RI�VSDFH��81��
����� D�E��� 'H� *URRW� ������� UHFRJQLVHG� WKH� FDUULHU�
role�as� the��fth� service�category�when�evaluating�
VXVWDLQDEOH� ODQGVFDSHV�� ZKLFK� LQFOXGHV� PLQLQJ�
DQG�KDELWDWLRQ�DPRQJ�RWKHU� WKLQJV�� %XW�&RPPRQ�
International� Classi�cation� of� Ecosystem� Services�
&,&(6�GRHV�QRW�FXUUHQWO��FRQWDLQ�WKLV��$V�D�UHVXOW��
WKH�NH��TXHVWLRQ� LV�ZKHWKHU�WKH�VXEVXUIDFH�FDQ�RU�
VKRXOG� EH� IXOO�� LQFRUSRUDWHG� LQWR� WKH� HFRV�VWHP�
VHUYLFHV�FRQFHSW�RU�LI�WKH�LVVXHV�WKDW�QHHG�WR�EH�VROYHG�
DUH�WRR�GLVVLPLODU�DQG�FDOO�IRU�D�GLIIHUHQW�VWUDWHJ��
0LQHUDO�UHVRXUFH�H[WUDFWLRQ�LV�D�UHOHYDQW�VHWWLQJ�IRU�
H[KLELWLQJ� WUDGH�RIIV�LQ�WKH�VXEVXUIDFH��7KH�SROLF��
IRFXV�RQ�VXEVXUIDFH�UHVRXUFHV�LV�FXUUHQWO��RQ�KLJK�
YDOXH�PLQHUDOV��VXFK�UDUH�HDUWK�PHWDOV��DQG�HQHUJ��
UHVRXUFHV�DV�D� WUDGH�FRPSRQHQW�DQG� LQ�UHODWLRQ�WR�
FOLPDWH� FKDQJH�� *LYHQ� WKH� LQFUHDVLQJ� SRSXODWLRQ�
DQG� RQJRLQJ� XUEDQLVDWLRQ� SURFHVV�� WKH� VFDUFLW��
DQG� DFFHVVLELOLW��RI� ORFDOO�� VXSSOLHG� ODUJH�YROXPH�
PDWHULDOV� OLNH� DJJUHJDWHV� �VXFK� DV� JUDYHO�� VDQG��
and�clay)�may�be�just�as�signi�cant�but�attract�less�
DWWHQWLRQ�

7KH�JHRV�VWHPV�UHVHDUFK�LV�LQDGHTXDWH��DQG�WKH�
ZDWHUVKHG� ZDV� HPSOR�HG� DV� D� PDQDJHPHQW� XQLW�
to�de�ne�a�study�region�with�comparable�features�
�81�� 8QLWHG� 1DWLRQV� 6WDWLVWLFV� 'LYLVLRQ�� ����� D�
DQG�E���8VLQJ�WKH�JXLGHOLQHV�IRU�ODQG�PDQDJHPHQW�
DQG�YDULRXV�ODQG�XVHV�WKDW�ZLOO�KHOS�WR�HVWDEOLVK�D�
JUHDWHU�SRVVLELOLW��RI�DJULFXOWXUDO�GHYHORSPHQW�LQ�D�
UHJLRQ��%DVHG�RQ�WKHVH�FRQVLGHUDWLRQV��WKH�REMHFWLYH�
RI�WKLV�UHVHDUFK�LV�WR�GHYHORS�FULWHULD�WR�EH�XVHG�IRU�
WKH� VHOHFWLRQ� RI� SRWHQWLDO� VLWHV� IRU� WKH� LGHQWLI�LQJ�
DV�DJURHFRV�VWHPV� LQ� UHODWLRQ� WR� JHRGLYHUVLW��DQG�
WR� DSSO�� WKHP� WR� WKUHH� VHPL�DULG� DJURHFRORJLFDO�
FRQGLWLRQV� LQ� ,QGLD�� 7KH� RYHUDOO� JRDO� RI� WKH� DJUL�
HQYLURQPHQWDO�DVVHVVPHQW�ZDV� WR�GHVLJQ�HIIHFWLYH�
LPSOHPHQWDWLRQ� RI� PHDVXUHV� IRU� FRQVHUYDWLRQ� RI�
ELRGLYHUVLW��WKURXJK�VXVWDLQDEOH�ORFDO�DJULFXOWXUDO�
SUDFWLVHV�� 7R�PRQLWRU�DQG� DVVHVV� WKH� HIIHFWLYHQHVV�

%KDVNDUD�3KDQHHQGUD�%KDVNDU��*HRHQYLURQPHQWDO�6XLWDELOLW��$VVHVVPHQW�RI�7KUHH�$JURHFRORJLFDO�
6�VWHPV�LQ�,QGLD��
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and� ef�ciency� of� agri-environmental� measures,�
WKH� SURSRVHG� DSSURDFK� ZRXOG� IRFXV� RQ� WKH� VWDWH�
RI� HDFK� DJUR�HFRV�VWHP� DQG� LWV� DELOLW�� WR� SHUIRUP�
VHOHFWHG�HQYLURQPHQWDO�IXQFWLRQV��ORFDO�DJULFXOWXUDO�
ODQG� XVH� DQG� SUDFWLVHV�� DQG� WKH� LPSDFWV� RI� DJUL�
HQYLURQPHQWDO� PHDVXUHV� RQ� DJUR�HFRV�VWHPV��
DELOLW��WR�GHOLYHU�HFRORJLFDO�VHUYLFHV�

0�7(5,�/6��1��0(7�2�6

6W�G����HD

7KUHH� FDVH� VWXGLHV� LQ� WKUHH� DJURHFRORJLFDO�
UHJLRQV� ZHUH� FKRVHQ� IRU� JHRHQYLURQPHQWDO�
DVVHVVPHQW��EDQDQD�JURZLQJ�3XOLYHQGXOD�WHKVLO� LQ�
.DGDSD�GLVWULFW�� FRWWRQ�JURZLQJ�<DYDWPDO� GLVWULFW�
LQ�0DKDUDVKWUD��DQG�ULFH�JURZLQJ�0DMXOL�LVODQG�LQ�
$VVDP��7KH�VWXG��DUHDV�DUH�GHWDLOHG�EHORZ�

�DVH� 6W�G�� ��� 3�OLYHQG�OD� �H�VLO�� ��GGDSD��
�LVW�LFW

3XOLYHQGXOD� FRYHUV� ��������� KHFWDUHV� �KD�� DQG�
LV� ORFDWHG� EHWZHHQ��������DQG��������1�DQG��������
WR� ������(� �)LJ�� ���� 3XOLYHQGXOD�V� DJURFOLPDWH� LV�
VHPLDULG�� ZLWK� D� PHDQ� DQQXDO� UDLQIDOO� RI� ���PP�
DQG� ��� ZHW� GD�V�� 7KH� /*3� UDQJHG� IURP� �������
GD�V�IRU�3XOLYHQGXOD�DQG�9HPXOD����������GD�V�IRU�
/LQJDOD�DQG�7RQGXU��DQG���������GD�V�IRU�6LPKDGUL�
SXUDP� DQG� 9HPSDOOL� PDQGDOV�� DFFRUGLQJ� WR� ODQG�
DSSUDLVDO�QRUPV��7KH�VWXG��DUH�FRPHV�XQGHU�D�KRW�
GU�� HFRVXEUHJLRQ� �.�(��� ZLWK� GHHS� ORDP�� DQG�
FOD�H��PL[HG�UHG� DQG�EODFN� VRLOV�� ORZ� WR�PHGLXP�
DYDLODEOH�ZDWHU�KROGLQJ�FDSDFLW���$:&���DQG�������
GD��JURZLQJ�SHULRG��/*3���0DQGDO��HW�DO��������

)LJ�� ��� /RFDWLRQ� PDS� RI� 3XOLYHQGXOD� WHKVLO�� .DGDSD� GLVWULFW��
$QGKUD�3UDGHVK

7KH�JHRORJ��LV�JUDQLWHV��JUDQLWH�JQHLVVHV��FKHUW��
GRORPLWHV�� TXDUW]LWHV�� DQG� VKDOHV� �1DJDUDMD� 5DR��
HW� DO��� ������� 7KH� 3DSDJKQL� DQG�&KLWUDYDWL� JURXSV�
RI� URFNV� IURP� WKH� &XGGDSDK� 6XSHU� *URXS� DUH�

SUHVHQW�LQ�WKH�UHVHDUFK�UHJLRQ��7KH�3DSDJKQL�JURXS�
FRQVLVWV� RI� WKH� IROORZLQJ� IRUPDWLRQV�� D�� *XOFKHUX�
IRUPDWLRQ��ZKLFK�FRQVLVWV�RI�TXDUW]LWH��DUNRVH��DQG�
FRQJORPHUDWH�� DQG� E�� 9HPSDOOL� IRUPDWLRQ�� ZKLFK�
FRQVLVWV� RI� GRORPLWHV�� FKHUW�� PXGVWRQH�� TXDUW]LWH��
basic� �ows,� and� intrusive.� The� Chitravathi�
JURXS� FRQVLVWV� RI� WKH� IROORZLQJ� IRUPDWLRQV�� �D��
3XOLYHQGXOD�IRUPDWLRQ��ZKLFK�FRQVLVWV�RI�TXDUW]LWH�
ZLWK�FRQJORPHUDWH���E��7DGLSDWUL�IRUPDWLRQ��ZKLFK�
FRQVLVWV�RI�VKDOHV��GRORPLWH��DQG�TXDUW]LWH��DQG��F��
*DQGLNRWD� IRUPDWLRQ�� ZKLFK� FRQVLVWV� RI� TXDUW]LWH�
DQG�VKDOH��%DVX��HW�DO���������

�DVH�VW�G������DYDWPDO��LVW�LFW

7KH� FRWWRQ�JURZLQJ� <DYDWPDO� DUHD� �������� WR�
������1� ODWLWXGH� DQG� ������� WR� ������(� ORQJLWXGH��
)LJ�����FRYHUV�������VTXDUH�NLORPHWUHV��������RI�WKH�
VWDWH�� DQG�KDV� D� SRSXODWLRQ�RI� ��������� ������� RI�
WKH�VWDWH�V�SRSXODWLRQ���8QGHU�WKH�KXJH�YDOOH�V�DQG�
SODLQV�RI�WKH�:DUGKD�DQG�3DLQJDQJD�ULYHUV��)LJ������
����RI�UXUDO�IDPLOLHV�DUH�GHVWLWXWH��<DYDWPDO�GLVWULFW�
LV� ORFDWHG� LQ� WKH� 'HFFDQ� 3ODWHDX�� +RW� 6HPL�$ULG�
(FR�5HJLRQ��� DV�ZHOO� DV� WKH�:HVWHUQ�0DKDUDVKWUD�
SODWHDX��+RW�0RLVW�6HPL�$ULG�(FR�6XEUHJLRQ��������
9HOD�XWKDP��HW�DO�����������7KH�PHDQ�DQQXDO�UDLQIDOO�
UDQJHV� IURP� �����PP� LQ� HDVWHUQ�:DQL� WR� ���PP�
LQ� ZHVWHUQ� 'DUZKD� DQG� ������PP� LQ� FHQWUDO�
<DYDWPDO��ZLWK�D�ZHVWZDUG�WUHQG�

63,�YDOXHV�ZHUH�FDOFXODWHG�IRU�HDFK�ZHHN��1HDU�
QRUPDO�GU��WLPHV�DFFRXQW�IRU�����RI�WKH�WRWDO��ZLWK�
QRUPDO�ZHW�SHULRGV�DFFRXQWLQJ�IRU���������VHYHUHO��
ZHW� SHULRGV� DFFRXQWLQJ� IRU� ������� PRGHUDWHO��
ZHW� SHULRGV� DFFRXQWLQJ� IRU� ������� H[WUHPHO��ZHW�
SHULRGV�DFFRXQWLQJ�IRU��������DQG�PRGHUDWHO��GU��
ZHHNV�DFFRXQWLQJ�IRU��������3URORQJHG�GU��VSHOOV�
GXULQJ�FULWLFDO�FRWWRQ�JURZWK�VWDJHV��EUDQFKLQJ�DQG�
EORRPLQJ�� VRPHWLPHV� FRLQFLGH�� UHVXOWLQJ� LQ� �LHOG�
ORVV�� 0D[LPXP� WHPSHUDWXUHV� LQ� WKLV� DUHD� UHDFK�
����&HOVLXV� LQ�$SULO�DQG�0D���ZLWK� D�GLPLQLVKLQJ�
WHQGHQF��IURP�������&HOVLXV�LQ�-XQH�WR�������&HOVLXV�
in�December,�with��uctuations�varying�from�0.280�
&HOVLXV�WR�������&HOVLXV�RYHU�D�����HDU�SHULRG�������
WR� ������� )URP� -XQH� WR� 'HFHPEHU�� WKH� FOLPDWH� LQ�
WKH� DUHD� LV� LGHDO� IRU�FRWWRQ�JURZLQJ� �$ELUD���������
7KH�VHDVRQDOLW��LQGH[�EDVHG�RQ�UDLQIDOO�SDWWHUQ�ZDV�
GHWHUPLQHG� WR� EH� PRUH� WKDQ� RQH�� LQGLFDWLQJ� WKDW�
WKH�PDMRULW��RI� WKH� UDLQ�RFFXUUHG� LQ� WKUHH�PRQWKV�
RU�OHVV��-XO���$XJXVW��DQG�6HSWHPEHU���*XKDWKDNXU�
DQG�6DML��������

7KH�GLVWULFW�KDV������SHUFHQW�RI�LWV�FXOWLYDWHG�DUHD�
dedicated�to�food�crops�and�52.19�percent�to��bre�
FURSV�� ZLWK� -KDUL� -DPLQL� WHKVLO� KDYLQJ� WKH� ORZHVW�
SHUFHQWDJH�RI� IRRG�FURSV� ���������DQG�8PDUNKHG�

%KDVNDUD�3KDQHHQGUD�%KDVNDU��*HRHQYLURQPHQWDO�6XLWDELOLW��$VVHVVPHQW�RI�7KUHH�$JURHFRORJLFDO�
6�VWHPV�LQ�,QGLD��
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tehsil�having� the� largest�percentage�of��bre�crops�
����������7KH� ODQG�KROGLQJ�RI� ����KD�DFFRXQWV� IRU�
�������RI�WKH�RYHUDOO�GLVWULFW��ZKLOH�WKH�KROGLQJ�RI�
�����KD�DFFRXQWV� IRU���������7KH� WRWDO�DUHD�XQGHU�
FXOWLYDWLRQ� LV� ����� ODNK� KD�� ZLWK� ����� KD� XQGHU�
GRXEOH�FURSSLQJ�DQG�D�FURSSLQJ�LQWHQVLW��RI�������
7KH� ORZ�FURSSLQJ� LQWHQVLW�� LQGLFDWHV� WKDW� UDLQIHG�
IDUPLQJ�GRPLQDWHV�WKH�UHJLRQ��ZLWK�RQO��D�OLPLWHG�
UHJLRQ�XQGHU�GRXEOH�FURSSHG��<DYDWPDO�LV�PRVWO��
DQ� DJULFXOWXUDO� GLVWULFW�� ZLWK� ��� SHUFHQW� RI� WKH�
SRSXODWLRQ�HPSOR�HG�LQ�DJULFXOWXUH��7KH�HFRQRPLF�
SHUIRUPDQFH� RI� WKLV� GLVWULFW� KDV� DOZD�V� LQFOXGHG�
VRPH� SURJUHVV� LQ� WKH� DJULFXOWXUH� VHFWRU�� &RQWUDU��
to� popular� opinion,� the� district� is� less� ef�cient� in�
DJULFXOWXUH� GXH� WR� ORZ� VRLO� IHUWLOLW�� DQG� EDVDOWLF�
SODWHDX�WRSRJUDSK���&RWWRQ�JURZHUV�LQ�WKH�UHJLRQ�
DUH� FRPPLWWLQJ� VXLFLGH�GXH� WR� WKH� LQFUHDVLQJ� FRVW�
RI�%W�FRWWRQ�SURGXFWLRQ��ZKLFK�FRVWV�URXJKO��UXSHH�
�����WR������IRU�QRQ�LUULJDWHG�ODQG�DQG�UXSHH��������
WR��������IRU�LUULJDWHG�ODQG�

)LJ�����/RFDWLRQ�PDS�RI�<DYDWPDO�GLVWULFW��0DKDUDVKWUD

�DVH�VW�G�����0DM�OL�,VODQG

7KH�0DMXOL� LVODQG� ����� ���� �� ���� ���� (� DQG� �������
�� ������� 1�� LV� LQ� WKH� -RUKDW� GLVWULFW�� 7KH� LVODQG�V�
HOHYDWLRQ�YDULHV� EHWZHHQ� ��� DQG� ���PHWUHV� DERYH�
PHDQ� VHD� OHYHO�� 7KH� LVODQG� LV� ERXQGHG� LQ� WKH�
QRUWK� E�� WKH� .KHUNXWLD� 6XWL�� LQ� WKH� VRXWK� E�� WKH�
6XEDQVLULL�� DQG� LQ� WKH� QRUWK� E�� WKH� %UDKPDSXWUD�
�)LJ�� ���� 7KH� LVODQG� LV� QRWH�ZRUWK�� IRU� LWV� VHYHQW��
ELOV� �ORFDO� QDPHV� IRU� ERGLHV� RI� ZDWHU�� WKDW� EUHDN�
up� the� monotony� of� �at� geography.� According�
WR� KLVWRULFDO� GRFXPHQWV�� WKH� %UDKPDSXWUD� 5LYHU�
ZDV� ORFDWHG� QRUWK� RI� 0DMXOL� DURXQG� WKH� ODWH� ��WK�

FHQWXU��� 7KHUH� LV� QR� FRQYLQFLQJ� HYLGHQFH� RI� WKH�
%UDKPDSXWUD�V�VRXWKHUO��PRYHPHQW��7KH�PLJUDWLRQ�
was�most�likely�induced�by�earthquakes�and��oods�
WKDW� RFFXUUHG� IUHTXHQWO�� EHWZHHQ� ����� DQG� ������

)LJ�����/RFDWLRQ�PDS�RI�0DMXOL�LVODQG��$VVDP

�%KX�DQ��������

7KH� LVODQG�V� FOLPDWH� LV� VXEWURSLFDO�� ZLWK�
ZDUP� KXPLG� VXPPHUV� DQG� FKLOO�� GU�� ZLQWHUV��
DQG� DQ� DQQXDO� UDLQIDOO� RI� ����PP�� $FFRUGLQJ�
WR� WKH� .RSSHU� V�VWHP�� WKLV� LVODQG� KDV� D� KXPLG�
PHVRWKHUPDO� JDQJHWLF� FOLPDWH� �%DUWKDNXU�� �������
)URP�$SULO� WKURXJK�2FWREHU�� WKH� LVODQG� LV� ODUJHO��
LPSDFWHG�E��VRXWKZHVW�WURSLFDO�PRQVRRQV��DV�ZHOO�
DV�LQIUHTXHQW�ZLQWHU�VKRZHUV��7KH�PRQVRRQ�VHDVRQ�
UHFHLYHV�WKH�KLJKHVW�UDLQIDOO���������RI�WKH�WRWDO�IRU�
WKH��HDU��� IROORZHG�E�� WKH�SUH�PRQVRRQ� ����������
SRVW�PRQVRRQ� �������� DQG� ZLQWHU� ������� VHDVRQV�
�%KDVNDU�� HW� DO��� ������� 7KH� DYHUDJH� PD[LPXP�
WHPSHUDWXUH�YDULHV�IURP�������WR������&HOVLXV��ZKLOH�
WKH� PLQLPXP� WHPSHUDWXUH� UDQJHV� IURP� ������ &�
WR� ������ &HOVLXV�� 7KH� DYHUDJH� ORZ� WHPSHUDWXUH� LQ�
'HFHPEHU�-DQXDU�� LV� URXJKO�����GHJUHHV�&HOVLXV��
ZKLOH�WKH�SHDN� WHPSHUDWXUH�LQ� -XO��$XJXVW� LV�����

&HOVLXV�

7KH�LVODQG�KDV�D�ORZ�FURSSLQJ�LQWHQVLW���WKH�UDWLR�
RI�WRWDO�FXOWLYDWHG�DUHD�WR�QHW�VRZQ�DUHD�PXOWLSOLHG�
E�� ����� ������� ZLWK� DQ� DYHUDJH� ULFH� RXWSXW� RI�
���NJ�KD� LQ� WKH� SRVW�UDLQ�� VHDVRQ� �1RYHPEHU�
)HEUXDU��� DQG� ����� NJ�KD� LQ� WKH� UDLQ�� VHDVRQ�
�-XQH�1RYHPEHU���FRPSDUHG�WR�WKH�GLVWULFW�DYHUDJH�
SURGXFWLYLW��RI������NJ�KD��5LFH�LV�JURZQ�RQ�PRLVW�
VRLOV�GXULQJ�WKH�UDLQ��VHDVRQ�DQG�LV�NQRZQ�DV�WKH�
region's�"bread�basket."�The�conversion�of�wetlands�
to�agricultural�use�has�resulted�in�increased��ooding�
IUHTXHQF�� DQG� LQWHQVLW��� VXEVWDQWLDO� EDQNOLQH�
erosion,� disruption� of� water� �ow� management,�
DQG� ORVV�RI�HQYLURQPHQWDO�TXDOLW���$JULFXOWXUH�RQ�
WKH� LVODQG�FDQ�RQO��EH�GHYHORSHG�LI�WKHVH�ZHWODQG�
UHVRXUFHV� DUH� H[DPLQHG� IRU� HIIHFWLYH� ODQG� XVH�
SODQQLQJ� �9DGLYHOX�� HW� DO������� DQG� %KDVNDU�� HW�
DO��� ������� $� EURDG� GLVWULEXWLRQ� RI� DTXHSWV� DQG�
�uvents� with� strati�ed� textures,� free� carbonates,�
DQG�VXEVWDQWLDO�RUJDQLF�FDUERQ�LQ�VXUIDFH�OD�HUV�KDV�
EHHQ�GRFXPHQWHG�LQ�WKH�%UDKPDSXWUD�YDOOH���'H��
DQG�6HKJDO������� DQG�%KDVNDU�� HW� DO��� �������7KHVH�
ORZ�ODQGV�DUH�FULWLFDO�IRU�DJULFXOWXUDO�GHYHORSPHQW��

%KDVNDUD�3KDQHHQGUD�%KDVNDU��*HRHQYLURQPHQWDO�6XLWDELOLW��$VVHVVPHQW�RI�7KUHH�$JURHFRORJLFDO�
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EXW�OLWWOH�LV�NQRZQ�DERXW�KRZ�WR�XVH�DQG�HQKDQFH�
WKHP�VXVWDLQDEO��

�OLPDWH��QDO�VLV�

7KH�DULGLW��LQGH[�RI�'H�0DUWRQQH��������

7KH�DULGLW��LQGH[�RI�'H�0DUWRQQH��,P��LV�WKHUHIRUH�
de�ned�as�the�ratio�of�the�annual�precipitation�sum�
3� LQ�PP�DQG� WKH�DQQXDO�PHDQ�WHPSHUDWXUH� LQ��&�
+10�as�de�ned�below.

,GP �$ULGLW��,QGH[��'H�0DUWRQQH�� $$5� �
� � � � ��������$$7����

:KHUH�$$5�  �$QQXDO� DYHUDJH� UDLQIDOO� LQPP���
$$7� �$YHUDJH� GDLO�� WHPSHUDWXUH� RYHU� WKH� �HDU�
�&�

7KH�PRQWKO��YDOXH�RI�WKH�'H�0DUWRQQH�$ULGLW��
,QGH[�LV�FDOFXODWHG�E��WKH�IROORZLQJ�HTXDWLRQ��,P� �
��S��W�������ZKHUH�S��DQG�W�DUH�WKH�PRQWKO��PHDQ�
YDOXHV� RI� SUHFLSLWDWLRQ� DQG� DLU� WHPSHUDWXUH� IRU�
WKH� GULHVW� PRQWK� �FRQVLGHUHG� -DQXDU��� )HEUXDU���
0DUFK��$SULO��0D��IRU�.DGDSD�GLVWULFW���:KHQ�WKH�
YDOXH�RI�,GP�LV�ORZHU�WKDQ����WKHQ�WKH�ODQG�LQ�WKLV�
PRQWK�QHHGV�WR�EH�LUULJDWHG��=DPEDNDV��������

�ULGLW��,QGH� &OLPDWH�7�SH

���� $ULG

����� 6HPLDULG

����� 0HGLWHUUDQHDQ

����� 6HPL�+XPLG

����� +XPLG

����� 9HU��+XPLG

��� ([WUHPHO��+XPLG

6HDVRQDOLW��,QGH�

A�seasonality�index�(SI)�permits�a�quanti�cation�
RI�WKH�YDULDELOLW��RI�SUHFLSLWDWLRQ�WKURXJK�WKH��HDU�
XVLQJ� D� VLQJOH� )LJ��� $� FRPPRQO�� XVHG� 6,� LV� WKDW�
GHULYHG�E��:DOVK�DQG�/DZOHU��������

R−where�R� is� the� total�annual�precipitation� for�
WKH�SDUWLFXODU��HDU�XQGHUVWXG��DQG�;Q�LV�WKH�DFWXDO�
PRQWKO��SUHFLSLWDWLRQ�IRU�PRQWK�Q��7KH�FODVVOLPLWV�
RI� VHDVRQDOLW�� LQGH[� DQG� UHSUHVHQWDWLYH� UDLQIDOO�
UHJLPH�LV�VKRZQ�DV�EHORZ�

5DLQIDOO�5HJLPH� 6HDVRQDOLW��
,QGH��6,�

9HU��HTXDEOH� ������

(TXDEOH�EXW�ZLWK�D�EHWWHU�ZHW�VHDVRQ� �����WR�����

5DWKHU�VHDVRQDO�ZLWK�D�VKRUWHU�GU��SHULRG� �����WR�����

6HDVRQDOLW��RI�5DLQIDOO�%DVHG�RQ�6,

&ODVVLILFDWLRQ�RI�&OLPDWH�%DVHG�RQ�$ULGLW��,QGH[

6HDVRQDO� ���������

0DUNHGO��VHDVRQDO�ZLWK�D�ORQJHU�GU��SHULRG �����WR�����

0RVW�UDLQV�DUH���PRQWKV�RU�OHVV ����WR�����

([WUHPH��DOPRVW�DOO�UDLQ�LQ��RU���PRQWKV �����

6WDQGD�GL�HG�3�HFLSLWDWLRQ�,QGH��

7KH� 63,� LV� WKH� QXPEHU� RI� VWDQGDUG� GHYLDWLRQV�
WKDW� WKH� REVHUYHG� YDOXH� ZRXOG� GHYLDWH� IURP� WKH�
ORQJ�WHUP�PHDQ�IRU�D�QRUPDOO��GLVWULEXWHG�UDQGRP�
YDULDEOH�� 7KH� PDWKHPDWLFDO� HTXDWLRQ� XVHG� WR�
FRPSXWH�63,�LV�JLYHQ�DV�XQGHU�

:KHUH� 63,� LV� VWDQGDUGL]HG� SUHFLSLWDWLRQ�
index,�X� is� rainfall� and�σ� is� standard�deviation�of�
UDLQIDOO� ZLWK� D� VXEVFULSW� �L�� VLJQLI�LQJ� ORFDWLRQ�
DQG� VXSHUVFULSW� �F�� IRU� WLPH� VFDOHV� �PRQWKO�� RU�
VHDVRQDO��� 7KH� SRVLWLYH� VXP� RI� WKH� 63,� IRU� DOO� WKH�
PRQWKV�ZLWKLQ�D�GURXJKW�HYHQW�FDQ�EH�WHUPHG�WKH�
GURXJKW�V��PDJQLWXGH��DV������H[WUHPHO��ZHW������
������YHU��ZHW�� ��������� �PRGHUDWHO��ZHW�� ������ WR�
������ QHDU� QRUPDO�� ����� �� ������� PRGHUDWHO�� GU���
����� �� ������ VHYHUHO��GU�� DQG��� ����� H[WUHPHO��GU��
'URXJKWLV� LQGLFDWHG�E��63,� YDOXHV�RI����RU� EHORZ�
�(GZDUG�DQG�0F.HH��������

�VVHVVPHQW�RI��HRGLYH�VLW��

7KH� SURFHVV� IRU� GHWHUPLQLQJ� WKH� GHJUHH�
RI� JHRGLYHUVLW�� LV� EDVHG� RQ� GHOLPLWDWLRQ� E��
JHRPRUSKRORJLFDO� XQLWV� DQG� DQ� LQYHQWRU�� RI� WKH�
SK�VLFDO�HOHPHQWV�RI�HDFK�XQLW�XVLQJ�WKH�IROORZLQJ�

•� �ELRWLF� (OHPHQW� �QDO�VLV�� *HRORJLFDO��
JHRPRUSKRORJLFDO�� K�GURORJLFDO�� DQG�
SHGRORJLFDO� IHDWXUHV� RI� WKH� UHVHDUFK�
UHJLRQ� DUH� LQYHVWLJDWHG�� DQG� D� FRPSOHWH�
JHRPRUSKRORJLFDO�PDS�LV�FUHDWHG�

•� 8QLW�)RUPDWLRQ��*HRPRUSKRORJLFDO�XQLWV�DUH�
WKH� IRXQGDWLRQ� IRU� DVVHVVLQJ� JHRGLYHUVLW��
and�are�de�ned�through�geomorphological�
maps,�aerial�photography,�and��eld�work.

•� *HRGLYHUVLW�� LV�XVHG� WR�JHQHUDWH�DQ� LQGH[�
WKDW�WLHV�WKH�YDULHW��RI�SK�VLFDO�HOHPHQWV�WR�
WKH� URXJKQHVV� DQG� VXUIDFH� RI� WKH�XQLWV��7�
WKH�IROORZLQJ�IRUPXOD�LV�XVHG�

(J�5���OQ6� �*G

:KHUH�*G� VWDQGV� IRU� *HRGLYHUVLW�� ,QGH[��(J�  �
QXPEHU� RI� YDULRXV� SK�VLFDO� HOHPHQWV� �JHRORJLFDO��
JHRPRUSKRORJLF��K�GURORJLFDO��DQG�SHGRORJLFDO��RI�
the�units;�R�=�Roughness�coef�cient�of�the�unit;�S�=�
6XUIDFH�DUHD�RI�WKH�XQLW��NP���

"G"� represents� the� geodiversity� value,� "N"�

%KDVNDUD�3KDQHHQGUD�%KDVNDU��*HRHQYLURQPHQWDO�6XLWDELOLW��$VVHVVPHQW�RI�7KUHH�$JURHFRORJLFDO�
6�VWHPV�LQ�,QGLD��
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UHSUHVHQWV�WKH�QXPEHU�RI�DELRWLF�VXEFRPSRQHQWV�LQ�
the�area,�"R"�represents�the�rugosity�coef�cient,�"ln"�
represents� natural� logarithm,� and� "S"� represents�
the� actual� surface.� It� was� multiplied� by� and� "N"�
WR�GHWHUPLQH�WKH�WRWDO�QXPEHU�RI�QDWXUDO�HOHPHQWV�
SUHVHQW� LQ� WKH� VWXG�� DUHD�� 7KH� VORSH� YDOXHV�ZHUH�
HYDOXDWHG� LQ� GHJUHHV� XVLQJ� WKH� UDQJH� VXSSOLHG�
E�� 6HUUDQR�� HW� DO�� (2009),� and� "R"�was� determined�
XVLQJ� WKH� QXPHULFDO� HTXLYDOHQW� EHWZHHQ� �� DQG�
����SURSRVHG�E��3HOOLWHUR��HW�DO����������$PRQJ�WKH�
slope� classi�cations,� the� numerical� value� of� the�
FODVV�H[WHQGLQJ�RYHU�WKH�ODUJHVW�UHJLRQ�ZDV�SLFNHG�
(Kopar� and� Çakır,� 2013).� The� natural� logarithm�
of� S� was� used� to� replace� "S"� in� the� formula's�
GHQRPLQDWRU� �6HUUDQR��HW� DO��� �������6HUUDQR� �������
GLYLGHG�WKH�YDOXHV�DFTXLUHG�IURP�WKH�WHFKQLTXH�RQ�
the�research�region�into��ve�categories:

�HRGLYHUVLW��YDOXH� �HRGLYHUVLW��FODVV�

���� 9HU��ORZ

����� /RZ�

����� 0HGLXP

����� +LJK�

��� 9HU��KLJK�

6RLO�6��YH��DQG�/DQG�(YDO�DWLRQ

7KH�JHRSHGRORJLFDO�WHFKQLTXH��=LQFN��������ZDV�
XVHG� IRU� ORFDO� SK�VLRJUDSKLF� VWXG��� 7KLV�PHWKRG�
ZDV� XWLOLVHG� WR� TXLFNO�� FRYHU� ELJJHU� DUHDV� E��
FUHDWLQJ�D�OLQN�EHWZHHQ�JHRPRUSKRORJ��DQG�VRLOV��
7KH� ODQGIRUP� PDS� ZDV� FUHDWHG� XVLQJ� VWDQGDUG�
SURFHGXUHV� �6RLO� 6XUYH�� 'LYLVLRQ� 6WDII�� �������
with� fourteen� landforms� identi�ed� over� basaltic,�
OLPHVWRQH��VDQGVWRQH��VKDOH��DQG�JUDQLWLF�ODQGVFDSHV�
LQ�3XOLYHQGXOD�WHKVLO�XVLQJ�,56�3��/,66�,9�GDWD�RQ�
D���������VFDOH��&DVH�VWXG������,56�/,66,9�GDWD�&DVH�
VWXG�� ���ZDV� XVHG� WR� LGHQWLI�� WKLUWHHQ� ODQGIRUPV�
LQ� EDVDOWLF� ODQGVFDSHV� RI� <DYDWPDO� GLVWULFW� RQ� D�
��������VFDOH�� 7KH� ,56�,'� �,QGLDQ�5HPRWH� 6HQVLQJ�
6DWHOOLWH�� JHRFRGHG� VDWHOOLWH� LPDJHV� RI� WKH� ��WK�
RI� -DQXDU��� ����� RQ� �������� VFDOH� ZHUH� YLVXDOO��
HYDOXDWHG� �-HQVHQ�� ������ DQG� GHVLJQDWHG� VHYHQ�
geomorphic�units�in�the�Majuli�island��ood�plains�
according� to� the� classi�cation� of� Nanson� and�
Croke� (1992).�Soil�pro�les�were�morphometrically�
HYDOXDWHG� �6FKRHQHEHUJHU�� HW� DO��� ������� DQG� VRLOV�
were� classi�ed� to� the� subgroup� level� according�
WR� 6RLO� 6XUYH�� 6WDII� �������� 7KH� PHWKRGRORJ�� IRU�
correlation� of� soil� series� in� the� �eld� was� carried�
RXW�LQ�DFFRUGDQFH�ZLWK�WKH�JXLGHOLQHV�SURYLGHG�E��
5HGG��� HW� DO�� ��������7KH�VRLO� UHVRXUFH� LQIRUPDWLRQ�
system�was� created�using� a� collection�of�GIS��les�
DQG� D� UHODWLRQDO� GDWDEDVH� PDQDJHPHQW� V�VWHP��

*HRGLYHUVLW��&ODVV�8VLQJ�*HRGLYHUVLW��,QGH[

$5&,1)2� ZDV� XVHG� WR� GLJLWLVH� WRSRJUDSKLFDO�
PDSV��ZKLFK�UHVXOWHG�LQ�WKH�VSDWLDO�VRLO�GDWD��(DFK�
SRO�JRQ�V�WRSRORJ��ZDV�VHW�XS��DQG�DOO�VSDWLDO�GDWD�
ZDV�SURMHFWHG�ZLWK�D�SRO�FRQLF�SURMHFWLRQ�

/DQG�(YDO�DWLRQ�

6�LWDELOLW��RI���RSV

7KH�ODQG�VXLWDELOLW��IRU�FXOWLYDWLQJ�YDULRXV�FURSV��
LQFOXGLQJ�JURXQGQXWV�LQ�3XOLYHQGXOD�WHKVLO��FRWWRQ�
LQ� <DYDWPDO� GLVWULFW�� DQG� ULFH� RQ� 0DMXOL� LVODQG��
LV� EHLQJ� DVVHVVHG� LQ� WKLV� VWXG��� 7KH� SULQFLSOHV�
IROORZHG� LQFOXGH� WKH� IDFW� WKDW� WKH� VXLWDELOLW�� RI� D�
ODQG� LV� H[DPLQHG�DQG� FDWHJRULVHG�ZLWK� UHVSHFW� WR�
speci�c� types� of� use,� and� land� suitability� refers�
WR� XVDJH� RQ� D� VXVWDLQDEOH� EDVLV�� $SSURSULDWH�
WDEOHV�ZHUH� FUHDWHG�� LQFOXGLQJ� D� WDEOH� RI� UHOHYDQW�
SK�VLFRFKHPLFDO� GDWD� DQG� ODQG� TXDOLWLHV�� DV� ZHOO�
DV� WKHLU� GLDJQRVWLF� FKDUDFWHULVWLFV�� 7KH� GLIIHUHQW�
W�SHV� RI� ODQG� XVH� KDYH� EHHQ� FKDUDFWHULVHG� LQ�
WHUPV� RI� FOLPDWLF� DQG� VRLO� FKDUDFWHULVWLFV�� 7DEOHV�
RI� IDFWRU� UDWLQJ� VXSSO�LQJ� WKH� ODQG� FKDUDFWHULVWLFV�
DSSURSULDWHQHVV�UDWLQJV�ZHUH�DOVR�FUHDWHG��DV�ZHOO�
DV� WKH� ODQG� TXDOLWLHV� UDWHG� LQ� DOO� PDSSLQJ� XQLWV��
7R� GHWHUPLQH� WKH� PDSSLQJ� XQLWV�� H[LVWLQJ� DQG�
SURMHFWHG� DSSOLFDELOLW��� D� FRQYHUVLRQ� WDEOH� ZDV�
FUHDWHG� IRU� WKH� PDWFKLQJ� SURFHVV� WR� FRPSDUH� WKH�
UDWHG�IDFWRU�UDWLQJ�DQG�FURS�QHHGV��7KH�FODVV�RI�WKH�
ODQG�ZDV� WKH� ORZHVW�VXLWDELOLW�� �6���IRU�H[DPSOH�� LI�
WKH�ODQG�KDG�6��DQG�6���WKH�FODVV�ZDV�DVVLJQHG�6���
7KH�DELOLW��WR�DGGUHVV�FXUUHQW�UHVWULFWLRQV�ZDV�XVHG�
WR�GHWHUPLQH�SRWHQWLDO�DSSURSULDWHQHVV��6�V��HW�DO���
������

6�LWDELOLW��IR��,��L�DWLRQ

7KH� IROORZLQJ� VWDJHV� ZHUH� XVHG� LQ� ODQG�
HYDOXDWLRQ�IRU�LUULJDWLRQ�

6WHS� ��� $� VRLO� PDS� DQG� FXUUHQW� ODQG� XVH�ODQG�
FRYHU�PDS�ZHUH�FUHDWHG�DV�LQSXWV�LQWR�*,6�

6WHS� ��� /LPLWLQJ� V�PERO� HTXDWLRQV� ZHUH�
employed�to�de�ne�the�soil�and�salinity�limitations�
RI�HDFK�VHULHV�LQ�WKH�QXPHUDWRU�DQG�WRSRJUDSKLFDO�
DQG�GUDLQDJH�FRQVWUDLQWV�LQ�WKH�GHQRPLQDWRUV�

6WHS����&UHDWH�D�FDSDFLW��LQGH[�IRU�HDFK�VRLO�VHULHV�
identi�ed� in� the�district�using� soil� texture,�depth,�
&D&2�� FRQWHQW�� VDOLQLW��DONDOLQLW��� GUDLQDJH�� DQG�
VORSH�

6WHS� ��� 6RLO� XQLWV� ZHUH� DVVLJQHG� D� UDWLQJ� E��
PXOWLSO�LQJ�WKH�IUDFWLRQ�RI�HDFK�VRLO�W�SH�E��WKH�VRLO�
UDWLQJ� DVVLJQHG� WR� LW�� 1RQ�LUULJDEOH� HOHPHQWV� RI� D�
FRPSOH[�VKRXOG�QRW�EH�UDWHG�LQ�DGGLWLRQ�WR�LUULJDEOH�
portions� to� establish� the� �nal� soil� category.� The�
IROORZLQJ� SDUDPHWULF� HYDOXDWLRQ� ZDV� SURSRVHG�

%KDVNDUD�3KDQHHQGUD�%KDVNDU��*HRHQYLURQPHQWDO�6XLWDELOLW��$VVHVVPHQW�RI�7KUHH�$JURHFRORJLFDO�
6�VWHPV�LQ�,QGLD��
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IRU� LUULJDWLRQ� DQG� GHULYHG� SULRULW�� DUHDVVXLWDEOH�

IRU� LUULJDWHG� DJULFXOWXUH� XVLQJ� *HRPHGLD�� 7KH�

SDUDPHWULF� HYDOXDWLRQ� WHFKQLTXH� 6�V�� HW� DO��� �����
�� ������ ZDV� XVHG� WR� DVVHVV� WKH� JUDQXORPHWULFDO�

and� physicochemical� properties� of� a� soil� pro�le.�

7KH� PDQ�� ODQG� IHDWXUHV� WKDW� GHWHUPLQH� WKH� VRLO�

VXLWDELOLW�� IRU� LUULJDWLRQ� DUH� JUDGHG�� DQG� DQ�

LUULJDWLRQ�FDSDELOLW�� LQGH[� �&L�� LV� FDOFXODWHG�XVLQJ�

WKH�IROORZLQJ�IRUPXODH�

&L� �$���%�����&�����'�����(�����)����

:KHUH�&L� LV� WKH� LUULJDWLRQ�FDSDELOLW��LQGH[��$� LV�
WKH�VRLO�WH[WXUH�UDWLQJ��%�LV�WKH�VRLO�GHSWK�UDWLQJ��&�LV�
WKH�&D&2��VWDWXV�UDWLQJ��'�LV�WKH�VDOLQLW��DONDOLQLW��
UDWLQJ��(� LV�WKH�GUDLQDJH�UDWLQJ��DQG�)�LV� WKH�VORSH�
UDWLQJ��7KH�FDSDELOLW��FODVVHV�DUH�GHWHUPLQHG�E��WKH�
capability�(or�suitability)�index�value�(Ci).�The��ow�
FKDUW� RI� PHWKRGRORJ�� XVHG� LQ� WKUHH� FDVH� VWXGLHV�
LQ� WKUHH� DJURHFRORJLFDO� UHJLRQV� LV�GHSLFWHG� LQ�)LJ��

)LJ�����6FKHPH�RI�ZRUN�IORZ�LQ�WKH�VWXG�

��� ,QWHJUDWLQJ� JHRGLYHUVLW�� ZLWK� VRLO� PDS� DQG�
VXLWDELOLW��DVVHVVPHQW�

5(68/76��1���,6&866,21

7KH� PHWKRGRORJ�� GHYHORSHG� ZDV� EDVHG� RQ�
HYDOXDWLRQV� RI� DJUR�HFRV�VWHPV� WKDW� SURYLGH�
HQYLURQPHQWDO�JRRGV�DQG�VHUYLFHV�WKDW�GLUHFWO��RU�
LQGLUHFWO��PHHW�KXPDQ�QHHGV��'H�*URRW��HW�DO����������
7KH�DJUR�HQYLURQPHQWDO�IUDPHZRUN�ZDV�GHYHORSHG�
DQG� WHVWHG� LQ� WKUHH� XQLTXH� DJURHFRORJLFDO� ]RQHV�
UHSUHVHQWLQJ� GLIIHUHQW� JHRORJLF� IRUPDWLRQV�� DV�
IROORZV�

&DVH����3XOLYHQGXOD�7HKVLO��.DGDSD�'LVWULFW

7KH��HRGLYHUVLW���QDO�VLV�

7KH� JHRGLYHUVLW�� HYDOXDWLRQ� ZDV� SHUIRUPHG�
ZLWK� DELRWLF� FRPSRQHQWV� XQGHU� FRQVLGHUDWLRQ�
RI� VXEFRPSRQHQWV� FRPSULVLQJ� ���� �7DEOH� ���� 7KH�
surface� area� and� rugosity� coef�cient� of� each�
JHRPRUSKLF� XQLW� ZHUH� FRPSXWHG� WR� FUHDWH� WKH�
JHRGLYHUVLW�� LQGH[��7KH�JHRGLYHUVLW��RI� WKH�HQWLUH�
3XOLYHQGXOD� LV� ������� LQGLFDWLQJ�PRGHVW�GLYHUVLW���
with� a� rugosity� coef�cient� of� 3.38.� There� are� 10�
DELRWLF�VXEFRPSRQHQWV�GHVFULEHG�XQGHU�OLWKRORJ���
ZLWK�JHRORJLFDO�VWUXFWXUHV�RI����DQG�PRUSKRJHQHWLF�
V�VWHPV� RI� ���� 6XUSULVLQJO��� WKH� UHVHDUFK� DUHD�
FRQWDLQV�QLQH�HURVLRQDO�IHDWXUHV�WKDW�LQGLFDWH�WDOXV�

slopes,�steep�cliffs,�and�stripped�valley��oors.�The�
UHJLRQ�V� SULQFLSDO� GHSRVLWLRQDO� IHDWXUHV� LQFOXGH�
lava��ows,�deltas,�alluvial�terraces,�stalactites,�and�
3DSDJQL�5LYHU�WHUUDFHV��)OXYLDO�DQG�PDVV�PRYHPHQW�
RQ�KLOO�VORSHV�DUH�WKH�SULPDU��JHRPRUSKLF�SURFHVVHV��
$FFRUGLQJ� WR� 6RLO� 6XUYH�� 6WDII� �������� WKH� ��� VRLO�
subgroups�in�the�area�have�been�identi�ed.

7KH�JHRGLYHUVLW��VWXG�� LV� WKHQ� DSSOLHG� WR� WKH���
SURPLQHQW�ODQGIRUPV�RI�3XOLYHQGXOD�WHKVLO��7DEOH�����
7KH�JHQWO��VORSLQJ�PLGGOH�VHFWRU�UHSUHVHQWV��������
RI�WKH�WRWDO�DUHD�DQG�LW�KDV����DELRWLF�HOHPHQWV�DQG�
a�geodiversity�value� of� 2.57,�which� classi�es� it� as�
YHU��ORZ��7KH�FROOXYLDO�ORZHU�VHFWRU��IURP�������WR�
����PHWUHV�DERYH�VHD�OHYHO��VWDQGV�IRU�������SHUFHQW�
RI�WKH�WRWDO�DUHD��ZLWK�D�JHRGLYHUVLW��VFRUH�RI�������
�YHU�� ORZ�� DQG� VXEVWDQWLDO� HURVLRQDO� DQG� ODQGVOLS�
SURFHVVHV��:LWK����HOHPHQWV�DQG�D�GLYHUVLW��VFRUH�
RI��������KLJKO��GLVVHFWHG�SODWHDX�UHPQDQWV���������
WR� ���P�� RFFXS�� ������� RI� WKH� DUHD� �PHGLXP���
7KH�HORQJDWHG�ULGJHV��DQG�GLVVHFWHG�KLOO�VXPPLWV�
UHPQDQWV�H[KLELW�PHGLXP�YDULHW��DQG�FRYHU�������
RI�WKH�WRWDO�DUHD��7KH�SHUFHQWDJH�RI�DUHD�FRYHUHG�E��
KLOOV�ZLWK�PHGLXP�JHRGLYHUVLW��LV��������ZKLOH�RWKHU�
XQLWV�FRYHU��������7KH�SURSRUWLRQ�RI�DUHD�EHWZHHQ�
PHGLXP�GLYHUVLW��DQG�ORZ�WR�YHU��ORZ�JHRGLYHUVLW��
XQLWV� LV� DVVHVVHG� WR� EH� ������ VKRZLQJ� WKDW�PLGGOH�
DQG� ORZHU� FROOXYLDO� VHFWRUV� KDYH� H[WUHPHO�� ORZ�
JHRGLYHUVLW��EXW�PHGLXP�LQ�KLOOV�

%KDVNDUD�3KDQHHQGUD�%KDVNDU��*HRHQYLURQPHQWDO�6XLWDELOLW��$VVHVVPHQW�RI�7KUHH�$JURHFRORJLFDO�
6�VWHPV�LQ�,QGLD��
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�HRHQYL�RQPHQWDO��VVHVVPHQW�

7KH� 3XOLYHQGXOD� WHKVLO� FRQWDLQV� IRXU� XQLTXH�
HFRV�VWHPV��KLOOV�ULGJHV��������KD���LQWHUKLOO�EDVLQV�
�����KD��� XSODQG� XSSHU� VHFWRUV� ������� KD��� DQG�
FROOXYLR�DOOXYLDO�VHFWRUV�������KD���+LOOV�DQG�ULGJHV�
FRYHU������SHUFHQW�RI�WKH�ODQG�DUHD��ZKLOH�XQGXODWLQJ�
XSSHU�VHFWRUV�XVHG�IRU�JURXQGQXW�EDVHG�FURSSLQJ�
V�VWHPV� FRYHU� ������ SHUFHQW�� 'XULQJ� GURXJKW�
SHULRGV�� JURXQGQXW� SODQWHG� LQ� VKDOORZ� VWRQ�� UHG�
VRLOV�RI�KLOOV�DQG�ULGJHV��DV�ZHOO�DV�XQGXODWLQJ�XSSHU�
VHFWRUV��VXIIHUV�IURP�VHYHUH�ZDWHU�VWUHVV�DQG�VXIIHUV�

signi�cant� crop� loss.�7KH�FROOXYLDO�DOOXYLDO� VHFWRUV�

������DQG�LQWHUKLOO�EDVLQV��������RI�WRWDO�DUHD��DUH�

H[WHQVLYHO��XVHG�IRU�EDQDQD�DQG�FLWUXV�FXOWLYDWLRQ��

7KH� UHVXOWV� RI� PL[HG� FURSSLQJ� VRUJKXP�SLJHRQ�

SHD�JURXQGQXW�FRWWRQ�EHQJDO� JUDP� DUH� PRUH�
HFRQRPLFDOO�� HQXPHUDWLYH� DV� FRPSDUH� WR� ORZ�

SURGXFWLYH� JURXQGQXW� DV� VROH� �%KDVNDU�� HW� DO���

2019).The� �eld� images� of� agricultural� landscapes�

DW�WKH�VWXG��VLWH�PDGH�FOHDU�WKDW�KLOOV�DUH�RSHQ�DQG�

WRWDOO��H[SRVHG�WR�YDU�LQJ�GHJUHHV�RI�HURVLRQ��7KH�
KLOOV�KDYH�D�ODUJHO��URFN��VXUIDFH�FRYHU��/RFDOV�DUH�
QRW� SD�LQJ� HQRXJK� DWWHQWLRQ� WR� FRQVHUYLQJ� DQG�
SURWHFWLQJ�ELRGLYHUVLW��LQ�JHRORJLFDO�ODQGVFDSHV��DV�
evidenced�by�the��eld�images.

1RZDGD�V�� WKH� XSODQG� DUHDV� LQ� WKH� ZHVWHUQ�

VHFWLRQV� RI� WKH� WHKVLO� DUH� LQWHQVLYHO�� XVHG� IRU�
FRPPHUFLDO� EDQDQD� FXOWLYDWLRQ� XVLQJ� D� GULS�
WHFKQLTXH�� EXW� WKH�� DUH� SORXJKHG� IRU� JURXQGQXW�
LQ� UHG� VRLOV� GXULQJ� NKDULI�� 1HJOHFWHG� DUHDV� RI�
FROOXYLR�DOOXYLDO�VHFWRUV�DUH�VHYHUHO��LQIHFWHG�ZLWK�
3URVRSLV� DQG� KDYH� VXUIDFH� VDOW� HQFUXVWDWLRQV� DV�
ZHOO� DV� FDOFLXP� FDUERQDWH� FRQFUHWLRQV� LQ� WKH� VXE�
VRLOV��*URXQGQXW�LV�WKH�PRVW�FRPPRQ�DJULFXOWXUDO�
ODQG�XVH��ZKLOH�EDQDQD�DQG�ULFH�DUH�IDUPHG�XQGHU�
LUULJDWLRQ� LQ� LQWHUKDOO�FROOXYLR�DOOXYLDO� DUHDV�� 7KH�
�eld�evidence�clearly�supports�the�adoption�of�agro�
HFRORJ��FRQFHSWV�LQ�WKH�UHJLRQ�LQ�RUGHU�WR�RSWLPLVH�
QXWULHQW� F�FOLQJ�� FURS� SURGXFWLYLW�� WKURXJK� WLPH�
�&RQZD����������DQG�VRLO�ELRORJLFDO�DFWLYLW��DW� WKH�
ODQGVFDSH�OHYHO��$OWLHUL��HW�DO����������7HFKQLFDOO���WKLV�
region�is�characterised�as�"production�syndrome,"�
with� such� a� de�ned� set� of�management� practises�
WKDW� DUH� PXWXDOO�� OHVV� UHVSRQVLYH� DQG� DUH� QRW�
H[SODLQHG� E�� WKH� FXPXODWLYH� HIIHFWV� RI� LQGLYLGXDO�
PHWKRGV� �$QGRZ� DQG� +LGDND�� ������� 7KHUH� DUH�
IRXU� SUHGRPLQDQW� DJULFXOWXUDO� W�SRORJLHV� LQ� WKH�
UXUDO�WHUULWRULHV�RI�3XOLYHQGXOD��EDVHG�RQ�JHRORJ���
DOWLWXGH��DQG�VRLO�FKDUDFWHULVWLFV��DV�IROORZV�

•� Rainfed� arable� �elds� in� plains-hills� with�
JURXQGQXWV�DQG�PLOOHWV�

•� &LWUXV�FRYHUHG� DUDEOH� ODQGV� DQG� SODLQV�
KLOOV�SDVWXUHV��������P���

�ELRWLF�VXEFRPSRQHQWV� �ELRWLF�VXEFRPSRQHQW�HOHPHQWV 7KH�QXPEHU�
RI�HOHPHQWV�

/LWKRORJ�� %DVDOW��9HPSDOOL�IRUPDWLRQV��3XOLYHQGXOD�TXDUW]LWH��VKDOH��OLPHVWRQH��JUDQLWH�JQHLVV� ��

*HRORJLFDO�VWUXFWXUHV� 6HGLPHQWDU���SDUDOOHO�EHGGLQJ��FURVV�EHGGLQJ��ULSSOHV��DQG�PXG�FUDFNV�DV�ZHOO�
DV�V�QDHUHVLV�FUDFNV��SLWV�DQG�PRXQG�VWUXFWXUH��IOXWH�FDVWV��JURRYH�DQG�VWULDWLRQ�

FDVWV��OLHVHJDQJ�ULQJV��ULQJ�OLNH�VWUXFWXUH��ODPLQDWHG�ULQJ�OLNH�VWUXFWXUHV�

��

)DXOWV��DQWLFOLQH��V�QFOLQH��KRUVW�DQG�JUDEHQ��OLQHDPHQWV�

0RUSKRJHQHWLF��V�VWHPV 6WUXFWXUDO��FXVHWD��KRJEDFN��VWUXFWXUDO�ULGJH��VWUXFWXUDO�SODWHDXV��PHVD�DQG�GRPHV ��

)OXYLDO��ZDWHU�FKDQQHO�ZLWK�IORRGSODLQV��DOOXYLDO�SODLQV��SLHGPRQW�]RQHV��YDOOH��
ILOOV�DQG�VROXWLRQ�IRUPV��NOLSSH��VROLWDU��RXWFURS�RI�WKH�QDSSH�LQ�WKH�PLGGOH�RI�

DXWRFKWKRQRXV�PDWHULDO��DQG�ZLQGRZ�VWUXFWXUHV

(URVLRQDO�IRUPDWLRQV *RUJHV��VKDUS�ULGJHV��FDYHV��DOOXYLDO�VWULSSHG�VORSHV��WDOXV�VORSHV��DEUDVLRQ�
SODWIRUPV��FOLIIV��URFN�GHEULV��VXUIDFH�VWRQH�FRYHU

�

'HSRVLWLRQDO�ODQGIRUPDWLRQV /DYD�IORZV��GHOWD��DOOXYLDO�WHUUDFHV��VWDODFWLWH��ULYHU�WHUUDFHV �

&XUUHQW�SURFHVVHV )OXYLDO�PDVV�PRYHPHQWV �

*HRORJLFDO�DJH 3UHFDPEULDQ��DUFKHDQ� �

+�GURJUDSKLF�FRPSRQHQW 5LYHUV��VWUHDPV�VWUHDPOHWV �

6RLO�WD[RQRP� 6RLO�VXEJURXSV��7�SLF�3DOHXVWDOIV��7�SLF�5KRGXVWDOIV��&DOFLF�+DSOXVWDOIV��/LWKLF�
+DSOXVWDOIV��7�SLF�+DSOXVWDOIV��/LWKLF�+DSOXVWHSWV��9HUWLF�+DSOXVWHSWV��7�SLF�

+DSOXVWHSWV��/LWKLF�8VWRUWKHQW��7�SLF�8VWRUWKHQW��6RGLF�+DSOXVWHUW�

��

7RWDO�FRPSRQHQWV ��

6XUIDFH�DUHD��KD� ������

5XJRVLW��FRHIILFLHQW� ���

*HRGLYHUVLW��LQGH[ ����

*HRGLYHUVLW��FODVV 9HU��KLJK�

7DEOH����*HRGLYHUVLW��SRWHQWLDO�RI�3XOLYHQGXOD�7HKVLO

%KDVNDUD�3KDQHHQGUD�%KDVNDU��*HRHQYLURQPHQWDO�6XLWDELOLW��$VVHVVPHQW�RI�7KUHH�$JURHFRORJLFDO�
6�VWHPV�LQ�,QGLD��
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/DQGIRUPV� (OHPHQWV� 6XUIDFH�DUHD�
�NP��

5RXJKQHVV OQ6 �HRGLYHUVLW��
,QGH��

�HRGLYHUVLW��
&ODVV

(ORQJDWHG�ULGJHV
���������P�06/�

�� �������������� � ���� ����� �0HGLXP

'LVVHFWHG�+LOOV�6XPPLWV��������
����P�DERYH�06

�� �������������� ��� ����� ����� �0HGLXP

+LJKO��GLVVHFWHG�SODWHDX�
UHPQDQWV�����������P�DERYH�06/

�� ���������������� � ���� ����� �0HGLXP

,VRODWHG�KLOOV�PRXQGV����������
P�DERYH�06/�

�� �������������� ��� ���� ����� �/RZ�

,QWHU�KLOO�EDVLQV����������P�DERYH�
06/�

�� �������������� � ����� ����� 9HU��ORZ�

8QGXODWLQJ�8SSHU�VHFWRUV������
����P�DERYH�06/�

�� ��������������� � ���� ���� �9HU��ORZ

*HQWO��VORSLQJ�PLGGOH�VHFWRUV�
���������P�DERYH�06/�

�� ���������������� ��� ������ ���� �9HU��ORZ

&ROOXYLDO�ORZHU�VHFWRUV����������
P�DERYH�06/�

�� ���������������� � ����� ����� �9HU��ORZ

1DUURZ�YDOOH��IORRUV����������P�
DERYH�06/�

�� �������������� ��� ����� ���� �9HU��ORZ

5RFN�RXWFURSV �� �������������� � ���� ����� �0HGLXP

7RWDO��DUHD�LQ�KD��� ����������������

7DEOH����*HRGLYHUVLW��ZLWK�UHVSHFW�WR�ODQGIRUPV

•� 0L[HG� DUDEOH� ODQGV�XQGHU�EDQDQD� LQ�KLOOV�
��������P��D�V�O���

•� 0LQHG�EDUUHQ�KLOOV� �PRUH� WKDQ����V�O��DQG�
DERYH�

6RLO�0DSSLQ��

After� �eld� correlation,� twenty-�ve� soil� series�
ZHUH� GLVFRYHUHG�� DQG� ��� PDSSLQJ� XQLWV� ZHUH�
GHVLJQHG�DV� VHULHV� DVVRFLDWLRQ��$PRQJ�WKH� ��� VRLO�
PDSSLQJ� XQLWV�� HLJKW� DUH� DVVRFLDWHG� ZLWK� KLOOV�
ULGJHV� ZLWK� URFN� RXW� FURSV� DQG� VKDOH� URFN� W�SH��
7KHVH� DUHD�V� DUH� VDQG�� ORDP� WR� FOD�� ORDP� VRLOV��
H[WUHPHO��VKDOORZ��VRPH�ZKDW�H[FHVVLYHO��GUDLQHG��
DQG�PLOGO��DONDOLQH��)LJ����VKRZV�WKDW�WKH�HLJKW�VRLO�
PDSSLQJ�XQLWV�FRYHU�������KHFWDUHV���������RI�WKH�
WRWDO�DUHD��

7KH�XQGXODWLQJ�XSODQGV�FRYHUV�������KD��������
RI�WKH�WRWDO��DQG�DUH�VHSDUDWHG�LQWR����VRLO�PDSSLQJ�
XQLWV�� 7KH� 9HPXOD� VRLOV� ���������� KHFWDUHV�� ������
DUH� FDOFDUHRXV� DQG� VWURQJO�� DONDOLQH�� ZLWK� D� FOD��
VXUIDFH� WH[WXUH�DQG�JUDYHOO��FOD��VXEVRLO��9HOSXOD�
VRLOV� ���������� KD�� ������� 3DUQDSDOOH� LQ� /LQJDOD�
PDQGDO� �������� KD�� ������� DQG� 9HOSXOD�9HPXOD�
DVVRFLDWLRQ�LQ�7RQGXU�PDQGDO���������KD��������DUH�
WKH� PRVW� FRPPRQ�PDSSLQJ� XQLWV�� 7KLV� PDSSLQJ�
XQLW� LV� DVVRFLDWHG� ZLWK� GHHS�� JHQHUDOO�� ZHOO�
GUDLQHG�� FDOFDUHRXV�� VWURQJO�� WR� PRGHUDWHO�� DOND�
OLQH�EODFN� VRLOV�ZLWK�KLJK� VKULQN� VZHOO� SRWHQWLDOV��
&ROOXYLF� DQG� DOOXYLDO� SODLQV� VRLOV� FRYHU� ������ KD�
��������RI�WRWDO�ODQG�DUHD���ZLWK�VHULHV�DVVRFLDWLRQV�

RI� 7RQGXU�3HUQDSDGX���� 3HUQDSDGX�*RQGLSDOOH����
*RWXUX�*RQGLSDOOH���DQG�$JDGXU�3HUQDSDGX�����

(VWLPDWLRQ�RI�6RLO�(�RVLRQ

$QQXDO� VRLO� ORVV� ZDV� FDOFXODWHG� E�� FRPELQLQJ�
UDLQIDOO� HURVLYLW��� VRLO� HURGLELOLW��� WRSRJUDSKLF��
FRYHU�PDQDJHPHQW�� DQG� DOVR� RWKHU� FKDUDFWHULVWLFV�
XVHG� LQ� 86/(�� 7KH� VWXG�� DUHD� FRQWDLQV� VL[� W�SHV�
RI� VRLO� HURVLRQDO�PDSSLQJ� XQLWV�� 7KH� VRLO� HURVLRQ�
ULVN� ]RQHV� DUH� OLVWHG� LQ� DVFHQGLQJ�RUGHU�EDVHG�RQ�
DUHD� HVWLPDWHV� DV� IROORZV�� ������� KD�� �������� ��
KLJK� �������� KD�� �������� �� PHGLXP� ������� KD��
������� �� H[WUHPHO�� KLJK� ������� KD�� �������� ��
ORZ�PHGLXP� �������KD�� ������� �� YHU��KLJK� ������
KD�� ��������:KHQ�GDWD� LV� VWUXFWXUHG�E�� ODQGIRUP��
three�soil�erosion�risk�zones�are� identi�ed� in�hills�
DQG�ULGJHV��7KH�KLJK�PHGLXP�VRLO�ORVV�]RQH�FRYHUV�
������KD���������RI�WRWDO�ODQG���IROORZHG�E��������
KD� LQ� WKH� KLJK� HURVLRQ� ULVN� ]RQH� ���������� DQG�
�����KD���������LQ�WKH�H[WUHPHO��KLJK�HURVLRQ�ULVN�
]RQH��'XH�WR�WKH�KLJK�/6�IDFWRU�DQG�VORSH�JUDGLHQW�
RI�PRUH� WKDQ������ WKH�PHDQ�VRLO� ORVV� LQ�KLOOV� DQG�
ULGJHV�LV������“������W�KD��HDU��7KH�LQWHU�KLOO�EDVLQ�
LQFOXGHV� ��� VRLO� PDSSLQJ� XQLWV� FRYHULQJ� �������
RI�WKH�WRWDO�DUHD��������KD���ZLWK�VRLO�ORVV�RI�����W�
KD��HDU��7KH�DYHUDJH�VRLO� ORVV� LV������� W�KD��HDU��
ZLWK� D� GHYLDWLRQ� RI� ������ W�KD��HDU�� LQGLFDWLQJ� D�
VHYHUH�HURVLRQ�ULVN���Of�the�20�SMUs�are�classi�ed�
DV�PHGLXP�HURVLRQ�ULVN�]RQHV��ZLWK�DQ�DYHUDJH�VRLO�
ORVV�RI�����“������W�KD��HDU�
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7KH�SURMHFWHG�DUHD�XQGHU�PHGLXP�FODVV�LV�������
KHFWDUHV��������RI�WRWDO�DUHD���6L[�608V�LQ�WKH�KLJK�
PHGLXP�FODVV�HQFRPSDVV�����KD��������RI�WKH�WRWDO�
ODQG�DUHD��ZLWK�D�PHDQ�VRLO� ORVV�RI� �����“������ W�
KD��HDU�� 7KLV� FODVV� KDV� D� WRWDO� VRLO� ORVV� RI� ������
t/ha/year.� Only� three� SMUs� are� classi�ed� as�
KDYLQJ� ORZ�PHGLXP� HURVLRQ� ULVN� ]RQHV�� ZLWK� D�
WRWDO� VRLO� ORVV� RI� ����� W�KD��HDU� RYHU� DQ� DUHD� RI�
����KD� �������RI� WRWDO�DUHD���7KH�DYHUDJH�VRLO� ORVV�
LV������“�����W�KD��HDU��ZLWK�D�YDULDQFH�RI���������
608� %DODSDQXU� LV� UDWHG� DV� KDYLQJ� D� YHU�� KLJK�
HURVLRQ� ULVN� ]RQH� HQFRPSDVVLQJ� ����� KD� ��������
whereas�Santhakovur�is�classi�ed�as�having�a�high-
ULVN�]RQH�FRYHULQJ�����KD� ���������7KLV� ODQGVFDSH�
XQLW� LV� FRPPRQO�� XVHG� IRU� JURXQGQXW� EDQDQD�
EDVHG� FURSSLQJ� V�VWHPV� LQ� SODFHV� ZKHUH� FURS�
PDQDJHPHQW�DQG�VRLO�HURGLELOLW��IDFWRUV�GHWHUPLQH�
the�differential�rates�of�erosional�status.�The��fteen�
608V�LQ�FROOXYLDO�DOOXYLDO�SHGLSODLQV�RFFXS��������
KD�����������ZLWK�D�WRWDO�VRLO�ORVV�RI������W�KD��HDU�
DQG�D�PHDQ�VRLO�ORVV�RI�������“�������W�KD��HDU��7KH�
�ve�SMUs�at�high�erosion�risk�encompass�11731�ha�
���������ZLWK� D� WRWDO� RLO� ORVV� RI� �����W�KD��U� DQG�
D� PHDQ� RI� �����“����W�KD��U�� 7KH� IRXU� 608V� LQ�
FROOXYLDO�DOOXYLDO� SHGLSODLQV� DUH� FKDUDFWHULVHG� DV�
H[WUHPHO��HURGHG�DUHDV�DQG�FRYHU������KD���������
ZLWK�D�WRWDO�VRLO�ORVV�RI�����W�KD��U�DQG�D�PHDQ�RI�
������“������W�KD��U�

7KH� SHUFHQW� DUHD� XQGHU� ORZ�PHGLXP� HURVLRQ�
LV� ����� �����KD��� DQG� WKH� SHUFHQW�DUHD�XQGHU�KLJK�
PHGLXP� HURVLRQ� LV� ���KD� �������� LQ� 3HUQDSDGX�
*RQGLSDOOH��� XQLW�� 7KH� YDULRXV� VRLO� FRPSRQHQWV�
LQ� WKH� GLIIHUHQW� ODQGVFDSH� XQLWV� PD�� H[SODLQ�
WKH� GLIIHUHQFHV� LQ� WKH� UHVXOWV�� ,Q� WKH� VWXG�� DUHD��
DV� H[SHFWHG�� KLJK� HURVLRQ� UDWH� ZDV� UHFRUGHG� LQ�
WKH� VWHHSHU� VORSH� DUHD� WKDW� VSDQV� IURP���� WR� ����
DQG� WKH� VWHHSHU� VORSH� ODQG� XVH� RI� DJULFXOWXUDO�
�elds.� Soil� conservation� practises� in� highly�
GHJUDGHG� DUHDV� DUH� SULRULWLVHG�� 6XVWDLQDEOH� ODQG�
PDQDJHPHQW�RSWLRQV�PXVW�EH�SULRULWLVHG�LQ�OLJKW�RI�
WRSRJUDSKLFDO�FKDUDFWHULVWLFV��ODQG�XVH�FRYHU�VWDWXV��
DQG� FRPPXQLW�� LQWHUHVWV��$JURIRUHVWU��� WHUUDFLQJ��
DQG�D�FXW�DQG�FDUU��V�VWHP�FDQ�EH�XVHG�WR�PDQDJH�
HURVLRQ�LQ�WKH�VWHHS�VORSHV�RI�WKH�3DODNRQGD�UDQJH�
RI�3XOLYHQGXOD�

6RLO�4�DOLW���VVHVVPHQW�

7KH� 64,V� IRU� HDFK� VRLO� PDSSLQJ� XQLW� LQ�
3XOLYHQGXOD�WHKVLO�DUH�GLYLGHG�LQWR�WKUHH�FDWHJRULHV��
KLJK����4�UDWLQJ��������PHGLXP����4�UDWLQJ����WR�
����� DQG� ORZ� �����4�UDWLQJ���7KH�KLOOV� DQG�ULGJHV�
KDYH� �� XQLWV� ZLWK� PHGLXP� 64,� UDWLQJV�� 7KH� VRLO�
XQLWV�DUH�DVVRFLDWHG�ZLWK�VKDOORZ�VRLOV�DQG�URFN�RXW�
FURSV��7ZHQW��WZR�VRLO�XQLWV�LQ�WKH�LQWHU�KLOO�EDVLQ�

DUH�FDWHJRULVHG�DV�PHGLXP�WR�KLJK�TXDOLW���7KH�VRLOV�
LQ�WKLV�ODQGIRUP�VKRZ�D�VWURQJ�SRVLWLYH�FRQQHFWLRQ�
RI�S+�ZLWK�H[FKDQJHDEOH�&D�GXH�WR�FDOFDUHRXVQHVV��
,Q�FROOXYLR�DOOXYLDO�VHFWRUV�����XQLWV�DUH�DVVHVVHG�DV�
PHGLXP�VRLO�TXDOLW���ZLWK�VRLO�S+��=Q��DQG�2OVHQ�V�
3� EHORZ� WKUHVKROG� OHYHOV��ZKLOH� WKH� UHVW� XQLWV� DUH�
FODVVHG�DV�KDYLQJ�JRRG�VRLO�TXDOLW��

6�LWDELOLW��IR���DQDQD�

7KH�VXLWDELOLW��RI����VRLO�PDSSLQJ�XQLWV�IRU�EDQDQD�
DUH� HYDOXDWHG� XVLQJ� 6�V� HW� DO�� �������� 7KH� 608V�
IURP���WR���RQ�KLOOV�DQG�ULGJHV�������KD���������RI�
WRWDO�DUHD��DUH�QRW�VXLWHG�IRU�EDQDQD�FXOWLYDWLRQ�EXW�
UHVSRQG�ZHOO�WR�LQSXWV�DQG�FRQVHUYDWLRQ�PHDVXUHV��
7KH� WZHQW�� VRLO� PDSSLQJ� XQLWV� LQ� WKH� LQWHUKLOO�
EDVLQ� FRYHU� ������ KD� �������� RI� WKH� WRWDO� DUHD���
2QO�� �� 608V� �QDPHO���������������������������
DUH� PRGHUDWHO�� VXLWDEOH� EXW� UHTXLUH� FDUHIXO�
PDQDJHPHQW�RI�RUJDQLF�FDUERQ��7KLV�XQLW�RFFXSLHV�
������SHUFHQW�RI�WKH�ODQG�LQ�WKH�LQWHU�KLOO�EDVLQ��������
KD���DOWKRXJK���608V��������KD���������RI�WKH�DUHD���
QDPHO�����������������������DUH�PDUJLQDOO��VXLWDEOH�
GXH� WR� VXEVRLO� FDOFLXP� FDUERQDWH�� SRRU� RUJDQLF�
FDUERQ�� VWURQJ� DONDOLQLW��� FRDUVH� IUDJPHQWV�� DQG�
ORZ�DYDLODEOH�.�DQG�'73$�=Q��6RLO�PDSSLQJ�XQLWV�
�608����WR�����LQ�FROOXYLR�DOOXYLDO�SODLQV��������KD��
��������IHDWXUH�YHU��GHHS��PRGHUDWHO��ZHOO�GUDLQHG��
FDOFDUHRXV� DQG� VWURQJO�� WR� PRGHUDWHO�� DONDOLQH�
black� soils�with� signi�cant� shrink-swell�potential.�
Only��ve�SMUs�32,38,40,�41,43�are�slightly�suitable�
for�banana�production�(Fig.�3).�The��ndings�of�land�
HYDOXDWLRQ�IRU�GULS�LUULJDWLRQ�VXJJHVW�WKDW����XQLWV�
DUH� PRGHUDWHO�� VXLWDEOH� IRU� EDQDQD�� 1LQH� 608V�
������� KHFWDUHV�� DUH� KLJKO�� VXLWHG��ZKHUHDV� HLJKW�
608V�������KD��DUH�PRGHUDWHO��VXLWDEOH�

&DVH�6WXG�����<DYDWPDO�'LVWULFW��0DKDUDVKWUD

�HRGLYH�VLW���QDO�VLV�

6KHWK� ������� GHVFULEHV� WKH� PDLQ� HOHPHQWV� RI�
,QGLDQ� DQG� 'HFFDQ� JHRORJ��� 7KH� FRQWDFW� RI� WKH�
'HFFDQ�ODYDV�ZLWK�WKH�SUH�YROFDQLF�EDVHPHQW�LV�QRW�
H[SRVHG�RYHU�D�FRQVLGHUDEOH�DUHD�RI� WKH�SURYLQFH��
$ORQJ� WKH� SURYLQFH�V� VRXWKHUQ� DQG� VRXWK�HDVWHUQ�
HGJH��WKH�'HFFDQ�ODYDV�FRYHU�D�FRPSOH[�$UFKDHDQ�
DQG� 3URWHUR]RLF� EDVHPHQW�� 7KH� 9LQGK�DQ�
VHGLPHQWDU�� EDVLQ� �PLG�ODWH� 3URWHUR]RLF��� WKH�
*RQGZDQD� VHGLPHQWDU�� EDVLQ� �&DUERQLIHURXV�
WR� -XUDVVLF� HDUO�� &UHWDFHRXV��� ODWH� &UHWDFHRXV�
%DJK� DQG� /DPHWD� GHSRVLWV�� DQG� $UFKDHDQ� DQG�
HDUO�� 3URWHUR]RLF� FU�VWDOOLQH� URFNV� RYHUOLH� YDULHG�
JHRORJLFDO� IRUPDWLRQV� LQ� WKH� SURYLQFH�V� QRUWKHUQ�
DQG� QRUWK�HDVWHUQ� VHFWLRQV�� L�H��� &HQWUDO� ,QGLD�
�JUDQLWHV��JQHLVVHV�DQG�PHWDVHGLPHQWV��
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7KH�UHJLRQ�V�EDVDOWLF�ODQGVFDSHV�IHDWXUH����DELRWLF�
FRPSRQHQWV��LQFOXGLQJ����JHRORJLFDO�IRUPDWLRQV�DQG�
���OLWKRORJLFDO�HOHPHQWV��7KHUH�DUH����PRUSKRORJLFDO�
structures� in� all,� including� structural� and� �uvial�
IHDWXUHV�� 7KLV� UHJLRQ� LQFOXGHV� ��� VRLO� VXEJURXSV�
classi�ed� in� the� orders� of� entisols,� inceptisols,�
DQG� YHUWLVROV�� 7KH� �� HURVLRQDO� IRUPDWLRQV� DQG� ��
GHSRVLWLRQDO�IRUPDWLRQV�DUH�GRPLQDWLQJ�ZLWK�PDVV�
PRYHPHQW�DQG�ULYHU�DFWLYLWLHV��7KH�JHRGLYHUVLW��LQ�
WKH�UHJLRQ�LV�DVVHVVHG�DV�KLJK��ZLWK�DQ�LQGH[�VFRUH�
RI��������7DEOH����

7KH�WRSRJUDSK��YDULHV�IURP�PRGHVWO��VORSLQJ�WR�
KLJK�URFN��KLOOV�DQG�RIIHUV�SDQRUDPLF�YLHZV� IURP�
D� YDULHW�� RI� SRVLWLRQV�� 7KH� URFN��RXWFURSV��ZKLFK�
DSSHDU� RQ� WKH� ULGJH� OLQHV� RI� KLOOV� DQG� LQ� SDWFKHV�
WKURXJKRXW�WKH�VORSHV��DUH�D�GLVWLQJXLVKLQJ�IHDWXUH�
RI� WKLV� UHJLRQ��1DUURZ�� WZLVWLQJ� URDGV� IROORZ� WKH�
FRQWRXUV� RI� WKH� KLOOV� DQG� VNXON� WKURXJK� IRUHVWHG�
DUHD��7KH�ODQG�IRUP�DQDO�VLV�VKRZV�WKDW�WKLV�GLVWULFW�
KDV�GRPLQDQW�URFNV�RI�'HFFDQ�7UDSV� �EDVDOW��ZLWK�
thirteen� identi�able� land� units� such� as� hills� and�

ULGJHV�� ,VRODWHG� KLOOV�HORQJDWHG�KLOOV��PHVD�� EXWWH��
LQWHUYHQLQJ� YDOOH��� XSSHU� SODWHDX�� HVFDUSPHQWV��
XSSHU�SHGLSODLQ��PLGGOH�SODWHDXV�� ORZHU�SODWHDXV��
ORZHU� SHGLSODLQV�� JHQWO�� WR� PRGHUDWHO�� VORSLQJ�
DOOXYLDO�SODLQV��YHU��JHQWO��WR�JHQWO��VORSLQJ�SODLQV��
�ood�plains,�gullied�and�stony�gravelly�waste.�

7KLUWHHQ� ODQGIRUPV� ZHUH� UHFRJQL]HG� DQG� WKH�
DUHD� EHQHDWK� HDFK� ODQGIRUP� LQ� :DQL� YDOOH��V�
EDVDOWLF� DQG� VHGLPHQWDU�� VWUDWD� ZDV� HVWLPDWHG��
+LOOV� DQG� ULGJHV� FRYHU� ������� KD� ������� RI� WRWDO�
DUHD��� SODWHDXV� �XSSHU�� PLGGOH�� DQG� ORZHU�� FRYHU�
�������KD�����������LVRODWHG�KLOOV��PHVDV��EXWWHV��DQG�
HVFDUSPHQWV�FRYHU��������KD� ����������SHGLSODLQV�
�XSSHU� DQG� ORZHU�� FRYHU� ������KD� ���������� DQG�
SODLQV� FRYHU� ������� KD� ��������� 7KH� ODQG� IRUP�
PDS� VKRZV� WKDW� SODLQV� DUH� ODUJHO�� FRQFHQWUDWHG�
LQ�3XV� DQG�3HQJDQJD�YDOOH�V� LQ� WKH�VRXWKZHVWHUQ�
SRUWLRQV�RI� WKH�GLVWULFW��DQG� LQ�:DQL�YDOOH�� LQ� WKH�
HDVWHUQ�<DYDWPDO�SODWHDXV��ZKHUHDV�SODWHDXV��KLOOV��
DQG� ULGJHV� DUH�PRVWO�� IRXQG� LQ� WKH�QRUWKHUQ� DQG�
FHQWUDO� SDUWV� RI� WKH� <DYDWPDO� DQG�'DUZKD� DUHDV��

)LJ�����7KH�VFKHPDWLF�GLDJUDP�RI�JHRGLYHUVLW��OLQNHG�WR�VRLO�XQLWV�DQG�WKHLU�HYDOXDWLRQ�IRU�EDQDQD�XQGHU�GULS�
LUULJDWLRQ

DQG� VROLWDU��KLOOV��PHVDV�� EXWWHV�� DQG�HVFDUSPHQWV�
LQ� FRPELQDWLRQ� ZLWK� SODWHDXV� DUH� IRXQG� LQ� WKH�
FHQWUDO� DQG� VRXWKZHVWHUQ� SDUWV�� <DYDWPDO� KDV� ���
ODQGIRUPV�RXWOLQHG�RQ�D���������VFDOH�

+LOOV� DQG� HGJHV� RYHU� ���� P� PHDQ� VHD� OHYHO�
LQFOXGH� ��� HOHPHQWV� FRYHULQJ� �������� NP��ZLWK� D�
roughness�coef�cient�of�5�resulting�in�a�geodiversity�
YDOXH�RI������WR�FODVVLI��DV�PHGLXP��8SSHU��PLGGOH��
DQG� ORZHU�SODWHDXV�KDYH�URXJKQHVV� UDQJLQJ� IURP�
���� WR� ���� DQG� PHGLXP� JHRGLYHUVLW��� 7KHVH� XQLWV�
DUH�PRVWO��PHGLXP�LQ�WHUPV�RI�JHRGLYHUVLW���/RZ�
JHRGLYHUVLW�� ���� WR� ���� LV� IRXQG� LQ� LVRODWHG� KLOOV��

EXWWHV�� DQG� PHVDV�� DV� ZHOO� DV� GHHS� HVFDUSPHQWV��
ORZHU� SHGLSODLQV�� DQG� URFN��JXOOLHG� ODQGIRUPV�RI�
EDVDOWLF� WHUUDLQ�� 8SSHU� SHGLSODLQV� ZLWK� HURVLRQDO�
formations�and�slightly�to�very�gently�sloping��elds�
ZLWK�PLUH�GHSRVLWLRQDO� IRUPDWLRQV�KDYH� UHODWLYHO��
OLWWOH�JHRGLYHUVLW���7DEOH����

7KH� ODQG� LQ� EHWZHHQ� WKH� URFN�� RXWFURSV� LV�
ODUJHO�� SDVWRUDO�� ZLWK� VKHHS�� JRDWV�� DQG� XVHU�
UHTXHVWHG� JUD]LQJ�� 5XUDO� KRPHV� DQG� IDUPV� DUH�
IHZ� DQG� IDU� EHWZHHQ�� 156&� REWDLQHG� WKLUW��WZR�
VDWHOOLWH� LPDJHV� RI� 3�*�� JHRFRGHG� SURGXFWV� RQ�
D� �������� VFDOH� IRU� WKH� <DYDWPDO� GLVWULFW� EHWZHHQ�
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$SULO����DQG�0D������������7KH�$SULO�0D��LPDJHV�
are� useful� for� de�ning� croplands� under� irrigated�
DJULFXOWXUH�GXH� WR� WKH� WRQDO�FRQWUDVW�RI�EULJKW�UHG�
WR�UHG��ZKLFK�PD��LQGLFDWH�WKH�JUHHQQHVV�RI�IROLDJH�
DW� GLIIHUHQW� VWDJHV� RI� FURS� JURZWK� SKHQRORJLFDO�
FRQGLWLRQ��KHDOWK��RU�LQIHFWHG���,Q�EODFN�FRWWRQ��WKH�
IDOORZ� ODQGV� UHVHPEOH�JUHHQLVK�EOXH� WR�GDUN�JUH��
�'HFFDQ� �� WUDS� DUHDV��� )DOORZ� ODQGV� DSSHDU� VPDOO�
DQG�QRQ�FRQWLJXRXV� LQ� LUULJDWHG� ODQGV�� 7KH�� ORRN�
KXJH�LQ�VL]H��FRQWLJXRXV��DQG�ZLWK�D�UHVWULFWHG�SLHFH�
RI�FURS�ODQG�LQ�XQ�LUULJDWHG�RU�GU���IDUPLQJ��DUHDV��
Regular�gaps�in�crop��eld�indicate�the�presence�of�
IDOORZ� ODQGV��%HFDXVH�RI�VXUIDFH� LUUHJXODULWLHV�DQG�
D� ODFN�RI� YHJHWDWLRQ� FRYHU�� WKH� WH[WXUH� LV�PHGLXP�
WR�FRDUVH��7KH�VWRQ��ZDVWH�ODQGV�UDQJH�LQ�VL]H�ZLWK�
XQHYHQ� DQG� GLVFRQWLQXRXV� VKDSHV� YHU�� FRDUVH� WR�
FRDUVH�WR�PHGLXP�WH[WXUH��OLQHDU�WR�FRQWLJXRXV�DQG�

GLVSHUVHG�LQ�SDWWHUQ��VXEMHFW�WR�YDULHG�URFN�W�SH���,W�
DSSHDUV�DV�VWHHS�KLOO�VORSH�FUHVWV��VROLWDU��KLOORFNV��
SODWHDXV�� DQG� HURGHG� SODLQV� LQ� FRQMXQFWLRQ� ZLWK�
EDUUHQ� DQG�H[SRVHG� URFN�VWRQ��ZDVWH�� 7KHVH�DUH�
broadly� classi�ed� into� three� types:� I� forest� lands,�
�LL��FXOWLYDWHG�DUHDV��DQG��LLL��EDUUHQ�URFN��DQG�FRDO�
mining� �elds.� The� overall� projected� forest� area�
LV� ��������KD� ������� RI� WRWDO� DUHD��� )RUHVW� FRYHUV�
����� RI� WKH� ODQG� DUHD�� ����� LV�PRGHUDWHO�� GHQVH��
DQG� ����� LV� GHJUDGHG� JUD]LQJ� DQG� IRUHVW�� 7KH�
WRWDO�FXOWLYDWHG�DUHD� LV����������KD� �������RI� WRWDO�
DUHD��� 7KH� GLVWULFW� KDV� ����� GRXEOH� FURSSHG� DUHD�
DQG�������WULSOH�FURSSHG�DUHD��7KH�HVWLPDWHG�DUHD�
XQGHU� FXOWLYDWHG� XQGXODWLQJ� XSODQGV�ZLWK� ��� ���
VWRQH� FRYHU� DQG� PRGHUDWH� HURVLRQ� FRYHUV� �������
RI� WRWDO� DUHD� �������� KD��� ZKHUHDV� WULSOH� FURSSHG�
DUHD� �����RI�DUHD�� LQ�JHQWO��VORSLQJ�SODLQV�FRYHUV�

�ELRWLF�VXEFRPSRQHQWV� �ELRWLF�VXEFRPSRQHQW�HOHPHQWV 7KH�QXPEHU�RI�
HOHPHQWV�

/LWKRORJ�� %DVDOW��9HPSDOOL�IRUPDWLRQV��3XOLYHQGXOD�TXDUW]LWH��VKDOH��OLPHVWRQH��JUDQLWH�
JQHLVV��

��

*HRORJLFDO�VWUXFWXUHV� 6HGLPHQWDU���SDUDOOHO�EHGGLQJ��FURVV�EHGGLQJ��ULSSOHV��DQG�PXG�FUDFNV�DV�ZHOO�
DV�V�QDHUHVLV�FUDFNV��SLWV�DQG�PRXQG�VWUXFWXUH��IOXWH�FDVWV��JURRYH�DQG�VWULDWLRQ�

FDVWV��OLHVHJDQJ�ULQJV��ULQJ�OLNH�VWUXFWXUH��ODPLQDWHG�ULQJ�OLNH�VWUXFWXUHV�

��

)DXOWV��DQWLFOLQH��V�QFOLQH��KRUVW�DQG�JUDEHQ��OLQHDPHQWV�

0RUSKRJHQHWLF��V�VWHPV 6WUXFWXUDO��FXVHWD��KRJEDFN��VWUXFWXUDO�ULGJH��VWUXFWXUDO�SODWHDXV��PHVD�DQG�
GRPHV

��

)OXYLDO��ZDWHU�FKDQQHO�ZLWK�IORRGSODLQV��DOOXYLDO�SODLQV��SLHGPRQW�]RQHV��YDOOH��
ILOOV�DQG�VROXWLRQ�IRUPV��NOLSSH��VROLWDU��RXWFURS�RI�WKH�QDSSH�LQ�WKH�PLGGOH�RI�

DXWRFKWKRQRXV�PDWHULDO��DQG�ZLQGRZ�VWUXFWXUHV

(URVLRQDO�IRUPDWLRQV *RUJHV��VKDUS�ULGJHV��FDYHV��DOOXYLDO�VWULSSHG�VORSHV��WDOXV�VORSHV��DEUDVLRQ�
SODWIRUPV��FOLIIV��URFN�GHEULV��VXUIDFH�VWRQH�FRYHU

�

'HSRVLWLRQDO�ODQGIRUPDWLRQV /DYD�IORZV��GHOWD��DOOXYLDO�WHUUDFHV��VWDODFWLWH��ULYHU�WHUUDFHV �

&XUUHQW�SURFHVVHV )OXYLDO�PDVV�PRYHPHQWV �

*HRORJLFDO�DJH 3UHFDPEULDQ��DUFKHDQ� �

+�GURJUDSKLF�FRPSRQHQW 5LYHUV��VWUHDPV�VWUHDPOHWV �

6RLO�WD[RQRP� 6RLO�VXEJURXSV��7�SLF�3DOHXVWDOIV��7�SLF�5KRGXVWDOIV��&DOFLF�+DSOXVWDOIV��/LWKLF�
+DSOXVWDOIV��7�SLF�+DSOXVWDOIV��/LWKLF�+DSOXVWHSWV��9HUWLF�+DSOXVWHSWV��7�SLF�

+DSOXVWHSWV��/LWKLF�8VWRUWKHQW��7�SLF�8VWRUWKHQW��6RGLF�+DSOXVWHUW�

��

7RWDO�FRPSRQHQWV ��

6XUIDFH�DUHD��KD� ������

5XJRVLW��FRHIILFLHQW� ���

*HRGLYHUVLW��LQGH[ ����

*HRGLYHUVLW��FODVV 9HU��KLJK�

7DEOH����*HRGLYHUVLW��LQ�<DYDWPDO�GLVWULFW��0DKDUDVKWUD

7DEOH����*HRGLYHUVLW��ZLWK�UHVSHFW�WR�ODQGIRUPV�

WDEOH��RQW��

/DQGIRUPV� (OHPHQWV� 6XUIDFH�DUHD�
�NP��

URXJKQHVV OQ6 �HRGLYHUVLW��
LQGH��

�HRGLYHUVLW��
FODVV

+LOOV�DQG�ULGJHV�ZLWK��QG�RUGHU�
VWUHDPV�DW�HOHYDWLRQ�DERYH����P

����� ������� ���� ���� ����� �0HGLXP�

8SSHU�SODWHDXV
KLJKO��GLVVHFWHG�DERYH����P

����� ������ ���� ���� ����� �0HGLXP�

%KDVNDUD�3KDQHHQGUD�%KDVNDU��*HRHQYLURQPHQWDO�6XLWDELOLW��$VVHVVPHQW�RI�7KUHH�$JURHFRORJLFDO�
6�VWHPV�LQ�,QGLD��
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0LGGOH�SODWHDXV�DW�����WR����P��
LQWHQVLYHO��XVHG�IRU�FXOWLYDWLRQ

����� ������� ���� ���� ����� �0HGLXP�

/RZHU�SODWHDXV ����� ������ ���� ���� ����� �0HGLXP�

,VRODWHG�KLOOV ����� ������ ���� ���� ����� �/RZ�

%XWWH�DQG�PHVDV ����� ������ ���� ���� ����� �/RZ�

(VFDUSPHQWV ����� ������ ���� ���� ����� �/RZ�

8SSHU�SHGLSODLQV ����� ������� ���� ���� ����� �9HU��ORZ

/RZHU�SHGLSODLQV ����� ������� ���� ���� ����� �/RZ�

*HQWO��WR�PRGHUDWHO��VORSLQJ ����� ������ ���� ���� ����� �9HU��ORZ�

9HU��JHQWO��WR�JHQWO��VORSLQJ�
DOOXYLDO�SODLQV

����� ������ ���� ���� ����� �9HU��ORZ

,QWHUYHQLQJ�YDOOH�V� ����� ������ ���� ���� ����� �9HU��ORZ

6WRQ�JXOOLHG�ZDVWHODQGV ����� ������ ���� ���� ����� �/RZ�

7RWDO� � �������� � ���� � �

��������PRGHUDWHO��HURGHG�XSSHU�SHGLSODLQV�FRYHU�
������PRGHUDWHO��HURGHG�KLOO�WRSV�FRYHU�������DQG�
SODWHDX�WRSV�FRYHU������RI�WRWDO�DUHD�LQ�WKH�GLVWULFW��
7KH� EDUUHQ� URFN��FRDO� PLQH�VDOW� DIIHFWHG� DUHD�
DFFRXQWV� IRU� ������RI� WRWDO� DUHD� ���������KD��� 7KH�
SURMHFWHG�DUHD�LV������VDOW�DIIHFWHG�DUHDV�������FRDO�
VXUURXQGV�������VWRQ��ZDVWHODQGV��DQG������VFUXE�
ODQGV�LQ�:DQL�YDOOH��V�OLPHVWRQH�DU�

6RLOV�DQG�W�HL��0R�S�ROR��

7KH� VKULQN�VZHOO� VRLOV� JHQHUDWHG� IURP� 'HFFDQ�
WUDS�EDVDOW�LQ�<DYDWPDO�GLVWULFW�IRU�FRWWRQ�SURGXFWLRQ�
KDYH�VHYHUH�IHUWLOLW��OLPLWDWLRQV��%KDVNDU��HW�DO����������
7KH�EDVDOWLF�ODQGIRUP�DFFRXQWV�IRU�����RI�WKH�WRWDO�
JHRJUDSKLFDO�DUHD��ZLWK�WKH�UHPDLQLQJ�RFFXSLHG�E��
VDQG�VWRQH�OLPHVWRQH�VKDOH�FRYHUHG�FRDO�VHDPV�LQ�
WKH�:DQL�YDOOH��V�HDVWHUQ�UHDFKHV��6KULQNV�ZHOO�VRLO�
VHULHV�ZHUH�GHWHFWHG��ZLWK�PRUSKRORJLFDO� IHDWXUHV�
UDQJLQJ� IURP� GDUN� JUH�� WR� EURZQ� PDWUL[� ZLWK�
VKDOORZ�/DNKL� VHULHV� WR�H[WUHPHO��VKDOORZ�*DKXOL�
RQ�KLOOV�DQG�ULGJHV�WR�PRGHUDWHO��GHHS�.DWKHUZDGL�
VHULHV�DQG�GHHS�.DODPE�VHULHV�RQ�FHQWUDO�SODWHDXV�
�)LJ������7KH�VOLJKWO��WR�YHU��VRIWO��VORSLQJ�DOOXYLDO�
SODLQV� DUH� FKDUDFWHULVHG� E�� GHHS� $UXQDYDWL� ZLWK�
FDOFLXP�FDUERQDWH�HQULFKHG�%�OD�HUV�DQG�H[WUHPHO��
GHHS� &KDQRGD�� /RQL�� 3DQGKXUQD�� DQG� :DQL�
VRLO� VHULHV� ZLWK� PLOGO�� DONDOLQH� FOD�H�� VOLFNHQ�
VLGHG� ]RQHV�� ([FHSW� IRU� WKH� 1DJGKDUL� VHULHV�� WKH�
LQWHUYHQLQJ� YDOOH�V� IHDWXUH� 'KDQNL�� 6LQGROD��
:DQRGL�� DQG� 1DJGKDUL� VRLOV� ZLWK� JUH�LVK� EURZQ�
WR� GDUN� JUH�LVK� EURZQ�OLJKW� �HOORZLVK� EURZQ�
PDWUL[�� PRGHUDWHO�� WR� VHYHUHO�� DONDOLQH�� DQG�
VOLFNHQ�VLGHV�LQ�VXEVXUIDFH�VWUDWD��+LUGL��$SWL�VHULHV��
&KLNKDOJDRQ�� 3HQJDQJD�� DQG� 5DOHJDRQ� VHULHV� DUH�
PRGHUDWHO��WR�VWURQJO��DONDOLQH��FOD��WH[WXUHG��DQG�
KDYH�VOLFNHQVLGHV�WR�D�GHSWK�RI�RQH�PHWUH��ZKHUHDV�
&KDQRGD��.KDUEKL��6D�NKHGD��:DQRGD��:DQL��DQG�
'KDQNL� VHULHV� KDYH� FRQVLGHUDEOH� VOLFNHQVLGHV� WR� D�

GHSWK�RI�OHVV�WKDQ����FP�

6RLO�0DS�

7KH�VRLO�PDS�ZDV�FRQVWUXFWHG�XVLQJ����VRLO�VHULHV�
DVVRFLDWLRQV�DV�PDSSLQJ�XQLWV�DQG������SRO�JRQV��
7KH� VRLO� PDS� VKRZV� WKDW� WKH� VRLO� PDSSLQJ� XQLW�
�608�� �� �� �/N�5RF�0R��ZLWK�����SRO�JRQV�FRYHUV�
������RI�WKH�WRWDO�DUHD��7KLV�PDSSLQJ�XQLW�FRYHUHG�
VHFWLRQV�RI�<DYDWPDO�DQG�WKH�'DUZKD�SODWHDX�LQ�WKH�
QRUWK�DQG�QRUWKZHVWHUQ�UHJLRQV��)LJ������7KH�:DQL�
YDOOH���ORFDWHG�LQ�WKH�HDVWHUQ�SDUW�RI�<DYDWPDO��KDV�
VRLO� PDSSLQJ� XQLWV� UDQJLQJ� IURP� ��� WR� ���� ZLWK�
PRGHUDWH�GHOLQHDWLRQV�DQG�DQ�DUHD�RI�OHVV�WKDQ����
XQGHU�HDFK�GHOLQHDWLRQ��)LJ������608V�FRYHU�PRUH�
WKDQ����RI�WKH�WRWDO�DUHD�LQ�WKUHH�XQLWV��/DNKL���URF�
��0RKR������������RQ�WKH�PLGGOH�SODWHDXV��'KDQNL�
�� /DNKL� �� 'KDQRUD� �� 3DQGKXUQD� ����� ������� RQ�
LVRODWHG�KLOOV��DQG�/DNKL���%RUJDRQ���$UQL���'KDQNL�
������������LQ�WKH�KLJKODQGV��7KH�LQFUHDVHG�QXPEHU�
of�dry�days�has�had�a�signi�cant�impact�on�current�
ODQG� XVH� SDWWHUQV�� ZKLFK�ZRXOG� DOPRVW� SUREDEO��
QHFHVVLWDWH�LUULJDWLRQ�WR�UHDOLVH�WKH�VLWH�V�IXOO�RXWSXW�
SRWHQWLDO�� &KDQJHV� WRZDUG� ZDUPHU� DQG� GULHU�
FLUFXPVWDQFHV�� LQ� JHQHUDO�� KDYH� WKH� SRWHQWLDO� WR�
HQKDQFH�VDOLQLW��RQ�SUHGLVSRVLQJ��9iUDOO�D���������
LQDGHTXDWHO�� ZDWHUHG� VRLOV�� ,W� ZDV� IRXQG� WKDW� LI�
VXLWDEOH�VRLO�PDQDJHPHQW�SUDFWLVHV�DUH�QRW�XVHG�RQ�
WKHVH�JHR�ODQGVFDSHV��WKH�GHFUHDVH�LQ�RUJDQLF�PDWWHU�
FRQWHQW�RI�DJULFXOWXUDO�VRLOV�DQG�WKH�SUHYDLOLQJ�GULHU�
FRQGLWLRQV�VORZ�GRZQ�WKH�GHFRPSRVLWLRQ�UDWH�DQG�
FKDQJH�WKH�GLUHFWLRQ�RI�SHGRJHQHVLV�

�RWWRQ�6�LWDELOLW���VVHVVPHQW

The� signi�cance� of� climate� for� cotton� based�
V�VWHPV�LQ�0DKDUDVKWUD�LV�WKRURXJKO��LQYHVWLJDWHG��
DQG� LW� LV� UHSRUWHG� WKDW� UDLQIDOO� RI� ���� WR� ���PP�
from� squaring� to� peak� �owering� stage� is� critical�

%KDVNDUD�3KDQHHQGUD�%KDVNDU��*HRHQYLURQPHQWDO�6XLWDELOLW��$VVHVVPHQW�RI�7KUHH�$JURHFRORJLFDO�
6�VWHPV�LQ�,QGLD��
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�0DQGDO��HW�DO����������$V�D�UHVXOW��WKH�HQYLURQPHQW�
RI�<DYDWPDO� IRU�FRWWRQ� LV�PRGHUDWHO��DSSURSULDWH��
ZLWK� VKRUW�GU�� LQWHUYDOV�GXULQJ� WKH� FUXFLDO� VWDJHV�
RI� FRWWRQ� IURP�6HSWHPEHU� WR�2FWREHU�� 7KLV� UHJLRQ�
H[SHULHQFHV� ��� WR� ��� QRUPDO� GU�� ZHHNV� IROORZHG�
E�� �� WR� �� ZHHNV� RI� UDLQ�� ZHHNV�� DFFRUGLQJ� WR� ���

�HDUV� RI� GDLO�� UDLQIDOO� GDWD� XVLQJ� WKH� VWDQGDUG�
SUHFLSLWDWLRQ� LQGH[� �%KDVNDU�� HW� DO��� ������� &RWWRQ��
WKH�SULPDU��NKDULI�FURS��DFFRXQWV� IRU�����RI�WRWDO�
FXOWLYDWHG�DUHD�DQG�QHFHVVLWDWHV���WR����LUULJDWLRQV�
DIWHU� FHVVDWLRQ�� ZLWK� D� FRQVXPSWLYH� UHTXLUHPHQW�
RI�����WR������PP��%RQGH�DQG�6KDQPXJDP���������

)LJ�����7KH�VFKHPDWLF�GLDJUDP�RI�OLQNLQJ�JHRGLYHUVLW��ZLWK�ODQG�HYDOXDWLRQ�LQ�<DYDWPDO�GLVWULFW��0DKDUDVKWUD

,I� UDLQIDOO� LV� PLQLPDO� DQG� VSUHDG� LV� SRRU�� OLJKW�
ZDWHULQJ� IURP� JHUPLQDWLRQ� WR� WKH� IRXU� OHDI� VWDJH�
PD��EH�XVHG��&RWWRQ�LV�VXVFHSWLEOH�WR�GU�QHVV�IURP�
JHUPLQDWLRQ� WR� WKH� IRXU� OHDI� VWDJH�� 7KLV� H[HUFLVH�
LV� XVHIXO� IRU� LGHQWLI�LQJ� VHQVLWLYH� DUHDV� IRU� FURS�
VSDULQJ�LUULJDWLRQ�GXULQJ�VKRUW�GU��VSHOOV��DV�ZHOO�DV�
IRU�FXOWLYDWLQJ�UDEL�ZKHDW�LQ�FDQDO�LUULJDWHG�DUHDV�RI�
WKH�3XV��$UXQDYDWL��DQG�3HQJDQJD�YDOOH��UHJLRQV�

�DVH�VW�G�����0DM�OL�,VODQG

Majuli� is� an� alluvial� �ood� plain� of� the� river�
%UDKPDSXWUD��DQG�LWV�FXUUHQW�ODQGIRUP�LV�WKH�UHVXOW�
of�geomorphic�processes�such�as��uvial�movements�
RI� WKH� %UDKPDSXWUD�� 6XEDQVLUL�� 'HVDQJ�� 'LNKRZ��

DQG�'LKDQJ� ULYHUV� DFWLQJ� LQ� WDQGHP�ZLWK� WHFWRQLF�
GLVWXUEDQFHV�RQ�WKH�KLJKHU�UHDFKHV�RI�WKHVH�ULYHUV��
6WXGLHV�RQ� WKH� UHJLPHV�RI� WKHVH� ULYHUV�� DV�ZHOO� DV�
WKH�PDWHULDO�IHDWXUHV�RI�WKH�FXUUHQW�ODQGIRUP��VKRZ�
WKDW� WKH� ODQGIRUP� RI� WKH� LVODQG� LV� UHODWHG� ZLWK�
WKH� WLPH� VHTXHQFH� RI� WUDQVIHU� DQG� GHSRVLWLRQDO�
SURFHVV� RI� VHGLPHQWV� RI� WKH� %UDKPDSXWUD� DQG� LWV�
WULEXWDULHV�� SDUWLFXODUO�� WKH� 6XEDQVLUL� ULYHU�� 7KH�
PDWHULDO�IHDWXUH�LPSOLHV�WKDW�WKH�ODQGIRUP�LV�SXUHO��
GHSRVLWLRQDO� LQ� RULJLQ� DQG� LV� SURQH� WR� VXEVWDQWLDO�
erosion�owing�to�river�action.�The��uvial�sediments�
EURXJKW� E�� WKH� %UDKPDSXWUD� LWVHOI� LQFOXGH� SDUW�
RI� WKH� SODLQV� RI� $VVDP� DQG� %DQJODGHVK� WKURXJK�
which� the�Brahmaputra��ows.�However,� in� some�
DUHDV�RI�$VVDP��WKH�,QGLDQ�EDVHPHQW�LV�YLVLEOH��7KH�

�ELRWLFFRPSRQHQWV �ELRWLF�VXEFRPSRQHQW�HOHPHQWV 7KH�QXPEHU�RI�HOHPHQWV

OLWKRORJ� $OOXYLXP� �

*HRORJLFDO�VWUXFWXUHV � �

0RUSKRJHQHWLF�V�VWHPV �)OXYLDO��6DQG�EDUV��FKDQQHO�GLYHUVLRQV�DQG�DQDEUDQFKLQJ �

(URVLRQ�IRUPDWLRQV %DQNOLQH�HURVLRQ�� �

'HSRVLWLRQDO�IRUPDWLRQV 2[ERZOV��FKDQQHO�ILOOV��DFWLYH�IORRGSODLQV��ROG�IORRG�SODLQV��ELOV �

&XUUHQW�SURFHVVHV IOXYLDO �

7DEOH����*HRGLYHUVLW��SRWHQWLDO�RI�0DMXOL

%KDVNDUD�3KDQHHQGUD�%KDVNDU��*HRHQYLURQPHQWDO�6XLWDELOLW��$VVHVVPHQW�RI�7KUHH�$JURHFRORJLFDO�
6�VWHPV�LQ�,QGLD��
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*HRORJLF�DJH 3DOHRFHQH�(RFHQH�DJH �

+�GURJUDSKLF�FRPSRQHQW� 5LYHUV��VWUHDPV�VWUHDP�OHWV� �

6RLO�RUGHUV 6RLO�VXEJURXSV� �

7RWDO�FRPSRQHQWV ��

6XUIDFH�DUHD��NP�� ���������OQ6 �����

5XJRVLW��FRHIILFLHQW� ���

*HRGLYHUVLW��LQGH[�YDOXH� ����

*HRGLYHUVLW��FODVV 9HU��ORZ

Brahmaputra's� �ood�plain� is�made� up� of� alluvial�
IHDWXUHV�VXFK�DV�QDWXUDO� OHYHHV��SRLQWEDUV��R[�ERZ�
ODNHV�� DQG� FKDQQHO� EDUV� �*RVZDPL�� ������� $ELRWLF�
VXEFRPSRQHQW� LQ� WKH� LVODQG�DUH����ZLWK� YHU�� ORZ�
JHRGLYHUVLW�� �JHRGLYHUVLW�� RI� ������ 7DEOH� ���� 7KH�
DELRWLF� VXEFRPSRQHQWV� DUH� PRVWO�� GHSRVLWLRQDO�
IRUPDWLRQV� ZLWK� �� GRPLQDQW� VRLO� VXEJURXSV� RI�
DTXHSWV�DQG�DTHQWV��7KH�VL[�JHRPRUSKLF�XQLWV�KDYH�
20� subunits� in�old��oodplains�but�12� for� swamps�
ZLWK�YHU��ORZ�JHRGLYHUVLW���7DEOH����

/DQG�)R�PV�

/DQGIRUPV�7KH� ,56�,'��,QGLDQ�5HPRWH�6HQVLQJ�
6DWHOOLWH�� JHRFRGHG� VDWHOOLWH� LPDJHULHV� RI� ��WK�
-DQXDU��� ����� ZHUH� YLVXDOO�� LQWHUSUHWHG� �-HQVHQ��
������DQG�GHOLQHDWHG�VHYHQ�JHRPRUSKLF�XQLWV�LQ�WKH�
�ood�plains�of�Majuli�island�as�per�the�classi�cation�
RI�1DQVRQ�DQG�&URNH���������7KH�SLQNLVK�ZLWK�UHG�
tones�(mustard��elds�during�winter�season)�in�the�
middle� of� the� island� indicated� the� �at� to� gently�
sloping�active��ood�plains�whereas�light�blue�with�
whitish� tinge� tones,� �ne� texture� and� associated�
ZLWK� GDUN� EOXH� WRQHV� RI� ZDWHU� ERGLHV� LQGLFDWHG�
ROG�DOOXYLDO�SODLQV��7KH� WDOO� JUDVV� ODQGV�RI� QDWXUDO�
OHYHHV�RFFXUULQJ�DORQJ� WKH�ULYHU�FRXUVH�KDYH�GDUN�
red�tones�with�regular�linear�feature�of��ne�texture�
whereas� �at� featureless� channel� �lls� in� low� lying�
DUHDV� KDYH� OLJKW� EOXLVK� ZLWK� ZKLWH� WRQHV� ZLWK�
ODPLQDU�ULSSOHV�ZLWK�WH[WXUDO�GLIIHUHQFHV��7KH�PRVW�
FRQVSLFXRXV� IHDWXUH� LV� XQYHJHWDWHG� VDQG� EDUV� LQ�
WKH�PHDQGHULQJ�UHDFKHV�RI�LVODQG�KDYH�ZKLWH�WRQHV�
ZKHUHDV�WDOO�JUDVV�ODQGV�KDYH�EULJKW�UHG�WRQHV��7KH�
ORZO�LQJ�ZDWHU�ERGLHV� LQ�VZDPSV�KDYH�GDUN�EOXH�
WRQHV� ZKHUHDV� DEDQGRQHG� FKDQQHOV� KDYH� ZKLWLVK�
EOXH�WRQHV��

6RLO���D�DFWH�LVWLFV�

7KH� GHWDLOHG� PRUSKRORJLFDO�� SK�VLFDO� DQG�
FKHPLFDO� GHVFULSWLRQV� RI� WKLUWHHQ� VRLO� VHULHV�
EHORQJLQJ�WR�WKH�RUGHU�(QWLVROV�DQG�,QFHSWLVROV�ZHUH�
UHSRUWHG��%KDVNDU��HW�DO����������%ULHI�GHVFULSWLRQ�RI�
hydric�soils�in��uvial�landforms�of�Majuli�Riverine�
,VODQG� DUH� GLVFXVVHG� DV� IROORZV�� 7KH� .DPDODEDUL�

�.E���3XUDQLEDUL��3E���'DNVKLQSDW��'K��DQG�%KDNDW�
(Bt)�soil�series�are�dominant�on�active��ood�plains�
FRYHULQJ� ������RI� WKH� WRWDO�DUHD��7KHVH� VRLOV�KDYH�
$S�$&�&�KRUL]RQ�VHTXHQFH��GDUN�JUH�� ���<5�����
$� KRUL]RQV�� FOD�� ORDP� WR� VLOW� ORDP� WH[WXUHV� ZLWK�
PRGHUDWH��PHGLXP� VXEDQJXODU� EORFN�� VWUXFWXUHV��
7KH� $&� KRUL]RQV� DUH� GDUN� JUH�� ���<5����� DQG�
ORDP�� EXW� FKDQJHG� WR� ORDP�� VDQG� WH[WXUHV� LQ� &�
horizons.�These�soils�are�classi�ed�as�Humaqueptic�
)OXYDTXHQWV� �.DPDODEDUL� VHULHV�� .E��� +XPLF�
(QGRDTXHSWV��'DNVKLQSDW��'K���7�SLF�)OXYDTXHQWV�
�%KDNDW�� %W�� DQG� )OXYDTXHQWLF� (QGRDTXHSWV�
�3XUDQLEDUL��3E���0DMXOL��0M��7�SLF�)OXYDTXHQWV��DQG�
*DUXPDUD� �*D��7�SLF�(QGRDTXHSWV�� RQ� VDQG�EDUV�
�������RI�WRWDO�DUHD��KDYH�ROLYH�JUH��WR�GDUN�JUH��$�
KRUL]RQV��FRDUVH�ORDP��WH[WXUH�DQG�VOLJKWO��DONDOLQH�
S+�� 7KH� %KDUDNL� �%L�� )OXYDTXHQWLF� (QGRDTXHSWV��
DQG� %RQJDRQ� �%Q�� 7�SLF� )OXYDTXHQWV�� VRLOV� LQ�
VZDPSV�KDYH�GDUN�JUH��DQG�VLOW�ORDP�WH[WXUHG�ZLWK�
ZHDN�VXEDQJXODU�EORFN��VWUXFWXUHV��7KH�FDPELF�%�
KRUL]RQV� KDYH�GDUN�JUH��PDWUL[�ZLWK� VLOW� ORDP� WR�
VLOW�� FOD�� ORDP� WH[WXUHV� DQG� PRGHUDWH� DQJXODU�
EORFN��VWUXFWXUHV�ZLWK�QHXWUDO� WR�VOLJKWO��DONDOLQH�
S+��$GLHOHQJL��$H��DQG�&KLONDOD��&K��DUH�GRPLQDQW�
soil� series� in� old� �ood� plains� with� grey� matrix,�
VLOW�� ORDP� WR� VLOW�� FOD�� WH[WXUHV� DQG� GDUN� JUH�� %�
KRUL]RQV� IROORZHG� E�� VDQG�� &� KRUL]RQV�� 7KHVH�
soils� are� classi�ed� as� Typic� Endoaquepts.� The�
*D�DQJDRQ��*���7�SLF�(QGRDTXHSWV��DQG�%RULWLND�
�%D�� )OXYDTXHQWLF� (QGRDTXHSWV�� VRLOV� LQ� FKDQQHO�
�lls� have� olive� grey� (5Y5/2),� silty� clay� loam� Ap�
KRUL]RQV� DQG� GDUN� JUH�� ��<����� RU� GDUN� JUH�LVK�
EURZQ�����<����� VLOW�ORDP�WH[WXUHG�DQG��HOORZLVK�
EURZQ� PRWWOHG� %� KRUL]RQV�� 7KH� 6RQDULEDUL� VRLO�
VHULHV� �6E�� 7�SLF� (QGRDTXHSWV�� RQ� QDWXUDO� OHYHHV�
have�interbedding�coarse�to��ne�sediments�of�sand,�
VLOW�DQG�VLOW��FOD��ZLWK�ROLYH�JUH��PDWUL[��)LJ������$OO�
VRLOV�DUH�QHXWUDO�WR�VOLJKWO��DONDOLQH�H[FHSW�.DPDOEDUL�
soil� (P1)� on� active� �ood� plains� with� moderately�
DFLG�WR�QHXWUDO�S+��7KH�RUJDQLF�FDUERQ�YDULHV�IURP�
����J�NJ��3���WR������J�NJ��3���LQ�$S�KRUL]RQV�EXW�
GHFUHDVHG� WR� ���� J�NJ� LQ� &� KRUL]RQV� RI� DOO� VRLOV�
�7DEOH� ���� $PRQJ� H[FKDQJHDEOH� EDVHV�� FDOFLXP� LV�
GRPLQDQW�ZLWK�YDOXHV�RI�����FPRO�NJ� �*DUXPDUD��
*D�WR����FPRO�NJ��6RQDULEDUL��6E���7KHVH�VRLOV�KDYH�

%KDVNDUD�3KDQHHQGUD�%KDVNDU��*HRHQYLURQPHQWDO�6XLWDELOLW��$VVHVVPHQW�RI�7KUHH�$JURHFRORJLFDO�
6�VWHPV�LQ�,QGLD��
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H[FKDQJHDEOH�0J� RI� ���� FPRO�NJ� �$GLHOHQJL�� $H��
WR� ���� FPRO�NJ� �%RQJDRQ�� %Q��� VRGLXP� RI� ����� WR�
���� FPRO�NJ� DQG�.�RI� ����� WR� ���� FPRO�NJ��7KHVH�
VRLOV�KDYH�ORZ�FDWLRQ�H[FKDQJH�FDSDFLW�������FPRO�
NJ� LQ� &� KRUL]RQV� RI� 3�� WR� ��� FPRO�NJ� LQ� �%Z��
�3���ZLWK� YDULDEOH� GHSWK� GLVWULEXWLRQ�� 7KHVH� VRLOV�
KDYH� KLJK� WR� PHGLXP� DYDLODEOH� QLWURJHQ�� ORZ� WR�
PHGLXP� DYDLODEOH� SKRVSKRUXV� DQG� PHGLXP� WR�
KLJK�SRWDVVLXP�FRQWHQWV��7KHVH�VRLOV�DUH�LQ�JHQHUDO�
de�cient�in�DTPA�extractable�zinc�and�manganese�
FRQWHQWV��7KH�VRLO�GDWD�VHW�LQ�0DMXOL�LVODQG����������
VFDOH��ZDV�REWDLQHG�IURP�VRLO�UHVRXUFH�LQYHQWRU��RQ�
��������VFDOH�XVLQJ�,QGLDQ�5HPRWH�6HQVLQJ��,56�,'��
VDWHOOLWH�LPDJHU��DQG�FRUUHVSRQGLQJ�WRSRVKHHWV�RI�
6XUYH��RI�,QGLD�ZLWK�WKH�HPSKDVLV�RQ�WUDQVHFWV�WKDW�
FXW�DFURVV�WKH�VHJPHQWV�RI�LQODQG�YDOOH�V�IURP�WKH�
WRS�WR�WKH�ERWWRP��%KDVNDU��HW�DO���������

�DSDELOLW��DQG�4�DOLW��RI�6RLOV

7KH�QLQH�VRLO� LQGLFDWRUV�VHOHFWHG�RQ� WKH�EDVLV�RI�
&DPHURQ�� HW� DO�� ������� SUHVHQW� VRLO� TXDOLW�� UDWLQJV�
IRU� HDFK� VRLO�PDSSLQJ� XQLW�� 7KH� PHDQ� FRPSXWHG�
WKUHVKROG�YDOXHV�IRU�QLQH�VRLO�LQGLFDWRUV�LV�DV�IROORZV��
�����IRU�RUJDQLF�FDUERQ�����IRU�WRWDO�QLWURJHQ�����IRU�
VWUXFWXUH����� IRU�S+�DQG�DYDLODEOH�SKRVSKRUXV�����
IRU�DYDLODEOH�ZDWHU�KROGLQJ�FDSDFLW���H[FKDQJHDEOH�
EDVHV� DQG� FDWLRQ� H[FKDQJH� FDSDFLW�� DQG� ��� IRU�
WH[WXUH��7KH�ORZ�YDOXHV�DUH�DVVLJQHG�WR�VHQVLWLYLW��
to�degradation�(S),�in�uence�of�properties�on�plant�
DQG�DQLPDO�KHDOWK��,��DQG�UHODWLRQVKLS�WR�HFRV�VWHP�
SURFHVVHV��5���7KH�VRLO�XQLW�ZLVH�LQGLFDWRUV�VKRZLQJ�
EHORZ�WKUHVKROG�YDOXHV�LQ�TXDOLW��DVVHVVPHQWV�DUH�
OLVWHGDV�� 7KH� WH[WXUH� LQ� �� XQLWV�� RUJDQLF� FDUERQ�
LQ� ��� XQLWV�� WRWDO� QLWURJHQ� LQ� ��� PDSSLQJ� XQLWV��
DYDLODEOH�SKRVSKRUXV��S+��H[FKDQJHDEOH�EDVHV�DQG�
FDWLRQ�H[FKDQJH�FDSDFLW��LQ����PDSSLQJ�XQLWV�DQG�
VWUXFWXUH� DQG� DYDLODEOH�ZDWHU� KROGLQJ� FDSDFLW�� LQ�
���XQLWV��)LJ������6L[�PDSSLQJ�XQLWV���������������DQG�
��KDYH� ORZ�TXDOLW�� UDWLQJ� �������ZLWK� �� WR� �� VRLO�
LQGLFDWRUV�PHHWLQJ� WKH�WKUHVKROG�UHTXLUHPHQWV� IRU�
FURS�SURGXFWLRQ�ZKHUHDV�HOHYHQ�PDSSLQJ�XQLWV�������
����������������������������DQG����KDYH���WR���LQGLFDWRUV�
PHHWLQJ�WKUHVKROG�YDOXHV�RI�PHGLXP�TXDOLW������WR�
�����DQG�HLJKW�PDSSLQJ�XQLWV���������������������������
DQG����ZLWK���WR���LQGLFDWRUV�PHHWLQJ�KLJK�TXDOLW��
UDWLQJV�DERYH�����

7KH� DUDEOH� VRLO� PDSSLQJ� XQLWV� �IURP� FODVV� ,,�
WR� FODVV� ,9�� ZHUH� JURXSHG� IXUWKHU� LQ� DFFRUGDQFH�
ZLWK�ODQGIRUPV�DQG�VRLO�TXDOLW���7KH�IRXUWHHQ�VRLO�
PDSSLQJ� XQLWVLQ� FODVV� ,,� ������� KD�� ��������� DUH�
IXUWKHU� JURXSHG� DV� SHU� TXDOLW�� UDWLQJ� LQWR� WKUHH�
categories�such�as�low�(2�units�in�active��ood�plains),�
PHGLXP�����XQLWV��DQG�KLJK����XQLW���7KH�3XUDQLEDUL�
��6RQDULEDUL�VRLO�PDSSLQJ�XQLW������KDV�KLJK�TXDOLW��
RI� VHOHFWHG� LQGLFDWRUV� DERYH� WKH� WKUHVKROG� YDOXHV�

H[FHSW� WRWDO� QLWURJHQ� FRQWHQW� ZKHUHDV� PHGLXP�
quality� soils� are� seasonally� �ooded�with� shallow�
JURXQG�ZDWHU�WDEOHV�WKURXJK�RXW��HDU�DQG�QHXWUDO�WR�
VOLJKWO��DONDOLQH�ZLWK�ORZ�3RWDVVLXP�UHVHUYHV��7KH�
ORZ�TXDOLW��UDWLQJ� LVGXH� WR�S+�DQG� WRWDO� QLWURJHQ�
�%KDUDNL���&KLONDOD���$GLHOHQJL�����DQG��'DNVKLQSDW�
�%KDNDW�DQG�%KDUDNL�����

7KH�FODVV� ,,,�KDV����VRLO� XQLWV�FRYHULQJ������ SHU�
FHQW� RI� DUHD� EXW�KDYH�RQO�� �����SHUFHQW� ������ KD��
XQGHU�KLJK�TXDOLW��� �����SHU� FHQW� ������ KD�� XQGHU�
PHGLXP�TXDOLW��DQG�����SHU�FHQW� ������KD��XQGHU�
ORZ�TXDOLW���7KH�FODVV�,9�KDV����XQLWV�FRYHULQJ������
SHUFHQW�RI�DUHD�������KD���RI�ZKLFK������SHU�FHQW�RI�
DUHD�LV�XQGHU�KLJK�TXDOLW��VRLODVVRFLDWLRQV�IROORZHG�
E�� ����� SHUFHQW� RI� DUHD� ������ KD�� XQGHU� PHGLXP�
TXDOLW�� DQG� ����� SHUFHQW� RI� DUHD� ������ KD�� XQGHU�
ORZ� TXDOLW��� 7KH� VRLO� TXDOLW�� DQG� LWV� UHODWLRQVKLS�
ZLWK�FDSDELOLW��FODVVHV�LPSOLHV�WKDW�S+�DQG�RUJDQLF�
PDWWHU� DUH� FUXFLDO� LQ� PRGLI�LQJ� VRLO� VWUXFWXUH�
and� its� in�uence� in� water� retention� and� nutrient�
DYDLODELOLW���7KH�VRLO�TXDOLW��DVVHVVPHQW�LQ�ULYHULQH�
islands�with��at�to�gentle�slopes�is�helpful�to�identify�
WKH� DUHDV� VXEMHFWHG� WR� IHUURO�VLV� �%ULQNPDQ�� ������
DQG�FRPSDUH�XQLWV�XQGHU�GLIIHUHQWULFH�PDQDJHPHQW�
V�VWHPV�RI� VSHFLDO� LQWHUHVW�VXFK�DV�%DR�DQG�%RUR��
$KX� VHDVRQDO� V�VWHPV� �)LJ�� ���� 7KH� VRLOV� LQ� WKH�
LVODQG� DUH� VDWXUDWHG� IRU� PRUH� WKDQ� ���� GD�V� SHU�
�HDU�ZLWK�PDWUL[FKURPD�OHVV�WKDQ���DQG�PRGHUDWH�
structural� B� horizons.� The� �ne� loamy� soils� have�
PHDQ�FOD��FRQWHQW�RI����WR����SHUFHQW�LQ�3XUDQLEDUL�
�3E��� 'DNVKLQSDW� �'K�� EXW� LQ� RWKHU� VRLOV�� WKH� FOD��
FRQWHQW�LV�OHVV�WKDQ����SHU�FHQW��,W�LV�DVFHUWDLQHG�IURP�
WKH� OLWHUDWXUH�WKDW�FOD��WH[WXUHV�DUH�VXSHULRU�WR�VLOW�
DQG�VDQG�WH[WXUHV� IRU� ULFH�SURGXFWLRQ��0RRUPDQQ�
DQG�'XGDO�� ������� 7KHVH� VRLOV� DUH� VOLJKWO�� DFLG� WR�
neutral� with� strati�ed� layers� and� soft� nodules�
of� Fe�and�Mn�oxides�near� the�zone�of��uctuating�
ZDWHU� WDEOHV� �9HVSUDVNDV�� ������� 7KHVH� VRLOV� DUH�
VXEMHFWHG� WR� IHUURO�VLV� GXH� WR� UHSHDWHG� UHJXODU�
F�FOHV�RI�R[LGDWLRQ�DQG�UHGXFWLRQ�OHDGLQJ�WR�VLOLFDWH�
FOD��GHVWUXFWLRQ�ZLWK�DEUXSW�WH[WXUDO�FKDQJHV�DQG�
OHDFKLQJ� RI� H[FKDQJHDEOH� EDVHV� UHVXOWLQJ� WR� SRRU�

FDWLRQ�H[FKDQJH�FDSDFLW���The�modi�er�“g*”�is�used�
as�a�special�modi�er�to�designate�prolonged�water�

ORJJLQJ�DQG�JOH�LQJ�LQ�WKHVH�VRLOV�ZLWK�DQ�DGGLWLRQDO�

modi�er�“e”�for�nitrogen�management�and�“k”�for�

QXWULHQW�LPEDODQFH�VXFK�DV�&D��.�DQG�0J��$OO�VRLOV�

are�de�cient�in�available�potassium�where�as�9.2%�

of�soils�are�basic�mostly�occurring�on�channel��lls�
with� Fe� de�ciency� when� aerobic,� Zn� de�ciency�

ZKHQ� ZDWHU� ORJJHG� DQG� KLJK� YRODWLOH� 1� ORVVHV�

IURP�EURDGFDVW�1�DSSOLFDWLRQ�������SHUFHQW�RI�VRLOV�

KDYH�ORZ�FDWLRQ�H[FKDQJH�FDSDFLW���OHVV�JUDGXDO�1�

UHOHDVH�DQG�SRWHQWLDO�)H�WR[LFLW��LI�DGMDFHQW�XSODQGV�

have� Fe� rich� soils.� The� �ooded� rice� grown� on�

%KDVNDUD�3KDQHHQGUD�%KDVNDU��*HRHQYLURQPHQWDO�6XLWDELOLW��$VVHVVPHQW�RI�7KUHH�$JURHFRORJLFDO�
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these� soils� have� high� iron� favouring� de�ciencies�

RI� SKRVSKRUXV�� SRWDVVLXP� �$NDJDUH� W�SH���� DQG�
Zn� de�ciency� (Tanaka� and� Yoshida,� 1970).� The�

soil�mapping�units� in� active� and�old��ood�plains�

have� potassium� de�ciency� (Bhaskar� HW� DO��� ����E��
DV� WKH� UDWLR� EHWZHHQ� H[FKDQJHDEOH� FDOFLXP� DQG�
PDJQHVLXP� WR� H[FKDQJHDEOH� SRWDVVLXP� LV� PRUH�
WKDQ������7DQGRQ�DQG�6HNKRQ��������DQG�DOVR�KDYH�
.�VDWXUDWLRQ�OHVV�WKDQ�����SHU�FHQW��'REHUPDQQ�DQG�
)DLUKXUVW��������

&21&/86,216�

7KH�JHRGLYHUVLW��LQ�3XOLYHQGXOD� LV�PHGLXP�EXW�

KDYH�PHGLXP�JHRGLYHUVLW�� LQ� HORQJDWHG� KLOOV� DQG�
ULGJHV��GLVVHFWHG�KLOOV�DQG�SODWHDX�UHPDQDQWV��7KH�
UHVXOWV� IURP� VXLWDELOLW�� DQDO�VLV� RI� EDQDQD� XQGHU�
GULS�LUULJDWLRQ�VKRZ�WKDW�������KD�RI�ODQG�LQ�LQWHUKLOO�
EDVLQV�DQG�FROOXYLR�DOOXYLDO�GHSRVLWV�DUH�HYDOXDWHG�
DV� VXLWDEOH� �6�� DQG� 6��� IRU� EDQDQD� DV� DJDLQVW� WKH�
FXUUHQW� DUHD� RI� �����KD��)XUWKHU� WKH� VWXG�� VKRZV�
WKDW�������KD�RI�ODQG�LV�HYDOXDWHG�DV�KLJKO��VXLWDEOH�
IRU� GULS� LUULJDWLRQ� V�VWHP�� :H� VXJJHVWHG� ODQG�
FRQVHUYDWLRQ� GLUHFWLYHV� VXFK� DV� FRQVWUXFWLRQ� RI�
EHQFK�WHUUDFHV�ZLWK�URFNV�DQG�SODQWHG�ZLWK�YHWLYHU�
JUDVV� RQ� WKH� HGJHV� RI� WKH� WHUUDFH�� ,W� LV� VWURQJO��
DGYRFDWHG� LQ� VHPL�DULG� UHJLRQV� WR�KDYH� ORQJ�WHUP�
KLVWRULF�UDLQIDOO�VWDWLVWLFV�WR�SURYLGH�XQLTXH�UDLQIDOO�

)LJ�����6FKHPDWLF�GLDJUDP�RI�SHGRHFRORJLFDO�OLQNV�ZLWK�ODQG�HYDOXDWLRQ

VFHQDULRV� WR� H[SUHVV� WKH� DJULFXOWXUDO� DQG� VRLO�
HURVLRQ�ULVN�DVVRFLDWHG�ZLWK�FOLPDWH�YDULDELOLW���7KH�
LQGH[�RI� JHRGLYHUVLW�� LV�KLJK� LQ�<DYDWPDO�GLVWULFW�
DQG�KRW�VSRW��RI�JHRGLYHUVLW��ZKHUH�WKHUH�DUH�PDQ��
GLIIHUHQW� W�SHV� RI� URFNV� YL]��� EDVDOW� DVVRFLDWHG�
VDQGVWRQH�� VKDOH�� GRORPLWH� DQG� JUDQWLF� FDSSLQJV�
LQ�WKH�HDVWHUQ�HGJH��VRLOV�RI�VXEJURXSV�RI�HQWLVROV��
LQFHSWLVROV� DQG� YHUWLVROV�� 7KH� KLOOV� DQG� SODWHDXV�
DUH� KDYLQJ� PHGLXP� JHRGLYHUVLW�� ZKHUHDV� ORZHU�
SHGLSODLQV��JHQWO�� WR�YHU��JHQWO��VORSLQJ�DUHDV� LQ�
ULYHU� YDOOH�V� DUH�ZLWK� YHU�� ORZ� JHRGLYHUVLW�� DQG�
VXLWDEOH�IRU�FRWWRQ�EDVHG�FURSSLQJ�V�VWHPV��

�&.12:/(��(0(17�

$XWKRUV�ZLVK� WR� H[SUHVV� WKDQNV� WR� VRLO� VXUYH��
parties� involved� in� �eld� work� and� laboratory�
DQDO�VLV�IURP�UHJLRQDO�FHQWUHV�RI�1DWLRQDO�%XUHDX�
RI�6RLO�6XUYH��6WDII�DQG� ODQG�XVH�3ODQQLQJ�XQGHU�
YDULRXV�LQVWLWXWLRQDO�SURMHFWV�KDQGOHG�E��3ULQFLSDO�
LQYHVWLJDWRU��

5()(5(1&(6

��� $ELUD�� '�5�� �������� 7HPSDUDWXUH� DQG� UDLQIDOO�
G�QDPLFV�LQ�3HQJDQJD�VXEZDWHUVKHG��0DKDUDVKWUD���
,QGLDQ�-RXUQDO�RI�6SDWLDO�6FLHQFH�����������

��� $O�EUXW�� 0�,��� ������ *HRJUDSKLFDO� V�VWHPV�
DQG� HFRQRPLF� �� JHRJUDSKLFDO� V�VWHPV��
6RY LH*HRJU � � � �� �� � �������KW WS ���G[ �GR L �
RUJ�������������������������

��� $OWLHUL�� 0�$�� 1LFKROOV�� &�,��� +HQDR�� $�� DQG� /DQD��
0�$����������$JURHFRORJ��DQG�WKH�GHVLJQ�RI�FOLPDWH�
FKDQJH� UHVLOLHQW� IDUPLQJ� V�VWHPV�� $JURQRP�� IRU�
6XVWDLQDEOH�'HYHORSPHQW��������������

��� $QGUHZV�6SHHG�� 3��� %OHLVFKZLW]�� 5��� %RHUVPD�� 7���
-RKQVRQ�� &��� .HPS�� *��� 9DQ� 'H� 9HHU�� 6�'�� ��������
7KH�*OREDO�UHVRXUFH�QH[XV��7KH�VWUXJJOHV�IRU�ODQG��
HQHUJ���IRRG��:DWHU��0LQHU�����

��� $QGRZ��'�$��DQG�+LGDND��.����������([SHULPHQWDO�
QDWXUDO� KLVWRU�� RI� VXVWDLQDEOH� DJULFXOWXUH��
V�QGURPHV� RI� SURGXFWLRQ��$JULFXOWXUH�(FRV�VWHPV�
DQG�(QYLURQPHQW��������������

%KDVNDUD�3KDQHHQGUD�%KDVNDU��*HRHQYLURQPHQWDO�6XLWDELOLW��$VVHVVPHQW�RI�7KUHH�$JURHFRORJLFDO�
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��� $UJ�ULRX��$�9���6DUULV��$��DQG�7HHXZ��5�0����������
8VLQJ� *HRLQIRUPDWLFV� DQG� *HRPRUSKRPHWULFV�
WR� 4XDQWLI�� WKH� *HRGLYHUVLW�� RI� &UHWH�� *UHHFH��
,QWHUQDWLRQDO�-RXUQDO�RI�$SSOLHG�(DUWK�2EVHUYDWLRQ�
DQG�*HRLQIRUPDWLRQ������������

��� %DUWKDNXU� 0�� �������� :HDWKHU� DQG� &OLPDWH�� 7KH�
%UDKPDSXWUD� EDVLQ� ZDWHU� UHVRXUFHV�� (GV�� E��
6LQJK�� 9�3��� 6KDUPD�� 1�� DQG� 2MKD�� &�6�3�� (�� 7KH�
1HWKHUODQGV��������

��� %KDVNDU� %�3��� %DUXDK� 8��� 9DGLYHOX� 6�� DQG� 6DUNDU��
'�� ��������&KDUDFWHUL]DWLRQ�RI�GHSRVLWLRQDO� VRLOV� LQ�
G�QDPLF�IOXYLDO�ODQGIRUPV�RI�0DMXOL�LVODQG�IRU�ODQG�
XVH�UHODWHG�LVVXHV��$JURSHGRORJ�������������

��� %KDVNDU�%�3���%DUXDK�8���9DGLYHOX�6���5DMD�3���'LSDN�
6DUNDU�� �������� 3HGRJHQHVLV� LQ� VRPH� VXEDTXHRXV�
VRLOV�RI�%UDKPDSXWUD�YDOOH��RI�$VVDP��-RXUQDO�RI�WKH�
,QGLDQ�6RFLHW��RI�6RLO�6FLHQFH������������������

���� %KDVNDU� %�3��� %DUXDK�8��� 9DGLYHOX� 6���5DMD� 3�� DQG�
'LSDN� 6DUNDU�� �����D��� 5HPRWH� VHQVLQJDQG� *,6� LQ�
WKH� PDQDJHPHQW� RI� ZHWODQG� UHVRXUFHV� RI� 0DMXOL�
,VODQG��7URSLFDO�(FRORJ�������������

���� %KDVNDU�%�3���'LSDN�6DUNDU�DQG�%DUXDK��8�������E���
&KDUDFWHUL]DWLRQ� RI� K�GULF� VRLOV� LQ� ULFH� JURZLQJ�
DUHDV� RI� 'LVDQJ� YDOOH��� 6LEVDJDU� GLVWULFW�� $VVDP��
*RQGZDQD�*HRORJLFDO�0D]DJLQH��������������

���� %KDVNDU��%�3���'LSDN�6DUNDU��%REGH��6�9���*DLNZDG��
0�6��� *DLNZDG�� 6�6��� 1LPNDU�� $�0��� $QDQWZDU��
6�*���3DWLO��6�9��DQG�%KDWWDFKDU��D��7����������/DQG�
HYDOXDWLRQ� IRU� RSWLPDO� ODQG� XVH� SODQV� LQ� FRWWRQ�
JURZLQJ� <DYDWPDO� GLVWULFW�� 0DKDUDVKWUD�� (FRVFDQ��
VSHFLDO�LVVXH�����������

���� %KDVNDU�%�3���'LSDN�6DUNDU��0DQGDO�&���%REDGH�6�9���
*DLN�ZDG�0�6���*DLNZDG�6�6����������5HFRQQDLVVDQFH�
VRLO�VXUYH��RI�<DYDWPDO�GLVWULFW��0DKDUDVKWUD��,QGLD��
1%66�3XEOLFDWLRQ��1R�������1%66���/83��1DJSXU��
SS�����

���� %KDVNDU��%�3���6XQLO�0DVNH��5DPHVK�.XPDU��6�&��HW�
DO�� �������� $SSUDLVDO� RI� /DQG� 5HVRXUFHV� WR� $VVHVV�
&OLPDWH� &KDQJH� ,PSDFWV� IRU� 5DLQIHG� *URXQG� QXW�
�$UDFKLV� +�SRJDHD� /�� 3URGXFWLRQ� 3RWHQWLDO� LQ�
3XOLYHQGXOD� 7HKVLO�� <65� .DGDSD� 'LVWULFW�� $QGKUD�
3UDGHVK�� ,QGLD�� ,QGLDQ� -RXUQDO� RI� 3ODQW� DQG� 6RLO��
�����������

���� %DVX�� +��� 0DKHQGUD� .XPDU�� .��� 3DQHHUVHOYDP��
6�� DQG� &KDNL�� $�� �������� 6WXG�� RI� 3URYHQDQFH�
&KDUDFWHULVWLFV� DQG� 'HSRVLWLRQDO� +LVWRU�� RQ� WKH�
%DVLV�RI�8��7K�DQG�.�$EXQGDQFHV� LQ�WKH�*XOFKHUX�
)RUPDWLRQ�� &XGGDSDK� %DVLQ� LQ� 7XPPDODSDOOH�
6RPDOROODSDOOH� $UHDV�� &XGGDSDK� �� $QDQWDSXU�
'LVWULFWV��$QGKUD�3UDGHVK��-RXUQDO�RI�WKH�*HRORJLFDO�
6RFLHW��RI�,QGLD��������������

���� %HWUDG�� )��� 3HXOYDVW�� -�3�� DQG� GH� 2OLYHLUD��
0�$���������%LRGLYHUVLWp��JpR�GLYHUVLWp�HW�HQMHX[�GH�
OHXU� FRQVHUYDWLRQ� GDQV� OHV�PRQWDJQHV� KXPLGHVGX�
1RUGHVWHEUpVLOLHQ� �%LRGLYHUVLW��� JHRGLYHUVLW�� DQG�
FRQVHUYDWLRQ� FKDOOHQJHV� LQ� WKH� KXPLG� PRXQWDLQV�
RI�1RUWKHDVW�%UD]LO���%XOO��$VVRF�*HRJU�)U�����������
KWWSV����GRL��RUJ������������EDJI�������������

���� %KX�DQ� 6�.��������� 7XQJNKXQJLD� %XUDQML�� +LVWRU��
DQG� $QWLTXDULDQ� VWXGLHV� LQ� $VVDP�� 'HSDUWPHQW�
RI� +LVWRU�� DQG� $QWLTXDULDQ� VWXGLHV�� *DXKDWL�
8QLYHUVLW���*XZDKDWL������S�

���� %RQGH�� :�&�� DQG� 6KDQPXJDP�� .�� �������� &RWWRQ�
VFHQDULR�LQ�,QGLD��$�VRXYHQLU��&,&5�SS��������

���� %ULQNPDQ�5�� ��������$�K�GURPRUSKLF�VRLO� IRUPLQJ�
SURFHVV��*HRGHUPD�������������

���� &RPDQHVFX�� /�� DQG� 1HGHOHD�� $�� �������� 7KH�
DVVHVVPHQW�RI�JHRGLYHUVLW����D�SUHPLVH�IRU�GHFODULQJ�
WKH�JHRSDUN�%X]DXOXL�&RXQW���5RPDQLD���-RXUQDO�RI�
(DUWK�6�VWHP�6FLHQFH��������������������

���� &DPHURQ�.���%HDUH�0�+���0F/DUHQ�5�3��DQG�'L�+��
�������� 6HOHFWLQJ� SK�VLFDO�� FKHPLFDO� DQG� ELRORJLFDO�
LQGLFDWRUV� RI� VRLO�TXDOLW�� IRU�GHJUDGHG�RU�SROOXWHG�
VRLOV�� 3URFHHGLQJV� RI� ��WK� :RUOG� FRQJUHVV� RI� VRLO�
VFLHQFH��5HJLVWUDWLRQ�1R�� ������ 6�PSRVLXP�1R�����
$XJXVW��������������0RQWSHOLHU��)UDQFH�

���� &RQZD��� *�5�� �������� $JUR�HFRV�VWHP� DQDO�VLV��
$JULFXOWXUH�$GPLQLVWUDWLRQ�������������KWWSV���GRL�
RUJ������������������;������������

���� &UXW]HQ�� 3�� DQG� 6WRHUPHU�� (�� �������� 7KH�
�$QWKURSRFHQH���*OREDO�&KDQJH�1HZVOHWWHU��������
����,QWHUQDWLRQDO�*HRVSKHUH�%LRVSKHUH�3URJUDPPH�
�,*%3��

���� 'H�*URRW��5����������)XQFWLRQ�DQDO�VLV�DQG�YDOXDWLRQ�
DV�D�WRRO�WR�DVVHVV�ODQG�XVHFRQIOLFWV�LQ�SODQQLQJ�IRU�
VXVWDLQDEOH�� PXOWL�IXQFWLRQDO� ODQGVFDSHV�� /DQGVF��
8UEDQ�3ODQ�����������������

���� 'H� *URRW�� 5�6��� :LOVRQ�� 0�$�� DQG� %RXPDQV��
5�0�-�� �������� $� 7�SRORJ�� IRU� WKH� &ODVVLILFDWLRQ��
'HVFULSWLRQ�DQG�9DOXDWLRQ�RI�(FRV�VWHP�)XQFWLRQV��
*RRGV�DQG�6HUYLFHV��(FRORJLFDO�(FRQRPLFV����������
����

���� 'H� 0DUWRQQH�� (�� �������� 8QH� QRXYHOOH� IRQFWLRQ�
FOLPDWRORJLTXH��/�LQGLFHG�DULGLWp��/D�0HWHRURORJLH��
�������

���� 'H��� -�.��DQG� 6HKJDO�� -�� ��������&KDUDFWHULVWLFV�DQG�
FODVVLILFDWLRQ�RI�VRPH�DOOXYLXP�GHULYHG�SDGG��DQG�
DVVRFLDWHG�QRQ�SDGG��VRLOV�RI�$VVDP��$JURSHGRORJ���
�������������

���� 'REHUPDQQ��$��DQG�)DLUKXUVW��7����������5LFH�QXWULHQW�
GLVRUGHUV� DQG� QXWULHQW� PDQDJHPHQW�� 3RWDVK� DQG�
3KRVSKDWH� ,QVWLWXWH� �33,��� 3RWDVK� DQG� 3KRVSKDWH�
,QVWLWXWH� RI�&DQDGD� �33,&��� DQG� ,QWHUQDWLRQDO�5LFH�
5HVHDUFK�,QVWLWXWH��,55,�������S�

���� (GZDUGV�� '�&�� DQG� 0F� .HH�� 7�%�� ��������
&KDUDFWHULVWLFV� RI� ��WK� &HQWXU�� GURXJKW� LQ� WKH�
8QLWHG�6WDWHV� DW�PXOWLSOH� WLPH� VFDOHV��&OLPDWRORJ��
5HSRUW� 1XPEHU� ������ &RORUDGR� 6WDWH� 8QLYHUVLW���
)RUW�&ROOLQV��&RORUDGR�����(6''���SS���������

���� *KDKURXGL� 7DOL�� 0�� DQG� +HLGDU��� 0�� ���������
,QYHVWLJDWLRQ�RI�JHRGLYHUVLW��LQ�/DU�EDVLQ��QRUWKHUQ�
,UDQ��6XVWDLQDEOH�(DUWK�5HYLHZ������������

���� *RUGRQ��-�(���&URIWV��5��DQG�'LD]�0DUWLQ]��(���������
*HRKHULWDJH� FRQVHUYDWLRQ� DQG� HQYLURQPHQWDO�
SROLFLHV�� UHWURVSHFW� DQG� SURVSHFW�� ,Q�� 5H�QDUG� (��

%KDVNDUD�3KDQHHQGUD�%KDVNDU��*HRHQYLURQPHQWDO�6XLWDELOLW��$VVHVVPHQW�RI�7KUHH�$JURHFRORJLFDO�
6�VWHPV�LQ�,QGLD��
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%ULOKD� -� �HGV�� *HRKHULWDJH�� DVVHVVPHQW�� SURWHFWLRQ�
DQG� PDQDJHPHQW�� (OVHYLHU�� $PVWHUGDP�� SS� ����
�����KWWSV����GRL�RUJ������������%�������������������
�����������

���� *RVZDPL�� '�&�� ������� )OXYLDO� UHJLPH� DQG� IORRG�
K�GURORJ�� RI� WKH� %UDKPDSXWUD� 5LYHU�� $VVDP�� ,Q��
)ORRG�6WXGLHV� LQ� ,QGLD� �9�6��.DOH�� (G����*HRORJLFDO�
6RFLHW��RI�,QGLD��%DQJDORUH��SS��������

���� *XKDWKDNXUWD�� 3�� DQG� 6DML�� (�� �������� 'HWHFWLQJ�
FKDQJHV� LQ� UDLQIDOO� SDWWHUQ� DQG� VHDVRQDOLW�� LQGH[�
YLV�D�YLV�LQFUHDVLQJ�ZDWHU�VFDUFLW��LQ�0DKDUDVKWUD��-��
(DUWK�6�V�6FL���������������

���� -HQVHQ�� -�5�� �������� ,QWURGXFWRU�� 'LJLWDO� ,PDJH�
SURFHVVLQJ��5HPRWH�VHQVLQJ�3HUVSHFWLYH��$�'LYLVLRQ�
RI�6LPRQ�DQG�6FKXVWHU�,QF��(QJOHZRRG�&OLIIV��1HZ�
-HUVH��������

���� .HQQHG���&�$���6WHZDUW��,���)DFFKLQL��$���&HUVRVLPR��
,���0HOH��5���&KHQ��%��DQG�6DKLQ��$�'����������(QHUJ��
DQG�PDWHULDO�IORZV�RI�PHJDFLWLHV��3URF��1DWO��$FDG��
6FL��KWWS���G[�GRL�RUJ���������

���� Kopar,�İ.,�&�Çakır,�Ç.�(2013).�Determination�of�geo-
GLYHUVLW�� RI� ODNH� WRUWXP�WRUWXP� JRUJH� YDOOH�� DQG�
VXU�URXQGLQJ� SODFHV� �8]XQGHUH� �� (U]XUXP� DQG�
<XVXIHOL�$UWYLQ�� WKURXJK� 6HUUDQR� DQG� 5XL]�)ODxR�
Method.İ.Ü.�Coğrafya�Dergisi,27,46–66.

���� 0DQGDO��&���0DQGDO��'�.���6ULQLYDV��&�9���6HKJDO��-��
DQG�9HOD�XWKDP��0����������6RLO�&OLPDWLF�'DWDEDVH�
IRU� &URS� 3ODQQLQJ� LQ� ,QGLD�� 7HFKQLFDO� %XOOHWLQ�
1XPEHU�����1%66�DQG�/83��SS�������

���� 0DQGDO��'�.���0DQGDO��&��DQG�9HQXJRSDODQ��0�9��
�������� 6XLWDELOLW�� RI� FRWWRQ� FXOWLYDWLRQLQ� VKULQN� ��
VZHOO� VRLOV� LQ� &HQWUDO� ,QGLD�� $JULFXOWXUDO� 6�VWHPV��
����������

���� 0RRUPDQQ�� )�5�� DQG� 'XGDO�� 5�� ��������
&KDUDFWHUL]DWLRQ�RI�VRLOV�RQ�ZKLFK�SDGG��LV�JURZQLQ�
UHODWLRQ�WR�WKHLU�FDSDELOLW��FODVVLILFDWLRQ��3DSHU�,5&�
6)������� ,QWHUQDWLRQDO� 5LFH� &RPPLVVLRQ�� 1LQWK�
PHHWLQJ��0DQLOD��0DUFK�������������PLPHR���

���� 1DJDUDMD�5DR��%�.���5DPDOLQJDVZDP���*���5DMXUNDU��
6�7��� DQG� 5DYLQGUD�� %DEX�� %�� �������� 6WUDWLJUDSK���
VWUXFWXUH� DQG� HYROXWLRQ� RI� WKH� &XGGDSDK� EDVLQ��
,Q�� 3XUDQD� EDVLQV� RI� 3HQLQVXODU� ,QGLD�� *HRORJLFDO�
6RFLHW��RI�,QGLD��0HPRLU����������

���� 1DQVRQ�� *�&�� DQG� &URNH�� -�&�� �������� $� JHQHWLF�
FODVVLILFDWLRQ� RI� )ORRG� SODLQV�� *HRPRUSKRORJ��� ���
��������

���� 2]VDKLQ��(����������*HRGLYHUVLW��$VVHVVPHQW�LQ�WKH�
*DQRV��,VLNODU��0RXQW��1:�7XUNH����(QYLURQPHQWDO�
(DUWK� 6FLHQFH�� ���� ����� KWWSV���GRL�RUJ���������
V���������������]�

���� 3HOOLWHUR��5���0DQRVVR��)��&���DQG�6HUUDQR��(����������
0LG�� DQG� /DUJH�VFDOH� *HRGLYHUVLW�� &DOFXODWLRQ� LQ�
)XHQWHV�&DUULRQDV��1ZVSDLQ��DQG�6HUUD�'R�&DGHDGR�
�3DUDQi�� EUD]LO���0HWKRGRORJ��DQG�$SSOLFDWLRQ� IRU�
/DQG� 0DQDJHPHQW�� *HRJUDILVND� $QQDOHU�� 6HU�� $��
3K�V�*HRJU���������������GRL���������JHRD�������

���� 5HGG��� 5�6�� �������� 0HWKRGRORJ�� IRU� FRUUHODWLRQ�

RI� VRLO� VHULHV� LQ� VRLO� VXUYH�� DQG� PDSSLQJ��
$JURSHGRORJ�����������

���� 6HPHQRY�� <�0�� DQG� 6Q�WNR�� 9�� �������� 7KH� ��WK�
DQQLYHUVDU��RI�WKH�DSSHDUDQFH�RI�9%��6RFKDYD�V�ILUVW�
DUWLFOH�RQ�WKH�JHRV�VWHP��*HRJU��1DW��5HVRXU���������
�� ��������� 6FKRHQHEHUJHU�� 3�-��� :�VRFNL�� '�$�� DQG�
%HQKDP��(�&����������6RLO�VXUYH��VWDII��)LHOGERRN�IRU�
GHVFULELQJ�DQG�VDPSOLQJ�VRLOV��9HUVLRQ�������1DWXUDO�
5HVRXUFHV� &RQVHUYDWLRQ� 6HUYLFH�� 1DWLRQDO� 6RLO�
6XUYH��&HQWHU��/LQFROQ��1(�

���� 6HUUDQR�&DxDGDV�� (�� <�� DQG� 5XL]� )ODxR�� 3�� ��������
*HRGLYHUVLW�� FRQFHSW�� DVVHVVPHQW� DQG� WHUULWRULDO�
DSSOLFDWLRQ�� WKH� FDVH� RI� 7LHUPHV�&DUDFHQD� �6RULD���
%ROHWtQ�GH�OD�$�*�(��1�������������

���� 6KHWK�� +�� &�� �������� )URP� 'HFFDQ� WR� 5pXQLRQ�� QR�
WUDFH�RI�D�PDQWOH�SOXPH��,Q��)RXOJHU��*��5���1DWODQG��
-��+���3UHVQDOO��'��&���$QGHUVRQ��'��/���(GV����3ODWHV��
3OXPHV��DQG�3DUDGLJPV��*HRO��6RF��$P��6SHF��3DS��
�������������

���� 6HUUDQR�� (��� 5XL]� )ODQR�� 3�� DQG� $UUR�R�� 3�� ��������
*HRGLYHUVLW�� $VVHVVPHQW� LQ� D� 5XUDO� /DQGVFDSH��
7LHUPHV�� &DUDFHQD� $UHD� �6RULD�� 6SDLQ��� 0HPRULH�
'HVFULWWLYHGHOOD�&DUWD�JHRORJLFDG��,WDOLD��������������

���� 6Q�WNR��9�$��� 6HPHQRY�� <�0�� �������� 7KH� 6WXG�� RI�
*HRV�VWHP�6WUXFWXUH��'HYHORSPHQW�DQG�)XQFWLRQLQJ�
LQ� 6LEHULD�� 0HWKRGRORJ�� RI� /DQGVFDSH� 5HVHDUFK��
'LVVHUWDWLRQV�� &RPPLVVLRQ� RI� &XOWXUDO� /DQGVFDSH�
RI� 3ROLVKHG� *HRJUDSKLFDO� 6RFLHW��� 6RVQRZLHF�� ���
��������

���� 6RFKDYD��9�%�� ��������*HRWRSRORJ��DV�D�GLYLVLRQ�RI�
WKH�WKHRU��RI�JHRV�VWHPV��,Q��6RFKDYD��9�%���(G����7KH�
7RSRORJLFDO�$VSHFWV�RI� WKH�7KHRU��RI�*HRV�VWHPV�
1DXND��1RYRVLELUVN��LQ�5XVVLDQ��

���� 6RLO� 6XUYH�� 6WDII�� �������� .H�V� WR� 6RLO� 7D[RQRP���
��WK� HG��� 86'$�1DWXUDO� 5HVRXUFHV� &RQVHUYDWLRQ�
6HUYLFH��:DVKLQJWRQ��'&�

���� 6RLO� 6XUYH�� 'LYLVLRQ� 6WDII�� �������� 6RLO� 6XUYH��
0DQXDO��86'$��+E�����:DVKLQJWRQ�'&��86$�

���� 6�V� &�(�� DQG� 'HEDYH�H� -�� �������� /DQGHYDOXDWLRQ��
3DUW� ��� SULQFLSOHV� LQ� ODQG� HYDOXDWLRQ� DQG� FURS�
SURGXFWLRQ� FDOFXODWLRQ�� ,Q�� *HQHUDO� DGPLQLVWUDWLRQ�
IRU� GHYHORSPHQW� FRRSHUDWLRQ�� %UXVVHOV�� %HOJLXP��
$JULFXOWXUDO�3XEOLFDWLRQV������������S������

���� 6�V��&���9DQ�5DQVW��(���'HEDYH�H�,�-��DQG�%HHUQDHUW��)��
��������/DQG�HYDOXDWLRQ��3DUW�,,,��FURS�UHTXLUHPHQWV��
*HQHUDO� $GPLQLVWUD�WLRQ� IRU� 'HYHORSPHQW�
&RRSHUDWLRQ�� $JULFXOWXUDO� 3XEOLFDWLRQ�1R�� ���
%UXVVHOV��%HOJLXP��SS������

���� 7DQDND� $�� DQG� <RVKLGD�� 6�� �������� 1XWULWLRQDO�
GLVRUGHUV�RI�WKH�ULFH�SODQW�LQ�$VLD��,55,�7HFK��%XOO��
������S�

���� 7DQGRQ�+�/�6��DQG� 6HNKRQ��*�6�� ��������3RWDVVLXP�
UHVHDUFK� DQG� DJULFXOWXUDO� SURGXFWLRQLQ� ,QGLD��
)HUWLOL]HU� GHYHORSPHQW� DQG� FRQVXOWDWLRQ� RUJDQL�
]DWLRQ��1HZ�'HOKL������S�

���� 81�� �8QLWHG� 1DWLRQV� 6WDWLVWLFV� 'LYLVLRQ��� �����D��
$YDULHW�� RI� JHRPRUSKRPHWULF� YDULDEOHV� KDYH�

%KDVNDUD�3KDQHHQGUD�%KDVNDU��*HRHQYLURQPHQWDO�6XLWDELOLW��$VVHVVPHQW�RI�7KUHH�$JURHFRORJLFDO�
6�VWHPV�LQ�,QGLD��
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EHHQ� WDNHQ� IURP� WKH� GLJLWDO� HOHYDWLRQ� PRGHO� DQG�
FRPSDUHG�WR�JHRORJLFDO�DQG�FOLPDWLF�GDWD�XVLQJ�*,6�
VRIWZDUH�� 7KH� DQDO�VLV� SURGXFHG� E�� WKLV�GDWD�ZDV�
XWLOLVHG�WR�FUHDWH�D�JHRGLYHUVLW��PDS�

���� 81�� �8QLWHG� 1DWLRQV� 6WDWLVWLFV� 'LYLVLRQ��� �����E���
6�VWHP� RI� (QYLURQPHQWDO�(FRQRPLF� $FFRXQWLQJ�
�����&HQWU DO)U DPHZRUN�67�(6$�67$7�
6HU�)�����

���� 9DGLYHOX� 6�� %DUXDK� 8��� %KDVNDU� %�3��� 7KDPSL� -���
6DUNDU�'��DQG�%XWWH��3�6�� ��������(YDOXDWLRQRI�VRLO�
VLWH�VXLWDELOLW��WR�5LFH�EDVHG�FURSSLQJ�V�VWHP�LQ�WKH�
ULYHU�LVODQG�RI�0DMXOL��$VVDP��-RXUQDO�RI�WKH�,QGLDQ�
6RFLHW��RI�6RLO�6FLHQFH������������

���� 9iUDOO�D��� *�� �������� &OLPDWH� FKDQJH�� VRLO� VDOLQLW��
DQG�DONDOLQLW���,Q��6RLO�5HVSRQVHV�WR�&OLPDWH�&KDQJH�
>5RXQVHYHOO�� 0�'�$�� DQG� /RYHODQG�� 3�-�� �(GV��@��
1$72�$6,�6HULHV,��*OREDO�(QYLURQPHQWDO�&KDQJH��
6SULQJHU�9HUODJ��+HLGHOEHUJ��*HUPDQ�������������

���� 9HOD�XWKDP�� 0��� 0DQGDL�� '�.��� 0DQGDL�� &�� DQG�
6HKJDO��-����������$JURHFRORJLFDO�VXEUHJLRQV�RI�,QGLD�
IRU�GHYHORSPHQW�DQG�SODQQLQJ��1%66�3XE��������S���
1%66�/83��1DJSXU��,QGLD�

���� 9HVSUDVNDV� 0�-�� �������� 0RUSKRORJLFDO� IHDWXUHV� RI�
VHDVRQDOO�� UHGXFHG� VRLOV�� ,Q� ZHWODQG� VRLOV� HG�� E��
5LFKDUGVRQ� -�/��9HSUDVNDV��0�-���&5&�3UHVV��/HZLV�
3XEOLVKHUV��%RFD�5DWRQ��)�/����������

���� :DOVK�� 5�3�'�� DQG� /DZOHU�� '�0�� �������� 5DLQIDOO�
VHDVRQDOLW��� 'HVFULSWLRQ�� VSDWLDO� SDWWHUQV� DQG�
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