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�¼dÇ«°ºpn°BÇz�ºBµboÇ�pAºnB¼ÇvMnj³Ç�,�@BÇiºBµ»£s½°�½oTª´«pA
S#oz¼QBM²p°o«A/joM¨B‾An�@BiðµC°S#BM¬A±U»«,jo¼£»«nAo.³]±Ujn±«»Tv½p
q¼Ç‾�@Bi¨±¦înjºn°B®#�½ApAºnAjoM²o´M¬Bñ«A,n°jpAy\®wºn°B®#n±´8°©¦î
pA,oTij¥Q³;<®«nj�@BiðµC°S#BM»wnoMºAoM,=¼;dU�½Anj/SwA²k½jo£©µAo#
1386¤BÇw²B«n±½o´{17nj,LISS III²k®\®wIRS-P6nA±µB«»F¼�nB´aºBµ²jAj
UNC,:¥«BÇ{»½BµxpAjoQ °»wk®µRBd¼d~U/k½jo£²jBFTwA,( 2åå7oL«BTPw7)
³‾±ªÇ‾x°npA²jBFTwABMS½B´‾nj/k{¨B\‾A»¦æAo½±~Uº°n,SLED, NDVI, PCA
JBhT‾A³<;‾95,³;<®«o½±~UPMU,FCCtBwAoM°»#jB~U²k{ºk®M³;L�ºnAjoM
nj/k½joÇ£¨B\‾AºnAjoM³‾±ª‾�@Bic<wºoTª¼T‾Bw5-2å°å-5=ªî°jpA°k½jo£@
,¤°A=ªÇînjBµ³‾±ªÇ‾tn°ðµC³Ç�k{}hz«³‾B£k®a¬±¼wo£n pA²jBFTwABMoiC
k‾BÇMnj°,å.73 ²kÇ{¥½kíÇUR2BMð½jq‾q«o.¬°jB«k‾BMBMºnAj»®í«]BLUnAºAnAj
,SwA²j±Må.48 nAk;«³MqLwk‾BM°å.54 ,q«o.k‾BMBM,¨°j=ªînjq¼‾°²j±Må.72 qLw
k½jo£}hz«�½AoMB®M/k‾A²j±MnAj»®í«ÓÀ«B�,kænj1ºnB«Cc<wnj�MA°n¨BªU³�@
³;<®Ç«nj�@BÇic<ÇwpA»F¼Ç�JBUpBÇMoMºnAj»®í«oYAºAnAj�@BiðµC°tn³�@
RBîÀÇ�A) »ñªÇ�ºBÇµ²jAj°ºA²nA±µBÇ«RBîÀÇ�ApA²jBFTwABM¬A±U»«°k{BM»«

/SiAjoQ³;<®«njB´‾C³í§B<«³M,(»L‾B]
NDVI, PCA ,n°j pAy\®w ,�@BiS�BM ,�@BiðµC :ºk¼¦� ºBµ²rA°

³«k�«
»‾BÇñ« o�Ç‾ pA ³Ç� k{BM»« �@Bi RB¼æ±~i %½oTª´« pA �@Bi S�BM
pA ºnB¼ÇvM oÇM SwA njBÇ, ° k{BM»Ç« nAk½BÇQ ºke BU »‾B«p o�‾ pA ° o¼0T«
° S½o½kÇ« 1¦ThÇ« ºBµ³L®Ç]pA Am§ ,³TÇ{AmÇ£ oÇYA �@BÇi nj o¢½j|A±i

(Soil Survey Division k{BM»Ç« »½¿BÇM S¼ªÇµA ºAnAj ,»Ç=AnA ²jB?TwA
Sv½p ¨±¦î ,ºr±§°kQ ºBµ³®¼«p njS�BM S¼ªµA %¼®`ªµ /Staff, 1993)
/(Byron, 1994) SwA ²k¼wn RBLYA ³Mºr±§±�AjA ° »wk®´« ¨±¦î ,»E¼d«
oYA �@Bi»½B¼ª¼{ °»ñ½q¼� |A±i pA ºnB¼vM oM SwA njB, q¼‾ �@BiðµC
An ¬Ao½A ºB´�@Bi K¦JA ³� jjo£»« }hz« B] %½A pA ðµC S¼ªµA /jnAm¢M
° �@BÇi ºn°nBM oM ³� ºo¼YFU S¦î ³M ° SwA ³T�o£ oM nj »ñµC ºBµ�@Bi
,oªÇw) k{BM»Ç« »½¿BÇM S¼ªÇµA ºAnAj ,jnAj ¬BµB¼£ ºA³½m0U ºBµ»½BwnB‾
RB¼æ±~ÇipA ºnB¼vM %¼¼íU ºAoM ³� »½Bµx°n ,(1384 ,»U±ñ¦« ;1377
,jo¼£»« nAo, ²jB?TwA jn±« ,é¼w° cEwnj�@BiS�BM °ðµC ²s½° ³M �@Bi
oÇM ³®½qÇµ ° Rk« »‾¿±[ »µB¢z½B«pC ° »½Aodæ RB¼¦ªî BM ²Aoªµ K¦JA
n°j pAy\®w ºn°B®� ¤±~e ²p°o«A »§° (Usery et al., 1995) k{BM»«
RB¼æ±~i pA ºnB¼vM jn°CoM njºA²nA±µB« o½°B~U pA ²jB?TwA ¬Bñ«A ° (1)
(Zhai /SwA ²jAj ]±w ºn°B®� %½A pA ²jB?TwA Sªw ³M An �@Bi ©¦î ,�@Bi
RBîÀÇ[A k®Ç‾A±U»« Bµ²nA±µB« ,ºn°B®� %½A nj and Thomsson 2000)
nAo, ¬AoMnB� nB¼TiA nj»?¦Th« ºBµ1¼[ ° BµtB¼a« ,jBíMA nj An ºA³‾B£k®a
° RBí§BE« ¨B\‾A nj B´‾C ya‾ ° S¼ªµA ³M Bµ»£s½° %½A ³� º±d‾ ³M ,k®µj
º°BÇe ,ºA²nA±µBÇ« ºBÇµ²jAj /(1382 ,²B®ÇQ º±¦Çî) kÇ½AqÇ�A»Ç« RBa¼adÇU
»dEÇw �@BÇiRB¼æ±~Çi pA ³T�o£ oM ,ºA²k‾pBw ° k¼?« nB¼vM RBîÀ[A
k{BM»Ç« ²o¼ÇJ ° »§C ²jBÇ« ,�@BÇi »‾kíÇ« jA±Ç« ° S�BM :¥«B{ ³� k®{BM»«
pA �@BiJBUpBM oM »¦æA ¥«Bî nB´a ,»¦� n±[ ³M /(Alavi Panah, 1997)
»‾kíÇ« jA±Ç« ,�@BÇiRAnl ²pAkÇ‾A ° S�BM :¥«B{ ³� k‾nAm£»« oYA ¬C cEw
(Leone and Escadafal, k{BM»« �@BiSM±[n ° �@Bi »§C ²jB« ,�@Bi
S¦î ³M ,�@Bi »wnoM nj ºA²nA±µB« ºBµ²jAj ° RBîÀ[A pA ²jB?TwA 2001)
° ¬j±ÇM »?¼Ç[ k®Ça ,o½°B~U ¬j±M ¨B¢®µ ³M ° o¼0T« »‾Bñ« ð¼ñ?U Rnk,
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(Lopez etal., 2005) k{BM»« oYÆ« ° k¼?« nB¼vM ,RBîÀ[A é¼w° y{±Q
nj An ºA³¼§ Ø°A RBîÀ[A ,�@BicEw pA ²k«C SwkM »?¼[ ©½Àî pA ²jB?TwA BM°RB¼æ±~i pAºnB¼vM ,B´‾C pA ²jB?TwA BM ¬A±U»« ³� k®µj»« nAo, B« nB¼TiA
RBí§BEÇ« .(Dwived, 2001) jAj nAoÇ, »wnoÇM jn±« An �@Bi ºBµ»£s½°
¬°jBÇ« ° (2)»ÄoÇ« ºBµ1¼[ nj �@Bi »?¼[ ºBµJBUpBM ³� k®µj»« ¬Bz‾
BU 1.1 pA (4)»‾B¼« q«o, ¬°jB« nj ° ¬°oñ¼« 1.1 BU å.4 pA ,(3)ð½jq‾ q«o,
BU 8 ° ¬°oñ¼« 5 BU 3 pA (5)»UnAoe q«o, ¬°jB« nj%¼®`ªµ ° ,¬°oñ¼« 2.5
(Viscarra kµj»Ç« ³ÇÄAnA �@BÇi ²nBÇM nj An ºjBÇ½p RBîÀÇ[A ,¬°oñ¼« 12
�@BÇiS�BM ³�SwA ²k{}hz« jnA±« K¦JA nj Rossel et al., 2006)
�@Bi »?¼[ nBT�n ³í§BE« pA ²jB?TwA BM ° jnAm¢M oYA ¬C JBUpBM oM SwA njB,
° jn°C SwkÇM ¬C ºBµ»£s½° ° �@BiS¼?¼� jn±« nj »UBîÀ[A ³M ¬A±U»«
%¼®`ªµ /(Hoffer and Johannsen, 1969) SiAjoQ B´‾C jn°CoM ³M »Te
BÇM ,kÇ{ ¨B\Ç‾A ³Ä±£°nA n±z� ºB´�@Bi pA ³‾±ª‾ 322 nj ³� »a¼adU »[ nj
%¼ÇM »¢TvLªÇµ ,(6)ð½jqÇ‾ q«oÇ, ¬°jBÇ« »\®Çw 1¼[ð¼®ñU pA ²jB?TwA
:K¼UoU ³M ²j°kd«%½A nj (7)�@Bi»?¼[ JBUpBM BMtn °S¦¼w ,%{ o½jBa«
nAj »®í« ÓÀ«B� ,kænj 1 ¤BªTeA cEw nj ³� k«C SwkM å.79 ° å.84 ,å.9å
»ñ½ ©¼v¦� RB®Mo� %¼®`ªµ /(Cozzolino and Moron, 2003) k‾A²j±M
cEw nj Bµ³?� Shw ° B´§°j±‾ ¥¼ñzU WîBM ³�SwA »¦«A±î %½oU©´« pA
ðªÇ� q¼Ç‾ �@BÇi nj »dEÇw ³Tw±ÇQ ¥¼ñzU ³M ° j±{»« �@Bi ]BªîA B½ °
oÇYA �@BÇi »?¼Ç[ nBTÇ�n oM k®‾A±U»« ° (Le Bissonnais, 1996) k®®�»«
j°ke nj »‾B¼« q«o, ¬°jB«1¼[ nj »Mm] k‾BM ºAnAj �@BiðµC /k‾nAm¢M
²j°kdÇ« nj �@BÇitBñíÇ‾A oM �@Bi nj ¬C j±]° ° k{BM»« oT«±‾B‾ 235å
/(Hunt and Salisbury, 1971) jnAm£»Ç« oYA »‾B¼« q«o, ¬°jB« BU »Äo«
³zaÇ‾ ³¼´ÇU ¬Bñ«A »wnoM S´] ,¬B´?æA qAo[A ºBµ�@Bi nj »wnoM »[
²k®\®Çw »«±,n ºBµ²jAj pA ²jB?TwABM �@Bi »½B¼ª¼{ RB¼æ±~i pA »ioM
³aE®Ç« %Ç½A nj �@BiðµC nAka« ³� k{}hz« ,Swk®§ ²nA±µB« ETM+

nj»¢TvLªµ %½A ° k®{BM»« 5° 4,3,2ºBµk‾BM BM nAj»®í« »¢TvLªµ ºAnAj
»wnoM nj /(1385 ,¬AnBñªµ° ºoL�@A)SwA ²j±M nAj »®í« kænjð½cEw
»dEwJBUpBM oM SwA njB, ,©¼v¦� RB®Mo� ³�SwA ²k{}hz« ºo¢½j
»\®Çw 1¼Ç[ ºB´Ç{°n pA ²jB?TÇwA BÇM ° jnAmÇ¢M oÇYA »Äo« 1¼[ nj �@Bi
q«o, ¬°jB« BU»Äo« ²j°kd« nj�@Bi©¼v¦�RB®Mo� nAka« ,(8)»µB¢z½B«pC
»wnoM ,r¼adU %½A pAqkµ /(Gaffey, 1987) k{ jn°CoM (R 2= å.95)BM
²k®\®Çw IRS-P 6 ²nA±µBÇ« ºBÇµ²jAj pA ²jB?TÇwA BÇM �@BÇÇiðµC ° S�BÇÇM
BMRB¼æ±~i%½A %¼M »‾±¼wo£n ° »¢TvLªµ sMA°n %¼¼íU q¼‾ °LISS-III

/k{BM»« ,oTij ¥Q ³aE®« njºA²nA±µB« ºBµ²jAj
RB¼æ±~Çi ³M ³]±U BM ,³í§BE« jn±« ³aE®« JBhT‾A ;³í§B�« jn±« ³��®«
JBhTÇ‾A ºA³‾±Ç£ ³ÇM ,�@BÇi ºBµ»£sÇ½° ° »�Ao£±½q¼� ,»ñ½r±§±�n±«±Är
pA ²jB?TwA BM�@BiðµC °S�BM »wnoM> ,r¼adU »¦æAqkµ¬A±TM ³�k½jo£@
J±®Ç] nj »wnoÇM jn±« ³aE®« /j±ª‾ »¦ªî ¬C nj An <ºA²nA±µB« ºBµ²jAj
¬Bñz� ³=±e o½p pA »Tªv, é,A° nj °SwA ²k{ é,A° ¬BTwo§ ¬BTwA »MoJ
o´{ »§A±e ³� ³aE®« %½A /jjo£»« ¥«B{ An ³io� q½oMC ³=±e ,¬C éLU ³M °

éMoÇ« oT«±¦¼Ç� 45å j°ke oM v§BM »Tíw° ºAnAj ,SwA ³T�o£ nAo, oTij ¥Q
44 ° ³Ç]nj 47 »§A ³a¼Ç,j 29 ° ³Ç]nj 47 pA »½B¼�Ao0] ¤±[ ºAnAj ° ²j±M
³a¼,j 15 ° ³]nj 33»§A ³a¼,j 3 ° ³]nj 33 pA ¬C »½B¼�Ao0]çoî ° ³a¼,j

(1 ²nB¢‾) /k{BM»«

oTij ¥Q ¬BTwo´{ S¼í�±« -1 ²nB¢¯

Bµx°n ° jA±«
³í§BE« %½A nj ;³í§B�« ºAoM pB¼‾ jn±« ºBµnAqMA °RBîÀ�A ºn°Céª]
pAy\®w ºBµ²nA±µB« ºow pA ,LISS-III ²k®\®w P6 ²nA±µB« ºBµ²jAj pA
BM ¬B«qªµ ³� (2åå7 oL«BTPw 7)1386 ²B«n±½o´{ 17 nj ,(9)¬BTwk®µ n°j
RB~hÇz« pA /k½joÇ£ ²jB?TwA ,SwA ²j±M ³aE®« nj ºnAjoM ³‾±ª‾ RB¼¦ªî
RnkÇ, ° oTÇ« 23.5 »®¼Ç«p ð¼ñ?U Rnk, ºAnAj ³�SwA %½A ²k®\®w %½A
oM ¥ªTz« ° oT«±¦¼� 14åºnAjoMo½±~U çoî °S¼M 7ºoT«±½jAn ð¼ñ?U
/k{BM»Ç« »‾B¼Ç« q«oÇ, ¬°jBÇ« ° ð½jq‾ q«o, ¬°jB« ,q«o, ,qLw k‾BM nB´a
¬±`ªÇµ B®LÇ« ºBµ³zaÇ‾ pA ºnAjoÇM ³‾±ªÇ‾ zBaÇ‾ JBhTÇ‾A ºAoÇM %¼®`ªÇµ
RBîÀÇ[A ° »Ç=AnA ²jB?TÇwA ,Bµ²jBÇ] ,³‾BÇij°n ,³aE®Ç« �@BÇi ºBµºow
AkTÇMA nj /k½joÇ£ ²jB?TÇwA q¼‾ ³aE®« »wB®{A±µ ° »wB®z�@Bi ,»wB®{%¼«p
ILWIS (ver nAq�A¨o‾ s¼d« nj ³‾B£@Ak] n±[ ³M ,Bµk‾BM ðUðU RBîÀ[A
¥¼ñzU (1å) ³za‾ Swo´� ð½ B´‾C {±ª\« ºAoM uPw ° k‾k{ jnA° ,3.3)

/k‾±{ xpAjoQ ²jB«C ° ³T�o£ nAo, ¬C nj Bµk‾BM %½A ¨BªU BU k{
©Tv¼Çw ,³aE®Ç« o½±~ÇU ºAoÇM AkTÇMA nj :ºA²nA±µBÇ« RBîÀ�A xpAjoQ
RB~Th« ºAnAj ³aE®« o½±~U ° k{1½oíU ° %¼¼íU ºkeA° (11)RB~Th«
q¼Ç‾ (13)»½B¼Ç�Ao0Ç] çoÇî ° ¤±Ç[ RB~ThÇ« ° (12) n±UB�oÇ« »‾B´ÇÇ]
BÇM ° (15)¤oT®Ç� %¼Ç«p ³EaÇ‾ 6å nj ,o½±~U (14)»wk®µ ºBEiuPw/k{
ºBÇµ²An ²k{ »«±,n ³za‾ pA ²jB?TwA BM ,¥vñ¼Q å.5 pA oTª� j°ke nj »T,j
%Ç½A uPÇw ° (16) (o½±~ÇU ³ÇM ³zaÇ‾) ²jAj ¨B\‾A o½±~U ¤°A k‾BM nj ³aE®«
/(17)(o½±~U ³M o½±~U) k{ ²jAj nAo, o¢½j ºBµk‾BM ºAoM nB� ºB®L« o½±~U
¬°jB« k‾BM ¨Ao£±Tv¼µ AkTMA ,(18)ºo?vªUA ° ºoT«±½jAn ºBEi é¼�oU ºAoM
zBa‾ nj ³� k{}hz« ¬C ³M ³]±U BM ° ²jo� ©¼woU An (3k‾BM)ð½jq‾ q«o,
,o½±~ÇU nj j±]±Ç« JC ºBµ³`=±Çe ° ³‾BÇij°n k®‾BÇ« J±[o« ° SvQ
c¼d~ÇU ³ÇM ZB¼TÇeA ¨kÇî o¢‾B¼ÇM ³� k‾j±M %¼½BQ nB¼vM »«±,n jAkîA ºAnAj
o½±~ÇU º°n oÇM o�Ç‾ jn±« ³aE®« uPw /SwA ²j±M o½±~U nj ºoT«±½jAn
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jn±« ³aE®« (19) ,³za‾ ºk®M ©¼vaU RB¼¦ªî pA ²jB?TwA BM ° k½jo£ }hz«
³ÇM Bµk‾BÇM ¨BªU ºAoM RB¼¦ªî %½A ³� k½jo£ Ak] °}hz« ,o½±~U pA o�‾
S½B´Ç‾ nj ° Bµ¬±TÇw ° BµoEÇw oXÇ�@Ake ° ¥,Ake ¬jAj BM ° ³‾B£@Ak] n±[
o½±~U jB\½A pAuQ /k½jo£ ¨B\‾A ,³aE®« ºAoM k½k] ³za‾ Swo´� ¥¼ñzU
o½±~ÇU %Ç½A º°n oM o½p RB¼¦ªî ,o�‾ jn±« ³aE®« pA (ºk‾BM nB´a) ¥«B�@
¥¼¦dÇU ,(2å) ²kÇ{ ¤B«oÇ‾ qÀTÇiA BM »µB¼£ y{±Q}iB{ :S�o£ ¨B\‾A
si pA »wk¼¦,A ³¦æB� (22) ²kz‾ RnB�‾ ºk®M ³aL[ (21) ,»¦æA ºBµ³?§Æ«

/(23)�@Bi
³í§B�« jn±« ³��®« nj ºnAjoM ³‾±ª‾ �B�‾ ¬jo�}hz«

º°BÇe »¦ÇæA o½±~ÇU nB´Ça S½B´Ç‾ nj ,]±Ç� RB¼¦ªÇî ¨B\Ç‾A pAuQ
:¥«B{ ³� ,k«C SwkM ³aE®« pA »?¦Th« RBîÀ[A

,qLw ,q«o, »L¼UoU k‾BM ³w pA ²jB?TwA BM)³aE®« pA (24)JlB�»¢‾n o½±~U -
/k{BM»« 1¼[ ³w nj¥«B�JBUpBM º°Be ° (ð½jq‾ q«o, ¬°jB«

k‾BM nB´a pA ²jB?TwA BM ³� (25) ,»¦æA ºBµ³?§Æ« ³½q\U pA ¥æBe ¤°A ³½¿ -
°SwA ²k{ jB\½A»‾B¼« q«o, ¬°jB« °ð½jq‾ q«o, ¬°jB« ,q«o, ,qLw »?¼[
ºk®M Sªv, ¥ªî ,»?¼[ xpnAtBwA oM ° ³[±Mo« ¨Ao£±Tv¼µ pA ²jB?TwA BM

/k{ ¨B\‾A ¬C º°n (26)
° »?¼[ k‾BM nB´atBwA oM ³� ,²kz‾ RnB�‾ ºk®M ³aL[ pA ¥æBe o½±~U -
o½±~U %½A njS,j ³� »½B\‾C pA /k½jo£ 1½oíU ,(tÀ�@)(27) ³{±i [®Q
S¼í=° pA »¦�RBîÀ[A %T{Aj ºAoM sa� o½±~U %½A pA Am§ ,k{BM»« %¼½BQ

/k½jo£ ²jB?TwA ¬C ³aE®« JBUpBM
pA ²jB?TwA BM ³� ,(28)�@Bisi pA»wk¼¦,A ³¦æB� ³LwBd« pA¥æBeo½±~U -
¥ªÇîuPÇw ° SwA ²kÇ{ jB\Ç½A ð½jq‾ q«o, ¬°jB« ° q«o, »?¼[ k‾BM °j

/k{ ¨B\‾A ¬C º°n ,¥vñ¼Q oµ »?¼[ xpnAtBwA oM ,ºk®M Sªv,
»µB¼Ç£ y{±ÇQ pA »U°B?TÇ« o½jBaÇ« ºAnAj ,o½°B~ÇU %Ç½A ³� »½B\‾C pA
,²kÇ«C Swj ³ÇM »µB¼Ç£ y{±ÇQ}iBÇ{ pA ²jB?TÇwABÇM ³\¼T‾ nj ,k®{BM»«
³‾±ªÇ‾ BÇU k‾±{»Ç« qmÇe o½°B~U pA ,¿BM »µB¼£ y{±Q ºAnAj ºB´¦vñ¼Q
o½±~ÇU ,ºnAjoM³‾±ª‾ zBa‾ %¼¼íU ºAoM /jo½mP‾¨B\‾A r[B®« %½A pA ºnAjoM
nB�ºB®L« ,%¼«p cEw»?¼[ ºBµ²k½kQ ¬jAj ¬Bz‾ oT´M S¦î ³M ,JlB�»¢‾n
o½±~ÇU nj (29)»Ç¢‾n %¢ªµ ºBµkeA° tBwA oM S½B´‾ nj /k{ ²jAj nAo,
�@Bisi pA »wk¼¦,A ³¦æB� »UBîÀ[A o½±~U ¬jo� ³�B=A BM ° JlB�»¢‾n
³Ç½¿ :¥«B{ »UBîÀ[A ºBµ³½¿ q¼‾ ° ,»¦æA ºBµ³?§Æ« ³½q\U ¤°A o½±~U °
o½±~U ³M ,»îo� ° »¦æA ºBµ²An ,³‾Bij°n ,�@Bi ºB´½ow ,»=AnA ²jB?TwA
jAkíU ,S½B´‾ nj ° k{ ºnAjoM ³‾±ª‾ zBa‾ ¬jo� }hz« oT´M KLw ³M ,B®L«
»�jB~U ²k{ ºk®M ³aL[x°n pA ²jB?TwA BM ° ³aE®« »¦� o½±~U nj ³Ea‾ 95
k¼Ç½FU zBaÇ‾ »½B¼�Ao0] RB~Th« uPw /k{ ¨B\‾A ,KwB®« é½p±U BM ° (3å)
SwkM ILWIS s¼d« nj ,(»½B¼�Ao0] çoî ° ¤±[) o½±~U º°n oM ²k{

/k½jo£ SLY ° k«C
o½±~ÇU º°n oM ºnAjoM ³‾±ª‾ zBa‾ JBhT‾A pAuQ ;(31)»‾Ak¼« RB¼¦ªî
³aE®Ç« ³ÇM ,¬C º°n oÇM zBaÇ‾ »½B¼�Ao0] RB~Th« ¬jo� }hz« ° »½B´‾

JBÇ½ S¼í,±Ç« pA ²jB?TÇwA BÇM ° ³TÇ�n ,(oTij ¥Q o´{ »§A±e) ³í§BE« jn±«
°j pA ²jn±h‾Swj ºBµ�@Bi nj ° ²jo� Ak¼Q An o�‾ jn±« zBa‾ (32)»‾B´]
¥¼§j ³M)»dEwrªî pA»îAnp ºBµ�@Bi nj° ,oT« »T‾Bw 5-2å° å-5rªî
(�@Bi©h{»ªÄAj ºBµS¼§Bí� oYA nj ,(ðµC o½jBa« °S�BM ¬k{Swjð½

/k½jo£ ¨B\‾A ºnAjoM ³‾±ª‾
,»‾±¦½BÇ‾ ºB´TÇ�@BQ nj Bµ³‾±ª‾ ºn°C éª] pA uQ ;»µB¢z½B«pCRB¼¦ªî
ºpn°Bz� ²kñz‾Aj nj é,A° »wB®z�@Bi ²B¢z½B«pC ³M ,oTij ¥Q pA Bµ³‾±ª‾
%¼¼íU ºAoM �@Bi o�‾ jn±«|A±i /k‾k{ ²jAj ¤BaT‾A tnk«S¼MoU ²B¢z‾Aj
³M�@BiºBµ³‾±ª‾ AkTMA /k‾A²j±M �@BiðµC °�@BiS�BM :¥«B{ ,Bµ³‾±ª‾ nj
pAuQ ,k½jo£ (33)ðzi A±µ nj ° ²k{%´Q ,²B¢z½B«pC njSîBw 48Rk«
ð§ pAuPw /k‾±{ joi ¬CºBµ³i±¦� BU k‾k{ ²k¼M±� ºke BU Bµ³‾±ª‾ ,¬C
x°n pA ,S�BÇM ºAqÇ]A %¼¼íÇU ºAoÇM /k‾kÇÇ{ ²jAj n±LÇÇî ºoTÇÇ« »¦¼ÇÇ« 2
°ð½nk½o¦� k¼wA BM ¤Àd‾A x°n pAðµC nAka« %¼¼íU ºAoM ° ºoT«°nk¼µ

/k½jo£ ²jB?TwA ,¤B«o‾ j±w BM oT¼U
zBaÇ‾ (34) (»«±Ç,n jAkîA) RBîÀ[A ,³¦eo« %½A nj ;»UBLwBd« RB¼¦ªî
o½±~ÇU ³ÇM (¨°j rªÇî nj ³EaÇ‾ 38 ° ¤°A rªî nj ³Ea‾ 85)ºnAjoM ³‾±ª‾
ð½jq‾ q«o, ¬°jB« ,q«o, ,qLw »¦æA k‾BM nB´a ¥«B{ ³� (35) ,JlB� »¢‾n
° »¦ÇæA ºBµ³?§ÆÇ« ³½q\ÇU ¤°A ³½¿ RBîÀ[A ,k{BM»« »‾B¼« q«o, ¬jB«°
ðµC o½jBaÇ« ° �@BiS�BM RBîÀ[A ²Aoªµ ³M �@Bi si pA »wk¼¦,A ³¦æB�
pAð½ oµ BM k‾BM oµ (36)»£k®�@AoQ nAj±ª‾ ° ²k{ SPSS s¼d« jnA° Bµ³‾±ª‾
»«±Ç�n jAkÇîA �¼M »¢TvLªµ ³�MAn uPw /k½jo£ ©wn ,�@Bi RB¼æ±~i �½A
³ÄAnA (37)»¢TvLªµ u½oUB« B̈‾ ³M »§°k] nj �@Bi ðµC ° S/BM ° ²k«C SwkM
»‾±¼wo£n ³EMAn ,nAj»®í« ° ¿BM»¢TvLªµK½Ao=}¼hzU pAuQ /k½jo£@
³‾±ª‾ 1åtBwA oM ,S½B´‾ nj ° k½jo£ jB\½A ¬C ºAoM ¤k« %½oT´M K¼�oU °
ºBEÇi ³LwBdÇ« ° ¬jo� k¼ÄFU ºAoM ³� ,¨°j rªî nj ³‾±ª‾ 5 ° ¤°A rªî nj
n°m\Ç« pA ²jB?TÇwA BÇM sMA°n %½A Sdæ °S,j ,k‾k{ ³T{Aj ²B¢‾RB¼¦ªî
/S�o£ nAo, »wnoM jn±« ,(39)nAj±ª‾ rMBEUx°n ° (38) BEi%¼¢‾B¼«

WdM ° [½BT‾
³‾±ª‾ 1B2‾ pA ²k«C Swj ³M »«±�n jAkîA �¼M 1BLUnA »wnoM ºAoM AkTMA nj
o½jB2« BM ,²k{ B̈\‾A ºBµxpAjoQ ° »9¼: k‾BM nB´a nj,³2�®« nj ²k{ ºnAjoM
nj »¢TvLªµ u½oUB« pA ,¨°j ° ¤°A ?ªî °j nj Bµ³‾±ª‾ ðµC ° Bµ³‾±ª‾ S/BM
° ¤°A ?ªÇî ºBµ³‾±ªÇ‾ ¥A ºAoM ¬C [½BT‾ ³æÀi ³A k{ ²jB9TwA SPSS E¼d«

;jjo£»« ³HeÀ« ³A n±�‾Bªµ /SwA ²k«C 1 ¤°k] nj ¨°j
BM ° SwA ²j±M -å.722 ,qLw k‾BM BM tn »¢TvLªµ %½oTz¼M :¤°A /ªînj
/k{BM»Ç« nAj »®íÇ« »¢TvLªÇµ ³‾±Ç£ oÇµ k,B� SLED BM ° -å.7å8 ,PC1
° ²j±ÇM »?¼íÇ= nB¼ÇvM ³EÇMAn ºAnAj SLED BÇM ,³aE®« �@Bi S¦¼w o½jBa«
,PC1 ° (kænj 5ºnB«C cEw nj»Te)»?¼[ ºBµk‾BM BM ºnAj »®í« zBLUnA
-å.472 nAka« ³M»¢TvLªµ %½oTz¼M ºAnAj qLw k‾BM BM ,q¼‾ %{ °SwA ²j±L‾
³EÇÇÇÇMAn ºAnAj SLED BÇÇÇÇM ° ²j±ÇÇÇÇM å.451 nAkaÇÇÇÇ« ³ÇÇÇÇM PCI BÇÇÇÇÇM °
k‾BÇM BÇM ,³aE®Ç« ðµC »¢TvLªÇµ %½oTz¼M %¼®`ªµ /SwA ²j±L‾ ºnAj»®í«

©T�µ ° S~{ ²nBª{ ,©µk�µ ¶n°j . 28



¨°j ° ¤°A $ªî ºBµ³¯±ª¯ nj SLED ° PC1 ,»¦æA ºBµk¯BM BM ,@Bi ðµC ° S0BM »¢TvLªµ o½jB4« -1 ¤°k]
Gr R NIR SWIR PC1 SLED

(å-5cm) tn ##-0.722 ##-0.694 ##-0.650 ##-0.632 ##-0.708 -0.064
(å-5cm) S¦¼w 0.137 0.158 0.121 0.170 0.151 #0.286
(å-5cm) �{ ##0.472 ##0.434 ##0.427 ##0.376 ##0.451 -0.165
(å-5cm) ðµC ##-0.625 ##-0.611 ##-0.716 ##-0.572 ##-0.651 -0.002
(5-2åcm) tn ##-0.646 ##-0.684 ##-0.613 ##-0.597 ##-0.661 -0.184
(5-2åcm) S¦¼w 0.106 0.151 0.171 0.237 0.151 0.068
(5-2åcm) �{ ##0.434 ##0.429 #0.356 0.290 ##0.410 0.094
(5-2åcm) ðµC ##-0.578 ##-0.619 ##-0.604 ##-0.543 ##-0.606 -0.098

�@BÇipA»wk¼¦Ç.A³¦æB#:SLED,»¦æAºBµ³F§Æ«³½q\U¤°A³½¿:PC1,»‾B¼«q«o.¬°jB«k‾BM:SWIR,ð½jq‾q«o.¬°jB«k‾BM:NIR,q«o.k‾BM:R,qLwk‾BM:Gr
/k®{BM»«kænj1ºnB«Cc<wnjnAj»®í«]BLUnAºAnAj:##o½jB;«°kænj5ºnB«Cc<wnjnAj»®í«]BLUnAºAnAj:#o½jB;«/k{BM»«³;<®«

BM ° -å.651 nAka« ³M PC1 BM ° -å.716 nAka« ³M ° ð½jq‾ q«o, ¬°jB«
/SwA ²j±M ºnAj »®í« ³EMAn k,B� SLED

q«o, k‾BM ° PC1 BMtn ³M z±Mo« ,S�BM »¢TvLªµ %½oTz¼M :¨°j/ªînj
nAkaÇ« ³M PC1 ° q«o, k‾BM BM ðµC ,SwA ²j±M -0.684 ° -0.661 o½jBa« BM
²j±M PC1 ° qLw k‾BM BM ©� zBLUnA ºAnAj q¼‾ %{ ° ²j±M -å.6å6 ° -å.619
° tn o½jBaÇ« ³� k{}hz« ²k«C SwkM ºBµ»¢TvLªµ »wnoM BM /SwA
nB´a BM ºnAj »®í« ºBµ»¢TvLªµ ºAnAj ,(S¦¼w q] ³M) ³aE®« ðµC ° %{
tBÇwA oÇM ¬A±U»« Am§ ° ²j±M »¦æA ºBµ³?§Æ« ³½q\U ¤°A ³½¿ ° »¦æA k‾BM
³ÇM k®µj»Ç« ºB] j±i nj An Bµ»¢TvLªµ ° RBîÀ[A %½oTz¼M ³� »½Bµk‾BM
³�eÀ« ,1 ¤°k] tBwA oM /SiAjoQ ³aE®« �@Bi nj Bµ»£s½° %½A »wnoM
ºAnAj ³Ç� k®{BM»Ç« »½B´ÇÇ‾C »UBîÀÇÇ[A ºBµk‾BÇÇM %½oT´ÇÇM ³ÇÇ� j±{»ÇÇ«
ºBµk‾BÇM ,%Ç½AoMB®ÇM /k®{BM»« n±�m« ºBµ»£s½° BM ºoU¿BM ºBµ»¢TvLªµ
S�BM o½jBa« BM »¢TvLªµ %½oTz¼M ºAnAj ,q«o, °ð½jq‾ q«o, ¬°jB« ° qLw
¨B\Ç‾A ºBµxpAjoQ %¼M pA /k®{BM»« ³aE®« �@Bi rªî °j nj�@BiðµC °
»®íÇ« zBLÇUnA ºAnAj ,(PC1) »¦ÇæA ºBµ³?§ÆÇ« ³½q\ÇU ¤°A ³½¿ sa� ,²k{
nAq�A¨o‾ nj (4å)»®d®« %¼ªhU pA ²jB?TwA BM /SwA ²j±MðµC °S�BM BM ºnAj
nj ,n±�mÇ« RB¼æ±~Çi ° Bµk‾BÇM %Ç½A %¼ÇM zBLUnA ³� k{}hz« SPSS
(42)»EÇi o¼ÇJ ° k®�»Ç« º°o¼ÇQ (41) ¨±Çw ³Ç]nj éÇMA±ÇU pA ¤°A S½±§°A
³� »½B\‾C pA ° k®®�»« S¼íLU »Ei ºBµ¤k« pA ¨°j S½±§°A nj ° k{BM»«
o¼ÇYFU %Ç{ ° tn ° ðµC ,�@BiS¼æ±~i ³w oµ ,»UBîÀ[A ºBµk‾BM nj
k®Ça »‾±¼woÇ£n éMA±U pA ³EMAn %½A ¬jn°C SwkM ºAoM Am§ ,k®{BM»« nAm£@
q¼‾ »Ei ºBµ¤k« S½B´‾ nj ° k½jo£ ²jB?TwA ¨±w ³]nj {±‾ pA ° (43)³‾B£@
ºBµ¤kÇ« ³M SLv‾ ºoTª� %¼¼LU K½o= ° »¢TvLªµ ºAnAj ³� k{ 1½oíU
ºAoÇM ³EaÇ‾ 1å ,³EaÇ‾ 95 pA) ,¤°A rªÇî ³‾±ªÇ‾ 85 nj /kÇ‾A²j±M ¨±w ³]nj
rªÇî ³‾±ª‾ 44 pA) ¨°j rªî ³‾±ª‾ 38 ° ,(k{ ²jB?TwA sMA°n S,j »wnoM
»‾±¼woÇ£n sÇMA°n ,(kÇ{ ²jB?TÇwA sÇMA°n S,j %¼¼íÇU ºAoÇM ³EaÇ‾ 5 ,¨°j
¬°jBÇ« ,qLÇw ºBµk‾BÇM ° %Ç{ ,ðµC ,tn o½jBa« %¼M ,¨±w ³]nj ³‾B£k®a
(44)%¼¼LU K½o= o½jBa« %½oTz¼M tBwA oM /k{ jB\½A q«o, °ð½jq‾ q«o,

(46)»®¼ªhU nAka« pA jnAk‾BTwA ºBEi %½oTª� ° ¬C (45) ²k{ ¥½kíU {±‾ °
}hz« sMA°n %½A nj /k«C SwkM Bµ³EMAn %½oT´M ,(jn°CoM nB¼í« ºBEi)
q«o, ¬°jB« ° qLw k‾BM BM nAj »®í« »¢TvLªµ ¬j±M AnAj ©Jn »¦î %{ ³� k{
K½oÇ= ° »¢TvLªµ nAka« ¬j±M %¼½BQ ¥¼§j ³M »§° ,(å.44 j°ke) q«o, °
,»‾±¼wo£n sMA°n nj%{¬jo� jnA° BM ,(å.21 j°ke R2) Bµk‾BM BM ¬C%¼¼LU
nB¼íÇ« ºBEiy½Aq�A q¼‾ ° (å.3 pAy¼M) ³§jBí« sig o½jBa« %T�n ¿BM KLw
yµBÇ� ºAoÇM Am§ ,j±{»Ç« ³§jBí« %¼¼LU K½o= nAka« yµB� ° ²k{ jn°CoM
pA ²jB?TÇwA BM ,R¿jBí« %¼¼íU pA uQ /k½jo¢‾ R¿jBí« jnA° ,jn°CoM ºBEi
BM ° k{ ²jp %¼ªhU ²B¢Twj oµ njðµC °tn o½jBa« ,MATLAB nAq�A¨o‾
»wnoM S´] ,(rªî °j nj kµB{ zBa‾ nj)²B¢z½B«pC nj ²k{ %¼¼íU nAka«
,²k«C SwkMR¿jBí«Sdæ»wnoM ºAoM /k½jo£ ³v½Ba« ,R¿jBí«Sdæ
ºBµnAq�A ö‾ nj (48) BEi %¼¢‾B¼« ¨°j ³z½n ° (47) nAj±ª‾ ]BLE‾A x°n pA
:k‾o½p nAo, ³M ²k«C SwkM ºB´§k« /k½jo£ ²jB?TwA MATLAB ° Excel

:¤°A=ªînjð½jq‾q«o.¬°jB«°qLwk‾BM°jtBwAoMðµC°tn»<io¼f³<MAn-1
Gr= 250.57 -6.35x + 0.141X 2- 0.001X 3 - 3.55Y + 0.111Y 2 -
0.00Y 3 + 0.021XY
NIR = 200.94 - 6.96Y + 0.214Y 2 - 0.002Y 3- 0.006X 2

(R2nir= 0.727), (R2Gr= 0.717)
nAkaÇ« BÇM (tn)X o½jBa« ,¨±w ³]nj »Ei o¼J ²B¢Twj %½A tBwA oM
5.55 j°kÇe njEMSE BÇM (ðµC)Y o½jBaÇ« ° 5.72 j°kÇÇe nj RMSE
nj »í,A° o½jBa« ³M SLv‾ ²k{ ²jp %¼ªhU o½jBa« nAj±ª‾ /k‾k½jo£ jn°CoM

/SwA ²k{ ²jAj ¬Bz‾A2, A1 nAj±ª‾ ,2 ²nB¢‾
:¨°j=ªînjð½jq‾q«o.¬°jB«°qLwk‾BMtBwAoMðµC°tn»<io¼f³<MAn-2
Gr= 173.31 - 0.705Y - 0.012x 2 (R2= 0.481)
NIR= 202.67 - 5.67Y + 0.159Y 2 -0.002Y 3 - 0.586X (R2=0.481)
j°kÇe nj RMSE BM (tn)X o½jBa« ,»Ei o¼J ²B¢Twj %½A tBwAoM
³Ç� ,k‾kÇ{ jn°CoÇM ,¨°j rªÇî nj 12 j°kÇe nj (ðµC)Y ºAoÇM ° ,13.74
/SwA ²k{ ²jAj ¬Bz‾ B2, B1 nAj±ª‾ ,2 ²nB¢‾ nj B´‾C ºA³v½Ba« nAj±ª‾
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=ªÇînj(PC1)»¦æAºBµ³F§Æ«³½q\U¤°A³½¿BM�@BiðµC°tno½jB;«³<MAn-3
:¤°A

PC1= 429.294 - 16.685 X + 0.479X 2 - 0.005X 3 (R2 0.683)
PC1= 414.52 - 3.51X - 10.013Y + 308Y 2 - 0.004Y 3 + 0.701)
(R2=0.702)
²k«CSwj ³M (tn)X nAka« ,¤°A ³§jBí« pA ²jB?TwA BM AkTMA ,²B¢Twj %½A nj
³M /k«C Swj³M q¼‾ (ðµC)Y nAka« ,¨°j ³§jBí« nj¬C ¬jAj nAo, BMuPw °
»L½oaU RMSE BM (tn)X nAka« ,¤°A rªî njkµB{ zBa‾ njK¼UoU %½A
nj B´‾C ºA³v½Ba« nAj±ª‾ /k‾k{ jn°CoM ,7.85 nAka« BM (ðµC)Y ° 8.54

/SwA ²k{ ²jAj ¬Bz‾C2 °C1 nAj±ª‾ ,2 ²nB¢‾
=ªÇînjð½jq‾q«o.¬°jB«°qLwk‾BM°jBM�@BiðµC°tno½jB;«²jBw»<i³<MAn-4

:¤°A
Gr= 183.75 - 0.947X - 0.63Y (R2= 0.615)
NIR= 148.88 - 0.016XY - 0.375Y (R2= 0.619)
° 11.å7 j°ke RMSE BM (tn)X o½jBa« ,»Ei ²B¢Twj %½AtBwA oM
B´Ç‾C SaMBE« nAj±ª‾ ³� k‾k{ jn°CoM 9.61 j°ke njRMSE BM (ðµC) Y

/SwA ²k{ ²jn°CD2 , D1 nAj±ª‾ ,2 ²nB¢‾ nj
¨°j=ªÇînjq«oÇ.°qLÇwºBµk‾BÇMBÇM�@BÇiðµC°tno½jB;Ç«²jBw»<i³<MAn-5

:ºnAjoM³‾±ª‾
Gr = 187.74 - 0.883X - 0.733Y (R2= 0.482)
R= 201.61 - 1.038X - 0.895Y (R2= 0.544)

RMSE BÇM (tn)X o½jBaÇ« ¨°j rªÇî nj »Ei ²B¢Twj %½A tBwA oM
/k‾k½jo£ jn°CoM ,1å.22sw±T« ºBEi nAka« BM (ðµC)Y ° 1å.89 »L½oaU
/SwA ²k{ ²jAj ¬Bz‾ E2 , E1 nAj±ª‾ ,2 ²nB¢‾ nj B´‾C ºA³v½Ba« nAj±ª‾

:¨°j=ªînj (PC1)»¦æAºBµ³F§Æ«³½q\U¤°A³½¿BM�@BiðµC°tn³<MAn-6
PC1= 308.46 - 2.101X (R2= 0.434)
PC1= 313.394 - 1.325Y - 0.021X 2 (R2= 0.521)
nj ° ²k«C Swj ³MX nAka« ,¤°A ³§jBí« pA ²jB?TwA BM ,q¼‾ ²B¢Twj %½A nj
,tBÇwA %Ç½A oÇM /k½jo£»Ç« jn°CoÇM q¼Ç‾ Y nAkaÇ« ° ³T�o£ nAo, ¨°j ³§jBí«
8.75 %¼¢‾B¼« ºBEi nAka« BM (ðµC)Y ° 9.13 j°ke RMSE BM (tn)X
F2, F1 nAj±ª‾ ,2 ²nB¢‾ nj B´‾C rMBEU nAj±ª‾ ,k‾k½jo£ jn°CoM ¨°j rªî nj

/SwA ²k{ ²jAj ¬Bz‾
ºBÇµ²jAj ° �@BÇi ºBµoTÇ«AnBÇQ º°n oM ºnB«C ºBµq¼§B‾C ¨B\‾A pA uQ
,�@BÇi »dEÇw ³Ç½¿ nj�@BÇiðµC ° tn ³� k½jo£ }hz« ,ºA²nA±µB«
rªî nj ³� ,k®{BM»« PC1 BM q¼‾ ° »¦æA ºBµk‾BM BM ºnAj »®í« ³EMAn ºAnAj

/SwA ²k{ ³TwB� ºjB½p ke BU Bµ»¢TvLªµ %½A nAka« pA ¨°j
»¦æA o½jB�« °²k{ jn°CoM o½jB�« ( ³v½B�«) �MB�UºBµnAj±ª‾ -2 ²nB¢‾
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¤°A=ªînj (CaCo3 ) ²B¢z½B«pCnj²k{�¼¼íUo½jB;«° (CaCo3.est) »<io¼f¤k«�w±U²k{jn°CoMðµC=MB<U:A2
¤°A=ªînj (Clay) ²B¢z½B«pCnj²k{�¼¼íUo½jB;«° (Clay.est) »<io¼f¤k«�w±U²k{jn°CoMtno½jB;«=MB<U:A1

¨°j=ªînj (Clay) ²B¢z½B«pCnj²k{�¼¼íUo½jB;«° (Clay.est) »<io¼f¤k«�w±U²k{jn°CoMtn=MB<U :B1
¨°j=ªînj(CaCo3) ²B¢z½B«pCnj²k{�¼¼íUo½jB;«°(CaCo3.est) »<io¼f¤k«�w±U²k{jn°CoMðµC=MB<U :B2

¤°A=ªînj(Clay) ²B¢z½B«pCnj²k{�¼¼íUtn°(Clay.est) »¦æA³F§Æ«¤°A³½¿¤k«�w±U»®¼ªhUtno½jB;«=MB<U :C1
¤°A=ªînj(CaCo3) ²B¢z½B«pCnj²k{�¼¼íUðµC°(CaCo3.est) »¦æA³F§Æ«¤°A³½¿¤k«�w±U»®¼ªhUðµC=MB<U :C2

¤°A=ªînj(CaCo3) ²B¢z½B«pCnj²k{�¼¼íUðµC°(CaCo3.est) ²jBw»<i¤k«�w±U²k{jn°CoMðµC=MB<U :D2
¤°A=ªînj(Clay) ²B¢z½B«pCnj²k{�¼¼íUtn°(Clay.est) ²jBw»<i¤k«�w±U²k{jn°CoMtno½jB;«=MB<U :D1

¨°j=ªînj(Clay) ²B¢z½B«pCnj²k{�¼¼íUtn°(Clay.est) ²jBw»<i¤k«�w±U²k{jn°CoMtn=MB<U :E1
¨°j=ªînj(CaCo3) ²B¢z½B«pCnj²k{�¼¼íUðµC°(CaCo3.est) ²jBw»<i¤k«�w±U²k{jn°CoMðµC=MB<U :E2
¨°j=ªînj(Clay) ²B¢z½B«pCnj²k{�¼¼íUtn°(Clay.est) »¦æA³F§Æ«¤°A³½¿¤k«�w±U»®¼ªhUtn=MB<U :F1

¨°j=ªînj(CaCo3) ²B¢z½B«pCnj²k{�¼¼íUðµC°(CaCo3.est) »¦æA³F§Æ«¤°A³½¿¤k«�w±U»®¼ªhUðµC=MB<U :F2
RB¼æ±~ipAð½oµ jn°CoM nj Bµ¤k« �v½B�« - 3 ²nB¢‾

/¤°A=ªînj(Clay)tnjn°CoMnj²k«CSwkMºBµ¤k«�v½B;«:A
¤°A=ªînj(Caco3)ðµCjn°CoMnj²k«CSwkMºBµ¤k«³v½B;«:B
¨°j=ªînj(Clay)tnjn°CoMnj²k«CSwj³MºBµ¤k«³v½B;«:C

¨°j=ªînj(Caco3)ðµCjn°CoMnj²k«CSwj³MºBµ¤k«³v½B;«:D
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ºnAjoM ³¯±ª¯ $ªî °j nj ° ²k«C SwkM ºBµ¤k« nj (RMSE) ¼¢¯B¼« ºB7i n°m\« -2 ¤°k]
(cm å-5) ¤°A $ªî (cm 5-2å) ¨°j $ªî

¨±w ³]nj ¤k« »%i ¤k« »¦æA ³)§Æ« ³½q\U ¨±w ³]nj ¤k« »%i ¤k« »¦æA ³)§Æ« ³½q\U
tn 5.72 11.07 8.53 13.74 10.89 9.13
ðµC 5.54 9.61 7.84 11.96 10.22 8.74

oÇM ³Ç� ,²k{ %¼¼íU ºBµ¤k« pA ²jB?TwA BM ³� k½jo£ }hz« ,S½B´‾ nj
³ÇM oTij ¥Q ³aE®« nj �@Bi RBîÀ[A ° LISS-III ²k®\®w ºBµ²jAj tBwA
�@BiðµC °tn o½jBa« (»L½oaU) ³í§BE« ° »wnoM ¬Bñ«A ,SwA ²k«CSwj

/jnAj j±]° ,³aE®« %½A nj
q«oÇ, ¬°jBÇ« ,qLÇw) »¦ÇæA ºBµk‾BÇM tBwA oM sMA°n n±�®« %½A ºAoM
²kÇ{ ¥½kíÇU %¼¼LU K½o= ºAnAj ³�@)»Ei o¼J ¥ñ{ °j ³M (q«o, ,ð½jq‾
²j±MºoTª� ²k{¥½kíU %¼¼LU K½o= ºAnAj ³�@)»Ei ° (SwA ²j±MºoU¿BM
³½q\ÇU ¤°A ³Ç½¿ tBÇwA oÇM q¼Ç‾ ° kÇ«C Swj ³ÇM rªÇî °j oµ ºAoM ,(SwA

/k½jo£ ¬B¼M rªî °j oµ ºAoM »§k« q¼‾ »¦æA ºBµ³?§Æ«
(RMSE) ºBEi %¼¢‾B¼« n°m\« ° (GC) rMBEU ºBµnAj±ª‾ tBwAoM
tn o½jBa« zBLUnA %½oTz¼M ³�SwA ²k{}hz« ,(2¤°k]) ²k«CSwj³M
%½A »wnoM S´]nj ,(oT« »T‾Bw å-5¤°A rªî)»d<w³½¿ nj�@BiðµC °
,q«o, ¬°jB« ° qLw k‾BM ¨±w ³]njºB´§k« pA ²jB?TwA BM K¼UoU ³M ,BµoT«AnBQ
¥MB, ,q«o, ¬°jB« ° qLw k‾BM »Ei ¤k« ° »¦æA ºBµ³?§Æ« ³½q\U ¤°A ³½¿
5-2å)̈ °j=ªÇî nj Bµ»£s½° %½A »wnoM ºAoM %¼®`ªµ /SwA ²j±M »wnoM
»Ei ,»¦æA ºBµ³?§Æ« ³½q\U ¤°A ³½¿ :K¼UoU ³M Bµ¤k« %½oT´M (oT«»T‾Bw
²nB¢‾ njD ° C ,B ,AºBµnAj±ª‾ ,(2 ¤°k])SwA ²j±M ¨±w ³]nj ° ²jBw
njðµC °tn jn°CoM nj Bµ¤k« %½ApA ¨Ak� oµ S½±§°A ° ³v½Ba« o¢‾B¼M ,3

/k{BM»« ²B¢z½B«pC nj ²k{ %¼¼íU o½jBa« BM ³v½Ba« nj ,³aE®«
:K¼UoÇU ³M Clay, Clay.pc, Clay.lin, Clay.cub ,¿BM ºBµnAj±ª‾ nj
¤°A ³½¿ ,»Ei ²jBw ¤k« ,¨±w ³]nj¤k« pA ²jB?TwA BMtn »®¼ªhU o½jBa«
%¼®`ªµ ,k{BM»« kµB{ ºBµ³‾±ª‾ njtn »í,A° nAka« ° »¦æA ºBµ³?§Æ«
o½jBaÇ« :K¼UoÇU ³ÇM CaCo 3, CaCO 3.pc, CaCO 3. lin, CaCO 3.Cub° »¦æA ºBµ³?§Æ« ³½¿ ,»Ei ,¨±w ³]nj ºB´§k« tBwA oM ðµC »®¼ªhU

/k®{BM»« kµB{ ºBµ³‾±ª‾ njðµC »í,A° nAka«
o½jBa« ,oTij ¥Q ³aE®« nj ³� k½jo£ }hz« »wnoM %½A »[S½B´‾ nj
RnBLî ³M ° ²j±M �@BicEw pAJBUpBM oM »L§BJ oYA ºAnAj �@BiðµC °tn
nj»ª´« RBîÀ[A º°Be ,³aE®« %½A nj�@BicEw pA »?¼[ tBñí‾A ,o¢½j
�@BiðµC ° S�BM Hæ±~h« ,�@Bi »½B¼ª¼{ ° »ñ½q¼� RB¼æ±~i jn±«
° %¼¢®Çw S�BÇM ºAnAj ³aE®Ç« K§BÇJ ºBÇµ�@BÇi ³Ç� »½B\Ç‾C pA ° k{BM»«
ºAnAj ,ðµC ° tn ³� k{BM»ª‾ %µl pA n°j Am§ ,k{BM»« »ñµC oTvM¡®w
BÇM ¬A±TÇM ° k®{BÇM ³aE®Ç« %Ç½A �@BÇi »dEÇw JBUpBÇM oM ºo¼¢ªza o¼YFU
³aE®Ç« �@Bi nj ©´« »£s½° °j %½A ³í§BE« ° »wnoM ³M ºA²nA±µB« ºBµ²jAj

/SiAjoQ

éMB®«
»«±.nºBµ³z;‾³¼´U¬Bñ«A»wnoM/1385,/t,»#B®«n±Q °�,ºnBTh«,¨,ºoL�@A-
,ETM+Swk®§ºA²nA±µB«ºBµ²jAjpA²jBFTwABM�@Bi»½B¼ª¼{RB¼æ±~ipA»ioM

/»zµ°sQ»ª¦î³§B;«
jA±Ç«BÇM³z½n»½q]tBªU=½o�pAK¼w¬BTinj�µCp°o¦�é#n1377,¨/t,oªw-
,¬Ao´ÇU,tnk«S¼MoU²B¢z‾Aj»wB®z�@Bi²°o£ºoT�j³«B‾¬B½BQ,©¼v¦�RB®Mo�k.B#

/¬Ao½A
,(�@BÇi¨±¦Çî) �¼Ç«p¨±¦Çînjn°jpAy\®ÇwjoMnBÇ�/1382,�/t,²B®ÇQº±¦î-

/28-32|,¨°jNBa,¬Ao´U²B¢z‾AjRAnBzT‾A
/183|,B®wRAnBzT‾A,¬Ao½AºB´�@Biºq¼h¦æBeoM»{o¢‾1384,Z/¨/»U±ñ¦«-
- Alavi Panah, S.K, 1997. Study of Soil Salinity in the Ardakan
(Iran) based upon Field observations, remote sensing and GIS,
University of Gent (ph.D. Thesis)
-Byron, J.R., 1994. Spectral encoding of soil texture: a new
visualization method . GIS/LIS Proceeding, 94, 125-132.
- Cozzolino, D., Moron, A., 2003. The Potential of near-infrared
reflectance Spectroscopy to analyse Soil chemical and physical
characteristics. Journal of Agricultural Sciences, 140, 65-71
- Dwived I, R.S., Ramana, K.V., Thammappa S.S. and Sigh, A.N.,
2001 The Utility of IRS-1IRS-1CLISS III and PAN-merged data for
mapping salt affected soil, Photogrammetric Engineering & R emote
Sensing vol. 67, No.10, 1167-1175.
-Gaffey, S.J., 1987. Spectral reflectance of carbonate minerals in the
visible and near infrared (O.35-2.55 mm): Anhydrous carbonate
minerals. Journal of Geophysical Research, 92, 1429-1440.
-Hoffer, R.M. and Johannsen, C.J,1969 Ecological Potentials in
spectral Signatures analysis In: Johnson, P.L. (ed) Remote Sensing
in Ecology Athens (USA): University of Georgia Press /
-Hunt G.R. and Salisbury, J.W., 1971. Visible and near-infrared
Spectra of minerals and rocks: IICarbonate Modern Geology,
2,23-30
-Le Bissonnais, Y., 1996. Aggregate stability and assessment of
crustability and erodability: 1. Theory and methodology. European
Journal of Soil Science, 47, 425-437
-Leone A. and Escadafal, R., 2001, Statistical analysis of soil Color
and Spectroradiometric data for hyperspectral remote Sensing of
soil properties (example in a Southern Italy Mediterranean
ecosystem). International Journal of Remote Sensing, 22 (12),
PP.2311-2328.
-Lopez- Granados, F., Jurado-Exposito, M., Pena-Barragan, J.M.,
Garcia-Torres, L.,2005.Using geostatistical and remote sensing
approaches for mapping Soil Properties. European Journal of
Agronomy, 23 (3), PP. 279-289.
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- Soil Survey Staff, 1999. Soil Taxonomy: A basic system of soil
Classification for making and interpreting Soil Surveys. USDA
Agricultural Handbook 436. Washington DC.
-Usery, E.L.,Pocknee, S. and Boydell, B., 1995. Precision Farming
data management using Geographic Information System.
Photogrammetric Engineering and Remote Sensing, 61 (11),
1383-1391.
-Viscarra Rossel, R.A., Walwoort, D.J.J., Mc Bratney, A.B., Janik L.K
and Skjemstad, J.O., 2006b. Visible, near infrared, mid-infrared or
Combined diffuse reflectance Spectroscopy for Simultaneous
assessment of various soil Properties. Geoderma, 131, 59-75.
-Zhai, Y. and Thomasson, J.A., 2000. Intelligent algorithms
distinguish soil patterns from remote sensing data. ASAE paper No.
003052, ASAE, st. Joseph, MI.

S{±‾ »Q
1- Remote Sensing
2- Visible
3- Near infrared
4- Short Wave infrared
5- Thermal infrared
6- Near infrared Soil reflectance Spectroscopy technique
7- Soil reflectance response
8- Laboratory Spectroscopy
9- Indian remote Sensing Satellite (IRS)
10- Map List
11- Coordinate System
12- Universal Transverse Mercator (UTM)
13- Latitude-Longitude
14- Geometric Correction
15- Ground Control Point
16- Map to image
17- Image to image
18- Haze Correction
19- Submap operation
20-Normalized difference Vegetation index (NDVI)
21- Principal Component analysis (PCA)
22- Unsupervised classification
23- soil line Euclidean distance (SLED)
24- False Color Composite (FCC)
25- PCA-1
26- Slicing
27- Cluster
28- Soil Line Euclidean Distance (SLED)
29- Photomorphic Units (PMU)
30- Stratified Randomized sampling (SRS)
31- Fieldwork
32- Global Positioning System (GPS)
33- Air dry
34- Digital number (DN)
35- False Color Composite (FCC)
36- Scatter Plot
37- Correlation matrix

38- Root mean Square error (RMSE)
39- Graph Conformity (GC)
40- Curve estimation
41- Cubic
42- Non linear
43- Multiple Regression functions
44- Coefficient of determination (R square)
45- Adjusted R square
46- Standard error of the estimate
47- Graph Conformity (GC)
48- Root mean Square error (RMSE)

52³dFæpA<xpnA»wk®´«njB¼#Aop]joMnB�@> ³§B;«³«AjA
»µB¼£y{±Q -

BÇM ³Ç�y½°n pB¼Ç‾ jn±Ç«ð½r±§±Ç�@A sÇ½Ao{ ° ¬BµB¼£ y{±Q »wnoM
³î±ª\«pA »µB£@C BM /jnAj »U°B?T« ºBµjoMnB� ,j±{»« ¤BL‾j1¦Th«qAkµA
jB\Ç½A S«kÇi nj ÓBª¼aTÇv« ³Ç� »½BµjoMnB� ¬A±U»« ,Bµ»wnoM %½A qAkµA
/j±ªÇ‾ »½BwB®Ç{ An jo¼£»Ç« nAoÇ, S‾±Çñw ° S¼§BíÇ� ºAoM {±LE« »½B��
° A±Çµ 1¼E¦ÇU ,qLÇw ºB�Ç� jB\Ç½A ,ºnAkJBM ,SîAnp jnA±« %½A %½oTª´«

/k{BM»« ºpBwo�®«
ºk®Méª]

<xpnA »wk®´Ç« nj B¼Ç�Ao0Ç] joMnBÇ�@> ³§BaÇ« nj ²kÇ{ boEÇ« K§BE«
ºBµ³TÇ{n ºAoÇM xpnA »wk®´« k½k] y‾Aj BM »½B®{C ºAoM ºA³®¼«py¼Q
»UBí§BEÇ« �oTÇz« WeBLÇ« ³ÇM ºA²nBÇ{A ³§Ba« %½A nj k{BM»« »‾Bv‾A ¨±¦î
y‾Aj SiB®{ S´]nj»{ÀU °SwA ²k{xpnA »wk®´« ° B¼�Ao0] y‾Aj
»�oíÇ« ³ÇM ³§BaÇ« %Ç½A nj /k{BM»Ç« ¬Ao½A xpnA »wk®´« ³í«B] ³M B¼�Ao0]
1¦ThÇ« ¨±¦Çî nj ³Ç� ²kÇ{ ³TÇiAjoÇQ B¼�Ao0] nj ³½BQ WeBL« pA ºo~Th«
WdÇM njxpnA »wk®´Ç« ° B¼�Ao0] RB�oTz« ³EMAn %½A nj /k‾nAj joMnB�@
cEw %½oU¿BM ³M SwA ºjoMnB� ºB¼�Ao0] ©´« RBî±=±« pA »ñ½ ³� B��
¥¼¦dU k®‾B« xpnA »wk®´« »¦æA RBî±=±« B��WdM nj /kwn»« j±i
ºB¼Ç�Ao0Ç] nj ²p°o«A ³� /jjo£»« boE« ºnAm£xpnA ° y\®w ,jo�nB�@

/SwA ³T�o£ nAo, nB¼vM k¼�@FU ° ³]±U jn±«»‾Bv‾AmiD« ° éMB®«
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3- Durkihm, E. The Rulos of sociological Method & selected Texts
on sociolgy & its Methods. and Intr. St lukes tr W.D. Halls, London:
Macmillan 1982.
4- Giddens, Anthony & Held, "class structuration & class
consciousness. "in Giddens & Held (eds.), Classes, Power, and
Conflict, Classical & Contemporay Debates, Berkely: University of
California Press, 1982.
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