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rbs;saklviTüal½y)at;dMbg)annigkMBugcgRkgÉksarEdlBak;B½n§nwgvb,Fm’ Pasa 
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dI edIrtYnaTIy:agsMxan;kñúgkarplites,ógGaharRbcaMéf¶ sRmab;karpÁt;pÁg;dl;
mnusSrab;Ban;lannak;enAelIBiPBelaknaeBlbc©úb,nñ. ksiplesÞIrEtTaMgGs;)anmkBI
kareFVIksikmµenAelIdI eRBaHfadICamCÄdæanpþl;sarFatuciBa©wmdl;rukçCatid¾manRbsiT§PaB
mYy. kardaMduHdMNaMedaymin)anEsVgyl;BIdI KWminGacTTYl)anTinñplx<s;enaHeT
nigGaceFVIeGaydIGnþraynaeBlGnaKtCak;Caminxan.

dUcenH karyl;dwgBIviTüasaRsþdIKWCamUldæanRKwHd¾sMxan;mYykñúgkargarbeRmIeGay
vis½yksikmµRbkbedayeCaKC½y nigmannirnþrPaB.
esovePA {viTüasaRsþdI} enHRtUv)anerobcMeLIgkñúgeKalbMNgedIm,IcUlrYmcMENkkñúg

karGPivDÆn_FnFanmnusSenARbeTskm<úCa tamry³karpSBVpSaycMeNHdwgCaPasaCati
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1 PBEpndI (Earth Planet) 
EpndI CaPBmYykñúgcMeNamPBTaMgR)aMbYnEdlvilCuMvijRBHGaTitü. PBEpndI 

sßitenAcenøaHPBRBHsuRk nigPBRBHGgÁar. TItaMgrbs;PBEpndIKWenAminCiteBk nigmin 
q¶ayeBkBIRBHGaTitüenaHeT ¬rUbPaB1¦ ehtuenHehIyeTIbeFVIeGaysItuNðPaBenAelI 
EpndIminRtCak;eBk nigminekþAeBk. EpndImanragesÞIrEsV‘rehIysMEb:tbnþicenARtg;b:Ul 
TaMgBIr EdlmanGgát;p©itRbEhl 128>000 KILÚEm:Rt. RbEvgBIp©iteTAb:UlxøICag 
BIp©iteTAeGkVaT½r. ExSv½NÐeGkVaT½rCaExSsnμtEckEpndICaBIrEpñkKW GDÆeKalxageCIg 
nigGDÆeKalxagt,Úg ¬rUbPaB3¦. RbeTskm<úCasßitkñúgGDÆeKalxageCIg. 

 
  

  
          rUbPaB 1 RbB½n§RBHGaTitü EdlbgðajBITItaMgénPBTaMg 9 (NASA, 1999) 
 
2 RsTab;EpndI (Earth’s Layer)  

EpndI RBHGaTitü nigFatuepSg²eToténRbB½n§RBHGaTitüRtUv)anekIteLIgGs;ry³ 
eBl 4/54 Ban;lanqñaMknøgmkehIyEdlkarkekIteLIgenHKWedaysarkarrgVilCuMén 
FUlI nig]s μ ½n. EpndIRtUv)anEbgEckCabYnRsTab;sMxan;²KW ³ sñÚlxagkñúg (Inner 

Core) sñÚlxageRkA (Outer Core) RsTab;karBarsñÚl (Mantle)  nigsMbkEpndI 
(Crust). sñÚlxagkñúgPaKeRcInCaEdkehIymansItuNðPaBekþAbMputEdlnaMeGayRsTab; 
xageRkAEdlmanFatuEdk nigs<an;F½r ¬10°¦ rlay. sñÚlEpndIrgnUvsMBaFy:ag 

PBEpndI 
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xøaMg EdleFVIeGaysñÚlEpndIeTACarwg. esÞIrEtTaMgGs;énTm¶n;EpndIKW sßitenAkñúg 
RsTab;karBarsñÚl EdlmanFatuEdk (Fe) m:aej:süÚm (Mg) GaluymIj:Úm (Al) sIulI 
süÚm (Si) nigGuksIuEsn (O). RsTab;karBarsñÚlenArwgeBlsItuNðPaBx<s;Cag 
1>000oC   b:uEnþva)anERbkøayTRmg;y:agyWt²eTACalkçN³dUc)aøsÞik.  sMbkEpndIKWCa 
RsTab;EdlesþIgCageKbMputehIymankal;süÚm (Ca)  xab;ticbMput nigsarFatuxniCén 
sUdüÚm (Na) GaluymIj:ÚmsuIlIkat ¬rUbPaB2¦. GaRs½yedaysItuNðPaB 
RtCak;vaeFVIeGayfμenAkñúgsMbkEpndIregÁIr nigBukpuy ehtuenHehIyeTIbeFVIeGayman 
BMenIgpñt;enAeBlrBa¢ÜydI (Louie, 1996).      

      
 

 
 

rUbPaB 2 RsTab;sMxan;²énEpndI (Louie, 1996)

 
3 ExSRsb nigExSbeNþay (latitude and Longitude)  

ExSRsb b¤ ExSry³TTwgCaExSEdleKsnμtEckEpndItamExSedk ¬KUsecjBI 
liceTAekIt b¤ BIekIteTAlic¦ ehIydWeRk ¬0¦ RtUv)ankMNt;faCaxñatsRmab;Rkit 
TItaMgénExSRsb nigExSbeNþayenH. ExSRsbenHrab;ecjBIExSeGkVaT½r Edlsn μt 
ykExSeGkVaT½rCaExSsßitenATItaMgsUnüdWeRk¬00¦ ¬rUbPaB3¦.  
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rUbPaB 3 EpndIbgðajBIkarEbgEckExSRsb (Stern, 2004) 

 

ExSbeNþay b¤ExSry³beNþayCaExSEdleKsn μtEckEpndItamExSQr ¬BIeCIg 
eTAt,Úg b¤BIt,ÚgeTAeCIg¦¬rUbPaB4¦. ExSbeNþay 00 kat;elImnÞIrsegátRKinvicsßit 
enACitTIRkugLúgRbeTsGg;eKøs.  

 

   
rUbPaB 4 EpndIbgðajBIkarEbgEckExSbeNþay (Stern, 2004) 

 
RkLaelIépÞEpndITaMgmUl KWCakarRbsBKñarvagExSRsb nigExSbeNþay. ExS 

TaMgBIrenHRtUv)aneKsn μtKUsBaseBjépÞénEpndI eTaHbIenAelIépÞdI b¤épÞsmuRTkþI ¬rUb 
PaB5¦. eKGacemIleXIjExSTaMgBIrenHRbsBKñaenAelIEpnTInanadUcCaEpnTIBiPBelak 
b¤EpnTIRbeTs b¤k¾EpnTItMbn;NamYy ¬rUbPaB5¦. 

 

 

b:UlxageCIg 
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GDÆeKalxageCIg

GDÆeKalxagt,Úg 

ExSRsb 
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b:Ulxagt,Úg 

GDÆeKalxageCIg 
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rUbPaB 5 EpndIbgðajBIExSRsb nigExSbeNþay (Encyclopædia Britannica, 2009) 

 
 
 
 
 
 
 
 
 

xageRkamenH KWCaEpnTIbgðajBITItaMgénRbeTskm<úCaEdlsßitenAcenøaHExSRsb 
100 (N: 100) nig 150 (N: 150) énGDÆeKalxageCIg nigExSbeNþay 1020 
(E: 1020) nig 1080 énGDÆeKalxagekIt (E: 1080)¬EpnTI1¦           (Wikipedia, 2009). 

 

 
EpnTI 1 EpnTIbgðajBITItaMgénRbeTskm<úCa (Wikipedia, 2009) 

ExSbeNþay ³ 1040

ExSRsb ³ 100   

GDÆeKalxaglic GDÆeKalxagekIt 

GDÆeKalxageCIg

GDÆeKalxagt,Úg

ExSeGkVaT½r 

ExSvNÐdMbUg



 

 

karyl;dwgBIEpndI emeronTI1 

saklviTüal½y)at;dMbg 6TMB½r

4 maRtdæanenAelIEpnTI (Scale on the Map)  
maRtdæanrbs;EpnTI KWCaxñatmYyEdleKRkitenAelIEpnTIedIm,IbBa¢ak;BIcm¶ayCak; 

EsþgenAelIEpndI. CaTUeTA eKEtgEtkMNt;maRtdæanenAelIRKb;EpnTITaMgGs;.  
]TahrN_ ³ xageRkamenHCaEpnTImYyEdlmanmaRtdæan 1³100>000. 

tammaRtdæanenH mann½yfa 1 sg;TIEm:RtelIEpnTI = 100>000 sg;TIEm:Rt b¤ 
1 KILÚEm:RtenAelIEpndICak;Esþg ¬EpnTI2¦. 

 

 
EpnTI 2 EpñkmYyénEpnTIextþkMBg;s<W bgðajBImaRtdæan 1³100>000 (MPWT, 1998) 

 
5 ExSkMBs;dIelIEpnTI (Contour line on the Map ) 

enAelIEpnTI manExSbBa¢ak;kMBs;dIeRbobeFobeTAnwgnIv:UTwksmuRT. cMNucenAelIdI 
TaMgb:unμanEdlsßitenAelIExSkMBs;dInImYy²mankMBs;dUcKña. kalNacMenatkan;EtxøaMg 
ExSkMBs;kan;EtjwkCit²Kña. karkMNt;cenøaHRkiténExSkMBs;enAelIEpnTImanPaBepSg² 
Kña. eKGacdwgcenøaHRkiténExSkMBs;dI)an tamry³karyktémøelxénExSkMBs;mYyeTA 
dknwgtémøelxénExSkMBs;TabCagbnÞab;va ¬EpnTI3¦. EpnTImYycMnYneToteKeRbIBN’ 
epSg²KñaedIm,IkMNt;kMBs;dI. 

 

 
         EpnTI 3 KMrUExSkMBs;dIbgðajelIEpnTI (Banan District, 2008) 
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1 niymn½yéndI (Soil definition)    
dI KWCakarRbmUlpþúMcUlKñaénGgÁFaturwgFm μCati ¬sarFatuxniC nigsarFatusrI 

ragÁ¦ GgÁFaturav nig]s μ ½nsßitenAEpñkxagelIbg¥s;énEpndIEdlGacEckecjCaRsTab;; 
dI ehIymanlT§PaBpÁt;pÁg;eGayrukçCatiduHlUtlas;kñúgbrisßanFmμCati)an (NRCS, 

2009). 
  
2 karkekIténdI (Soil formation) 

manktþa 5 y:ag ¬silaem GakasFatu sarBagÁkay TIkEnøgb¤sNæandI 
nigeBlevla¦ EdlCab;Bak;B½n§KñakñúgkarkekIténdI (Aduayi and Ekong, 1981). 

 
2>1  silaem (Parent Material) 

silaem CaGgÁFatuedIméndI. vaCafμrwgehIyGacBukpuyeTACadI ¬tarag1¦. 
sarFatuxniCmYycMnYn)anmkBIf μemEdlbMEbkFatueTACadI. sarFatuxniCenHehIyEdl 
CasarFatusRmab;ciBa©wmrukçCati. mYyvijeTot fμkMe)arERbkøayeTACadI)anbnSl;TuknUv 
Fatukal;süÚm (Ca) enAkñúgdIEdlvaCaFatumYyd¾sMxan;kñúgkarRbmUlpþúMsarFatuxniC nig 
sarFatusrIragÁenAkñúgdI. eyagtam Aduayi and Ekong (1981) fμemmaneRcInRbePT ³ 

 silaPñMePøIg (igneous rocks)³ enAeBlEdlm:akm:a (magma) b¤ 
GgÁFaturlaypÞúHecjBIRsTab;karBarsñÚlénEpndImkelIEpndI ehIyb:Hnwg 
sItuNðPaBRtCak;m:akm:akøayCafμrwg ¬rUbPaB7¦. elIsBIenHeTAeTot 
enAkñúgdMeNIrkarénkarkkrwgrbs;m:akm:a k¾manGgÁFatumYycMnYncUlrYmpSMCa 
mYydUcCaRKIsþal; nigsarFatuepSg²KñaCaeRcIneTot. karrYmpSMKñaTaMgGs; 
enHehIyEdlbgáreGaydIEdlekItecjBIf μRbePTenH nig pþl;lkçxNÐsm 
RsbsRmab;karduHlUtlas;rbs;rukçCati. f μecjBIPñMePøIgminTaMgGs;eTEdl 
mankarcUlrYmpSMedayRKamRKIsþal;enaH ehIyk¾manfμecjmkBIGgÁFatu 
rlay énbnÞúHPñMePøIgEdlminmanFatuRKIsþal;pgEdr. RbePTfμecjBIPñMePøIg 
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CaTUeTACa fμRkanIt nigf μ)asal;EdlmanGgÁFatuxniCdUcCa³ quartz nig  

feldspar RBmTaMg mica mYycMnYn. 

• Quartz: KWCaxniCdI EdlekItmaneLIgRbEhl 13° énsMbkEpndI 
nig 30° b¤eRcInCagenHéndI.  Quartz pÁúMeLIgedayFatusMxan; KW 
suIlIsüÚmGuksuIt (SiO2) ehIyGacRbTHeXIjvaenAkñúgfμRKIsþal; ¬rUb 
PaB6¦. vabegáItecjCadIxSac;pgEdr ehIyvaCaFatusMxan;énfμ 
RkanIt nigf μPk;. Quartz Fn;eTAnwgkareRbHEbkedaysarRbtikmμ 
KImI nigGakasFatu b:uEnþvaeRbHEbk)an edaysarkkþaemkanikeT. 
CaTUeTA vamanvtþmanCanic©enAkñúgdI. 

• Feldspars: KWCakarrYmbBa©ÚlKñaénRkum GaluymINUsIulIkat (alumi-

nosilicates) nigPaBepSg²KñaeTotrbs;b:UtasüÚm sUdüÚm nigkal; 
süÚm ¬rUbPaB6¦. vaekItmaneLIgRbEhl 60° énsMbkEpndI. 
enAkñúg Feldspar man ³ 
- Orthoclase: b:UtadüÚmGaluymIj:ÚmsIulIkat (K2O.Al2O3.6SiO2) 
- Albite: sUlüÚmGaluymIj:ÚmsIulIkat (Na2O.Al2O3.6SiO2) 
- Anorthite: kal;süÚmGaluymIj:ÚmsIulIkat (CaO.Al2O3.6SiO2) 

• Micas: KWCaGgÁFatuxniCEdlekItmaneLIgCaTUeTAenAkñúgf μecjBIPñMePøIg 
nigf μxSac;CaeRcIn. Micas manBIrRkumsMxan;² KW muscovite micas 
nig biotite mica¬rUbPaB6¦. Muscovite mica CaxniCEdlKμanBN’ 
EdlmanrUbmnþKImI ³ Al3KH2Si3O12 ehIy biotite micas manBN’ 
Rkem:AEdlmanrUbmnþKImI ³ Al3Mg2KHSi3O12. CaTUeTA mica CasuIlI 
katénGaluymIj:Úm b:UtasüÚm Edk m:aej:süÚm nigsUdüÚm. 
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 silakemÞckMN (sedimentary rocks)³ KWCafμEdlekItecjmkBIkarRb 
mUlpþúMénRKab; b¤kkrEdlnaMtamTwk ¬rUbPaB7¦. Rkumf μekItecjBIkar 
RbmUlpþúMenH CaFm μtavamanvaynPaBeRKImrYmbBa©ÚlTaMgkþaMgénRKYs xSac; 
nigRKab;m:dæén\dæRbmUlpþúMcUlKña. silaTaMgenaH RtUv)anekIteLIgBIEpñk 
tUc²énfμecjBIPñMePøIg nigsilaERbkMeNIt (metamorphic rocks) Edl 
epIttamxül; b¤tamTwkhUreTIbbegáIt)anCa silakemÞckMN ¬rUbPaB7¦. 
silaRbePTenHekItmaneLIgedayGaRs½yeTAnwgel,Ónxül; nigTwkhUreTIb 
begáIt)anCa silakemÞckMN EdlmankarrYmpSMKñaén\dæ l,ay nig 
xSac; epSg²Kña¬tarag1¦. 

 silaERbkMeNIt (Metamorphic rocks)³ BitNas;kMNkkkredIm,Ikøay 
eTACa silakemÞckMN RtUvmankarpøas;bþÚrTIkEnøgénsilaEdlnaMeGay 
mankarERbRbYledaysar\T§iBleTAelIEpñkxageRkAénsila. dUecñH enA 
eBlEdlfμmankarERbRbYl b¤pøas;bþÚrxøaMg begáIt)anCacMNat;fñak;TIbI 
énsilaehAfa  silaERbkMeNIt. dUecñH silaERbkMeNIt køaymkBI 
silakemÞckMN b¤køaymkBIsilaEdlecjmkBIPñMePøIgenAdMNak;kalmun 
eBlekItecjCafμc,as;las;. dMeNIrkarénkarERbRbYlTaMgenaHTak;TgeTA 
nwgkMedA sMBaF karERbRbYllkçN³KImI. karERbRbYlénsilaeday 
sarkarpøas;bþÚrTIkEnøgmYycMnYncUleTAkñúgsMbkEpndI ehIyenAeBlEpndI 
eFVIclnanaMeGaysilaERbRbYl ehIyb:HkMedAxøaMg nigsMBaFd¾xøaMgkøa b¤ 
enAeBlEdlf μcUleTAb:HCamYym:akm:arlay vak¾rlayenAkñúgm:akm:a. 
dMeNIrnImYy² énkarplitsilaKWCakarbegáItecjCasilaf μ IeLIgvij ¬rUb 
PaB7¦. 
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Quartz 

Rock Crystal Flint 

Feldspars 
K2O.Al2O3.6SiO2  

(Orthoclase) 
Na2O.Al2O3.6SiO2 

(Albite) 
CaO.Al2O3.6SiO2 

(Anorthite)

Micas  
Al3KH2Si3O12 

(Muscovite mica) 
Al3Mg2KHSi3O12 

(Biotite micas) 
rUbPaB 6 RbePTf μecjBIPñMePøIg (Marsh, 2008) 
 

 
rUbPaB 7 vdþrbs;sila (Short, 1999) 
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2>2 GakasFatu (Weathering) 
GakasFatu ³ kMedA ePøóg xül; kaMrs μIRBHGaTitü Twkkk RBil nig 

sMeNIm eFVIeGaysilaeRbHRsaM nigEbkeTACadMutUc². \T§iBlénkMedAeFVIeGaysila 
mankarrIk nigrYmmaDbNþaleGaysilamansñameRbH ehIylkçxNÐEbbenHyUr²eTA 
eFVIeGaybMENkénsilakøayCaduMtUc²rhUtkøayeTACadI (Aduayi and Ekong, 1981). 
 
2>3 sarBagÁkay (Organism) 

sarBagÁkayrYmman³ rukçCati stV GtisuxumR)aN nig mnusS. TwkedIrtY 
y:agsMxan;kñúgkarpÁt;pÁg; BBYksarBagÁkayeGayrs;ranmanCIvitelIEpndI. Gtisuxum 
R)aNCaPñak;gard¾caM)ac;kñúg karbMEbksmasFatusrIragÁ ¬sMNl;elIdI¦ eGaykøay 
eTAPaKl¥itenAkñúgdI ehIyPaKl¥itenHehIyEdleFVIeGaydImanTRmg;l¥ nigmanCICati. 
kareRbIR)as;dIrbs;mnusS man\T§iBlelIkarkekItdI (Aduayi and Ekong, 1981). 

 
2>4 TIkEnøg b¤ sNæandI (Topography) 

sNæandIepSgKñamanbrimaNTwkepSgKña ehIybrimaNTwkepSgKñamanPavrs;enA 
elIdIepSgKña nigrgGakasFatuepSgKña. PaBepSgKñaTaMgGs;enHCaktþaEdlman\Ti§Bl 
elIkarkekIténdI (Aduayi and Ekong, 1981). 

 
2>5 eBlevla (Time) 

RsTab;dIeFVIkarvivDÆn_RKb;eBlRKb;evlaBIesþIgeTARkas;. dMeNIrkarenHRbRBwtþi 
eTArab;Ban;qñaMeFVIeGaymankarERbRbYlRsTab;dI. dIfμ I CadIEdlenACab;dgsÞwg b¤ 
Tenø. rIÉ dIcas;CadIEdlenAq¶ayBIdgsÞwg nigTenø (Aduayi and Ekong, 1981). 
 
3 smasFatuéndI (Composition of the Soil) 

dI EdlmanlkçxNÐl¥sRmab;karduHlUtlas;rbs;rukçCati KWmansarFaturwg 
RbmaN 50° nigmanrn§RbmaN 50° ¬rUbPaB8¦. sarFaturwgmanBIrRbPB ³ 
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BIsarFatuxniC nigsarFatusrIragÁ. sarFatuxniCmanRbmaNBI 45° eTA 48° 
énmaDdIsrub. sarFatusrIragÁRbmaN 2° eTA 5° )anmkBIkaksMNl;én 
smasFatusrIragÁTaMg stV nig rukçCatiEdlBukpuy b¤bMEbkFatu. lkçxNÐsm 
RsbénkarduHlUtlas;rbs;rukçCatiKW rn§dImanRbmaN 50° ³ 25° sRmab;pÞúk 
Twk nig 25° eTotsRmab;pÞúkxül; (Soil Survey Division Staff, 1993).  
 
  

 
 
 

 
 

 
 
 
rUbPaB 8 smasFatudIEdlmanlkçxNÐl¥sRmab;rukçCati 
 

 
4 RbÚhVIldI (Soil Profile) 

dIRtUv)anEbgEckCaRsTab;² edaysar\T§iBlrYmpSMKñarbs;sarFaturIragÁeTAelI 
épÞdI nigkarhUreRcaHcuHeRkamGs;ry³eBlyUr. RsTab;TaMgenaHehAfa {h½rrIhSÚn-
horizons}. RsTab;dI b¤h½rrIhSÚnbBaÄrbnþbnÞab;KñaRtUv)aneKehAfa {RbUhVIldI-soil 

profile} ¬rUbPaB9 nig10¦ (Soil Survey Division Staff, 1993). 
 
 

xül;³ 25° 

Twk³ 25°
rn§dI sarFaturwg 

  FatuxniC 
45° eTA 48° 

sarFatusrIragÁ ³ 2° eTA 5° 
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eKalkarN_énkarkMNt;RsTab;dIksikm μ ³ 
 RsTab; A ³ CadIxniCépÞxagelI ¬ebIsindI 
enaHRtUv)anP¢Ür (plow) enaHeKdak;fa {Ap}¦ 
 RsTab; B ³ CaRsTab;dIbnÞab; 
 RsTab; C ³ CaRsTab;EdlmanPaKl¥it nig 
bMENkénfμem 

 RsTab; R ³ CafμemEdlbegáItdIenaH  
rUbPaB 9 RbUhVIldI (NRCS “USDA”) 

dIéRB CaTUeTAmanFatusrIragÁ ¬RsTab; O¦ enAEpñkxagelIéndI nigtMbn;hUr 
eRcaHcuHeRkamEdlmanBN’RBElt ¬RsTab; E “eluviation”¦ ehIysßitenAxageRkam 
RsTab; A. RsTab;dIxagelI ¬RsTab; Ap b¤ A+E¦ EtgEtKeRKImCagdIenARsTab; 
eRkambnÞab; nigmansarFatusrIragÁeRcInCagRsTab;déT. sarFatusrIragÁEckCaBN’ 
RbepH etñatRkem:A b¤exμA edjeLIgeTAEpñkxagelIénRsTab;dI. dIEdlmansarFatu 
srIragÁeRcInmanBN’ex μAenAEpñkxagelI. RsTab; A b¤ Ap manCICatieRcIn nigman 
b¤srukçCatieRcInCagRsTab;déT. dIEdlmineFVIkarP¢Ürras;manRsTab; E enAeRkam 
RsTab; A EtgEtmanBN’RBElt vaynPaBKeRKImCag nigmanlkçN³GasuIteRcIn 
CagRsTab; A b¤RsTab;xageRkamdéTeToteRBaHvamankarhUreRcaHcuHeRkameRcIn.  

RsTab;dIbnÞab; ¬RsTab; B¦ manvaynPaBdIl¥itCag hab;Cag nigrwgCag 
dIRsTab;elI. dIRsTab;enHmanbrimaNFatusrIragÁticCagdIRsTab;elI ehIydIman 
BN’PøWCag BN’c,as;Cag dUcCaBN’RkhmRsTuM BN’etñat BN’elOg edaysar 
manvtþmanCatiEdkruMB½T§elIdI\dæeRcIn. RsTab; B EdlmandI\dæekIneLIgeRcIn 
RtUv)aneKkMNt;fa {RsTab; Bt}. 

RsTab; C CakEnøgEdlf μemBukpuyCaGenøI² nigswkercrwlehIybnSl;TuknUvEpñk 
mYycMnYnénfμem. vamanlkçN³RsedogKñaxøaMgeTAnwgfμemEdlbegáItva (Soil Survey 

Division Staff, 1993). 
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rUbPaB 10 RbUhVIldI (Soil Survey Division Staff, 1993)

Oi: sMNl;srIragÁ gayemIlsÁal; ra:t;ray 
Oe: FatusrIragÁbMEbkCaPaK² b¤ GenøI²  
Oa: FatusrIragÁbMEbkxøÜnElgemIlsÁal; 

A: RsTab;xniCxagelI manBN’Rkem:ACag nigFatu 
srIragÁeRcInCagRsTab;déT. ebIsinvaCadIP¢ÜreK 
kMNt;fa Ap 

E: RsTab;eRcaH tMbn;EdlmanBN’RBElt ehIyeRcaH 
\dæ Edk GaluymIj:Úm nigFatusrIragÁEdlGac 
rlay)an. CaFmμta vaenACamYyRsTab; Ap 

EB: s<anP¢ab;BI E eTA B. lkçN³Rsedog E Cag B

BE: s<anP¢ab;BI E eTA B. lkçN³Rsedog B Cag E

B: tMbn;bnÞab;BIRsTab;épÞelIEdlRbmUlpþúMKñaeRcIn nUv 
\dæ Edk-l-. lkçN³samBaØ rYmmankar
vivDÆénduMRCug² nig¼b¤ TRmg;Ca RBIs. dI\dæ
ruMB½T§CaeRcInenAelIPaKl¥it ehIymanBN’Rkhm
nigelOg edaysarkarekIneLIgénEdkGuksuIt. 

BC: s<anP¢ab;BI B eTA C. lkçN³Rsedog B Cag C

C: fμemswkercrwl eTACadImYycMnYnlayCamYyduMfμ 
EdlminTan;rlay -l- 

 

R ³ pÞaMgfμrwg enAeRCAmingayemIleXIj 
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emeronTI  

 

1> vaynPaBdI
2> TRmg;dI
3> dg;suIetdI 
4> rn§dI 
5> BN’dI
 
 

 

lkçN³rUbéndI 
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1 vaynPaBdI (Soil Texture)  
TMnak;TMngrvagbrimaNénTMhMRKab;dI (<2 mm) b¤PaBl¥itepSgKñaPaBeRKIm én 

RKab;xniCenAkñúgdI KWvabBa¢ak;BI vaynPaBdI. RKab;xniCEdlmanGgát;p©it >2 mm 
CabMENkénfμ nigRtUv)anvas;Eckdac;BIdI ¬tarag1¦. vaynPaBdIRtUv)ankMNt; 
edayTMnak;TMngrvagbrimaNén xSac; l,ay nig\dæ kñúgPaKl¥itrbs;dI (<2 mm) 
(Soil Survey Division Staff, 1993; Aduayi & Ekong, 1981 and Davies et al., 
1993). 

 
tarag 1 TMhM cMnYnRKab; nigTMhMépÞb:HxageRkA énRKab;dI RKYs nig fμ 
RbePTRKab; TMhMGgát;p©it (mm) cMnYnRKab; ¼ g TMhMépÞeRkA (cm2/g) 
dI\dæ <0/002 90>260>853>000 8>000>000 
l,b; 0/002-0/05 5>766>000 454 

xSac;m:dæxøaMg 0/05-0/1 722>000 227 
xSac;m:dæ 0/1-0/25 46>000 91 
xSac;mFüm 0/25-0/5 5>700 45 
xSac;eRKIm 0/5-1/0 720 23 
xSac;eRKImxøaMg 1/0-2/0 90 11 
RKYsm:dæ 2/0-20 ? ? 

RKYs 20-200 ? ? 

fμ >200 ? ? 

RbPB ³ Sylvia et al., 2005 
 

 xSac; (Sand) : RKab;dIEdlmanTMhMERbRbYlBIxSac;m:dæ (0/05 mm) eTAxSac; 
eRKIm (2 mm) énGgát;p©itmFüm. RKab;xSac;TaMgGs;GacemIleXIjedaymin 
caM)ac;eRbIEkvBRgIk. xSac;enAeBlRtdusenAcenøaHrvageméd nigcg¥úléd 
manGarmμN_eRKIm nigsegáót (Soil Survey Division Staff, 1993). 
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 l,b; (Silt): RKab;dIEdlmanTMhMcab;BI 0/05 mm eTA 0/002 mm. 
enAeBlRc)ac;vaedayeméd nigcg¥úléd manGarm μN_relag nigmins¥it 
b¤Cab;édeT ehIymansñamRmamédenACab;elIdIenaH. l,ayCal,ab;l¥it 
tUc²CaFmμtaminGacemIleXIjnwgEPñkTeT)aneT b:uEnþGacemIleXIjc,as; 
edayeRbImIRkUTsSn_ b¤EkvBRgIk (Soil Survey Division Staff, 1993). 
 dI\dæ (Clay): RKab;dItUcCageKbMputEdlmanGgát;pSit <0/002 mm. manEt 
mIRkUTsSn_eGLicRtUnikeTEdlGacemIleXIjRKab;dI\dæ. enAeBlRc)ac;vaman 
GarmμN_relagehIymanlkçN³dUcCaemSAenAeBls¶Üt nigmanlkçN³s¥it 
ehIyGacBt;EBnlujCaXøI b¤sUnCarUb)an enAeBldIesIm (Soil Survey 

Division Staff, 1993). 
 
1>1 RtIekaNvaynPaBdI (Textural Triangle) 

RtIekaNvaynPaBdIRtUv)anEbgEckCa 12 RkumFM²énvaynPaBdI. RkumFM² 
énvaynPaBdITaMgenaHRtUv)ankMNt;y:agc,as;las;GaRs½yeTAnwgsmamaRtén xSac; 
l,ay nig\dæ dUcEdl)aneXIjenAkñúgRtIekaNvaynPaBrbs ; USDA (Soil Survey 

Division Staff, 1993). 
 
1>1>1 rebobeRbIRtIekaNvaynPaB (How to Use Textural Triangle)  

 viPaKTMhMRKab;dIrbs;dI ³ PaKryénxSac; l,ay nig\dæ  
 KUsbnÞat;TaMgbItamcMnYnPaKryén xSac; l,ay nig\dæ eGayRsbtam 
sBaØaRBYjEdlbgðajelIRtIekaNvaynPaB  

 bnÞat;Rkas;exμAenAelIRtIekaNKWCaRBMEdnEbgEckRkumvaynPaBdITaMg 12  
 cMnucEdlRbsBVKñarvagbnÞat;TaMgbI Edl)anKUsenAelIRtIekaN bgðajBI 
vaynPaBdIEdlkMBugrk.  

]TahrN_ ³ lT§plénkarviPaKRKab;dIrbs;sMNakdImYyman xSac;cMnYn 
34° l,aycMnYn 42° nig\dæcMnYn 24°. ebIeyIgKUsbnÞat;TaMgbItamcMnYnPaK 
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ryénxSac; l,b; nig\dæ enAelIRtIekaNvaynPaBenaH eyIg)ancMnucRbsBVKña 
rvagbnÞat;TaMgbIenAelIRtIekaNsßitenARtg;RkumvaynPaB {l,ayeRKIm-loam} ¬rUb 
PaB11¦. 
 

 

 
 

 

 
 
 
 
 
 
 
 
 
 
rUbPaB 11 rebobkMNt;vaynPaBdIelIRtIekaN (Soil Survey Division Staff, 1993) 

 
1>1>2 kmμviFIKNnalkçN³sm,tþiTwk  

(Hydraulic Properties Calculator)  
kmμviFIenHGacvaytémø PaBcab;Twkrbs;dI lkçN³GKÁIsnI niglT§PaBsþúkTwk 

edayEp¥kelI vaynPaBdI FatusrIragÁ brimaNRKYs brimaNGMbil nigPaBhab; 
rbs;dI (Saxton and Rawls, 2007).  

tamry³kmμviFIenH eKGackMNt;vaynPaBdI)anEdr b:uEnþvatRmUveGayeyIgdwgBIcMnYn 
PaKryrbs; xSac; nig\dæ ¬rUbPaB12¦. edIm,IeRbIR)as;kmμviFIenH)an eKRtUvTaj 
ykkmμviFIBIGuInFWeNt bnÞab;mkdMeLIgkmμviFIenHenAkñúgkuMBüÚT½reTIbGaceRbIR)as;va)an. kmμviFI 
enHGac download BIeKhTMBr½ ³ http://hydrolab.arsusda.gov/soilwater/Index.htm 

\dæ ³ 24° 

l,b; ³ 42° 

xSac; ³ 34° 

\dæ ³ 24° 
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          rUbPaB 12 km μviFIKNnalkçN³sm,tþiTwk  
                                  (Saxton and Rawls, 2007) 
 
1>2 karvaytémøvaynPaBdIedayéd  

(Estimation of Soil Texture Using Hand) 
karvaytémøvaynPaBdIedayéd manRbeyaCn_Nas;sRmab;karcuHBinitüemIl 

dIpÞal;dl;kEnøgEdlkMBugeFVIksikmμ. eyagtam White et al. (1997). eKGac 
vaytémøvaynPaBdI)any:agqab;rh½sedayéddUcteTA³ 

 yksMNakdIRbEhl 1¼3 én)atéd dak;elI)atéd 
 erIskMTickMTI RKYs nig¼b¤ f μecjeGayGs; 
 cak;TwkedIm,IepSImdIenaH bnþicmþg² rhUtdIEq¥tTwk  
 luj b¤ sUndIenaHCaragmUldUcXøI ragmUlRTEvgdUcsuILaMg nig¼b¤ rag 
mUldUckg 

 
karvaytémøvaynPaBdIGackMNt;)andUcxageRkam ³ 

 

 dIxSac; ³ Bi)akluj b¤ sUnCaragmUl. Gacluj b¤ sUnCarag 
mUl)an b:uEnþmansñameRbH b¤gayeRbHEbk ¬rUbPaB13¦. dIman 
lkçN³eRKIm nigsegáóteBlRtdusedayéd. 
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 dIl,ay ³ Gacluj b¤ sUnCaragmUldUcXøI nig¼b¤ ragmUlRTEvgdUc 
suILaMg b:uEnþmansñameRbHtUc². dImanlkçN³mins¥itCab;édeT ehIy 
manPaBrelag mineRKImdUcxSac; ¬rUbPaB13¦. 
 dI\dæ ³ Gacluj b¤ sUn CaragmUldUcXøI nigragmUlRTEvgdUcsuILaMg 
edayKμansñameRbH b¤EbkRBmTaMgGacBt; b¤bt;Ebn)an ehIyGacBt;Ca 
rgVg;dUckg)anedaymin)ak; ¬rUbPaB13¦.  

 

rUbPaB 13 rebobvaytémøvaynPaBdIedayéd (White et al., 1997) 
 
1>3 vaynPaBdI nig lkçN³sm,tþidI (Soil Texture and Soil Properties) 

vaynPaBdImanTMnak;TMngKñay:agxøaMgeTAnwglkçN³sm,tþidIdUcCa ³ lT§PaB 
sþúkTwk CICatidI PaBhab;éndI nigsMNwkdI ¬tarag2 4 nig9¦. dIl,ay KWCa 
karrYmpSMRbhak;RbEhlKñarvagxSac; l,ay nig\dæ (ED-STEEP, 2003 and Nathan, 

2009). eyagtam Nathan (2009) )ankMNt;\T§iBlvaynPaBdIeTAelIlkçN³ 
sm,tþidIdUcxageRkam³ 

 xSac; edIrtYnaTIy:agsMxan;kñúgkareFVIeGaymanrn§dI ehIy l,b; eFVIeGay 
manRTg;RTaydI nig\dæ CYysm,TalkçN³rUb lkçN³KImI Edlman 
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\T§iBleTAelIdIedIm,IbegáInsarFatuciBa©wm tamry³karcab;yksarFatuciBa©wm 
rbs;RKab;dI. 
 vaynPaBdI man\T§iBleTAelIlkçN³dIdUcxageRkam ³ 
-  lT§PaBsþúkTwkrbs;dI 
-  lT§PaBsþúksarFatuciBa©wmrukçCati 
-  karhUreRcaH 
-  lT§PaBGacseRmc)an 
-  karcak;b¤srbs;rukçCati 
-  rn§dI 
 vaynPaBdI man\T§iBleTAelICICatidI nigkarRKb;RKgsarFatuciBa©wm ³ 
-  kgVHFatus‘ulpYrCYbRbTHeRcInbMputenAelIdIxSac; 
-  GasUtgayhUreRcaHecjBIdIxSac;cuHeTAeRkam 
-  b:UtasüÚmGachUreRcaHecjBIdIxSac; 
b:uEnþmincl½tenAkñúgdIEdlmanvaynPaB mFüm eTAm:dæ 

 
      

tarag 2 TMnak;TMngrvagvaynPaBdI niglkçN³sm,tþidI 

lkçN³sm,tþidI 
vaynPaBdI 

dI\dæ dIl,ay dIxSac; 
lT§PaBsþúkTwk x<s; mFüm Tab 

karhUreRcaHeTATICMral mFüm x<s; Tab 
sMNwkedayxül; Tab x<s; mFüm 

CICatidI x<s; mFüm Tab 
karhUreRcaHcuHeRkam Tab ¬elIkElgeBleRbH¦ mFüm x<s; 
PaBhab;éndI x<s; mFüm Tab 

RbPB ³ ED-STEEP, 2003 
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2 TRmg;dI (Soil Structure) 
karRbmUlpþúMKñaénRKab;dI (soil aggregation) KWCakarP¢ab;KñaénRKab;dImYycMnYn 

begáIt)anCaTRmg;fμ ImYy (aggregation). RKab;dIRtUv)anerobcM b¤cUlrYmCamYyKñaenAGMLúg 
eBlpþúMKñabegáItCaTRmg;EdlGñkviTüasaRsþdIRKb;KñasÁal;fa {peds}. TRmg;TaMgenaHmankar 
ERbRbYlTMhM RTg;RTayxus²Kña ¬tarag3¦ nigGacsMKal;)an (Soil Survey Division 

Staff, 1993). 
tarag 3 RbePTénTRmg;dI 

TRmg;EsV‘r 
(Spheroid) 

ragRKab;² (Granular)

ragkMTic² (Crumb)

TRmg;snøwk 
(Platy)  

TRmg;duM 
(Blocky) 

ragduMRCugRsYc  
(Angular blocky)  

ragduMRCugTal 
(Subangular blocky) 

TRmg;RBIs 
(Prismatic) 

RBIsk,almUl 
(Columnar: rounded tops) 

RBIsk,alrab 
(Prismatic: flat angular tops) 

KμanTRmg; 
(Structureless) 

 duMtan; b¤TaMgduM² ³ KμanTRmg; b¤RTg;RTayc,as;las;. manenARsTab; C b¤vtßúFatu
hab;ENn 

 mYyRKab; ³ CaRbePTRKab;xSac;mYyRKab;² manenARsTab; A b¤ C EdlKμanFatu
srIragÁ nig\dæ 

RbPB ³ Soil Survey Division Staff, 1993 and White et al., 1997 
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TRmg;dI manlkçN³epSg²KñaeRcIn ehIylkçN³epSg²KñaenHeFVIeGaydIman 

lkçN³sm,tþixusKña. TRmg;dIman\T§iBleTAelIlkçN³rUbéndI ¬rn§dI xül; nigTwk¦ 
niglkçN³emkanik ¬PaBhab; PaBFUr PaBFn;eTAnwgkarhUreRcaH¦. dUecñH dIEdl 
manlkçN³l¥sRmab;rukçCati KWCadIEdlmansmasFaturYmpSMdUc)anbgðajkñúg rUbPaB 
8. CaTUeTA TRmg;dIragEs‘Vr ¬ragRKab;² nigragkMTic²¦ manenARsTab;elIéndI 
ehIyTRmg;dIragkMTic² manlkçN³l¥CagTRmg;dIragRKab;²BIeRBaHvamanrn§dIeRcInCag 
GacbgáreGaymanPaBgayRsYlkñúgkarcak;b¤srbs;rukçCati ehIyGacsþúkTwk nig 
xül;)anl¥. TRmg;snøwkGacmanenARsTab;NamYyénRbUhVIldIehIyPaKeRcInvaekIt 
ecjBIsarFatuRKwH b¤fμem b¤karbgðab;dI. TRmg;duMmanenAkEnøgesImrbs;dIRsTab; 
eRkaménRbePTdI\dæF¶n;. TRmg;RBIsCanic©kalmanenARsTab;eRkaméndItMbn;s¶ÜtEhg 
nigBak;kNþals¶ÜtEhg ¬Soil Survey Division Staff, 1993).  
 
3 dg;suIetdI (Soil Density) 

dg;suIetdI b¤m:asmaDdI KWCapleFobrvagm:asdIs¶Üt nigmaDdI. dg;suIetdI 
RtUv)anEbgEckCaBIrKW³ dg;suIetdIFmμCati (Bulk density) nigdg;suIetdIR)akd (Particle  

density) (Soil Survey Division Staff, 1993 and Reeuwijk, 2002).   
 

 
 
 

 
 

 
3>1 dg;suIetdIFmμCati (Bulk Density) 

dg;suIetdIFmμCati KWCam:asdIFmμCatikñúgmYymaDdI ¬rUbPaB14¦. CaTUeTA eK 
eRbIsuILaMgmYyEdlmanmaDc,as;las;eTAsgát;eTAelIdIFm μCati rYckat;ecalEpñkEdl 
elIsmat;suILaMgecj bnÞab;mkykvaeTAsMgYtkñúgTUrsMgYt (Oven) kñúgsItuNðPaB 

dg;suIetdI = m:asdI 
maDdI 

m:asdI ³ g 

maDdI ³ Cm3  

dg;suIetdI ³ g/Cm3  

Edl 
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105 0

C ry³eBl 24 em:ag b¤kñúgsItuNðPaB 80 0
C ry³eBl 48 em:ag 

edIm,IkMNt;m:asdI (Soil Survey Division Staff, 1993 and Reeuwijk, 2002).  
 

 
 
 
 
 
 
 
 
 

  
 

rUbPaB 14 karkMNt;dg;suIetdIFm μCati 
 

tarag 4 TMnak;TMngrvagdg;suIetFmμCati nigkarduHlUtlas;rbs;b¤srukçCati  
vaynPaBdI dg;suIetl¥RbesIr

(g/Cm3) 
man\T§iBlelIb¤s 

(g/Cm3)
raMgsÞHdl;b¤s 

(g/Cm3)

dIxSac; b¤ dIxSac;l,ay < 1/60 1/69 > 1/80
dIl,ayxSac; b¤ dIl,ay < 1/40 1/63 > 1/80
dIl,ay\dæxSac;/ dIl,ay b¤ 

dIl,ay\dæ 
< 1/40 1/60 > 1/75 

dIl,aym:dæ b¤dIl,ayeRKIm÷m:dæ < 1/30 1/60 > 1/75
dIl,aym:dæ÷eRKIm 

b¤dIl,ay\dæl,aym:dæ 
< 1/40 1/55 > 1/65 

dI\dæxSac;/ dI\dæl,aym:dæ b¤
dIl,ay\dæmYYycMnYn ¬\dæ 35-45°¦ 

< 1/10 1/49 > 1/58 

dI\dæ ¬\dæ > 45°¦ < 1/10 1/39 > 1/47
RbPB ³ USDA, 1999a 

ebIdImandg;suIetFmμCati = 1/40 g/Cm3 enaHdI 1 hikta ¬CeRmA 15 Cm¦ 
manTm¶n; 2>100 etan.  

m:asmaDdI

sMgYtkñúg Oven

105 0C : 24 h
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3>2 dg;suIetdIR)akd (Particle Density) 
dg;suIetdIR)akd KWCam:asénRKab;dI (<2 mm) kñúgmYymaDénRKab;dI. CaTUeTA 

eKeRbIsuILaMgEdlmanmaDc,as; RckRKab;dIedIm,IkMNt;maDdI rYcykvaeTAsMgYtkñúgTUr 
sMgYt (Oven) kñúgsItuNðPaB 105 0C ry³eBl 24 em:ag b¤ kñúgsItuNðPaB 
80 0C ry³eBl 48 em:ag edIm,IkMNt;m:asénRKab;dI ¬rUbPaB15¦. dg;suIetdI 
R)akdmanPaBepSg²KñaeRcIn vaGaRs½ynwgktþavaynPaBdIkarpÁúMénRKab;dI (aggrega-

tion) sarFatusrIragÁpleFobrvagPaBhab;nigPaBmaMéndI karRKb;RKgRKab;dI nigRbUhVIldI 
(Soil Survey Division Staff, 1993 and Reeuwijk, 2002). 

           
 
 

      
 

 
 
rUbPaB 15 karkMNt;dg;suIetdIR)akd 
 
4 rn§dI (Soil Porosity) 

rn§dI KWCaPaKryénmaDdIsrub EdlminKitBIRKab;dI. dImanlkçxNÐl¥sRmab; 
dMNaM KWmandg;suIetdIFmμCatiRbmaN 1/32 g/Cm3 EdlvaeFIVeGaydIenaHman 50° 
Ca GgÁFaturwg nig 50° Carn§dI. xageRkamenHKWCarUbmnþkMNt;PaKryénrn§dI³   
 
 

 
 

m:asmaDdI

sMgYtkñúg Oven

105 0C : 24 h

°rn§dI = 100 -         x 100      dg;suIetdIFmμCati 
dg;suIetdIR)akd 
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rn§dI RtUv)anbMeBjedayTwk nigxül;enAeRkamlkçxNÐdIeFVIksikm μ. RbsinebI 

RKab;dIsßitenACab; nigCitKñaenAkñúgdIRsTab;elI b¤dIhab;RsTab;bnÞab;kþIenaHrn§dI 
srubmancMnYntic ehIydg;suIetdIFmμCatimantémøx<s;. pÞúymkvij ebIRKab;dItMerobKña 
manrn§eRcIn kñúgkrNIvaynPaBdImFümehIyvamansarFatusrIragÁeRcIn enaHrn§dIman 
cMnYneRcInkñúgmYyxñatmaD nigdg;suIetdIFm μCatimantémøTab. TMhMénrn§dIman\Ti§Bl 
y:agxøaMgeTAelIPaBcl½ténxül; nigTwk.  

rn§dIEdlmanTMhMGgát;p©it <0/05 mm ¬b¤l¥itCagxSac;¦ ehAfarn§mIRkU (micro-

pores) ehIyrn§dI EdlmanTMhMGgát;p©it >0/05 mm ehAfarn§m:aRkU (macropores). 
rn§m:aRkU CakEnøgcl½ténxül;sRmab;karduHlUtlas;énb¤srukçCati nigPaBgayRss; 
TwkéndI. pÞúymkvij rn§mIRkURtUv)anbMeBjedayTwkenAkñúglkçxNÐdIesIm ehIyvamin 
pþl;lkçxNÐl¥sRmab;eGayxül;ecjcUl)aneRcInenaHeT. karcl½ténTwkkñúgdItamrn§ 
mIRkUmanPaByWty:av. dUecñH karcl½ténxül; nigTwkenAkñúgdIxSac;eRKImmansPaB 
elOn fVIebIdIenaHmanrn§dIsrubtick¾eday eRBaHvamanPaBelIslubénrn§m:aRkU. 

dI\dæ EdldIK μanTRmg;CaRKab;² eFVIeGayPaBcl½ténxül; nigTwktic eTaHbICa 
dIenaHmanbrimaNrn§dIsrubeRcIny:agNak¾eday BIeRBaHrn§mIRkUmanPaBelIslb;enA 
kñúglkçxNÐdIEbbenH. dIEbbenHCajwkjab; manenAdIRsTab;TIBIrénRbUhVIldI ehIy 
rn§dIEdlbMeBjedayxül; nig TwkminGacRKb;RKan;sRmab;karduHlUtlas;rbs;b¤s 
rukçCati nigskmμPaBrbs;GtisuxumR)aN)aneLIy. kareRCaydI nigTRmg;CaRKab;² 
rbs;dI)anCYybegáIncMnYnrn§m:aRkU EdlnaMeGaymanxül;ecjcUl)aneRcInenAkñúgdI (Soil 

Survey Division Staff, 1993). 
 
5 BN’dI (Soil Color) 

BN’dI KWCaEpñkmYyEdlGaceRbIsRmab;EbgEckRsTab;dIenAelIRbUhVIldI ¬rUb 
PaB16nig17¦. BN’dImanPaBgaybMputkñúgcMeNaménkarkMNt;lkçN³rbs;dI. dI 
EdlmanBN’Rkem:A eTAexμAbgðajBIsarFatusrIragÁEdlmaneRcInenAkñúgdI ehIyPaK 
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eRcInbMput vabgðajenAkñúgdIRsTab;elIbg¥s;énRbUhVIldI. BN’dIbgðajBIRbvtþiénkar 
vivDÆrbs;dI (Department of Natural Resources, 2005).  

KMrUénBN’dI GacqøúHbBa©aMgBIkareRcaHTwktamFm μCatienAkñúgdI ehIyBN’dIman 
karERbRbYlGaRs½yeTAnwgCeRmAdI. BN’Rkhmx©I b¤RkhmPøW nig¼b¤ elOgbBa¢ak; 
BIlkçxNÐsmRsbkñúgkaredaHTwkEdlbgðajBITRmg;GuksuIténEdk nigFatudéT ¬tarag 
5¦ enAkñúgRsTab;TIBIrénRbUhVIldI (Soil Survey Division Staff, 1993).  
tarag 5 BN’dIbBa¢ak;BIFatubgárenAkñúgdI 

vtßúFatu smasFatuKImI BN’dI 
m:g;kaENsGuksuIt (Manganese Oxide) MnO2 BN’sVayexμA 

EdkGuksuItm:aej:Tic (Hematite) Fe2O3 BN’Rkhm 
Geothite FeOOH BN’elOg 

EdkGIuRduksuIt n GuIRdaet 
(Hydrated Ferric Hydroxide) 

Fe(OH)3*nH20 BN’etñatRkhm 

kal;süÚmkabUNat (Calcite) CaCO3 BN’s 
GaluymIj:ÚmsuIlIkaténEdk 3 
GuIRdaetehIymankarrYmpSMKñatictYc 
BIb:UtasüÚmnigm:aej:süÚm (Glauconite) 

KMg(Fe,Al)(SiO3)6.3H2O BN’ébtg 

RbPB ³ Kubota, 2005b 

 
5>1 taragBN’dI Munsell (Munsell® Soil Color Chart)  

BN’BitR)akdénBN’RbepH RtUv)aneRbIedIm,IbkRsayBIPaBedaHTwkéndI. esov 
ePAtaragBN’dI (Munsell® Soil Color Chart) RtUv)aneRbIedIm,IbkRsayBIBN’dI 
eGay)anCak;lak; ¬rUbPaB16¦. dIsMEdgecjnUvBN’y:ageRcIn. BN’Gaccat;fñak; 
BIBN’Rkhm elOg etñat ébtg exov RbepH nig ex μA. BN’ERbRbYltamPaBPøW 
RBElt nigPaBeCaKCaMénBN’. esovePAtaragBN’dIenHRtUv)anEbgEckKMrUBN’ecj 
Ca 322 BN’ (Department of Natural Resources, 2005). esovePAtarag 
BN’dIenHRtUv)anEbgEckCabIEpñk ³ 
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 Hue-PaBlM²énBN’ ³ enATMB½rnImYy²énesovePAtaragBN’dI KWCaBN’ 
bzmmYymankarpSMKñaBiessmYyrvagBN’Rkhm (R) nigelOg (Y) Edl 
ehAfa “Hue”. Hue RtUv)anbegáIteLIgenAelI TMB½rnImYy²énesovePAtarag 
BN’dI. ]TahrN_ ³ 7.5YR, 10YR, 2.5Y, b¤ 5Y ehIyeyIgGacemIl 
eXIjvaenARCugxagsþaMénEpñkxagelIrbs;esovePA. enAelITMB½rnImYy²man 
KMrUBN’eRcIneTotEdlsßitenAkñúg Hue. 
 Value-témø ³ sMedAelIPaBPøW nigPaBRkem:AénBN’. enAelITMB½rnImYy² 
man 7 CYredkénKMrUBN’. enAkñúgCYredknImYy² tMNageGaytémøBN’ 
Ebøk²Kña ehIyvamanBN’ERbRbYlBIPøWeTARkem:A. BN’Rkem:AbMputsßitenA 
CYredkeRkambg¥s; nigBN’PøWbMputsßitenACYredkelIbg¥s;.  
]TahrN_ ³ 2, 3, 4, 5, 6, 7, b¤ 8 ehIyeKGacemIleXIjvaenA 
bBaÄrxageqVgénTMB½rnImYy².  
 Chroma-CaPasaRkicmann½yfa {BN’} ³ enAelITMB½rnImYy²man 5 
b¤ 6 CYrQrénKMrUBN’. CYrQrnImYy²tMNageGayKMrUBN’Ebøk²Kña 
ehIyvamanBN’ERbRbYlBIBN’RsGab;eTAc,as;. 
]TahrN_ ³ 1, 2, 3, 4, 6, b¤ 8 ehIyeyIgGacemIleXIjvaenACYredkEpñk 
xageRkaménTMB½rnImYy². 
]TahrN_ ³ dImYymanBN’Rsedog b¤dUcKMrUBN’sßitenAelITMB½r Hue: 

10YR, Value: 3, nig Chroma: 6 ¬rUbPaB16¦ enaHeKGacsresr ³ 
10YR3/6 mann½yfa {Dark Yellowish Brown-BN’etñatelOgcas;}. 

RbPB ³ Department of Natural Resources, 2005  
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rUbPaB 16 taragKMrUBN’enATMB½r 10YR énesovePAtaragBN’dI Munsell 
 
5>2 pÞaMgKMrUBN’dI (Standard Soil Color Chart)  
 pÞaMgKMrUBN’man 15 BN’epSg²Kña EdlmanlkçN³samBaØedIm,IepÞógpÞat; 
BN’dIsRmab;kareFVIcMNat;fñak;dIenAkm<úCatamEbbekSRtviTüa ¬rUbPaB17¦. pÞaMgKMrU 
BN’enHmancMnYnbICYredkEdlCYredkTImYymanBN’ERbRbYlBIBN’RbepHRBElt eTABN’ 
exμA ehIyCYredkTIBIrmanBN’ERbRbYlBIBN’etñatRBElteTABN’etñatRkem:AxøaMg nig 
CYredkTIbImanBN’ERbRbYlBIBN’páaQUkeTABN’RkhmRkem:A (White, et al. 1997). 
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RbepHRbElt
RbepHPøW

RbepH
RbepHRkem :A

exμA

etñatRbElt
etñatPøW

etñat
etñatRkem :A

etñatRkem :AxøaMg

páaQ
Uk

elOg
elOgTMu

Rkhm
RkhmRkem :A

RbepHRbElt
RbepHPøW

RbepH
RbepHRkem :A

exμA

etñatRbElt
etñatPøW

etñat
etñatRkem :A

etñatRkem :AxøaMg

páaQ
Uk

elOg
elOgTMu

Rkhm
RkhmRkem :A

 
  rUbPaB 17 pÞaMgKMrUBN’dI (White et al., 1997) 
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1 sarFatuciBa©wmrukçCati (Plant Nutrient) 
rukçCatik¾dUcCaPavrs;déTeTotEdr KWvaRtUvkarsarFatuciBa©wmedIm,IeFVIkarduHlUt 

las; nigbnþBUC¬tarag6¦. b¤srukçCaticab;yksarFatuciBa©wmsMxan;²esÞIrEtTaMgGs; 
tamry³karRsUbykBIsUluysüúgdI. kar)at;bg; nigkarvilRtlb;mkvij énsar 
FatuciBa©wmrukçCati niglkçN³KImIenAkñúgsUluysüúgdI KWRtUv)anRtYtRtaedaylkçN³ 
GgÁFaturwgéndI nig sarFatusrIragÁ. lkçN³KImIéndIqøúHbBa©aMgBI\T§iBlsarFatuxniCéndI 
nigFatusrIragÁenAkñúgsUluysüúgdI (Soil Survey Division Staff, 1993 and Veldkamp, 

1992). 
 

tarag 6 sarFatuciBa©wmsMxan;²rbs;rukçCati TRmg;EdlGacRsUb nigtYnaTIrbs;va 
Fatu TRmg;GacRsUb ≈°énm:ass¶Üt tYnaTI 

kabUn (C) CO2 44 smasFatusMxan;énm:UelKulsrIragÁ 
GuksIuEsn(O) O2 , H2O 44 smasFatusMxan;énm:UelKulsrIragÁ 
GuIRdUEsn(H) H2O 6 smasFatusMxan;énm:UelKulsrIragÁ 
FatucMbg  (Primary Nutrients) 

nIRdUEsn 
(N) 

NO3
-  

NH4
+ 1-4 

smasFaturbs;GasIutGamIen RbUetGIun 
nuyekøGUTIt GasIutnuyekøGiuc kør:UhVIl 

kUGg;suIm nigGg;sIum 

pUsV½r (P) H2PO4
- 

HPO4
2- 0/1-0/8 smasFatuén ADP nig ATP GasIutnuy

ekøGiucpUsV½rlIBIt nigkUGg;suImmYycMnYn 
b:UtasüÚm (K) K+ 0/5-6 sMeyaKRbUetGIun RbtibtþikarénsþÚm:at 
FatubnÞab;bnSM  (Secondary Nutrients) 

kal;süÚm 
(Ca) Ca2+ 0/2-3/5 

smasFatuénPñasekasika karBar 
TRmg;Pñas nigkarRCabTwk eFVIeGay 

Gg;suImmYycMnYnskmμeLIg 
m:aej:süÚm 

(Mg) Mg2+ 0/1-0/8 smasFatuénm:UelKulkør:UhVIl  
eFVIeGayGg;suImCaeRcInskmμeLIg 

s‘ulpYr (S) SO4
2- 0/05-1 FatuénGasIutGamIennigRbUetGIun kUGg;suIm A 



 

 saklviTüal½y)at;dMbg 34TMB½r

    lkçN³KImIéndI emeronTI4 
Fatu TRmg;GacRsUb ≈°énm:ass¶Üt tYnaTI 

mIRkUFatu  (Micronutrients) 
kør (Cl) Cl- 100-10>000 GUs μ Ús nigtulüPaBGIuy:ug 
Edk (Fe) Fe2+, Fe3+ 25-300 rs μ IsMeyaKkør:UhVIl 

m:g;kaENs(Mn) Mn2+ 15-800 eFVIeGayskmμénGg;sIumCak;lak; 

s½gásI (Zn) Zn2+ 15-100 
eFVIeGayskmμénGg;sIumCaeRcIn  
nigskm μkñúgTRmg;kørU:hVIl 

b‘r (B) BO3
- 

B4O7
2- 5-75 

RbEhlCaCab;Tak;TgkñúgkardwkCBa¢Ún  
kabUGIuRdatsMeyaKGasIutnuyekøGuic 

Tg;Edg (Cu) Cu2+ 4-30 
GñkeFVIeGayskmμ b¤ 

CaEpñkmYyénGg;sIumCak;lak; 
m:UlIbEdn (Mo) MoO4

2- 0/1-5 karP¢ab;GasUt kat;bnßyGasUt 
RbPB ³ Peter, 2005  

 
2 eb:has ;dI (Soil pH) 

pH dIcg¥úllkçN³BITMnak;TMngrvagPaBGasuIt nigGal;kaLaMgénsUluysüúgdI. 
témøén pH dIenAkñúgRbB½n§FmμCatiKWmanlMdab;BI 0 eTA 14 ¬rUbPaB18¦ Edl 
pH=7³ NWt ehIy pH < 7³ GasuIt nig pH >7³ Gal;kaLaMg b¤ )as  
(Soil Survey Division Staff, 1993 and Veldkamp, 1992). 

 

 
         rUbPaB 18 kRmiténtémø pH (Veldkamp, 1992 and Pidwirny, 2006) 
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pH dI KWCakarvas;skmμPaB b¤PaBxab;énGuIy:ugGuIRdUEsn (H+) enAkñúgdI nig 

sUluysüúgTwk. pH RtUv)ankMNt;eday ³ pH=-log[HO3
+] Edltémøpøas;bþÚrmYy 

Rkit²én pH dI mann½yfakMhab;GasuIt b¤)aspøas;bþÚrdb;dgenAkñúgdI (Soil Survey 

Division Staff, 1993).  
]TahrN_³ dImYyman pH=6/0 enaHskmμPaB H+ maneRcInCag 10 dgéndIEdl 
man  pH = 7/0. 
 

2>1 eb:has;dI nig rukçCati (Soil pH and Plant) 
pH dI GacqøúHbBa©aMgBIkarduHlUtlas;rbs;rukçCati nigtRmUvkarkMe)arrbs;dI 

b:uEnþ minbgðajBIbrimaNkMe)arEdlRtUvkarsRmab;EkERbdIenaHeT (USDA, 1999b). 
pH dI man\T§iBlelIPaBesrIrbs;sarFatuciBa©wmrukçCati edayehtufa PaBesrIén 
sarFatuciBa©wmeRcIn b¤tic GaRs½ynwgkRmitrbs; pH dI ¬rUbPaB19¦. dI Edl 
manlkçN³GasuItxøaMgbMput (pH<4) GacbNþaleGayrukçCatiRsUbykpUsV½rBIdImin)an 
eRBaH Al3+

 )anbWtykpUsV½rGs;BIkñúgdI edaysarvtþman  Al3+ kan;EteRcInenAkñúgdIEdl 
man pH kan;EtTab. pÞúyeTAvij dIEdlman pH x<s; ¬dIGal;kaLaMg¦ Gac 
bNþaleGayrukçCatielcecjnUvkgVHFatusg½ásI (Zn) b¤¼nig Edk (Fe) (Veldkamp, 

1992). 
dI ERbeTACaGasuItenAeBlmankacug¬dUcCa kacugkal;süÚm b¤ Ca2+¦ Edlcab; 

edaykULÚGuItdIRtUv)anpþac;ecjBIdI ehIyCMnYsedayGuIy:ugGaluymIj:Úm (Al3+) bnÞab;mk 

Al3+ eFVIGuIRdUlIskøayeTACaGaluymIjÚ:mGuIRduksIutrwg (Al(OH)3) nig H+ bnSl;Tuk 
enAkñúgdI. dMeNIrkarGasuItkmμyUrGEgVgénkarbMEbkrbs;FatusrIragÁ k¾bnSl;Cati 
GasuIteTAkñúgsUluysüúgdIEdr (Soil Survey Division Staff, 1993). 
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rUbPaB 19 TMnak;TMngrvag pH dI nigPaBesrIénsarFatuciBa©wm (USDA, 1999a) 
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tarag 7 pH(H2O) dIsmRsbsRmab;dMNaMmYycMnYn 

dMNaM Crops 
pH 

4/0 4/5 5/0 5/5 6/0 6/5 7/0 7/5 
RsUv Paddy Rice         

sENþkdI Peanut         

eBat Maiz         

GMeBA Sugarcane         

dMLÚg)araMg Potato         

fñaMCk; Tobacco         

kar:ut Carrot         

Rtav Taro         

és<ekþab Cabbage         

és<Rkj:aj; Chinese Cabbage         

és<páa Cauliflower         

xÞwm)araMg Onion         

Rtb; Egg Plant         

eb:ge)a:H Tomato         

Rtsk;p¥ Cucumber         

el<A Pumpkin         

«Lwk Watermelon         

saLad Lettuce         

RkUc Orange          

TMBaMg)ayCUr Grape         

mñas; Pineapple          

Et Tea         

e)a:m Apple         

RbPB ³ Kubota, 2005a 
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2>2 viFIsa®sþvas;eb:has;dI (Soil pH Measurement)  
eGLicRtUnic pH Em:Rt KWCa]bkrN_mYyEdlmanPaBsuRkitCageKkñúgcMeNamviFI 

sa®sþvas; pH rbs;dI ¬rUbPaB20¦. CaeKalkarN_ eKRtUvlaysUluysüúgdI 
EdlmansmmaRt 1³2/5 ¬dI ³ GgÁFaturav¦. GgÁFaturavGaceRbI)anKW TwksuT§ 
(pH-H2O) b¤sUluysüúgb:UtasüÚmkørY (pH-KCl) EdlmankMhab;mYym:Ul¼lIRt (1M én 
KCl) (Reeuwijk, 2002). 

dMeNIrkarénkarvas; pH dI (Reeuwijk, 2002)³ 
 føwgdIcMnYn 20 Rkamdak;kñúgEkvebEs‘ EdlmancMNuH 250 mIlIlIRt 
 cak; 50 mIlIlIRténTwksuT§ b¤sUluysüúgb:UtasüÚmkørY¬kMhab;mYym:Ul¼lIRt¦ 
 RkLúk b¤ kUrry³eBl 2 em:ag  
 bnÞab;BIRkLúk b¤kUrrYcykeGLicRtUniceb:has;Em:Rtmkvas;sUluysüúgdIenaH 
 emIltémøeb:has;enAelIeb:has;Em:Rt  

 
eRkABIeGLicRtUnic pH Em:RteKGaceRbIRkdas; pH ¬rUbPaB21¦ edIm,Ivas ; pH 

rbs;dI b:uEnþvaminsUvmanPaBCak;lak;dUc]bkrN_eGLicRtUnic pH Em:RteT. elIsBI 
enHeTAeTotman]bkrN_vas; pH rbs;dIeRcInRbePTeTotEdl]bkrN_mYycMnYn eRbI 
GgÁFatucg¥úlBN’ ¬rUbPab22¦ ehIymYycMnYneTotGacbgðajtémø pH dIy:agqab; 
rh½sedayRKan;Etyk]bkrN_enaHcak;cUleTAkñúgdI ¬rUbPaB23¦.  

 

 
rUbPaB 20 karvas ; pH dIedayeRbIeGLic
RtUnic pH Em:Rt 

rUbPaB21 karvas; pHdIedayRkdas;pH 
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rUbPaB 22 ]bkrN_vas; pH dIeday 
eRbIGgÁFatucg¥úlBN’           

   rUbPaB 23 ]bkrN_vas; pH dIeday
cak;cUlkñúgdIpÞal; 

 
3 smtßPaBedaHdUrkacug (Cation Exchange Capacity­CEC)  

smtßPaBedaHdUrkacug KWCalT§PaBdIEdlcab;ykkacugmkp¥wbnwgxøÜnva. kacug 
TaMgenaHrYmman ³ kal;süÚm (Ca2+) m:aej:süÚm (Mg2+) b:UtasüÚm (K+) sUdüÚm (Na+) 

Gam:Uj:Úm (NH4
+) GaluymIj:Úm (Al3+) nigGuIRdUEsn (H+). xniCdI\dæ l,aym:dæmYy 

cMnYn nigsarFatusrIragÁEdlrlaykñúgRKab;dI ¬memaK¦ TaMgGs;KWCaRbePTEdlman 
bnÞúkGKÁIsnIGviC¢manenAépÞxageRkAEdlGacehAfa kULÚGuIt ¬Ggát;p©itBI 0/01-10µm¦ 
kULÚGuItTaMgenaHbgðajeGayeXIjBIbrimaNeGLicRtugelIs brimaNRbUtugEdlmanenA 
kñúgxniCdI\dæ l,aym:dæ b¤memaK. bnÞúkGKÁIsnIrbs;kULÚGuItmantYnaTIcab;ykkacug 
nigbgáarkuMeGayhUreRcaHecjBIdI. kacugTaMgGs; Edlp¥wbCab;nwgdIGacedaHdUrKñaCamYy 
kacugdéTeTot)an b¤ b¤srukçCatiGacRsUbyk)anenAkñúgsUluysüúgdI (Soil Survey 
Division Staff, 1993; Sposito, 1989; Aduayi & Ekong, 1981 and Tisdale et al., 
2002). TahrN_ ³ Ca2+ GacCMnYseday Al3+ nig¼b¤ K+. dIEdlman CEC 

x<s;Gaccab;ykkacug)aneRcIn. RbsinebImanPaBelIslubén Al3+ enAkñúgsUluy 
süúgdI naMeGaydIenaHmanPaBelIslubénkacug Al3+ eRBaH Al3+ CakacugEdlGac 
edaHdUrxøaMgCageK. dUcKñaenaHEdr enAeBlEdlmanbrimaNd¾eRcIn énkacug Ca2+ 

RtUv)anbEnßmeTAeGaysUluysüúgdItamry³kar)ackMe)ar enaH Ca2+ nwgCMnYs Al3+ vij 
ehIyeFVIeGaysUluysüúgdIenaHeTACa NWt  (Soil Survey Division Staff, 1993).
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tarag 8 kRmitén CEC rbs;dI  

CEC TabNas; Tab mFüm x<s; x<s;Nas; 
meq/100g <6 6-12 12-25 25-40 >40 

RbPB ³ Marx, 1999  
 

CEC RtUv)ankMNt;CacMnYnm:UlénbnÞúkGKÁIsnIeFobeTAnwgm:as;dI. xñatrbs ; CEC 
KW cmol+/kg ¬sg;TImU:lénbnÞúkGKÁIsnIviC¢mankñúgmYyKILÚRkam¦ b¤ meq/100g ¬mIlIeGKI 
va:Lg;¼100Rkam Edl ³ 1cmol+/kg = 1meq/100g¦. dIEdlman CEC x<s;dI 
enaHmankacugeRcInenAruMBT½§. CEC dImanPaBxusKñaGaRs½ynwgbrimaN\dæ nigGgÁFatu 
srIragÁEdlmanenAkñúgdIenaH. dI\dæman CEC BI 4 eTA 100 meq/100RkamdI 
ehIymemaKman CEC RbmaN 200 meq/100RkamdI ¬tarag9¦. vaynPaBdI 
man\T§iBlelI CEC dIEdlman\dæeRcIn KWman CEC x<s; (Soil Survey Division 

Staff, 1993 and Nathan, 2009). 
 

tarag 9 TMnak;TMngrvagvaynPaBdI nig CEC 
CEC (meq/100g) Soil Texture vaynPaBdI 

2 – 5 Sand dIxSac; 
5 – 12 Sandy Loam dIl,ayeRKImxSac; 
10 – 18 Loams dIl,ayeRKIm 
15 – 30 Silt, Silt Clay Loams dIl,ay b¤dIl,ayeRKIm\dæl,ay 
25 – 40 Clay, Clay Loams dI\dæ b¤dIl,ayeRKIm\dæ 

RbPB ³ Nathan, 2009 
 

dIEdlman CEC Tab ¬1 eTA 10 meq/100g¦ KWCadIEdlmanxSac;eRcIn 
nigmanlT§PaBsþúkTwkTab. dIRbePTenHtRmUveGaymankar)ackMe)aredIm,IEkERb pH dI 
kñúgeKalbMNgkat;bnßykarhUreRcaHénGasUt nigb:UtasüÚm. pÞúymkvij dIEdlman 

CEC x<s; ¬15 eTA 40 meq/100g¦ mandI\dæ b¤memaKeRcIn nigmanlT§PaBsþúk 
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Twkx<s; ehIyk¾tRmUveGaymankar)ackMe)aredIm,IEkrERb pH dI nigeFVIeGaymanlT§PaB 
rkSasarFatuciBa©wmkan;EtRbesIreLIg¬tarag10¦ (Soil Survey Division Staff, 1993 

and Nathan, 2009). 
 

tarag 10 TMnak;TMngrvag CEC dIeTAnwglkçN³sm,tþidI 
CEC Tab ¬1-10 meq/100g¦ CEC x<s; ¬11-50 meq/100g¦ 

dIxSac;eRcIn nig dI\dætic dIxSac;tic ehIyl,ay nig \dæeRcIn 
sarFatusrIragÁtic FatusrIragÁkñúgdIBImFüm eTAeRcIn 
lT§PaBsþúkTwkTab lT§PaBsþúkTwkx<s; 

pH dITab pH dIniglkçN³KImIepSgeTotmingayERbRbYl
sarFatuciBa©wmhUreRcaHcuHeRkameRcIn 
dUcCa ³  Ca2+, NH+ nig K+

minsUv)at;bg;sarFatuciBa©wmeRcIndUcdI
Edlman CEC Tab 

RbPB ³ Soil Survey Division Staff, 1993 
 

3>1 PaBcl½trbs;kacugkñúgdI (Cation Mobility in Soils) 
bnÞúkGKÁIsnIGviC¢manrbs;dI\dæ nigsarFatusrIragÁqk;ykkacugy:agxøaMgenAkñúg 

dI. karcab;yk nigkarpþac;énkacugTaMgenaH KWCaPaBcl½trbs;kacugkñúgdI. man 
ktþamYycMnYnEdlman\T§iBlelIPaBcl½trbs;kacugkñúgdI. ktþaBIrsMxan; KWTMnak;TMng 
nwgkMlaMgP¢ab;énkacugnImYy² nigcMnYnkacug b¤m:asénkacugTaMgenaH. kMlaMgP¢ab;én 
kacugenAkñúgdIRtUv)ankMNt;tamry³bnÞúkGKÁIsnI nigTMhM b¤Ggát;p©iténGuIy:ug. CaTUeTA 
kacugEdlmanbnÞúkGKÁIsnIviC¢maneRcIn nigmanGgát;p©ittUcKWCakacugEdlmankarcab;P¢ab; 
nwgkULÚGuIty:agtwgENn nigBi)akkñúgkarpøas;bþÚrtamRbUhVIldI (Soil Survey Division 

Staff, 1993). ]TahrN_ ³ kacug Al3+ manbnÞúkGKÁIsnIviC¢man 3 ehIy 
manGgát;p©ity:agtUc nigeFVIkarpøas;bþÚry:agyWt²tamRbUhVIldI enAxN³Edlkacug 
K+ manbnÞúkGKÁIsnIviC¢manEtmYyehIymanGgát;p©itFMCagdUecñH K+ )at;bg;tamry³eRcaH 
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cuHeRkamelOnCag. RbsinebI manbrimaNRbhak;RbEhlKña enaHkMlaMgénkarRsUb 
ykkacugnwgmanlMdab;dUcxageRkam (Soil Survey Division Staff, 1993) ³ 

 
Al3+ > Ca2+ > Mg2+ > K+ = NH+ > Na+ 

 
3>2 PaBEq¥tén)as (Base Saturation­BS)  

kacug Ca2+, Mg2+, K+ nig Na+ KWCakacug)asEdlGacedaHdUr (BS) ¬tarag 
11¦ ehIykacugeRkABIenHrbs ; CEC CakacugGasuIt ¬H+ nig Al3+¦. PaKryrbs; 
BS RtUv)ankMNt;eday³ BS/CEC x 100. BS srubx<s; ¬>50°¦ begáInPaB 
esrIén Ca, Mg nig K nigkarBarmineGay pH Føak;cuH ¬RkahVIk1¦. BS srubTab 
¬<25°¦ cg¥úlbgðajBIPaBxøaMgénGasuIt eFIVeGaydImanskmμPaB Al3+ xøaMgehIy 
bNþaleGayrukçCatiBul (Soil Survey Division Staff, 1993 and Tisdale et al., 

2002).  
]TahrN_³ dImYyman BS srub = 10/5meq/100g nig CEC = 15meq/100g  
naMeeGay³ PaKry BS srub = [(10/5meq/100g/15meq/100g)] x 100 = 70° 
 
tarag 11 kRmiténkacug)asedaHdUr ¬meq/100g¦ nig °BS 
kacug TabNas; Tab mFüm x<s; x<s;Nas; 
Na+ 0/0-0/1 0/1-0/3 0/3-0/7 0/7-2/0 >2/0 
K+ 0/0-0/2 0/2-0/3 0/3-0/7 0/7-2/0 >2/0 

Ca2+ 0/0-2/0 2/0-5/0 5/0-10 10-20 >20 
Mg2+ 0/0-0/3 0/3-1/0 1/0-3/0 3/0-8/0 >8/0 
°BS 0/0-20 20-40 40-60 60-80 >80 

RbPB ³ Marx, 1999 
 

PaKry BS manTMnak;TMngeTAnwg pH dI ¬RkahVIk1¦. kalNaPaKryén 
Ca2+, Mg2+ nig K+ ekIneLIgenAkñúgsUluysüúgdIenaHman pH dIk¾ekIneLIgEdr. 
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enAkñúg]TahrN_enH ¬RkahVik1¦³ pH dI = 5/5 enaH °BS = 50° ehIyebI 
pH dI = 7/0 vij enaH °BS = 90° (Tisdale et al., 2002). 

 

 
RkhVik 1 TMnak;TMngTUeTArvag °BS nig pH dI (Tisdale et al., 2002)  

ExSekagrbs;RkahVikxagelIenHbgðajy:agc,as;BITMnak;TMngrvag °BS nig pH 
rbs;dIeRcInRbePT. RkahVikxagelIenHGac)a:n;RbmaNBI °BS edIm,IkMNt;brimaN 
tRmUvkarkMe)arsRmab;dIGasIut (Tisdale et al., 2002).  
 
3>3 smtßPaBrMlay (Buffering Capacity)  

PaBFn;RTaMénkarERbRbYl pH kñúgsUluysüúgdIKWGaRs½ynwgsmtßPaBrMlayrbs; 
dI. karbegáInkRmit pH dI vamanTMnak;TMngCamYynwgbrimaNdI\dæ nigFatusrIragÁ. 
dUecñH dIEdlmandI\dæeRcIn nigFatusrIragÁeRcIn ¬smtßPaBrMlayx<s;¦ RtUvkar 
brimaNkMe)areRcInCagdIxSac; ¬smtßPaBrMlayTab¦ edIm,IbegáInkRmit pH dI  (Soil  

Survey Division Staff, 1993 and USDA, 1999b). 
 
4 karbEnßmkMe)arelIdI (Soil Liming)   

kMe)arRtUv)aneKeRbIsRmab;EkERbdIGasuIt ¬tarag12¦ edIm,Ikat;bnßyGuIy:ugGuIRdU 
Esn EdlmanenAkñúgsUluysüúgdI nigbegáInkRmitGal;kaLaMg b¤)asenAkñúgsUluy 
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süúgdIenaH. karviPaKdIBIPaBbnSabénGasuIt KWCameFüa)ayedIm,IkMNt;brimaNkMe)ar 
)aceTAelIdIenaH. dIEdlman pH dUcKñaGacmanPaBbnSabénGasuItxusKña nig 
mantRmUvkarbrimaNkMe)arepSgKñaEdr. CaTUeTA tRmUvkarkMe)arekIneLIgenAeBlEdldI 
manvtþman\dæ nigsarFatusrIragÁeRcIn. sarFatuEdlGaceRbIsRmab;EkERbdIGasuIt 
rYmman³ fμkMe)ar (CaCO3) fμdULÚmI [CaMg(CO3)2] kMe)ardut (CaO) nigepHeQI (K2CO3) 
(USDA, 1999b and Nathan, 2009). 
 
4>1 KuNsm,tþiénkardak;kMe)arkñúgdI (Advantages of Liming) 

kar)ackMe)areTAelIdInwgpþl;plRbeyaCn_dUcxageRkam (USDA, 1999b)³ 
 kat;bnßykarBul énGuIy:ugm:g;kaENs (Mn2+) nigGuIy:ugGaluymIj:Úm (Al3+)  
 begáInskmμPaBGtisuxumR)aN 
 eFVIeGayRbesIreLIgénlkçN³rUbrbs;dI ¬TRmg;dI¦ 
 eFVIeGayRbesIreLIgnUvkarcab;GasUtrbs;)ak;etrI énBBYksENþk 
 eFVIeGayRbesIreLIg énrsCatirbs;dMNaMcMNIstV 
 cMNayticsRmab;RbPBén Ca2+ nig Mg2+ eBlvaxVHcMeBaHdIEdlman pH Tab 
 eFVIeGaymanPaBesrIénsarFatuciBa©wm ¬PaBesrIénpUsV½r (P) nigm:UlIbEdn 

(Mo) ekIneLIgenAeBl pH ekIndl;BI 6/0 eTA 7/0 eTaHCamIRkUFatu 
déTmanPaBesrIekIneLIgenAeBl pH Føak;cuHkþI¦ 

 
4>2 karkMNt;brimaNkMe)ar (Determination of Lime) 

edIm,ItemøIg pH dIRtUvbEnßmkMe)areTAdIeGay)an 3 eTA 6 ExmuneBleFVIkardaMduH 
dMNaM. dMeNIrkarénkarbMEbkFaturbs;kMe)arenAkñúgsUluysüúgdIdUcxageRkam ³  

 

CaCO3 + H2O  Ca2+ + H2O + CO2      (a) 
 

CaTUeTA 1 m:Ulén CaCO3 GacbnSab)an 2 m:Ulén HCl¬rUbPaB24¦  (Soil 

Survey Division Staff, 1993 and Tisdale et al., 2002).  
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smIkarénRbtikmμKImIGacsresrdUcxageRkam ³  
 

CaCO3 + 2HCl  Ca2+ + 2Cl- + H2O + CO2         (b) 

 
 
 
 
 
 
 

 
rUbPaB 24 dMeNIrkarénkarbnSabdIGasuItedaykMe)ar 
 

dUecñHTm¶n;rbs; CaCO3 kñúgmYyeGKIva:Lg;GackMNt;)andUcxageRkam¬smIkar 
a&b¦³ 

 
 
]TahrN_ ³ dImYykEnøgman pH = 5/5 nig CEC = 20 meq/100g. GñkdaM 
dMNaMcg;eGay pH dIenAkEnøgenaHman pH = 6/5 edIm,IeGaydMNaMrbs;Kat;mankarduH 
lUtlas;l¥ nigpþl;pl)aneRcIn. 

Ep¥kelIExSekagénRkahVik 1 Gac)a:n;RbmaN)anfaenARtg; pH = 5/5 man 
°BS = 50° ehIyenARtg;cMNuc pH = 6/5 man °BS = 75°. xageRkamenH 
KWCakarKNnarkbrimaNkMe)ar)acelIdIenaHedIm,IEkrERbdIB I pH = 5/5 eTA pH = 6/5 
¬BI °BS = 50° eTA °BS = 75°¦³ 

°BS ¬cg;)an¦=75°=0/75 ⇒ ¬0/75¦ x 20meq CEC/100g=15meq/100g 

°BS ¬dMbUg¦=50°=0/50 ⇒  ¬0/50¦ x 20meq CEC/100g=10meq/100g 

⇒ tRmUvkar)assrubedIm,ItMeLIg pH KW³ 5 meq/100g    
eday  CaCO3 manRbsiT§PaB 50g/eq b¤ 50mg/meq 

PaKl¥itdI\dæGasuIt kal;süÚmGuIRduksuIt PaKl¥itdI\dæNWt Twk 

 H+ 
 H+ 

 H+ 

 H+ 

 H+  H+  H+ 

  Ca++ 

 Mg++ 

 K+ 

  Ca++

  Ca++

  Ca++ 

  Ca++

 H+

 K+

 Mg++

 OH
 OH  Ca

 OH
 OH  Ca

 OH
OH  Ca

+ + 
  HOH 

  HOH 

  HOH 

  HOH

  HOH

  HOH

- - - -

- - - -

-   -  --- 

-   -  --- 

- - - - 

- - - - 

-    -   - - - 

-    -   - - - 

m:as; CaCO3¼eGKIva:Lg; =                     =            = 50 g/eq = 50 mg/meq
m:as; CaCO3 

2 
100
2 
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mann½yfa 1meq RtUvkar CaCO3 cMnYn 50mg¼100gdI  
ebI 5meq enaHtRmUvkar CaCO3 cMnYn 250mg/100gdI   
⇒ dI 100g RtUvkar CaCO3 cMnYn 250mg  
b¤ dI 0>1kg RtUvkar  CaCO3 cMnYn 25 x10-5 kg  
ebIdI 1 ha ¬Tm¶n;=2>100etan=21>105kg¦¬emIlcMnuc 3>1 énemeronTI 3¦ 
dUecñHdI 21>105kg RtUvkar CaCO3 cMnYn 25 x10-5 kg x21>105kg/0>1kg  
= 5250 kg/ha b¤ 5/25 t/ha ¬CeRmAdI 15Cm¦. 

 

tarag 12 TMnak;TMngTUeTArvag pH dI nigbrimaNkMe)arsRmab;dIGasuIt 
pH 

(KCl) 
dIxSac; dI\dæ 

*Ca(OH)2 CaCO3 (kg/ha) *Ca(OH)2 CaCO3 (kg/ha) 

5/0 188 263 375 450 
4/5 263 375 563 675 
4/0 375 488 750 938 
3/5 563 675 1125 1500 

RbPB ³ Kubota, 2005a  * FatusuT§ 80° 
tarag 13 RkumxniCdI\dæ nig CEC  

Rkum Groups RsTab; CEC rUbmnþKImI c 
dI\dæekALaMg Kaolinite 1³1 1-10 [Si4]Al4O10(OH)8

.nH2O (n=0 or 4) 

mIka Mica (Illite) 2³1 20-40 Mx[Si6.8Al1.2]Al3Fe0.25Mg0.75O20(OH)4 

evImIxlLay Vermiculite 2³1 120-150 Mx[Si7Al]Al3Fe0.5Mg0.5O20(OH)4 

sμ icfay Smechtitea 2³1 80-120 Mx[Si8]Al3.2Fe0.2Mg0.6O20(OH)4 

køra:y Chlorite 2³1b 20-40 (Al(OH)2.55)4
.[Si6.8Al1.2]Al3.4Mg0.6O20(OH)4 

FatusrIragÁ Organic 
matter - 100-300 - 

RbPB ³ Sposito, 1989 

bBa¢ak; ³ a  eKalkarN_éndI\dæm:ugm:UrILÚnIt (montmorillonite) enAkñúgdI      

  b RsTab; 2³1 ehIymanBBYkGuIRduksuItCaGnþrRsTab;  
 c ebI n=0 CadI\dæekALaMg (kaolinite) EtebI n=4 CadI\dæhaLÚsay (halloysite) 

ehIy M CakacugGnþrRsTab; (Al3+, Ca2+, Mg2+, K+, Na+) 
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1> CIvsa®sþéndI   
2> smasFatusrIragÁkñúgdI 
3> pleFob kabUn nig GasUt

FatusrIragÁrbs;dI 
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1> CIvsa®sþéndI (Soil Biology)  
 dI KWCamCÄdæanEdleBaeBjeTAedayBBYkGtisuxumR)aNrs;enA. dImanCICati 
cMnYn 10g GacmancMnYn)ak;etrIesμ IcMnYnRbCaCnelIBiPBelakbc©úb,nñ. dI 1kg Gac 
manBBYk)ak;etrIcMnYn ³ 500 Ban;lan BBYkGaTINUmIEst (actinomicetes) cMnYn ³ 
10 Ban;lan nigBBYkpSitcMnYn ³ Cit 1 Ban;lan. cMENkÉstVkñúgdIGacman 
dl;eTA 500 lanenAkñúgdI 1kg (Sposito, 1989). 
 GtisuxumR)aNenAkñúgdIedIrtYnaTIy:agsMxan;kñúgkarbMEbkkaksMNl;BIrukçCati nig 
stVeGaykøayeTACaFatusrIragÁenAkñúgdI. RbPBcMbgénFatusrIragÁKW b¤srukçCatigab; 
ehIysøwkrukçCatiEdlRCuH nigsaksBénstVkñúgdIdUcCa ³ stVl¥it nigdgáÚvCaedIm. 
Cenøn stVl¥it )ak;etrI pSit nigGtisuxumR)aNrbs;dIepSgeToteRbIR)as;GgÁFatu 
srIragÁCaRbPBGahar nigfamBlcMbgsRmab;rs;ranmanCIvitenAkñúgdI. sarFatu 
ciBa©wmrukçCatibnSl;eTAkñúgdItamry³karbMEbkkaksMNl;enAelI nigkñúgdI. memaK 
KWCalT§plcugeRkayénkarbMEbkGgÁFatusrIragÁ. memaK KWCasmasPaBskmμ nig 
sMxan;bMputénFatusrIragÁrbs;dI ehIyvaCaRTg;RTayrbs;FatusrIragÁ EdlRtUv)an 
kMNt;CaTUeTAkñúgkarviPaKFatusrIragÁenAkñúgdI (Soil Survey Division Staff, 1993 and 

Sdosito, 1989). 
 

1>1 stVl¥it nig GtisuxumR)aNkñúgdI (Soil Fauna and Microorganisms) 
stVkñúgdI KWCaPavrs;bCIB (heterotrophic) ¬ciBa©wmCIvitedayGgÁFatusrIragÁ¦ 

EdlGacEckCabIcMNat;fñak;tamTMhMTTwgxøÜnrbs;va³ stVm:aRkU-macrofauna ¬>2mm¦ 
stVemsU-mesofauna ¬2-0/1mm¦ nigstVmIRkU-microfauna ¬<0/1mm¦ ¬rUb 
PaB27¦. stVTaMgenaH bMEbkGaharkñúgsarBagÁkayehIybnSl;kaksMNl;tictYc 
bMputeTAdI b:uEnþvaedIrtYy:agsMxan;kñúgkarkekItdI nigkarRKb;RKgdI. BYkstVkekr 
cRmuHbMEbkdI nigGgÁFatusrIragÁbBa©ÚleTAkñúgRbUhVIldI. BYkstVTaMgenaHbegáItbNþaj 
CaeRcIn ¬rn§dI¦ enAkñúgdIeFVIeGaymanPaBgayRsYldl;kareFVIclnarbs;xül; nigTwk 
kñúgdI  (Sylvia, 2005). 
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RkumGtisuxumR)aN nigstVkñúgdIsMxan;²rYmman ³ 

 pSit ³ RkumenHrYmbBa©ÚlTaMgm:Ul (molds) rhUtdl;pSitFM (mushroom). 
dIexSaHCICatimanBBYkm:UltictYc b:uEnþdIsMbUrCICatiGacmanBBYkm:UlrhUtdl; 
cMnYn 5 Esn. BBYkpSitplitmIeslüÚm (mycelium) y:ageRcInedIm,IeFVI 
eGayGgÁFatusrIragÁBukpuy. karduHlUtlas;rbs;BYkpSiteFVIeGaymandICUr. 
vamansmtßPaBGacbMEbkEsluyLÚs RbUetGuIn nigmanlkçN³Biess 
eFVIeGayBukGgÁFatusrIragÁEdlmanCatieQI (Jenkins, 2005). 

 )ak;etrI ³ enAkñúgdIman)ak;etrIeRcInRbePT EdlGaceRbIR)as;GgÁFatusrIragÁ 
y:ageRcIn edIm,ICafamBlsRmab;karrs;ranmanCIvit nigbnþBUCrbs;va. 
BBYk)ak;etrITaMgenaHedIrtYy:agsMxan;kñúgkarbMEbkGgÁFatusrIragÁ enAdMNak; 
kaldMbUgénkarbMElgFatuTaMgenaHenAxN³eBlEdlmansMeNImx<s; ehIy 
dMNak;kalbnÞab; KWmanBBYkpSitedIrtYsMxan;kñúgkarbMBuk GgÁFatusrIragÁ 
enaH. vamanGgát;p©itCamFüm 0/5µm nigbeNþayxøÜnmFüm 2µm. 
]TahrN_ ³ Bacillus subtilis nig Pseudomonas fluorescens 

KWCaPñak;garsMxan;kñúgkarbMEbkGgÁFatusrIragÁ (Reid and Wong, 2005). 

 stVÉkekasika (Protozoa)³ RkumenHmaneRcInRbePTEdlrs;enAkñúgdI ¬rUb 
PaB26¦. dIcMnYn 1g GacmanRbmaN 1 lanstVÉkekasika. BYk 
enHeRbIR)as;sarFatuBukpuyenAkñúgdIeFVICaGahar (Alive, 2001).  

 saray (Algae)³ dIcMnYn 1g manBBYksarayébtg nigexovébtg 
RbmaN 5 Esn. BYkvaTaMgenaH rs;enAEpñkxagelIéndI ¬rUbPaB25¦ 
edayeFVIrsμIsMeyaKedIm,Irs;ranmanCIvit nigPaKeRcInénBYkTaMgenH rs;enACa 
saRbUhVIt  (saprophyte) edayRsUbyksarFatuciBa©wmBIkarbMBukGgÁFatu 
srIragÁrbs;stV nigrukçCati ehIyBYkTaMgenaHPaK 
eRcInsßitenAkñúgCeRmAdIRbEhl 7 eTA 10Cm 

(Kafur and Parvin, 2008).       

rUbPaB 25 sarayenAelIdI  
(Lake, 2009) 
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 eNm:atUt (Nematodes) ³ RtUv)anTTYlsÁal;faCaRBUn ragCasuILaMg 
nigminEbgEckCakMNat;²enaHeT ehIyvamancugRsYc ¬rUbPaB27¦. BYk 
vamanTMhMtUc² ¬RbEvgBI 100-1>000 µm nigTTwgBI 5-100 µm¦ 
rs;enAkñúgrn§dI CaBiessenAkñúgRKab;dIRbmUlpþúMKña (Sylvia, 2005). 

 Arthropods: CastVEdlmanxøÜnCakMNat;² ehIymaneCIgRsb²Kña nig 
manEs,kP¢ab;kg;nImYy²éndgxøÜn ehIybgðajecjCaeRKagq¥wgenAxageRkA. 
stVl¥it mite nigBIgBag KWCaBBYkstVGaRtUb:Ud ¬rUbPaB26¦. BBYk 
GaRtUb:UdsMxan;²enAkñúgdIrYmman collembolans nig mites EdlmaneRcInrs; 
enAkñúgsRmamsøwkeQInigkúñgdIEk,rRsTab;épÞelIdI. vaGacmancMnYnBI 103/m2 
kñúgdIksikmμ nigrhUtdl; 106/m2 enAkñúgdIéRB. vaCastVl¥itK μansøab 
ehIymanbeNþayxøÜnBI 2-3mm nigTTwgxøÜnBI 0/2-2mm (Sylvia, 2005). 

 Cenøn ³ CaBBYk oligochaetes EdlmandgxøÜnCakMNat;²TaMgxagkñúg 
nigxageRkAxøÜn. CenønmanRbEvgBI 2-3cm rhUtCit 1m nigTTwgxøÜnBI 
2-20mm. cMnYnCenønenAkñúgdIGacmanticCag 10 Cenøn¼m2 enAkñúgdI 
ksikmμ nigmaneRcInCag 700 Cenøn¼m2 enAkñúgdIéRB (Sylvia, 2005). 

stVÉkekasika 
(Protozoas)   

Flagellate Testate amoeba Ciliate 

GaRtUb:Ud 
Arthropods  

Collembolan 
(Onychiurus sp.) 

Oribattid 
(Nothrus sp.) 

Mesostigmatid 
(Uropoda cassidea) 

rUbPaB 26 BBYkstVGaRtUb:Ud nigstVÉkekasikasMxan;²enAkñúgdI (Sylvia, 2005) 
 

 manktþaCaeRcInEdlman\Ti§BlelIGtisuxumR)aNkñúgdIdUcCa³ xül; pH sMeNIm 
sItuNðPaB xniCrlay brimaNsmasFatusrIragÁ karERbRbYlsmasFatuGsrI 
ragÁ rUbsa®sþéndI CICatidI cMNat;fñak;énkarRbmUlpþúMrbs;RKab;dI (Reid & Wong, 

2005 and Jenkins, 2005). 
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Microfauna 
<0/1 mm 

 
Flagellate (Protozoa) Nematods 

Mesofauna 
0/1-2 mm 

 

Mites (Acarina)
Spiders 

(Araneida) 
Beetles & larvae 

(Coleoptera) 
Springtails 

(Collembola) 

Macrofauna 
>2 mm 

 

Earthworm Termites  
(Isoptera) 

Woodlice 
(Isopoda) 

    
Potworms (Enchytraeida) Centipedes & millipedes  

(Myriapoda) 

rUbPaB 27 cMNat;fñak;stVenAkñúgdI (Alive, 2001 and Sylvia, 2005)   
 

2 FatusrIragÁkñúgdI (Soil Organic Matter) 
FatusrIragÁkñúgdIedIrtYy:agsMxan;enAkñúgksikmμtMbn;RtUBic. karbMEbkFatusrIragÁ 

BitCaman\T§iBldl;karEkrERblkçN³sm,tþidI b:uEnþ k¾manFatusrIragÁmYycMnYnbnSl; 
CatiGasuIteTAeGaydI. ]TahrN_³ BBYkGasIutsrIragÁ EdlmanbgÁúMkabuksuIl 
(COOH) P¢ab;CamYy. RkumkabuksuIlGace)aHRbUtugy:aggayGaRs½ytamtémø pH dI 
¬tarag14¦ ehIyvakøayCaGaj:úgkabuksIuLat (COO-). Gaj:úgkabuksuILateTA 
P¢ab;nwgxniCenAkñúgdI. brimaNGasuItsrIragÁkñúgdIGacmanBI 0/01 eTA 5 mol/m3 Edl 
vaCab;Tak;Tgy:agxøaMgCamYyGuIy:ugelah³ ¬≤1mmol/m3¦. GasuItsrIragÁTaMgenHenA 
kñúgdImankarvivDÆn_y:agelOnkñúgdI b:uEnþ vaplitminQb;Qrtamry³vdþCIvitrbs;Gti 
suxumR)aN (Sposito, 1989 and AICAF, 2003). xageRkamenHKWCatarag GasuIt 
srIragÁsamBaØ²mYYycMnYn nigtémø pH EdlGasuItenaHgayrlay ³ 
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tarag 14 GasuItsrIragÁsamBaØ² nigtémø pH EdlGasuItenaHgayrlay  

eQ μaH Name rUbmnþKImI pH* 

GasuIthV½rmuic Formic acid HCOOH 3/8 
GasuItGaesTic Acetic acid CH3COOH 4/8 
GasuItGuksaLic Oxalic acid HOOCCOOH 1/3 

GasuIttattaric Tartaric acid 

 
   H 

HOOCCCCOOH 
                             H  
                              

3/0 

GasuItsuIRTic Citric acid 

        COOH 
H  H 

HOOCCCCCOOH 
H  H 

H 

3/1 

* témø pH EdlRkum COOH rlayeRcInkñúgsUluysüúgGacdl; 50°   
RbPB ³ Sposito, 1989  

 

                                                                                                  H 
manRkumGasuItsrIragÁepSgeTotEdlmanrUbmnþTUeTA ³ R−C−COOH 
                                                                                       NH2 

BBYkenHCaGamINUGasuItEdl R tMNageGayRkumsrIragÁdUcCa CH3. BBYk 
GasuItsrIragÁTaMgenHrlayeTAkñúgsUluysüúgdIkñúgkRmitBI 0/05 eTA 0/6 mol/m3 
nigGacbnSl;TukGasUteTAkñúgmemaKdI. GamINUGasuItmYycMnYn RtUv)anbgðajkñúgtarag 
15 EdlBYkTaMgenaHmanbgÁúM COOH nigGamIn (NH2). COOH rlaykñúgsUluysüúg 
dIedaye)aHRbUtugecalkøayCa COO- ehIy NH2 cab;ykRbUtugkøayeTACa NH3

+. 
GamINUGasuIt-NWt bnSl;eTAkñúgdIRbEhl 2¼3 énGamINUGasuItTaMgGs;kñúgdI ehIy 
1¼3 eTotCaGamINUGasuIt-GasuIt EdlmanbgÁúMra:DIkal; (R) rYmbBa©ÚlTaMgRkum COOH 

¬GasuItGas,:aTic nigGasuItKøúytamic¦ nigGamINUGasuIt-)as EdlmanbgÁúM R rYm 
bBa©ÚlTaMgbgÁúM NH2 ¬GaKInIn niglIsuIn¦ (Sposito, 1989). GamINUGasuItGaccg 
P¢ab;KñaEdlmansmIkarRbtikmμTUeTAdUcxageRkam ³ 

 

            H                          H                        H                R’ 
R−C−COOH  +  R’−C−COOH  =  R−C−CONH−C−COOH  +  H2O       (c) 

            NH2                     NH2                    NH2 

O
H

H
O
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tarag 15 GamINUGasuItsamBaØ²enAkñúgdI 
eQ μaH Name rUbmnþKImI 

KøIsIun Glycine 
 H 

H−C−COOH 
     NH2 

 

GaLanIn Alanine 
CH3−CH−COOH 

 
                                 NH2 

 

GasuItGas,:aTic Aspartic acid 
HOOC−CH2−CH−COOH 

 
                                     NH2 

GasuItKøúytamic Glutamic acid 

              H 
HOOC−CH2−CH2−CH−COOH 

 
                  NH2 

GaKInIn Arginine 

                                  NH2 
              

NH2−C−NH−CH2−CH2−CH2−CH−COOH  
 

           NH2

lIsuIn Lysine 
                                  NH2 

              
NH2−CH2−CH2−CH2−CH2−CH−COOH  

RbPB ³ Sposito, 1989 
 

buwbTit )anmkBIkarcgP¢ab;KñarvagGasuItGamIen nigGasuItGamIen Edlman 
rUbmnþdUcxageRkam ³ 
                      R’                 H                       

R−C−CONH−C−COOH 
                                                    NH2 
 

RkumbwubTitenHehIyEdlCaRKwHkñúgkarbegáItRbUetGuIn. enAeBlEdlbuwbTitcgP¢ab; 
KñaeRcInbegáIt)anCaRbUetGuIn nigplitTwkkñúgdMeNIrkarénkarbegáItbuwbTitenH ¬smIkar c¦. 
RbUetGuInCakMNkb:UlIEmrénGasuItGamIenenAkñúgdI. 

mansmasFatusMxan;²epSgeToténb:UlIEmrCIvsa®sþenAkñúgdIKW kabUGuIRdat. BBYk 
enH)anbnSl;smasFatukabUnrhUt 1¼2 énkabUnsrIragÁenAkñúgdI rab;bBa©ÚlTaMgRkum 
m:UNUsakarIt ¬tarag15¦. m:UNUsakarItmanlkçN³CaRkumCMnYs nigerobcMeLIg 
vijénGuIRduksuItenAelITRmg;Cavg;. RkumCMnYsenAkñúgKøúykUs kaLak;tUs nigm:anNUs 
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KW CH2OH cMENkÉenAkñúgsuILÚsKW H ehIyenAkñúgGasuItKøúykUrUnicKW COOH nig 
enAkñúgKøúykUsamInKW NH2. b:UlIEmrénm:UNUsakarItkøayeTACaTRmg;b:UlIsakarIt.  

]TahrN_³ KøúykUsBIrP¢ab;Kñaedaysm<½n§GuksuIEsnenAkEnøgRCug HOH ehIy 
bnþbnÞab;køayCaEsluyLÚs nigbeBa©jTwk ¬rUbPaB28¦.  

EsluyLÚsCakMNkb:UlIEménKøúykUs. vaGacbnSl;rhUtdl;eTA 1¼6 énkabUn 
srIragÁkñúgdI. m:UNUsakarIttambec©keTsehAfa {Gal;kulb:UlIGuIRduksuIt}. vaCa 
RkumsMxan;mYyénGal;kulEdlmanlkçN³GasuItexSayenAkñúgdI CaepNul ehIydUc 
Edl)ankt;sMKal;xagelIvamanRkum OH enAelIvg;bg;Esn. ]TahrN_³ epNul 
mYyeFVIb:UlIEmreTACaTRmg; lignin ¬sac;eQI¦ EdlenACab;CamYyEsluyLÚs ¬rUb 
PaB28¦ ehIyvaedIrtYsMxan;enAkñúgsmasFatumemaK (Sposito, 1989).  

 

TRmg; lignin 

 
TRmg; Cellulose 

rUbPaB 28 TRmg; lignin nigEsluyLÚs (Sposito, 1989) 
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tarag 16 Rkumm:UNUsakarItsamBaØ²enAkñúgdI  
eQμaH Name rUbmnþKImI 

KøIsIun Glycine 

 

GaLanIn Alanine 

GasuItGas<aTic Aspartic acid 

GasuItKøúytamic Glutamic acid 

GaKInIn Arginine 

lIsuIn Lysine 

RbPB ³ Sposito, 1989            
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karbMEbksarFatusrIragÁedaystV nigGtisuxumR)aNkñúgdI k¾bnSl;pUsV½r (P) 

rhUteTA 80° én P kñúgdI EdlGacbMEbkecjBI GuInNUsuItulpUsVat ¬H2PO4  
EdlenACab;CamYykabUnenAelIvg;bg;Esn¦ nigmans<an;F½rsrIragÁ (S) eTAkñúgdIpgEdr. 
S manenAkñúgGamINUGasuIt epNul nigb:UlIsakarItenAesÞIrRKb;dITaMgGs; (Sposito, 

1989). 
 
3 pleFob kabUn nigGasUt (C:N Ratio) 

pleFobkabUn nigGasUt (C/N) énsarFatusrIragÁrbs;dIKWCalkçN³Biess 
sMxan;mYy. ebItémø C/N énsarFatusrIragÁrbs;dITabenaHxniCkmμkñúgdIelOn man 
n½yfasarFatuciBa©wmkñúgdImanlkçN³esrIeRcIn ¬rUbPaB29¦ nigb¤srukçCatigayRsUb 
yk  (Prasad and Power, 1997). 

 
 

 
rUbPaB 29 karpøas;bþÚrkRmitnIRdatenAkñúgdI tamry³karbEnßmsmasFatusrIragÁ 
(Prasad and Power, 1997)  
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emeronTI  

1> RkumdIenAelIBiPBelak
2> dIRbeTskm<úCa 
3> CICatidIenARbeTskm<úCa
 

cMNat;fñak;dI
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1 RkumdIelIBiPBelak (Soil Orders of the World) 
cMNat;fñak;dIelIBiPBelakRtUv)anEbgEckCa 12 RkumdI ¬EpnTI4¦ Edlsßit 

enAtMbn;epSg²KñaenAelIEpndI (Soil Survey Staff, 1999). 
 

1.  ALFISOL: dIEdlmankarhUreRcaHmFüm va
CadIéRB ehIyvamanBN’RbepH nigBN’
etñat. dIRbePTenH manRbmaN 10/1° én
dIKμanTwkkkelIBiPBelak. shrdæGaemrik
mandIenHRbmaN 13/9°. dIenH pÁt;pÁg;
RbCaBlrdæRbmaN 17° énRbCaBlrdæ
elIBiPBelak (Soil Survey Staff, 1999). 

 

2. ARIDISOL: dIEdlmankMe)arenAtMbn;s¶ÜthYt
Ehg EdlbgðajeGayeXIjBIkarvivDÆn_ én
RsTab;dIbnÞab;elI. dIenHs¶ÜtesÞIreBjmYyqñaM
nigBuMsUvhUreRcaHcuHeRkam. smasFatupSMrbs;
dIenHmandI\dæ kal;süÚmkabUNat suIlIka 
GMbil nig¼b¤ mñagsila enACamYyKña.
dIRbePTenHmanRbmaN 12° éndIKμanTwkkk
elIBiPBelak. shrdæGaemrik mandIenH
RbmaN 8/3° (Soil Survey Staff, 1999). 
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3. ENTISOL: CadIxSac; EdlmankMeNItfμ I². 
dIenH manlkçN³EbøkBIdITaMg 11 RbePT
epSgeTot. dIRbePTenHmanRbmaN 16° én
dIKμanTwkkkelIBiPBelak. shrdæGaemrik
mandIenHRbmaN 12/3° (Soil Survey 

Staff, 1999).     

4. HISTOSOL: dIEdlbMElgecjmkBIsmasFatu
srIragÁ. vamanFatusrIragÁRbmaN 20-30°
¬Tm¶n;¦ nigrhUtdl; 40° enAkEnøgkan;Et 
eRCA. dg;suIetFm μCati rbs;dIenHmankRmit
Tab ¬CaTUeTA³ 0/3g/cm3¦. esÞIrEtTaMgGs;én
dIenHCatMbn;dIesIm. dIRbePTenHmanRbmaN
1/2° éndIKμanTwkkkelIBiPBelak. shrdæ
GaemrikmandIenHRbmaN 1/6° (Soil Survey 

Staff, 1999).     
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5. INCEPTISOL: dIEdlbgðajBIkarvivDÆn_én
RsTab;dIticbMput b:uEnþ vivtþn_eRcInCagdI 
ENTISOL. dIenH manenAtMbn;PñM nigTI
CMral. dIRbePTenHmanRbmaN 17° éndI
KμanTwkkkelIBiPBelak. shrdæGaemrikman
dIenHRbmaN 9/7°. dIenHpÁt;pÁg;RbCaBlrdæ
RbmaN 20° énRbCaBlrdæelIBiPBelak
(Soil Survey Staff, 1999).       

 

6. MOLLISOLS: dIénRbB½n§eGkUvalesμA. dIenH
manBN’Rkem:A enARsTab;esþIgxagelIéndI.
RsTab;dImanCICatixagelI vaekItecjBIkar
vivDÆn_eRcInqñaMénb¤srukçCati. dIRbePTenHman
RbmaN 7° éndIKμanTwkkkelIBiPBelak. 
shrdæGaemrik mandIenHRbmaN 21/5°
(Soil Survey Staff, 1999).  

 



 

 

cMNat;fñak;dI

saklviTüal½y)at;dMbg 61TMB½r

emeronTI6

7. OXISOL: dIrgGakasFatuxøaMg nigsßitenA
cenøaHtMbn;RtUBic. vasMbUredayxniC Edk 
nigGaluymIj:ÚmGuksuIt. dIRbePTenH man
RbmaN 7/5° éndIKμanTwkkkelIBiPBelak. 
shrdæGaemrikmandIenHRbmaN 0/02° sßit
enArdæhaév:  (Soil Survey Staff, 1999). 

8. SPODOSOL: dIGasuIt EdldIRsTab;bnÞab;
xagelI manlkçN³CakarrYmbBa©ÚlKñaénEdk 
GaluymIj:Úm nigsarFatusrIragÁ. vaman
vaynPaBeRKIm nigBN’PøW. dIRbePTenHman
RbmaN 4° éndIKμanTwkkkelIBiPBelak.
shrdæGaemrikmandIenHRbmaN 3/5° (Soil 

Survey Staff, 1999).  
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9. ULTISOL: dImankarhUreRcaHcuHeRkamxøaMg 
CadIéRB manlkçN³GasuIt nigminsUvman
CICati sßitenAtMbn;RtUBic. Ca, Mg nig K

hUreRcaHeRcInecjBIdI. vamanBN’elOgxøaMg 
b¤BN’Rkhm edaysarvtþmanEdkGuksuIt. 
dIRbePTenHmanRbmaN 8/1° éndIKμanTwkkk
elIBiPBelak. shrdæGaemrik mandIenH
RbmaN 9/2°. dIenHpÁt;pÁg;RbCaBlrdæelI
BiPBelakRbmaN 18° énRbCaBlrdæelI 
BiPBelak (Soil Survey Staff, 1999).     

10. VERTISOL: dIsMbUrdI\dæ ehIyvaERbRbYl
xøaMg ehIm b¤RskenAeBlsMeNImpøas;bþÚr va
GacEbkRkEhgenArdUvR)aMg. RsTab;dIvivtþn_
)anl¥. dIRbePT enHmanRbmaN 2/4° én
dIKμanTwkkkelIBiPBelak. shrdæGaemrik
mandIenHRbmaN 2° (Soil Survey Staff, 

1999).  
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11. GELISOLS: dIsßitenAtMbn;RtCak;xøaMg nig
mankMNkeRcInsßitenArhUtCeRmA 2 Em:Rtén
RsTab;dIelI. dIRbePTenHmanRbmaN 9/1°
éndIKμanTwkkkelIBiPBelak. shrdæGaemrik
mandIenHRbmaN 8/7°. dIenHpÁt;pÁg;RbCaBl
rdæRbmaN 0/4° én RbCaBlrdæelIBiPB
elak (Soil Survey Staff, 1999).       

12. ANDISOLS: dImanTRmg;ecjmkBIepHPñMePøIg
b¤kMEGlPñMePøIg. vaCadImanlT§PaBsþúkTwk)an
eRcIn nigmanbrimaNpUsV½reRcIn. dIRbePTenH
manRbmaN 1° éndIKμanTwkkkelIBiPBelak.
shrdæGaemrikmandIenHRbmaN 1/7° (Soil 

Survey Staff, 1999).  
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EpnTI 4 EpnTIRkumdIelIBiPBelak (Soil Survey Staff, 1999)
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2 dIRbeTskm<úCa (Soils of Cambodia) 
dIRbeTskm<úCaRtUv)ansikSaedayelak Crocker CnCatiGaemrikkñúgGMLúgqñaM 

1961 ExmIna rhUtdl;qñaM 1962 Exemsa. karsikSaenH)ane)aHBum<ecjnUv 
esovePAdIénRbeTskm<úCakñúgqñaM 1962 nigKUsecjCaEpnTIdIrbs;RbeTskm<úCaenAqñaM 
1963 EdlmanmaRtdæan 1³1>000>000 ¬EpnTI5¦ ehIy)anEbgEckdIRbeTs 
km<úCa Ca 16 Rkum dI (Crocker, 1962). épÞdIsrubrbs;RbeTskm<úCamanTMhM 
181>035 km2 Edl épÞdIeKakTMhM 177>295 km2 nigépÞTwkenArdUvR)aMgTMhM 
3/721 km2 ehIyrdUv vsSaGacekIneLIgFMCagenH 3 eTA 3/5 dgénTMhMépÞTwke-
nArdUvR)aMg (Tichit, 1981). 

 
 

1. Red-yellow podzols: dIxSac;GasuItRkhm
elOg CadIEdlmanRsTab; A2 hUreRcaH 
¬\dæ Edk¦ RsTab; B RbmUlpþúM ¬\dæ 
Edk¦. kñúgRsTab; B dI\dæmanBN’Rkhm
eTAelOg b¤RbepHlayRkhmelOg. BIRsTab;
mYy eTARsTab;mYyminmankarEbgEckc,as;
las;. dIenHmanRbmaN 22>763 km2

RtUvCa 12/55° énépÞdIsrubrbs;RbeTs
km<úCa (Crocker, 1962 and Tran, 2001).  
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2. Latosols: dIRkhm)asal; CadIGasuItman
lkçN³s¥iteRCA minCaMTwk nigminmanRsTab;
RbmUlpþúMKñaeT. dIEdll¥CageKenARbeTskm<úCa 

CaBiesssRmab;dMNaMekAs‘U. dIenH man
RbmaN 7>123 km2 RtUvCa 3/93° 
énépÞdIsrubrbs;RbeTskm<úCa (Crocker, 1962

and Tran, 2001).     

 
dICaMTwkenAtMbn;TMnab b¤RtBaMg ³ dIRbePTenHTTYlGanuPaBBIdegðImTwk 
¬x<s;enArdUvvsSa nigTabenArdUvR)aMg b¤TwkeRkamdIx<s;RbcaMqñaM¦ 

3. Planosols: dICaMTwkRbePT)aøNUsul CadI
manRsTab;EtmYyb¤eRcInEckdac;BIKña eday
sarmankarbgðab; b¤kRmitx<s;én\dækñúgdI. 
dIenH eRcInmandegðImTwkERbRbYltamrdUvkal.
dIenHmanRbmaN 1>666 km2 RtUvCa 
0/92° énépÞdIsrubrbs;RbeTskm<úCa (Crocker, 

1962 and Tran, 2001).    
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4. Plinthite podsols: dICaMTwkRbePTmanLa
tarIt ¬dI\dæ layeRKaHRkevon¦ CadIEdl
ercrwlyUrmkehIy vamanduHb¤sSIeRkayeBl
éRBrgkarratt,at ¬b¤eqH¦. dUecñH karhUr
eRcaHénCatiEdk m:g;kaENs nigGaluymIj:Úm
manPaBxøaMgkøaEdleFVI eGayRKab;RKYsRbmUl
pþúMKñaya:geRcInenAkEnøgrak;rhUteRCA GaRs½y
nwgkarERbRbYlénkRmitTwkeRkamdIBI mYyrdUv
eTAmYyrdUv. dIenHGacekItecjmkBIdI Red-

yellow podsols Edl)anrgBIkarswkercrwlyUr
qñaM. dIenHmanRbmaN 17>147 km2 RtUvCa 

9/47° énépÞdIsrubrbs;RbeTskm<úCa (Crocker, 

1962 and Tran, 2001).       
 

5. Cultural hydromorphics: dIERsercrwl
dIenHmanlkçN³dUcdITI 1 nig 3 Etvaman
lkçN³EbøkBIeK edaysarmanRsTab;hab;
enAeRkampalngÁ½l. dIenH manRbmaN 

12>896 km2 RtUvCa 7/13° énépÞdI
srubrbs;RbeTskm<úCa (Crocker, 1962 and 

Tran, 2001).          
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6. Grey hydromorphics: dI\dæRbepHCaMTwk Ca
dICaMTwkxYbR)aMgxYbvsSa vamanRsTab;elIBN’
RbepH RKbelIRsTab;\dæBN’RbepH lay
elOg. dIenHmanRbmaN 17>252 km2

RtUvCa 9/53° énépÞdIsrubrbs;RbeTs
km<úCa (Crocker, 1962 and Tran, 2001).   

 

7. Plinthitic hydromorphics: dILaetrItCaM
TwkCanic©Cakal dIenHmanenAtMbn;Biess dUc
Ca sñÜl ERsxÞúm ¬RkecH mNÐlKIrI¦.
vasßitenAtMbn;TMnabmanRKab;RKYseRcIn nig
manv½ycMNas;CageK. enAeBl f μ I²enHkar
hUreRcaHenAEpñkxageRkamRtUv)anbg¥ak; Edl
CaehtueFVIeGaydI\dæRbmUlpþúM. dIenHCaRbePT
dI\dæ l,ay b¤\dærak;BN’ RbepHRkem:A
enAelIRsTab;RKYsRkalBIeRkam. dIenH man
RbmaN 1>275 km2 RtUvCa 0/71° én
épÞdIsrubrbs;RbeTskm<úCa (Crocker, 1962

and Tran, 2001).     
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8. Brown hydromorphics:  dIERs\dæBN’etñat
dIenHekIteLIgenAelI Base Colluvial-Alluvial

EdlmanCeRmATwkeRkamdIrak; b¤ERbRbYl. dI
enHCadIeRCAman\dæeRcIn nigmanCICati. Ca
TUeTA vamanBN’etñat. dIenH manRbmaN 
6>701 km2 RtUvCa 3/72° énépÞdIsrub
rbs;RbeTskm<úCa (Crocker, 1962 and Tran, 

2001).     

9. Alumisols: dIexμAGENþt CadI Grey 

hydromorphics EdlmanGaluymIj:Úm nig
EdkrlayeRcIn RBmTaMgman pH Tab eFVI
eGayrukçCatiBi)akduHlUtlas;. dIenHGacehA
fa {dICUr} manenAextþsVayerog éRBEvgrYm
TaMgPaKxøHénextþkNþal nigtaEkv. dIenH
manRbmaN 2>782 km2 RtUvCa 1/53° 
énépÞdIsrubrbs;RbeTskm<úCa (Crocker, 1962

and Tran, 2001).          
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10. Regurs: dI\dæehImRbePTrIhÁ½r CadIex μA b¤
RbepHexμArak;. vamanfμemenABIeRkamkMBugeRbH 
Ebk. RsTab;elImankMras;RbEhl 30 Cm

CadIkekItf μ InigmanRbPBBIfμkMe)ar b¤fμ)asal;.
fμeméndIenHmanBIrRbePTKW ³  

 Calcimorphic regur: fμemCakMe)arenA
éb:lin ¬keNþIkEhb¦ nig )at;dMbg. 

 Basaltic regur: sßitenAkMBg;FM kMBg;cam 
rtn³KIrI mNÐlKIrI RkecH. dIenHman
RbmaN 6>570 km2 RtUvCa 3/63° 
énépÞdIsrubrbs;RbeTskm<úCa (Crocker, 

1962 and Tran, 2001).    
 

11. Acid lithosols: dIrak;RKYsGasuIt CadIekIt
ecjBIfμGasuIt EdlrebHecjBIfμemenAtMbn;cegáH
PñMnigeCIgPñM. dIenHmanRbmaN 45>271 km2

RtUvCa 25° énépÞdIsrubrbs;RbeTskm<úCa
(Crocker, 1962 and Tran, 2001).      
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12. Basic lithosols: dIRbepH)asuIk CadIrak;ekIt
ecjBIfμkMe)ar b¤fμ)asal;. dIenHmanskþa
nuBll¥xagéRBeQI. dIenH manRbmaN 
3>418 km2 RtUvCa 1/9° énépÞdIsrub
rbs;RbeTskm<úCa (Crocker, 1962 and Tran, 

2001).    

13. Alluvial soils: dIl,ab;GENþttamdgTenøb¤sÞwg
CadIeTIbekItfμ Iman\dæeRcIn. dIenH ekItecjBI
karnaMl,ab;tamTwkTenøsßítenA tMbn;mat;Tenø
b¤sÞwg. dIenH manRbmaN 17>064 km2

RtUvCa 9/43° énépÞdIsrubrbs;RbeTs
km<úCa (Crocker, 1962 and Tran, 2001).   

 

14. Brown alluvial soils: dIl,ab;BN’etñatPøW
man\dætic ehIymanvaynPaBeRKIm. vaCa
dIl¥dUcdITI 2 EdrEtGacCaMTwkmþgmáalenAeBl
manTwkCMnn; nigmanskþanuBlelIdMNaMeRcIn
mux. vasßitenAtambeNþayTenøemKgÁ nigdI
ekaHkñúgTenøemKgÁ. dIenHmanRbmaN 2>764
km2 RtUvCa 1/53° énépÞdIsrubrbs;RbeTs
km<úCa (Crocker, 1962 and Tran, 2001).   
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15. Lacustrine alluvials: dIl,ab;CuMvijbwgTenø
sab CadIlicTwkral;qñaM GacTTYll,ab;eRcIn 
b¤tictamsNæandI. dIenH manRbmaN 
10>373 km2 RtUvCa 5/73° énépÞdIsrub
rbs;RbeTskm<úCa (Crocker, 1962 and Tran, 

2001).     

 
16. Coastal complext: dIl,ab;mat;smuRT eRcIn
CadI\dæenAtMbn;éRBekagkag vaCadICUr ehIy
sm,ÚrGMbil. dIenHmanRbmaN 2>229 km2

RtUvCa 1/23° énépÞdI srubrbs;RbeTs
km<úCa (Crocker, 1962 and Tran, 2001).   
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EpnTI 5 EpnTIdIRbeTskm<úCa  (Crocker, 1963)
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3 CICatidIenARbeTskm<úCa (Soil Fertility in Cambodia) 
CICatidI éndIRbeTskm<úCaRtUv)anEbgEckCabIkRmitdac;BIKña³ dImanCICatixøaMg 

(High Fertility) dImanCICatimFüm (Medium Fertility) nigdImanCICatitic (Low 

Fertility) ¬EpnTI6¦. dImanCICatixøaMg nigmFümkekItecjBIdIl,ab; b¤silaPñMePøIg 
EdlmanGayuyUrqñaMknøgmkehIy (SCW, 2006). 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

EpnTI 6 CICatidIenARbeTskm<úCa (SCW, 2006) 
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របេទសបរងំ កណដ នងិសហរដឋអេមរកិ រពមទងំគេរមងសិកសរសវរជវអំព ី “ជមងនឺិងសតវលអិតេលដំណំ
ដំឡូងម ីនងិករផលិតពូជដឡូំងមតីមបេចចកេទសជលិកវបបកមមរកុខជត”ិ ទទួលរបកឧ់បតថមភពីរបេទសជប៉ុន។ 

បតដ់ំបង ៃថងទី ០៧ ែខេមស ឆន  ំ២០១៦ 




