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AssessmentofSoilFertilityStatusinGomatiandSouthTripuraDistrict,Tripura,India


ABSTRACT
Aims:Geo-referencingoftheimportantphysico-chemicalandnutrientparametersofGomatiandSouthTripuraistheprimeobjectiveofthisstudy.
StudyDesign:Randomsamplingfollowedbylaboratorytestsofimportantpropertiesofsoilwerederivedtoconductacross-sectionalsurveyofsoilfertility.
PlaceandDurationofStudy:ThisexperimentwascarriedoutinGomatiandSouthTripuradistrictsofTripura,India.TheentireworkwascommencedattheCollegeofAgriculture,TripuraduringNovember,2024toJune2025.
Methodology:Usingrandomsamplingmethod,geo-referencedsoilsamples(0-15cmdepth)werecollectedfollowedbydried(air-drying),sieved(2mm)andinspectedwithregardtotexture,bulkdensity,water-holdingcapacity,soilpenetration,pH,electricalconductivity,soilorganiccarbonandavailableN,P2O5,K2O,Ca+Mg,SandCECusingstandardmethodsofanalysis.Correlationanalysisanddescriptivestatisticswerecarriedout.
Results:Primarilymostsoiltexturedassandyloamwithbulkdensityrangingwithin1.10-1.60mgm-3;pHwasrangedextremelyacidictostronglyacidic(4.14-5.70)andOrganiccarbonrangedfrom0.45-2.65%.Availablenutrientswerediversified:Nitrogen(87.81-225.79kgha-1),Phosphate(7.70-43.63kgha-1),Potash(60.58-451.89kgha-1),Calcium&Magnesium(157.01-753.67kgha-1)andSulphur(0.07-18.92kgha-1)butCEChadameanof12.29-20.84cmolkg-1.CorrelationcoefficientiscloselyrelatedbetweenSOCandavailableN(r=0.574)andbetweenCECandCa+Mg(r=0.999).
Conclusion:GomatiandSouthTripuraaremostlymadeupofsandsandloamsoilsthatarehighlyacidicwithloweravailabilityofnitrogen,phosphate,calcium,magnesiumandsulphur;butpossessmediumCECduetomoderatetohighSOClevels.Sustainablecropproductioninthesedistrictscanbeadvocatedtobedoneusingsoilacidity-tolerantlegumessite-specificnutrientmanagementandGIS-basedmappingofsoilfertility.
Keywords:Acidicsoils;Cationexchangecapacity;Geo-referencedsampling;Nutrientstatus;Soilfertility;Soilorganiccarbon;Soilphysico-chemicalproperties;Tripura
1.INTRODUCTION
Thebasicprerequisitetodevelopasoilinformationsystem(SIS)istohavebigdatasets.Presentdayinformationsystemofanyresourcesrequiresphysicalexistenceintermsoflatitudeandlongitude,exactreferencingcanonlybepossiblewithGISandthegeo-referencedsoilinformationsystem(GeoSIS)canbeprojected(Salehetal.,2023).TripuraisoneoftheadvancestatesofNorthEastIndiaandthedatasetsofitssoilhasbeenpreparedandstoredwithNationalBureauofSoilSurvey&landUsePlanningduringpastdecadewithoutuseofnewsurveyingtechniqueslikeGlobalPositioningSystem(GPS)andGeographicInformationSystem(GIS).
Soilfertilityevaluationisthe‘fundamentaldecisionmakingtool’forefficientlyplanningofaspecificlandusesystem(Havlinetal.,2010).Soiltestingoffersinformationaboutnutrientstatus-availability,whichisprecursortomakefertilizerrecommendationsforsustainablecropproductivity.Soilanalysiscomprisesphysicalfeatures(texture,bulkdensity,waterholdingcapacityandsoon)aswellaschemicalproperties(pH,SOC,availablemacronutrientsandsoon),whicharerequiredforlong-termsoilmanagement(Patiletal.,2010).AccordingtoWilding&Lin(2006)soilcontainsvariousamountsofair,water,minerals,organicmaterials,untoldnumbersofcreaturesandotherelementsthatarenecessaryforlife.Theavailabilityofnutrientstogrowingcropplantsaswellasthetotalamountofnutrientspresentdisturbstheoverallcropgrowthanddevelopment(Shreekanthetal.,2018).Therefore,systematicallyregularexamineisveryimportantforthesufficiencyofmajor,secondaryandmicronutrientsaswellasnutrientdeficits.Therefore,thedatafromsoiltestsshouldbemostaccurate,collectedfromreliableauthenticsourceofinformationontheavailabilityofplantnutrientsandhowtomodifyfertilizerrecommendationsfordifferentcrops.Forthepurposeofcreatingthematicsoilfertilitymaps,olddatabasehasbeenprivilegedtocollectsoilsamplesusingGPS(Mishraetal.,2016).Soilfertilityisassessedusingthephysicalandchemicalparameters:BD,waterholdingcapacity,texture,penetration,slope,pH,SoilOrganicCarbon,availablenitrogen(N),phosphate(P2O5),potash(K2O),Calcium(Ca),Magnesium(Mg)andSulphur(S).Fortheaforementionedfertilityindicators,theaverageweighteddatafromtopsoilsamplestakenatdepthsrangingfrom0to15cm(Khakietal.,2017)areconsideredforpreparingfertilitymappingofGomatiandSouthTripuraDistrictandsuggestingbestcroppingpatternalongwithmanagementofsoilfortheyieldsustainabilityofthismildsub-tropicalclimaticzone.
2.MATERIALSANDMETHODS
2.1SiteDescription
ThepresentinvestigationwasconcededintheGomatiandSouthTripuradistrictwhichissituatedbetweenlatitude22°75′to23°50′Northandlongitude91°20′to91°50′East(Table1;Figure1).Theexistingcropsinthedistrictsarerice,seasonalvegetablesinplain-lowlyingregionsalongwithriverbeds;rubber,tea,cashewnutetc.plantationinareashavinglessthan33%slopeandforestsinhighaltitudewith>33%slope.Thedaytemperaturehoversaround30.8°Cwhilenighttemperatureis19.4°CformostofNovember,oftendroppingto12°CduringJanuary.Monsoonisexpectedtooccur&extendinJune-Septemberwithaverageannualrainfalldistributionof1851mminGomatiand2869mminSouthTripura.Thetemperaturevariesfrom38.4°Cto4.3°C.
Table1:LocationofSoilsamplescollectedfromGomatiandSouthTripura
	Sl.No.
	District
	Range
	BeatName
	Latitude
	Longitude

	S1
	Gumati
	Amarpur
	Bampur
	23.55658
	91.63606

	S2
	Gumati
	Ampi
	Dhanlekha
	23.67377
	91.62537

	S3
	Gumati
	Karbook
	BairagiDokan
	23.38958
	91.76004

	S4
	Gumati
	Silachari
	Suknachari
	23.20871
	91.78044

	S5
	Gumati
	Udaipur
	Paratia
	23.45346
	91.49557

	S6
	Gumati
	Udaipur
	Udaipur
	23.55232
	91.45794

	S7
	Gomati
	Silachari
	Ghorakappa
	23.16618
	91.72865

	S8
	South
	Kakulia
	Manirambari
	23.22483
	91.51569

	S9
	South
	Bankul
	Bankul
	23.11821
	91.69498

	S10
	South
	Satchand
	ManuBazar
	23.04284
	91.66868

	S11
	South
	Rajnagar
	AnandapurWL
	23.19595
	91.36649

	S12
	South
	Rangamura
	NidayaWL
	23.30189
	91.33939

	S13
	South
	Bankul
	Rupaichari
	23.04575
	91.72915

	S14
	South
	AbhoyaWL
	MaicherraWL
	23.30785
	91.48072
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Figure1:SpatialvariabilityofBulkdensityandpenetrationof(a)Gomatiand(b)SouthTripura
2.2SoilSamplingandAnalysis
Sampling(0-15cmdepth)wasconductedduringNovember,2024followingrecommendedmethodsandstoredinthepolythenebag.Thesampleswerecollectedalongwiththegeo-coordinatesandrecordedfromeachlocationbyusingglobalpositioningsystem(GPS)tool.Samplesweredriedatroomtemperatureandpulverizedwithawoodenrollonwoodenplankfollowedbysievedat2mm.Then,soilsamplesthathadbeenhomogenizedwereplacedinmarkin-clothbagsforfurtheranalysistodeterminethephysico-chemicalpropertiesofthesoil.Thestandardprotocolsfortheanalysingparametersaretabulatedintable2.
Table 2: Procedure used for physico-chemical analysis of soil 
	Sl. No.
	Properties
	Method applied
	References

	a) Physical Properties

	1
	Particle size analysis
	International Pipette method
	Black (1965)

	2
	Bulk Density (BD)
	Core sampler
	Black (1965)

	3
	Water Holding Capacity (WHC)
	Keen Raczkowski Box
	Black (1965)

	4
	Soil penetration (N value)
	SPT method
	Selvam (2020)

	b) Chemical Properties

	1
	Soil reaction (pH)
	pH meter
	Jackson et al. (1973)

	2
	Electrical Conductivity (dS m-1)
	EC bridge
	Jackson et al. (1973)

	3
	Organic Carbon (%)
	Wet oxidation method
	Walkley & Black (1934)

	c) Available nutrient

	1
	Available N (kg ha-1) 
	Alkaline KMnO4 method
	Subbiah &Asija (1956)

	2
	Available P (kg ha-1)
	Bray &Kurz Method
	Bray &Kurz (1945)

	3
	Available K (kg ha-1) 
	Ammonium acetate method 
	Hanway&Heidel (1952)

	4
	Available Ca+Mg (kg ha-1)
	EDTA Method
	Cheng & Bray (1951)

	5
	Available S (kg ha-1) 
	Calcium chloride method 
	Chesnin&Yien (1950)

	6
	CEC
	Ammonium acetate method
	Lewis (1949)



2.3StatisticalAnalysis
ThetechniquesmodelledbySnedecorandCochran’s(1967)arefoundsuitablefordoingthissimplestatisticalanalysis.Theseanalysesincludedcommonstatisticalalgorithmsviz.maximum,minimum,mean,coefficientofvariationandcorrelation.TheCoefficientvariationwasdeterminedbyusingformula:
C.V.=StandardDeviationMean×100
Andthecorrelationcoefficientwasdeterminedbyusingtheformula:

Where,
r=Correlationcoefficient
SP(xy)=Sumproductofx,yvariables
SS(x)=Sumofsquareofxvariable
SS(y)=Sumofsquareofyvariable.
3.RESULTSANDDISCUSSION
3.1PhysicalProperties
InbothGomatiandSouthTripura,thesand,siltandclaycontentofsamplesrangedfrom8-61,5-63and4-47(Table3)respectivelyfollowingnodefinitetrend.Thebulkdensity(BD)rangedfrom1.10to1.60mgm-3;whereaswaterholdingcapacitywasmostlyatnearlyintheoptimumrange.TheratioofSand-Silt-clayreflectedmostsitesweresandyloamtype.TheCVvalueofBD,WHCandSandwereinacceptablerangeandreflectedthebasicparentsoiltypeofthestudyarea(Gökbulak&Özcan,2008).Topographicalvariabilityaffectedtheformationandrangeofsiltandclay,reflectedathigherrangeofCVvalue(Khanetal.,2013).TheBDexhibitedpositivesignificantcorrelation(r=0.662**)withsand;whereassiltandclayarenegativelycorrelated(r=-0.644*).SimilarresultwasexperiencedbyWangetal.(2024).
Table3:PhysicalpropertiesofsoilsofGomatiandSouthTripura
	Sl.No.
	BeatName
	BD
(mgm-3)
	WaterHoldingCapacity(%)
	SoilPenetration(Nvalue)
	Sand(%)
	Silt(%)
	Clay(%)

	S1
	Bampur
	1.60
	37.00
	12
	60
	5
	35

	S2
	Dhanlekha
	1.50
	47.54
	17
	52
	44
	4

	S3
	BairagiDokan
	1.30
	76.00
	15
	54
	41
	5

	S4
	Suknachari
	1.45
	45.00
	34
	51
	39
	10

	S5
	Paratia
	1.39
	65.00
	12
	47
	34
	19

	S6
	Udaipur
	1.21
	33.00
	32
	37
	31
	32

	S7
	Ghorakappa
	1.20
	76.00
	32
	56
	39
	5

	S8
	Manirambari
	1.51
	65.21
	34
	61
	35
	4

	S9
	Bankul
	1.43
	76.45
	18
	49
	11
	40

	S10
	ManuBazar
	1.22
	67.45
	7
	42
	42
	16

	S11
	AnandapurWL
	1.54
	71.00
	34
	48
	41
	11

	S12
	NidayaWL
	1.10
	73.76
	12
	8
	63
	29

	S13
	Rupaichari
	1.21
	43.34
	23
	44
	9
	47

	S14
	MaicherraWL
	1.11
	54.23
	27
	41
	49
	10

	
	SD
	0.16
	14.99
	9.54
	12.61
	15.54
	14.21

	
	mean
	1.26
	56.40
	21.24
	44.17
	34.50
	18.75

	
	CV
	12.79
	26.57
	44.90
	28.55
	45.03
	75.80



3.2ChemicalProperties
ThepHrangeofsamplingarearangesfrom4.14to5.70withameanvalueof4.59(Table4).TheresultindicatedextremelyacidicpHwithsafelimitofelectricalconductivityinentirestudyarea.IntensiverainfallfollowedbyerosionandleachingandorpercolationwerethereasonsforacidityandlowEC(Makinecietal.,2015).ECisnegativelycorrelatedwithavailableN(r=-0.690**)duetoeffectoflowpHonnutrientdynamixwherehighaciditylimitstheavailabilityofNH4+evenwhenECiselevated(Kim&Park,2024).Theleveloforganiccarbonfrom0.45to2.65existedinthestudyareawhichcoveredexhaustivefarmingtovirginorforestorplantationarea(Kaushiketal.,2018).TripuraissecondhighestinrubberproductioninIndiaandtheageofrubberfieldmightberesponsibleforhighrangeofSOCatManirambari,Dhanlekha,MaicherraWLareas.SOCwaslowerinyoungplantationbutgraduallyincreasedwithrubberplantationageasequivalentwithnaturalforest(Nguyenetal.,2020).
3.3NutrientStatus
Thesoilintheresearchregionunveiledtherangeofavailablenitrogencontent,spanningfrom37.63to225.79kgha-1,whilemeanvalueis137.98kgha-1(Table4).Amongthesites,highestlevel(225.79kgha-1)wasfoundatno.S8Manirambariwhichalsoreflectedhighestrangeof2.65%SOC.DenserubbercultivationalongwithsyntheticfertilisationmightbethereasonforthisresultasobservedbyJinetal.(2024).TheuniversaltruthofpositivecorrelationbetweenSOCandavailableNwasre-establishedinsuchacidicsoilrepresentingtheresponsesofBharteeyetal.(2023).ThewidevariationsofavailableP2O5(7.70to43.63kgha-1)withmeanvalueof22.31,resultedhigherCV(44.34)andpositivecorrelationwithpH.Suknachari(7.70kgha-1)reflectedlowestP2O5withapHlevelof4.30.ThiswasestablishedthetruthofnegativerelationbetweenacidityandavailableP2O5(Bharteeyetal.,2017).Thestatusofavailablepotassiumrangedfrom60.58-451.89kgha-1,havingameanvalueof173.93kgha-1.No.S8Kakuliahasthemaximumpotassiumcontent,whileNo.S5Paratiahasthelowestpotassiumcontent.57%ofthesoilsampleshadmedium,28%lowand14%hadhighpotassiumcontent.SuchtrendinhillyhighrainfallsubtropicalareashadbeencontrolledbySOCandpotassiumbufferingcapacitytookleadroleonavailabilityofpotash(Grandoetal.,2025).TherangeofavailableCa+Mgwas157.01to753.67kgha-1havingameanvalueof441.47.ThisrangeexistedinlowerrangeofCa+MgasperthelimitproposedbyTisdaleetal.(1995).SubtropicalclimatewithhighrainfallmightbereasonoflowbasesaturationasalsoobservedbyGrandoetal.(2025).AlsotherangeofavailableS(0.07to18.92kgha-1)wasalsoexistedatlowerrangemightbeduetoparentsoilcharacteristicsalongwithhighrainfall.PaulandMukhopadhyay(2015)provedthatorganicSisthemostpredominantfractionofSandoccursasmajornativeSreserve.CECrangesfrom12.29to20.84cmol(p+)kg-1wherethemeanvalueis15.66cmol(p+)kg-1.OnlyMaicherraWLno.S14reflectedlowerrangeandrestareasrepresentedmediumrangeofCECwithCVvalueof13.72.CECwassignificantlycorrelatedwithCa+Mg(r=0.999**)asre-assessedbyGrandoetal.(2025)(Table5).
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Figure 2: Spatial variability maps of pH, EC, SOC, available N, P2O5, K2O, Ca+Mg, S & CEC of Gomati
Amongvariousgeostatisticalanalyticaltools,InverseDistanceWeighting(IDW)ismostcommonandthistechniqueisusedforcreatingmapsofthephysico-chemcalpropertiesofGomatiandSouthTripuradistricts,depictedasfigures2andfigure3,respectively.
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Figure 3: Spatial variability maps of pH, EC, SOC, available N, P2O5, K2O, Ca+Mg, S & CEC of South Tripura








Table4:Chemicalandnutrientpropertiesofanalyticalsoilsamples
	Sl.No.
	BeatName
	EC
(µScm-1)
	pH
	SOC%
	Avail.N
(kgha-1)
	Avail.P2O5
(kgha-1)
	Avail.K2O
(kgha-1)
	Avail.(Ca+Mg)
(kgha-1)
	Avail.S
(kgha-1)
	CEC
(cmolkg-1)

	S1
	Bampur
	67.90
	5.20
	0.98
	125.44
	34.66
	194.32
	596.65
	4.17
	18.51

	S2
	Dhanlekha
	55.90
	4.70
	1.91
	137.98
	43.63
	125.43
	502.45
	0.07
	17.12

	S3
	BairagiDokan
	29.90
	4.14
	0.49
	137.98
	8.62
	97.29
	533.85
	3.21
	17.52

	S4
	Suknachari
	66.70
	4.30
	0.78
	150.53
	7.70
	191.13
	533.85
	9.68
	17.63

	S5
	Paratia
	41.50
	4.26
	0.53
	125.44
	27.38
	60.58
	314.03
	15.52
	14.43

	S6
	Udaipur
	34.00
	5.17
	0.59
	175.62
	36.62
	67.50
	659.46
	1.00
	19.23

	S7
	Ghorakappa
	61.90
	5.60
	1.17
	150.53
	25.28
	125.43
	471.04
	5.92
	16.68

	S8
	Manirambari
	20.80
	5.06
	2.65
	225.79
	24.24
	451.89
	376.83
	18.92
	15.75

	S9
	Bankul
	28.70
	4.10
	0.55
	188.16
	14.72
	196.82
	376.83
	17.30
	15.46

	S10
	ManuBazar
	88.90
	5.10
	1.25
	37.63
	25.97
	330.33
	753.67
	6.57
	20.84

	S11
	AnandapurWL
	93.40
	4.88
	0.45
	163.07
	21.99
	217.12
	533.85
	3.55
	17.66

	S12
	NidayaWL
	38.70
	5.54
	0.47
	137.98
	17.72
	161.28
	376.83
	5.42
	15.42

	S13
	Rupaichari
	81.70
	4.62
	0.59
	75.26
	17.46
	188.39
	282.63
	5.92
	14.14

	S14
	MaicherraWL
	100.20
	5.70
	1.44
	87.81
	18.70
	99.64
	157.01
	3.12
	12.29

	
	SD
	25.35
	0.53
	0.63
	45.84
	9.89
	101.80
	153.12
	5.77
	2.15

	
	mean
	55.70
	4.59
	0.96
	137.09
	22.31
	173.93
	441.47
	7.08
	15.66

	
	CV
	45.51
	11.45
	65.15
	33.44
	44.34
	58.53
	34.68
	81.52
	13.72





Table5:Correlationbetweenphysico-chemicalandnutrientpropertiesofGomatiandSouthTripura
	PearsonCorrelations

	
	BD
	WHC
	Nvalue
	Sand
	Silt
	Clay
	EC
	pH
	SOC
	N
	P2O5
	K2O
	Ca+Mg
	S
	CEC

	BD
	1
	-0.144
	0.093
	0.662**
	-0.416
	-0.133
	-0.134
	-0.445
	0.228
	0.454
	0.234
	0.325
	0.241
	0.283
	0.256

	WHC
	
	1
	-0.163
	-0.103
	0.38
	-0.324
	-0.21
	-0.083
	-0.079
	0.141
	-0.438
	0.174
	-0.148
	0.371
	-0.137

	Nvalue
	
	
	1
	0.26
	0.047
	-0.283
	0.07
	0.163
	0.206
	0.531
	-0.129
	0.114
	-0.132
	0.036
	-0.125

	Sand
	
	
	
	1
	-0.507
	-0.334
	-0.009
	-0.33
	0.407
	0.242
	0.121
	0.24
	0.14
	0.234
	0.152

	Silt
	
	
	
	
	1
	-0.644*
	0.044
	0.362
	0.138
	-0.05
	-0.098
	-0.091
	-0.031
	-0.254
	-0.036

	Clay
	
	
	
	
	
	1
	-0.04
	-0.102
	-0.513
	-0.161
	0.000
	-0.113
	-0.09
	0.07
	-0.095

	EC
	
	
	
	
	
	
	1
	0.343
	-0.055
	-0.690**
	-0.001
	-0.01
	-0.012
	-0.451
	-0.013

	pH
	
	
	
	
	
	
	
	1
	0.315
	-0.159
	0.332
	0.08
	-0.043
	-0.38
	-0.038

	SOC
	
	
	
	
	
	
	
	
	1
	0.192
	0.372
	0.574*
	-0.084
	0.194
	-0.052

	N
	
	
	
	
	
	
	
	
	
	1
	0.013
	0.162
	-0.041
	0.407
	-0.032

	P2O5
	
	
	
	
	
	
	
	
	
	
	1
	-0.079
	0.306
	-0.309
	0.298

	K2O
	
	
	
	
	
	
	
	
	
	
	
	1
	0.165
	0.481
	0.218

	Ca+Mg
	
	
	
	
	
	
	
	
	
	
	
	
	1
	-0.319
	0.999**

	S
	
	
	
	
	
	
	
	
	
	
	
	
	
	1
	-0.29

	CEC
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1


**Correlationissignificantatthe0.01level(2-tailed).
*Correlationissignificantatthe0.05level(2-tailed).





4.CONCLUSION
ItcanbeconcludedthatGomatiandSouthTripuradistrictsoilcanbeclassifiedassandyloamandclayloamwithanextremetostronglyacidicpH.50%soilsampleshadhighorganiccarbon,28%medium,22%lowand100%lowavailablenitrogen,phosphate,calciumsulphurandmagnesium.AllthesitesreflectedmediumCECrangeduetohigherlevelofSOC.Intensiveplantationaswellasrice-fellowcroppingpatterninthisregioncreatedsuchresult.Consideringsoiltexturalclasses,policymakerscanintroduceacidicsoilsuitableleguminouscropsinrice-fellowcroppingpattern.Applicationofcropspecificbio-fertilizerwillincreasetheproductivityandmakeadditionalreturntothefarmers.SoilmappingusingGISmaygenerateanideaaboutthesoilfertilitystateanditcouldbeveryusefulforfertilizermanagementforaspecificareasimplybyapplyingpreviouslyanalyzedsoildata,leadingtosite-specificsmartnutrientmanagement.Atplantationsiteatleast2-tiercroppingsystemlikeSal/Segun-blackpepper,Sal-pineappleetc.canbeestablishedtoupliftsocio-economicstatusoftheforestdwellers.
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