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Table S1: Soil related attributes of different locations used in the study.
	Location
	Longitude
	Latitude
	OC
	pH
	EC
	N
	P2O5
	K2O

	Bhojireddypalle
	81.01315
	16.11681
	0.36
	8.1
	0.21
	190.8
	93.5
	862.1

	Kuchipudi-I
	80.66518
	16.1751
	0.48
	7.9
	0.12
	190.1
	81
	498.9

	Kuchipudi-II
	80.69063
	16.1991
	0.43
	8
	0.24
	169.7
	57.2
	840.5

	Pedamuttevi
	80.98856
	16.22212
	0.63
	8.2
	0.43
	298.3
	92.7
	544.1

	Muvvapalem
	80.92839
	16.22197
	0.48
	7.7
	0.09
	184.7
	91.4
	627.9

	Kodali
	80.91155
	16.17491
	0.49
	8
	0.11
	239.1
	70.9
	438.7

	Srikakulam
	80.84963
	16.19366
	0.31
	8.1
	0.26
	197.6
	96.3
	576.3

	Vemulapalli
	80.94129
	16.10526
	0.35
	7.5
	0.2
	147.3
	40.5
	541.9

	Puritigadda
	80.89604
	16.10588
	0.27
	8
	0.41
	171.2
	60.2
	447.3

	Lankapalli
	80.98434
	16.13352
	0.3
	7.8
	0.24
	126.4
	97.4
	899.9

	Avanigadda
	80.929
	16.01898
	0.39
	8.1
	0.45
	181.9
	87.3
	610.7

	Chodavaram-I
	80.94734
	15.93906
	0.68
	7.7
	0.12
	202.6
	98.4
	793.7

	Chodavaram-II
	80.92212
	15.929
	0.48
	7.9
	0.34
	288.2
	93.8
	510.7

	Nagayalanka
	80.92033
	15.9326
	0.74
	7.1
	1.53
	244.3
	74.7
	529.1

	Donepudi
	80.83776
	16.03119
	0.45
	7.5
	0.41
	189.3
	92.8
	726.4

	Pedalanka
	80.8141
	16.2138
	0.49
	8.4
	0.13
	230.2
	90.2
	584.9

	Elamaru
	80.79579
	16.10948
	0.56
	7.7
	0.36
	236.9
	86.2
	649.2

	Donepudi
	80.81623
	16.15804
	0.39
	7.9
	0.48
	180.3
	85.3
	750

	Gajulanka-I
	80.81865
	16.1776
	0.52
	7.6
	0.27
	244.1
	91.4
	862.8

	Gajulanka-II
	80.795
	16.16774
	0.41
	8.2
	0.24
	200.6
	82.8
	695

	Vemuru
	80.7318
	16.18513
	0.28
	7.6
	0.19
	198.78
	46.3
	677.4

	Kancherlapadu
	80.75311
	16.22541
	0.36
	7.8
	0.24
	182.9
	64
	422.7

	Elamaru
	80.6907
	16.1991
	0.52
	7.6
	0.49
	230.6
	82.1
	649.4

	Dokiparru
	80.67994
	15.93122
	0.37
	7.5
	0.12
	220.7
	69.2
	396.3

	Nagaram-I
	80.70566
	15.99628
	0.43
	7.5
	1.14
	204.2
	89.4
	820.3

	Nagaram-II
	80.7436
	16.01259
	0.44
	7
	0.51
	201.9
	81.5
	347.8

	Cherukupalli-I
	80.6694
	16.06516
	0.54
	7.1
	0.31
	229.4
	73.6
	239.4

	Cherukupalli-II
	80.6862
	16.03807
	0.58
	7.6
	0.24
	288.6
	99
	699.8

	Dokiparru
	80.863
	16.18528
	0.62
	7.6
	0.24
	210.1
	73.88
	389.76

	Gollapalem
	80.91222
	16.16267
	0.93
	7.3
	0.58
	269.7
	93.48
	430.08

	Chitturpu
	80.91222
	16.16267
	0.47
	7.9
	0.25
	250.9
	73.63
	349.44

	Modumudi
	80.95014
	16.017
	0.87
	7.6
	0.55
	282.3
	80.57
	766.2

	Aswaraopalem
	80.93914
	15.99769
	0.54
	8
	0.28
	260.3
	69.75
	295.68

	Chodavaram
	80.94347
	15.93239
	0.68
	7.4
	0.58
	210.1
	92.6
	504

	Talagadadeevi 
	80.9095
	15.90186
	0.93
	7.8
	0.43
	288.5
	74.4
	510.72

	Cherukupalli
	80.69297
	16.04664
	0.29
	8
	0.1
	169.3
	94.9
	134.4

	Arepalli
	80.69631
	16.03449
	0.43
	7.5
	0.18
	239
	36.4
	453

	Illvaram
	80.74986
	16.0771
	0.5
	7.8
	0.32
	318
	39
	575

	Peddapalli
	80.64449
	15.95266
	0.41
	7.8
	0.36
	225
	33
	483

	Perali
	80.54807
	15.89324
	0.24
	6.9
	0.21
	185
	15.6
	319

	Thummalapalli
	80.54991
	15.88086
	0.24
	6.9
	0.21
	158
	13
	287

	Peddapuluguripalem
	80.59629
	15.90703
	0.35
	7
	0.49
	185
	90.1
	470

	Peddapuluguripalem-II
	80.60384
	15.89728
	0.21
	7.7
	0.43
	122
	65.6
	241

	Peddapalli
	80.64242
	15.95258
	0.27
	7.6
	0.24
	156
	26.1
	289

	Bhavanamvaripalem
	80.59189
	15.99506
	0.2
	5.9
	0.06
	145
	14
	362

	Chinnamatlapudi
	80.68067
	15.97429
	0.16
	7.1
	0.1
	133
	11.8
	446

	Kuchinapudi
	80.75242
	15.95813
	0.25
	7.3
	0.19
	200
	23.5
	283

	Pallepatla
	80.75752
	15.98763
	0.28
	7.6
	0.47
	221
	26.7
	319

	Vaddevaripalem
	80.87547
	15.92721
	0.49
	8.4
	0.71
	245
	37.2
	505

	Bethapudi
	80.80566
	16.02654
	0.43
	7.8
	0.41
	259
	36
	517

	Cherukupalli
	80.679
	16.03925
	0.3
	7.2
	0.21
	184
	24.8
	296

	Govada
	80.67086
	16.09151
	0.44
	8.3
	0.52
	249
	31.6
	374

	Battibrolu
	80.76868
	16.10613
	0.51
	8
	0.51
	277
	40.2
	376

	Amruthalur
	80.65476
	16.11718
	0.43
	7.8
	0.39
	218
	35
	324

	Peddapudi
	80.65579
	16.14377
	0.44
	8.2
	0.37
	242
	37
	538

	Chavali
	80.72992
	16.14457
	0.5
	7.4
	0.39
	237
	37.6
	575

	Vemuru
	80.73369
	16.17582
	0.5
	7.4
	0.39
	220
	47
	631

	Kuchipudi
	80.66093
	16.17556
	0.39
	8
	0.53
	240
	38
	343

	Ananthavaram, kollur
	80.76421
	16.23609
	0.48
	8.5
	0.72
	245
	49.7
	608

	Chilumur
	80.79049
	16.23168
	0.46
	8
	0.47
	221
	41
	499



Table S2: Multicollinearity and RFE
	Soil Attribute
	Initial Variables
	After multicollinearity test
	
Final selected (RFE)
	VIF Range
	Top Predictor Importance Range

	pH
	36
	24-26
	17
	1.21-7.07
	0.049-0.068

	OC
	36
	24-26
	14
	1.16-4.76
	0.065-0.077

	EC
	36
	24-26
	16
	1.21-7.55
	0.051-0.074

	N
	36
	24-26
	16
	1.21-3.80
	0.056-0.069

	P₂O₅
	36
	24-26
	17
	1.21-4.80
	0.049-0.065

	K₂O
	36
	24-26
	15
	1.3-6.5
	0.05-0.07



Selected variables:
Table S3: Final predictor variables selected after VIF filtering and RFE for each soil attribute
	Soil Attribute
	Number of Predictors
	Final Selected Covariates

	OC
	14
	NDVI, OSAVI, GNDVI, MRVBF, Slope Height, Elevation, Topographic Wetness Index (TWI), Valley Depth, Clay Difference Ratio, Iron Difference Ratio, Profile Curvature, Land Use/Land Cover (LULC), Total Annual Rainfall (TAR), Mean Annual Temperature (MAT)

	EC
	16
	MRVBF, Modified Catchment Area, Slope Height, Elevation, TWI, Valley Depth, Clay Difference Ratio, Carbonate Difference Ratio, NDVI, OSAVI, Aspect, Analytical Hillshade, LULC, TAR, MAT, Ferrous Mineral Ratio

	pH
	17
	NDVI, GNDVI, OSAVI, Profile Curvature, Tangential Curvature, Elevation, Slope, TWI, Valley Depth, Carbonate Difference Ratio, Clay Difference Ratio, Iron Difference Ratio, LULC, TAR, MAT, Aspect, Ridge/Valley Flatness Index

	N
	16
	NDVI, Iron Difference Ratio, Clay Difference Ratio, Texture Index, TWI, Catchment Area, Valley Depth, Elevation, Slope Length, MRVBF, LULC, TAR, MAT, Ferrous Mineral Ratio, Profile Curvature, Analytical Hillshade

	P₂O₅
	17
	MRRTF, MRVBF, Valley Depth, Topographic Position Index (TPI), TWI, Elevation, Slope, NDVI, OSAVI, Clay Difference Ratio, Carbonate Difference Ratio, Iron Difference Ratio, LULC, TAR, MAT, Analytical Hillshade, Ridge/Valley Flatness Index

	K₂O
	15
	Mean Annual Temperature (MAT), Total Annual Rainfall (TAR), Carbonate Difference Ratio, Clay Difference Ratio, Texture Index, Catchment Slope, Convexity, TPI, Elevation, Valley Depth, NDVI, LULC, Ferrous Mineral Ratio, Analytical Hillshade, Slope



Removed variables: 
Table S4: Covariates removed during multicollinearity filtering (VIF > 10)
	Removed Variable
	Highly Correlated With

	Catchment Slope
	Slope

	DVI
	NDVI

	RVI
	NDVI

	Cross-sectional Curvature
	Tangential Curvature

	General Curvature
	Profile Curvature

	Terrain Ruggedness Index (TRI)
	Slope

	Analytical Hillshade
	Aspect

	Ridge/Valley Flatness Index
	Valley Depth

	Slope Length
	Slope Height

	Catchment Area
	Modified Catchment Area

	Ferrous Mineral Ratio
	Iron Difference Ratio

	Rock Outcrop Ratio
	Clay Difference Ratio

	Carbonate Difference Ratio (duplicate form)
	Clay Difference Ratio

	Aspect (secondary form)
	Primary Aspect

	TPI (lower resolution)
	TPI (higher resolution)



Model Performances:
Table S5: Model performance as per the different number of covariates used.
	Soil Parameters
	Models
	No. of Covariates
	R2
	CCC
	RMSE
	Bias

	OC
	RF
	4
	0.268
	0.110
	0.159
	0.004

	
	
	7
	0.425
	0.392
	0.135
	0.003

	
	
	10
	0.419
	0.414
	0.131
	0.006

	
	
	12
	0.432
	0.433
	0.129
	0.006

	
	
	15
	-
	-
	-
	-

	
	KNN
	4
	0.136
	0.075
	0.159
	0.007

	
	
	7
	0.201
	0.103
	0.158
	0.011

	
	
	10
	0.195
	0.079
	0.157
	0.010

	
	
	12
	0.060
	0.050
	0.162
	0.010

	
	
	15
	-
	-
	-
	-

	
	ANN
	4
	0.301
	0.213
	0.248
	0.037

	
	
	7
	0.273
	0.285
	0.234
	0.058

	
	
	10
	0.339
	0.344
	0.214
	0.079

	
	
	12
	0.27
	0.227
	0.254
	0.056

	
	
	15
	-
	-
	-
	-

	
	Cubist
	4
	0.351
	0.245
	0.14
	-0.009

	
	
	7
	0.322
	0.206
	0.156
	0.003

	
	
	10
	0.315
	0.228
	0.164
	0.009

	
	
	12
	0.401
	0.418
	0.132
	0.005

	
	
	15
	-
	-
	-
	-

	 
	 
	 
	 
	 
	 
	 

	EC
	RF
	4
	0.263
	0.308
	0.217
	0.008

	
	
	7
	0.302
	0.223
	0.225
	0.005

	
	
	10
	0.361
	0.345
	0.210
	0.003

	
	
	12
	-
	-
	-
	-

	
	
	15
	-
	-
	-
	-

	
	KNN
	4
	0.192
	0.073
	0.236
	0.002

	
	
	7
	0.340
	0.086
	0.236
	0.009

	
	
	10
	0.313
	0.111
	0.233
	0.005

	
	
	12
	-
	-
	-
	-

	
	
	15
	-
	-
	-
	-

	
	ANN
	4
	0.284
	0.236
	0.225
	0.004

	
	
	7
	0.318
	-0.03
	0.451
	-0.042

	
	
	10
	0.266
	0.222
	0.245
	-0.016

	
	
	12
	-
	-
	-
	-

	
	
	15
	-
	-
	-
	-

	
	Cubist
	4
	0.268
	0.243
	0.218
	-0.039

	
	
	7
	0.229
	0.226
	0.226
	-0.04

	
	
	10
	0.159
	0.164
	0.237
	-0.048

	
	
	12
	-
	-
	-
	-

	
	
	15
	-
	-
	-
	-

	 
	 
	 
	 
	 
	 
	 

	pH
	RF
	4
	0.248
	0.067
	0.433
	-0.015

	
	
	7
	0.313
	0.136
	0.410
	0.004

	
	
	10
	0.307
	0.201
	0.394
	0.014

	
	
	12
	0.326
	0.197
	0.399
	0.003

	
	
	15
	-
	-
	-
	-

	
	KNN
	4
	0.318
	0.138
	0.413
	-0.018

	
	
	7
	0.340
	0.214
	0.394
	0.033

	
	
	10
	0.283
	0.034
	0.437
	0.003

	
	
	12
	0.110
	0.032
	0.441
	-0.017

	
	
	15
	-
	-
	-
	-

	
	ANN
	4
	0.392
	0.164
	0.492
	0.018

	
	
	7
	0.346
	0.283
	0.439
	0.014

	
	
	10
	0.452
	0.432
	0.354
	-0.038

	
	
	12
	0.46
	0.389
	0.408
	-0.051

	
	
	15
	0.374
	0.144
	0.582
	0.035

	
	Cubist
	4
	0.287
	0.103
	0.431
	0.021

	
	
	7
	0.333
	0.077
	0.449
	0.069

	
	
	10
	0.253
	0.083
	0.452
	0.035

	
	
	12
	0.25
	0.095
	0.437
	0.054

	
	
	15
	0.315
	0.099
	0.441
	0.048

	 
	 
	 
	 
	 
	 
	 

	N
	RF
	4
	0.393
	0.375
	37.871
	-0.523

	
	
	7
	0.353
	0.342
	38.562
	1.451

	
	
	10
	0.473
	0.388
	37.006
	0.881

	
	
	12
	0.427
	0.363
	38.245
	0.758

	
	
	15
	0.382
	0.338
	38.801
	0.543

	
	KNN
	4
	0.346
	0.185
	41.270
	1.695

	
	
	7
	0.125
	-0.011
	43.199
	1.664

	
	
	10
	0.125
	-0.011
	43.199
	1.664

	
	
	12
	0.100
	-0.005
	43.176
	1.779

	
	
	15
	0.095
	-0.013
	43.270
	1.841

	
	ANN
	4
	0.41
	0.211
	44.768
	3.929

	
	
	7
	0.354
	0.212
	48.981
	-2.102

	
	
	10
	0.377
	0.167
	50.818
	-1.458

	
	
	12
	0.423
	0.052
	54.332
	-2.057

	
	
	15
	0.342
	0.22
	47.747
	47.747

	
	Cubist
	4
	0.217
	0.212
	41.301
	1.107

	
	
	7
	0.308
	0.262
	38.186
	-0.089

	
	
	10
	0.297
	0.226
	39.573
	0.348

	
	
	12
	0.185
	0.15
	44.009
	0.362

	
	
	15
	0.292
	0.189
	42.477
	1.984

	 
	 
	 
	 
	 
	 
	 

	P2O5
	RF
	4
	0.097
	0.032
	28.011
	0.381

	
	
	7
	0.104
	0.038
	27.833
	0.390

	
	
	10
	0.311
	0.277
	24.961
	0.347

	
	
	12
	0.334
	0.277
	25.054
	0.032

	
	
	15
	0.404
	0.333
	24.368
	-0.001

	
	KNN
	4
	0.112
	0.069
	26.847
	2.435

	
	
	7
	0.175
	0.054
	26.627
	1.301

	
	
	10
	0.204
	0.065
	26.741
	1.115

	
	
	12
	0.249
	0.065
	26.692
	1.358

	
	
	15
	0.218
	0.055
	26.866
	1.055

	
	ANN
	4
	0.407
	0.173
	28.324
	1.951

	
	
	7
	0.345
	0.316
	32.139
	-1.45

	
	
	10
	0.354
	0.228
	31.169
	-3.671

	
	
	12
	0.387
	0.187
	30.538
	1.835

	
	
	15
	0.512
	0.383
	25.495
	2.041

	
	Cubist
	4
	0.246
	0.043
	28.296
	6.104

	
	
	7
	0.258
	0.093
	26.946
	3.488

	
	
	10
	0.254
	0.192
	27.067
	0.456

	
	
	12
	0.167
	0.167
	27.455
	1.342

	
	
	15
	0.319
	0.305
	25.976
	-1.108

	 
	 
	 
	 
	 
	 
	 

	K2O
	RF
	4
	0.312
	0.167
	166.577
	-2.735

	
	
	7
	0.394
	0.159
	165.660
	-4.106

	
	
	10
	0.514
	0.224
	159.116
	-1.668

	
	
	12
	0.467
	0.203
	161.624
	-4.127

	
	
	15
	0.369
	0.233
	159.629
	-5.040

	
	KNN
	4
	0.109
	0.018
	177.560
	8.274

	
	
	7
	0.204
	0.032
	179.404
	-23.226

	
	
	10
	0.186
	0.020
	180.182
	-21.296

	
	
	12
	0.211
	0.026
	179.409
	-20.509

	
	
	15
	0.232
	-0.018
	189.405
	-24.264

	
	ANN
	4
	 
	 
	 
	 

	
	
	7
	0.35
	0.168
	185.72
	-7.056

	
	
	10
	0.38
	0.315
	185.026
	31.035

	
	
	12
	0.451
	0.149
	207.574
	37.69

	
	
	15
	0.352
	-0.017
	214.796
	4.611

	
	Cubist
	4
	0.324
	0.122
	172.178
	-18.508

	
	
	7
	0.313
	0.115
	175.103
	-20.181

	
	
	10
	0.291
	0.064
	181.799
	-20.095

	
	
	12
	0.35
	0.063
	181.431
	-21.64

	
	
	15
	0.283
	0.21
	168.062
	-16.477




