Soil Characterization, Classification and Land Use Planning for Netrang Taluka in Bharuch District. Gujarat, India

 

Abstract
A detailed soil survey was conducted at a 1:10000 scale using remote sensing data and field surveys to delineate landforms, characterize the soils and develop a land use plan for Netrang taluka, Bharuch district, Gujarat by BAIF KVK. Five representative pedons covering major landforms—gently sloping plateau, undulating dissected plateau, older flood plain and hilly terrain—were characterized for morphological, physical and chemical properties. Soil depth varied widely, from shallow (22 cm) in hilly terrain to very deep (150 cm) in floodplain areas. Textures ranged from clay loam to clay, with water-holding capacity between AMC 3.2–12.5%. Saturated hydraulic conductivity showed moderate variation (12.6–26.6 cm hr⁻¹). Soil reaction ranged from slightly acidic to moderately alkaline. Organic carbon was low to medium (0.02–0.76%), while CEC was moderate to high (38.24–58.97 cmol(p⁺) kg⁻¹). Taxonomic classification placed most profiles under fine-textured Typic Haplustepts (Inceptisols), while shallow hilly soils were classified as Typic Ustorthents (Entisols). Key constraints affecting land suitability are depth, drainage and erosion in the block. Soil-site suitability assessments indicated high to moderate suitability for existing crops like soybean and pigeonpea, while alternative crops such as finger millet, chickpea and black gram showed better adaptability. Sugarcane, cotton, and banana were moderately to marginally suitable due to depth and drainage limitations. A land use plan was developed recommending soil conservation, organic matter enhancement, micronutrient management and diversified cropping for sustainable agricultural productivity.
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Introduction
The rising global population and shifting food preferences are increasing the pressure on natural resources, particularly soil, to meet future food demands, projected to grow by 75–100% between 2010 and 2050 (Hossain et al., 2016). Although modern intensive agriculture has enhanced productivity, it has also degraded vital resources like soil, water and air. Unsustainable farming practices, including excessive agrochemical use and poor land management, have led to soil erosion, salinity, compaction, acidification, nutrient depletion and reduced organic matter. These issues threaten long-term productivity and food security, making sustainable land use essential. Soil characterization and classification are crucial tools to assess land potential, support crop planning and manage resources effectively (Akpan-Idiok et al. 2016). The FAO land evaluation framework (Sys et al., 1993) emphasizes the role of soil data in guiding land use suitability. A thorough understanding of soil distribution and properties is crucial for promoting sustainable land management, as it underpins key practices such as erosion control, fertility enhancement, appropriate crop selection and efficient irrigation planning. (Van de Wauw et al., 2008; Seid et al., 2013). In tribal Netrang taluka of Bharuch district, poor awareness and small landholdings limit agricultural returns despite the region's ecological richness. Netrang taluka feature varied terrain and moderate to substantial rainfall, supporting crops like pigeonpea, greengram, soybean, paddy and fruits (Patil et al, 2024). However, the continued reliance on traditional practices, without the support of scientific interventions, has constrained the agricultural potential of the block despite its rich natural resources, remains underdeveloped. Accurate soil resource mapping helps address existing gaps and enables effective land-use planning by identifying the most suitable and sustainable agricultural options.
Bottom of Form
Materials and Methods 
The study area involves tribal taluka of Netrang of Bharuch district. The location of the study areas falls under the South Gujarat region, which comprises South Gujarat agro-climatic Zone II. The study area is located between 21°30'47'' to 21°45'01'' N latitude and 73°17'21'' to 73°29'51'' E longitude in Bharuch district, Gujarat (Fig. 1). It covers an area of 38560 ha which is 5.85 per cent of the total geographical area of Bharuch district and is comprised of 78 villages with a population of 92063 according to census 2011. More than 86 per cent of the population in this taluka is comprised of scheduled tribes, primarily the Bhil Vasava community.
[image: ]
Fig.1. Location and Landform map of Netrang taluka of Bharuch district
The semi-arid study area receives approximately 1000 mm of annual rainfall. Temperatures range from a minimum of 13.73°C in January to a maximum of 39.35°C in May. Sunshine hours are lowest in July (2.78 hrs) and highest in April (9.23 hrs). Wind velocity varies from 2.99 to 10.98 kmhr-1. The area has diverse vegetation; including Butea monosperma, Bombax ceiba, Tectona grandis and Terminalia arjuna.
The detailed soil survey was carried out using Sentinel-2A satellite image (10 m spatial resolution), ALOS-DEM and toposheet of Survey of India (SOI) on 1:50,000 scale during 2023. The delineation of land use land cover (LULC) was carried out by visual interpretation techniques. Slope, hill shade and contour (10 m) maps were prepared by using Cartosat-1 DEM (30 m) and landform map was generated by superimposing these maps. To study the soil characteristics of the study area, five representative geo-referenced profile representing each landform were dug out and were examined by following standard procedures (Soil Survey Staff, 2014). The horizon-wise samples were collected from these profiles and analyzed as per the standard procedure (Page et al. 1982 and Klute, 1986).
Results and Discussion
Morphological Properties
The soils of Netrang taluka exhibited considerable variation in their morphological properties. The detailed morphological features of the representative pedons are presented in Table 1. Surface horizons were moist dark brown to dark yellowish brown (10YR 3/2 to 10YR 3/4), gradually shifting to yellowish brown hues (10YR 4/3 to 10YR 4/4) with depth, reflecting a decline in organic carbon (Bhandari et al., 2005 and Vasu et al, 2019). Textures were predominantly clayey in the Ap and A horizons, becoming clay loam, loam, or silty loam in the Bw horizons, indicating moderate horizon differentiation. The soils exhibited medium weak to moderate sub-angular or angular blocky structures, suggestive of active pedogenic development. Consistency varied from very firm in plateau pedons to friable in older floodplain soils, with fine to medium porosity and common root distribution in surface horizons. Effervescence ranged from slight to strong, particularly in sub-surface layers, signifying accumulation or inheritance of carbonates. Physiographic influences were evident across pedons: soils on gently sloping and undulating plateaus were moderately deep and commonly underlain by weathered rock within 54–93 cm, whereas older floodplain soils were very deep (>122 cm) with finer textures and better-developed Bw horizons. In contrast, soils of the hilly terrain were shallow to moderately deep, with lithic contact encountered at 40–45 cm due to higher runoff and erosion. Overall, the soils of Netrang taluka are predominantly classified as fine-textured Typic Haplustepts, moderately developed, and suitable for cultivation under appropriate soil and water management practices.







	Table 1. Morphological properties of soils in Netrang taluka

	Horizon
	Depth(cm)   
	Boundary1 DT
	Colour (Moist)
	Texture
	Structure2
	Consistency3
	Porosity4
	Roots5
	Reaction6 (effervescence) 

	
	
	
	
	
	S G T
	D M W
	S Q
	S Q
	

	Gently Sloping Plateau: Pedon 1 Chaswad series: Fine, mixed, hyperthermic, Typic Haplustepts (Lat.:21°34'27''N Long.:73°21'5 1''E)

	Ap
	0-12
	c s
	10YR 3/4
	Clayey
	m 2 abk
	vfi vs vp
	vf c
	m, f
	es

	A12
	12-21
	c s
	10YR 3/4
	Clayey
	m 2 abk
	vfi vs vp
	vf c
	-
	es

	Bw1
	21-54
	c s
	10YR 3/4
	Clay loam
	m 1 sbk
	sfr as ps
	f c
	-
	es

	   C
	>54
	Weathered rock
	
	
	
	
	
	

	Undulating Dissected Plateau: Pedon 2 Kadwali series: Fine, mixed, hyperthermic, Typic Haplustepts (Lat.:21°31'27''N Long.:73°26'02''E)

	Ap
	0-20
	c s
	7.5YR 3/4
	Clayey
	m 2 sbk
	vfi vs vp
	vf c
	m, f
	e 

	A12
	20-41
	c s
	7.5YR 3/4
	Clayey
	m 2 sbk
	vfi vs vp
	vf c
	m f
	me 

	Bw1
	41-57
	c s
	7.5YR  4/3
	Clayey
	m 1 sbk
	fi as ps
	vf c
	f f
	me 

	Bw2
	57-90
	c s
	7.5YR  4/3
	Clay loam
	m 1 sbk
	fi as ps
	f c
	-
	me 

	C
	>90
	Weathered rock
	
	
	
	
	
	

	Older Flood Plain: Pedon 3 Kavchiya series: Fine, loamy, mixed, hyperthermic, Typic Haplustepts (Lat.:21°31'58''N Long.:73°21'07''E)

	Ap
	0-24
	c s
	10YR 3/2
	Clayey
	m 2 sbk
	vfi vs vp
	vf m
	m, f
	e 

	A12
	24-38
	c s
	10YR 3/2
	Clayey
	m 1 abk
	vfi vs vp
	vf c
	m f
	me 

	Bw1
	38-58
	c w
	10YR 3/4
	Clay loam
	m 1 sbk
	fi as ps
	vf m
	c f
	es

	Bw2
	58-79
	c s
	10YR 3/4
	loam
	m 1 sbk
	fr s p
	f m
	c vf
	es

	Bw3
	79-102
	s d
	10YR 3/4
	loam
	1 sbk
	s fr s p
	m c
	-
	es

	Bw4
	102-122
	c s
	10YR 4/4
	Silty loam
	m 1 sbk
	s fr 
	m c
	-
	es

	Bw5
	>122
	c d
	10YR 4/4
	loam
	1 sbk
	s fr
	m c
	-
	es

	Hilly Terrain: Pedon 4 Mungaj series: Fine, loamy, mixed, hyperthermic, Typic Ustorthents (Lat.:21°42’08’’N Long.:73°23’39’’E)

	Ap
	0-13
	c s
	10YR 3/3
	Clayey
	m 2 sbk
	vfi as ps
	vf c
	m, vf
	e 

	A12
	13-41
	c s
	10YR 3/3
	Clayey
	m 2 sbk
	fi s p
	vf c
	-
	e 

	   C
	>41
	Weathered rock
	
	
	
	
	
	

	Undulating Dissected Plateau: Pedon 5 Shankoi series: Fine, loamy, mixed, hyperthermic, Typic Haplustepts (Lat.:21°38’16’’N Long.:73°25’57’’E)

	Ap
	0-19
	c s
	10YR 3/2
	Clayey
	m 2 sbk
	fi vs vp
	vf c
	f, vf
	e 

	A12
	19-47
	c s
	10YR 3/2
	Clayey
	m 2 abk
	vfi vs vp
	vf m
	-
	e 

	Bw1
	47-62
	c s
	10YR 3/2
	Clay loam
	m 1 abk
	fr as ps
	f c
	-
	e 

	Bw2
	62-93
	c s
	10YR 3/4
	loam
	1 sbk
	fr as ps
	m c
	-
	e 

	Bw3
	>93
	a s
	10YR 3/4
	loam
	1 sbk
	fr
	m c
	-
	e 


1 D-Distinctness, a-abrupt, c-clear, g-gradual, d-diffuse, T-Topography, s-smooth, w-wavy, i-irregular, b-broken
2 S-Size, f-fine, m-medium, c-coarse, G-Grade, 0-structureless, 1-weak, 2-moderate, 3-strong, T-Type, gr-granular, cr-crumb, cmr-columnar, 
pr-prismatic, pl-platy, abk-angular blocky, sbk-sub angular blocky, sg-single grain, m-massive
3 D-Dry, l-loose, s-soft, sh-slightly hard, h-hard, vh-very hard, M-Moist, vfr-very friable, fr-friable,
fi- firm, vfi-very firm, W-Wet, as-slightly sticky, s-sticky,vs-very sticky, ps-slightly plastic, p-plastic, vp-very plastic
4,5 S-Size, vf-very fine, f-fine, m-medium, c-coarse, Q-Quantity, f-few, c-common, m-many
6 e-slightly effervescence, me- moderate effervescence; es-strong effervescence, ev-violent effervescence 
Table 2. Physical properties of soils in Netrang taluka
	   Horizon            
	 Depth
	Sand
	Silt
	Clay
	sHC (cm)
	Moisture (%)
	AMC (%)

	
	cm
	<-----------(%)--------
	    (cmhr-1)
	33 kPa
	1500 kPa
	

	Pedon 1 Chaswad series: Fine, mixed, hyperthermic, Typic Haplustepts

	Ap
	0-12
	16.40
	38.20
	45.40
	26.60
	26.62
	15.66
	10.96

	A12
	12-21
	26.30
	33.00
	40.70
	25.15
	25.91
	15.52
	10.40

	Bw1
	21-54
	26.00
	38.20
	35.80
	23.86
	20.99
	13.87
	7.11

	C
	>54
	--
	--
	--
	--
	--
	--
	--

	Pedon 2 Kadwali series: Fine, mixed, hyperthermic, Typic Haplustepts

	Ap
	0-20
	14.60
	33.70
	51.70
	14.70
	28.63
	16.72
	11.91

	A12
	20-41
	16.60
	37.00
	46.30
	13.65
	27.14
	14.66
	12.48

	Bw1
	41-57
	21.70
	35.40
	42.80
	12.90
	23.06
	13.96
	9.09

	Bw2
	57-90
	26.10
	40.50
	33.40
	12.60
	19.58
	12.94
	6.64

	C
	>90
	--
	--
	--
	--
	--
	--
	--

	Pedon 3 Kavchiya series: Fine, loamy, mixed, hyperthermic, Typic Haplustepts
	
	
	

	Ap
	0-24
	19.80
	33.80
	46.40
	17.40
	27.20
	14.69
	12.51

	A12
	24-38
	23.00
	37.00
	40.00
	17.10
	27.25
	15.56
	11.69

	Bw1
	38-58
	28.60
	44.30
	27.00
	16.75
	18.00
	10.90
	7.10

	Bw2
	58-79
	29.30
	48.50
	22.20
	16.57
	15.74
	8.75
	7.00

	Bw3
	79-102
	31.60
	49.40
	19.00
	12.64
	14.07
	9.30
	4.77

	Bw4
Bw5
	102-122
	33.00
	52.30
	14.70
	14.80
	10.00
	6.61
	3.39

	
	>122
	39.90
	47.00
	13.10
	13.24
	9.56
	6.32
	3.24

	Pedon 4 Mungaj series: Fine, loamy, mixed, hyperthermic, Typic Ustorthents

	Ap
	0-13
	31.40
	24.40
	44.20
	26.40
	25.91
	16.20
	9.72

	A12
	13-41
	42.00
	17.70
	40.30
	25.10
	23.00
	13.94
	9.06

	C
	>41
	--
	--
	--
	--
	--
	--
	--

	Pedon 5 Shankoi series: Fine, loamy, mixed, hyperthermic, Typic Haplustepts
	
	
	

	Ap
	0-19
	11.40
	39.00
	49.60
	23.44
	29.08
	17.11
	11.97

	A12
	19-47
	16.90
	39.90
	43.20
	22.93
	25.33
	15.83
	9.50

	Bw1
	47-62
	22.70
	40.70
	36.50
	23.01
	22.73
	15.03
	7.70

	Bw2
	62-93
	40.20
	36.00
	23.80
	23.40
	15.15
	10.02
	5.14

	Bw3
	>93
	45.70
	37.20
	17.10
	20.60
	11.63
	7.69
	3.94



Physical Properties
The physical characterization of soils across the five pedons of the Netrang taluka revealed notable variability in texture, hydraulic conductivity and moisture retention, reflecting differences in pedogenic development and landscape position. Surface horizons (Ap) generally exhibited fine to fine-loamy textures with clay content ranging from 44–52% in most pedons, indicating moderately high water-holding capacity. Subsurface horizons showed gradual or marked decreases in clay—particularly in the Kavchiya and Shankoi series—suggesting argillic development and clay translocation. The wide variation in particle-size distribution in soils may be attributed to differences in depositional history, topography and weathering processes (Basavaraju et al., 2005). Saturated hydraulic conductivity (sHC) varied widely, from 12.6 to 26.6 cm hr⁻¹, with higher values in the Chaswad and Mungaj series, implying better permeability, whereas lower sHC in the Kadwali and deeper Kavchiya horizons indicates restricted drainage and potential for temporary water stagnation. Moisture retention at 33 kPa ranged from 14–29%, while at 1500 kPa it ranged from 7–17%, reflecting moderate to good available moisture capacity across pedons, highest in clay-rich surface horizons. The available moisture content (AMC) decreased consistently with depth in all pedons, corresponding to reduced organic matter and coarser subsurface textures in some profiles. The soils demonstrate moderate to high water-holding capacity but variable permeability, with implications for crop selection and irrigation scheduling. Fine-textured pedons with lower conductivity may require careful water management to avoid waterlogging, whereas fine-loamy pedons with moderate sHC support better aeration and root penetration. The moderate to low permeability in deeper horizons underscores the need for periodic sub-surface loosening and organic matter incorporation to improve soil structure, infiltration and root proliferation. 

Chemical Characteristics
The chemical analysis of representative pedons from Netrang taluka revealed that the soils are slightly acidic to moderately alkaline in reaction, with pH ranging from 5.61 to 7.40 (Table 2). The soils of the Chaswad and Kavchiya series were near neutral to slightly alkaline, while the Shankoi and Kadwali series exhibited slightly acidic conditions. Such variation in soil reaction can be attributed to parent material, leaching intensity and landscape position. The electrical conductivity (EC) values varied from 0.04 to 0.42 dS m⁻¹, indicating that all the soils are non-saline and suitable for normal agricultural use. The organic carbon (OC) content ranged from 0.02 to 0.76%, showing a decreasing trend with depth across all pedons. Higher organic carbon content in the surface horizons is due to accumulation of plant residues and microbial activity, while lower values in subsurface layers result from oxidation and limited organic matter translocation. The results are in agreement with the findings of soil fertility assessment study by Patil et al. (2025). The CaCO₃ content varied between 4.15 and 7.84%, generally increasing with depth, indicating secondary carbonate accumulation under semi-arid conditions. The relatively higher CaCO₃ in deeper layers of the Chaswad and Kavchiya series suggests the influence of calcification and limited leaching. The cation exchange capacity (CEC) ranged from 38.24 to 58.97 cmol(p⁺) kg⁻¹, reflecting the dominance of clay and organic matter in soil colloids. Higher CEC values in the Chaswad and Kavchiya series correspond to their higher clay and smectitic mineral content, while lower values in the Kadwali series indicate finer but less active clays. The exchangeable sodium percentage (ESP) ranged between 2.26 and 4.58, signifying that all soils are non-sodic and possess good structural stability.
Overall, the soils of Netrang taluka are non-saline, non-sodic and moderately fertile, characterized by neutral to slightly acidic pH, medium to high CEC and low to medium organic carbon. These properties suggest favorable conditions for crop growth, though regular organic matter addition is recommended to sustain soil health. The presence of moderate carbonates and low ESP values indicates that chemical degradation risks are minimal. 

	Table 3. Chemical characteristics of soils in Netrang taluka
	
	

	Horizon
	Depth
	   pH
	    EC
	OC
	CaCO3   
	CEC 
	ESP

	
	(dSm-1)
	
	
	(%) 
	(%) 
	(me100g-1 )
	

	Pedon 1 Chaswad series: Fine, mixed, hyperthermic, Typic Haplustepts

	Ap
	0-12
	6.95
	0.42
	0.66
	6.65
	48.20
	4.22

	A12
	12-21
	6.73
	0.31
	0.75
	6.67
	48.63
	4.20

	Bw1
	21-54
	6.75
	0.19
	0.54
	7.84
	51.52
	4.58

	C
	>54
	--
	--
	--
	--
	--
	--

	Pedon 2 Kadwali series: Fine, mixed, hyperthermic, Typic Haplustepts

	Ap
	0-20
	6.01
	0.08
	0.54
	5.27
	43.38
	3.19

	A12
	20-41
	6.11
	 0.11
	0.31
	5.93
	43.03
	3.49

	Bw1
	41-57
	6.21
	0.09
	0.29
	5.97
	38.24
	3.42

	Bw2
	57-90
	6.08
	0.17
	0.30
	5.72
	40.36
	4.11

	C
	>90
	--
	--
	--
	--
	--
	--

	Pedon 3 Kavchiya series: Fine, loamy, mixed, hyperthermic, Typic Haplustepts

	Ap
	0-24
	7.40
	0.15
	0.76
	4.26
	47.47
	2.86

	A12
	24-38
	7.37
	0.18
	0.45
	5.71
	52.20
	3.00

	Bw1
	38-58
	7.26
	0.10
	0.16
	6.87
	47.14
	3.73

	Bw2
	58-79
	7.23
	0.12
	0.10
	7.05
	50.88
	3.95

	Bw3
	79-102
	7.24
	0.09
	0.13
	7.05
	58.97
	3.37

	Bw4
	102-122
	7.25
	0.05
	0.02
	7.07
	47.26
	3.40

	Bw5
	>122
	7.18
	0.04
	0.03
	7.01
	43.51
	3.54

	Pedon 4 Mungaj series: Fine, loamy, mixed, hyperthermic, Typic Ustorthents

	Ap
	0-13
	6.53
	0.06
	0.20
	5.17
	51.00
	2.26

	A12
	13-41
	6.53
	0.07
	0.16
	5.30
	41.24
	3.01

	C
	>41
	--
	--
	--
	--
	--
	--

	Pedon 5 Shankoi series: Fine, loamy, mixed, hyperthermic, Typic Haplustepts

	Ap
	0-19
	6.23
	0.08
	0.70
	4.15
	50.77
	3.10

	A12
	19-47
	5.78
	0.09
	0.52
	4.94
	54.23
	2.98

	Bw1
	47-62
	5.61
	0.10
	0.14
	5.05
	51.98
	3.55

	Bw2
	62-93
	5.71
	0 .07
	0.10
	5.28
	50.38
	3.25

	Bw3
	>93
	5.71
	0.09
	0.08
	5.70
	49.56
	3.31



Soil classification 
Based on soil-site and morphological characteristics and analytical data, the soils of the Netrang taluka of Bharuch district have been classified taxonomically down to a family category (Soil Survey Staff, 2014). All the soils of the above area developed mainly under ustic moisture regime and temperature class of hyperthermic regime. The soils of the study area as per the criteria predominantly come under Entisols and Inceptisols orders as per 7th approximation, USDA. The Mungaj pedon, characterized by an ochric epipedon and a shallow solum depth (21 cm) without a cambic horizon, qualifies as an Entisol. Its lack of aquic conditions, sandy textures, or depositional stratification places it under Orthents at the suborder level and the presence of a lithic/paralithic contact within 25–45 cm along with loamy subsurface textures qualifies it as a Ustorthent. The pedon meets the central concept of the Typic subgroup and is thus classified as a fine-loamy, mixed, hyperthermic Typic Ustorthents. In contrast, the remaining pedons from Chaswad, Kadwali, Kavchiya and Shankoi possess an ochric epipedon overlying a cambic horizon, with evident changes in colour, structure and texture, thereby placing them in the order Inceptisols. Their ustic moisture regime places them under Ustepts and well-developed cambic horizons occurring below 50 cm depth support their placement in the Typic Haplustepts subgroup. Accordingly, these soils are classified as fine-textured, mixed mineralogy, hyperthermic Typic Haplustepts.
Soil Suitability for Crops
The soil-site suitability assessment of the Netrang taluka based on the models developed by Naidu et al. (2006) indicated that existing crops such as soybean and pigeonpea are generally well suited to the area, receiving highly suitable (S1) to moderately suitable (S2) ratings across most pedons. In contrast, crops like cotton and sugarcane were only moderately to marginally suitable (S2–S3), limited by shallow rooting depth and physicochemical constraints. Alternative crops—including finger millet, chickpea, black gram and green gram—showed stronger adaptability. Tree crops such as mango, sapota and guava were mostly rated S2, highlighting potential for sustainable diversification into fruit-based systems. However, the occurrence of marginally suitable (S3) and not suitable (N) classes in certain locations suggests the need for site-specific soil management interventions such as erosion control, structural improvement or soil amendments. Overall, the findings support shifting towards more resilient alternative crops and implementing targeted soil improvement measures to enhance productivity and sustainability in the Netrang taluka.
Table 4. Soil-site suitability rating for existing and alternative crops for Netrang taluka
	
	Netrang

	Crops
	P1
	P2
	P3
	P4
	P5

	Existing Crops
	

	Cotton
	S2 
	S3f 
	S2 
	S3lfe 
	S3lfe 

	Pigeonpea
	S1
	S2
	S1
	S2
	S2

	Sugarcane
	S2 
	S3f 
	S1 
	Nrle 
	S3rle 

	Wheat
	S2 
	S2 
	S2 
	S3lf 
	S3lf 

	Soybean
	S1
	S1
	S1
	S2
	S2

	Alternative Crops
	

	Finger Millet
	S2
	S1
	S1
	S2
	S1

	Chickpea
	S1
	S1
	S1
	S2
	S2

	Black gram & Green gram
	S1
	S1
	S1
	S2
	S2

	Groundnut
	S2 
	S2 
	S2 
	S3lf 
	S1 

	Castor
	S2 
	S2 
	S1 
	S3lfe 
	S2 

	Chilli
	S3f 
	S2 
	S2 
	S3lfe 
	S2 

	Cluster bean
	S2
	S2
	S2
	S2
	S1

	Mango
	S2
	S2
	S2
	S2
	S1

	Sapota
	S2 
	S2 
	S2 
	S3lf 
	S2 

	Guava
	S2 
	S2 
	S2 
	S3lf 
	S2 


Note: S1: highly suitable, S2: moderately suitable, S3: marginally suitable, N: Not suitable, r: rooting depth, t: texture, l: slope. f: physicochemical characteristics, e: erosion

Land Use Plan
Land use planning is essential to optimize crop selection based on soil suitability, minimize land degradation and support sustainable agricultural productivity (FAO, 1993). Strategic planning enables efficient resource management and addresses site-specific constraints for tribal communities.
Table 5. Land Use Plan for Netrang taluka of Bharuch district
	[bookmark: _Hlk214810158]Landform

	Major constraints
	Potentials
	Recommendations

	
	
	
	For Existing Land Use
	SWC Measures
	Specific Soil Measures
	Alternate Land Use

	Gently Sloping Plateau
	Shallow soils with slope 1-3 %, somewhat excessively drained, moderate limitation of soil erosion.
	Loamy to clayey soils, ideal soil pH, adequate nutrient status except N and OC.
	Soybean, pigeonpea and chickpea are preferred crops under rainfed as well as irrigated condition.
	Contour vegetative bunds and field bunding.
	Improve soil OC through manures, recycling of farm waste etc.
	Cluster bean, cucurbits, okra, and Indian bean can be taken under irrigated condition. 

	Undulating Dissected Plateau
	Topography and relief (slope 3-5 %), shallow soils, acidic soil pH, low AWC, waterlogging in low land area.
	Loamy to clayey soils, adequate nutrient status.
	Rice in low land and pulses in upland to be cultivated. Adoption of crops and varieties with short growing period.
	Contour trenching, stone bunds, field bunding and gully control measures for uplands. 
	Acid tolerant crops like rice, finger millet, black gram, green gram and mango
Application of lime @ 2 t/ha to 3 t/ha with class-C fly ash @ 3 per cent (wt.).  
	Commercial crops like cluster bean, okra, chilli and Indian bean during post monsoon season subjected ample water availability.

	Older Flood Plain
	Imperfectly drained, slightly higher free CaCO3in subsurface layers.
	Deep to very deep, fine soils, good nutrient reserve.
	The area can best be utilized for growing cotton, pigeonpea, soybean in kharif, wheat, chickpea in Rabi, fodder crops in summer.
	Ensure proper drainage facility in soils.
	The soil test-based application of Fe and Zn with its SO4 salt is advocated.
	Commercial crops like cluster bean, chilli, brinjal, okra, watermelon may be taken.

	Hilly Terrain
	Topography and relief (slope 5-10 %), moderate erosion, lower soil depths, less use organic manures.
	Ideal soil pH, good soil micro nutrient reserve.
	Rice in lowland and pulses in upland to be cultivated. 
Adoption of crops and varieties with short growing period.
	SWC measures with ridge to valley approach of watershed management.
	Improve soil OC through recycling of farm waste etc.
	This area may be best utilized for Wadi model, creepers and poultry rearing.

	Undulating Dissected Plateau
	Undulating topography and relief (slope 3-5 %), shallow soils, acidic soil pH, low AWC.
	Loamy to clayey soils, moderately well drained.
	The area is marginally suitable for long-duration crops like cotton and sugarcane. However, pigeon pea and soybean can be cultivated during the kharif and wheat during the Rabi.
	SWC measures with ridge to valley approach of watershed management.
	Acid tolerant crops like rice, finger millet, black gram, green gram and mango
Application of lime @ 2 t/ha to 3 t/ha with class-C fly ash @ 3 per cent (wt.).  
	This area may be best utilized for Wadi model, creepers and poultry rearing.






Conclusion

The soils of Netrang taluka predominantly belong to Inceptisols and Entisols, each reflecting the area's distinctive topography and pedogenesis. Soil properties favor the cultivation of several crops under proper management but highlight certain limitations—such as shallow rooting depth, erosion risk and restricted drainage in specific landforms. Adoption of alternative crops and targeted interventions, such as soil amendment and moisture management, can address current constraints and increase productivity. Developing a detailed, taluka-wise soil database is vital for implementing sustainable land use strategies tailored to local conditions and tribal communities. This study provides a baseline for rational crop planning and resource allocation, supporting long-term agricultural resilience in Netrang taluka.
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