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Abstract 

Soil samples were collected from upland developed through land shaping (done more than ten years ago) 

and adjacent original lowland rice fields located at Canning and Basanti Blocks in coastal region of 

Sundarbans in South 24 Parganas District of West Bengal, India. The elevated land (uplands) followed 

vegetable – vegetable/ field crop or perennial orchard cropping pattern, while original lowlands followed 

rice – fallow cropping pattern. The results indicated that there was a considerable change in physical and 

chemical properties of soil due to conversion of lowlands into uplands along with change in cropping 

pattern. The soil salinity of uplands showed remarkable decrease compared to original lowlands. The 

bulk density of upland soil reduced while porosity increased compared to original lowland soil. 

Phosphorus availability also increased to a great extent in upland soil. 
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1. Introduction 

Numbers of environmental issues and soil problems are hindering the agricultural production 

in coastal regions (Hossain et al., 2015) [10] of Sundarbans which spreads over West Bengal 

(India) and Bangladesh in the Ganges delta. Of the soil problems salinity is one of the most 

important hindrances for higher crop productivity of coastal saline lands (Amanullah, 2008) [2] 

of Sundarbans. Along with soil salinity others soil physico-chemical properties of soil e.g. 

high bulk density, higher clay content, lower porosity and deficiency of major nutrients affect 

crop production (Worku and Bedadi, 2016 and Hossain et al., 2015) [17, 10]. Besides soil and 

water salinity other major obstacles are poor drainage condition, lack of good quality water, 

heavy texture and poor aeration of soil (Bandyopadhyay et al., 1988) [4]. Bandyopadhyay et al. 

(2009, 2011) [5, 6] observed that raising land elevation of lowland rice fields by proper land 

shaping enhanced crop productivity of coastal saline lowlands considerably. Mandal et al. 

(2013) [13] revealed that rise in land elevation through land shaping reduced water logging / 

drainage congestion problems and the lands could be used for vegetable cultivation throughout 

the year instead of rice (paddy) in Kharif (monsoon) season only. The lowlands thus converted 

into uplands became suitable for higher economic return. However, changes in soil properties 

due to land shaping had poorly studied. The present study was aimed at investigating the 

changes occurred in soil properties due to increase in elevation of lowland rice fields along 

with associated change in cropping pattern. 

 

2. Materials and Method 

2.1 Experimental site 

The study was conducted in Basanti and Canning Blocks of Sundarbans region in the districts 

of South 24 Parganas, West Bengal, India. The study area lies between 88º 2 14″ and 89º4 

34″ E latitude and 21º 3151 ″N and 23º13 3″ N longitude and falls under coastal agro-eco-

region of 18.5. The area falls under sub-humid region with monsoon climate having mean 

annual rainfall of about 1800 mm and mean annual temperature varies from 12.6 (winter) to 

35.9 (summer) centigrade. The cultivable lands in the region were heavy textured (silty clay/ 

clay loam/ clay) low-lying with brackish ground water table at shallow depth. Due to high 

monsoon rainfall (about 80% of annual rainfall occurs during monsoon season from June-July 

to September- October), flat topography, heavy texture and presence of ground water at 
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shallow depth, drainage condition of the land is very poor 

(Bandyopadhyay et al. 1988) [4]. In the land shaping technique 

followed for the present experimental plots, a portion (80%) 

of lowland was raised by about 0.75- 1.0 meter through dug 

out soil obtained from making a pond (approx. 10 ft.depth)/ 

channel on the remaining portion (20%) of land. In this 

process of land shaping the surface 0-30 cm soils of raised 

land maintained same as that of original lowland. The raised 

land followed cropping pattern of vegetable- vegetable/ field 

crop while, the original lowland followed its original cropping 

pattern of rice (Kharif)-fallow. The details of land shaping 

technique have been described elsewhere (Bandyopadhyay et 

al, 2009) [5]. 

 

2.2 Experimental design 

Soil samples were collected from 8 different field locations in 

Basanti and Canning Blocks. Land shaping work was done on 

these fields more than 10 to 12 years ago. Samples were 

collected simultaneously from uplands (denoted as ‘U’) and 

adjacent lowlands (denoted as ‘L’) for each location. Soil 

samples from Basanti Block were: 1U, 1L; 2U, 2L; 3U, 3L; 

4U, 4L; 5U, 5L and those from Canning Block were: 6U, 6L; 

7U, 7L and 8U, 8L. Soil samples were collected from 0-10, 

10-20 and 20-30 cm soil depth for two years in summer 

season (lowland remained submerged during rainy and early 

winter seasons). For analysis of soil physical properties 

composite soil samples were collected from 0-30 cm soil 

depth.  

 

2.3 Cultural practice 

The original lowlands followed rice - fallow (rice in Kharif 

only) crop rotation. While the raised/ uplands land (except 

5U) followed vegetables- vegetables- vegetables / field crop 

rotation. Land location 5U was an orchard with guava plants. 

 

2.4 Soil analysis 

Soil physical properties like bulk density, porosity and texture 

was analysed through standard methods as described by Pal 

(2013) [14]. Peizometer was installed to determine the depth of 

ground water table. Salinity of soil (ECe) was measured in 

saturated soil paste extract with conductivity meter. Other soil 

properties like pH, available N, P, K and soil organic carbon 

was estimated by standard methods as described by Tandon 

(1998) [16]. Statistical analysis was done by using SPSS ver. 

22. Duncan’s multiple range test at 0.05 P was used for 

determining the differences between upland and lowland soil 

for various soil properties. 
 

3. Results and Discussion 

3.1 Physical properties 

Bulk density (BD) of soils in different plots varied 

considerably (Table 1). For all the field locations BD was 

significantly (P < 0.05) lower in upland soils (average 1.26 

g/cm3) than lowland soils (average 1.43 g/cm3) (Table1). 

Overall average decrease in BD was about 0.17 (g/cm3) in 

upland soil compared to lowland soil. Aubertin and Kardos 

(1965) [1] reported that potential root restriction occurring at 

BD ≥ 1.4 g/cm3 for clay dominated soils. Reduced BD 

indicated improvement in plant growth condition in raised 

lands. Decrease in bulk density of soil (upland) may be due to 

increase in elevation of lowlands along with associated 

changes in cropping pattern and land management practices.

Hugar and Soraganvi (2014) [11] also reported change in bulk 

density of soil with change in cropping pattern. Porosity 

percentage of 0-30 cm soil layer of upland soils (47.9%) 

increased significantly compared to lowland soils (45.9%). 

Average porosity in upland soils of Basanti and Canning 

blocks increased by about 2.08 and 1.93% respectively. It was 

also observed that moisture percentage in 0-30 cm soil depth 

of lowlands soil was higher than in uplands. In lowlands, 

groundwater table (brackish) was present at shallow depth (at 

about 30cm soil depth) which facilitated easy upward 

movement of groundwater and increased moisture content of 

lowland soils (Table 2). While the groundwater table in 

uplands were present at about 100 cm soil depth. The soil 

moisture content in upland was higher in surface soil (0-

10cm) compare to soil depth up to 50 cm with decrease with 

increasing soil depth. Higher moisture percentage in surface 

0-10 cm soil of upland may be due to application of irrigation 

for crop cultivation during the season (summer).  

The results indicated that the soils of upland fields became 

loose after the conversion of lowlands  

into uplands (Table1). Low bulk density, high porosity and 

high air filled pore space indicated better aeration favouring 

root penetration. Bhavya et al. (2018) [8] reported that the 

"ideal" soil would hold sufficient air and water to meet the 

needs of plants with enough pore space for easy root 

penetration. Textural analysis revealed that both upland and 

lowland soils were silty clay loam in Basanti Block and clay 

loam in Canning Block.  

 
Table 1: Bulk density and porosity of soil at different field locations. 

 

Soil Properties 
Land 

situation 

Field location 

1 2 3 4 5 6 7 8 Mean 

BD (g/cm3) 
U 1.24 1.25 1.38 1.25 1.31 1.23 1.21 1.22 1.26a 

L 1.36 1.36 1.59 1.56 1.56 1.38 1.32 1.34 1.43b 

Porosity (%) 
U 48 46.7 47.9 46.9 47.6 46.1 50 49.9 47.9b 

L 42.9 44.3 46.3 46.6 46.6 45 45.8 49.4 45.9a 

Textural class Silty clay loam Clay loam 

Figures denoted by same alphabets are statistically similar at 5% 

probability level by DMRT 

 
Table 2: Moisture content (percentage) of soil at different soil depth 

in upland and lowland situation (samples collected in the first week 

of April) 
 

Land situation 
Soil depth cm) Depth to water 

table (cm) 0--10 10--20 20--30 

U 23.0 22.0 18.5 95.3 

L 29.1 30.9 33.8 32.2 

 

3.2 Chemical properties 

3.2.1 Soil pH 

pH of soils varied considerably (Fig.1) in different field 

locations. Mean pH of soil was higher in upland (6.7) than in 

lowland soils (6.4) (Table 3). A depth wise variation in pH 

was noticed, especially for lowland soils. For lowland soils 

average soil pH varied from 5.5 in surface soil (0-10 cm) to 

7.1 at 20- 30 cm soil depth, whereas in upland soils the 

variation for the same depths were from 6.4 to 6.9 (Fig. 2). 

High variations of pH in lowland soils (Table 3) might be due 

to possible oxidation-reduction cycles in lowlands (lands 

remained submerged during monsoon and dry during summer 

seasons).  
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 Fig 1: Mean soil pH in different field location  Fig 2: Mean pH in different soil depths 
 

3.2.2 Soil Salinity 

The average soil salinity (ECe) was much higher in lowland 

soils (7.6 dS m-1) than upland soils (3.7 dS m-1) (Table 3). 

Mean soil salinity at different land situations are presented in 

fig. no. 3. In uplands average soil salinity was 5.1 dS m-1 in 

surface layer (0-10 cm) and it decreased with increasing soil 

depth from 10-20 (3.6 dS m-1) cm to 20-30cm (2.7 dS m-1) 

(Fig. 4). Similarly in lowland soils, salinity also decreased 

with increasing soil depth. Thus soil salinity build up in these 

lands was due to upward capillary flow of brackish ground 

water towards drier surface soil. Thus the gradually decrease 

in soil salinity with increasing soil depth was quite 

reasonable. Similar observation also recorded by 

Bandyopadhyay et al. (2003) [7] and Biswas et al. (1990) [9]. 

Comparably low soil salinity of uplands was possibly due to 

increase distance of surface soil from brackish ground water 

table (Table 2).  

 

 

  
  

 Fig 3: Mean ECE (DSM-1) in Different Field Location  Fig 4: Mean ECe (dS m) in different soil depth 
 

3.2.3 Soil organic carbon 

Soil organic carbon was different in different field locations. 

Soil organic carbon in all field locations was significantly 

higher in lowlands than uplands (except plot no 5) (Fig. 5). 

Organic carbon percentage was higher in upland soil at plot 

no. 5. This might be due to the fact that intact plot no. 5 was 

under orchard cultivation with guava plant. Continuous falling 

from orchard plantation might have enriched organic carbon 

content in surface soil of the upland plot. Kantola et al. (2017) 
[12] observed higher organic carbon in orchard plantation than 

in seasonal crop fields and it was higher in 0-10 cm soil 

depth. For both upland and lowland soils organic carbon was 

higher in surface soil (17.3g C kg soil-1 in 0-10 cm soil depth) 

than lower soil depth (11.4g C kg soil-1 in 10-20 cm soil depth 

and 8.5g C kg soil-1 in 20-30 cm soil depth) (Fig.6). High 

organic carbon in lowland might be due to lower rate of 

decomposition of organic matter in lowlands which remained 

waterlogged/water saturated during major part of a year. 

Sahrawat (2004) [15] also reported that the organic carbon 

content was higher in waterlogged soil because of lower rate 

of decomposition of organic matter.  

  

  
 

 Fig 5: Mean OC (%) in soil at different field locations  Fig 6: Mean OC(%) in different soil depths 
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3.2.4 Major plant nutrients 

Available nitrogen content also varied from soil to soil (Fig. 

7) but there were no significant differences in available 

nitrogen content between upland and lowland soils. Available 

nitrogen was considerably lower in all the soils. 

Bandyopadhyay et al. (1985) [3] also reported that the 

available nitrogen was low in coastal saline soils of 

Sundarbans area. For all the land situations (uplands and 

lowlands) available nitrogen decreased with increasing soil 

depth (Fig. 8). There was a drastic change in phosphorus 

availability of soil with conversion of lowland to upland. The 

average phosphorus availability increased more than two 

times in upland soils (15 kg ha-1) compared lowlands (4.6 kg 

ha-1) (Table 3). Available phosphorus content in upland soils 

varied from 8.9 kg ha-1 to 22.6 kg ha-1 (Fig. 9), whereas in 

lowland soils it varies from 3.0 kg ha-1 to 6.9 kg ha-1. 

Available phosphorus was higher in surface soil and it 

decrease considerably with increasing soil depth (Fig. 10). 

Available potassium in soil at all field locations was high and 

varied from 590 -1038 kg ha-1 but it did not follow any 

distinct trend in soil profile. For all the locations potassium 

availability was high in both upland and lowland soils. 

  

 
 

Fig 7: Mean avail. N (kg ha-1) in different field location 
 

 
 

Fig 8: Mean avail. N (kg ha-1) in different soil depth 
 

 
 

Fig 9: Mean avail. P(kg ha-1) in different field location 

 
 

Fig 10: Mean avail. P (kg ha-1) in diff. soil depths depth 
 

Table 3: Mean soil properties at upland and lowland situations at 

different soil depth. 
 

Soil Parameters Soil depth U L Mean 

pH 

0-10 6.4 5.5 5.9a 

10—20 6.7 6.7 6.7b 

20-30 6.9 7.1 7.0c 

Mean 6.7a 6.4a 
 

ECe (dS m-1) 

0-10 4.9 11.3 8.1c 

10—20 3.5 6.3 4.9b 

20-30 2.6 5.4 4.0a 

Mean 3.7b 7.6a 
 

OC (g C kg soil-1) 

0-10 15.2 19.4 17.3a 

10—20 10.9 11.8 11.4b 

20-30 8.0 9.1 8.5c 

Mean 11.4b 13.4a 
 

Avail. N(kg ha-1) 

0-10 220.9 225.3 223.1a 

10—20 169.8 167.5 168.6b 

20-30 139.4 131.0 135.2c 

Mean 176.7a 174.6a 
 

Avail. P(kg ha-1) 

0-10 22.4 5.7 14.0a 

10—20 15.3 4.3 9.8b 

20-30 8.1 3.3 5.7c 

Mean 15.3a 4.4b 
 

Figures denoted by same alphabets are statistically similar at 5% 

probability level by DMRT 

 

4. Conclusion  

The study revealed that increase in elevation of lowlands 

reduced salinity in coastal saline lands considerably. 

Conversion of coastal lowlands into uplands leads to 

improvement of phosphorus availability in soil to a great 

extent. The increase in elevation of lowlands along with 

associated changes in cropping pattern also improved 

drainage/ aeration condition of poorly drained rhizosphere 

soil as indicated by lower soil moisture content in 0-30 cm 

soil depth, decreased bulk density and increased soil porosity 

in uplands. All these changes can greatly contribute to 

enhancement of productivity of low productive coastal saline 

lands.  
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