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ABSTRACT 

The soil organic carbon (SOC) is recognized as the key indicator of soil health. For 

sustainable soil and environmental management, information on SOC content of different land 

use types is essential.  This study thus aimed to determine the impact of different land uses 

(forest, pasture and cultivated lands) on SOC content as well as with a few physicochemical 

properties and to determine interrelationships between SOC and physicochemical properties 

of the soil of productive new alluvial belt of Nadia district of West Bengal. A total of 30 

surface soil samples were taken from 3 different land uses of forest, pasture, and cultivated 

lands; processed and analyzed for SOC and other physicochemical properties with standard 

methods. Additional core samples were collected for determination of bulk density of soil. 

Statistical analysis showed a significant difference in SOC content as well as other properties 

among the studied land uses. The average SOC content were found as 7.42, 5.64 and 3.24 g 

kg
-1 

for forest, pasture, and cultivated lands respectively. Addition of plant residues on the 

surface of forest soils and their reduced rate of disturbance is responsible for this high SOC 

content in forest soil. The SOC content showed significant correlation with available nitrogen 

(r = 0.918, P ≤ 0.01), pH (r = -0.584, P ≤ 0.05), BD (r = -0.652, P ≤ 0.05).  It was found that 

land use has a significant effect on SOC in soil by altering natural soil characteristics under 

the same ecological conditions for maintaining and sustaining soil health and our data suggest 

that forest soil is healthier than other land uses.  
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INTRODUCTION 

Soil organic carbon (SOC) is reported as an indicator of soil quality and environmental sustainability 

(Lal 2002).  Because of its impact on climate change and effects on crop production information on 

SOC is important. Changes in land use and soil management can have a marked effect on soil fertility 

mainly the conversion of natural ecosystem (forest land) to crop land which resulted in decline of 

soils physical, chemical and biological properties.  Conversion of forest to cultivated land causes an 

appreciable change in soil organic matter content resulted in nutrient imbalances and reduction in 

water-holding capacity and cation exchange capacity (Brown and Lugo, 1990).  The dramatic changes 

in vegetation cover are expected to modify soil C content and nutrient cycling, thus impacting 

environmental equilibrium and sustainability (Wilcke and Lilienfein, 2004). Therefore, assessment of 

key soil quality indicators i.e., SOC content with respect to land use types, management practices etc 

is useful and primary indicator for sustainable agricultural land management.  

Information on effect of land use systems on changes in soil organic carbon content in the new 

alluvial belt of West Bengal more specifically in Nadia district of West Bengal is very scanty to 

maintain optimal and sustainable utilizations of land resources.  Therefore, the present study was 

taken to evaluate variation or changes of SOC of soil under different land uses in new alluvial belt of 

Nadia district of West Bengal. 

 

http://link.springer.com/article/10.1007/s11104-010-0602-0/fulltext.html#CR44
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MATERIALS AND METHODS 

Surface (0-20cm) soil samples were collected from the three main land use types viz., forest land, 

pastureland, cultivated land of new alluvial belt of Nadia district of West Bengal. Approximately one 

kilogram of composite sample was taken from each sampling sites and put into plastic bags, air-dried 

at room temperature, crushed, homogenized, and passed through a 2 mm sieve before laboratory 

analysis. A total of 30 soil samples (ten from each land use types) were collected for soil analysis. 

Undisturbed samples were also taken with a core sampler for bulk density determination. All the soil 

samples were analysed for physico-chemical properties like BD, PD, porosity, sand, silt and clay 

content, pH, EC, SOC and available N following standard procedures and methods (Table 1). 

Table 1. Methods of analysis of different soil parameters 

Soil parameters Methods 

Bulk density Core method 

Particle density Pycnometer method 

Porosity (1-BD/PD)X100 

Sand, silt and clay percentages  Hydrometer method 

Soil organic carbon (SOC) Walkley and Black method 

Available nitrogen  Alkaline permanganate (KMnO4) method 

Soil Ph 1 : 2.5 soil : water ratio 

EC 1 : 2.5 soil : water ratio 

RESULTS AND DISCUSSION 

Effects of land uses on soil physical and chemical properties 

Results showed that the physical properties of the studied soils were significantly affected by various 

land use types (P ≤ 0.01) (Table 2).   

Table 2.  Physical and chemical properties of soils in the different land uses of Nadia district of 

West Bengal (n=10 for each land use). 

Soil properties Forest land Pasture land Agricultural land 

Bulk density (Mg m
-3

) 1.16
c
 1.28

b 
1.34

a
 

Particle density (Mg m
-3

) 2.26
b
 2.23

b
 2.51

a
 

Pore space (%) 48.67
a 

42.60
c 

46.61
b
 
 

Sand (%) 50.21
a 

37.64
b 

40.02
c 

Silt (%) 23.67
c 

29.62
b 

31.25
a 

Clay (%) 26.12
c 

32.74
b 

37.73
a 

pH (H2O) 6.01
c
 6.58

b
 6.98

a
 

Electrical conductivity (dSm
-1

) 0.38
b
 0.45

a
 0.25

c
 

Available N (kg ha
-1

) 215.53
a
 178.23

b
 135.04

c
 

Mean value within the column follow by different letter are significantly different from each other at 

p<0.05 according to DMRT for separation of means.  

Considering the effects of land use types it was observed that mean bulk density (BD) value for 

agricultural land was recorded highest (1.34 Mg m
-3

) and that of forest land recorded lowest (1.16 Mg 

m
-3

).  Compaction resulting from intensively grazing animals might have caused the relatively higher 
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bulk density values in the pasture land than that of forest land.  The reason for the lowest soil bulk 

density on the forest land could be due to a relatively high amount of organic matter and due to the 

less disturbance of the land under forest unlike other land uses.   

It was observed that mean particle density (PD) value for agricultural land was recorded highest (2.51 

Mg m
-3

) and that of pasture land recorded lowest (2.23 Mg m
-3

). However PD values of forest land 

and pasture land was statistically at par.  

Results showed that mean total soil porosity of forest land was recorded highest (48.67%) and that of 

pasture land recorded lowest (42.60%). This highest mean porosity value of forest land may be due to 

the comparatively high amount of organic matter, which increases the micro pores of soil and total 

porosity too and this was supported by a positive correlation between total porosity and organic 

carbon content of soil (r = 0.432). 

Considering the effects of land use types it was observed that mean sand content of forest land was 

highest and that of agricultural land was lowest (Table 2).  However, average silt content of 

agricultural land was highest and that of forest land was lowest.  But average clay content of 

agricultural land was recorded highest and that of forest land recorded lowest. The highest sand 

content in forest land may be due to high leaching of clay particles down the profile and accumulation 

of sand in the surface layer. 

Generally, the pH values observed in the study area are within the ranges of neutral to moderately 

acidic in reaction.  The mean soil pH for agricultural land was recorded highest (6.98) and lowest for 

forest land (6.01) respectively (Table 1). Such lowest value of pH under the forest land may be due to 

higher content of SOC.  

There was significant variation in mean EC values in various land use types where highest (0.45 dSm
-

1
) and lowest (0.25 dSm

-1
) EC were recorded for pasture land and cultivated land respectively (Table 

2).   

There was also significant variation in mean available N content in various land use types where 

highest (215.53 kg ha
-1

) and lowest (135.04 kg ha
-1

) available N content were recorded for forest and 

cultivated land respectively (Table 2).   

Effects of land uses on soil organic carbon content 

Results showed that the organic carbon (OC) content of the studied soils was significantly affected by 

various land use types (P ≤ 0.01) (Table 3).  It was observed that there was significant variation in OC 

content in various land use types where mean OC content value for forest land was recorded highest 

(7.42 g kg
-1

) and lowest OC (3.24 g kg
-1

) was recorded in cultivated land (Table 3).  This is obviously 

attributed to the addition of plant residues on the surface of forest soils and their reduced rate of 

disturbance. The lower organic matter content in cultivated land is attributed to anthropogenic factors 

(e.g. reduced biomass return as a result of removal of plant and animal organic sources, and livestock 

grazing) that enhances organic matter loss by hastening oxidation.  

Table 3. Soil organic C values of soils in different land uses (n= 5 for each land use). 

Land uses Soil organic C (g kg
-1

) 

Max. Min. Mean 

Forest land 8.88 5.98 7.42
a 

Pasture land 6.47 4.52 5.64
b 

Agricultural land 4.23 2.78 3.24
c 

Mean value within the column follow by different letter are significantly different from each other at 

p<0.05 according to DMRT for separation of means.  
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Correlationship of soil organic carbon with soil properties 

Pearson’s correlation coefficient study showed that OC content of soil of the studied land use types 

was positively and significantly correlated with available nitrogen (r = 0.918, P ≤ 0.01), and 

significantly negatively correlated with pH (r = -0.584, P ≤ 0.05), BD (r = -0.652, P ≤ 0.05) (Table 3). 

 

 

Table 4. Correlation coefficient (r-values) of SOC with some physical and chemical 

characteristics of soils in different land uses. 

Soil properties Correlation coefficient (r-values) 

Available N  0.918** 

pH  -0.584* 

BD -0.652* 

PD -0.325 

Pore space  0.432 

Clay  -0.319 

CONCLUSION 

Soil properties significantly vary among land use types of new alluvial belt of Nadia district.  The 

overall qualities of the soils under the cultivated land were inferior compared to soils attributes of the 

nearby natural/man-made forest and pasture lands. It was observed that management practices and 

certain types of vegetation exert a profound influence on SOC. As SOC is the key soil quality 

indicator, soil health of forest land was healthier than that of cultivated land. Therefore, integrated 

land management practices are the most effective ways in increasing soil fertility, crop productivity 

and sustaining soil health of the studied new alluvial belt of West Bengal.  
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