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ABSTRACT: Bulk density of a soil is a dynamic property as it varied with the soil conditions. It depends on 

factors as compaction, consolidation and amount of the organic carbon content their texture constituent, and 

minerals. The main objective of this work was to investigate the dependence of bulk density on texture, organic 

matter content and available nutrients (macro nutrients) for soil of Pandoga sub watershed. The relationships 

between some physical and chemical properties of soil such as, clay content (C), silt content (Si), sand content 

(S), moisture content(MC), organic carbon(OC), organic matter content (OMC), total macro  nutrient content 

with soil bulk density were studied for nine surface soil samples (0-15 cm) in watershed catchment area. Soil 

bulk density showed strong negative relationships with the clay whereas negative relationship with the silt, OC, 

OMC. Strong positive correlation was observed with the available macronutrients, sand whereas positive 

correlation with the MC, pH, EC. 
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I. INTRODUCTION 
The primary source of livelihood is the natural resources. In developing countries, the resource base 

has been deteriorating due to the rapid dwindling of forest resources (Asok and Sabha, 2014). Forest resources 

have been utilized for agricultural use, fuel, timber, construction materials and agricultural implements. 

Afforestation, overgrazing and cutting of trees had led to the loss of soil. Soil erosion by water is the greatest 

land degradation problem that removes organic matter and clay. Erosion reduces the thickness and the volume 

of soil available for water storage and root expansion for plants. Water erosion not only removes nutrients but 

might reduce soil chemical quality to retain added nutrients.  Soil bulk density is a basic soil property influenced 

by the amount of organic matter in soils, their texture constituent, and minerals. The Bulk density also depends 

on factors as compaction, consolidation and amount of the organic carbon content. Soil organic matter plays a 

key role in nutrient cycling and can help improve soil structure. Organic carbon influences many soil 

characteristics like colour, nutrient holding capacity, nutrient turnover and stability, which in turn influence 

water relations, aeration and workability. 

Knowledge of soil bulk density is essential for soil management and to provide information regarding 

soil compaction that might help in planning of modern farming techniques. Implementation of pandoga sub 

watershed in pandoga village of Una district of Himachal Pradesh helped to combat soil loss through various 

types of dams (check dams, percolation dams, crate wire dams etc.).Therefore present study was proposed to 

assess the effect of texture, organic matter content and total macro nutrient content on bulk density of soil in 

pandoga sub watershed 

 

II. MATERIALS AND METHODS 
Study area 

Pandoga sub watershed was Implemented in 2008-2009 (first phase of the project) under Swan River 

Integrated Watershed Management project on Suka chow with the financial assistance of JICA (external funded 

agency). It lies between Latitude 31˚30' 0.6" N and Longitude 76˚8' 2” E. Elevation of area is 350 to 600 m 

above mean sea level. Topography of the area is gentle to moderately sloping. Pandoga gram panchayat 

Physiographic condition of the area is fragile and vulnerable Shivalik foothills. Agro climatic zone is Western 

Himalayan zone. Mean annual rainfall is approximately 1155mm with extreme variation in rainy and post rainy 

season. Temperatures also vary from high in summer season (May to June) to low in winter season. Major 

occupation of area is agriculture; cultivation pattern is rainy and post rainy cultivation that constitutes a large 
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component of agricultural land use, whereas summer cultivation is marginal. Major crops of the area are wheat, 

maize. 

 

Table 2.1: Sampling locations and general description of Pandoga sub watershed catchment area 
Wards Longitude Latitude Wards Longitude Latitude 

8 31 5032410 N 76.1474260 E 10 31 .51 30240 N 76.15 87630 E 

9 31.51 20 960 N 76.15 21 290 E 3 31.52 20560 N 76.1646520 E 

11 31.51 01080 N 76.1722390 E 4 31.5223930 N 76.16 91560 E 

1 31.5141350 N 76.1525060 E 7 31 .51 27 930 N 76.15 86 750 E 

2 31.51 55 380 N 76.16 28640 E 

 

  
Figure 2.1: Location Map A. Himachal Pradesh In India; B. Una Distt. In Himachal Pradesh; C.  Swan River 

Watershed Project Area; D. Pandoga Sub-Watershed 

 

Sampling Site Selection, Soil Sampling and Analysis 

To conduct study at Pandoga sub water catchment area, nine wards (ward 8, 9, 11, 1, 2, 10, 3, 4, 7) 

were selected as shown in table. Composite soil samples were taken from each selected wards by triplication 
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from a depth of 0-20 cm. Then the collected sample was air dried, ground, sieved with 2 mm sieve, tagged, and 

stored for laboratory analysis.  

 

Laboratory Analysis Of Soil 

The particle size distribution (texture) of the soils was analyzed according to the procedures outlined by 

International pipette method (Piper, 1966). Soil bulk density was measured using the core method (Blacke, 

1965).The measurement of soil pH and EC was conducted using pH and EC meter in the supernatant suspension 

of 1:2 soils to water ratio .Organic carbon of the soils was determined following the Rapid titration method 

(Walkley and Black, 1934) while percentage organic matter of the soils was calculated by multiplying the 

percent organic carbon value by 1.724. Available nitrogen, Available phosphorus and Available potassium were 

tested following Micro -Kjeidhal procedure of Chapmann and Pratt (1961), Olsen’s et al.(1954) , Flame 

photometerically (Piper,1966) respectively. The obtained results were analyzed statistically 

. 

III. RESULTS AND DISCUSSION 
Results revealed that maximum mean sand percentage (75%) was found in ward 10 and maximum 

mean silt was (23.33%) in ward 4 while maximum mean clay was observed (15.66%) in ward 9. (Table3.1). 

Adamu (1997) indicated that sandy textured soil are prone to erosion due to low silt and clay particles which are 

binding and creating stable structures to resist erosive factors such as wind and water. Dominance of sand 

particle over silt and clay in each ward of Pandoga sub watershed. According to Mortimore (1989), sand 

particles dominate in arid and semi-arid climate because these are formed by aeolian deposits blown across 

several thousands of kilometers. Maximum mean bulk density 1.54gm/cm
3
 was in ward 7. Miller and Donahue, 

1995 stated that soil texture has a decisive role in bulk density as the aggregates of clayey soil possess lower 

density than a sandy soil where the particles lie closer. Maximum mean moisture content (17.58%) was in ward 

7.Results show that maximum mean pH (7.60) was in ward 9. Soil pH raised by 2-3 units in the immediate 

vicinity of granule of urea (Tisdale et al., 1985). The results of electrical conductivity showed that maximum 

mean electrical conductivity was (.38 milli mohs/cm) in ward 7. It was evident that during maximum mean 

Organic carbon (0.830%) in ward 8 while maximum organic matter carbon (1.42%) was in ward 8. It may 

because of high use of local fertilizers like animal manure and dung. Sharma and Kumar (2003) stated variation 

in bulk density to variation in organic matter. SOM identifies the humus content in the soil as a result from 

decomposition of crop and microbial residues. It is evident that maximum Available nitrogen, maximum 

Available phosphorus and maximum Available potassium was (359.12Kg/ha) ;( 49.28kg/ha) and (537.33kg/ha) 

respectively was in ward 7. 

 

Table 3.1: Variation in soil texture, bulk density, moisture content and pH of Pandoga sub watershed  

catchment area at nine wards). Values are ± S. E. n=3. 
Wards 

Sand % Silt % Clay% 
Bulk density Moisture content  pH 

8 66.33 ± .881 22.66 ±.66 11±1 1.37 ± 0.014 17.15±0.50 6.47±0.51 

9 64.3± 2.33 20±1.15 15.66±2.18 1.38±0.020 17.23±0.14 7.60±0.09 

11 72± 1.15 20±1.15 8.66±.66 1.50±0.015 17.48±0.77 7.11±0.25 

1 68.33±.881 22±.66 9 ±1 1.42±0.011 13.00±1.53 7.02±1.35 

2 69±2.08 22±1.15 9±2.64 1.42±0.17 12.73±0.16 7.18±0.82 

10 75±.577 20±1.15 5±1.73 1,49±0.021 13.74±0.16 7.49±0.06 

3 70.66±.666 22±1.15 7.33±1.33 1.47±0.017 17.02±0.15 7.36±0.33 

4 70±1.555 23.33±.66 6.66±1.76 1.50±0.015 17.25±0.38 7.29±0.12 

7 72±1.453 17.33±2.84 7.66±1.85 1.54±0.024 17.58±0.82 6.99±0.12 

 

Table3.2: Variation in soil EC, OC, OMC, Av. N, Av. P, Av. K of Pandoga sub watershed  

catchment area at nine wards. Values are ± S. E. n=3. 
Wards EC OC OMC Av. N Av. P Av. K 

8 0.173±0.032 0.830±.126 1.42±0.21 117.66 ± 6.01 43.30±5.38 130.66 ±13.46 

9 0.256±0.061 0.286±.286 0.49± 0.04 120.20 ±2.94 26.88±2.58 190.33±17.13 

11 0.193±0.008 0.306±.031 0.52±0.05 129.56 ±4.22 28.37±1.49 357.40±34.84 

1 0.176±0.012 0.256±0.017 0.44±0.03 128.65 ±15.35 27.59±2.59 126.93±9.87 

2 0.186±0.0145 0.310 ±0.036 0.53±0.06 112.85 ±6.28 31.36±2.58 100.80±6.46 

10 0.170±0.011 0.413±0.021 0.71±0.037 144.42 ±6.75 38.08±4.66 231.46±39.50 

3 0.093±0.003 0.346±0.020 0.59±0.03 275.96 ±7.24 35.84±2.58 149.33±9.87 

4 0.150±0.023 0.430±0.075 0.7±0.12 204.88 ±11.06 37.44±1.44 261.33±16.27 

7 0.386±0.077 0.506±0.017 0.89±0.03 359.12 ±36.50 49.28±3.87 537.33±29.58 

EC = electrical conductivity, OC =organic carbon, OMC= organic carbon matter, Av. N= available 

nitrogen, Av. P= available Phosphorus, Av. K = available potassium 
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Pearson correlation of bulk density with the different physico chemical parameters of soil 

The Pearson correlation was used to measure the relationship between two physico-chemical 

parameters. The degrees of correlation(r) between two soil physico chemical variables are presented in 

(Table3.3) 

 

Pearson correlation between soil texture content and bulk density  

High degree of positive correlation was found between sand and bulk density(r =.734**) while 

significant negative correlation was observed between clay and bulk density (r =-0.522**) and silt content (r=-

0.327) of soil samples. Results indicated that sand had more effect on bulk density than the other texture 

content. Same results were observed in the study of (R. Chaudhary et al., 2013). He revealed the impact of 

texture on bulk density was due to organic carbon. Whereas Dinesh kumar et al .,2013 stated soil texture 

specific test required to determine the organic matter level to judge the bulk density to get off the problem of 

compaction. 

 

Relationship between bulk density with the moisture content, pH and electrical conductivity of soil 

samples 
Results revealed that bulk density had positive correlation with the electrical conductivity(r=0.161), pH 

(r =.068) and electrical conductivity (r =.280) in (Table3.3) but not significant. Negative non significant 

correlation was observed in the study (R. Chaudhary et al., 2013). It indicated that bulk density is independent 

whether the soil is acidic or alkaline in nature. However J. shaffer (2005) observed highest correlation between 

pH and bulk density but did not give any reason for it. 

 

Relationship between bulk density and organic matter or organic carbon of soil samples 

Results revealed that bulk density had a negative correlation with the organic carbon (r = -.136) and 

organic matter (r = -.176) .This indicates that  organic matter increases when bulk density decreases as in (Table 

3.3) which is required for proper growth of the plant. Strong negative correlation was observed by R. Chaudhary 

et al., 2013; however E. Sakin, 2011; K.  Morisada et al., 2004; J. Leifeld et al., 2005 observed the strongest 

positive correlation between bulk density and organic matter.  

 

Relationship between bulk density and macro nutrients (Available Nitrogen, Available potassium and 

Available phosphorus) 

Results revealed that bulk density had a strong positive correlation with the Available Nitrogen (r = 

.660**), Available phosphorus (r =0.648**) and Available potassium(r =0.673**) show significant positive 

correlation. R. Laiho et al., 2004 indicated that total variance of Available potassium decreases with increase in 

depth i.e., bulk density. 

 

Table 3.3: Pearson correlation matrix for Physico chemical parameters of soil at 

Pandoga sub watershed catchment area 

**significant at P=0.01 level; * significant at P =0.5 level 

 

B.D=Bulk Density, M.C=Moisture content, EC=electrical Conductivity, OC=Organic Carbon, OMC=Organic 

Carbon Matter, Av. N=available nitrogen, Av. P = available phosphorus, Av. K=available potassium. 

 

 

  Sand  Silt  Clay  B.D  M.C  pH  EC  OC  OMC  Av.N  Av.P  Av.K  

Sand  1            

Silt  -0.416             

Clay  -0.751**  -0.280            

B.D  0.734**  -0.327  -0.522**           

M.C  -0.055  -0.227  0.230  0.161  
  

      

pH  0.227  0.047  -0.291  0.068  0.023  
       

EC  0.308  -0.691**  0.169  0.280  0.227  -0.106  
      

OC  0.052  0.034  -0.094  -0.136  0.382**  -0.138  0.007  
     

OMC  
-0.019  0.053  -0.035  -0.176  0.314  

-0.298  
-0.016  

0.955*

*      

Av.N  0.484*  -0.330  -0.287  0.660**  0.377  -0.032  0.383*  0.117  0.089  
   

Av.P  
0.526**  -0.399*  -0.287  

0.648*

*  
0.379  -0.043  0.362  0.192  0.186  0.867**  

  

Av.K  
0.550**  

-

0.501**  
-0.203  

0.673*

*  
0.440*  -0.038  

0.587*

*  
0.121  0.075  0.635**  

0.674*

* 

1 
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IV. CONCLUSION 
Soil Bulk Density is an important parameter in geochemical studies since it throws light on physico 

chemical parameters aspects such as soil texture, soil organic matter content and macro nutrients. The results of 

the present study shows that all wards had lower bulk densities (i.e. < 1.5), indicating the healthy condition of 

soil ideal for growth of floral. The texture of soil affects its ability to hold nutrients. Effect of sand content on 

soil bulk density was found to be higher than that of the other soil properties .Sand particles are the largest and 

allow water to move through the soil more quickly. Bulk density was independent on whether soil is acidic or 

alkaline. There was reverse correlation between organic matter and bulk density of soil. The method of 

correlation has been found to a significant approach to get an idea of quality of the soil. Macro nutrients show 

significant positive correlation with the bulk density. Watershed management had spatial impact upon the 

quality of soil in different wards which revealed that it may destroy the quality of soil in future. Therefore it was 

essential to assess the quality of soil in future to upgrade or to sustain the quality of soil. 
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