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ABSTRACT 

The present research topic entitled "Assessment of Physico-chemical Properties of Soil from 

Different Blocks of Namchi District of Sikkim, India" was carried out at  Naini Agricultural 

Institute, Sam Higginbottom University of Agriculture Technology and Sciences, Prayagraj. 

Department of Soil Science and Agricultural Chemistry (U.P.), during the year 2023. The soil 

samples were collected at three depths: 0-15 cm, 15-30 cm, and 30-45 cm, from nine different 

villages of three different blocks under Namchi district. A total of 27 samples collected and 

analysed for their physical and chemical parameters by using the standard Laboratory 

Technique. The result showed that the Soil Texture of Namchi, Temi and Sikkip blocks were 

mainly Sandy clay loam. The Bulk Density reported 1.1 -1.29 Mg m-3, Particle Density reported 

2.1- 2.6 Mg m-3, Percent of Pore Space varied 45-47.6%, Water holding Capacity ranged from 

45-49.3 %. Results suggest that farmers should adopt appropriate soil management techniques, 

such as crop rotation and conservation tillage, which will contribute to maintain the soil’s 

physical characteristics to ensure the sustainability of agricultural practices and the long-term 

health of the soil. 
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1. INTRODUCTION 
 

Soil is one of the most important natural resources for human welfare. It has been meeting the 

needs of food, clothing, shelter for a long time. It is a resource vulnerable to decay. Once lost, it 

is almost impossible to recover. (Zubber et al., 2021) . An understanding of physical and 

chemical condition of any soil is essential for proper implementation of the other management 

practices. The physical properties of a soil play an important role in determining its suitability 

for crop production. The characteristics like for supporting power and bearing capacity, tillage 

practices, moisture storage capacity and its availability to plants, drainage, ease of penetration 

by roots, aeration, retention of plant nutrients and availability to plants are all intimately 

connected with the physical properties of the soils. Therefore the physico-chemical study of soil 

is very important because both physical and chemical properties which affect the soil 

productivity. This physico-chemical study of soil is based on various parameters like pH, 

electrical conductivity, texture, moisture, temperature, soil organic matter, available nitrogen, 

phosphorus and potassium. This knowledge will create awareness among the farmers about 

economic productivity. (Sangita Pradeep Ingole, 2015) 

  

  

 

2. MATERIALS AND METHODS 

2.1 Soil sampling 
Namchi district of sikkim is located on the map with the GPS coordinates of 27°09'20.5"N 

88°22'07.0"E (fig 1). A total of twenty seven soil samples were collected at different depths of 

0-15cm, 15-30cm and 30-45 cm, from three different blocks and three villages per each block 



 

 

of namchi district of sikkim with the help of a soil auger. These villages are upper ghurpisey, 

pabong and kholaghari under namchi block, deu, peku and lower tea Garden under Temi block 

and middle wok, lower wok and upper chumlok under sikkip block.  

 

 

           
 

               Fig 1 Location of study area 

 

 Samples were dried in shade and large clods were broken using wooden mallet. Using 2 mm 

sieve the powdered soils were sieved and were collected in a polythene bag and was labeled 

properly for laboratory analysis. The collected samples were analysed for physical and chemical 

parameters. Soils were analyzed for its textural class by Bouyoucos hydrometer method 

(Bouyoucos, 1927), soil colour by using Munsell soil colour chart (Albert H. Munsell, 1954), 

bulk density and particle density was determined by graduated measuring cylinder method 

(Muthuvel et al.,1992), pH was determined by pH meter by making 1:2 soil water suspension 

(Jackson, 1958), where as EC was measured by digital EC meter (Wilcox, 1950), organic 

carbon was determined by wet-oxidation method (Walkley,1947), available nitrogen was 

determined by alkaline potassium permanganate method by 800ml kjeldhal flask (Subbiah and 

Asija, 1956), available phosphorous was determined by colorimetric method by using 

spectrophotometer (Olson et al., 1954), available potassium was determined by flame 

photometer using neutral ammonium acetate solution (Toth and Prince, 1949), exchangeable 

calcium and magnesium were estimated by versanate titration method (Gupta, 1999). 

 
2.2Statistical Analysis 
The data recorded during the course of the investigation will be subjected to statistical analysis 

by CRD (Completely Randomized Design), as per the method “Analysis of Variance (ANOVA) 

technique” as given by Fisher (1960). The data derived from various determinations will be 

subjected to statistical analysis including mean, Pearson's Correlation, t-test and ANOVA. The 

means for the levels in soil in the three divisions will be determined. Using ANOVA and t-test, 

the means will be compared to determine whether they were significantly different. 

 

 

 

3.Result and Discussion 

 

3.1 Physical properties of soil 



 

 

   
The data of all the physico-chemical properties of the soil of some selected areas under Namchi 

distrit of sikkim  along with its line graphs and correlation with respect to depths 0-15cm, 15-

30cm and 30-45cm  are presented in the Table1-5. The data show that soil texture varied from 

sandy clay loam to loam at different depths of soil which was found to be similar to the study of 

Deb et.al.,(2013). The colours of dry condition were light brown, brown, dark brow and pale 

brown and that of  of wet condition were light gray, dark gray, red, reddish brown and dark 

brown. The dominant colour was found to be red and dark brown due to the presence of 

sesquioxides and high organic matter content. This results were similar to Nayak et.al. (2002) 

 

The  Bulk Density varied from 1.1-1.29 Mgm-3 and the Particle Density varied from 1.15-2.6 

Mgm-3. The porosity of the soil decreased with respect to depth in loamy soils but increase with 

depth in sandy loam soil. The bulk density, particle density and porosity were widely considered 

to be important factors contributing to the water holding capacities of the soil. It was observed 

that the mean percent of water holding capacity decreases with increase in bulk density and 

particle density and increases with increase in porosity which had similar results to that of Guo et 

al.,(2011) and Bisth et al. (2010). 

 

3.2 Chemical Properties of soil 

 

The value of pH ranges from . 5-6.3 with a mean of 5.3, 5.5 and 5.6 with respect to depth. The 

results were similar to that of Pradhan et.al.,(1996). The organic carbon status of soil sample 

ranged from  0.38-0.74% with a mean value of 0.57, 0.53 and 0.54 percent with respect to depth. 

The organic carbon content decreased with range because the top 0-15cm is associated with 

intensive cropping associated with application of organic manures by farmers during cultivation 

of different crops. Debnath et.al., (2009) also reported the higher organic carbon content in rice 

growing soils of Terai Zone of west bengal where the farmers usually apply organic manure. 

 

The available Nitrogen content of soil ranged from 200-326kg/ha. This is believed to be due to 

the addition of organic amendments in the soil. The study of Mishra et.al., (2000 )showed similar 

results. The available phosphorus content ranged from15-26 kg/ha  which is similar to the 

findings of Ram et.al., (2014). Available Potassium content of soil ranged from  238-348 kg/ha 

which is considerend medium to high and this could be because of the presence of feldspar and 

muscovite mica found in the soils of this region. This finding is similar to that of Ram et.al., 

(2014).  

 

Exchangeable Calcium content of soil ranged from 0.06-0.39meq/100g and Exchangeable 

Magnesium content of soil ranged from 0.04-0.56meq due to the amount of rainfall prevailing in 

the study area that causes surface leaching of bacic cations, this findings were similar to the study 

of Ray et.al., (2012). The Sulphur content of soil ranged from 8.5-21.45kg/ha. 

 

 

 

 

 

 

 

 

 

Table 1 :  Bulk density and particle density (Mgm-3) 



 

 

 

 
Blocks Village Bulk density Particle density 

 

Namchi 

 

 

 

 

Temi 

 

 

 

 

Sikkip 

Depth 0-15cm 15-30cm 30-45cm 0-15cm 15-30cm 30-45cm 

Pabong 1.1 1.16 1.18 2.25 2.27 2.3 

U. ghurpisey 1.14 1.18 1.21 2.2 2.6 2.7 

Kholaghari 1.24 1.28 1.29 2.3 2.5 2.6 

Lower tea 

garden 

1.22 1.24 1.26 2.1 2.4 2.52 

Deu 1.26 1.28 1.3 2.3 2.5 2.6 

Peku 1.21 1.25 1.27 2.26 2.3 2.4 

Middle vok 1.27 1.29 1.3 2.28 2.29 2.32 

Lower vok 1.26 1.27 1.29 2.24 2.3 2.4 

Upper chumlok 1.12 1.15 1.18 2.05 2.13 2.2 

   

F-test 

 

S.Em.(±) 

 

C.D @5% 

 

F-test 

 

S.Em.(±) 

 

C.D@5% 

 

Due to 

depth 

  

S 

 

0.0257 

 

 

3.6808 

 

 

S 

 

0.1158 

 

 

0.00016 

 

Due to 

village 

 S 0.0566 

 

4.4612 

 

S 0.1174 

 

0.00202 

 

 

 

 
Fig 2 ) Shows bulk density and particle density at depths 0-15cm,15-30cm and 30-45cm respectively. 

 



 

 

 

 

Table 2: Pore space and water holding capacity (%) 

 
Blocks villages Pore space Water holding capapcity 

 

Namchi 

 

 

 

 

Temi 

 

 

 

Sikkip 

 

Pabong 
0-15cm 15-30cm 30-45cm 0-15cm 15-30cm 30-45cm 

47 46 45.5 46 46.7 47 
U. ghurpisey 46 45 45.6 47 48 48.7 
Kholaghari 46 45 45 46 45.8 45 
Lower tea 

garden 
48 46 45.7 45.61 45 44.8 

Deu 48 47 46 48 48.6 49 
Peku 47 46.8 46 47 47.8 48 

Middle vok 49 48 46 47 46 45.9 
Lower vok 47 46 45.5 46 45.8 45 

Upper 

chumlok 
48 47.6 46 48 49 49.3 

   

F-test 

 

S.Em.(±) 

 

C.D@5% 

 

F-test 

 

S. Em. (±) 

 

C.D 

@5% 

Due to depth   

NS 

 
0.820594 
 
 

 

 
1.3905 

 

 

 

S 

 
0.134074 

 

 

 
0.651115 

 

Due to village   

NS 

 

0.760381 

 

0.000519 

 

 

NS 

 
1.351001 

 

 
4.5106 

 

 
 
Fig 3 ) Shows Pore space and WHC at depths 0-15cm, 15-30cm and 30-45cm respectively. 



 

 

 

 

 

 

 

Table 3: pH, EC(dSm-1 )   and Organic carbon (%) 

 

 
Blocks Villages pH EC Organic Carbon 

 

 

 

Namchi 

 

 

 

 

Temi 

 

 

 

 

Sikkip 

 

 

 

Pabong 

0-15cm 15-30cm 30-

45cm 

0-

15c

m 

15-

30cm 

30-45cm 0-

15cm 

15-

30cm 

30-45cm 

5.5 5.6 5.8 0.06 0.07 0.08 0.5 0.49 0.45 
u. ghurpisey 5.3 5.4 5.5 0.04 0.05 0.07 0.6 0.56 0.55 
Kholaghari 5.8 5.9 6 0.04 0.05 0.06 0.8 0.74 0.72 
Lower tea 

garden 
5 5.3 5.4 0.08 0.09 1.02 0.5 0.5 0.48 

Deu  5 5.2 5.4 0.07 0.09 1 0.4 0.38 0.38 
Peku 5.2 5.3 5.4 0.06 0.07 0.08 0.6 0.6 0.59 

Middle vok 6 6.2 6.3 0.13 0.14 0.15 0.5 0.49 0.46 
Lower vok 5.3 5.4 5.6 0.11 0.12 0.13 0.6 0.5 0.6 

Upper 

chumlok 
5.4 5.6 5.8 0.13 0.14 0.15 0.7 0.6 0.59 

   

F-test 

 

S. Em. (±) 

 

C.D 

@5% 

 

F-

test 

 

S. 

Em. 

(±) 

 

C.D 

@5% 

 

F-

test 

 

 

S. Em. 

± 

 

 

C.D 

@5% 

 

Due to 

depth 

 

 NS 0.150034 

 

5.5309 

 

NS 0.126

498 

 

 

0.099391 

 

NS 0.0232

0 

 

0.0090 

 

 

Due to 

village 

 NS 0.322653 

 

7.9913 

 

NS 0.136

678 

 

0.446734 

 

NS 0.1059

6 

 

1.72 

 

 



 

 

 
 
Fig 4 ) Shows pH, EC and OC at depths 0-15cm, 15-30cm and 30-45cm respectively. 

 

Table 4: Available Nitrogen, Available Phosphorus and Available potassium 

(Kg/ha) 

 
Blocks Village Available Nitriogen Available phosphorus Available potassium 

 

 

 

Namchi 

 

 

 

Temi 

 

 

 

Sikkip 

 

 

 

Pabong 

0-

15cm 

15-

30cm 

30-45cm 0-

15cm 

15-

30cm 

30-45cm 0-15cm 15-

30cm 

30-

45cm 

272 268 266 17.5 18 15 287.4 283 280 

U. 

ghurpisey 
200 189 186 15 16.5 26 312 298.5 292 

Kholagha

ri 
312 310 308 21 25 19.5 358 321 296 

Lower tea 

garden 
240 237 255 16 18 23 287 280.8 234 

Deu  245 240 232 25 27 21 243 233 220.5 
Peku 311 300 326 18 26 23 287 279 256 
Middle 

vok 
243 231 229 20.5 21 24 289 285 283 

Lower vok 289 285 279 22 26 23 316 309.4 301.5 
Upper 

chumlok 
254 248 245 21 25 19 321 305 285 

  F-test 

 

 S. Em. 

± 

 

C.D 

@5% 

F-test 

 

 S. Em. 

± 

 

C.D 

@5% 

F-test 

 

 S. Em. 

± 

 

C.D 

@5% 

Due to 

depth 

 S 4.703 

 

0.10568 

 

S 1.4972 

 

0.172046 

 

S 14.083 

 

0.0001 

 

Due to 

village  

 NS 37.35 

 

3.67 

 

NS 2.4043 

 

0.176288 

 

NS 27.328 

 

7.13 

 

 



 

 

 

 
 
Fig 5 ) Shows NPK range at depths 0-15cm, 15-30cm and 30-45cm respectively. 

 

 

 

Table 5: Exchangeable calcium(meq/100g), Exchangeable magnesium(meq/100g) and 

Available sulphur (kg/ha)  

 

Blocks Villages Exchangeable calcium Exchangeable 

magnesium 

Available sulphur 

 

 

Namchi 

 

 

 

 

Temi 

 

 

Sikkip 

 0-15cm 15-30cm 30-45cm 0-15cm 15-30cm 30-45cm 0-15cm 15-30cm 30-

45cm 
Pabong 0.33 0.30 0.27 0.28 0.25 0.21 11 13 12.6 
U. ghurpisey 0.39 0.35 0.29 0.21 0.19 0.11 16 18 14 
Kholaghari 0.28 0.25 0.3 0.29 0.15 0.15 19 14 14 
Lower Tea 

Garden 
0.12 0.9 0.06 0.31 0.27 0.24 9 9.8 7 

Deu 0.06 0.05 0.03 0.56 0.43 0.28 8.5 9 12 
Peku 0.10 0.9 0.4 0.29 0.24 0.21 17 15 18 
Middle vok 0.15 0.12 0.10 0.04 0.04 0.06 20 21 23 
Lower vok 0.18 0.10 0.08 0.07 0.06 0.05 15 17 18 
Upper 

chumlok 
0.32 0.21 0.21 0.56 0.03 0.09 21.45 20 17 

  F-test 

 

S. Em. 

± 

 

C.D 

@5% 

 

F-test 

 

S. Em. 

± 

 

C.D 

@5% 

 

F-test 

 

S. Em. ± 

 

C.D 

@5% 

 

Due to 

depth 

 S 0.0865 0.2232 S 0.0707 4.977 S 0.082215 

 

0.984 

Due to 

village 

 NS 0.1342 0.3003 NS 0.113 4.283 NS 4.220074 

 

8.06 

 



 

 

 

 

 

 
 

 

Fig 6 ) Shows Ca, mg and S range at depths 0-15cm, 15-30cm and 30-45cm respectively. 

 

 

 

 

 

 

Table 6 :Correlation of different physical and chemical parameters of soil from different 

villages under Namchi, Temi and Sikkip blocks at depths 0-15cm, 15-30cm and 30-45cm. 

 

 



 

 

 
 

Table 6. a) At depth 0-15cm 

 

 

 

 

 

 

 
 

 

Table 6. b) At depth 15-30cm 

 

 



 

 

 
 

Table 6 c) At depth 30-45cm 

 

 

 

CONCLUSION 

 

The study of physical and chemical properties of soils of Namchi district of Sikkim concluded 

that the soils have good physical properties for the cultivation of most crops. The colour of the 

soil is dominantly red and brown. The bulk density and particle density values were 

considerably low and increased with increase in depth. The water holding capacity decreases 

with increase in depth and increases with increase in pore space. The available nitrogen, 

phosphorus and potassium content is high due to the application of organic soil amendments 

and good management practices. All these properties of the soil is indicative of good cultivation 

of crops like ginger, cardamom, paddy, buckwheat, oranges and guava and vegetables like 

cabbage, squash and spinach.  
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