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Introduction

 Soil is a fundamental component of terrestrial 

ecosystems and plays a pivotal role in sustaining 

agricultural productivity and environmental 

sustainability. The global challenge of ensuring 

agricultural and environmental sustainability has been 

exacerbated by land use practices that contribute to soil 

degradation and a decline in environmental quality 

(Singh et al., 2014). In the context of Nagaland, a region 

characterised by highly acidic yet inherently fertile 

soils, a critical gap exists in the comprehensive 

understanding of its soil physicochemical properties. 

Abstract : Soil samples were collected from various villages in the Tseminyu 
subdivision of Kohima District, representing both jhum and forest land use systems. 
These samples were analysed for their physicochemical properties and soil acidity 
parameters. The results indicated that the soils exhibited a strongly to moderately 
acidic reaction. The cation exchange capacity (CEC) was relatively low, ranging 
from 8.12 to 13.73 cmol (p⁺) kg⁻¹ under jhum land use and 11.01 to 16.25 cmol (p⁺) 
kg⁻¹ under forest land use. Soil organic carbon content varied from 1.51% to 2.46% in 
jhum soils and from 1.50% to 3.23% in forest soils. The available macronutrient 
status of both land use systems showed variations, with nitrogen (N) ranging from 
339.35 to 450.55 kg ha⁻¹ in jhum soils and 383.39 to 545.87 kg ha⁻¹ in forest soils. 
Available phosphorus (P) content ranged from 8.78 to 17.09 kg ha⁻¹ in jhum soils and 
8.1 to 16.64 kg ha⁻¹ in forest soils, while available potassium (K) content varied from 
190.67 to 246.33 kg ha⁻¹ in jhum soils and 195.92 to 272.33 kg ha⁻¹ in forest soils. The 
lime requirement for both land use systems was found to be high. Additionally, 
correlation analysis was conducted to examine the interrelationships among various 
soil physicochemical properties. These findings highlight the influence of land use on 
soil fertility and acidity parameters, emphasising the need for site-specific soil 
management strategies to sustain agricultural productivity and ecological balance in 
the region.
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This knowledge gap has led to suboptimal land 

management practices, preventing the full utilisation of 

soil potential for sustainable agricultural production.
 The decline in soil quality is a growing concern, 

particularly in the absence of strategies to replenish 

nutrient inputs. Soil fertility depletion, if left 

unaddressed, can severely impact agricultural yields and 

long-term land productivity. A detailed examination of 

the physico-chemical status of Nagaland soils is 

essential, as the lack of such fundamental data restricts 

the effective application of modern agricultural 

technologies that could enhance soil health and crop 

productivity.



 One of the predominant agricultural practices in 

Nagaland is shifting cultivation, locally known as 

"jhum" cultivation. Traditionally, this practice involved 

rotational cycles of 15 to 20 years, allowing sufficient 

time for the natural regeneration of forests and soil 

fertility. However, with increasing population pressure 

and diminishing land availability, the fallow period has 

been significantly reduced to less than 10 years. This 

shortened cycle has intensified land degradation, 

leading to nutrient depletion, loss of organic matter, and 

deterioration of soil structure. The continued reliance on 

jhum cultivation under these altered conditions not only 

threatens soil productivity but also contributes to 

deforestation, biodiversity loss, and disruption of 

hydrological  cycles ,  thereby exacerbat ing 

environmental vulnerabilities.
 The persistent degradation of soil due to 

unregulated land use practices poses a significant risk to 

agricultural sustainability. If effective soil management 

strategies are not implemented, the consequences may 

include reduced agricultural yields, increased soil 

erosion, and irreversible land degradation. Addressing 

these challenges necessitates a comprehensive 

investigation of the physico-chemical properties of soils 

in Nagaland. By generating region-specific soil health 

information, farmers can be equipped with scientifically 

backed management practices that promote sustainable 

land use and enhance agricultural productivity. 

Therefore, this study aims to assess the physicochemical 

characteristics of Nagaland soils, providing a crucial 

foundation for informed decision-making in sustainable 

soil and crop management.

Materials And Methods

Study area

 The soil samples for the research were collected 

from 15 different villages in Tseminyu Sub-division, 

under Kohima District, Nagaland, namely Terogvunyu, 

New Terogvunyu, Phenshunyu, T. Zisunyu, Tseminyu, 

K. Station, Nsunyu, Chunlikha, Kandinyu, Tesophenyu, 

Tseminyu South, New Tesophenyu, Phenwhenyu, 

Kashanyu, and Sendenyu. Tseminyu is one of the oldest 

subdivisions of Nagaland, located 50 km from the state 

capital, Kohima. It is located between 25.92º N Latitude 

and 94.21º E longitude, with a total geographical area of 

564 km². It lies at an altitude of 1062 m above sea level. 

Tseminyu has been classified as having a warm and 

temperate climate, with temperatures ranging from 16.2 

to 24.6 °C. The average annual rainfall is 1885 mm.

Soil sample collection and analysis

 A total of thirty composite soil samples were 

collected from 15 villages in the Tseminyu Sub-Division 

of Kohima District. Two composite samples were 

obtained from each village, one from Jhum fields and the 

other from adjacent forest areas, to facilitate a 

comparative assessment. The collected soil samples were 

air-dried, ground, and sieved through a 2 mm mesh to 

remove debris and coarse particles. Approximately 

500–600 g of the processed soil was stored in properly 

labelled polyethylene bags and transported to the 

laboratory for further physico-chemical analysis. The 

soil pH was determined in a 1:2.5 water suspension 

(Richards, 1954). Bulk Density was determined by 

dividing the weight of soil by the volume of soil, particle 

Density by the Pycnometer method as described by 

Baruah and Barthakur (1997). Organic Carbon of the soil 

was estimated by the Walkely and Black method, and 

CEC of the soil by using the NH OAC method at pH 7.0 4

by Bower et al. (1952). The available Nitrogen content 

was determined by using the Alkaline Potassium 

Permanganate Method (Subbiah and Asija, 1956), 

available phosphorus by using Bray's No. 1 method 

(Bray and Kurtz, 1945) and available Potassium by 

neutral normal ammonium acetate (pH 7.0). Total 

potential  acidity was determined by using 

BaCl3–triethanolamine extract buffered at pH 8.0-8.2. 

The Lime requirement of the soil was determined by 

using the Shoemaker et al. method (1961) by suspending 

soil samples in a buffer solution of para-nitrophenol (pH 

7.5) in a soil: solution ratio of 1:2, and the pH value of the 

buffer solution was measured by using a glass electrode 

pH meter. Exchangeable acidity by using the method as 

described by Mclean (1965). Extractable acidity by 

aluminon reagent calorimetrically as described by 
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Barauh and Barthakar (1997). The exchangeable Al3+ 

was determined as detailed by Barauh and Barthakar 

(1997). Exchangeable H+ was estimated by the 

difference between exchange acidity and exchangeable 

Al3+. 

Results And Discussion

Physico-chemical properties of the soils

Soil pH

 The soil pH across different villages under the 

jhum land use system ranged from 4.52 to 5.25, while for 

the forest land use system, it varied from 4.45 to 5.23 

(Table 1). This indicates that soils in both land use 

systems are strongly to moderately acidic in nature. 

Among the villages, Phenwhenyu recorded the highest 

pH (5.25), while New Tesophenyu had the lowest (4.52) 

under the jhum land use system. In the forest land use 

system, the highest pH (5.23) was observed in Nsunyu, 

whereas the lowest (4.45) was recorded in K. Station. 

This acidity may be attributed to heavy rainfall, which 

leads to the leaching of basic cations. Similar findings 

have been reported by Patton et al. (2005).

Soil Organic Carbon

 The organic carbon content was found to be 

higher in forest ranging from 1.50% to 3.23 % than jhum 

land use system ranging from 1.51% to 2.46 % as shown 

in (Table 1). This may be attributed to the continuous 

addition of decayed vegetation in the forest (Tripathi et 

al., 2007). The thick vegetation and relatively low 

temperature conditions which favours slow rate of 

organic matter decomposition might have contributed to 

the high organic carbon content in the soil. K. Station 

village showed the highest organic carbon content of 

2.46% and Phenshunyu village showed the lowest 

organic carbon content of 1.51% in respect to jhum land 

use system. While the highest and lowest organic carbon 

content of 3.23% and 1.50 % was observed in respect to 

forest land use system in the soils of Nsunyu village and 

Terogvunyu village respectively. Correlation studies of 

the organic carbon content in both the land use systems 

had been found to have a significant and positive 

correlation with available N and K as shown in (Table 

7&8). Similar correlation was also reported by Tasung 

and Ahmed (2017). Significant and negative correlation 

with some forms of acidity was also observed under 

forest land use systems.

Cation Exchange Capacity

 CEC of soils of different villages under the jhum 
-1land use system varied from 8.12 to 14.25 cmol (p+) kg , 

while for the forest land use system, it varied from 11.01 
-1to 16.25 cmol (p+) kg , as shown in Table 1. The latter 

showed the higher CEC values due to a higher amount of 

organic carbon in the soils under the forest land system 

(Rudramurthy et al., 2007). K. Station village showed the 
-1highest of 14.25 cmol (p+) kg , and Kandinyu village 

-1
showed the lowest CEC of 8.12 cmol (p+) kg  with 

respect to the jhum land use system. While the highest and 
-1

lowest CEC of 16.25 and 11.01 cmol (p+) kg  with 

respect to forest land use systems were observed in the 

soils of New Terogvunyu and T. South village. The CEC 

in both the land use systems had a significant and positive 

correlation with available N and K (Tables 7 and 8). A 

similar finding was also reported by Kundu et al. (2014)

Total Potential Acidity

 The total potential acidity of the jhum land use 

system and the forest land use system ranges from 10.12 - 
-1 -1

14.18 cmol (p+) kg , 9.09- 14.63 cmol (p+) kg . Among 

the soils of the jhum land use system, the highest total 
-1

potential acidity of 14.18 cmol (p+) kg  was recorded in 

soils of Nsunyu village. In contrast, in the forest land use 

system, the highest total potential acidity of 14.63 cmol 
+ -1 (p ) kg was recorded in soils of New Terogvunyu village. 

Correlation studies, presented in Tables 7 and 8, indicated 

that the total potential acidity in both land uses had a 

significant and negative correlation with pH. A similar 

correlation was also reported by Kumar et al. (1995).
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Table 1: Chemical properties of the soils under jhum and forest land use systems

 
Sl.no 

 
Name of the village 

pH Organic carbon 
(%) 

CEC (cmol (p+) 
kg-1) 

jhum fore
st 

jhum forest jhum forest 

1 Terogvunyu 5.03 4.75 2.40 1.50 12.12 11.63 
2 New Terogvunyu 4.91 4.51 1.80 2.1 8.65 16.25 
3 Phenwhenyu 5.25 4.79 2.17 2.54 9.09 16.11 
4 Kashanyu 4.75 4.77 2.34 1.87 13.21 14.80 
5      Phenshunyu 4.82 5.02 1.51 3.08 8.61 16.03 
6 Sendenyu 4.85 4.92 1.95 2.78 8.32 12.79 
7 T. South 4.71 4.67 2.21 1.88 13.73 11.01 
8 T. Zisunyu 4.99 4.78 2.32 1.52 12.46 12.32 
9 Tseminyu 4.61 4.82 2.40 2.26 12.21 11.29 
10 Tesophenyu 4.86 4.49 2.12 2.12 13.23 15.61 
11 New Tesophenyu 4.52 4.72 2.01 2.78 10.51 14.33 
12 Nsunyu 4.65 5.23 2.23 3.23 13.61 16.02 
13 Chunlikha 4.87 4.65 1.76 3.16 13.01 15.79 
14 K. Station 4.77 4.45 2.46 2.29 14.25 16.01 
15 Kandinyu 5.02 5.09 1.94 3.17 8.12 14.61 
              Mean 4.84 4.78 2.10 2.41 11.40 14.30 

 

 pH-dependent Acidity

 The data relating to pH-dependent acidity of 

different villages of Kohima district under both jhum 

and forest land use systems are presented in Table 2. The 

data shows that pH-dependent acidity of the jhum land 
+ -1

use system varied from 8.4 to 11.42 cmol (p ) kg , while 

for the forest land use system, it varied from 7.31 to 
+ -1

12.15 cmol (p ) kg . Among the soils of the jhum land 

use system, the highest pH-dependent acidity of 11.42 
+ -1 

cmol (p ) kg was recorded in soils of Tseminyu and 

Chunlikha village, while in the forest land use system 
+ -1 

the highest pH-dependent acidity of 12.15 cmol (p ) kg

was recorded in soils of Tseminyu village (Table 2). 

From the above findings, it implies that pH-dependent 

acidity made the major contribution in both the land use 

systems. Higher contribution of pH-dependent acidity 

towards total potential acidity has also been reported by 

Dolui and Battacharjee (2003). Correlation studies, 

presented in Tables 7 and 8, indicated that pH-dependent 

acidity had a significant and negative correlation with 

soil pH and a significant and positive correlation with all 

other forms of acidity in both the land use systems. A 

similar result was also reported by Bandyopadhyay and 

Chattopadhyay (1997).

Exchangeable Acidity

 Among the soils of the jhum land use system, 
+ -1 the highest exchangeable acidity of 2.76 cmol (p ) kg

was recorded in soils of Nsunyu village, and the lowest 
+ -1 exchangeable acidity of 1.64 cmol (p ) kg was recorded 

in soils of Phenwhenyu village, while in the forest land 

use system, the highest exchangeable acidity of 2.65 
+ -1 

cmol (p ) kg was recorded in soils of K. Station (Table 

2). It shows that the % contribution of exchangeable 

acidity towards total potential acidity was relatively 

lower. It contributed to an extent of 18.41% and 18.75 % 

in the jhum and forest land use systems, respectively. 

Similar contribution of exchangeable acidity towards 

total potential acidity was also reported by 

Laxminarayana (2010). The exchangeable acidity had a 

significant and negative correlation with soil pH in both 

the land use systems (Tables 7 and 8).
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Table 2: Physical properties of the soils under jhum and forest land use systems

Sl.no 
 

Name of the 
Village 

Total Potential acidity 
[cmol (p+) kg-1] 

pH-dependent 
acidity 

[cmol (p+) kg-1] 

Exchangeable acidity 
[cmol (p+) kg-1] 

jhum forest jhum 
 

forest 
 

Jhum forest 

1 Terogvunyu 10.89 12.03 9.01 9.76 1.88 2.27 

2 New Terogvunyu 12.48 14.63 10.22 12.07 2.26 2.56 
3 Phenwhenyu 10.82 10.16 9.18 8.4 1.64 1.76 

4 Kashanyu 13.8 12.31 11.27 9.81 2.53 2.5 

5 Phenshunyu 12.22 11.12 9.8 8.22 2.42 1.9 
6 Sendenyu 11.21 10.56 9.2 8.88 2.01 1.68 

7 T. South 11.37 14.04 8.86 11.48 2.51 2.56 
8 T. Zisunyu 10.39 13.36 8.46 11.01 1.93 2.35 

9 Tseminyu 14.02 14.23 11.42 12.15 2.6 2.08 

10 Tesophenyu 13.16 13.3 9.01 10.7 2.61 2.7 

11 New Tesophenyu 11.25 14.06 10.55 11.49 1.67 2.57 

12 Nsunyu 14.18 9.09 9.58 7.31 2.76 1.78 

13 Chunlikha 11.08 12.66 11.42 10.04 2.1 2.62 

14 K. Station 13.09 10.93 8.98 10.28 2.61 2.65 

15 Kandinyu 10.12 12.17 10.48 8.26 1.72 1.91 

Mean 12 12.31 9.78 9.99 2.21 2.25 
 

Extractable  Acidity

 Extractable acidity of the jhum land use system 
+ -1

varied from 2.61 to 4.59 cmol (p ) kg , while for the 
+ -1 forest land use system, it varied from 2.51 cmol (p ) kg

+ -1 
to 4.47 cmol (p ) kg (Table 3). Among the soils of the 

jhum land use system, the highest extractable acidity of 
+ -1 

4.59 cmol (p ) kg was recorded in soils of Tsemiynu 

village, while in the forest land use system, the highest 
+ -1 

extractable acidity of 4.47 cmol (p ) kg was recorded in 

soils of New Terogvunyu village. The % contribution of 

extractable acidity towards total potential acidity was 

30.91% and 29.83% in jhum and forest, respectively. 

Correlation studies, presented in Tables 7 and 8, 

indicated that extractable acidity had a significant and 

negative correlation with soil pH and a significant and 

positive correlation with all other forms of acidity in 

both the land use systems. A similar result has also been 

reported by Bandyopadhyay and Chattopadhyay (1997).

3+
Exchangeable  Al

3+ Exchangeable Al  of the jhum land use system 
+ -1 + -1

varied from 1.43 cmol (p ) kg to 2.34 cmol (p ) kg , 

while for the forest land use system, it varied from 1.54 to 
+ -1 

2.34 cmol (p ) kg (Table 3). Among the soils of the jhum 
3+land use system, the highest exchangeable Al  of 2.34 

+ -1 
cmol (p ) kg was recorded in soils of Kashanyu village. 

In contrast, in the forest land use system, the highest 
3+ + -1

exchangeable Al  of 2.34 cmol (p ) kg  was recorded in 

soils of T. South village. The contribution of 
3+

exchangeable Al  towards exchangeable acidity and 

total potential acidity was 88.2% and 16.3% in the jhum 

land use system, while in forest land use systems, the 
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contribution towards exchangeable acidity and total 
3+

potential acidity was 81.33%. Exchangeable Al  made 

the major contribution towards exchangeable acidity. 
3+

The exchangeable Al  had a significant and negative 

correlation with soil pH and a significant and positive 

correlation with lime requirement of soils for both land 
3+use systems (Tables 7 and 8). Also, exchangeable Al  

showed a positive and significant correlation with pH-

dependent acidity in both land use systems. These 

similar observations were also reported by Talashilkar 

et al. (2006). Positive and significant correlation with 

total potential acidity was also observed in the jhum 

land use system.

+
Exchangeable  H

+ Exchangeable H  of the jhum land use system 
+ -1 

varied from 0.13 to 0.71 cmol (p ) kg with a mean value 

+ -1of 0.31 cmol (p ) kg , while for the forest land use 
+ -1 

system, it varied from 0.11 to 0.97 cmol (p ) kg with a 
+ -1 mean value of 0.42 cmol (p ) kg (Table 3). Among the 

soils of the jhum land use system, the highest 
+ + -1 exchangeable H  of 0.71 cmol (p ) kg was recorded in 

soils of New Tesophenyu village, and the lowest 
+ + -1 exchangeable H  of 0.13 cmol (p ) kg was recorded in 

soils of Terogvunyu village, while in the forest land use 
+ +system, the highest exchangeable H  of 0.97 cmol (p ) 

-1 
kg was recorded in soils of Tesophenyu village. The 

+contribution of exchangeable H  towards exchangeable 

acidity and total potential acidity was 14.02% and 2.58 

% in the jhum land use system, while in the forest land 

use system, the contribution was 18.86% and 3.41% 

towards exchangeable acidity and total potential acidity. 
+

Exchangeable H  had a significant and positive 

correlation to soil pH in both land use systems.

Table 3: Soil fertility under jhum and forest land use systems

Sl.no  Name of the Village  Extractable acidity  
[cmol (p+) kg-1]  

Exchangeable Al3+  
[cmol (p+) kg-1]  

Exchangeable H+  

[cmol (p+) kg-1]  

jhum  forest  jhum  
 

forest  
 

jhum  forest  

1 Terogvunyu  2.61  4.03  1.75  1.96  0.13  0.31  
2 New Terogvunyu  4.53  4.47  2.08  2.02  0.18  0.54  
3 Phenwhenyu  2.81  3.04  1.43  1.54  0.21  0.22  
4 Kashanyu  

3.71  4.2  2.34  2.08  0.19  0.42  
5 Phenshunyu  

3.83  2.71  1.95  1.66  0.47  0.24  
6

 Sendenyu
 

3.52
 

3.15
 

1.82
 

1.56
 

0.19
 

0.12
 

7
 T.

 
South

 
3.62

 
4.32

 
2.26

 
2.34

 
0.25

 
0.22

 
8

 
T. Zisunyu

 
3.51

 
4.02

 
1.78

 
1.81

 
0.15

 
0.54

 
9

 
Tseminyu

 
4.59

 
2.51

 
1.99

 
1.79

 
0.61

 
0.29

 
10

 
Tesophenyu

 
4.02

 
4.15

 
2.13

 
1.73

 
0.18

 
0.97

 
11

 
New Tesophenyu

 
4.51

 
4.11

 
1.96

 
1.79

 
0.71

 
0.78

 12
 

Nsunyu
 

4.01
 

2.81
 

2.08
 

1.67
 

0.68
 

0.11
 13

 
Chunlikha

 
3.61

 
3.6

 
1.92

 
1.73

 
0.18

 
0.89

 14
 

K. Station
 

4.1
 

3.8
 

2.26
 

2.18
 

0.35
 

0.47
 15

 
Kandinyu

 
2.81

 
2.87

 
1.55

 
1.66

 
0.17

 
0.25

 

                     
Mean

 
3.71

 
3.58

 
1.95

 
1.83

 
0.31

 
0.42
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Lime Requirement

 The details of the values of the LR at pH 6.0 and 

pH 6.4 for various soil samples of jhum and forest soils 

are given in Table 4. From the table, it is evident that the 

LR to raise the pH of the soils to 6.0 and 6.4 under jhum 
-1land use system varied from 7.53-14.58 t ha  and 8.99-

-1 -117.50 t ha  with a mean value of 15.10 t ha  and 17.78 t 
-1ha , whereas in respect to forest land use system, it 

-1 -1varied from 7.53 -15.79 t ha  and 8.99 – 18.71 t ha  with 
-1 -1a mean value of 15.31 t ha  and 18.75 t ha  respectively. 

 The highest LR to raise the soil pH to 6.0 and 6.4 under

jhum cultivation was observed in New Tesophenyu 
-1 -1village (14.58 t ha  and 17.50 t ha ), and the lowest was 

-1observed in the soils of Phenwhenyu village (7.53 t ha  
-1

and 8.99 t ha ). For the forest land use system, the 

highest LR at pH 6.0 and 6.4 was recorded in the soils of 
-1 -1

Tesophenyu village (15.79 t ha  and 18.71 t ha ), and the 

lowest LR at pH 6.0 and 6.4 was recorded in the soils of 
-1 -1

Nsunyu village (7.53 t ha  and 8.99 t ha ). It is evident 

from the above data that the lime requirement under both 

the land use systems of Kohima district was high. The 

high value of lime requirement for both jhum and forest 

soil may be attributed to the highly acidic nature of the 

soils. Similarly, Tsanglao (2012) reported a high lime 

requirement in the soils of the Wokha district under 

various land use systems. Correlation studies, presented 

in Tables 7 and 8, indicated that lime requirement in both 

the land use systems had a significant and negative 

correlation with soil pH and a positive and significant 

correlation with different forms of acidity. Similar results 

were also reported by Laekemariam and Kibret (2021).

 Table 4: Lime requirement of the soils under jhum and forest land use systems

 
Sl. No 

 
Name of the village  

Lime requirement (t ha-1)  
jhum  forest  

Raising  
pH  to 6.00  

Raising  
pH to 6.4  

Raising  
pH to 6.00  

 

Raising  
pH to 6.4  

1
    

Terogvunyu
 

9.48
 

11.42
 

12.64
 

15.07
 

2
 

New Terogvunyu
 

10.69
 

12.64
 

14.58
 

17.5
 3

 
Phenwhenyu

 
7.53

 
8.99

 
12.64

 
15.07

 4
 

Kashanyu
 

12.64
 

15.07
 

2.64
 

15.07
 5

 
Phenshunyu

 
11.66

 
13.58

 
9.48

 
11.42

 6

 

Sendenyu

 

11.66

 

13.58

 

10.69

 

12.64

 7

 

T.

 

South

 

12.64

 

15.07

 

13.61

 

16.28

 8

 

T. Zisunyu

 

10.69

 

12.64

 

12.64

 

15.07

 9

 

Tseminyu

 

13.61

 

16.28

 

11.66

 

13.85

 
10

 

Tesophenyu

 

11.66

 

13.85

 

15.79

 

18.71

 
11

 

New Tesophenyu

 

14.58

 

17.5

 

12.64

 

15.07

 
12

 

Nsunyu

 

13.61

 

16.28

 

7.53

 

8.99

 
13

 

Chunlikha

 

11.66

 

13.85

 

13.61

 

16.28

 
14

 

K. Station

 

12.64

 

15.07

 

15.79

 

18.71

 
15

 

Kandinyu

 

9.48

 

11.42

 

9.48

 

11.42

 
                         

Mean

 

11.61

 

13.81

 

12.36

 

14.74

 

 

Bulk Density and Particle Density

 The lower bulk and particle densities were 

recorded in the jhum land use system, whereas in the 

forest land use system, higher bulk densities were 

observed. Tesophenyu village showed the highest BD 

with respect to the jhum land use system. In the forest 

land use system, the highest BD was observed in 

Tseminyu village (Table 5). Low bulk densities might be 

due to high organic matter in the soil. Chaudhari et al. 

(2013) and Chaudhary et al. (2005) also reported similar 

findings.
 The particle density of soils of different villages 

under the jhum land use system varied from 2.60 to 2.69 g 
-3cm , while for the forest land use system, it varied from 

-32.51 to 2.64 g cm . K. Station village showed the highest 

PD with respect to the jhum land use system. The highest 
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PD was observed in Tseminyu village for the forest land 

use system, as shown in Table 5. The particle density of 

the forest land use system was comparatively lower than 

the jhum land use system, which may be attributed to less 

compaction and high content of organic matter in the 

soil. 

Porosity

 The porosity percentage of soils in different 

villages under the jhum land use system varied from 

43.46% to 52.59%, while for the forest land use system, it 

varied from 49.80% to 57.58%. Forest land use system 

exhibited higher porosity (53.26%) than the jhum 

(48.42%) land use system (Table 5).

Table 5: Nature of soil acidity under jhum and forest land use systems

Nutrient Status of the Soil

 The soil fertility status of the jhum and forest 

land use system is shown in Table 6. The available N of 

soils of different villages under the jhum land use system 
-1

varied from 339.35 to 450.55 kg ha , while for the forest 
-1

land use system, it varied from 383.39 to 545.87 kg ha . 

T. South village showed the highest available N of 
-1

450.55 kg ha  with respect to the jhum land use system. 
-1 

The highest available N of 545.87 kg ha with respect to 

forest land use system was observed in the soils of 

Phenshunyu and T. Zisunyu village, respectively.  
The available nitrogen (N) was found to be 

higher in the forest than in the jhum land use system, 

which can be attributed to the higher organic carbon 

content in the forest land use system, as reported by 

Triparthi et al. (2007). Correlation studies, presented in 

Tables 7 and 8, indicated that available N in both land use 

systems had a significant and positive correlation with 

organic carbon, suggesting that the available N content 

of the soils was greatly governed by the organic matter 

content of the soils (Meena et al., 2006). 
The available P of soils of different villages 

under the jhum land use system varied from 8.78 to 17.09 
-1,

kg ha  while for the forest land use system, it varied 
-1

from 8.1 to 16.64 kg ha  with a mean value of 12.34 kg 
-1

ha . New Terogvunyu village showed the highest 
-1

available P of 17.09 kg ha , compared to the jhum land 
-1

use system. While the highest available P of 16.64 kg ha  

with respect to forest land use system were observed in 

the soils of Nsunyu and K. Station. The available 

phosphorus (P) was found to be higher in jhum than in 

forest land use systems, which can be attributed to the 

Sl.no Name of the 
Village 

Bulk Density  
(g cm-3) 

Particle Density  
(g cm-3) 

Porosity (%) 

jhum forest jhum 
 

forest 
 

Jhum forest 

1 Terogvunyu 1.12 1.41 2.62 2.63 46.18 57.58 
2 New Terogvunyu 1.23 1.35 2.62 2.58 48.47 52.33 
3 Phenwhenyu 1.12 1.36 2.67 2.59 49.06 56.76 
4 Kashanyu 1.23 1.36 2.63 2.59 48.29 52.51 
5 Phenshunyu 1.17 1.37 2.60 2.60 47.31 55.00 
6 Sendenyu 1.21 1.32 2.68 2.55 50.75 52.55 
7 T. South 1.14 1.47 2.60 2.60 43.46 56.15 
8 T. Zisunyu 1.26 1.28 2.60 2.51 52.59 49.80 
9 Tseminyu 1.25 1.51 2.63 2.64 42.59 52.65 
10

 
Tesophenyu

 
1.28

 
1.47

 
2.65

 
2.60

 
44.53

 
50.77

 
11

 New Tesophenyu
 

1.15
 

1.32
 2.67

 
2.55

 
50.56

 
54.90

 
12

 
Nsunyu

 
1.18

 
1.28

 
2.62

 
2.51

 
51.15

 
52.99

 
13

 
Chunlikha

 
1.21

 
1.36

 
2.65

 
2.59

 
48.68

 
53.28

 
14

 
K. Station

 
1.25

 
1.33

 
2.69

 
2.56

 
50.56

 
51.17

 
15

 
Kandinyu

 
1.24

 
1.27

 
2.65

 
2.50

 
52.08

 
50.40

 Mean
 

1.20
 

1.36
 

2.64
 

2.57
 

48.42
 

53.26
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fact that slash and burn is commonly followed, leading 

to the addition of ash in the soil, which in turn increases 

the pH, thereby increasing phosphorus availability 

(Butler et al., 2018). The available phosphorus in both 

the land use systems had a significant and positive 

correlation with soil pH (Tables 7 and 8). A similar 

finding was also reported by Verma et al. (2021).
The available K of soils from different villages 

under the jhum land use system varied from 190.67 to 
-1

246.33 kg ha , whereas for the forest land use system, it 
-1

ranged from 195.92 to 272.33 kg ha . The highest 

available K value of 246.33 kg ha-1 was observed in the 

soils of Terogvunyu and Phenshunyu villages, 

specifically in the jhum land use system. In contrast, the 
-1

highest available K of 272.33 kg ha  for the forest land 

use system was observed in the soils of Chunlikha and T. 

South villages, respectively. The available K was higher 

in the forest land use system, which may be attributed to 

the increased organic carbon content that promotes the 

availability of potassium in forest soil (Singh et al., 

1999). Correlation studies, presented in Tables 7 and 8, 

indicated that the available K in both land use systems 

had a significant and positive correlation with organic 

carbon. This result aligns with those of Meena et al. 

(2006).

Table 6: Nature of soil acidity under jhum and forest land use systems

Sl.no Name of the 
Village 

Available N (kg ha -1) Available P (kg ha -
1) 

Available K (kg ha -1) 

jhum forest jhum 
 

forest 
 

Jhum forest 

1 Terogvunyu 420.11 391.7 13.45 13.67 246.03 212.33 
2 New Terogvunyu 353.22 532.12 17.09 11.15 195.88 249.71 
3

 
Phenwhenyu

 
375.67

 
510.13

 
16.83

 
11.01

 
236.32

 
250.51

 
4

 
Kashanyu

 
441.34

 
405.59

 
13.52

 
9.7
 

243.11
 

219.11
 

5
 

Phenshunyu
 

339.35
 

545.87
 

10.32
 

13.86
 

190.67
 

250.17
 6

 
Sendenyu

 
402.65

 
459.66

 
12.26

 
12.16

 
194.44

 
248.31

 7
 

T.South
 

450.55
 

443.11
 

14.35
 

10.2
 

232.45
 

195.92
 8

 
T. Zisunyu

 
431.21

 
383.39

 
13.41

 
12.45

 
231.56

 
206.3

 9
 

Tseminyu
 

405.33
 

430.63
 

10.98
 

16.26
 

229.31
 

201.66
 10

 
Tesophenyu

 
380.41

 
461.61

 
12.09

 
9.15

 
206.23

 
234.96

 11

 
New Tesophenyu

 
381.13

 
530.11

 
8.78

 
15.77

 
221.33

 
256.45

 12

 

Nsunyu

 

402.67

 

498.21

 

9.34

 

16.64

 

246.33

 

238.11

 13

 

Chunlikha

 

345.05

 

516.23

 

11.52

 

12.34

 

219.02

 

272.33

 14

 

K. Station

 

420.12

 

456.19

 

10.17

 

8.1

 

245.43

 

234.31

 15

 

Kandinyu

 

350.98

 

540.12

 

12.89

 

12.72

 

216.45

 

201.66

 Mean

 

393.31

 

473.64

 

12.46

 

12.34

 

49.03

 

232.52

 
 Conclusion

 The study of the physico-chemical properties of 

soils in Kohima district, under jhum and forest land use 

systems, indicated that the soils are strongly to 

moderately acidic in reaction, with low bulk density and 

sufficient pore space. The findings further indicated a 

high level of organic carbon in both land use systems, 

which exhibited a significant positive correlation with 

available nitrogen. The major plant nutrients were found 

to be at a medium level in both systems, while phosphorus 

(P) ranged from low to medium, and potassium (K) was 

medium in both jhum and forest land use systems. 

Overall, the nutrient status of forest soils was 

significantly superior compared to that of jhum soils. 

Additionally, both land use systems contained a 

reasonable quantity of various components of soil acidity. 

The soils in this region are inherently organic and are 

utilised for cultivating valuable cash crops.

112 Asa Tep et al. 



T
ab

le
 7

: 
C

or
re

la
ti

on
 b

et
w

ee
n 

va
ri

ou
s 

so
il

 p
ro

pe
rt

ie
s 

of
 j

hu
m

 l
an

d 
us

e 
sy

st
em

 
pH

 
C

E
C

 
P

D
 

B
D

 
P

or
os

it
y

 
O

C
 N

 
P

 
K

 
T

PA
 

P
D

A
 

E
x-

A
 

E
xt

r-
A

 
A

B
+

 
H

+
 

L
R

 

pH
 

1
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

C
E

C
 

-0
.3

91
 

1
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

P
D

 
-0

.1
25

 
0.

17
4

 
1

 
 

 
 

 
 

 
 

 
 

 
 

 
 

B
D

 
-0

.1
92

 
0.

31
2

 
-0

.0
32

 1
 

 
 

 
 

 
 

 
 

 
 

 
 

P
or

os
it

y
 

-0
.0

10
 

0.
03

3
 

-0
.8

23
**

 0.
59

3*
 1

 
 

 
 

 
 

 
 

 
 

 
 

O
C

 
-0

.0
78

 
0.

63
8*

*
 0

.0
87

 
0.

20
0

 0
.0

34
 1

 
 

 
 

 
 

 
 

 
 

 

N
 

-0
.2

31
 

0.
62

2*
*

 -0
.0

29
 0

.1
97

 0
.1

24
 0.

84
2*

*
 

1
 

 
 

 
 

 
 

 
 

 

P
 

0.
69

8*
*

 
-.

29
8

 
-0

.1
20

 0
.1

14
 0

.1
56

 0.
00

8
 

0.
03

3
 

1
 

 
 

 
 

 
 

 
 

K
 

-0
.0

39
 

0.
66

9*
*

 -0
.2

16
 -

0.
01

1
 0.

16
1

 0.
83

1*
*

 
0.

65
2*

 
-0

.0
64

 
1

 
 

 
 

 
 

 
 

T
PA

 
-0

.5
76

 
0.

45
2

 
0.

33
4

 
0.

32
7

 -
0.

07
3

 0.
27

0
 

0.
19

5
 

-0
.3

22
 

0.
17

0
 

1
 

 
 

 
 

 
 

P
D

A
 

-0
.5

52
*

 
0.

37
0

 
0.

29
7

 
0.

27
6

 -
0.

06
9

 0.
27

7
 

0.
14

8
 

-0
.3

13
 

0.
18

2
 

0.
98

2*
*

 
1

 
 

 
 

 
 

E
x-

A
 

-0
.5

34
*

 
0.

59
1*

 
0.

37
2

 
0.

40
5

 -
0.

06
8

 0.
20

3
 

0.
28

6
 

-0
.2

88
 

0.
10

6
 

0.
86

5*
*

 
0.

75
7*

*
 

1
 

 
 

 
 

E
xt

ra
-A

 
-0

.7
70

*
 

0.
20

3
 

0.
38

9
 

0.
20

7
 -

0.
18

7
 -0
.0

75
 

-0
.0

46
 

-0
.3

91
 

-0
.2

35
 

0.
64

5*
 

0.
63

1*
*

 
0.

54
0*

 
1

 
 

 
 

A
B

+
 

-0
.7

20
**

 
0.

62
9*

*
 0

.2
92

 
0.

31
6

 -
0.

05
3

 0.
19

2
 

0.
41

2
 

-0
.2

75
 

0.
11

2
 

0.
70

3*
*

 
0.

61
6*

 
0.

81
2*

*
 

0.
64

8*
 

1
 

 
 

H
+

 
-0

.7
41

**
 

0.
10

5
 

-0
.1

64
 0

.0
06

 0
.1

43
 0.

01
4

 
-0

.0
55

 
-0

.7
12

**
 

0.
11

3
 

0.
47

4
 

0.
51

6*
 

0.
27

6
 

0.
60

4*
 

0.
21

9
 

1
 

 

L
R

 
-0

.9
88

**
 

0.
46

1
 

0.
19

5
 

0.
14

6
 -

0.
70

 0
.1

07
 

0.
26

4
 

-0
.7

24
**

 
0.

06
2

 
0.

58
8*

 
0.

55
9*

 
0.

56
2*

 
0.

77
8*

 
0.

73
0*

*
 

0.
70

8*
*

 
1

 

 

113Effect of changing land uses on physico-chemical



T
ab

le
 8

: 
C

or
re

la
ti

on
 b

et
w

ee
n 

va
ri

ou
s 

so
il

 p
ro

pe
rt

ie
s 

of
 f

or
es

t 
la

nd
 u

se
 s

ys
te

m

 

 
p
H

 
C

E
C

 
P

D
 

B
D

 
P

o
ro

si
ty

 
O

C
 

N
 

P
 

K
 T

PA
 

P
D

A
 

E
x
-A

 
E

x
tr

-A
 

A
B

+
 

H
+

 
L

R
 

p
H

 
1

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

C
E

C
 

-0
.0

4
2

 
1

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

P
D

 
0
.2

2
2

 
0
.1

0
4

 
1

 
 

 
 

 
 

 
 

 
 

 
 

 
 

B
D

 
0
.0

4
6

 
-0

.3
3
2

 
0
.2

9
3

 
1

 
 

 
 

 
 

 
 

 
 

 
 

 

P
o
ro

si
ty

 
-0

.1
9
5

 
-0

.3
1
8

 
-0

.7
8
1
*
*

 0
.3

6
7

 1
 

 
 

 
 

 
 

 
 

 
 

 

O
C

 
0
.5

4
1

 
0
.5

4
2
*

 
-0

.3
1
8

 0
.0

6
3

 -0
.2

7
2

 1
 

 
 

 
 

 
 

 
 

 
 

N

 

0
.2

1
5

 

0
.6

6
1
*
*

 0
.5

2
4
*

 -0
.0

6
0

 -0
.4

4
3

 0
.8

0
8
*
*

 

1

 
 

 
 

 
 

 
 

 
 

P

 

0
.6

5
5
*
*

 

-0
.2

1
9

 

0
.6

6
1
*
*

 -0
.1

8
9

 -0
.1

0
5

 0
.3

8
8

 0
.1

9
4

 

1

 
 

 
 

 
 

 
 

 
K

 

0
.1

7
8

 

0
.6

7
0
*
*

 -0
.2

1
9

 -0
.3

2
1

 -0
.3

7
7

 0
.6

1
2
*

 

0
.5

7
9
*

 

0
.0

5
7

 

1

 
 

 
 

 
 

 
 

T
PA

 

-0
.5

4
2
*

 

-0
.3

8
3

 

0
.6

7
0
*
*

 0
.2

7
1

 0
.3

3
1

 -0
.4

5
4

 

-0
.1

3
5

 

-0
.0

5
5

 

-0
.6

0
6
*

 

1

 
 

 
 

 
 

 
P

D
A

 

-0
.7

2
0
*

*

 

-0
.4

0
2

 

-0
.3

8
3

 0
.1

2
0

 0
.3

8
1

 -0
.5

7
9
*

 

-0
.3

0
2

 

-0
.1

4
3

 

-0
.4

6
0

 

0
.9

0
3
*
*

 

1

 
 

 
 

 
 

E
x
-A

 

-0
.8

2
7
*
*

 

0
.0

2
5

 

-0
.4

0
2

 0
.1

0
4

 0
.0

9
1

 -0
.4

5
8

 

-0
.2

0
7

 

-0
.4

7
0

 

-0
.3

4
8

 

0
.6

5
7
*
*

 

0
.7

1
2
*
*

 

1

 
 

 
 

 
E

x
tr

a-
A

 

-0
.7

2
7
*
*

 

-0
.0

7
9

 

0
.0

2
5

 

-0
.0

3
7

 -0
.0

5
7

 -0
.6

4
8
*
*

 

-0
.3

2
0

 

-0
.5

3
4

 

-0
.3

9
6

 

0
.5

3
8
*

 

0
.5

8
5
*

 

0
.8

1
8

*
*

 

1

 
 

 
 

A
B

+

 

-0
.5

4
6
*

 

-0
.2

8
0

 

-0
.0

7
9

 0
.2

0
9

 -0
.1

5
8

 -0
.6

0
3
*

 

-0
.4

11

 

-0
.4

5
7

 

-0
.2

7
7

 

0
.4

2
7

 

0
.5

4
9
*

 

0
.6

7
8

*
*

 

0
.6

6
6
*
*

 

1

 
 

 
H

+

 

-0
.6

5
5
*

 

0
.2

7
4

 

-0
.2

8
0

 -0
.0

3
7

 0
.2

6
0

 -0
.1

0
5

 

0
.0

6
9

 

-0
.2

4
8

 

-0
.2

3
5

 

0
.5

2
6
*

 

0
.4

9
7

 

0
.7

7
7
*
*

 

0
.5

4
0

 

0
.0

6
5

 

1

 
 

L
R

 

-0
.9

9
1
*
*

 

0
.0

3
5

 

0
.2

2
4

 

0
.2

7
4

 0
.0

1
2

 0
.2

3
7

 -0
.5

6
5

*

 

-0
.2

5
7

 

-0
.7

0
9
*
*

 

-0
.2

2
9

 

0
.5

1
3
*

 

0
.6

8
0
*
*

 

0
.7

2
8
*
*

 

0
.5

3
2
*

 

0
.6

5
6
*

 

1

 

114 Asa Tep et al. 



References

Bandyopadhyay, P. K. and Chattopadhyay, G. N. (1997). 

Nature of acidity in some Alfisols and Inceptisols 

of Birbhum district of West Bengal. Journal of the 

Indian Society of Soil Science. 45:5-8.
Baruah, T. C. and Barthakur, H. P. (1997). A textbook of 

soil analysis. Vikas publishing house Pvt., 

Bangalore. 334.
Bray, R. H. and Kurtz, L. T. (1945). Determination of 

Total Organic and Available Forms of Phosphorus 

in Soils. Soil Science. 59: 39-45.
Butler, O. M., Elser, J. J., Lewis, T., Mackey, B. and 

Chen, C. (2018). The phosphorus-rich signature of 

fire in the soil-plant system: A global meta-

analysis. Ecology Letters. 21(3).
Chaudhari, P. R., Ahire, D. V., Ahire, V. D., Chkravarty, 

M. and Maity, S. (2013). Soil Bulk Density as 

related to Soil Texture, Organic Matter Content 

and available total Nutrients of Coimbatore Soil. 

International Journal of Scientific and Research 

Publications. 3(2).
Chaudhary, S. K., Singh, K., Tripathi, D. and Bandari, A. 

R. (2005). Morphology, genesis and classification 

of soils from two important land uses in outer 

Himalayas. Journal of the Indian Society of Soil 

Science. 53(3): 394-98.
Dolui, A. K. and Battacharjee, S. (2003). Nature of soil 

acidity in relation to properties and lime 

requirement of some Inceptisols. Pedosphere. 13: 

181-188.
Kumar, K., Rao, K.V.P and Singh, L, J. (1995). Forms of 

acidity in some acid Inceptisols under different 

land use in Manipur. Journal of the Indian Society 

of Soil Science. 43: 338-342.
Kundu, M. C., Hazra, G. C., Biswas, P. K., Mondal, S. 

and Ghosh, G. K.  (2014). Forms and distribution 

of potassium in some soils of Hooghly district of 

West Bengal. Journal of Crop and Weed. 10(2): 

31-37.
Laekemariam, F. and Kibret, K. (2021). Extent, 

Distribution, and Causes of Soil Acidity under 

Subsistence Farming System and Lime 

Recommendation: The Case in Wolaita, Southern 

Ethiopia. Applied and Environmental Soil 

Science. . https://doi.org/10.1155/2021/5556563
Laxminarayana, K. (2010). Nature of soils acidity and 

lime requirement in acid soils of Meghalaya. 

Journal of the Indian Society of Soil Science. 58: 

233-236.
Mathan, K. K. and Kannan, N. (1993). Physicochemical 

properties of pedons under the different 

vegetations in Kodaikanal hills of Tamil Nadu. 

Madras Agricultural Journal. 80(10): 581-85.
Mclean, E. O. (1965). Aluminum. In: Black, C.A. (Ed.) 

Methods of soil analysis: Part 2. Chemical 

methods. Madison: ASA. 978-998.
Meena, H. B., H. B., Sharma, R. P. and Rawat, U.S. 

(2006). Status of Macro- and Micronutrients in 

Some Soils of Tonk District of Rajasthan. Journal 

of the Indian Society of Soil Science.  54 (4): 508-

512.
Patton, Sharma, S. K. and Singh, P. K. (2005). 

Characterization of the acid soils of Nagaland. 

Annual of Plant and Soil Research. 7 (1): 107-108.
Rudramurthy, H. V., Puttaih, E. T. and Vargesh, T. S. 

(2007). Chemical properties of soils under 

different level land use systems in Shimoga 

district of Karnataka. Journal of the Indian society 

of Social Science. 53: 259-264.
Sci., 73, 251-261 (1952)
Shoemaker, H. E., Mclean, E. O. and Pratt, P. F. (1961). 

Buffer methods for determining lime requirement 

of soils with appreciable amounts of extractable 

aluminium. Soil Science Society America 

Proceedings. 25:274-277.
Singh, S. P., Ram, J., Singh, N. and Sarkar, D. (1999). 

Distribution of potassium in soils of Arunachal 

Pradesh. Journal of Potassium Research. 9: 202-

206.
Subbiah, B. V. and Asija, G. L. (1956). A Rapid 

Procedure for the Estimation of Available 

Nitrogen in Soils. Current Science. 25: 259-260.
Talashilkar, S. C., Mehta, V. P., Dosani, A. A. K., 

Dhopavkar, R. V. and Dhekale, J. S. (2006). 

Influence of soil reaction on soil acidity 

parameters and fractions of organic matter, 

Nitrogen, Phosphorous and Potassium in Lateritic 

soils of Konkan. Journal of the Indian Society of 

Soil Science. 54: 174-178.

115Effect of changing land uses on physico-chemical



Tasung, A. and Ahmed, N. (2017). Effect of different 

land use system and altitude on soil organic 

carbon and soil fertility of Siang river basin in 

Arunachal Pradesh, India. Journal of Crop and 

Weed. 13(3): 126-134.
Tripathi, D., Patial, K. S., Verma, J. R. and Singh, K. 

(2007). Soil fertility status of iar-Nagali micro 

watershed in Solan district of Himachal Pradesh. 

Journal of the Indian Society of Soil Science. 55: 

222-223.

Tsanglao, C. T., Sharma, Y. K. and Sharma, S. K. (2014). 

Fertility Status and Soil Acidity under Different 

Land Use Systems in Wokha District of Nagaland.  

Journal of the Indian Society of Soil Science. 

62(4): 414-418.
Verma, R. R, Srivastava, T. K., Singh, P., Manjunath, B. 

L. and Kumar A. (2021). Spatial mapping of soil 

properties in Konkan region of India experiencing 

anthropogenic onslaught. PLoS ONE 16(2): 

e0247177. 
Walkley, A. J. and Black, I. A. (1934). Estimation of soil 

organic carbon by the chromic acid titration 

method. Soil Science. 37: 29-38.

Received : January, 2024        Accepted: March, 2024 

116 Asa Tep et al. 


