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Abstract 

In the context of climate change, declining agricultural land, increasing land degradation, a growing population, and rising food demand, assessing soil health 
parameters under various land use systems (LUS) is crucial for optimal land management. This ensures the long-term productivity and sustainability of 
agroecosystems. This study examines the impacts of four LUS—agriculture, tea plantations, horticulture, and forests on soil health parameters in the 
northeastern region (NER) of India. Soil samples were collected from two depths (0–15 cm and 15–30 cm) in 2020. Significant differences in soil health 
parameters were observed among the LUS. All soils were acidic, with the lowest pH (4.40) under forests and the highest pH (5.4) under agriculture at the 0–
15 cm depth. At the 15–30 cm depth, pH increased under forests and decreased under tea plantations, while no change was observed under agriculture and 
horticulture. Cation exchange capacity (CEC) was low (<15 cmol (+) kg-1) across all LUS. Soil organic carbon (SOC) was medium to high across LUS, following 
the order: forests (1.05%) > tea plantations (0.78%) > horticulture (0.71%) > agriculture (0.70%) at the 0–15 cm depth. SOC decreased at the 15–30 cm depth 
for all LUS, with the highest decrease (42.9%) under agriculture and the lowest (9.5%) under forests. Compared to forests, agricultural land showed 9.35% to 
116.7% lower values for organic carbon, nitrogen, potassium, sulfur, base saturation, iron, and copper. These findings will aid in implementing effective soil 
management practices to restore soil health, boost yields, and enhance the region's resilience and sustainability across different land uses.  
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1. Introduction 
 

Understanding and assessing soil health under various land use 
systems (LUS) is indeed critical, especially in the context of climate 
change, agricultural land decline, productivity challenges, 
population growth, rising food demand, and land degradation 
(Fuglie, 2018). Detailed information on soils, with respect to their 
physical, chemical, and biological health, is essential for promoting 
sustainable land management practices (FAO, 2011; Lal, 2013). 
Soil health encompasses various chemical, physical, and biological 
properties that support plant and animal health (Karlen et al., 
1997). Healthy soil is characterized by adequate nutrient levels, 
optimal soil physicochemical properties (such as texture, bulk 
density, soil structure, pH, and moisture content), and robust 
biological activity (Sokolov et al., 2020). However, poor 
agricultural practices such as excessive tillage (Nunes et al., 2020), 
shifting cultivation (Tripathi et al., 2003), imbalanced fertilization 
(Pahalvi et al., 2021), and rice monoculture disrupt this balance, 
leading to various types of soil degradation, ultimately reducing 
fertility and productivity (Reza et al., 2018; Kumar et al., 2022, 

2024). Shifting cultivation, a common practice in the northeastern 
Hill (NEH) region of India, involves clearing patches of forestland 
for cultivation and abandoning them after a few years. Traditional 
methods are sustainable (Giri et al., 2020), but modern variations 
often involve shorter fallow periods, excessive deforestation, and 
inadequate soil conservation practices (Mishra et al., 2017), leading 
to excessive soil erosion and nutrient loss. Deforestation for 
agriculture, logging, or infrastructure exacerbates soil degradation 
by removing protective forest cover, increasing vulnerability to 
erosion and nutrient depletion (Kumar et al., 2022). Land use 
change and management practices have diverse and significant 
effects on the physical, chemical, and biological properties of soil 
(Fu et al., 2021). 
The NEH region of India is highly affected by soil erosion due to its 
irregular topography, steep slopes, and extreme climatic variability 
(Reza et al., 2024). Comprehensive research on the impact of land 
use systems on soil health focused on NER is sparse and is mostly 
based on surface soil data (Barbhuiya et al., 2008; Choudhury and 
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Mandal, 2021; Singh et al., 2014). Hence, a comprehensive study 
was conducted in 2020 by collecting soil samples from four major 
land use systems (LUS) in the Changlang district of Arunachal 
Pradesh at two depths (0–15 cm and 15–30 cm). This study aimed 
to understand how different LUS affect soil health parameters both 
at the furrow slice layer and at the immediate subsurface soil layer. 
 

2. Materials and methods 
 

2.1. Study area 
 

 This study was conducted in the Chaglang district of Arunachal 
Pradesh, which lies in the easternmost part of India between 
Latitudes 26°40’N and 27°40’N and Longitudes 95°11’E and 
97°11’E and is positioned along the Indo-Myanmar border. The 
study area map and sampling points are shown in Figure 1. This 
district is swiftly evolving into a hub for agriculture and 
horticulture activities. The climate of the region is characterized by 
warm summers and cold winters. The mean annual rainfall ranges 
from 3800 mm to 4866 mm. The majority of the rainfall is received 
from June to October. The soils in the study area are primarily 
Inceptisols and Entisols, with significant areas also covered by 
Alfisols and Ultisols (Nayak et al., 1996). The natural vegetation 
comprises wet evergreen and tropical moist deciduous forests. The 
region features various species, including oak, rhododendron, 
bamboo, ferns, orchids, pine, fir, maple, laurel and cypress. Major 
horticultural crops include ginger, turmeric, pineapple, orange, 
strawberry, passion fruit and areca nut. Small tea plantations are 
found on the slopes of low and medium hills. Paddy is the most 
widespread crop, grown in both agricultural fields and on forest-
cut lands used for shifting cultivation. 
 
2.2. Soil sampling  
 

Soil sampling sites were chosen randomly from four major land-
use systems, namely, agricultural, horticultural, tea plantation and 
forest systems, which are distributed across different slopes. Slope 

gradients vary from 0-3% in lower areas dominated by agriculture, 
3-8% in middle areas with horticulture, and 8-15% in upper areas, 
predominantly featuring tea plantations and native forests. Soil 
sampling was performed at depths of 0–15 and 15–30 cm and 98 
soil samples were collected from 49 (21 from agriculture, 9 from 
plantations, 11 from tea plantations, and 8 from forests) sampling 
points (Figure 1) in 2020. We made composite soil samples by 
collecting 4–5 subsamples 2–5 m apart from each location. Soil 
samples were air-dried, ground, sieved through a 2 mm sieve in 
general, labelled, and stored in polythene bags and were used for 
laboratory analysis. 
 
2.3. Soil analysis for various physical and chemical parameters 
 

Standard procedures were followed for analysis of various physical 
and chemical parameters of soil. Particle size analysis was 
performed via the intsernational pipette method (Jackson, 1973). 
Soil pH and electrical conductivity (EC) were determined using a 
combined glass–calomel electrode in aqueous suspensions (1:2 
soil/water ratio) following the standard method outlined by 
Jackson (1973). Soil organic carbon (SOC), available nitrogen, 
available phosphorus (P), and available potassium (K) were 
determined using the wet digestion method of Walkley and Black 
(1934), alkaline permanganate method (Subbiah and Asija, 1956), 
Bray II method (Bray and Kurtz, 1945), and flame photometry 
(Jackson, 1973), respectively. The cation exchange capacity (CEC) 
and exchangeable base cations were determined following the 
procedures outlined in Jackson (1973). Available micronutrients 
copper (Cu), manganese (Mn), iron (Fe), and zinc (Zn) were 
determined using DTPA extraction (Lindsay and Norvell, 1978). 
Available sulfur (S) and boron (B) were determined using the 
standard methods of Williams and Steinbergs (1959) and Berger 
and Truog (1939), respectively. 
 
2.4. Statistical analyses  
 

Figure 1. Study area map and sampling point locations 
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The data were analyzed for significant differences in soil properties 
across land uses using one-way ANOVA in a completely 
randomized design. The DMRT test was applied at a 0.05 
significance level, following Gomez and Gomez (1984). Pearson 
correlation analysis was performed using R packages "metan" and 
"corrplot." 
 

3. Results 
 

The results revealed significant differences in the sand, silt, and 
clay contents among the various land use systems and soil depths 
(Table 1). Compared with Horticulture and Forest plantations, 
Agricultural and Tea plantations exhibit relatively lower sand 
contents. At the 0–15 cm depth, agriculture had the lowest sand 
content (18.57%), followed closely by tea (19.46%), while 
horticulture and forest had higher levels (21.52% and 19.12%, 
respectively). Similarly, at the 15–30 cm depth, agriculture and tea 
still maintain lower sand contents (16.73% and 17.30%, 
respectively), whereas horticulture and forest remain higher 
(19.52% and 19.62%, respectively). In the study, agricultural land 

use systems (LUS) had the highest silt content 
at both depths, with values of 43.35% at 0–15 
cm and 43.35% at 15–30 cm, followed by 
horticulture, tea plantations, and forest LUS. 
Tea plantations exhibited significant variation 
in silt content between depths, with 27.38% at 
0–15 cm and 29.21% at 15–30 cm. Horticultural 
land had higher silt content at the 0–15 cm 
depth (47.47%) than at 15–30 cm (42.23%). 
Conversely, forest areas showed a consistent 
decrease in silt content from 37.71% at 0–15 cm 
to 36.21% at 15–30 cm. Among the various land 
use types and soil depths, tea plantations had 
the highest clay content at both depths, with 
53.16% at 0–15 cm and 53.49% at 15–30 cm, 
followed by forest areas, agriculture, and 
horticulture. 
 

Soil pH levels varied across different land use 
systems and soil depths. Agriculture has slightly 
acidic pH values, with values of 5.4 at 0–15 cm 
depth and 5.39 at 15–30 cm depth (Table 2). Tea 
plantations have comparatively lower pH levels, 

measuring 4.5 at 0–15 cm depth and 4.39 at 15–30 cm depth. 
Horticulture and forest areas have similar pH values, ranging from 
4.4 to 4.7 across depths. In terms of electrical conductivity (EC), 
agriculture soils have lower values than tea, horticulture, and forest 
areas (Table 2). In agriculture, the EC is 0.70 dS m-1 at the 0–15 cm 
depth and decreases to 0.40 dS m-1 at the 15–30 cm depth. Tea 
plantations have relatively high EC values, with 0.78 dS m-1 at the 
0–15 cm depth and 0.62 dS m-1 at the 15–30 cm depth. Horticulture 
has intermediate EC values, whereas forest areas have the highest 
EC values, indicating greater ionic concentrations in the soil 
solution. The organic carbon content varies across different land 
uses and soil depths. Forest soils have the highest organic carbon 
content, likely due to the continuous input of organic matter and 
minimal soil disturbance, with values of 1.1% at 0–15 cm and 1.0% 
at 15–30 cm (Table 2). The organic carbon content of agricultural 
soils decreases with depth, from 0.7% at 0–15 cm to 0.4% at 15–30 
cm. Tea plantations and horticulture presented intermediate 
values, with tea soils containing 0.8% and 0.6%, respectively, and 

Table 1. Effects of different land use systems on soil separates 
 

 
Land Use system 

Sand 
(%) 

Silt 
(%) 

Clay 
(%) 

0-15 cm 15-30 cm 0-15 cm 15-30 cm 0-15 cm 15-30 cm 
Agriculture 18.57 ± 4.4a 16.72 ± 4.1a 43.34 ± 3.7b 43.34 ± 3.6a 38.01 ± 2.7b, c 39.41± 2.5bc 

Tea 19.46 ± 3.4a 17.30 ± 3.2a 27.38 ± 6.1d 29.21± 5.9c 53.15 ±5.6a 53.48 ± 5.4a 
Horticulture 21.52 ± 6.4a 19.52 ± 6.1a 47.47 ± 7.7a 42.22 ± 7.4a 34.97 ± 4.5c 37.97 ± 4.4c 
Forest 19.12 ± 5.4a 19.62 ± 5.2a 37.70 ± 2.4c 36.20 ± 2.3b 43.16 ± 3.7b 44.16 ± 3.6b 

The values followed by different lowercase letters are significantly different according to Duncan’s multiple range test at P ≤0.05. Significant differences with 
respect to land use. 

 
 

Table 2. Effects of different land use systems on EC, pH and SOC 
 
Land Use system 

pH EC (dS/m) SOC (%) 
0-15 cm 15-30 cm 0-15 cm 15-30 cm 0-15 cm 15-30 cm 

Agriculture 5.4 ± 0.1a 5.39 ± 0.09a 0.6 ± 0.12a 0.6 ± 0.10a 0.70 ± 0.07b 0.40 ± 0.03c 
Tea 4.5 ± 0.3b 4.39± 0.22c 0.40 ± 0.09c 0.30 ± 0.09c 0.78 ± 0.11b 0.62 ± 0.05b 
Horticulture 4.7 ± 0.2b 4.70 ± 0.15b 0.42 ± 0.08bc 0.31 ± 0.05c 0.71 ± 0.07 b 0.56 ± 0.05bc 
Forest 4.4 ± 0.2b 4.49 ± 0.18bc 0.43 ± 0.06b 0.41 ± 0.06b 1.05 ± 0.05a 0.95 ± 0.04a 

The values followed by different lowercase letters are significantly different according to Duncan’s multiple range test at P ≤0.05. Significant differences with 
respect to land use. 

 
 

Table 3. Effects of different land use systems on micronutrients 
 

Micronutrients Depth Agriculture Tea Horticulture Forest 
Fe (mg/kg) 0-15 cm 82.15 ± 12a 96.45 ± 19.12a 76.40 ± 11.20a 66.13 ± 16.12a 

15-30 cm 82.12 ± 10a 93.30 ± 19a 76.31 ± 10.05a 66.41 ± 15.06a 
Zn (mg/kg) 0-15 cm 0.54 ± 0.21b 0.62 ± 0.15b 0.55 ± 0.12b 0.80 ± 0.10a 

15-30 cm 0.53 ± 0.10b 0.57 ± 0.11b 0.55 ± 0.10b 0.81 ± 0.13a 
Cu (mg/kg) 0-15 cm 1.45 ± 0.17b 1.49 ± 0.18b 1.13 ± 0.17 c 1.59 ± 0.18a 

15-30 cm 1.45 ± 0.13b 1.44 ± 0.15b 1.13± 0.15 c 1.59 ± 0.14a 
Mn (mg/kg) 0-15 cm 33 ± 8.13a 39 ± 12.15a 52 ± 19.4 a 34 ± 8.14a 

15-30 cm 33 ± 8.13a 36 ± 9.15a 52 ± 19.1a 34 ± 8.14a 
The values followed by different lowercase letters are significantly different according to Duncan’s multiple range test at P ≤0.05. Significant differences with 

respect to land use. 
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horticulture soils containing 0.7% and 0.6%, respectively, at 
different depths.  
 

The cation exchange capacity (CEC) varies marginally across 
different land use systems and soil depths. Agriculture has a CEC 
of approximately 10.67 cmol (+) kg-1 soil at both the 0–15 cm and 
15–30 cm depths. The tea plantations presented slightly higher 
CEC values, with values of approximately 11.52 cmol (+) kg-1 soil at 
both depths. Horticulture has a CEC of approximately 9.10 cmol 
(+) kg-1 soil at both depths, whereas forest areas have a CEC of 
approximately 9.79. The base saturation (%) in agriculture was 
relatively stable, with values of approximately 57.67% at both 
depths. The base saturation of tea plantations decreased from 
approximately 32.02% at the 0–15 cm depth to 30.02% at the 15– 
 
30 cm depth. Horticulture exhibited an increase in base saturation 
(%) from approximately 50.51 at 0–15 cm depth to 52.51 at 15–30 
cm depth. Forest areas also show an increase in base saturation (%) 
from approximately 32.55 at 0–15 cm depth to 34.65 at 15–30 cm 
depth. Clay and organic matter contents are the main determinants 
of the CEC.  
 

The available nitrogen in agricultural land was 325 kg ha-1 at the 0–
15 cm depth and decreased to 312 kg ha-1 at the 15–30 cm depth 
(Figure 3). The available nitrogen of tea plantations slightly 
decreased from 326 kg ha-1 at the 0–15 cm depth to 317 kg ha-1 at 
the 15–30 cm depth. The horticultural land had relatively high 
nitrogen availability, with 336 kg ha-1 at the 0–15 cm depth and 321 
kg ha-1 at the 15–30 cm depth. Forested land had the overall highest 
nitrogen availability, with 372 kg ha-1 at the 0–15 cm depth and 359 
kg ha-1 at the 15–30 cm depth. The phosphorus availability in 
agricultural soil was 38.2 kg ha-1 at 0–15 cm depth and 36.7 kg ha-1  

at 15–30 cm depth. The tea plantations presented relatively high 
phosphorus levels, with 42.0 kg ha-1 at 0–15 cm and 41.0 kg ha-1 at 
15–30 cm. Horticultural land presented phosphorus availability of 
30.5 kg ha-1 at 0–15 cm depth and 29.0 kg ha-1 at 15–30 cm depth. 
The forest soil had the lowest phosphorus levels, with 17.4 kg ha-1 

at 0–15 cm and 15.5 kg ha-1 at 15–30 cm. The potassium availability 
was 170 kg ha-1 at 0–15 cm and increased slightly to 175 kg ha-1 at 
15–30 cm in agricultural land. Tea plantations presented high 
potassium levels, with values of 188 kg ha-1 at 0–15 cm and 189 kg 
ha-1 at 15–30 cm. Horticultural land has a potassium availability of 
180 kg ha-1 at 0–15 cm depth and 184 kg ha-1 at 15–30 cm depth. 
The forest soil had the highest potassium availability, with 191 kg 
ha-1 at both the 0–15 cm and 15–30 cm depths. Sulfur availability 
in agricultural land was 15.0 kg ha-1 at 0–15 cm depth and 
decreased to 13.5 kg ha-1 at 15–30 cm depth. The tea plantations 
had lower sulfur levels, with 13.4 kg ha-1 at 0–15 cm and 13.1 kg ha-

1 at 15–30 cm. Horticultural land presented a sulfur availability of 
15.3 kg ha-1 at 0–15 cm depth and 14.3 kg ha-1 at 15–30 cm depth. 
The forest soil had the lowest sulphur level, at 9.3 kg ha-1 at 0–15 
cm and 8.9 kg ha-1 at 15–30 cm. 
 

The highest concentration of Fe was observed in tea plantations, 
with values of 95.9 mg kg-1 at the 0–15 cm depth and 92.9 mg kg-1 
at the 15–30 cm depth (Table 3). The lowest concentration was 
recorded in forest soils, with 66.1 mg kg-1 at the 0–15 cm depth and 
66.3 mg kg-1 at the 15–30 cm depth. Agriculture and horticulture 
land use types presented intermediate Fe concentrations. 
Horticulture land presented the highest Mn content, with 51.6 mg 
kg-1 at 0–15 cm depth and 51.6 mg kg-1 at 15–30 cm depth. Tea 
plantations had the second highest Mn concentrations, followed by 
forest soils and agricultural land, which presented the lowest Mn 
concentrations. The forest soils presented the highest Zn contents 
at both the 0–15 cm (0.80 mg kg-1) and 15–30 cm (0.81 mg kg-1) 
depths (Table 3). Agriculture presented the lowest Zn 
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concentration. As shown in Table 3, forest soils also presented the 
highest Zn content at both depths (1.59 mg kg-1 at 0–15 cm and 
1.594 mg kg-1 at 15–30 cm), whereas horticulture soils presented 
the lowest values. The forest soils presented the highest Zn 
contents at both the 0–15 cm (0.80 mg kg-1) and 15–30 cm (0.805 
mg kg-1) depths, as shown in Table 3. Agriculture presented the 
lowest Zn concentration. As shown in Table 3, forest soils also 
presented the highest Zn content at both depths (1.59 mg kg-1 at 0–
15 cm and 1.594 mg kg-1 at 15–30 cm), whereas horticulture soils 
presented the lowest values. 
 

The results of all the soil samples from all the land use systems were 
compiled and analysed for the Pearson correlation matrix, and the 
physical and chemical parameters showed both positive and 
negative relationships. The correlation matrix for various soil 
properties reveals several significant relationships that are crucial 
for understanding soil fertility and management. Positive 
correlations are represented in shades of blue, whereas negative 
correlations are represented in red (Figure 4). By analysing these 
correlations, users can make informed decisions about 
fertilization, soil amendment, and other management practices to 
optimize soil. 
 

4. Discussion 
 

Soil properties are influenced by various factors, including climate, 
topography, parent material, vegetation, and human activities. 
Among these factors, land use changes significantly affect soil 
properties by disrupting the natural balance of soil formation and 
accelerating soil erosion. In the long term, frequent tillage in 
agricultural lands can lead to the breakdown of soil structure 
(Schlüter et al., 2018). This process causes finer particles to move 
below the root zone, resulting in soil compaction (Badalíková, 
2010), which, in turn, hinders water percolation. Increased runoff 
due to compaction, along with the relatively high sand and silt 
content at the surface, intensifies soil erosion and nutrient loss 
(Wolka et al., 2021). In contrast, permanent vegetative cover in 
horticultural and forest areas protects the soil from erosion, 
thereby reducing particle loss. The permanent vegetative cover in 
tea plantations helps reduce soil erosion, preserving finer particles 
and contributing to the high clay content. Additionally, tea 
plantations often employ mulching and organic amendments to 
improve soil fertility, further enhancing the proportion of finer 
particles. Slope also plays a role in soil particle distribution by 
affecting erosion, deposition, transport, and hydrological 
processes. Steeper slopes tend to erode finer particles downslope, 
while gentler slopes promote particle deposition (Deka et al., 
2009).  
 

Forest soils experience minimal human intervention, allowing 
natural processes to dominate. This often leads to stable, acidic pH 
values due to the accumulation of organic acids from decaying 
plant material (Jiang et al., 2018). Tea plants thrive in acidic soils, 
so tea plantations are commonly established in naturally acidic 
environments or managed to maintain acidic conditions. The use 
of fertilizers like ammonium sulfate can further reduce soil pH over 
time, increasing soil acidity. In agricultural LUS, much of the land 
is used for rice cultivation (Wang et al. 2020). Rice, as a monocot, 
tends to absorb fewer divalent cations than monovalent cations 
(Tisdale et al., 1985), which may explain the higher pH observed in 
agricultural lands. Additionally, the rate of crop residue removal is 
high, while residue addition is low. 
In the study area, electrical conductivity (EC) values were well 
below the limits (0–1.0 dS m-1) considered optimal for the growth 
of most plant species and microbial activity (Smith et al., 1996). 
Across all land uses, the upper soil layer typically contains higher 
organic carbon (OC) than the subsoil layers, likely due to the input 
from litterfall (Panwar et al., 2011; Mourya et al., 2021). This 
finding is consistent with previous observations by Reza et al 
(2011), who reported higher OC levels in soils from horticultural 
and forest systems compared to agricultural lands. The relatively 
low cation exchange capacity (CEC) across land uses can be 
attributed to the dominance of low-activity clays like kaolinite, 
which result from advanced weathering under hot, humid 
conditions. This weathering leads to the leaching of bases, resulting 
in low base saturation (Hota et al., 2022; Reza et al., 2024). 
Nutrient availability varies across land uses due to several factors. 
Forested areas, tea plantations, and horticultural lands often 
benefit from natural nutrient cycling and organic matter 
accumulation, enhancing soil fertility. In contrast, agricultural 
lands may experience nutrient depletion due to intensive farming 
practices and limited organic inputs (Sileshi et al., 2020). Soil 

depth also influences nutrient distribution, with surface layers 
generally richer in nutrients due to organic inputs and biological 
activity. 
 

5. Conclusion 
 

The results of the present study revealed a substantial decline in 
essential nutrients and soil properties from forests to other LUS, 
with horticulture and agriculture resulting in marked reductions in 
organic carbon, nitrogen, potassium, sulfur and base saturation. 
This degradation suggests that converting forests to agricultural or 
horticultural land can negatively impact soil health. Compared 
with agricultural and horticultural plantations, tea plantations 
have relatively balanced impacts, with fewer reductions in key 
nutrients but still show declines in OC, N, and S. The 
implementation of best practices to replenish depleted nutrients 
and maintain soil fertility is crucial for sustainable land 
management. These findings serve as valuable guides for 
policymakers and farmers to increase soil resilience, achieve higher 
agricultural productivity, and ensure long-term sustainability in 
the NER of India. 
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