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ABSTRACT
Soil is the largest carbon reservoir, contains soil organic 
carbon (SOC) influenced by soil properties that is vital for 
soil fertility and carbon management. This study assessed 
physicochemical properties in grasslands and forests within 
the Annapurna Conservation Area (ACA) and Shivapuri 
Nagarjun National Park (SNNP) across temperate and 
subtropical zones. The soil temperature was lower and 
soil moisture was higher in the temperate ACA grassland, 
compared to sub-tropical SNNP, and in forests compared 
to the grasslands. Soil electrical conductivity was higher in 
ACA grasslands than forests, but lower in grassland than 
forests in SNNP, and overall lower in ACA than in SNNP. 
Both soil pH and bulk density were higher in grasslands than 
forests at ACA and SNNP, with a sandy loam soil texture 
across sites. Soil organic carbon (SOC) and organic matter 
were higher in ACA than SNNP, with ACA grasslands and 
SNNP forests showed the highest values. Soil properties 
differed significantly between grasslands and forests, with 
soil parameters varying across land uses and climate zones. 
Most soil characteristics apart SOC being more pronounced 
in temperate zone than in subtropical one. Hence, grassland 
and forest soils are key carbon sinks, and these soils require 
proper management, assessment and conservation.
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1.	 INTRODUCTION
Soil is the largest carbon reservoir in the terrestrial carbon 
cycle, holding nearly three times more carbon than all of Earth’s 
vegetation combined (Sheikh et al. 2009). Carbon is stored in 
soil through contributions from aboveground organic biomass 
and root inputs (Beniston et al. 2014). Understanding how soil 
organic carbon (SOC) is distributed within the soil profile is vital 
for assessing soil fertility, health, carbon stock, and management 
practices, as this distribution varies across different vegetation 
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types and land uses (Kopittke et al. 2022; Feeney et al. 
2024). Research has shown significant variations in soil 
physicochemical parameters across different land use 
systems (Tellen et al. 2018). 

The soil physicochemical properties like soil organic 
carbon (Shapkota et al. 2021), soil organic matter 
(Mayer et al. 2020), soil temperature and soil moisture 
(Tang et al. 2022), soil bulk density and pH (Zhang et 
al. 2018), soil texture (Iranmanesh and Sadeghi 2019) 
and electrical conductivity (Win et al. 2025) are the 
most recognized key factors influencing soil quality, 
vegetation growth, productivity, and carbon storage and 
sequestration, that might vary with seasonal variations, 
land use changes and ecological zones. More than 75% 
of SOC in the top meter of soil is directly influenced 
by human land use (Harden et al. 2018). The primary 
source of organic matter in soil comes from dead 
plant material (litter) derived from both above and 
below ground tissues (Mayer et al. 2020). Soil texture 
is one of the regulating elements that affects carbon 
sequestration and storage (Iranmanesh and Sadeghi 
2019). The SOC levels in sandy soils are frequently 
low, and are considered to have a low capacity for 
sequestering SOC (Adhikari et al. 2017). 

Nepal’s grasslands cover 1.75 million hectares, 
providing crucial services like water filtration, 
biodiversity preservation, and soil erosion control 
(Shrestha et al. 2016). According to estimates, 0.2-0.8 
Gt CO2 per year can be absorbed in grassland soils by 
2030 if management practices are altered (Ghosh et al. 
2014). At the same time forests are believed to store 
the largest amount of carbon in terrestrial ecosystems 
(Bonan et al. 2008). The SOC concentration in the 
forest soil was significantly greater than that of other 
land uses (Alidoust et al. 2018). There are an estimated 
726 million ha of forest in protected areas worldwide 
(FAO 2020). 

There are currently more than one trillion tons of 
carbon stored in the world’s forests and soils (Oli et 
al. 2009). Forests contain significant amounts of SOC, 
which must be preserved to prevent climate change (Ali 
et al. 2020). The SOC sequestration is influenced by 
temperature, soil, tree species, management practices, 
and litter composition (Lal et al. 2005). Accurate 
estimates of SOC decomposition and carbon emissions 
are vital for carbon modeling and decision-making 
(Zhong et al. 2017, Dhital et al. 2019, 2022b). Forest 
and grassland soils store significant carbon (Meena et 

al. 2018), and forests impact carbon storage capacity 
(Subashree et al. 2019). Protected areas store 0.5 Pg 
of carbon annually, but this is expected to decrease by 
2100 due to climate change (Melillo et al. 2016). Land 
use changes may convert 5.6 million km² of protected 
areas (Panchal et al. 2022). 

Measuring soil parameters helps predict the long-term 
effects of land use and climate changes (Bhutia et al. 
2021). Plant remains contribute most carbon inputs to 
ecosystems (Paustian et al. 2019). Soils in cold, high-
altitude areas store significant belowground carbon but 
are sensitive to climate change (Pan et al. 2011, Dhital 
et al. 2022a). Estimating key soil property like SOC 
can be enhanced using climate proxies like elevation, 
land use, soil practices, and vegetation (Wiesmeier et 
al. 2019). This study aimed to examine the various soil 
physicochemical properties, including temperature, 
moisture content, electrical conductivity, pH, bulk 
density, texture, organic carbon and organic matter 
of the soil, in the different land use types such as 
grasslands and forests of the temperate and subtropical 
zones within the Annapurna Conservation Area (ACA) 
and Shivapuri Nagarjun National Park (SNNP) in 
protected areas of Nepal.

2.	 MATERIAL AND METHODS

2.1 Study Site 

2.1.1 Grassland (ACA Grassland 1) and forest (ACA 
Forest 1) site of the Annapurna Conservation Area  

The temperate grassland site (ACA Grassland 1) and 
forest site (ACA Forest 1) of size 100m×100m in the 
Annapurna Conservation Area (ACA) was selected for 
this study which is located in the Ghorepani area. The 
grassland site is situated at an elevation of 2900 m asl 
(Figure 1i). Sampling points were chosen within the 
coordinates 28°24’211.1” N latitude and 83°41’752” 
E longitude. The plant species like Potentila fulgens, 
Rumex nepalensis, Hemiphragma heterophyllum 
etc., were dominated in the ACA grassland 1. 
The grassland was surrounded by Rhododendron 
(Rhododendron arboreum) forests and moderately 
grazed with minimal human disturbance. The forest 
site is located at the coordinates between 28°24’5.41” 
N latitude and 83°42’11.9” E longitude. It is situated 
at an altitude of 2870 m asl (Figure 1i). The forest is 
primarily dominated by Rhododendron (Rhododendron 
arboreum) trees, with a few Acer spp. also present in 
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the forest. It is a deciduous temperate forest, free from 
human disturbances as it is located in a protected area.

The Ghorepani area falls within the temperate climatic 
zone, with the average annual temperature over the 
past ten years (2013–2022) reaching a maximum of 
20.4°C and a minimum of 12.13°C. Air temperature 

consistently increased above 20°C from June to August, 
while temperature dropped below 12°C from December 
to February. Over the period, total  annual precipitation 
of the study site was recorded 2557.56 mm, with the 
highest rainfall recorded in July (666.98 mm) Likewise 
(Figure 2a).
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Fig 1: Location map of (i) (a) Annapurna Conservation Area (ACA) in Nepal (b) Ghorepani in ACA (c) Grassland 
I and forest I in Ghorepani and (ii) (a) Shivapuri-Nagarjun National Park (SNNP) in Nepal (b) Study site in 
SNNP (c) grassland II and forest II in the study site

Fig 2:  Monthly average ten years mean (from 2013 to 2022) precipitation, and maximum and minimum 
air temperatures of (a) Ghorepani in ACA and (b) Kakani in SNNP (Source: Department of Hydrology and 
Meteorology, Government of Nepal, Kathmandu, Nepal)
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2.1.2 Grassland (SNNP Grassland 2) and forest 
(SNNP Forest II) site of Shivapuri Nagarjun National 
Park 

The sub-tropical grassland (SNNP Grassland 2) 
and forest (SNNP Forest II) of sampling plot size 
100m×100m in the Shivapuri Nararjun National Park 
(SNNP) was selected for this study. The grassland lies 
within 27°48′48″ to 27°49′17″N latitude and 85°18′31″ 
to 85°19′17″E longitude in the Suryachaur area. The 
altitude was 1979 m asl (Figure 1ii). The plant species 
like Ageratina adenophora, Artemisia vulgaris, 
Melastoma malabathricum etc., are dominated in the 
SNNP grassland II. The area was over grazed and 
frequent human disturbances was observed. The forest 
is located in the Gurje bhanjyang area of the Shivapuri-
Nararjun National Park (SNNP), with the coordinates 
27°48′48″N latitude to 85°19′20″E longitude and lies at 
1882 m asl altitude (Figure 1ii). The forest is dominated 
with Pinus roxburghii, Castanopsis indica and Schima 
wallichii, etc. It is a mixed forest with minimal human 
disturbance.

The study site in the Shivapuri-Nagarjun National Park 
(SNNP) area falls within the sub-tropical climatic zone, 
with the average annual temperatures over the past ten 
years (2013–2022) reaching a maximum of 27.5°C 
and a minimum of 16.4°C. Air temperatures from June 
to August increased above 26°C and dropped below 
15°C from December to February.  The total of annual 
precipitation over the period of ten years in this study 
site was recorded as 2612.2 mm, with the highest 
rainfall recorded in July at 690.6 mm in average (Figure 
2b).

2.2 Methods of Data Collection 

2.2.1 Sampling design 

The study area was categorised into grasslands and 
forest sites within the Annapurna Conservation Area 
(ACA) in the Temperate zone and the Shivapuri-
Nagarjun National Park (SNNP) in the Subtropical 
zone of Nepal. The study area of size 70m×70m were 
selected in the ACA Grassland I, ACA Forest I, SNNP 
Grassland II and SNNP Forest II within the grasslands 
and forests in each site for sample collection and 
measurements. The sampling and measurements were 
conducted in pre-monsoon season, from March to May 
in the year 2023.

2.2.2 Soil sample collection 

A total of 15 random sampling points were selected 

from 15 subplots in the study area of ACA Grassland 
I, ACA Forest I, SNNP Grassland II and SNNP Forest 
II for soil sample collection to make sure every part of 
the site was included, and precise data collection and 
representation. Samples were taken from a depth of 
15 cm at each site using a stratified random sampling 
approach. The sample was taken with a sampler volume 
117.75 cm3 (a metallic cylinder with a diameter of 5 cm 
and a height of 6 cm).  Zip lock polythene bags were used 
to collect the soil sample. The geographical coordinates 
and elevations of the sampling sites were recorded using 
the GPS (global positioning system). For bulk density 
analysis, soil samples were taken up to 15 cm depth. 
Additionally, 300 gm soil samples were collected for 
soil properties analysis. At the sampling locations, soil 
temperature was measured. The collected soil samples 
were carried to the laboratory at the Nepal Academy 
of Science and Technology (NAST) immediately after 
collection and were then processed for the necessary 
laboratory analysis for the measurements of moisture 
content, electrical conductivity (EC), pH, bulk density 
(BD), texture, organic carbon (SOC) and organic matter 
(OM) of the soil. 

2.2.3 Soil temperature measurement

The soil temperature at a depth of 5 cm from the study 
sites in the grasslands and forests of ACA and SNNP 
was recorded using a digital lab stem thermometer 
(MEXTECH Multi-Stem Thermometer, ST9283B, 
India) during the soil sample collection period.	

2.2.4 Moisture content (MC) measurement

A total of 50 g fresh soil sample was weighed and kept 
at 100°C in an oven for 48h in order to determine its 
moisture content. The oven-dried soil sample was left 
for 24 hrs to cool down and weighed. The same steps 
were followed for all soil samples to determine the 
moisture content.

The percent of moisture content was calculated by 
using formula:

% of Moisture content = 

Where,

W1 = Initial weight of sample

W2 = Final (air dry) weight of sample
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2.2.5 Soil electrical conductivity (EC) measurement

A digital conductivity meter was used to measure soil 
EC. The 20 gm of soil was taken in a beaker and 40 ml of 
distilled water was added and it was vigorously stirred. 
Then, left for an hour with continuous stirring. The 
electrode of the EC meter was dipped into the beaker, 
and the obtained value was noted. After determination 
of each sample, electrode was rinsed with distilled 
water (Smith and Doran 1997).

2.2.6 Soil pH measurement

Using a digital pH meter, the soil pH was determined. 
At first, a beaker was taken and 20 g soil sample was 
placed in the beaker. Then 40 ml of distilled water was 
poured ointo the sample. Further, the mixture was gently 
stirred for 5 minutes with a clean glass rod, and was left 
for 30 minutes to allow the suspension to settle. Then, a 
pH meter was calibrated before the measurement using 
buffer solution. The electrode was then placed into the 
beaker to get a pH reading. 

2.2.7 Bulk density (BD) measurement

Bulk density (BD) of soil was determined by using the 
core method (Blake and Hartge,1986). The soil sample 
of volume 117.7 g cm-3 was sampled from the study 
sites and at the laboratory of NAST and oven dried at 
105℃ for 24 hours. The BD was estimated by:

Bulk Density (BD) = 

Where, V is the volume of core sampler auger in cm3

Volume of core sampler was calculated by using 
formula:

Volume (V) = h x Πr2

 Where, V is the volume of the soil in the core sampler 
in cm3,

‘h ‘is the height of the core sampler in cm and,

‘r ‘is the radius of the core sampler in cm

2.2.8 Soil texture measurement

The soil texture of the sample was determined by 
using hydrometer (Pradhan et al. 1996). A 50 g of soil 
was transferred to 1000 ml jar and 100 ml of sodium 
hexametaphosphate was added. To that suspension 
on 250 ml of distilled water was added, stirred well 
and left overnight. Day after, water was added to the 
solution up to 1000ml, cork was placed and shaked 

well. The mixture was then left for sediment action 
for 40 seconds. After 40 seconds, initial reading was 
observed,  was left for 3 hours for particles settlement 
and the final reading was taken. Lastly, blank (without 
soil sample) reading was taken. The temperature of the 
solution was also noted using a thermometer.

The soil texture was calculated using a formula,

(Silt+ clay) %= Hydrometer reading at 40 second + 0.3 
* (t-20°C)

 Clay %= Reading after 3 hours + 0.3 * (t-20°C)

 Sand %= 100 − (Silt + clay) %

  Silt %= (Silt + clay) % − Clay %

According to obtained proportions of sand, silt and clay, 
soil textural classes of the samples were calculated.

2.2.9 Soil organic carbon (SOC) measurement

Soil organic carbon (SOC) was determined by 
titrimetric method (Walkley and Black 1934). A total 
of 0.25 g of the soil was taken in a dried 500 ml conical 
flask, to which 10 ml of normal potassium dichromate 
(1N K2Cr2O7) was added. Then, 20 ml of sulphuric 
acid (H2SO4) was added and was gently stirred. The 
mixture was left for half an hour. During this time, 
the potassium dichromate oxidizes the organic carbon 
present in the soil. After 30 minutes, 100 ml of distilled 
water was added to dilute the suspension of the flask 
and cooled. Then, 10 ml of phosphoric acid and 1 ml 
of diphenylamine indicator were added. After that, 
the sample was titrated with 0.5N ferrous ammonium 
sulphate (FAS) to notice the endpoint. At the endpoint, 
the colour turned into brilliant green. Further, for blank 
sample, same amount of chemical was used in the 
process. The blank titration was run without the soil 
and the endpoint was noted. The soil organic carbon 
content (SOC%) was calculated using the formula:

Here,

N= Normality of ferrous ammonium sulphate

0.003 is a factor to convert the amount of dichromate 
into organic carbon.

The carbon stock of soil was calculated as,

SOC Stock= ρ × d × %C
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 Where,

SOC = Soil organic carbon stock per unit area (t ha-1)

ρ = Soil bulk density (g cm-3)

d = The total depth at which the sample was taken (cm) 
and

 %C = SOC (%)

2.2.10 Soil organic matter (SOM) measurement

The soil organic matter (SOM) was estimated by 
multiplying the soil organic carbon content by a 
conversion factor of 1.724, since SOM is typically 
considered to contain about 58% organic carbon on 
average i.e. 100% (SOM)/58% (SOC) (Douglas 2010).

Then,

 Soil organic matter (%) = Total soil organic carbon % 
× 1.724

2.3 Statistical Analysis

The mean values and standard errors of soil 
physicochemical parameters were calculated for both 
land use types in temperate and subtropical climates. 
A t-test and correlation analysis were conducted using 
Microsoft Excel (version 2013) and R (version 4.3.2) 
to compare soil property differences (p<0.05) and 

correlate MC, EC, pH, BD, SOC, and OM. 

3.	 RESULTS

3.1 Soil Temperature

In the Annapurna Conservation Area (ACA), the 
average soil temperature at a 5 cm depth was recorded 
at 9.9°C in ACA grassland I (n=15), while in ACA forest 
I, it was 5.2°C. Similarly, in the Shivapuri-Nagarjun 
National Park (SNNP), the soil temperature at a 5 cm 
depth was measured at 21.5°C in SNNP grassland II 
and 15.1°C in SNNP forest II. The soil temperatures 
across the different land use types showed statistically 
significant (p<0.05) variation (Figure 3a).

3.2 Soil Moisture Content (MC)

The soil moisture content in the ACA grassland I 
and forest I were measured at 20.7% and 22.3%, 
respectively. Similarly, the average soil moisture content 
(n=15) in the SNNP grassland II and forest II were 
20.1% and 18.5%, respectively. This indicates that the 
grassland and forest in the temperate climatic zone in 
ACA had higher soil moisture content compared to the 
subtropical zone (Figure 3b). However, the differences 
in soil moisture content between these two climatic 
zones were not statistically significant (P>0.05, i.e., 
0.33 in grassland and 0.56 in forest).

Fig 3: (a) Soil temperature and (b) soil moisture content variations in two land use types; grasslands and forests 
in ACA and SNNP; Error bar-Standard error
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3.3 Soil Electrical Conductivity (EC)

The average (n=15) soil electrical conductivity (EC) 
of ACA grassland I was 296 µs cm-3, while that of the 
forest was 260 µs cm-3, indicating that the grassland soil 
had a higher EC than the forest. In contrast, the average 
EC of SNNP grassland II was 270 µs cm-3, whereas 
the forest had a higher EC of 358 µs cm-3 (Figure 4a), 
meaning the grassland soil had a lower EC compared to 
the forest. Statistical analysis of the EC values showed 
no significant difference between the land use types 
(P>0.05).

3.4 Soil pH

The average pH of ACA grassland I was 6.35 (n=15), 
which is nearly neutral and indicates a weakly acidic 
soil pH. In contrast, the pH of ACA forest I soil was 
4.86, which is acidic. The mean pH of SNNP grassland 
II was 6.31, also nearly neutral, while the pH of SNNP 
forest II soil was 4.7, indicating acidity (Figure 4b) . 
Both the ACA and SNNP forest soils were found to 
be acidic, while the grasslands were nearly neutral. 
Statistically significant differences in soil pH were 
observed between the different land use types (p<0.05).

Fig 4: (a) Soil electrical conductivity (µs cm-3) (b) soil pH and (c) bulk density (g cm-3) variations in two land 
use types in ACA and SNNP; Error bar-Standard error

3.5 Soil Bulk Density (BD)

The average bulk density of the ACA grassland I was 
1.04 g cm-3 (n=15), while the forest I had a BD of 0.86 
g cm-3. In the SNNP, average BD was 1.09 g cm-3 in 
grassland II and 0.83 g cm-3 in forest II (Figure 4c). The 
findings indicated that the grasslands at both study sites 
had a higher BD compared to the forest sites. Significant 
variations (p<0.05) in BD were observed between 
different land use types within the same climatic zone.

3.6 Soil Texture

In both ACA and SNNP, forest soils (n=15) had a 
greater average clay percentage than grassland soils, 
with values of 16.4% and 11.7% for forests, and 13.9% 
and 9.0% for grasslands, respectively.

However, the clay percentage was higher in the ACA 
than the SNNP in both forests and grasslands (Figure 
5a). The clay percentage was statistically not varied 
(p>0.05) in grassland and forest of the ACA, while it was 
significantly varied (p<0.05) in SNNP sites. The sand 
percentage in grassland soils was higher than in forest 

soils for both the Annapurna Conservation Area (ACA) 
and Shivapuri-Nagarjun National Park (SNNP), with 
values of 72.9% and 78.6% for grasslands, and 65.5% 
and 74.9% for forests, respectively. Thus, it shows that 
the soil under forests have less sand percent (Figure 
5b). The statistical calculation justified for significant 
variation in sand percentage between land use type in 
both climatic zones (p<0.05). The silt percentage in 
ACA and SNNP grasslands have less silt percentage 
was (13.2% and 12.4%), than the respective forests 
was (18.1% and 13.4%) (Figure 5c). The statistical 
calculation revealed that there was significant (p<0.05) 
variation between grassland and forest of ACA, whereas 
no significant variation (p>0.05) in grassland and forest 
of SNNP region. The overall estimation of the soil 
texture on the basis of the soil particle sizes the study 
sites among grasslands and forests indicated that all 
of the soils have sandy loam texture, characterized by 
high percentage of sand (greater than 50% in all cases), 
moderate to low percentages of clay (between 8-17%) 
and moderate amounts of silt (12-18%) (Table 1).
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Table 1: Soil particle size distribution and texture in two land use types in the Annapurna Conservation Area 
(ACA) and Shivapuri-Nagarjun National Park (SNNP)

Particle size distribution
Land use type Clay % Sand % Silt % Texture
ACA Grassland 13.9 ±3.46 72.9 ±7.67 13.2 ±4.59 Sandy loam
ACA Forest 16.38 ±3.49 65.49 ±6.46 18.13 ±3.31 Sandy loam
SNNP Grassland 8.97 ±2.46 78.63 ±3.44 12.4 ±1.76 Sandy loam
SNNP Forest 11.7 ±2.83 74.9 ±4.27 13.4 ±2.41 Sandy loam

± indicates Standard error (SE)

Fig 5: (a) Clay, (b) sand and (c) silt percentage (%) variations in the grasslands and forests of ACA) and 
(SNNP); Error bar-Standard error

Fig 6: Soil organic matter variation in two land use 
types in ACA and SNNP; Error bar-Standard Error

3.7 Soil Organic Matter (SOM)

The soil under ACA grassland I had an average (n=15) 
organic matter content of 13.8%, while the forest I soil 
contained 11.3%, which was comparatively lowered 
than the grassland I. In the SNNP region, the grassland 
II soil had an average organic matter content of 6.1%, 
while the forest II soil had 10.1%, showing a higher 
organic matter content in the forest compared to the 
grassland. Statistical analysis revealed significant 
differences (p<0.05) in soil organic matter across the 
various land use types in these study sites.
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Fig 7: Soil organic carbon (SOC, t ha-1) variations in 
the grasslands and forests of ACA and SNNP; Error 
bar-Standard error

3.8 Soil Organic Carbon (SOC)

This study found that the average soil organic carbon 
(SOC) in ACA grassland I across all sampling sites 
(n=15) was 123.2 t ha-1, which was the highest value 
recorded among both climatic zones. In comparison, 
the SOC in the ACA forest I soil was 84.6 t ha-1. The 
lowest SOC value was observed in the SNNP grassland 
II, with an average of 55.5 t ha-1, while the forest II site 

in the SNNP region had 71.7 t ha-1 (Figure 6). Statistical 
analysis revealed that there were significant differences 
(p<0.05) in SOC levels between the two land use types 
i.e. grassland and forest across both climatic zones.

3.9 Correlations between the soil physicochemical 
properties 

Correlation between various physicochemical 
properties of soil was analysed in the grasslands and 
forests of the two climatic zones in the Annapurna 
Conservation Area (ACA) and the Shivapuri-Nagarjun 
National Park (SNNP). In the ACA grassland I, pH, 
Electrical conductivity (EC), organic matter (OM), and 
moisture content (MC) all showed negative correlations 
with bulk density (BD) (r = -0.16, -0.29, -0.74, and 
-0.59, respectively), indicating if BD increases, these 
properties decrease, and vice versa. However, SOC 
showed no significant correlation with BD (r = 0.01). 

All other soil properties, except BD, were positively 
correlated with each other. In the ACA forest, soil pH 
and EC exhibited positive correlations with OM and 
MC, while pH showed a negative correlation with 
EC, SOC, and BD. The EC had a significant (p<0.05) 
negative correlation with SOC (r = -0.57). The SOC 
was negatively correlated with both MC and BD (r = 
-0.23, -0.15), and OM also had negative correlations 
with MC% and BD (r = -0.22, -0.31) (Table 2).

Table 2: Correlation between soil properties in the grassland and forest of the ACA

Soil properties  pH EC SOC OM MC BD
Grassland
pH 1          
EC 0.22 1        
SOC 0.06 0.26 1      
OM% 0.21 0.38** 0.65** 1    
MC% 0.13 0.41** 0.23 0.61** 1  
BD -0.17 -0.29 0.01 -0.74** -0.59** 1
Forest

pH 1
EC -0.13 1
SOC -0.06 -0.57 1
OM % 0.10 0.12 0.09 1
MC % 0.38 0.31 -0.23 -0.23 1
BD 0.38 0.22 -0.15 -0.32 0.19 1

**Significant at P<0.05
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Table 3: Correlation between soil properties in the 
grassland and forest of the SNNP

Soil 
properties  pH EC SOC OM % MC 

% BD

Grassland
pH 1          
EC 0.23 1        
SOC 0.25 0.37 1      
OM % 0.23 0.43 0.99 1    
MC % 0.23 -0.24 0.17 0.19 1  
BD 0.18 -0.50 -0.48 -0.55 -0.38 1
Forest
pH 1
EC -0.55 1
SOC -0.29 0.26 1
OM % -0.32 0.4 0.93 1
MC % -0.56 0.56 0.21 0.39 1
BD 0.23 -0.38 0.12 -0.22 -0.57 1

**Significant at P<0.05

In the SNNP grassland I, EC, SOC, OM, and MC were 
all negatively and significantly (p<0.05) correlated with 
BD (r = -0.50, -0.48, -0.55, -0.38), while pH showed a 
positive correlation with BD (r = 0.18). The correlation 
between EC and MC was negative but insignificant 
(p>0.05, r = -0.23). In the SNNP forest II, pH had a 
negative correlation with EC, SOC, OM, and MC (r = 
-0.55, -0.29, -0.32 and -0.56). Additionally, EC showed 
positive and significant (p<0.05) correlations with OM 
and MC (r = 0.40 and 0.56). Other soil properties were 
positively correlated with each other, with SOC and 
OM showing a strong positive and significant (p<0.05) 
correlation (Table 3).

4.	 DISCUSSION

The variations in soil and air temperature beneath the 
canopy and in open areas were strongly associated with 
solar radiation and the changes in solar energy and heat 
passing through the soil surface (Onwuka et al. 2018). 
In the hot season, area with less canopy absorbed heat 
and this supported for greater temperature in grassland 
area. Further, according to Morecroft et al. (1998), 
at two sites in the deciduous forest, it was found that 
forest soil temperature didn’t rise above 20°C and this 
outcome supported for lower soil temperature of both 
forest areas of our study compared to the grassland of 
the similar zone. However, the soil temperature in the 

ACA region of the temperate zone is lower in both land 
use types i.e. grassland and forest compared to the sub-
tropical zone of this study (Figure 3a). The presence 
of the tree canopy causes forest soil to experience 
more stable temperatures compared to the fluctuating 
temperatures in grassland soil (Lozano-Parra et al. 
2018), which results in differing vegetation responses 
to soil temperature variations in the forest and grassland 
ecosystems (Luis et al. 2021). 

Precipitation increases soil moisture and decreases soil 
temperature (Shi et al. 2011). This result supported higher 
moisture (Fig. 3b) and lower temperature (Fig. 3a) in 
ACA grassland and forest, compared to the subtropical 
zone. Forest soil moisture varies with vegetation density 
and rainfall; for example, Bangladesh’s forest moisture 
ranged from 5 to 18% (Islam et al. 2016). In this study, 
ACA grassland (20.7%) and SNNP grassland (20.1%) 
had similar moisture, while ACA forest (22.3%) had 
higher moisture than SNNP forest (19.0%) (Fig. 3b), 
which was less dense and more disturbed. Zhou et al. 
(2019) found low average soil moisture in forests with 
significant temporal variation, but more moisture was 
present in forests with increased rainfall compared 
to grasslands. Ghosh et al. (2020) reported, moisture 
content ranging from 3.41 to 28% in temperate forest 
soil at Jaldapara National Park, similar to our study, 
where soil moisture in the ACA temperate forest ranged 
from 13.14 to 26.32%.

Soil electrical conductivity (EC) indicates salt content 
and the availability of water and nutrients for plants. A 
decline in EC with lower soil temperature and increase 
with higher organic matter (OM) content was observed 
in forests (Dar et al. 2018). In this study, ACA forest 
had lower EC (260 µs cm-3) in the temperate zone, 
while SNNP forest had higher EC (358 µs cm-3) in 
the subtropical region (Fig. 4a) which may be because 
of higher soil temperature and lower OM content. 
The study by Chaneton and Lavado (1996) found 
that salinization was higher in grazed grasslands. In 
our study, the ACA grassland I (296 µs cm-3) in the 
temperate zone had higher EC, likely due to seasonal 
grazing, which may have contributed to the increased 
EC in the area. In contrast, the SNNP grassland II (270 
µs cm-3) had lower EC, possibly because of less grazing, 
disturbance, and more open vegetation.

Grassland soils are generally neutral to slightly alkaline, 
but in this study, both ACA (6.4) and SNNP (6.3) 
grasslands had weakly acidic pH. Forest soils had more 
acidic pH (4.9 in ACA, 4.8 in SNNP) of this study (Fig. 
4b) comply with the findings from Shrestha et al. (2020) 
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and Sigdel et al. (2015). Generally, decomposition of 
organic matter in forests contributes to this acidity. The 
optimal pH for soil nutrient availability and microbial 
activity is close to 7 (McCauley et al., 2009).

A soil’s bulk density (BD) is an unpredictable attribute 
that changes depending on the soil’s structural 
characteristics. In this study, the mean BD was found to 
be higher in ACA grassland I (1.04 g cm-3) and SNNP 
grassland (1.09 g cm-3) compared to the forests in ACA 
(0.86 g cm-3) and SNNP (0.83 g cm-3) (Fig. 4c). The 
higher BD in grassland than the forest, which were 1.29 
and 1.23 g cm-3, respectively were reported by Shrestha 
et al. (2020) observed in the grasslands of this study 
and most prominent in the SNNP grassland. The BD 
increases with availability of nutrients (Chaudhari et al. 
2013), grazing intensity together (Hamza and Anderson, 
2005) and vegetation. The average high BD (1.2 g cm-3) 
reported by Muche et al. (2015), under grassland soil 
is in harmony with the BD value of SNNP grassland II 
with average value of 1.09 cm-3. This could be due to 
lower litter deposition, which caused soil particles to be 
strongly packed together. 

Soil textures in grasslands and forests can vary based 
on factors such as climate, parent material, plant types, 
and soil-forming processes (Tellen et al. 2018, Bhutia 
et al. 2021). Differences in precipitation, landscape 
position, and zone variations play significant roles in 
shaping soil texture (Meij et al. 2020, Sun et al. 2021, 
Sheshnitsan et al. 2024). Grassland soils feature a 
mix of clay and loam and offer better water retention, 
while forest soils develop finer textures due to organic 
matter accumulation. In this study, ACA grassland and 
forest soils had higher clay content (13.9% and 16.4%) 
than SNNP soils (11.7% and 9%), leading to higher 
water retention and poor drainage, which supports 
higher moisture content and nutrient levels. ACA soils 
were more clayey than those in the subtropical zone. 
However, ACA grassland (72.9%) and forest (65.5%) 
had lower sand content than SNNP grassland (78.6%) 
and forest (74.9%), indicating better drainage and lower 
nutrients in SNNP soils. The silt content was higher in 
ACA grassland (13.2%) and forest (18.2%) compared to 
SNNP grassland (12.4%) and forest (13.4%), showing 
moderate drainage and nutrient content in the ACA 
region (Fig. 5). Kumar et al. (2022) found significant 
differences in sand, silt, and clay percentages along 
the elevational gradient, with the lowest sand content 
between 3360 to 3540 m asl, supporting the lower sand 
proportion in the temperate zone of this study. Soil 
texture in grasslands and forests of ACA and SNNP 

was sandy loam (Table 1). A similar sandy loam texture 
was observed in temperate forests at varying altitudes 
in Uttarakhand, India (Rawat et al. 2021).

Soil organic matter (OM) is an important soil 
characteristic. The OM, such as animal manures and 
compost, can be added to the soil. As per the obtained 
result, grassland I of ACA had the higher percentage of 
OM (13.8%) than the other sites in different land use 
and zones (Fig. 6). A significant portion of grasslands 
are composed of herbaceous plants, which includes 
grasses and contribute OM to the soil. According to 
Mason and Zanner (2005) animal manures and roots are 
the principal sources of OM inputs for grassland soils, 
whereas plant litter makes up a very small portion, thus 
supporting for higher OM in ACA grassland I (Figure 
6). Antony et al. (2022), stated that topsoil and subsoil of 
the forests were substantially higher in the mineral-free 
particulate matter proportion, and supported for higher 
OM percentage in both forests (11.9% in ACA, 10.3% 
in SNNP). As a consequence of the decomposition of 
leaf litter, forests obtain a higher intake of OM, which 
significantly assists in the accumulation of organic 
matter than those under grassland. The intensity and 
frequency of grazing have a substantial impact on OM 
build-up. Overgrazing inhibits OM formation, which 
could explain why the SNNP grassland (7.0%) has low 
OM availability. Moderate grazing, on the other hand, 
promotes root growth and increases organic input, 
contributing in more OM in ACA grassland I.

Soil organic carbon (SOC) is an essential component 
of terrestrial ecosystems, contributing significantly 
to carbon sequestration and general soil health. The 
amount of SOC was found higher in grassland I (123.3 t 
ha-1) and forest I (84.6 t ha-1) of ACA. Similar result was 
obtained in a study conducted by Gupta et al. (2013), 
where SOC pool was estimated in the grasslands 
occurring between the wide altitudinal range, found 
that 142.14 t ha-1 was observed in the altitudinal range 
of 2501and 4200m asl and 97.80 t ha-1 between 150 
and 2000 m asl, and concluded that temperate climate 
favours organic carbon accumulation in the soil (Fig. 7). 
Dondini et al. (2023) stated that the highest SOC stocks 
were discovered in temperate areas with slow rates of 
decomposition and high productivity of grasslands. The 
soil carbon increases from tropical to boreal climates, 
with temperate forests retaining up to 100 Mg C ha-1 or 
more (Lal 2013). Our study showed similar results, with 
SNNP forest in the subtropical zone storing more SOC 
(71.72 t ha-1) than grassland (55.5 t ha-1). Ghimire et al. 
(2018) found higher SOC (110 t ha-1) in forests, noting 
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that SOC varies with land use. Moderate temperatures 
in temperate zones reduced microbial activity, but 
vegetation adds more organic matter to the soil. A study 
by Cai et al. (2016) showed higher MOC/TSOC ratios 
in temperate forest and grassland soils compared to 
subtropical areas, emphasizing that soil texture, type, 
climate, and land use are key factors for SOC storage.

5.	 CONCLUSION

The study found significant variation in soil properties 
between grassland and forest across land use and 
climatic zones. In ACA temperate grassland, most soil 
properties were higher than in the forest, except for soil 
moisture and clay/silt percentages. In SNNP subtropical 
climate, grasslands had higher soil temperature, 
moisture, pH, bulk density, and sand content. ACA 
grassland stored more SOC, while SNNP forest had 
higher SOC than the grassland. Grasslands showed 
lower SOC storage due to frequent disturbances. In 
ACA grassland, SOC positively correlated with bulk 
density (BD), while in the forest, it had a negative 
correlation. In SNNP grassland, SOC, organic matter 
(OM), and moisture content (MC) negatively correlated 
with BD, while in the forest, MC, OM, and SOC were 
positively correlated. SOC sequestration was higher 
in the temperate zone. The study emphasized the 
importance of grassland and forest soils in SOC storage 
and the need for effective soil management, including 
grazing control, soil quality assessment, ecosystem 
research, protective laws, and public awareness.
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