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Abstract

Assessment of soil organic carbon (SOC) pool is an essential pace for
understanding the carbon sequestration potential (CSP) of the soil system as a
mitigation strategy and also investigate that they act as a source or sink for the
atmospheric CO; subject to the level of saturation. Improved CSP has been
recognized as one of the possible solutions for mitigating climate change. The
CSP of soil system for the community forests (CFs) in Nepal is not well
recognized. Therefore, a study was conducted in two community-managed
forests viz Ganesh (degraded) and Ramnagar (non-degraded) CFs situated in
the Kanchanpur district of Nepal to quantify the SOC and Bulk density (BD). For
determining SOC, systematic sampling with a sampling intensity of 0.5% was
used for collecting altogether 189 soil samples from both the CFs. In addition,
the soil samples from varying depths (0-10, 10-20, and 20-30 cm) of each soil
profile were collected from each sampling plot. The mean SOC observed upto
30 cm soil depth in Ganesh and Ramnagar CF was 42.55 # 3.10 t ha'! and 54.21
* 3.59 t hal respectively. While, maximum SOC was noticed at 0-10 cm whereas
minimum at 20-30 cm in both the CFs. Moreover, SOC decreased and bulk
density increased with increasing soil depth in both the CFs. SOC and BD was
negatively correlated in both CFs. The total SOC pool exhibited a significant
(p<0.05) difference between the two CFs. Hence, the outcome of study shows
that the both CFs has enormous potential to sequester the atmospheric
concentration of CO; into soil. With this concern, the participation of local
people in sustainable management of community forests enhance the soil
quality and meets strategy to mitigate the climate change.als and soil
amelioration aimed at regulating physical properties of the soil.

Keywords: Bulk density, carbon sequestration potential, community forest, soil
depth, soil organic carbon.
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Introduction

Carbon sequestration through the soil system is recognized as a potential solution for climate change
mitigation (Alidoust et al, 2018). The rapid increase in the atmospheric CO, concentration could be
diminished either by reducing emissions or removing atmosphere CO; by sequestrating into the soil (IPCC,
2006). Forest ecosystem is known as the reservoir of carbon source that sequestered the carbon in
vegetation and soil through the process of photosynthesis and respiration (Brown et al., 1996). Trees and

@ :  https://doi.org/10.18393/ejss.825066 H§|Publisher : Federation of Eurasian Soil Science Societies
& http://ejss.fesss.org/10.18393/ejss.825066 e-ISSN : 2147-4249

96


http://ejss.fesss.org/10.18393/ejss.825066
http://ejss.fesss.org/
mailto:joshi.rajeev20@gmail.com
mailto:hukumsingh97@yahoo.com
mailto:rameshchhetri155@gmail.com
mailto:sarojrajpoudel@gmail.com
mailto:sandip.rijal55@gmail.com
https://doi.org/10.18393/ejss.825066
http://www.fesss.org/
http://ejss.fesss.org/10.18393/ejss.825066
https://portal.issn.org/resource/ISSN/2147-4249
https://orcid.org/0000-0003-1106-9911
https://orcid.org/0000-0003-2112-6182
https://orcid.org/0000-0003-2226-9468
https://orcid.org/0000-0001-9014-1779
https://orcid.org/0000-0002-6128-5754

R.Joshi et al. Eurasian Journal of Soil Science 2021, 10(2), 96 - 104

soil are the major carbon pools that store more carbon than others in the forest ecosystem (Amir et al,,
2018). According to the Global Forest Resource Assessment Report (FAO, 2020), the total forest carbon
stock is 662 Giga tones and forest SOC contains 45% of total forest carbon stock (297.9 Giga tones).
Furthermore, SOC is the most important carbon pool in terrestrial ecosystems and plays a major role in
carbon sequestration by increasing SOC in the terrestrial biosphere carbon pool (Ali et al., 2019; Hou et al,,
2019). Out of the total global terrestrial carbon pools, 60% of the carbon has been shared by forests and soil
only and the carbon pool in the soil is higher than the vegetation carbon pool (Winjum et al., 1992). Thus, it
is necessary to understand that the forests and soil can be well managed to sequester or safeguard
substantial amounts of carbon on the land (Sharma et al., 2011).

Based on the disturbances, the forests have been classified into two group’s i.e., degraded and non-degraded
forests (Joshi et al., 2020). Regarding the degraded forest, the disturbance may be natural or have an
anthropogenic origin (Turner et al., 2003). Anthropogenic activities are notorious for major environmental
changes leading to global warming (Aryal et al., 2017). Soil organic carbon (SOC) and carbon flux are greatly
affected under the land-use pattern and soil management regime (Post and Kwon, 2008). In general, Nepal is
known as the pioneer of the community forestry (CF) program in which forests are handed over to
community Forest User Group (Pandit et al., 2009). It was initiated to promote livelihood along with
controlling environmental degradation via sustainable forest management where authority and
management of forest rest upon communities in coordination with the government and other multiple
stakeholders (Gautam et al., 2008). Increasingly, the recognized huge potential of CFs in carbon trading from
the REDD+ mechanism can reward economic benefits for the country (Joshi et al., 2020). Meanwhile, UN-
REDD (2014) indicated that REDD+ may bring between $20-86 million per year to Nepal. Additionally, most
of the scientific work are concentrated on carbon and SOC stocks at different landscapes and community
forest (Shrestha et al.,, 2004; Shrestha and Singh, 2008; Magar et al., 2020) However, there are very limited
studies on soil carbon sequestration potential of community forest. Therefore, this study was intended to
address the existing gap of literature by assessing the soil carbon sequestration potential of two community
forests.

Material and Methods

Study area

The research was conducted in Ganesh and Ramnagar community forests of Kanchanpur district, Nepal
(Figure 1). Kanchanpur district lies in Mahakali zone with the coordinates of 28.8372 ON latitude and
80.3213 OE longitude at the south-west part of Far-Western Province. Ganesh CF is situated in Bedkot
Municipality-6 whereas; Ramnagar CF is in Belauri Municipality Ward Number 5 with an area of 434.48 and
197.16 ha, respectively. Each community forest user groups were handed forest at different time period i.e.,
Ganesh CF in year 2001 A.D. whereas Ramnagar in 2010 A.D. Both CFs are found with altitude ranging from
120-300 metres above sea level. Ganesh CF is facing towards the northern aspect (Churia foothills) and
Ramnagar CF on the southern aspect of Terai belts. The soil of Ganesh CF was alluvial, sandy, and graveled
whereas the soil of Ramnagar CF varies from alluvial to clay loam and is mostly black. Ganesh CF consists of
scattered stands of mixed Sal broad-leaved natural forests whereas Ramnagar CF mainly consists of natural
Sal forests (Joshi et al.,, 2019).
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Figure 1. Map of the study area
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Under this study, two CFs were divided into degraded (Ganesh CF) and non-degraded (Ramnagar CF)
categories based on certain parameters (For detail explanation see Joshi et al.,, 2020). The degraded forest
was characterized by barren and riverine areas with the presences of few trees, shrubs, and grasses
susceptible to soil erosion (Ghimire et al., 2018). The study area of Ganesh CF was known as degraded CF
due to the occurrence of the landslide, soil erosion, and deforestation representing. The various tending
operations and major management activities are undertaken sustainably in Ramnagar CF compare to Ganesh
CF. Besides, fire lines are constructed in each sub-compartments in Ramnagar CF under the scientific forest
management (SFM) approach (Joshi et al., 2020). The average maximum and minimum temperature of the
district is 389C (June) and 13°C (January) with a mean annual precipitation of 1512.12 mm (Joshi et al,,
2020).

Data collection and analysis

Sample plot design

In selected CFs, boundary surveys were carried out using GPS with the help of the forest guards and
members of the forest user groups to record the latitude, longitude, and altitude of each boundary point. For
the soil survey, a circle of 0.56 meter radius was made for the collection of samples as per the protocol of
ANSAB (2010). Systematic sampling with a sampling intensity of 0.5% was applied for this study. For the
systematic sampling, ArcMap 10.5 software was used to lay a total of 63 (43 in Ganesh CF and 20 in
Ramnagar CF) sample plots though fishnet. The points generated in ArcMap was loaded in GPS and sampled
were obtained from the predetermined location with the accuracy of * 5 meters.
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Figure 2. Sample plot design for both community forests
Soil sampling
For the estimation of soil organic carbon stock, the soil profile was dug out near the center of each sampling
site up to 30 cm depth. From each community’s forests, two replication of soil samples of each sample plot
were collected up to 30 cm depth (0-10 cm, 10-20 cm, and 20-30 cm) by using a soil auger. Altogether 189
soil samples were collected from each sample plot (43x3 in Ganesh CF and 20x3 in Ramnagar CF) with
different soil depths. To determine bulk density, a metal core ring sampler of 210 gm cm-3 was used to
extract soil samples at 0-10 cm, 10-20 cm, and 20-30 cm depths. Finally, the extracted fresh soil samples
were bagged in plastic bags and tightly closed by plastic rubber with proper labeling and transported to the
laboratory of Forest Research Institute (FRI), Dehradun, India. The samples were collected during December
2018.
Laboratory analysis
Bulk density
Soil samples were oven-dried at the temperature of 105°C until a constant weight was recorded. The oven-
dried soil was then passed through a 2 mm sieve to segregate stones which helps to determine moisture
correction. Finally, the total amount of coarse fragments were estimated from each soil sample collected
from different sample sites and subtracted from the soil weight to get a precise soil weight. According to
Pearson et al. (2007) bulk density was calculated as follows:

Oven dry weight of soil (gm) where,
Volume of the soil (cc) Volume of the soil = Volume of core - Volume of the stone

Bulk density (gm/cc) =
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Soil Organic Carbon (SOC)

Soil samples were collected from 0-10, 10-20, and 20-30 cm depths and one composite from each sample
plot. Bagged samples were transferred to the pre-weighed sampling bags. Each Soil samples were room
dried for 10 days, grind into small particles, and passed through a 0.2 mm sieve. For SOC determination, the
titrimetric method given by Walkley and Black (1934) was used. The SOC percent (%) was calculated by
using the following formula:

where,

g = Weight of sample in gram,

T= Total consumed volume of ferrous solution in sample titration (ml),
S = Total consumed volume of ferrous solution in blank titration (ml)

Carbon (%) =3.951/g[1 -T/S]

The carbon stock density of soil organic carbon was then calculated as follows:

where,

SOC = soil organic carbon stock per unit area (t ha1),

§ = soil bulk density (gm cm-3),

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

% C = carbon concentration (%)

Further, it was expressed in ton per hectare.

Statistical analysis

The SOC of various depths was estimated by soil organic carbon concentration, soil bulk density, soil depth,
and proportion of gravels. Statistical analysis such as univariate analysis under the General Linear Model
and Duncan’s multiple range test was performed to study the significant difference between soil variables of
two community forests with various depths (p<0.05). All these statistical analysis was done by using the
SPSS and R software.

Correlation between Soil Organic Carbon (SOC) and Bulk Density (BD)

Pearson’s correlation was applied for the both parameter of SOC and BD. The correlation effect of both
community forests on SOC and BD was analyzed by comparison of their mean values. Mean values of SOC
and BD were determined by taking an average of soil depth up to 30 cm (0-10 cm, 10-20 cm, and 20-30 cm)
of each sample plot of both community forests. Multiple comparisons of mean values for each variable (SOC
and BD) were carried out by using R software and Microsoft Excel 2010 (Bhandari and Bam, 2014).

Results

Bulk density (BD)

The mean value of bulk density from all soil samples for each soil depth and individual CFs was calculated.
The mean BD for both CFs increased slightly with increasing soil depth (Figure 3). On average, the bulk
density of Ramnagar CF (non-degraded) was higher as compare to Ganesh CF (degraded). Table 1 shows
bulk density mean value varies from 1.24 to 1.44 gm cm-3.

Soil Organic Carbon (SOC)=§xdx % C

Table 1. Average bulk density (gm cm-3) at various depths

Mean Bulk Density (gm cm3) * S.E

Depth (cm) Ganesh CF Ramnagar CF
0-10 1.24 £ 0.02 1.33+£0.03
10-20 1.25+0.02 1.41+£0.02
20-30 1.29 £ 0.03 1.44 +0.02
—+—Ganesh CF Ramnagar CF
5
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Figure 3. Graph showing the average amount of bulk density in each horizon
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From the univariate analysis, it can be inferred that there is a significant impact of depth on bulk density for
Ramnagar CF as p< 0.05. Further, Duncan’s test of homogeneity was conducted to assess the relationship
between these factors (Table 2). There was significant difference between values (subset 1) for depth 0-10
cm to values (subset 2) of bulk density for the ranges 10-20 cm and 20-30 cm but found insignificant
between these later values of subset 2 in Ramnagar CF. However, in Ganesh CF, there was no significance
difference between the values of bulk density (Subset 1) for all the different ranges (0-10, 10-20 and 20-30),
(Table 2). From Duncan’s subsets values it can be deduced that with increasing depth, bulk density is
increasing significantly (p< 0.05) but does not found differ considerably between 10-20 cm and 20-30 cm
depth.

Table 2. Duncan’s test for bulk density in both CFs

Soil Depth (cm) Ganesh CF Ramnagar CF

No. of obs. Subsets for BD No. of obs. Subsets for BD
0-10 43 1.2374 A 20 1.3295 A
10-20 43 1.2544 A 20 1.4110B
20-30 43 1.2849 A 20 1.4375 B
P =005 0.175 0.459

Soil organic carbon

The study site shows the variable of SOC percent ranges from 0.95% to 1.80%. The higher SOC (1.80 #
0.14%) was found at the topsoil (0-10 cm) in the Ramnagar CF and lowest SOC (0.95 + 0.07%) at the depth
of 20-30 cm in the same CF (Table 3). Results demonstrated that as the depth increase SOC percentage
decrease in both CFs.

Table 3. Average Soil Organic Carbon (%) at various depths

Mean Soil Organic Carbon (%)+ S.E

Soil Depth (cm)

Ganesh CF Ramnagar CF
0-10 1.45+0.12 1.8+0.14
10-20 1.2+0.1 1.21+£0.11
20-30 1.08 £ 0.11 0.95 + 0.07
19 1 1,8
' —o—Ganesh CF Ramnagar CF
1,7 4
o 15
=
) 1,45
S 13 | 1,21
w
1,1 1,2 \0,.95
1,08
0,9
0-10 10-20 20-30
Soil depth (cm)

Figure 4. Average soil organic carbon at various depths
Soil organic carbon stock

In the present study, total SOC for Ganesh and Ramnagar CF was estimated to be 127.64 t haland 162.64 t
ha!respectively. While, the average SOC was estimated to be 42.55 * 3.10 t ha'! at Ganesh CF. Similarly, the
maximum SOC stock was found to be 50.51 t ha-1at 0-10 cm depth and minimum (36.75 t ha'1) in 20-30 cm
depth. However, in case of Ramnagar CF, the mean SOC stock was calculated 54.21 * 3.59 t ha'l. SOC was
highest (70.81 t ha1) for soil depth 0-10 cm and lowest (41.15 t ha') for 20-30 cm. So, the result showed that
the decreasing rate of carbon content as it goes to deeper (Figure 5). Data revealed that SOC of Ramnagar CF
is more in comparison to Ganesh CF.

From the univariate analysis, it was concluded that there are significant changes of SOC with soil depth for
both CFs (p <0.05). Moreover, in both CFs, Duncan’s test of homogeneity revealed no significant difference
between values 10-20 and 20-30 cm (subset 2). The value of (subset 1) for depth 0-10 cm differs
significantly from those two different depths. Duncan’s subsets values revealed that with increasing depth,
SOC was decreasing but does not differ significantly between 10-20 and 20-30 cm depth (Table 5).
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Table 4. Total amount of soil organic carbon with respect to its soil depth

S.N. Soil Depth (cm) Mean Soil Organic Carbon (t hal) + S.E
Ganesh CF Ramnagar CF
1 0-10 50.51 £ 3.74 70.81 £ 5.30
2 10-20 40.38 + 3.15 50.68 + 4.51
3 20-30 36.75 £ 3.41 41.15+2.92
Sum total 127.64 162.64
Average total 42.55 +3.10 54.21 + 3.59

80
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- 70
=
60
§ 50,68
= 50
g 50,51 41,15
g 40
40,38
“ 30 36,75
20
0-10 ‘ 10-20 ‘ 20-30
Soil depth (cm)

Figure 5. Graph showing the amount of carbon stock in each horizon
Table 5. Duncan’s test for SOC in both CFs

Soil Depth (cm) Ganesh CF Ramnagar CF

No. of obs. Subsets for BD No. of obs. Subsets for BD
0-10 43 50.51A 20 70.81A
10-20 43 40.38 A 20 50.68B
20-30 43 36.75A 20 41.15B
P o-0.05 0.457 0.127

Correlation between SOC and BD

In the studied CFs, SOC is found negatively correlated with bulk density which shows that the present study
is in favor of the universally accepted concept (Table 6). A perfect negative correlation was observed
between SOC and BD in both community forests through multiple comparison of their mean values for each
variable (Figure 6 and 7).

Table 6. Correlation between SOC (t ha'l) and BD (gm cm-3) of both community forests (CF)

S.N. Community forests No. d.f t-value p-value *Correlation coefficient
1 Ganesh CF 43 41 -3.6543 0.0007 -0.4956
2 Ramnagar CF 20 18 -0.1730 0.8646 -0.0407

Where, *Correlation is significant at 0.05 level or 95% confidence interval. No. = number of observations

80 | .

o
60 4 T o @ © o

10 50 - 5

20 0 30 - .

T
1.2
Bulk Density

Figure 6. SOC content (t hal) and BD (gm cm-3) of
Ganesh CF

Soil Organic Carbon
Soil Organic Carbon

1.25

T T T T T

1.30 1.35 1.40 1.45 1.50
Bulk Density

Figure 7. SOC content (t ha!) and BD (gm cm-3) of

Ramnagar CF

Discussion

Soil organic carbon is an indicator of soil quality that correlates with climate and land cover types such as
forest, shrubland, and grassland (Chaudhari et al., 2013; Wu et al,, 2017). While, there has been considerable
agreement on the linkage between forest degradation and reduction in soil properties such as lower soil
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organic carbon and bulk density which is increased due to compaction (Sanji et al., 2020). Likewise,
Morisada et al. (2004) suggested that the soil compaction due to weight or disturbance, consolidation, soil
aggregates, and soil fauna has an impact on soil BD but it is inversely proportional to SOC content in natural
forest. The parameters selected for this research includes soil BD and SOC. Finally, this study adds new
empirical evidence that all tested variables of two community forests represent significant variation.

Soil bulk density

In the present study, distinct variation in the BD was observed with concerning soil depths at both the CFs.
The diagnostic showed that the topsoil layer indicates lower BD. More positively, previous studies also
suggested that low soil BD in the upper horizons of the soil is due to the existence of high organic matter in
the soil facilitating plant roots (Mfaume et al., 2019). Likewise, the present research finding revealed that the
mean BD for both CFs (ranging from 1.24 to 1.44 gm cm-3), increased with increasing soil depth but the BD
of Ramnagar CF was higher as compare to Ganesh CF for all horizons. However, Duncan’s results suggest
that there was no significant difference between values (subset 2) of bulk density for the ranges 10-20 cm
and 20-30 cm but values (subset 1) for depth 0-10 cm differ significantly from those two different depth in
Ramanagar CF whereas in Ganesh CF, there was no significance difference between the values of bulk
density (subset 1) for all the different ranges (0-10, 10-20 and 20-30). Further, less variation was observed
in bulk density among soil horizons in degraded Ganesh CF may be an indication of soil compaction.
Additionally, mounting evidence of various study mention that a agradual increase in soil bulk density with
an increase in soil depth is also evident under all forest and lower bulk density in the uppermost layers
indicates soil health for plant growth (Raddad and Luukkanen, 2007; Shrestha, 2009a,b; Ghimire et al., 2018;
Adhikari and Ghimire, 2019). Apart from it, the study conducted by Pandey et al. (2019) represent the
reciprocal relationship between SOC and bulk density in soils of three community forests of Far Western
Nepal.

Soil Organic Carbon

SOC is a major constituent in forest soils and ecosystems. SOC accretion and disintegration rates have a
direct influence on terrestrial ecosystem carbon sequestration and comprehensive carbon stability. More
specifically, understanding SOC allocation in forest ecosystems is significant for improving soil quality and
sustaining the forest production (Liu et al., 2016). Therefore we have analyzed the SOC for both community
forests. During the study period, we observed that SOC content was higher at the upper layer (0-10 cm) and
decreased as depth increase. Likewise, the higher the SOC content in the upper layer is due to high soil
organic matter content. Meanwhile, Khanal et al. (2010) was coinciding the similar outcomes with our study.
In fact, the evident of these findings was also supported by some researchers in the tropical forests of Nepal
(Pandey and Bhusal, 2016; Ghimire et al., 2018), they were observed declining SOC with increasing depth.
Further, the mean SOC (up to 30 cm) of Ganesh CF was lower than Ramnagar CF which was estimated to be
42.55 + 3.10 that and 54.21 + 3.59 t ha! respectively. Notably, the SOC below 30 cm was excluded from the
research site to maintain regularity in both CFs because to extract soil samples below 30 cm from each
sample plots was not possible in Ganesh CF due to the presence of intact rock mass.

In our case study, the total SOC pool (up to 30 cm) in Ganesh and Ramnagar CF was recorded up to 127.64 t
ha and 162.64 t ha! respectively. Further, total SOC for Ganesh CF is close to the value estimated by Kafle
(2019) i.e. 122.36 t ha'l. While, compare with the previous studies Pandey and Bhusal (2016) of Sal (Shorea
robusta) forests in the central region of Nepal, both the CFs of our study reported higher SOC. However, the
researcher uses the different soil sampling methods (up to 1m depth) and by comparing with our study area
has less potential of carbon stock. Similarly, Shrestha and Singh (2008) and Shrestha (2009a,b) also
indicated low SOC density than both Ganesh and Ramnagar CF. The variation in the total amount of SOC
depends upon several biotic and abiotic factors such as faunal diversity, micro-climate, land use and
management (Shrestha and Devkota, 2013). Further, Shrestha and Singh (2008) mention that the inputs of
roots and leaf litter have a significant role in forest soil carbon dynamics. Moreover, the reduced soil organic
carbon in the forested sites may be due to low vegetation cover and high anthropological activities (Yao et
al, 2019). Nonetheless, the outcome results of Sheikh et al. (2009) study shows the declining rate of total
SOC stock with an increase in altitude. Finally, It has been recommended that SOCs can play a vital role in
land degradation/soil quality management and designing a carbon sequestration program making baseline
data of SOC essential for the same (Nabiollahi et al.,, 2019). Thus forest management in terms of carbon
sequestration, Ganesh CF has to take some additional measures to increase soil organic carbon.

Conclusion
The SOC stored in the two different CFs were reported differently. In relation to soil depth, SOC was found to
be inversely proportional while BD was found to be directly proportional to it. Both SOC and BD of
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Ramnagar CF were higher than those of Ganesh CF, and this contributed to the higher SOC stock in
Ramnagar CF. The mean SOC in the Ganesh (degraded) CF was 42.55 t ha- whereas; the value was 54.21 t ha-
1 in the Ramnagar CF (non-degraded) measured up to the depth of 30 cm. The topsoil is accumulated with
increased SOC rather than lower profile in both forest suggesting forest management for retention of organic
matter on forest floor. The presence of sandy soil in underneath may be the cause of low soil carbon content
in the Ganesh CF. Statistically, the relationship between SOC and BD was tested negatively correlated. These
findings suggest that the amount of SOC recorded higher at the Ramnagar (non-degraded) CF than Ganesh
(degraded) CF. As per the result, we can conclude that both CFs has remarkably stored carbon serving for
climate change mitigation. Finally, improved management of community forest for increased soil carbon
sequestration could be a promising strategy to halt climate change.
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