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Introduction 
The climate change is global burning issues which urgently need 

to address so that enable environment can be created to live on earth 
safely. In this context, the carbon removal from the atmosphere is 
recognized as important measures especially carbon sequestration by 
soil and vegetation.1 In fact, the soils perform a range of biological 
processes which assist to stabilize the atmospheric green house 
gases.2,3 Moreover, the soils represent the largest terrestrial stock of 
C, holding approximately 1.5×1015gC in the top one metre4 excluding. 
This is nearly twice the amount held in the atmosphere and three 
times the amount held in terrestrial vegetation. In addition, about 
1% change in the amount of carbon stored in soils would equate near 
about 8ppm change in atmospheric CO2 concentration5,6 highlighted 
that the appropriate use and management of soil has the high potential 
to sequester approximately 0.9PgC annually. This is roughly equal to 
13% of the anthropogenic CO2-C produced. Moreover, changing land 
use to forests and proper management practices can have additional 
environmental benefits.7,8 Therefore exploring C sequestration in soils 
is as a ‘win-win’ strategy9 for climate change perspective. The soil C 
losses can be mitigated by recarbonisation.10

Globally, anthropogenic carbon loss from terrestrial ecosystems 
including forests is estimated from 48 to 114 Pg before the industrial 
revolution but since 1850, another 108 to 188 Pg C has been lost, 
which mostly was vegetation biomass.11 Out of that about 25% of 
this loss was due to soil organic matter mineralization.11 The world’s 
total forest area was estimated to be just over 4 billion hectares, 
corresponding to an average of 0.6 ha of forest per capita in 2010. 
These forests store more than 650 billion tonnes of carbon, 44% in 

the biomass, 11% in dead wood and litter, and 45% in the soil. In 
Asia, the recorded carbon stock was 74453 million tonnes. Out of 
this, 35330 million tonnes store in soil. The average soil carbon 
was recorded 59.6t ha-1 in Asia.12 The estimated carbon stocks in 
primary forest were 337t ha-1 than secondary forest 274t ha-113 in 
Singapore. The mean carbon stock was estimated 114±2.26t ha-1 in 
managed forests, which comprises of 92% tree biomass and 8% of 
topsoil whereas it was 27.77±1.66 t ha-1 in unmanaged forests which 
comprises of 80.8% tree carbon and 19.2% soil carbon in Pakistan.14 
These all forests have significant contribute to maintain soil carbon. 
There are huge gaps in study associated with the estimation of soil 
carbon especially in afforested areas. Particularly, assessment of soil 
carbon was not done in planted forests of Mahottary district before, 
though the public plantation and community planted forests have been 
storing considerable amount of carbon and playing a vital role. In 
addition, soil carbon varies according to soil layers. At the same time, 
the soil carbon varies in different sites even in same aged plantation. 
The soil carbon variation was also significantly noticed according to 
soil depths. Hence, this study was objectively carried out to assess 
and compare soil carbon of same aged plantations. The study also was 
emphasized to estimate the soil carbon in different layers. 

Assessing the soil carbon is elevated interest to climate change 
arena and reducing deforestation and forest degradation (REDD+) 
mechanism which consider this as a carbon credit. REDD+ mechanism 
includes the forest enhancement, sustainable management of forests 
and forest conservation.15,16 This mechanism has been functioning 
for carbon trade but the technical preparations are mandatory to 
assess the carbon credit. The establishment of the reference level 
showing carbon stock and their dynamics as well as designation of 
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Abstract

Terrestrial carbon plays a significant role in mitigation of climate change because it 
is the second largest store house of carbon. However soil carbon estimation is not 
common in the forests especially in plantation. Therefore, this study was objectively 
carried out to assess and compare the soil carbon in public plantation and community 
planted forests and show variation in soil carbon according to the soil depths. Six 
plantation areas were selected of Mahottary district. Total 52 sample plots were 
randomly established on the map of the plantation sites setting the complete random 
design. After that, the centre point coordinates of each sample plots were recorded and 
uploaded in GPS. Next, the sample plots were established in the field by navigating the 
coordinates. Altogether 156 soil samples were collected from three layers specifically 
0-10, 10-30 and 30-60cm using soil auger and analyzed in lab using the Walkley and 
Black method. The result showed that the highest soil carbon was found about 79.13 
t ha-1 in Shreepur public plantation while it was the lowest about 15.44 t ha-1 in 
Jogikuti community planted forest. The soil carbon was the highest in 0-10cm depth, 
this was followed by soil carbon of 10-30cm and least value was found in 30-60cm. 
In fact, the estimated records of soil carbon was the highest about 31.46 t ha-1 in 
Shreepur public plantation in 0-10cm while it was the lowest about 3.45t ha-1 in 
Jogikuti CPF in 30-60cm. In fact, soil carbon decreases according to increasing soil 
depth in a profile. The t-test showed that, there were significant differences in soil 
carbon of same aged plantations. The soil carbon stock was richer at plantation sites 
close to natural forest and edge of the pond in comparison to sites of river bank.
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monitoring reporting and verification (MRV) which includes the 
precise documentation of carbon estimation are technical aspects 
of this mechanism. It is the Copenhagen Accord which focused 
the interference with the global climate system as exceeding 2oC 
global mean temperature so it is more important to commit in order 
to stabilize the temperature not more than –1.5 oC  in 21st century. 
This decision was also supported by the 2015 Paris agreement. This 
implies the urgent need of emissions and removals estimates under 
the REDD+ mechanism.17 So, this study may help in development of 
technical parts at sub-national level REDD+ piloting. 

Methods
Research site

Three of each public plantation and community planted forests 
of Mahottari district in central Tarai, Nepal were selected for study 
site (Figure 1). Mahottari district is situated in 26° 36’ to 28° 10’ 
North and 85° 41’ to 85° 57’ East. The average annual temperature 
ranges between 20-250C and average annual rain fall recorded 
between 1100-3500 mm. These studies sites were planted with pure 
Eucalyptus camaldulensis. The other natural species were Cynodon 
dactylon and Mimosa pudica. The selected public plantations were 
Shreepur, Banauta and Bisbitty while the community planted forests 
were Sita, Jogikuti and Ramnagar. In fact, the basic criteria of the 
selection of these plantaions were the age of the plantation (Table 
1). The public plantation were established in three different years 
and managed by three different types of landless poor marginalized 
untouchable communities adopting diverse traditional jobs while 
community planted forests were managed by the nearest users. The 
public plantation of Shreepur was managed by Khatave- Mandal 
(sheep keeping community), plantation of Banauta was managed 
by Chamar community (shoe makers) and plantation of Bisbity was 
managed by Mushar community (soil worker). The inter crops were 
Lathyrus sativus, Aloe vera and green vegetables like Ladies finger, 
Cauliflower, Brinjal (Solanum malanga) of Bisbitty, Banauta and 
Shreepur public plantations respectively. However, there was no any 
agro-forestry work in community planted forests. 

Figure 1 Maps of research areas.

Table 1 Study area

Community planted forests Public plantation Plantation 
year

Bisbitty PP Sita CPF 2006

Banauta PP Jogikuti CPF 2007

Shreepur PP Ramnagar CPF 2008

In order to conduct the sampling, first of all, the maps of these 
plantation areas were prepared using the coordinates taken by 
Geographical positioning system (GPS) with the help of ArcGIS 10 
software. Then, simple random sampling was used maintaining 1% 
sample intensity18,19 setting the complete random experiment design 
(CRD).20 Altogether 28 sample plots were randomly distributed on 
the maps of public plantations (PPs) specifically 9, 11 and 8 plots for 
Banauta, Shreepur and Bisbity plantations respectively while 24 plots 
were on the community planted forests (CPFs) particularly 6, 7 and 
11 plots for Sita, Jogikuti and Ramnagar respectively. After that, the 
centre point coordinates of each sample plots were recorded from the 
map and uploaded in GPS to navigate in the field. 

Data collection

 Soil samples were collected from three different layers specifically 
0-10cm, 10-3ocm and 30-6ocm using soil auger21,19 and packed in 
plastic to carry out in the lab for carbon analysis. So, altogether 156 
soil samples collected in December to January, 2014. 

Soil carbon analysis

Carbon content in the soil was analyzed by using dry combustion 
method.22

Bulk Density (BDg/cc)=(oven dry weight of soil)/(volume of soil 
in the core) 

The detail method and calculation of SOC are described below. 
This includes the reagent used, process and calculation. 

Reagents used

Following reagents were used to prepare the chemical for soil 
carbon analysis. 

Preparation of chemical for lab analysis for soil carbon

FAS=Ferrous Ammonium Sulphate

VF=volumetric flask

AR grade=standard grade suitable for use

N=Normal

Sodium Fluoride (NaF): AR grade sodium fluoride powdered was 
used.

Firstly, 1N K2Cr2O7 Solution: 49.04gm of K2Cr2O7 was kept at 
1050C in hot air oven for 1 hour. As it cools down, it was diluted to 
1000ml volumetric flask (VF). Then, 0.5 N FAS (Ammonium ferrous 
sulphate): 196gm of FAS was dissolved in 800ml of distilled water 
and added 20ml of conc. Sulfuric acid, cooled and diluted to 1000ml 
volumetric flask. Diphenylamine Indicator: Approximately 0.5gm of 
diphenylamine was dissolved in 20ml of distilled water and added 
100ml of concentrate (conc.) Sulfuric acid. 
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Procedure
Soil sample was sieved in order to remove the stones and roots. 

For this, 1gm of 0.2mm sieved sample was weighed and placed in 
500ml conical flask. Then, 10ml of 1N K2Cr2O7 solution and 20ml of 
conc H2SO4 was added and mixed with gentle rotation for one minute. 
Next, the mixture was heated at 1500C in hot oven for 30 minutes. 
Meanwhile, the blank was run in the same manner. After 30minutes 
200ml of distilled water and 2ml of diphenylamine indicator was 
added in it and 0.2gm of NaF was also added. Later, the K2Cr2O7 left 
and the 0.5N FAS solution was titrated from burette. Then the volume 
of FAS consumed for titration and the brilliant green end point was 
noted down. 

Calculation

% Organic Matter = 

0.67 *   *    
%   

   

Normality of FAS Volume of FAS consumed
Organic Matter

Weight of soil sample
=

Where, Volume of FAS consumed= volume of FAS consumed by 
blank (chemical)- volume of FAS consumed by sample 

When, molarity is converted into normality, 0.67 was used as a 
factor.

    *   
  

     
Volume of potassium dichromate taken Normality of dichromate

Normality of FAS
Volume of FAS consumed by blank

=

Normality of FAS =

  
%   

1.724

Soil organic matter
Organic Carbon =

% Organic Carbon=

Here, 58% soil organic matter=100% organic carbon, 1.724 was 
used as a constant factor.

SOC=Organic Carbon Content % x Soil Bulk Density (Kg/cc) x 
thickness of horizon.22

Statistical analysis
The statistical comparison was carried out to compare the soil 

carbon using independent t-test23 using SPSS 20. 

Results and discussion 

Total soil carbon in plantations

Generally, the soil carbon stock was varied in the plantation areas 
according to locations. Total soil carbon was about 1965.44t in theses 
plantation sites. Out of them, the quantities of soil carbon were 79.13, 
71.33, 37.00, 33.00, 16.74 and 15.44t ha-1 in Shreepur PP, Sita CPF, 
Banauta PP, Ramnagar, Bisbitty PP and Jogikuti CPF respectively 
(Table 2). It was noticed that, the higher soil carbon in Sita CPF and 
Shreepur PP was because of fertile soil. Specifically, Sita CPF was 

located close to the natural forest and Shreepur PP was on the edge of 
the pond where soil fertility is very rich. However, the carbon stocks 
were low in Bisbity PP and Jogikuti CPF. Specifically, Banauta PP, 
Bisbitty PP, Ramnagar CPF and Jogukuti CPF are situated on the 
bank of the river where soil is sandy. The consequences were less 
organic matters and hence the soil had less carbon. It is fact that the 
organic carbon is added to soil through deposition in and on the soil 
of organic materials created by capturing CO2 through photosynthesis 
of vegetation. On the other hand, soil organic carbon is returned to the 
atmosphere as CO2 via respiration that occurs as soil organisms use 
organic materials as a source of energy and nutrients.24,25

Table 2 Carbon according to soil depth in public and community planted 
forests

Pp/Cpf Depth wise soil carbon t ha-1

Layers 0 -10cm 10 -30cm 30 - 60cm
Shreepur PP 31.46 29.39 18.28
Banauta PP 15.18 14.96 6.86
Bisbitty PP 7.96 5.04 3.74
Sita CPF 28.36 26.49 16.47
Ramnagar CPF 13.54 13.34 6.12
Jogikuti CPF 7.34 4.65 3.45

The soil carbon was found to be 73.92t ha-1 in Gorkhali leasehold 
forest (LHF), which value is quite similar to the value of Sita CPF. 
Similarly, the soil carbon of Ratmate leasehold forest was 37.89t ha-

1,26 this value is close to the value of Banauta PP. The carbon stocks 
depend up on the stage of the plants, species of plantation, practices 
and silvicultural operations (agroforestry) adopted, site quality and 
microbial activities in the soil.27,28 The soil carbon of Tarai forest was 
reported 33.66t ha-1,29 which is about to similar the record of soil 
carbon of Ramnagar CPF. The quantity of organic carbon contained 
in a soil is the direct result of the equilibrium between carbon inputs 
and losses.30 

Depth wise soil carbon 

As shown in Table 3, the soil carbon was the highest in 0-10cm 
depth, this was followed by soil carbon of 10-30cm and least value 
was found in 30-60cm. In fact, the estimated records of soil carbon 
were 31.46, 15.18, 7.96, 28.36, 13.54 and 7.34t ha-1 in Shreepur PP, 
Banauta PP, Bisbitty PP, Sita CPF, Ramnagar CPF and Jogikuti CPF 
respectively in 0-10cm. They were less 29.39, 14.96, 5.04, 26.49, 
13.34 and 4.65t ha-1 in Shreepur PP, Banauta PP, Bisbitty PP, Sita 
CPF, Ramnagar CPF and Jogikuti CPF respectively in 10-30 cm. 
Moreover, they were lower 18.28, 6.86, 3.74, 16.47, 6.12 and 3.45 
t ha-1 in Shreepur PP, Banauta PP, Bisbitty PP, Sita CPF, Ramnagar 
CPF and Jogikuti CPF respectively in 30-60cm (Table 3). Clearly, soil 
carbon decreases according to increasing soil depth in a profile. This 
view is supported by other several studies.31–33 The soil carbon was 
14.45 in Kalyankari LHF at 0-10cm depth,26 which was matching with 
the soil carbon of Ramnagar CPF, the soil carbon of Sawunepani LHF 
was 13.54 at 10-30cm,34 which is very close to the value of Ramnagar 
CPF. 

Comparison of soil carbon stock of same aged 
plantations 

The public plantation and community planted forests were 
afforested in the same year but carbon stocks showed some 
differences in these areas. Thus, they were statistically tested using 
the independent samples two tailed t-test statistics to compare the 
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carbon stocks of these plantations. The t-test showed that, there were 
significant differences in carbon stocks between Banauta PP and 
Jogikuti CPF, Bisbitty PP and Sita CPF as well as Shreepur PP and 
Ramnagar CPF at 5% level of significance since the p values were 
less than 0.05 (Table 4). 

Table 3 Soil Carbon in public plantations and community planted forests

Plantation Area ha Soil C t ha-1 Total soil carbon t ha-1

Shreepur PP 10.5 79.13 830.87

Banauta PP 8.8 37 325.6

Bisbitty PP 7.6 16.74 127.22

Sita CPF 5.42 71.33 386.61

Ramnagar CPF 4.92 33 162.36

Jogikuti CPF 8.6 15.44 132.78
Total 1965.44

Table 4 Comparison of carbon stock between public plantation and 

community planted forests

PP CFP
t 
calculated 
value

t 
tabulated 
value

P(T<=t)
two-tail

Banauta PP Jogikuti CPF -82.17 2.16 0

Bisbitty PP Sita CPF -50.2 2.18 0

Shreepur PP Ramnagar CPF 142.49 2.08 0

Conclusion and recommendation
The soil carbon was the highest in plantation site close to the 

natural forest but it was the lowest in sites located to the river bank. 
The soil carbon was decreasing according to increasing depth of soil 
profile. Statistically, even in same aged two different plantations the 
quantities of soil was varied. There was slight variation in amount of 
soil carbon in 0-10 and 10-30cm soil depths but this was very low in 
30-60cm depth. It is recommended to assess soil carbon in plantation 
of different sites to create the data set to link with the REDD+ 
mechanism in Nepal.
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