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Abstract
Community forests play a vital role in sustainable development and storing carbon stock to mitigate global warming. This 

study aimed to assess the plant diversity, carbon stock and regeneration status of two Shorea robusta forests managed by the 
community - Manehara Community Forest (MCF) and Siddhanath community forests (SCF) of Kailali district, Nepal. These two 
forests diff er in the moisture regime- MCF is with ponds and streams and is mostly wet, but SCF is primarily dry with no ponds 
and streams. To examine vegetation status and carbon stock in these two forests, twenty circular plots of 20 m radius was laid in 
each forest using stratifi ed random sampling. Within each main plot, two subplots of 5m radius and three subplots of 2m radius 
were laid to study shrub and herb characteristics, respectively. Soil sampling was also done to analyze the role of soil moisture 
in carbon stock and regeneration.  For this, soil samples of each plot was collected up to 20cm depth. Altogether 100 plant 
species were recorded from the study forests. Tree and shrub diversity was higher in MCF than in SCF, but herb diversity and 
seedling numbers were higher in relatively dry SCF than in MCF. The carbon stock of MCF (92.99t/ha) was higher than in SCF 
(51.94 t/ha).  In both forests, carbon stock increased with the increasing basal area (P = 0.0001). A signifi cant strong positive 
relationship (P = 0.0001) between density and carbon stock was found in SCF, but this relation was weak (P = 0.018) in MCF. 
Both community forests were fairly regenerating with a good number of small aged individuals, SCF shows an inverted J shaped 
density diameter (d-d) curve, whereas MCF shows a bell-shaped d-d curve. 
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Introduction

Carbon stock is the total quantity of carbon contained in a reservoir which can accumulate or release carbon [1]. Compared 
to croplands, forests sequester 20-100 times more carbon per unit area which play a profound role in reducing carbon dioxide 
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• Construction of ponds in dry Sal forests is recommended to increase forest carbon stock, to be benefi ted from Carbon trade 

under REDD+.
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levels [2]. The C sequestration is much faster in a young and regenerating forest, but C-stock is more in an old and mature forest 
[3, 4]. The world’s forests contain up to 80% of all above ground C and nearly 40% of all below ground (soil, litter and roots) 
terrestrial carbon [5]. 

Nepal started the community forestry program in the late 1970s, and by 2018   total of 2237670.5 ha of forest area has been 
handed over to 22,266 community forest users group [6].  Community forest has been claimed to act as a source of C sink, storing 
about 20% of the total carbon stock [7] in Nepal. Forest carbon sequestration and dynamics is an emerging issue, particularly 
for developing countries like Nepal [7]. Nepal forest contributes approximately 176.95 t/ha carbon stock where tree component 
contributes 61.53%, forest soil contributes 37.80%, and litter and debris contributes 0.67% [8]. Carbon stock did not vary 
signifi cantly with species richness and litter cover, but is usually increased with the management duration [9]. 

The regeneration and productivity of forest are determined by analyzing the current ratio of diff erent age group [10]. For 
particular ecosystem various natural and anthropogenic activities such as drought, forest fi re, disease outbreak, deforestation, 
overexploitation of resources, grazing, fragmentation and industrialization aff ect the forest diversity and regeneration [11, 12]. 
Similar to other factors soil characteristics also aff ect the biodiversity and regeneration of a forest. Generally, soil with low bulk 
density facilitates root growth along with optimum movement of air and water through the ground, whereas soil with a  bulk 
density of more than 1.6 g/cm³ tend to restrict root growth [13, 14]. 

Anthropogenic carbon emission by developed countries is a major challenge of the 21st century. The severe eff ects of 
anthropogenic carbon emission are global warming and biodiversity loss [11]. The parties of UNFCCC have approved the 
REDD+ scheme to provide  benefi ts for the community forests of the developing countries [9]. To get such help from the 
carbon trade, forest carbon stock should be appropriately recorded. To generate the baseline data, this research was proposed 
in the funding support of the Ministry of Industry, Tourism, Forests and Environment of Sudurpaschim province, Nepal. The 
information obtained from this research support planning and implementation for forest management and conservation.

Materials and Methods

Study area
This study was carried out in two 

community forests of Dhangadhi, Kailali 
district, Nepal. Siddhanath community 
forest (SCF) is located between 28°40’30’’ 
to 28°40’54’’ N and 80°38’13 to 80°39’7’’E 
and Manehara community forest (MCF) is 
located between 28°41’1’’to 28°41’57’’N 
and 80°37’38’’to 80°38’43’’E with the 
altitude ranging from 123 to 191 m asl 
(Figure 1).  The climate of the study area 
is tropical. The temperature recorded 
at the nearest weather station (Attariya 
meteorological station) from 1993 to 2019 
showed an average annual temperature of 
24.6°C and average annual rainfall of 1713 
mm of the study area.

The study area was dominated by Shorea 
robusta, and the other associated species 
were Terminalia chebula, Terminalia 
tomentosa, Syzygium cumini, Haldina 
cordifolia and Schleichera oleosa. The two 

Fig 1. Map of the study area; Map of Nepal with provinces and districts (a), Kailali 
district with local administrative units (b), Location of the community forests (MCF and 
SCF) in Dhangadhi sub-metropolitan city (c).
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study forests are diff erent in moisture conditions. In Manehara community forest, there are some small ponds and streams, but 
Siddhanath community forest was comparatively dry with no ponds and streams. Manehara community forest is divided into 
three blocks and Siddhanath community forest into fi ve blocks to prevent forest fi re. Siddhanath community forest was handed 
over to the user groups (1057 users) in 2000 AD and covers 167.25 hectares whereas Manehara community forest was handed 
over in 2007 AD for 893 users and covers 285.05 hectares.

Field Sampling   
Stratifi ed random sampling was used for vegetation sampling in April-May, 2019. Twenty circular plots of 20m radii were 

laid for each forest. For each sample plot, vegetation and fi eld characteristics were recorded. The geographical locations of each 
plot were recorded by using the Global Positioning System (GPS). Canopy cover (%) was estimated visually from the centre 
of each plot. The diameter of trees more than 10 cm at breast height (DBH >1.37m) were measured using diameter tape [15]. 
In each main plot, two subplots of 5m radii was laid to record shrub characteristics, and three subplots of 2m radii were laid 
to record herb and seedling characteristics.  To analyze the regeneration status of forest, the number of sapling and seedling of 
trees were counted in plots of 5m and 2m radii, respectively. For this, individuals with height between 15 cm and 1.37m were 
considered as sapling, and with height less than 15cm were considered as seedlings [9]. The basal area of trees was calculated 
to show its relationship with regeneration [15]. From each plot, 5 soil samples were collected using soil corer of 20 cm long 
and 3.4 cm internal diameter. Soil samples from each plot were homogenized and a representative sample was prepared.  The 
physicochemical parameters such as bulk density, soil moisture and soil organic carbon were measured and compared.   

Estimation of Biomass and Carbon Stock
The allometric equation was used to estimate the biomass and carbon stock [16]. Wood densities were taken from wood 

density index [17].

Data analysis                                                                                                                
All statistical tests were performed using excel 2016 and SPSS 16.0. The data was normalized for parametric tests. Correlation 

and regression analysis was done to show the relationship of carbon stock with other variables like basal area, density, soil 
carbon, soil moisture and bulk density. Similarly, a total number of plants of all species recorded in all the plots were divided into 
diff erent size classes based on DBH of 15 cm intervals. The density-diameter (d-d) curve of plants was prepared to analyze the 
distribution pattern of individuals in DBH classes.

Results and Discussion
Properties of forest stand         

Altogether 100 plant species were recorded from the study forests. Total plant species richness was higher in MCF (53) than 
in SCF (47). Tree species were higher in MCF (21) than in SCF (13), but herb species was higher in SCF (19) than in MCF (13) 
(Figure 2); that might be due to the dryness and low density of shrubs in SCF [18]. High herb diversity in the areas with less shrub 
cover might be due to the response of herbs to the removal of shrubs or the low availability of shrubs. Possibly MCF with high 
moisture content must have supported more species of shrubs and trees. 

Regeneration is the determinant factor for the sustainability of forest. Regeneration status of the forest is said to be good if forests 
have seedling >5000 and sapling >2000 per hectare [19]. In this study number of seedling and sapling in the Siddhanath community 
forest is 169,000 and 13,090 per hectare, respectively, and the seedling and sapling number in Manehara community forest are 
68,250 and 5,520 per hectare, respectively. This indicates good regeneration, as suggested by some similar research [19]. 

In Siddhanath community forest, stem density increased with decreasing diameter of stem, except in diameter class 55-70 
cm. Thus the density-diameter curve appeared almost inverted J-shaped (Figure 5). Some other research also suggests that a 
relatively open canopy favours  forest regeneration [20]. In Manehara community forest, stem density increased with increasing 
diameter up to a certain limit (40-55 cm); beyond this, stem density decreased with further increasing diameter; thus the d-d curve 
appeared as a bell-shaped (Figure 5), which has been suggested as the mature forest [21]. 

Among this two community forest, the relatively dry Siddhanath community forest had better tree regeneration than the 
Manehara community forest. This might be due to the open canopy and more plant with the less basal area than in the Manehara 
community forest (Table 1 and Figure 3). Some research fi nding also suggests that open canopy favours the regeneration of light-
demanding species [22]. In Shorea robusta forest presence of canopy gaps allowed suffi  cient light to reach the forest fl oor and 
made the environment dry, which is a favorable condition for the growth and development of its seedling and sapling. Thus light 
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is considered a very critical abiotic factor, which played two roles for increasing photosynthesis and ground temperature, and in 
turn also accelerated litter decomposition [22]. 

Basal area cover of woody plant species is an important vegetation character to access the standing biomass and productivity 
[9]. In average, the total basal area of all woody species of Manehara community forest is higher (26.26m²/ha vs 15.06 m²/ha) 
but density of trees was higher in dry Siddhanath community forest (Table 1). 

Soil characteristics of the forest were also analyzed to relate the role of soil factors in the diversity and regeneration of the 
forest. The mean value of soil carbon, soil moisture and canopy cover was higher in Manehara community forest, but bulk 
density shows the reverse result (Table 1).  In Manehara community forest, high plant diversity is correlated with low bulk 
density. Low bulk density or low compactness of soil might have facilitated for optimum movement of air and water through the 
soil particles and this probably favored seed germination of diff erent species [13].                                                            

      

        

Fig 2. Species richness in Siddhanath community forest (SCF) and Manehara community forest (MCF).

 

Fig 3. Life forms to show the regeneration status of all species in Siddhanath community forest (SCF) and Manehara 
community forest (MCF).

Fig 4. Life form diagram to show the regeneration status of Shorea robusta species in both Siddhanath community forest (SCF) 
and Manehara community forest (MCF).
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Fig 5. Density diameter relationship of trees ≥10cm in Siddhanath community forest (SCF) and Manehara community forest (MCF).

  Table 1. Mean value of the basal area, density of tree, soil organic carbon, soil moisture, bulk density, and canopy cover in 
two community forest.

Variables Siddhanath community forest                                                    Manehara community forest
Basal area(m²/ha) 15.06 26.26
Density of tree (stem/ha) 32.45 24.6
Soil carbon (%) 2.475 3.003
Soil bulk density (g/cm3) 1.43 1.34
Soil moisture (%) 1.97 16.31
Canopy cover (%) 27.1 34

Tree carbon stock
The total carbon stock of trees was recorded more in Manehara community forest (Table 2). In both forests, the above-ground 

biomass holds more carbon than in below-ground biomass for trees. However, the regeneration is perfect; both forests shows 
relatively low carbon stock compared to similar other forests; it might be due to the dominance of small-sized trees [3, 4]. Most 
of the researches suggest that productivity and carbon content is positively correlated with plant diversity [23, 24]. Our study 
also shows that Manehara community forest with plant biodiversity has higher carbon stock (Figure.1). However, some research 
[23] reported a positive but very weak correlation between carbon stock and species richness in the collaborative forests. Similar 
study conducted in the Netherlands also supported that the variation of carbon stock does not depend upon species diversifi cation, 
and shows a positive but weak correlation between carbon stock and biodiversity [24].

Basal area of tree species was found higher in Manehara community forest, and the relationship of basal area with total 
C-stock was found to be signifi cant (P = 0.0001). However, the density of tree species was higher in Siddhanath Community 
forest where the relationship with total C-stock was insignifi cant (Table 3), which support the results of some Hill sal forests of 
Dhading district, Nepal [9]. Some research also shows that the rate of carbon sequestration is much higher in young individuals, 
but C-stock is relatively  high in an old-aged forests [3, 4, 25]. Our result also supports the above-mentioned statements, here 
standing C-stock of the old-aged Manehara community forest was much higher than the young plant dominated Siddhanath 
community forest.                                                                                         

Table 2. Above and below ground carbon stock (t/ha) in two community forests based on soil moisture.

Name of forest Above ground carbon stock                                 Below ground carbon stock Total carbon  stock 
SCF  43.462 8.5336 51.94
MCF 77.4167 15.3695 92.99

                     
 Carbon stock relationship with soil moisture and soil organic carbon (0-20 cm depth) was negative and insignifi cant 

for both forests (Table 3), but  some other studies have shown signifi cant positive correlation between soil organic 
carbon and  soil moisture for 0-10cm depth [26, 27]. This indicates the soil moisture played an important role in 
soil carbon sequestration at upper most surface of forest ecosystem. At the community level, high soil moisture 
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contributes to the high net primary productivity and ultimately high soil organic carbon accumulation. However, 
some research suggests the increasing C-stock is correlated with increased total soil organic carbon [9]. 

The correlation of carbon stock in both forests was positive but insignifi cant with bulk density. At the community level, 
the bulk density of the Siddhanath community forest was higher, which indicates the Manehara community forest has less soil 
compaction and high porosity in soil suitable for root growth. In general, soil bulk density greater than 1.6g/cm³ is tend to restrict 
the growth of plants [14]. Our study shows that there was an insignifi cant eff ect of bulk density and soil carbon with total carbon. 

                                                                                                                                                                                                                                                           
Table 3. Relationship between carbon stock and soil parameters                                                    

Correlation 
Siddhanath 
community forest                                   

Manehara 
community forest

P-value in 
Siddhanath 
community forest

P-value in 
Manehara 
community 
forest

Carbon stock and soil moisture -0.022 -0.209 0.926 0.377

Carbon stock and bulk density 0.142 0.350 0.551 0.131

Carbon stock and soil organic 
carbon

Carbon stock and basal area

Carbon stock and density

-0.027

0.993 

0.954

-0.136 

0.893

0.254

0.914

0.0001

0.0001

0.568

0.0001

0.018

 Conclusions
The biodiversity and carbon stock was much higher in the Manehara community forest due to optimum moisture throughout 

the year. The forest regeneration is relatively better in the Siddhanath community forest due to the open canopy, and the resurgence 
in the Manehara community forest was also good.  The correlation of soil organic carbon and carbon stock is negative, but the 
carbon stock of trees increased with increasing soil organic carbon and soil moisture. Hence, for better carbon stock, moisture 
might have played a crucial role in the Manehara community forest. With these conclusions, we strongly recommend making 
ponds in some high land areas to improve the biodiversity, forest regeneration and carbon stock. 
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