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Abstract. 
Regeneration patterns of species populations can address climate change by adaptive evolution or by migrating 

association to survival in their favorable climate and finally decide the particular forest future. This research examined 
the status of regeneration and carbon sequestration potential in the tropical Sal (Shorea robusta) forest of 
Kanchanpur district, Nepal. For the study, a total of 63 concentric sample plots were investigated by using systematic 
sampling with 0.5% sampling intensity. The regeneration status of the forest was estimated by calculating the density of 
each species in each developmental phase. The aboveground carbon stock of tree species was estimated using 
allometric equations. The studied forests had good regeneration status and Shorea robusta was the dominant species in 
terms of regeneration and carbon stock. Ramnagar community forest had a greater number of seedlings, saplings, and 
trees than that of the Ganesh community forest. Reverse J-shaped population curves were recorded at both the study 
sites. This study provided infor- mation about the regeneration status, structure, composition, and carbon sequestration 
potential of tree species which is very necessary for the conservation and sustainable management of community forests. 
Studies indicate that community management has increased the carbon stock of forests and also has promoted the 
productivity of forests by altering the structure and composition of the community forests. 
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INTRODUCTION 

Forests are important repositories of terrestrial 

biodiversity and play a key role in influencing so- 

cio-ecological and cultural attributes of human so- 

cieties including livelihood activities of traditional 

societies living in these areas (Hermann, 2006; Ba- 

boo et al. 2017; Karki et al. 2017). Biodiversity is 

needed for human survival economic well-being, 

and ecosystem function and stability (Singh, 2002). 

Globally, habitat destruction, overexploitation, pol- 

lution, and species introduction are identified as ma- 

jor causes of biodiversity loss (UNEP, 2001; Bargali 

et al. 2014, 2015; Mourya et al. 2019). The existence 

of a species in nature largely depends on its regen- 

eration under varied environmental conditions like 

forest floor conditions; nutrient use efficiency of spe- 

cies and cycling as well as decomposition processes 

(Bargali, 1994, 1995, 1996; Bargali et al. 1992, 1993; 

Bargali and Singh, 1997). The regeneration of species 

dependent on environmental factors, soil conditions, 

anthropogenic pressures, and management practices. 

The paradigm shift in the model of forest man- 

agement in Nepal has been extraordinary and vague- 

ly studied, where community-based forest manage- 

ment (CBFM) is one milestone Nepal has set in this 

arena. In the present context, 44.74% of Nepal’s area 

is under forest cover and CBFM covers about 2.3 

million hectares of forest, comprising 38.5% of the 

total forest in the country ( MoFSC, 2015; Raj Pathak 

et al. 2017) which shows Nepal at the forefront of 

the CBFM practice making it a global success (Ojha 

et al. 2007). Nepal’s community forest (a model of 

CBFM) which began in 1978 with a thorough neces- 

sity of a stable forestry sector with a connection of 
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people to natural resources (Hobley, 1996; Acharya, 

2002), after four decades has upgraded positively 

from centralized and top-down management to de- 

centralized and participatory management regime 

with gradual development in the formulation of ma- 

jor national policies like National forest plan 1976, 

Master Plan for the Forestry Sector 1989, Forest Act 

1993, Forest Rules 1995, and forest Policy 2015 & 

2019 (MoFSC, 1993; MoFSC, 1995; MoFE, 2019; 

Acharya, 2003). The regeneration and production 

function of a forest is characterized by the  pres- 

ence of different age group of seedlings, saplings, 

and trees (Chauhan et al. 2008) which later helps to 

understand the status of tree populations, regenera- 

tion, and diversity for the application of conservation 

measures (Mishra et al. 2014). Regeneration is a vital 

process for the existence of species in a community 

and studies have shown the effects of devolved forest 

management in Nepal as a general picture of forest 

conservation and regeneration (Khumbongmayum et 

al. 2005; Chhetri et al. 2012; Bhattarai & Conway, 

2008). Regeneration not only presents the recent 

status, health, and vitality of the forest but also show  

cases the future forest composition. It can be further 

used to determine whether forest management leads 

to productive capacity as well as biological diversity 

of forests are maintained (Awasthi et al. 2015; 

Malik & Bhatt, 2016; Lutze et al. 2004). The 

intensity of management interventions applied differ- 

entiates the regeneration dynamics and species com- 

position in forests which brings out the necessity of 

regular monitoring and examination of silvicultural 

interventions to ensure effective forest management 

on regeneration structure and composition as well  

as species diversity ( Awasthi et al. 2020; Awasthi et 

al. 2015; Figueroa Rangel & Olvera-Vargas, 2000; 

Nguyen & Baker, 2016). Foresters and ecologists see 

inadequate forest regeneration as a backdrop (Ce- 

ccon et al. 2004) which is generally influenced by 

locality factors and later changes viability of forest 

population (Condit et al. 1996; Stork, 2010; Mishra 

et al. 2013), local habitat characters (Chaturvedi et 

al. 2012), community composition, insects, disease, 

herbivores and competing vegetation (Sagar et. al., 

2008; Ward et al. 2006). 
Regeneration of disturbed forests and  conserva- 

tion of forests sequester a significant quantity of car- 

bon in soil and vegetation layers (Brown et al. 1996) 

through which forests act as one of the largest carbon 

sinks helping control atmospheric CO
2 

concentra- 

tions (Zhou et al. 2006). Forests contain almost  half 

of the terrestrial carbon (Dixon et al. 1994; IPCC, 

2007; Wei et al. 2014; Singh et al. 2006), and on av- 

erage carbon comprise ca. 50% of the dry biomass 

(Mac Dicken 1997). In Nepal, through pilot projects 

few CFUG’s have got support and assistance from the 

government for carbon enhancement to mitigate and 

adapt against climate change and also to make car- 

bon trade, a great hope in a country like Nepal 

(Chand et al. 2018; UNFCC, 2010; Adhikari, 2016). 

Carbon sequestration through sustainable forest 

management can be an effective way to cope with 

global climate change (Brown et al. 1996; IPCC, 

1995). Therefore, we assessed the regeneration 

status of the community forests in Nepal and their 

potential to accumulate carbon through which we 

could have definite knowledge about the effects of 

forest management and silvicultural operations on 

the overall health and vitality of the forests. Thus, 

this study addresses the factors responsible for 

regeneration and carbon accumulation by a 

comparative study in two community-managed 

forests (CFs) of Far-Western Terai region which is 

lacking in the existing literature. 

 

MATERIALS AND METHODS 

 
Study area 

The study was carried out in the natural mixed Sal 

(Shorea robusta) broad-leaved forest of Terai region 

which represents the foothills of Himalaya (Figure 1). 

The field study was carried out during the winter 

season between October and December 2018. We 

selected Ganesh (Bedkot Municipality) and Ramnagar 

(Belauri Municipality) community forests (CF) of 

Kanchanpur district for this purpose. Kanchanpur is a 

district located  in  the  Far-Western  Province of the 

southwestern part of Nepal (28.8372ºN; 80.3213ºE) 

(Bhatta and Joshi, 2020). The elevation of the district 

is moderately steep ranging from lower tropical below 

300 m and upper tropical ranging from 300-1000 

m.a.s.l. Ganesh CF with its dominant species i.e. 

Mallotus philippensis covers an area of 434.48 ha at 

221-300 m..s.l. Similarly, Ramnagar CF consists of a 

natural Sal forest which covers an area of 197.16 ha at 

120-145 m.a.s.l.. Other associate species such as Adina 

cordifolia, Anogeissus latifolia, Lagerstroemia 

parviflora, Schleichera oleosa, Pterocarpus 

marsupium, etc. were recorded from both study sites. 

The entire forest area was divided into different blocks 

and compartments by community forest user groups 

(CF manuals) based upon the geographical location  
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and species composition. Ganesh CF was divided into 

three blocks and Ramnagar CF was divided into one 

compartment and eight sub-compartments with 

managerial and administrative motives. The average 

annual rainfall is 1512.12 mm and temperature ranges 

from 13 to 38º C (Joshi et al. 2021). 
 

 

Figure 1: Map of the study area. 

 

Forest sampling design and measurement 

GPS and Arc Map 10.5 software were used to 

delineate the selected community forests. Systematic 

sampling with 0.5% sampling intensity was done. A 

total of 63 circular sample plots (43 sample plots in 

Ganesh and 20 in Ramnagar CF), each of 500 m
2
, 

were established in both community forests was de- 

termined by the formula given as: 
 

 

In each sample plot, three concentric plots with 

radii of 12.62 m, 5.64, and 1 m were used for sam- 

pling trees (DBH ≥ 5cm), saplings (DBH 1-5 cm), 

and seedlings (DBH < 1 cm) respectively. Regener- 

ations (seedlings and saplings) were counted in the 

plot (MoFSC 2010), to obtain density. The height of 

each tree was determined by using a Silva clinometer 

and the diameter at breast height (DBH) of each tree 

within the sample plot was measured by using diam- 

eter tape in a 12.62 m plot. 

 

Quantitative Analysis 

Regeneration density. The total numbers of sap- 

lings and trees were acquired from the number of in- 

dividuals as recorded during carbon stock estimation 

considering individuals with DBH < 5 cm as saplings 

and trees as DBH ≥ 5 cm (DFRS, 2014 a, b; Maren et 

al. 2015). Likewise, entire seedlings of each species 

were also acquired from the number of individuals as 

recorded during carbon stock estimation considering 

 
individuals with DBH < 1 cm (height between 15 cm 

to 137 cm) as seedlings (DFRS, 2014 a, b; Maren et 

al. 2015) which were counted in altogether 63 sample 

plots of 1 m radius. Finally, seedlings, saplings, and 

trees were counted in each sample plot and later the 

numbers counted were added, averaged, and record- 

ed for density calculation. Density was estimated by 

the following equation: 
 

 

Similarly, the density of individual species was 

estimated by the following equation: 
 

 

Community attributes (Importance Value In- 

dex). For the quantitative data analysis, density, fre- 

quency, and basal area of tree species were calculated 

according to Zobel et al. (1987). To express the dom- 

inance and ecological success of any species, with a 

single value, the concept of Importance Value Index 

(I.V.I) has been developed and was calculated to de- 

termine the overall importance of each species in the 

community structure by adding the relative values of 

the three parameters i.e. density, frequency and basal 

area (Curtice et al. 1959). 
 

Where, I.V.I. = Importance Value Index, RD = Rela- 

tive Density, R.F. = Relative Frequency and R.B.A. = 

Relative Basal Area. 

 

Biomass and carbon estimation: Aboveground 

trees biomass. For the estimation of biomass, a 

non-destructive method was chosen in the study. The 

aboveground tree biomass (AGTB) was calculated 

by using the allometric equation provided by Chave 

et al. (2005). 

 

AGTB = 0.0509 x D
2
 x WD x H 

 
where, WD = Wood specific density (kg m

-3
), D = 

Tree diameter at breast height (cm), H = Tree height 

(m) for trees (DBH ≥ 5 cm) (Chave et al. 2005). 

 
Carbon Stock of Species. The total carbon stock 

of individual tree species in the community forests 

was calculated by adding the density values of the 

whole forest for that particular species. The percent- 

age contribution of carbon stock of each tree species 
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in a forest was determined by taking the proportional 

sum of carbon stock per ha of all species present in 

the forest to the sum of carbon stock of a particular 

species on the same forest (Joshi et al. 2020). It was 

determined by the following equation: 
 

 

 
Statistical analysis 

A two-way analysis of variance (ANOVA) test 

was performed to test the significance of differenc- 

es between CFs, species, and their interaction. To 

estimate carbon stocks CF scale was applied, but to 

determine the species-wise total carbon stock among 

the common species of community forests, three an- 

alytical replications of each CFs were taken for anal- 

yses. Replications were randomly assigned to create 

an equal number of replications of both CFs, to over- 

come a problem of the uneven number of plots for 

species and CFs. Statistical analysis was conducted 

by using SPSS software and Microsoft Excel (2010). 

All the mean values are followed by the standard er- 

ror (± SE). 

 

RESULTS 

 
Quantitative Analysis 

 
Regeneration status of different species in 

both CF. The regeneration status of the Ganesh  

CF was not prominent as compared to Ramnagar 

CF. The Ganesh CF contained the seedlings of 13 

species from the studied 43 sample plots whereas 

Ramnagar CF consists of seedlings of 4 species 

from the studied 20 sample plots. In Ganesh CF, the 

highest number of seedlings was of Shorea robus- 

ta, followed by Mallotus philippensis, Syzygium 

cumini, and Madhuca indica. Similarly, in Ram- 

nagar CF, the highest number of seedlings was of 

Shorea robusta, followed by Cassia fistula, Dio- 

spyrous melanoxylon, and Terminalia tomentosa. 

Comparing both CFs, Shorea robusta was the most 

numerous in both seedling and sapling stages. The 

total number of seedlings in Ganesh and Ramnagar 

CF was estimated to be 8591± 288 and 25000±1663 

ind. ha
-1

, respectively (Table 1). 

Similarly, the total number of saplings was found 

greater in Ramnagar CF compared to Ganesh CF 

accounting 928±41 saplings and 381±11 ind. ha
-1
 

 

Table 1: Overview of particular species seedlings regeneration status in both CFs. 
 

 
 

S.N. 

 
 

Species name 

Seedlings 

Ganesh CF Ramnagar CF 

Individuals ha
-1

 
Proportion 

(%) 
Individuals ha

-1
 

Proportion 

(%) 

1 Acacia catechu 74 0.86 0 0.00 

2 Adina cordifolia 222 2.59 0 0.00 

3 Albizia procera 74 0.86 0 0.00 

4 Anogeissus latifolia 370 4.31 0 0.00 

5 Cassia fistula 370 4.31 159 0.64 

6 Diospyrous melanoxylon 0 0.00 159 0.64 

7 Ficus spp. 296 3.45 0 0.00 

8 Holoptelia integrifolia 74 0.86 0 0.00 

9 Madhuca indica 444 5.17 0 0.00 

10 Mallotus philippensis 815 9.48 0 0.00 

11 Schleichera oleosa 370 4.31 0 0.00 

12 Shorea robusta 4518 52.59 24522 98.09 

13 Syzygium cumini 667 7.76 0 0.00 

14 Terminalia bellerica 296 3.45 0 0.00 

15 Terminalia tomentosa 0 0.00 159 0.64 

Total 8591 100.00 25000 100.00 
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Table 2: Overview of particular species saplings regeneration status in both CFs. 

 
S.N. 

 
Species name 

Saplings 

Ganesh CF Ramnagar CF 

Individuals ha
-1

 Proportion (%) Individuals ha
-1

 Proportion (%) 

1 Acacia catechu 9 2.44 0 0.00 

2 Adina cordifolia 5 1.22 2 0.25 

3 Anogeissus latifolia 21 5.49 33 3.51 

4 Bombax ceiba 0 0.00 2 0.25 

5 Cassia fistula 16 4.27 0 0.00 

6 Dillenia pentagaina 0 0.00 7 0.75 

7 Diospyrous melanoxylon 0 0.00 12 1.25 

8 Ficus spp. 28 7.32 0 0.00 

9 Holoptelia integrifolia 9 2.44 0 0.00 

10 Lagerstroemia parviflora 9 2.44 7 0.75 

11 Mallotus philippensis 98 25.61 147 15.79 

12 Pterocarpus marsupium 0 0.00 2 0.25 

13 Schleichera oleosa 2 0.61 9 1.00 

14 Shorea robusta 174 45.73 695 74.94 

15 Syzygium cumini 5 1.22 5 0.50 

16 Terminalia bellerica 0 0.00 7 0.75 

17 Alstonia scholaris 5 1.22 0 0.00 

Total 381 100.00 928 100.00 
 

respectively. Therefore, the regeneration status of 

Ramnagar CF was relatively higher than Ganesh CF 

(Table 1 & 2). Similarly, the seedlings and saplings 

of Sal (Shorea robuata) were regular and greater in 

Ramnagar community forest having higher density 

and frequency than the Ganesh community forest.   

It indicates that the seedlings and saplings of Sal 

(Shorea robusta) have a uniform distribution and the 

forest structure and composition might not change in 

coming years. 

 

DBH distributions. While comparing both 

community forests, Ganesh CF was found con- 

tributing the maximum number of trees in diame- 

ter class of (10-20) cm which attributes to 165 tree 

individuals. Similarly, Ramnagar CF represented 

 

 
Figure 2: Distribution of DBH  in Ganesh and Ramnagar CF. 
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the maximum number of trees in diameter class of 

(>5-10) cm which accounts for 516 individuals. In 

both Ganesh and Ramnagar CF, there was the least 

represented were trees with a diameter exceeding 

30 cm (Figure 2). 

 

Forest structure. The density of seedlings was 

higher than saplings and trees in both CFs. The 

presence of a high number of seedlings on the com- 

munity forest floor signifies the good regeneration 

potential of the forest site (Figure 3). 
 

 
Figure 3: Inverse J-shaped curve indicating the immature 

condition of community forests. 

Community attributes (Importance Value In- 

dex). Altogether twenty-two tree species were iden- 

tified and recorded from the entire sample plots of 

both community forests. Sixteen tree species with a 

total individual of 318 trees were identified and mea- 

sured in Ganesh CF. Likewise, in Ramnagar CF 16 

tree species, represented by a total 649 trees were 

identified and measured. Hence, higher tree density 

(148 ind. ha
-1

) was observed in Ganesh CF followed 

by 649 ind. ha
-1

 in Ramnagar CF (Table 3). Accord- 

ing to the results, the most dominant tree species in 

Ganesh and Ramnagar community forests were Mal- 

lotus philippensis and Shorea robusta accounting 

for 97.16 and 178.49, respectively. The lowest IVI 

was for Syzygium cumini (1.70) and Adina cordifolia 

(1.41) in Ganesh and Ramnagar community forests 

respectively (Joshi et al. 2019). 

Biomass and Carbon estimation 

Aboveground tree biomass (AGTB) and  car- 

bon stock. Mean AGTB and carbon stock in Ga- 
nesh CF were 163.07±34.77 t ha

-1
 and 76.64±16.34  t 

ha
-1

, respectively. Similarly, the AGTB and carbon 

stock in Ramnagar CF were 347.06±43.05 t ha
-1

 and 

163.12±20.23 t ha
-1

, respectively. As a result, total 

AGTB and carbon stock were comparatively great- 

er in Ramnagar CF than Ganesh CF (Figure 4). This 

may be due to the presence of large-sized trees which 

consequently have higher biomass values (Joshi et al. 

2020). 

Table 3: Importance Value Index (IVI) of tree species in 

both CFs 
 

 
S.N. 

Importance Value Index (I.V.I.) 

Species 
Ganesh 

CF 

Ramnagar 

CF 

1 Acacia catechu 7.24 - 

2 Adina cordifolia 30.84 1.41 

3 
Anogeissus 

latifolia 
17.14 10.77 

4 Bombax ceiba 3.10 4.31 

5 Cassia fistula 12.94 4.53 

6 Dalbergia sissoo - 1.58 

7 
Dillenia 

pentagaina 
- 4.27 

8 
Diospyrous 

melanoxylon 
- 3.01 

 

9 
Ficus 

bengalensis 

 

11.19 

 

- 

10 Ficus spp. 4.98 - 

11 
Holoptelia 

integrifolia 
7.82 - 

12 
Lagerstroemia 

parviflora 
15.15 7.39 

13 Madhuca indica 2.14 - 

 

14 
Mallotus 

philippensis 

 

97.16 
 

32.79 

15 
Pterocarpus 

marsupium 
- 11.34 

16 
Schleichera 

oleosa 
13.85 4.64 

17 Shorea robusta 65.23 178.49 

18 Syzygium cumini 1.70 5.86 

19 
Terminalia 

bellerica 
3.56 6.6 

20 
Terminalia 

tomentosa 
- 21.59 

21 
Alstonia 

scholaris 
5.95 - 

22 
Ziziphus 

mauritiana 
- 1.42 
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Figure 4: Total AGTB accumulation and carbon stock in both CFs. 

Contribution of tree species in carbon stock 

In the case of tree layer, Shorea robusta had the 

highest contribution to the carbon stock of both com- 

munity-managed forests contributing 38.45 t ha
-1
 

(50.17 %) in Ganesh CF and 143.10 t ha
-1

 (87.73 %) 

in Ramnagar CF. Sal (Shorea robusta) was followed 

by Adina cordifolia (15.67 t ha
-1

) and Terminalia 

tomentosa (14.80 t ha
-1

) in Ganesh and Ramnagar 

community forests (Table 4). The least carbon stock 

was recorded in Syzygium cumini (0.01 t ha
-1

) and 

Adina cordifolia (0.003 t ha
-1

) of Ganesh and Ram- 

nagar community forests. The other tree species also 

contributed a significantly higher percentage of car- 

bon stock in both community forests (Table 4). 

Total species-wise carbon stock among the com- 

mon species of both Ganesh and Ramnagar com- 

munity forests statistically showed a significant dif- 

ference in the total amount of carbon stock in both 

community forests (p<0.05) (Table 5). 

The mean carbon stock of common species in 

both CFs ranges from 0.02–90.78 t ha
-1

 (Table 6). 

The highest mean value was recorded in Shorea ro- 

busta (90.78 t ha
-1

), followed by Adina cordifolia 

(7.84 t ha
-1

), Schleichera oleosa (2.47 t ha
-1

), Mal- 

Table 4: The percentage share of species contribution on carbon stock of both CFs. 

 
Rank 

Ganesh CF Ramnagar CF 

Species 
C±SE 

(t ha
-1

) 
C (%) Species 

C±SE 

(t ha
-1

) 
C (%) 

1 Shorea robusta 38.45 50.17 Shorea robusta 143.1 87.73 

2 Adina cordifolia 15.67 20.45 Terminalia tomentosa 14.8 9.07 

3 Schleichera oleosa 4.88 6.37 Pterocarpus marsupium 2.66 1.63 

4 Ficus bengalensis 3.74 4.88 Terminalia bellerica 1.05 0.64 

5 Holoptelia integrifolia 2.81 3.67 Mallotus philippensis 0.97 0.59 

6 Alstonia scholaris 2.46 3.21 Dalbergia sissoo 0.16 0.1 

7 Anogeissus. latifolia 2.46 3.21 Lagerstroemia parviflora 0.09 0.06 

8 Mallotus philippensis 2.26 2.95 Dillenia pentagaina 0.07 0.04 

9 Terminalia bellerica 1.76 2.3 Cassia fistula 0.06 0.04 

10 Bombax ceiba 0.76 0.99 Anogeissus latifolia 0.05 0.03 

11 
Lagerstroemia parvi- 
flora 0.68 0.89 Schleichera oleosa 0.05 0.03 

12 Cassia fistula 0.31 0.4 Bombax ceiba 0.02 0.01 

13 Madhuca indica 0.19 0.25 Syzygium cumini 0.02 0.01 

14 Acacia catechu 0.14 0.18 Diospyrous melanoxylon 0.01 0.01 

15 Ficus spp. 0.06 0.08 Ziziphus mauritiana 0.004 0.002 

16 Syzygium cumini 0.01 0.01 Adina cordifolia 0.003 0.002 

Total AGTC 74.64±16.34 100 Total AGTC 163.12±20.23 100 
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Table 5: Two way ANOVA test among the common tree species of both CFs 
 

 

Source of Variation 

 

df 
Sum of 

Squares 

Mean 

Squares 

 

F-Calculated 

 

p 

Replication 2 1,385.70 - - - 

CF 1 801.76 801.76 12.19 0.0731 

Error (CF) 2 131.53 65.77 - - 

Species 9 41,762.44 4640.27 16.40 <0.0001 

Interaction 9 14,682.79 1631.42 5.77 <0.0001* 

Error (species) 36 10,188.06 283.00 - - 

Total 59 68,952.28 - - - 

Where,* p< 0.05 is considered as statistically significant 

lotus philippensis (1.62 t ha
-1

), and minimum in 

Syzygium cumini (0.02 t ha
-1

). 

 
DISCUSSION 

 
Regeneration and other attributes 

The total number of seedlings, saplings,  and 

tree density was comparatively higher in Ramnagar 

community forest than that of Ganesh community 

forest. Ramnagar community forest’s canopy cover 

and ground vegetation cover was higher than Ganesh 

 
community forests (Joshi et al. 2020). In both com- 

munity forests, Sal has dominated seedlings and 

saplings layers. The higher density of Sal species 

(seedlings and saplings) might be due to the 

presence of low canopy cover in community forests 

which allowed the required amount of sunlight to 

reach the understory of community forests and made 

the environment favorable for abundant growth of 

seedlings and saplings of Sal species (Joshi et al. 

2020). A high canopy gap fraction (low canopy 

cover) favors the regeneration of light-demanding 

species such as Sal (Sapkota 
 

Table 6: Mean carbon stock by common species in both CFs 

Species-wise AGTC (t ha
-1

) 

S.N. Common species Ganesh CF Ramnagar CF Mean 

1 Shorea robusta 38.45 143.1 90.78 

2 Mallotus philippensis 2.26 0.97 1.62 

3 Terminalia bellerica 1.76 1.05 1.41 

4 Anogeissus latifolia 2.46 0.05 1.26 

5 Lagerstroemia parviflora 0.68 0.09 0.39 

6 Syzygium cumini 0.01 0.02 0.02 

7 Schleichera oleosa 4.88 0.05 2.47 

8 Cassia fistula 0.31 0.06 0.19 

9 Adina cordifolia 15.67 0.003 7.84 

10 Bombax ceiba 0.76 0.02 0.39 

Mean 6.72 14.54 - 

S.N. Community forest CD SE (d) SE (m) 

1 Ganesh CF NS 2.09 1.48 

2 Ramnagar CF 19.78 9.71 6.87 

S.N. Interaction CD SE (d) SE (m) 

1 Ganesh CF×Species Vs. Ganesh CF×Species 28.87 13.74 4.68 

2 Ganesh CF×Species Vs. Ramnagar CF ×Species 27.74 13.2 9.33 

Where, CD = Critical Difference, NS = Not Significant, SE (d) = Standard Error of difference and SE (m) = Standard 

Error of mean. 
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et al. 2009). The abundance and density of seedlings 

and saplings indicate the regeneration potential of a 

CF (Pallardy, 2010). Total numbers of individuals 

were seen to be decreasing from the young regenera- 

tion phase to successive development phases in both 

community forests. 

The present study on the regeneration status of 

forests shows somehow similar pattern to the study 

from different parts of the country (Table 7). The 

overall chart was inverse J-shaped indicating the 

immature condition of the community forests and 

considered as an ideal condition for regenerating 

community forests (Chauhan et al. 2008) and also 

the indication of satisfactory regeneration (Acharya 

et al. 2007) (Figure 3). Community forest resource 

inventory guideline (2004) suggested criteria based 

on the number of seedlings and saplings in a forest 

for evaluating the regeneration condition of the for- 

est. The regeneration status of the forest is consid- 

ered to be good if any forest has seedling > 5000 in 

number and sapling > 2000 in number per hectare 

(Pandey et al. 2012). The variation in regeneration 

pattern of the present study with the below pre- 

sented results of different researchers may be due 

to variation in any one of the locality factors like 

topography, climate, stand, intensity and type of 
 

Table 7: Regeneration status of Sal forests and Sal species under different management categories of Nepal. 

 
Forest type (Location) 

Management 

type 

Forest regeneration 

(ind. ha-1) 
Sal regeneration (ind. ha-1)  

Reference 

Seedling Sapling Tree Seedling Sapling Tree 

Tropical Sal forest 

(Ganesh CF, Kanchanpur) 
CM 8591 381 148 4518 174 20 This study 

Tropical Sal forest 

(Ramnagar CF, 

Kanchanpur) 

 
CM 

 
25000 

 
928 

 
649 

 
24522 

 
695 

 
449 

 
This study 

Tropical Sal (Rupandehi) Collaborative 
13035- 

21022 
(NA) 

66- 

552 

6445- 

13977 

1055- 

3022 
NA 

Awasthi et al. 

(2015) 

Tropical & sub-tropical 

Sal (Banke NP) 
GM 

6367- 

59236 
260-5809 

83- 

634 
27153 201 46 Napit (2015) 

Terai (FWP) NA 40261 1463 NA NA NA NA 
DFRS (2014 

a, b) 

Churia (FWP) NA 12661 491 NA NA NA NA 
DFRS (2014 

a, b) 

Terai (NL) CM 25469 1866 NA NA NA NA 
DFRS (2014 

a, b) 

Churia (NL) CM 22294 1216 NA NA NA NA 
DFRS (2014 

a, b) 

Terai (NL) NA 29649 1662 583 18686 358 188 
DFRS (2014 

a, b) 

Churia (NL) NA 19805 958 731 12140 227 223 
DFRS (2014 

a, b) 

Tropical Sal (Palpa) GM NA 3438 3-209 4375 2563 209 
Basyal et al. 

(2011) 

Sal (Surkhet) CM NA NA NA 6758 4484 962 
Shrestha 

(2009) 

Sal (Surkhet) Protected NA NA NA 4422 422 1008 
Shrestha 

(2009) 

Tropical Sal (Bardia NP, 

Suklaphanta NP & 2 CFs 

from Kanchanpur) 

 
CM & GM 

 
79072 

 
1798 

 
220 

 
70462 

 
1431 

 
64 

Timilsina et al. 

(2007) 

Inner Terai Sal (Chitwan 

& Nawalparasi) 
CM NA NA NA 43000 2974 192 Kandel (2007) 

Tropical Sal (Bardiya) GM NA NA NA 11185 321 95 
Giri et al. 

(1999) 

Where, NA = Not available, CM = Community managed, GM = Government managed, NP = National Park, NL = Na- 

tional Level and FWP = Far-West Province. 
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disturbances, and soil nutrients of the study site. 

Different studies like Sapkota et al. (2009); Gau- 

tam and Devoe (2006) showed regeneration of Sal 

was either positively or negatively affected by these 

factors. 

Community attributes 

The Importance Value Index (IVI) of Mallotus 

philippensis (97.16) and Shorea robusta (178.49) 

was found highest in Ganesh and Ramnagar commu- 

nity forests, respectively. A high IVI value of a spe- 

cies indicated its dominance and ecological success, 

its good power of regeneration, and greater ecologi- 

cal amplitude (Shameem & Kangroo, 2011). This in- 

dicates that Mallotus philippensis and Shorea robus- 

ta were the most important and dominant tree species 

in Ganesh and Ramnagar community forests respec- 

tively which utilizes most of the forest area and re- 

sources. The disappearance of previously dominant 

species like Shorea robusta and the appearance of 

Mallotus philippensis with other associate species as 

a dominant character at their recruitment stage has 

been commonly observed as a result of severe forest 

degradation or disturbance activities (Onaindia et al. 

2004). 

 

Carbon stock and Sal forest 

The standing carbon stock of trees varies with 

the successional stage of the forest and the carbon se- 

questration potential depends on the forest type, age 

of forest, size of trees, density of trees, and stand con- 

dition (Brown et al,, 1989; Dixon et al. 1994; Joshi 

& Singh 2020). With the increasing age of forest, the 

carbon sequestered by plants is stored as biomass. 

Many trees in the studied community forests 

reach DBH of less than 20 cm. According to Johnson 

& Coburn (2010), if trees in forests are well stocked, 

it typically sequestrates carbon at a maximum rate 

between the age of 10, 20, and 30 years old. As an 

indicator, at the age of 30 years, about 200-520 tons 

of carbon dioxide (CO
2
) are sequestered per ha in 

forests with productivity ranging from low to high. 
So, the studied community forests might have the 

potentiality to sequestrate more carbon. Carbon se- 

questration depends on the rate of annual growth of 

forests, positively correlated with age. The old for- 

ests with over mature stand have high carbon stock 

but the rate of carbon sequestration is low because 

of annual growth of mature tree has less than young 

stand. Among the studied community forests, Ram- 

nagar CF got higher tree biomass stock than Ganesh 

CF. The aboveground tree biomass and carbon stock 

in Ganesh CF were 163.07 t ha
-1

 and 76.64 t ha
-1

, re- 

spectively which was lower than in Ramnagar CF 

(biomass 347.06 t ha
-1

 and carbon 163.12 t ha
-1

). The 

FRA report 2014 shows that the total carbon stock 

from the forest of Terai region to be 89.18 t ha
-1

, Sal 

being the highest contributor on carbon stock, a simi- 

lar result has been shown by our study as Sal was the 

highest contributor of C-stock in the tree layer with 

50.17% (38.5 t ha
-1

) and 87.73% (143.10 t ha
-1

) in 

both Ganesh and Ramnagar community forests, re- 

spectively. The carbon stock contribution of Sal spe- 

cies in Ramnagar CF followed the patterns from the 

Sal-dominated two CFs of Gorkha where Sal con- 

tributed 95% & 86% in C-stock (Neupane & Shar- 

ma, 2014). In contrary to this, Gaihre (2015) found 

that Sal contributed 64.5% & 44.7% in C-stock in 

two community-managed forests of Tanahun district 

which was similar to the results of Ganesh CF. In the 

Ramnagar community forests (Present study) the dif- 

ference between the density of Sal and other species 

was higher whereas in the study of Gaihre (2015) and 

Ganesh community forests (present study) difference 

between Sal density and density of other species 

were relatively low. 

 

CONCLUSIONS 

The carbon stock increased with the increase in 

sustainable management duration of forests while the 

density of seedlings, saplings, and trees in studied 

CFs were in the following order: seedlings > saplings 

> trees. Therefore, the hypothesis that the biomass 

C-stock of the community-managed forest increases 

with the management duration and community-man- 

aged forests has a good regeneration status had been 

accepted. The number of seedling, sapling, and tree 

were more in Ramnagar community forests than 

Ganesh community forests. The total number (den- 

sity) of Sal seedlings and saplings were higher than 

other associated species in both Community Forests. 

Sal was followed by Mallotus philippensis, Syzygium 

cumini, Anogeissus latifolia, and Madhuca indica. 

Shorea robusta was the most dominant species and 

showed a significant contribution to the carbon stock 

of both community forests (50.17% in Ganesh CF 

and 87.73% in Ramnagar CF). There was a signifi- 

cant contribution of other species like Adina cordi- 

folia, Terminalia tomentosa, Schleichera oleosa, and 

Ficus bengalensis. The community management had 

a significant positive impact on regeneration and car- 

bon stock of forests indicated carbon sequestration 

has a positive impact on biodiversity, which results 
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in the productivity of the forest but both community 

forests need more measures to enrich the tree diversi- 

ty. Hence, this study strongly recommends the appli- 

cation of sustainable forest management activities, as 

practiced under community forest management. And 

these community-managed forests should be initiat- 

ed for inclusion in REDD+ scheme so that they can 

get carbon credit benefits which will help in the im- 

provement of forest conditions and livelihoods of the 

local community. 
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