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ABSTRACT

Biotic and abiotic factors have led the Nepalese forest to the verge of degradation. The
various disturbance factors, like grazing, human disturbance, forest fire, deforestation,
construction activities, and habitat destruction, have deteriorated the quality of the forest.
The present investigation aimed to study the effect of disturbances on carbon stock,
regeneration and soil parameters in two community forests: Pathivara community forest
and Janakalyan community forest regarded as highly disturbed forest (HDF) and less
disturbed forest (LDF ) in Dang, western Nepal. A total of 60 circular plots were laid (30
each on HDF and LDF). The depth of 30 cm was used for the analysis of soil sample.
Collected soil samples will be tested for organic matter, nitrogen content, potassium
content, phosphorous content and pH. In the present study, 18 tree species belonging to
15 genera and 10 families were recorded. The Shannon index for HDF and LDF was
0.447 and 0.764, respectively. In both the sites, Shorea robusta had the highest VI,
followed by Terminalia alata. In both the sites, highest number of tree species were found
between 10 - 20 cm categories. However, no any tree species were recorded in 40 — 50
cm and 50 — 60 cm categories in HDF. The tree with DBH from 5 to 60 cm were recorded
in LDF. The carbon stock in the study areas of the plots ranged from 18.2 t/ha to 180.6
t/ha. However, the mean carbon stock value in HDF and LDF was 46.48 and 72.72 t/ha
respectively. S. robusta contributed most in the storage of tree carbon in the forests. The
density of total seedlings and saplings were higher in LDF compared to HDF. Though the
density of trees was higher in HDF, statistical significant difference (p= 0.37) was not
seen. LDF had the highest content of organic matter (OM), nitrogen (N) and potassium
(K) compared to HDF (Table 4). However, phosphorus (P) content was higher in HDF
compared to LDF. The pH content was found more acidic in LDF compared to HDF,
though both site had acidic. The density of seedling and sapling were higher in LDF
compared to HDF. The natural regeneration was better in terms of seedlings, however, the
status of saplings were worst in both the sites indicating the overall poor regeneration. A
rigorous implementation of the policy of community forest user group must be practiced
in both the forest, especially in HDF to maintain the sustainability of forest, improve the
natural regeneration, and enhance the carbon storage capacity and conservation of

biodiversity.

Keywords: Community forest, disturbance, carbon stock, regeneration, plant diversity
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1. INTRODUCTION

1.1. Background

Nepal has a high biodiversity because of the variations in altitude, climate, and physical
topography. There are 35 different forest types in Nepal and play a significant role in the
climate system (Sohel et al., 2009) and act as a carbon source and sink (Liu et al., 2019).
Habitat destruction, grazing, deforestation, and fire have posed a great threat to the plant
species diversity and carbon stock in Nepal (Ghimire et al., 1999). Because of the
variation in altitude, climate, and physical geography, Nepal is rich in biodiversity. There

are 35 different forest types in Nepal.

The main human activities (Ciais et al., 2013) contributing to the rise in CO2 include
burning of fossil fuels, other land-use changes, and deforestation (Le-Quere et al., 2018).
Moderate disturbances frequently increase diversity while causing only minor structural
changes in the forest, but extreme disturbances significantly reduce plant diversity and
vegetation structure (Upadhaya et al., 2008). So disturbance not only modifies the
composition and structure of the stand but also causes a large loss of stand biomass and C
stock (Yohannes et al., 2015). The community forests have been subjected to various
human disturbances due to management techniques, which could potentially affect the
species diversity, biomass, community structure, and carbon store of the woods.
Numerous factors, including forest types, species richness (Liu et al., 1885; Hu et al.
2015; Gogoi et al., 2020) succession stage, specific disturbance (Gogoi et al., 2017) land
use histories, management intervention, and soils (Masera et al., 2003; Usuga et al., 2010;

McKinley et al., 2011) influence the C stock of forest ecosystems.

Through photosynthesis, plants naturally sequester carbon, which is then stored in soil,
above-ground biomass, and below-ground biomass (Adam, 2001; Aryal et al., 2017).
Thus, carbon sequestration by green plants is an effective means of lowering greenhouse
gas emissions and assisting in the mitigation and adaptation of the effects of climate
change (Jina et al., 2009). Through the process of photosynthesis, plants absorb certain
quantity of carbon dioxide from the atmosphere naturally and sequester in the form of
aboveground biomass, belowground biomass, and also store in the soil, termed as carbon

sequestration (Watson et al., 2000; Adam, 2001; Aryal et al., 2017). Species diversity



and soil nutrients are critical factors influencing the capacity to store carbon (Dixon et al.,
1994; Wang, 2015).

Anthropogenic disturbances have the power to alter a stand's successional pattern,
subsequently the forest's biomass and diversity. Biomass quantification is necessary to
assess the state and direction and the ecosystem of forest across a variety of
environmental gradients, as well as to gain a deeper understanding of the ecosystem'’s
structure and functions (Ovington, 1962; Brown et al., 1989). Protected forests in
developing nations are highly disturbed by human activity as a result of chopping, fire,
extraction of fuel wood, unwanted grazing, and haphazard collection of non-timber forest
products for the benefit of communities that reside in the forests (Jhariya et al., 2014).

Regeneration preserves the stability or sustainability of the woods for future generations
while illuminating the species composition and community's developmental trend (Napit,
2015; Bose et al., 2016). To identify and select species with high value carbon stocks, it is
essential to examine the regeneration status of various species as well as the forest
community (Gairhe, 2015). Regeneration is the process by which new plants are produced
through their young, and it may be measured or counted how many seedlings, saplings,
and trees there are in a given area (Koirala, 2004; Acharya & Acharya, 2011). In the
ecology of forests, regeneration plays a critical role in maintaining the community. A
healthy forest has enough seedlings, saplings, and trees to support the forest's vitality,
increased productivity, and sustainability (Chauhan et al., 2008; Awasthi et al., 2015).
One of the most successful practise in Nepal is the community forest program to conserve
biodiversity (Pathak & Baniya, 2016). There are a total of 17809 community forest user
groups in Nepal and they cover an area of 1.665 million hectares out of 5.5 million
hectares of forest in Nepal (Pathak & Baniya, 2016).

Moreover, the physico-chemical properties of the soil is not similar in all the
environements. It varies according to the variation in space, biotic factors, topographic
factors, microbial activities and vegetation (Bojko & Kabala, 2016). Temperature,
precipitation, soil properties, and some other factors have a significant impact on
vegetation in a given location. These parameters are influenced by altitude (Bhattarai &
Mandal, 2018).



1.2 Rationale of the study

Nepal's forests are currently under great risk as a result of fast population increase,
Unsustainable harvesting, overgrazing, illegal trading in forest resources, deforestation,
careless gathering of forest products, and other human activities. Tarai forests, in
particular, are under verge of threat as the people from the hills are migrating to Tarai for
settlement, and playing the main role for the degradation of forest areas for their daily
living. As a result, the Nepalese government has handed over the majority of its national
forests to the people, converting them into community forests. This study will help to
determine the amount of carbon stock and regeneration status of the community forest

and help to implement forest management strategies.

1.3 Research questions
» What is the carbon stock in two study forests?
» What are the differences in soil parameters in two forests?
» What is the regeneration status in two study forests?

> Is there any difference in carbon stock and regeneration status in these relatively

highly disturbed and low disturbed forests?

1.4 Research objectives
General objective

e To estimate carbon stock, regeneration patterns in both forest sites and observe

differences in soil parameters
Specific objectives
o To study plant diversity in both study areas.

e To observe the difference between the carbon stock, regeneration, and soil

parameters between highly disturbed and low disturbed forest.



2. LITERATURE REVIEW

2.1 Carbon sequestration by Sal forests of Nepal

The previous studies have reported the various estimations and quantities of carbon
sequestered by the Nepalese Sal forest. Thapa-Magar and Shrestha (2015) studied in nine
CFs of Dhading district to estimate the carbon stock where Sal was dominant in all
forests. They study made an estimate of the carbon stock (70 to 183 T C/ha), with a
average of 120 T C/ha. Dhakal et al. (2017) estimated 258.00 mg/ha average carbon stock
in Kathmandu, central Nepal. Gairhe (2015) studied the carbon sequestered in the trees of
community forests, Central Nepal. The study recorded that a Fulbari CF had tree carbon
stock of 71.11 T C/ha, which was higher than the carbon stock of Taldanda CF (109.82
tons per ha). Pawar et al (2014) estimated 55.125 to 98.548 t C ha-1 in dry tropical forest
in India. Pathak and Baniya (2016) reported 115.00 mg/ha average carbon stock in
Nawalparasi, central Nepal. Ghimire, (2017) estimated 64.86 t/ha average carbon stock in
Dang district, western Nepal. He also mentioned that the increase in carbon stock per year
was 2.52 t/halyear.

The study investigated an impact of disruption on biomass, productivity, and the flux of
carbon (Gautam & Mandal, 2016). They have occupied both undisturbed and disturbed
places in the forest. In contrast to disturbed sites, undisturbed sites had higher total

standing biomass and C-stock.

Joshi et al. (2020) studied in disturbed and undisturbed community forest in the Terai
region of Kanchanpur district, Nepal. They have estimated total carbon stock of 152.68
and 301.08 in disturbed and undisturbed.

2.2 Regeneration status of Sal forests in Nepal

Acharya and Acharya (2011) had observed the regeneration of the Sal forest in the
Rupandehi, Central Nepal. From the 0.7 ha sampling area, the study had identified 125
plant species from 55 families, including 36 tree species, 50 shrub species, and 39 herb
species. Total shrub/sapling density was 4708 pl/ha at SE slope and 4137 pl/ha at SW
slope. Similarly, total herb/seedling density was 10.86 pl/mz2 at SE slope and 9.79 pl/m?2 at
SW slope.



The previous study found higher density of seedling and sapling in the managed area as
compared to the unmanaged area. Where the average seedling was 17,028 pl/ha and the

average sapling was 2,038 pl/ha (Awasthi et al., 2015)

Basyal et al. (2011) had examined the regeneration of Sal forest in Palpa district. The
overall density of saplings was recorded to be 3437.5 pl/ha. With 2250 pl/ha, Sal had the
greatest density of saplings among them all.

Poudyal (2013) reported 6126 seedlings/ha of Sal in the forest of Kaski district, which
was satisfactory.

Napit (2015) investigated species diversity, the structure of forest communities, and
regeneration in western Nepal's Banke National Park. The study area has been divided
into 17 equal grids by him. There were 38 species of seedlings and fifty-eight species of
saplings identified. The maximum density of seedlings (27153.4 pl/ha) and saplings
(200.49 pl/ha) was found in Shorea robusta.

Baral and Ghimire (2020) have studied the effect of the canopy on the regeneration of Sal
in the Buddha-Shanti Collaborative Forest, Nawalparasi district. The forest was divided
into four strata, viz. 0-25, 25-50, 50-75, and 75-100 percent crown cover. In comparison
to the 50-75 and 75-100 percent crown cover respectively, the seedling density of Sal
was observed to be higher in the 0-25 and 25-50 percent crown cover areas. Similarly, in
the open canopy compared to the closed canopy, there was a larger density of saplings.

2.3 Soil Parameters

According to Gautam and Mandal (2016), nitrogen, phosphorus and potassium contained
in undisturbed forest was higher than in compare to disturbed forest. Barbhaiya et al.
(2004) have reported that the total organic carbon contained in winter and summer
seasons in undistrubed forest is (1.65, 1.84) while the carbon contained in highly
disturbed forest was (1.17, 1.42) at 0-15 cm soil depth. Similarly, total contained nitrogen
(%) in winter and summer seasons in undistrubed forest was (0.63, 0.80) while nitrogen
contained (%) in highly disturbed forest was (0.40, 0.27 in 0-15 cm soil depth.

Moreover, substantial negative correlations were found between silt and species richness
and clay and sand, while substantial positive correlations were found between various
edaphic factors. In a similar vein, there was a substantial positive link between sand

percentage and nitrogen content, potassium and phosphorus content. However, the



negative relationship was observed between species richness and humus content, WHC
and pH value (Khatri, 2023).

Many studies have been conducted regarding the carbon stock and regeneration status of
different types of forest in Nepal. However, very scarce studies have been conducted

focusing the carbon stock and regeneration in high and less disturbed forest.



3. MATERIALS AND METHODS

3.1 Site description

3.1.1 Study area

The investigation was carried out in the Pathivara Community Forest and Janakalyan
community forest of Dang, Lumbini Province (Figure 1), which was indicated as highly
disturbed forest (HDF) and less disturbed forest (LDF) respectively, on the basis of
selection criteria listed in 3.2. The area of HDF is 271 ha. It is located at 28°2" N to
82°12" E. It was established on 2048/03/12. The area of LDF is 1800 ha. It is located at
28°0" N to 82°14" E. It was established on 2056/01/15.

Dang is located in the inner terai and is the second largest valley in Asia. Due to the
altitudinal variation from 218 to 2058m, Dang has various types of forest, viz. Sal forest,
Khayar-Sissoo forest, mixed sal forest, mixed pine forest etc. There are a total of 365

community forests in the Dang district

81°0°E 84°0'E 87°0'E

MAP OF NEPAL A
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Figure 1: Map of the study area indicating the map of Nepal, Dang district and two study

sites



3.1.2 Climate and vegetation

The climate is tropical and monsoon type with three distinct seasons: summer, rainy, and
winter. The study areas receive about 1387 mm of average annual rainfall and the average
lowest and highest temperature ranges between 20.5 °C and 28.9 °C respectively (Figure
2).
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Figure 2: Climate summary of Dang (Ghorahi) with the 20 years average data of rainfall
and temperature (Source:Department of Meteorology and Hydrology, Babarmahal,
Kathmandu)

3.2 Selection criteria for highly disturbed and less disturbed community forests

The finalization of the study area was concluded after many visits to the different forest
sites. The extent of high and low disturbances was crucial for the selection of the forest
site. Therefore, the given criteria were taken as the references for the selection of the

study areas.

» Presence or absence of regeneration: The most important criteria for the
selection of highly disturbed forest (HDF) and less disturbed forests (LDF) site
was based on the presence or absence of regeneration (Shorea robusta) in
different sites by surface view (Joshi et al., 2020). The main reason behind

choosing the regeneration of S. robusta is the dominancy of Sal in the forest.



» Crown cover: Plots having the cover percent less than 40 were classified as HDF,

and those with more than 40% crown cover as LDF (Jina et al., 2008).

» Grazing: The presence of the hoofmarks and dung's of livestock, broken tops of
seedlings and saplings, signs of trampling, etc. was the criteria to determine the

grazing pressure on community forests (Joshi et al., 2020).

» Fodder extraction: locations inside community forests where access to fodder is
restricted to a few weeks per year were classified as LDF, while locations with no
restrictions on fodder extraction or consumption were classified as HDF (Jina et
al., 2008).

» The number of lopped branches per tree: According to Jina et al. (2008),
community forest sites with 50% or more lopped branches per tree were classified
as HDF, whereas those with less than 20% lopped branches per tree were
classified as LDF.

3.3 Experimental design

3.3.1 Sampling methods

A total of 60 circular plots were laid (30 each on disturbed and undisturbed sites) with the
help of stratified random sampling. Circular plots of radius 10 m, 5 m, and 1 m (Aryal et
al., 2017) were used for sampling trees (DBH > 5 c¢m), saplings (1-5cm DBH and > 1 m
height) and seedlings (< 1 m height) respectively (Timilsina et al., 2007).

10 m radius for trees

5 m radius for saplings
1 m random plots for
seedlings

The average value of two plots of one meter radius each was taken for the estimation of
seedlings. A diameter of 1.37 meters was used to measure each tree's diameter at breast
height (dbh) inside the plot, and a clinometer was used to measure each tree's height

(Joshi et al., 2020). For DBH class distribution, DBH was categorized into five classes:



less than 10, 10 - 20 cm, 20 — 30 cm, 30 — 40 cm, 40 — 50 cm and 50 — 60 cm. A GPS
tracker device was used to measure the study area's height and geographic coordinates.
An I0S device's compass was utilized to determine the hill woods' aspect. The height of
the tree was ultimately determined using the trigonometry tangent formula after a

clinometer was used.
Tane =p/b

where b = distance between the person holding clinometer; p = tree height, omitting the
height of the person holding the clinometer. Thus, actual tree height equals p plus the
height of the person holding the clinometer.

The soil samples from four quadrats (parts) of each sample plot was collected up to 30 cm
depth and mixed readily to for a single sample for analyzing different soil parameters
(Chaudhary and Aryal, 2023).

3.3.2 Data collection

The officials of each community forest and the local population assisted in the data
collection. We were able to get the annual community forest progress reports from the
Pathivara community forest and Janakalyan community forest subdivision offices. From
October 08 to October 11, 2022 a preliminary investigation was carried out, during which
time the nested layout was also laid. The main period of data collection was from October
16 to October 29, 2022.

3.4 Quantitative analysis

3.4.1 Community attributes

In accordance with Zobel et al. (1987), the ecological parameters density (pl ha-1),
frequency (%), basal area (m2 ha-1), coverage (%), and their relative values were

computed.

Frequency is the measure of how widely distributed a species is within a community.

Frequency is the proportion of sample units that contain a species in a particular area.

Number of plots in which the species occured

X 100

Frequency:

Total number of plots
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The degree of a species' dispersion in a given area relative to the total number of species

present is known as relative frequency, and it was calculated using the following formula:

Relative frequency: Frequency of individual species % 100

Sum of frequency of all species

Density is the quantity of individuals per unit area. It displays the species’ dominance in
terms of numbers within the group. The density was calculated using the following

equation:

Total number of studied plants in all the plots

Density (pl/ha): x 10000

Number of plots studies xarea of the plot (m2)

The numerical strength of a species on the basis of total number of species is called

relative density.

Density of individual species

Relative density: x 100

Sum of density of all species

The basal area of a species in each sample plot was determined by adding the BA of all
the individuals in that species. The formula for converting BA to a percentage was as

follows:

Tree Basal area (BA): nr?

2

Basal area (m?/ha): ————— x 10000

Area of quadrat
Where r refers to the radius of a tree measured at breast height. Therefore, r = DBH/2

The basal area of certain tree species multiplied by the total basal area of all tree species
results in the relative basal area.

Basal area of individual species

Relative basal area: x 100

Sum of Basal area of all species

Using the important value index (IVI), each species' overall relevance within the

community structure is ascertained. To compute V1, the following formula was used.
IVI=RF +RD + RB

In accordance with Nath et al. (2005), the Sorensen's species similarity index (SI)

between the two sites was calculated:

SI=(2=) x 100

11



Where, C is the number of species in sites a and b; a and b are the number of species in

sites a and b.

3.4.2 Biomass and carbon estimation

3.4.2.1 Aboveground tree biomass (AGTB)

> Allometric equation was used to calculate above ground tree biomass (AGTB),
AGTB = 0.0509 x D? x p x H [where, D=Tree diameter at breast height (cm), p =
Wood specific density (g cm™), H = Tree height (m)] for trees and poles (doh > 5
cm) (Chave et al. 2005). Belowground biomass (BGB) was estimated by
multiplying the value of AGTB with the constant factor 0.15, prescribed by
MacDicken (1997).

» The total carbon stock of tree was calculated by multiplying the default C fraction
of 0.47 with the total dry vegetation mass (AGTB + BGB) (Eggleston et al.,
2006).

> Finally, to determine the overall forest carbon stock, the carbon values for each

forest carbon pool were added together.

3.5 Plant identification

Collected plants were dried and prepare for herbarium specimens in standard size (29 cm
x 41 cm). Each specimen was assigned the collection, place name, latitude, longitude, and
code. Further consultations with plant taxonomists were conducted to verify the
nomenclature of collected plant species. Following plant identification, the most recent
and widely recognized scientific names and families were verified using the websites;

www.gbif.org.
3.6 Soil analysis

Soil samples at the depth of 30 cm were taken from all 60 plots of the study area.
Hydrometric analysis of the soil texture was done. Walkley and Black (1934) suggested a
titration method for determining soil organic matter. By dividing the soil organic matter
(%) by the default proportion of 1.724, soil organic carbon (%) was obtained (Anderson
and Ingram, 1993). Additionally, the soil organic carbon (%) was changed to soil organic

12



carbon (t ha-1) using the Chhabra et al. (2003) literature in order to assess the soil carbon

stock.

The micro-Kjeldal method was used to determine the total nitrogen content (Jackson,
1958). By using a modified Olsen and bicarbonate technique (Olsen and Sommers, 1982),
the total phosphorus concentration was quantified. The flame photometer method was
used to determine the total potassium concentration (Jackson, 1958). A digital pH meter
was used to measure the pH of the soil using a 1:2.5 soil-water solution (Cottenie, 1980).
The entire test for soil parameters were performed in Regional Agriculture Research

Station, Nepalgunj, Banke, Nepal.
3.7 Data analysis

ArcGIS version 8.2 was used to make the map of the study area. With MS Excel 2007, all
of the descriptive analysis was completed. One-way ANOVA and the Shapiro-Wilk test
for correlation were used to determine the normality of data. Multiple correlation analysis
was done between a few chosen forest parameters and the parameters of the soil. To find
the significant variation in tree carbon stock throughout the altitudinal range, the Kruskal-
Wallis test was used as the data were not distributed normally. The Wilcoxon pairwise
test was utilized to determine the pairwise comparison of variables across different
elevations. R software was used for the inferential analysis (R Core Team, 2023).

13



4. RESULTS

4.1 Community diversity and structure

In the present study, 18 tree species belonging to 15 genera and 10 families were recorded
where, 14 tree species were recorded from HDF and LDF each (Table 1). According to

Sorensen’s similarity index, similarity between HDF and LDF was 71.4%.

Highest number of species was recorded from the family Combretaceae with 4 species,
followed by Anacardiaceae and Fabaceae with 3 species each, Moraceae (2 species),
Rutaceae, Phyllanthaceae, Ericaceae, Euphorbiaceae, Myrtaceae and Dipterocarpaceae

with 1 species each. (Figure 3)

Table 1: Presence and absence of the tree species in LDF and HDF with their respective

families
Tree species Family LDF HDF
Aegle marmelos Rutaceae 1 1
Anogeissus latifolia Combretaceae 1 1
Buchanania conchinchensis Anacardiaceae 1 1
Cassia fistula Fabaceae 1 1
Dalbergia sissoo Fabaceae 1 0
Ficus benghalensis Moraceae 1 0
Ficus semicordata Moraceae 0 1
Lannea coromandelica Anacardiaceae 1 0
Lyonia ovalifolia Ericaceae 1 0
Mallotus phillipensis Euphorbiaceae 0 1
Phyllanthus emblica Phyllanthaceae 0 1
Semecarpus anacardium Anacardiaceae 1 1
Sengalia catechu Fabaceae 1 1
Shorea robusta Dipterocarpaceae 1 1
Syzgium cumini Myrtaceae 1 1
Terminalia alata Combretaceae 1 1
Terminalia bellerica Combretaceae 1 1
Terminalia chebula Combretaceae 0 1

Foot note: 1 = presence and 0 = absence
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Figure 3: Name of the families with their respective number of species

The Shannon diversity indices (H) was calculated to determine the diversity of both forest
in terms of tree species. The value of Shannon index for HDF and LDF was 0.447 and
LDF 0.764 respectively (Figure 4). In order to observe the significant difference between
the diversity index of HDF and LDF, one-way ANOVA was performed. There was

significant difference (p value = 0.012) in diversity index between the study sites.

Shannon diversity index
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Figure 4: Shannon diversity index of LDF and HDF with standard error bar. The
superscript “a” and “b” above the bar graph represent the significant difference between
the values of diversity index.
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4.2 Community attributes

4.2.1 Importance value index (1V1)

The important value index (IVI) was calculated to observe the spatial value index of
single particular species and which species has the dominant presence in the given forest
area. In HDF, Shorea robusta had the highest VI value (207.32), followed by Terminalia
alata (44.30), Senegalia catechu (18.51) and Buchanania conchinchensis (6.77).
However, Anogeissus latifolia had the lowest IV value with 1.59 (Figure 5).

In LDF, Shorea robusta had the highest 1VI value (204.24), followed by Terminalia alata
(28.15), Senegalia catechu (19.06) and Aegle marmelos (14.04). However, Ficus
benghalensis had the lowest IVI value with 1.66 (Figure 6).

Anogeissus latifolia 1 1.59

Mallotus philippensis 1 1.6

Cassia fistula 1 1.6

0 Aegle marmelos 1 1.6
% Phyllanthus emblica 1 1.63
s Semecarpus anacardium 1 1.66
g Ficus semicordata 1 1.87
z Terminalia bellirica B 3.39
3 Terminalia chebula ® 3.43
(‘l’;’_ Syzygium cumini B 4.67

Buchanania conchinchensis ® 6.77
Senegalia catechu mmmm 18.51
Terminalia alata I 4/.3

Shorea robusta I 2 (07.32

0 50 100 150 200 250
VI value

Figure 5: IVI value of the given tree species in HDF
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Ficus benghalensis 1 1.66

Lyonia ovalifolia 1 2
Lannea coromandelica 1 2.02
Buchanania conchinchensis 1 2.69
Dalbergia sissoo 1 2.74
Cassia fistula 1 3.1
Anogeissus latifolia 1 3.1

Semecarpus anacardium 1 3.19
Terminalia bellirica ®m 5.71
Syzygium cumini H 8.34
Aegle marmelos m 14.04
Senegalia catechu W 19.06

Species name of LDF

Terminalia alata m—— 238.15

Shorea robusta I 004,14

0 50 100 150 200 250
1VI value

Figure 6: IVI value of the given tree species in HDF

4.2.2 Size-class distribution

Five different classes were categorized to observe the size class distribution in both the
forest sites. In HDF, highest number of tree species (n = 373 pl/ha) was found between 10
-19 cm category, followed by 20 — 29 cm (211 pl/ha), 30 — 39 (15 pl/ha) and less than 10
cm (2.12 pl/ha). However, no any tree species were recorded above 40 cm category
(Figure 7).

In LDF, highest number of tree species (n = 284 pl/ha) was found between 10 -19 cm
category, followed by 20 — 29 cm (200 pl/ha), 30 — 39 (62 pl/ha), 40 -49 cm (13 pl/ha)
and above 50 cm category (9 pl/ha) (Figure 7).
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Figure 7: Size-class distribution or density diameter graph of the tree species in HDF and
LDF

4.3 Carbon stock

The carbon stock in the study areas of the plots ranged from 18.2 t/ha to 180.6 t/ha.
However, the mean carbon stock value in HDF and LDF was 46.48 and 72.72 t/ha
respectively. The highest tree carbon stock was observed in LDF. There was a significant

difference (p value = 0.002) in the carbon stock between the study areas (Figure 8).
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Figure 8: Carbon stock (t/ha) of LDF and HDF with standard error bar

Shorea robusta contributed the most (77.37%) in the total tree carbon stock of LDF,
followed by Terminalia alata (8.9%), Senegalia catechu (6.9%), Terminalia bellirica
(2.9%), Dalbergia sissoo (1.67%) and Syzygium cumini (1.14%). However, the lowest
contributors of tree carbon stock in LDF were Ficus benghalensis (0.005%), Anogeissus
latofolius (0.03%), Lannea coromandelica (0.06%) and Buchanania conchinchensis
(0.09%) (Figure 9).

S. robusta was the highest contributor (84.04%) in the total tree carbon stock of HDF,
followed by Terminalia alata (11.03%), Senegalia catechu (3.48%) and Terminalia
chebula (0.52%). However, the lowest contributors of tree carbon stock in HDF were
Semecarpus anacardium (0.012%), Anogeissus latofolius (0.036%), Aegle marmelos
(0.036%) and Phyllantbus emblica (0.04%) (Figure 10).
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= Terminalia alata = Senegalia catechu = Semecarpus anacardium
= Terminalia bellerica = Ficus benghalensis = Dalbergia sissoo

= Lyonia ovalifolia = Buchanania conchinchensis = Lannea coromandelica
= Anogeissus latifolia = Cassia fistula

Figure: 9: Contribution of the species in carbon stock in LDF (convert this into simple
table)
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Figure 10: Contribution of the species in carbon stock in HDF

4.4 Regeneration and Edaphic Factor

The density of total seedlings was higher (51474 pl/ha) in LDF compared to HDF (20316
pl/ha). There was significant difference (p value = 0.001) in the total seedlings between
the study areas (Table 2). Similarly, the density of total saplings was also higher (1167
pl/ha) in LDF compared to HDF (598 pl/ha) and significant difference (p value = 0.001)
was seen in the total saplings between the study areas. However, there was no any

significant difference (p value = 0.37) in the density of trees between the study areas.
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In HDF and LDF, S. robusta had the highest density of seedlings, saplings and trees
(Table 3). In HDF, the density of seedlings of S. robusta was followed by S. catechu and
T. alata. However, In LDF, the density of seedlings of S. robusta was followed by T.
alata and S. cumini. T. alata and S. catechu were the most frequently observed associate

tree species with S. robusta in both the forest.

Table 2: Average number of seedlings, saplings and trees of Sal and total tree species in
HDF and LDF with standard error (Mean + standard error)

Average pl/ha (HDF) Average pl/ha (LDF) p-value
Shorea robusta Seedlings 17929.1 £+ 3798.84 45798.8 + 7470.31 0.001
Shorea robusta Saplings 4455 +117.2 607.2 + 77.66 0.256
Shorea robusta Trees 525 + 42.68 458.1 +41.03 0.264
Total Seedlings 20316.14 + 3749.29 51474.64 + 7639.23 0.001
Total Saplings 598.3 + 126.3 1167.7 + 114.6 0.001
Total Trees 607.73 £ 42.67 557.88 + 35.04 0.37

Table 3: Seedling, sapling and trees of highest three species

Plot  Seedling Pl/ha  Sapling Pl/ha  Tree Pl/ha

HDF  Shorea robusta 17929  Shorea robusta 445 Shorea robusta 525
Senegalia catechu 848 Buchanania conchinchensis 29 Terminalia alata 45
Terminalia alata 742 Terminalia alata 25 Senegalia catechu 15

LDF  Shorea robusta 45798  Shorea robusta 606 Shorea robusta 458
Senegalia catechu 2546 Syzygium cumini 173 Senegalia catechu 41
Syzygium cumini 1538 Casearia graveolens 67 Terminalia alata 24

LDF had the highest content of organic matter (OM), nitrogen (N) and potassium (K)
compared to HDF (Table 4). However, phosphorus (P) content was higher in HDF
compared to LDF. The pH content was found more acidic in LDF compared to HDF,

though both site had acidic soil (Table 4). There was a significant difference in OM (p <
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0.001), N (p < 0.001) and pH (p = 0.019) between HDF and LDF. However, there was no
any differences in P and K content in the soil of HDF and LDF.

The density of seedlings and saplings was affected positively by OM content (Table 5).
Nitrogen content also had the positive relationship with the density of seedlings. The
Spearman correlation value was also weakly supported by multiple regression analysis.
Multiple regression value for seedling (R = 0.178 and p = 0.045) and sapling (R = 0.125
and p = 0.047) reported that 17.8% and 12.5% factors among the total factors has some

effects on seedling and sapling of the community forests respectively.

Table 4: Edaphic factors of the study area written as mean = standard error

OM (%) N (%) P (kg/ha) K (kg/ha) pH

HDF 0.606 + 0.037 0.030 £0.002  76.457 + 3.227 78.74 +£11.970 4.913 £ 0.093

LDF 1.047 £ 0.048 0.050 = 0.003 73.688 +5.831 114.748 + 19.251 4.676 +0.735

Pvalue <0.001 <0.001 0.734 0.117 0.019

note: OM = Organic matter; N = Nitrogen; P = Phosphorus; K = Potassium

Table 5: Spearman correlation of seedling and sapling with the selected edaphic factors

Seedling Sapling

rho (p) value p value rho (p) value p value
oM 0.249 0.050* 0.272 0.035*
N 0.349 0.006** 0.216 0.096
P 0.12 0.36 0.099 0.45
K 0.095 0.468 -0.123 0.348
pH 0.077 0.556 0.155 0.234
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5. DISCUSSION

5.1 Community diversity and structure

In the current study, 18 tree species from 15 genera and 10 families were identified, of
which 14 species were identified from each of the HDF and LDF. According to
Sorensen’s similarity index, the similarity between HDF and LDF was 71.4%. The high
similarity between both the study sites may be by the virtue of presence of the forests in

the similar topographical area and experiencing similar climatic condition.

The Shannon diversity indices (H) were calculated to determine the diversity of both
forest in terms of tree species. The value of Shannon index for HDF and LDF was 0.447
and LDF 0.764 respectively. Kunwar and Sharma (2004) had reported the Shannon
diversity of two forests in Dolpa district as 2.36 and 3.02, which is much higher than our
results. Dhakal et al. (2021) had also reported higher tree diversity index (2.49) compared
to our study. According to Ortiz-Burgos (2016), the ideal Shannon diversity value falls
between 1.5 and 3.5, seldom rising above 4.5. Plant diversity increases with the H value.
But none of the diversity indices fall between 1.5 and 3.5, which means that there is less
tree diversity across both the sites. The degradation of forests due to haphazard collection
of fodder and firewood, high intensity of grazing may have reduced the number of
saplings and may have resulted in the degredation of the diversity of trees, which was also
reported by Chaudhary and Aryal (2024).

5.2 Community attributes

In both the sites Shorea robusta had the highest IVI value. In order to determine which
species is more prevalent in a specific forest region and to monitor the spatial value index
of a single species, the important value index (IVI) was computed. The primary elements
influencing Sal's growth and development include the age of the forest, disturbances,
community group management techniques, resources available, and related species
(Mandal & Joshi, 2014). A high IVI1 value for a species of plant indicates that species'
dominance in the forest, growth success, ecological adaptability to the specific habitat,
and potential for regeneration are all present (Shameem & Kangroo, 2011). The forest of
low altitudinal range exhibited the second greatest IVI for T. alata. Similar findings were
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made by Chaudhary and Aryal (2024) and DFRS (2014), which conducted the Tarai
Forest Inventory and found that S. robusta had the highest IV1, followed by T. alata.

The greatest number of tree species in HDF was discovered in the categories of 10 - 20
cm, followed by 20-30 cm, and 30-40 cm. Nevertheless, no tree species were found in
the 40-50 cm and 50-60 cm ranges. The group with the greatest number of tree species in
LDF was between 10 - 20 cm, followed by 20-30 cm, 30-40 cm, 40-50 cm, and 50-60
cm. The Density-Diameter graph showed an inverse J shaped curve representing healthy
regenerating forest (Timilsina et al., 2007). Nonetheless, there had been some natural
disasters, disturbances, or human activity in HDF, and the forest had begun to regenerate.
As aresult, no trees having a DBH greater than 40 cm have been observed.

5.3 Tree carbon stock

The plots in the study areas had carbon stocks ranging from 18.2 t/ha to 180.6 t/ha. In
HDF and LDF, on the other hand, the mean carbon stock value was 46.48 and 72.72 t/ha,
respectively. The ABG carbon stock in the study area is lower compared to previous
literatures (Baral et al., 2009; Thapa-Magar and Shrestha, 2015; Pandey & Bhusal, 2016;
Banik et al., 2018; Bhatta & Devkota, 2020; Chaudhary & Aryal, 2024). However, the
tree carbon stock in the current investigation was higher compared to Poudyal et al.
(2022). Several parameters, such as DBH measurement, plot size, methodology of
estimating the biomass and carbon stock, comparison of the sites, sampling and overall
assessment of the entire carbon store in trees like leaves, twigs, poles, branches and roots
may alter the carbon stock of the tree and forest (Saner et al., 2012). Illegal logging,
livestock grazing, fire, leaf gathering, human encroachment, and other disturbances could
all contribute to the low value of tree carbon stocks in our both the study area. However,
if we compare HDF and LDF, the density of trees, DBH classes, and basal area may have
affected. The relationship between tree species' carbon stock, DBH, and basal area
suggests that increased stand structure leads to higher forest production (Ogawa et al.,
1965).

5.4 Regeneration and edaphic factor

In LDF as opposed to HDF, there was a higher overall seedling density. The total number
of seedlings varied significantly amongst the research areas. Shorea robusta exhibited the

maximum density of seedlings, saplings, and trees in both HDF and LDF. A healthy
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forest's nature and sustainability are demonstrated by the abundance of seedlings and
saplings in the forest (Chaudhary, 2023). It is thought that having more than 5000
seedlings and 2000 saplings per hectare is a very good quantity for replacing older S.
robusta trees with new ones (DoF, 2004). Comparing the CI Inventory guideline of DoF
(2004), the status of sapling in both the sites are very poor and can affect the healthy and
sustainable growth of forest. A sufficient quantity of saplings guarantees the future
vegetation's composition (Swaine & Hall, 1988). Moreover, poor number of saplings in
both the sites may be caused by looping, cattle grazing at higher intensities, gathering

fodder and firewood, and being close to a settlement.

LDF had the highest content of organic matter (OM), nitrogen (N) and potassium (K)
compared to HDF. A higher number of seedlings and saplings in LDF compared to LDF
might be due to the result of more nutrients (organic matter and nitrogen content) being
supplied to the plants. As the total content of OM and N in the study areas are
significantly high in the LDF, and positive correlation was also observed between the
number of seedlings and saplings with OM and N.
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6. CONCLUSION AND RECOMMENDATIONS

6.1 Conclusion

The forests were dominated by the Shorea robusta, with other associated tree species like
Senegalia catechu, Terminalia alata, Syzygium cumini etc. There was a high significant
difference in tree diversity, carbon stock, and regeneration of forest between LDF and
HDF. HDF was highly degraded in terms of diversity, carbon stock and regeneration
compared to LDF. Though, the regeneration of LDF was better compared to HDF, the
number of saplings in both the forest was worst. Therefore, the overall regeneration of the

forest was not satisfactory in both the forest.

6.2 Recommendation

In both the sites, regeneration of Shorea robusta is essential for both a high potential
carbon stock and a sustainable way of life. The failure of CFUGs to produce saplings
from seedlings, which is crucial for a sustainable forest, appears to a significant issue in
both the forest. Though, the number of seedlings was good, the saplings in proportion to
them were very poor. Therefore, CFUGs pay their attention to conserve and develop

saplings to tree phase.
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Appendix 1. Community attributes of HDF

APPENDICES

Tree species B (m2/ha RB F (%) | RF D (pl/ha) | RD VI

Aegle marmelos 0.490006 0.097669 3.33 1.33328 | 1.060895 | 0.174521 1.60547
Anogeissus latifolia 0.422502 0.084214 3.33 1.33328 | 1.060895 | 0.174521 | 1.592015
Buchanania

conchinchensis 1.967791 0.392225 | 13.33 | 5.337124 | 6.365372 | 1.047126 | 6.776474
Cassia fistula 0.490006 0.097669 3.33 1.33328 | 1.060895 | 0.174521 1.60547
Ficus semicordata 1.822502 0.363265 3.33 1.33328 | 1.060895 | 0.174521 | 1.871066
Mallotus philippensis 0.490006 0.097669 3.33 1.33328 | 1.060895 | 0.174521 1.60547
Phyllanthus emblica 0.640006 0.127568 3.33 1.33328 | 1.060895 | 0.174521 | 1.635368
Semecarpus anacardium 0.809994 0.16145 3.33 1.33328 | 1.060895 | 0.174521 | 1.669251
Senegalia catechu 32.92 6.56169 | 23.31 9.33296 | 15.91343 | 2.617814 | 18.51246
Shorea robusta 412.7833 82.27692 | 96.57 | 38.66512 | 525.1432 | 86.38787 | 207.3299
Syzygium cumini 0.75 0.149492 9.99 3.99984 | 3.182686 | 0.523563 | 4.672894
Terminalia alata 44.15528 8.801133 69.93 | 27.99888 45.6185 | 7.504401 | 44.30441
Terminalia bellirica 1.912508 0.381205 6.66 2.66656 | 2.121791 | 0.349042 | 3.396807
Terminalia chebula 2.125016 0.423563 6.66 2.66656 | 2.121791 | 0.349042 | 3.439165
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Appendix 2. Community attributes of LDF

Tree species B (m2/ha | RB F (%) RF D (pl/ha) | RD VI

Aegle marmelos 4.296626 | 0.618166 29.97 | 12.85163 | 3.182686 | 0.570343 | 14.04014
Anogeissus latifolia 0.413749 | 0.059527 6.66 | 2.855918 | 1.060895 | 0.190114 | 3.105559
Buchanania conchinchensis 2.22788 | 0.320531 3.33 | 1.427959 | 5.304477 | 0.950572 | 2.699061
Cassia fistula 0.413749 | 0.059527 6.66 | 2.855918 | 1.060895 | 0.190114 | 3.105559
Dalbergia sissoo 7.829408 | 1.126436 3.33 | 1.427959 | 1.060895 | 0.190114 2.74451
Ficus benghalensis 0.318269 0.04579 3.33 | 1.427959 | 1.060895 | 0.190114 | 1.663863
Lannea coromandelica 1.527689 | 0.219792 3.33 | 1.427959 | 2.121791 | 0.380229 2.02798
Lyonia ovalifolia 1.368555 | 0.196897 3.33 | 1427959 | 2.121791 | 0.380229 | 2.005085
Semecarpus anacardium 3.055379 | 0.439585 3.33 | 1.427959 | 7.426268 | 1.330801 | 3.198345
Senegalia catechu 61.10757 | 8.791698 6.66 | 2.855918 | 41.37492 | 7.414462 | 19.06208
Shorea robusta 550 | 79.12986 100 | 42.88165 | 458.3068 | 82.12942 | 204.1409
Syzygium cumini 10.34373 | 1.488178 13.32 | 5.711835 | 6.365372 | 1.140686 8.3407
Terminalia alata 36.28262 | 5.220071 43.29 | 18.56346 | 24.40059 | 4.372631 | 28.15617
Terminalia bellirica 15.8816 | 2.284926 6.66 | 2.855918 | 3.182686 | 0.570343 | 5.711187
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Appendix 3. Basal area of tree species in HDF

Tree species m2/ha
Aegle marmelos 0.490006
Anogeissus latifolia 0.422502
Buchanania conchinchensis 1.967791
Cassia fistula 0.490006
Ficus semicordata 1.822502
Mallotus phillipensis 0.490006
Phyllanthus emblica 0.640006
Semecarpus anacardium 0.809994
Senegalia catechu 32.92
Shorea robusta 412.7833
Syzygium cumini 0.75
Terminalia alata 44.15528
Terminalia bellerica 1.912508
Terminalia chebula 2.125016
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Appendix 4. Basal area of tree species in HDF merge table 3 and 4

Tree species m2/ha
Aegle marmelos 4.296626
Anogeissus latifolia 0.413749
Buchanania conchinchensis 2.22788
Cassia fistula 0.413749
Dalbergia sissoo 7.829408
Ficus benghalensis 0.318269
Lannea coromandelica 1.527689
Lyonia ovalifolia 1.368555
Semecarpus anacardium 3.055379
Senegalia catechu 61.10757
Shorea robusta 550
Syzgium cumini 10.34373
Terminalia alata 36.28262
Terminalia bellerica 15.8816
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Appendix 5. Seedling density of different plants in HDF and LDF

Plot HDF LDF

Aegle marmelos 0 53.04477
Anogeissus latifolia 53.04477 0

Bauhinia sp. 53.04477 0

Buchanania conchinchensis 106.0895 106.0895
Casearia graveolens 53.04477 0

Mallotus phillipensis 0 53.04477
Mangifera indica 53.04477 106.0895
Psidium guajava 0 53.04477
Semecarpus anacardium 0 371.3134
Senegalia catechu 848.7163 2546.149
Shorea robusta 17929.13 45798.85
Syzygium cumini 424.3582 1538.298
Terminalia alata 742.6268 848.7163
Unknown 1 (Tilko) 53.04477 0
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Appendix 6. Sapling density of different plants in HDF and LDF

Plot HDF LDF

Adina cordifolia 0 4.243582
Aegle marmelos 12.73074 4.243582
Anogeissus latifolia 4.243582 0

Bauhinia sp. 8.487163 0

Buchanania conchinchensis 29.70507 25.46149
Lagerstroemia parviflora 0 8.487163
Casearia graveolens 25.46149 67.89731
Falconeria insignis 0 4.243582
Ficus benghalensis 0 4.243582
Ficus religiosa 0 4.243582
Ficus semicodata 4.243582 0

Lannea coromandelica 0 8.487163
Mallotus philippensis 16.97433 12.73074
Phyllanthus emblica 8.487163 0

Santat 0 4.243582
Semecarpus anacardium 4.243582 59.41014
Senegalia catechu 0 21.21791
Shorea robusta 4455761 606.8322
Syzygium cumini 12.73074 173.9868
Syzygium nervosum 0 4.243582
Terminalia alata 25.46149 0
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Appendix 7. Tree density of different plants in HDF and LDF

Plot HDF LDF

Acacia catechu 0 41.37492
Aegle.marmelos 1.060895 3.182686
Anogeissus latifolia 1.060895 1.060895
Buchanania.conchinchensis 6.365372 5.304477
Cassia fistula 1.060895 1.060895
Dalbergia sissoo 0 1.060895
Ficus benghalensis 0 1.060895
Lannea coromandelica 0 2.121791
Lyonia ovalifolia 0 2.121791
Ficus semicordata 1.060895 0

Mallotus philippensis 1.060895 0

Phyllanthus emblica 1.060895 0

Semecarpus anacardium 1.060895 7.426268
Senegalia catechu 15.91343 0

Shorea robusta 525.1432 458.3068
Syzygium cumini 3.182686 6.365372
Terminalia alata 45.6185 24.40059
Terminalia bellirica 2.121791 3.182686
Terminalia chebula 2.121791 0
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Appendix 8. Standard wood density data of all tree species with the references

Tree species Wood density Reference
Aegle marmelos 0.72 | https://www.fao.org/3/w4095e/w4095e0c.htm
Anogeissus latifolia 0.79 | Karki et al. (2016)
Buchanania conchinchensis 0.45 | Karki et al. (2016)
Cassia fistula 0.97 | Jackson (1994)
Dalbergia sissoo 0.7 | Agroforest data base
Ficus benghalensis 0.39 | Reyes et al. (1992)
Ficus semicordata 0.39 | Reyes et al. (1992)
Lannea coromandelica 0.54 | Reyes et al. (1992)
Lyonia ovalifolia 0.59 | Karki et al. (2016)
Mallotus phillipensis 0.64 | Reyes et al. (1992)
Phyllanthus emblica 0.84 | Jackson (1994)
Semecarpus anacardium 0.64 | Reyes et al. (1992)
Sengalia catechu 0.88 | Reyes et al. (1992)
Shorea robusta 0.88 | Jackson (1994)
Syzgium cumini 0.7 | Reyes et al. (1992)
Terminalia alata 0.95 | Jackson (1994)
Terminalia bellerica 0.77 | Jackson (1994)
Terminalia chebula 0.92 | Jackson (1994)
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PHOTO PLATES

Plate 3: Measuring DBH of tree
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Plate 6: Grazing in HDF
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