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ABSTRACT

The present research aims to know the regeneration status of community managed Shorea robusta (Sal) forests;
managed for 6-21 years in Tanahun district, a part of Gandaki Province, Nepal. These forests were categorized
into two groups according to management duration (more than 10 years and equal or less than 10 yrs). The
regeneration status of the forest was estimated by calculating the density of each species in each developmental
phase (seedling, sapling and tree). The total tree density of community forest managed for more than 10 years
(MCEF fotest; 1230 plants/ha) was less than the community forest managed for equal or less than 10 years (LCF
forest; 1314 plants/ha). The results suggest that the size class distribution of the trees resembling inverse-]
shaped indicates the good regenerating capability of both forests. After the handover of forests to the
community, Sal density had increased rapidly in both the forests. Community management had a significant
positive impact on the regeneration of the forest, and thus, the productivity of the forest. Thus, the study of
regeneration of forest trees has important implications for the conservation and management of natural forests.
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INTRODUCTION

Natural regeneration is the process of re-growing or
reproducing new individual plants in the community.
It is the most important process to maintain the
stability of the plant species in a community which is
affected directly or indirectly by various climatic as
well as edaphic factors (Singh & Singh, 1992). The
regeneration status of the forest indicates its health,
and a healthy forest ensures good future regenerations.
The issue of regeneration is mainly essential on the
forest which is under various anthropogenic pressutre
such as felling trees, grazing, trampling etc. (West e 4/,
1981). A population with a sufficient number of
seedlings and saplings depicts satisfactory regeneration
behavior, while an inadequate number of seedlings and
saplings of the species in a forest indicates poor
regeneration (Tripathi & Khan, 2007). The diameter
distribution of trees has been used to represent the
population structure of forest. If the distribution of
diameter class is such that a maximum number of
individuals is present at the seedling stage and then
decreases subsequently at the next level, the model is
named as reverse J- shaped curve. This signifies the
good regeneration potential of the forest site. In
addition to this, sometimes there is a possibility of J -
shape curve in an old growth forest as a result of
failure in regeneration (Chauhan ez @/, 2010).

Shorea robusta Geartn has a good population of
seedlings in natural forests, but these do not mature in

enough numbers to juveniles and young stages
(Shankar, 2001). Mortality at the seedling stage of
Shorea robusta is high (Chauhan e al, 2010). Several
studies have been carried out on the regeneration
pattern of Sal forests inside Nepal. Giri e al. (1999)
studied the regeneration pattern of Sal forest in
Bardiya National Park. Timilsina e# 2/ (2007) studied
the regeneration pattern of Sal dominated forest of
Western Terai of Nepal and reported sapling and
seedling density of Sal was higher than other
associated species. Sapkota e/ al. (2009) carried out a
study on the regeneration of community managed
Bhabar lowland and Hill Sal forest in Central Nepal.
They found that the regeneration status in both forests
was satisfactory evident by the high population of
seedlings followed by saplings and adult trees. Kandel
(2007) and Acharya and Shrestha (2011) studied the
regeneration status of the community forest of
Rupandehi district and Sal-dominated Inner Terai
forest of Central Nepal separately. Both assessments
showed that there was a dominancy of regeneration
status of Shorea robusta than other associated species in
both study areas.

Awasthi ¢z al. (2015) and Napit (2015) found that
regeneration of Sal was higher than other associated
species in Lumbini collaborative forests of Rupandehi
and Banke National Park, respectively. Regeneration

of Sal was higher than other associated species in the
Terai and Churia forests of Nepal (DFRS, 2014a, b).
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Bhatta and Devkota (2020) studied the regeneration
status of Sal (Shorea robusta Gaertn)) forests of
Dadeldhura district, Western Nepal and reported that
forest management duration supports the regeneration
of Sal forest. Thus, the study of regeneration of forest
trees has important implications for the conservation
and management of natural forests (Tripathi & Khan,
2007).

Despite its importance, works related to the
regeneration pattern of Sal forests has been carried out
mainly in national parks and Terai region of Nepal but
very few in hilly regions; although other aspects of the
forest of Nepal were reported elsewhere (Acharya &
Khadka, 2016; Rana e 4/, 2016; Bhandati ¢ al., 2018;
Bhujel ¢ al., 2019; Bhattarai e¢f al, 2020). Estimation of
regeneration patterns on the basis of management
practice may play a significant role in biodiversity
management. Therefore, this study investigates the
temporal variation in the regeneration of the Sal forest

MATERIALS AND METHODS

Study area

The study area is located in Byas Municipality,
Tanahun District of Central Nepal, between 27.91 to
27.55 N latitude and 84.25 to 85.15 E longitude with
an elevation of 425 m. - 986 m. from above sea level
(Fig. 1). In all the study forests, Shorea robusta was the
dominant vegetation with the major associated species
such as  Schima  wallichi,  Semecarpous — anacardinm,
Lagerstroemia parviflora and  Castanopsis indica. Fodder
collection of woody species and cattle grazing were
mainly prohibited in all the CFs since it was handed to
them. Firewood collection was allowed once a year in
all the studied CFs. Cleaning (removal of unwanted
shrubs and weeds and singling of desired species);
thinning/pruning  were the chief silvicultural
operations done after the forest has been handed over
to the community. The climate of the study area is
subtropical monsoonal with four distinct seasons:
winter (December to February), spring (March to

of Tanahun district, a part of Gandaki Province, May), summer (June to August) and autumn
Nepal, that helps for further management of the  (September to November).
forest.
Table 1. General information about studied community forests (Data Source: DFO, Tanahun)
SN  Name of CF Name of  Area Elevation No. of Year of Manage-  Category of
VDC (ha) range (m) sampling  handover to ment CF
plots community  durations  based on
(year) management
duration
1. Foksing CF Byas-6 252.77 425-526 26 2005 10 Cf managed for
< 10 years
2. Manebanjyang ~ Byas-6 146 475798 24 2009 6 (LCE)
CF
3. Janakalyan CF Kyamin-7 160 619-986 24 2001 14 Cf managed for
> 10 years
o . (MCEF)
4. Hariyali CF Kyamin-7  306.2 617-915 26 1994 21

Field survey and data collection The study was
conducted in four community managed forests: they
are Foksing CF, Manebanjyang CF, Janakalyan CF and
Hariyali CF (Table 1). Foksing CF and Manebanjyang
CF are located in Byas Village Development
Committee, whereas Janakalyan CF and Hariyali CF
are located in the Kyamin Village Development
Committee of Byas range post of Tanahun district,
Central Nepal. Based upon the information
accumulated during the preliminary survey, four CFs
which were dominated by Sal were taken and divided
into two categories based on the management
durations: forest managed by the local community for
more than 10 years as MCF forest and managed for
equal or less than 10 years as LCF forest.
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Preliminary information about the study area was
collected in March 2015 by visiting the district forest
office (DFO) Tanhun and respective CF offices. We
had collected information about forest management
activities during field visit ~ from secretary of the
forest uset's group, Community Forest User's Group
(CFUGS) and District Forest Office (DFO) records.
Discussion was held with forest uset's group to
capture information about the forest before and after
handover to the community, problems confronted by
them in forest management and their complaints and
perspective  towards  their community forests.
Vegetation sampling was done by using a stratified
random sampling method during 2—18 June 2015. The

forest blocks designated by the CFUGs were



considered as strata. CFUGs atre categorized forest
blockwise, ie., separated by walking trail, which
considered as strata during the survey. Quadrats were
located in different horizontal strata of forests. The
hotizontal distance between successive quadrats was
about 50 m. The number and size of the quadrats
were determined by the species area curve method
following Mishra (1968). Square quadrat of 10m X
10m was sampled for trees, 5m X 5m for shrub layer
(including saplings of tree) and Im X 1m for the
seedling of Shorea robusta (Curtis & Mclntosh, 1950).
Of hundred quadrats, 50 were laid in LCF and 50 in
MCF forests. Each quadrat of 10mX10m was divided
into four subplots from the center of the quadrat, and
one subplot was randomly taken for the sampling of
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the shrub. One of the four corners of the plot was
selected randomly where 1mX1.m quadrat was
defined: all seedling of Shorea robusta within this
quadrat was sampled. In each CFs about 0.25ha area
of forest was sampled. In each 10 mX10 m quadrat,
the number of the individual tree [diameter at breast
height (1.37), DBH 210 cm] of each species was
counted, and DBH of each tree was measured. For
shrubs/sampling (DBH <10cm, height >1.37m) the
number of individuals of each species was counted.
For seedling of Shorea robusta with height <1.37, the
number of individuals was also counted. Canopy cover
(%) and litter cover (%) for each plot were estimated
visually from the center of the plot following Zobel e#
al. (1987).

C Study VDCs
N
Location of four
»O community forests
Legend =
[ stuay voos
: River ‘ 2 3 4
Kilometers Kilometers
Road

Figure 1. Map of the study area. Figure on th right side shows the location of four community forests.

From each quadrat, about 200 g soil sample was
collected from a depth of 15 cm from the center of
the plot. The soil samples were air-dried in the shade
for a week and packed in air-tight plastic bags until
laboratory analysis. The soil parameters such as soil
organic carbon, pH, total nitrogen, available
phosphorus and available potassium were determined
at the laboratory of Soil Test Center, Pokhara by
applying Walkley— Black rapid titration method,
potentiometric method, Kjeldahl method, Olsen’s
method and flame photometer method, respectively
(PCARR, 1980). The plant specimens were identified
with the help of literatures Malla ¢z a/. (1986), Siwakoti
and Varma (1999) and by tallying with the specimens
at Tribhuvan University Central Herbarium (TUCH).
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The nomenclature of specimens follows Press et al.

(2000).

Regeneration status of forests was assessed at three
life stages, viz. seedling, sapling and tree, considering
seedling as < 137 cm height, sapling as < 5 cm DBH
and > 137 cm height and tree as = 5 cm DBH (DFRS,
2014a, b). The number of trees was recorded in 10 m
X 10 m, sapling in 5m X 5 m quadrats, while seedlings
number was counted in two diagonally opposite Tm X
1 m quadrats nested within a 10 m X 10 m quadrat.

Statistical analysis
To assess the regeneration status of the forest, the
density of seedling, sapling and tree were determined
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separately following the method desctibed in Zobel ez
al. (1987). The total number of plants of all species
recorded in all 10 m X 10 m quadrats were divided
into different size classes based on DBH of 5-cm
intervals and the density diameter curve was
determined (Zobel e# al., 1987). Descriptive statistics
were applied to generate means and standard error.
The mean values of the tree variables, soil properties
and regeneration status of plant species were
compared between two forest categories by #test.
Prior to t-test, data were tested for normality
(Shapiro—Wilk test, p > 0.05). Normal data were
compared by #test. Correlation analysis was
performed to access the relationship of regeneration
with different plot variables. All these analyses were
done wusing Microsoft Excel 2007 (Microsoft
Corporation 2007) and the Statistical Package for
Social Science (SPSS version 20).

RESULTS

Regeneration status

The total number of trees and saplings in the LCF
forest was 1314 pls/ha and 8656 pls/ha, respectively,
while the total number of trees and saplings were 1230

pls/ha and 9200 pls/ha respectively in MCF forest
(Table 2). Tree basal area was higher at MCF forest
(9.87 pl/ha) than in LCF (7.50 pl/ha) (Table 2).
Canopy coverage was also higher at MCF than at LCF
forest. There was no significant difference in litter
coverage at both forests. The total density of seedling,
sapling and trees of Sal in LCF forests were 58400,
4728 and 708 pls/ha, respectively, which were higher
than the total number of seedlings (53,400), saplings
(3920) and trees (638) of MCF forests. The density
diameter curve of the tree population of Sal in both
LCF and MCF showed a typical reverse J-shaped
(Figs. 2 & 3) . The density of Sal was highest in size
class 10-15 cm in both forests. In size class 30 -35 c¢cm,
there was an increase in density in MCF forest but
decreased in LCF forest. The numbers of individuals
were present in only 15 size class in LCF forest while
18 size class in MCF (Figs. 2 & 3). Trees were smaller
in LCF (DBH 10-85¢ m) than MCF forest (DBH 10-
<100 cm). This indicates that the trees in the LCF
forest are younger than in the MCF forest. Single size
class (95-100 cm) was missing in MCF forest. Stumps
of large trees and fallen trees were observed in both
forests during the study period.

Table 2. Mean values of different variables and regeneration status studied in community forests of two
developmental stages and overall study area (no. of plots; N = 100).

Variables Management duration T- value p-value The overall study
area (meantSE)
MCEF forest LCF forest
Tree variables
Tree Density (plants ha!) 12301302 13141324 -0.944 0.348 1272313
Shrub density (plants ha-1) 92001888 8656£2086 2.33 0.022 8928+1987
Total density (plants ha!) 104302190 99702410 6.209 0.000a 102002300
Tree basal area (plants ha-!) 9.874£1.23 7.508%1.46 0.782 0.364 8.6911.34
Stand 1 ariables
Canopy Coverage (%) 70.6+12.1 68.6%13.01 0.793 0.430 69.60£12.55
Litter Coverage (%o) 67.9+13.4 67.61£12.62 0.115 0.909 67.75£13.01
Soil variables
Soil Organic Carbon 3.46+1.28 2.8911.05 2.42 0.017 3.17+1.16
Soil pH 5.22140.11 5.0210.74 1.485 0.141 5.124+0.425
Total nitrogen (%o) 0.1910.008 0.1620.006 2.879 0.005 0.175%0.007
Soil Potassium (kg/ha) 80.5141.80 67.5%37.11 1.65 0.002 74.0139.45
Soil Phosphorus (kg/ha) 113.64178.95 71.0+51.65 3.19 0.103 92.32%65.30
Regeneration Status
Seedling density (pl/ha) of S. robusta 53,400 £1200 58,400 £1380 —4.06 0.000a 55900£1290
Sapling(pl/ha) 9200 210 8656 +213 — 4.56 0.000 8928+211.5
Sapling density of Shorea robusta(pl/ha) 3920 +146 4728+127 -2.407 0.018 4324+136.5
Sal tree density (plants ha-1) 6381321 7081342 -0.693 0.490 673%331.50
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Figure 2. Density-diameter curve of Shorea robustain MCEF forest (managed for more than 10 years).

Influence of soil variables on regeneration status
of forest

The soil of both forests was acidic in nature. The
mean soil pH of the MCF forest was 5.2210.11, while
that of LCF was 5.02£0.74 (Table 2). The mean soil
nitrogen (N) content in MCF forest was 0.19£0.01%
and in LCF forest was 0.16£0.01%. The average
organic carbon (OC) content in the soil of the LCF
forests was 2.89%11.05 compared to 3.46£1.28 in the
MCF forest. The average available phosphorus and
potassium in the soil of LCF forest were 71.0£51.65
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and 67.5%37.11, respectively (Table 2). Similarly, the
average available phosphorus and potassium in the soil
of MCF forest were 113.64178.95 and 80.5£41.80,
respectively. Regeneration of Sal was affected by
different soil vatiables. Seedling growth is negatively
related to nitrogen, pH and canopy cover (p < 0.05).
The growth of seedlings, saplings and trees was not
related to soil organic carbon, potassium, phosphorus,
ground vegetation cover and litter cover (p > 0.05)

(Table 3).

>100

Diameter Size Class (cm)

Figure 3. Density-diameter curve of Shorea robustain LCF forest (managed for equal or less than 10 years).
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Table 3. Spearman’s correlation coefficient between different variables measured in the sample plots and
regeneration (no. of plots; N = 100).

SOC Total Available Soil pH Available CC LC
nitrogen phosphorus potassium
Seedlings 0.430 -0.20a -0.12 -0.212 -0.14 -0.254 0.056
Saplings 0.013 -0.112 0.011 -0.156 0.004 -0.131 0.012
Trees 0.009 -0.021 -0.173 0.136 0.067 -0.112 -0.14

SOC = soil organic carbon; CC = canopy coverage;; LC = Litter coverage; a Represents significant correlation (p < 0.05)

DISCUSSION

Seedling, sapling and tree density were higher in LCF
forests than in MCF forests. Sapling and seedling
densities of Sal also were higher in LCF forest than in
MCF forest. Since the total basal area of trees was
lower in LCF forest than in MCF forest, it can be
predicted that the tree canopy of LCF forest was more
open in comparison to MCF forest. Canopy cover
plays an important role in the establishment of
seedlings and saplings. For the light demanding
species like Sal, an open canopy allowed ample light to
reach the forest understory and made the light
environment favorable for abundant growth of their
seedlings and saplings (Gautam & Devoe, 2006). The
seedling density of Sal showed a negative correlation
with coverage. Regeneration of tree species is affected
by light, canopy density, soil nutrients and
anthropogenic pressure (Shrestha e a/., 2007; Bhatta &
Devkota, 2020). The greater number of saplings in the
stands indicates the composition of future vegetation
(Swaine & Hall, 1988).

The density diameter curve of both forests showed an
inverse J- shaped curve, which indicates sustainable
regeneration (Vetaas, 2000). The presence of 58,400
seedlings, 4,728 saplings and 708 Pl/ha of Sal in LCF
forest and 53,400 seedlings, 3,920 saplings and 638
Pl/ha of Sal in MCF forest indicate good regeneration
of Sal. In both Sal forests, regeneration is fine, as
evidenced by the high population density of seedlings
followed by sapling and adult trees. In Nepal,
sustainable regeneration of Sal has been reported from
both terai (Sapkota et al, 2009; Bhatta & Devkota,
2020) and hills (Rai e a/, 1999; Shrestha, 2005).
However, Rai ¢f al. (1999) found that the regeneration
was not sustainable in a natural dense forest with a
high density of larger trees. Similarly, Shrestha (2005)
found that Sal regeneration was discontinuous in the
Khari forest of Dhading district. However, Shrestha
(2005) found bell-shaped size class distribution, which
indicates the lack of sustainable regeneration in the
mid-hill region of Nepal. Since the use of Sal has been
restricted, S.wallichi was the most preferred species and
being harvested to meet timber and fuelwood needs
by both forests user groups.

In both forests, the lowest diameter class had the
highest tree density representing trees has been
established after conservation through community
forestry. This indicates after the handover of forests to
the community, Sal density had increased rapidly in
both the forests. The density of trees decreased
exponentially with increasing DBH class in both the
forests except in DBH class 30-35 for MCF forest.
Decreasing of diameter class distribution exponentially
with increasing DBH are characteristics for species
with continuous regeneration (Khamyong e a/. 2004).
Densities of larger trees are lower in LCF forest in
comparison to MCF forest. This might be due to
management practices conducted by forest user
groups. However, density was higher in LCF forest
than in MCF forest, and within a few decades, this
forest may change into a dense forest with a closed
canopy.

All the CFs had separate forest management plans that
were prepared with the consensus of the forest user
group. In both the forest, thinning has been done as a
major management practice. In MCF forests, forest
management communities have an interest in multiple
species, so they do not remove all low-quality timber
species, shrubs and climbers. But in LCF forest, the
major objective of thinning was to promote
regeneration of Sal and limited timber yielding species
that have high economic value. Since most of the
forest user group (FUG) members have installed
biogas plants and L.P.G gas, the demand for wood
was quite low. Collection of litter had not been
noticed in both the forests as litter is the main source
of organic matter and plant nutrients, which can be
considered as good management practices. In both
forests, communities used forest products mainly for
fulfilling basic needs such as grass for livestock,
firewood and timber for building. At the same time,
further depletion of the forests had been protecting by
them. Communities were preventing unauthorized
deforestation activities such as unplanned forest fires
and illegal harvesting of forest products. Soil variables
had a significant impact on the regeneration pattern of
Sal in the study area. Seedling growth is negatively



related to nitrogen, pH and canopy cover (p < 0.05).
The growth of seedlings, saplings and trees was not
related to soil organic carbon, potassium, phosphorus,
ground vegetation cover and litter cover (p > 0.05).
Chauhan ez a/. (2010) observed the significant impact
of soil parameters on seedling and tree density in the
planted and natural Sal forest of India. Sapkota e al.
(2009). Adhikati e a/. (2017) and Bhatta and Devkota
(2020) mentioned that a low canopy cover is suitable
for the regeneration of Sal.

CONCLUSIONS

The total tree density varied with the management
duration of the forest. The total tree density of
community forest managed for more than 10 years
was higher than the community forest managed for
equal or less than 10 years. The results suggest that the
size class distribution of the trees resembling inverse-]
shaped indicates the good regenerating capability of
both forests. After the handover of forests to the
community, Sal density had increased rapidly in both
the forests.
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