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Nepal Earthquake: Need to Quantify Impact on  
Forest Ecosystem 

Forest ecosystems are affected by many kinds of disturbances which are 
recognized as natural and integral part of their development. However, when the 
normal range of variation due to a disturbance is exceeded, it could result in large-
scale destruction of forest ecosystem structure and its functioning. Geophysical 
disturbance such as earthquakes and volcanoes can be cited as examples of 
such disturbances. Although earthquakes commonly occur in tectonically active 
regions, large-magnitude earthquakes can have serious disturbance in forests over 
large areas. The extent of the damage is, however, determined by the distance 
from the epicenter of the earthquake.

Nepal is situated in a tectonically active region in South Asia. On 25th April 2015, 
Nepal experienced a major earthquake followed by numerous aftershocks. These 
events resulted in the loss of thousands of lives, severe-injuries and devastating 
damages to buildings and infrastructures. The districts in the central part of Nepal 
that were close to the epicenter were the hardest hit. The earthquake triggered 
landslides in many districts of Nepal. These landslides have not only damaged 
houses and farmlands but also impacted the forest areas on the mountain slopes. 
The impact of landslides include removal of surface vegetation, damage to trees 
during the movement of debris from higher-slopes to down-slopes as well as final 
deposition which either completely cover forested-areas or cause partial damage 
to forest stand. The landslide impacts have the potential to get worse during 
the monsoon season. The impacts on forest can also include physical impact to 
tree roots, shift in ground level due to soil liquefaction and even water table. 
Thus, in addition to immediate mortality, trees may suffer longer-term impact of 
disturbance in terms of wood quality, regeneration and stand structure. 

Another impact of the kind disaster on forests would be increased demand for 
timber for reconstruction of damaged buildings. Also, there is a likelihood of 
encroachment in forest areas as they often provide open-access land for people to 
build temporary shelters. Forest administration has to be vigilant of this possibility 
and should, therefore, adopt appropriate strategies to manage this possibility.

Landslides can influence forest biodiversity and services through their impact on 
forest structure, composition and function. Maintaining biological diversity and 
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other ecosystem services are significant in the context of Nepal where many people 
are dependent on forest resources. In order to build our scientific understanding 
of the impact of abiotic disturbance such as landslides, more information is 
required regarding the nature and extent of forest disturbance. Therefore, there 
is an immediate need to quantify earthquake-induced impact on forest resources 
in Nepal so as to plan and implement appropriate actions to mitigate damages as 
well as to support forest restoration in future. Recently, the Ministry of Forests 
and Soil Conservation, in coordination with the Ministry of Science, Technology 
and Environment has contributed to the preparation of environment and forestry 
component of the post-disaster need assessment. This exercise has provided 
important baseline information for identifying major issues, and direct and 
indirect impacts on environment and forests.  

With the development of remote sensing methods/algorithms as well as availability 
of high-resolution satellite imageries, monitoring of the impacts of disasters such 
as earthquake, flood and forest-fire on forest resources over larger areas have 
become feasible. Besides, a joint effort amongst the concerned organizations is 
needed to better understand the impacts of such disasters on forest resources. 

 



Population structure and distribution of vegetation are often affected by elevation 
induced climate variation in the Himalaya. This research aims at assessing the 
population structure and distribution of Abies spectabilis in three different elevation 
sites within the forests areas in Manang District of central Nepal. Vegetation sampling 
was conducted during Sept-Oct 2012 and the population information of all the woody 
vegetation from a total of 59 concentric circular sampling plots of 10 m radii along the 
transect line were collected. The middle elevation site was characterized by the highest 
density of seedlings (15,044/ha), saplings (1,629/ha), poles (272/ha) and trees (179/
ha) of all woody vegetation. In this elevation, the highest proportion was contributed 
by A. spectabilis (54%) at combined-level in spite of the lack of large-sized stems 
(dbh > 70 cm). The proportion of A. spectabilis stem was nearly one-fourth of all the 
woody vegetation while its lowest proportion (15.5%) was found at the lower elevation 
at combined-level. On the contrary, its basal area proportion was nearly the half of 
all the woody vegetation at the lower elevation site, nearly one-third at the middle 
elevation site and less than 10% at the upper elevation site. There was a significant 
variation in mean density and basal areas of all stem categories among the sampled 
sites except the seedling density of all the woody vegetation between the lower and 
the middle elevations. The stem distribution of all the woody vegetation including A. 
spectabilis demonstrated the characteristics of normal (sustainable) forest in Manang 
District. The presence of only small-sized trees with good recent regeneration of A. 
spectabilis in the upper treeline ecotone revealed stand densification as well as its 
potential for upward migration in response to environmental change including climate 
change in future.

Key words: Basal area, ecology, forests, stems distribution 

Population structure and distribution of Abies spectabilis 
(D. Don) in Central Nepal Himalaya: A comparison with 

the total woody vegetation of the forests at the three 
different elevation ranges in Manang District  

D. K. Kharal1,2, D. R. Bhuju3, N. P. Gaire3,4, S. Rayamajhi1, H. Meilby5, and  
A. Chaudhary2 

Forest is one of the crucial resources for 
providing various kinds of goods and 

ecosystem services to the large proportion of the 
people in the Himalaya. Environmental change 
including rapidly happening climate change 
has widely affected forest ecosystems (IPCC, 
2014). Community structure, composition and 
vegetative function are the most important 
ecological attributes of forests, which show 
variations in response to environmental as well as 
anthropogenic variables (Wangda and Ohshwa, 
2006; Moktan et al., 2009; Shaheen et al., 2012). 

The Himalaya region is very sensitive and 

vulnerable to environmental changes in the world 
and, therefore, exposed to strong environmental 
impacts from any changes in its climate (HMGN/
MFSC, 2002; WECS, 2002; WWF Nepal, 2006; 
ICIMOD, 2010; GoN/MoE, 2010). Climate 
change is a major concern in the Himalaya 
because of its adverse impacts on the economy, 
ecology and environment of the region including 
down-stream areas. Studies have revealed that 
the temperature rise in Nepal is more pronounced 
at higher elevation (Shrestha et al., 1999). 
Rapid climate change has many biophysical 
impacts (IPCC, 2014) including change in 
species composition of ecological communities, 
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range and distribution shift of species as well as 
changes in phenology of the organisms (Root et 
al., 2003; Parolo and Rossi, 2008; Chen et al., 
2011; Gottfried et al., 2012; Webb et al., 2012). 
Although several studies have analyzed the 
altitudinal and latitudinal forest zones in relation 
to climate of the Himalaya, very little is known 
on the comparative ecology and regeneration 
dynamics of the forests along the elevation 
gradient in Nepal Himalaya. Studies along the 
elevation gradients are important, because many 
abiotic factors including temperature change with 
elevation.

Abies spectabilis (D. Don) is a high altitude 
Himalayan fir found in central to western Nepal, 
up to Afghanistan in the west, between 2400–
4400 m elevations at temperate and alpine zones 
(Stainton, 1972; Jackson, 1994; Yadav et al., 
2004; Ghimire et al., 2008). It extends up to the 
treeline, and Betula utilis forest succeeds at higher 
altitudes (Ghimire et al., 2008; Sujakhu et al., 
2013). Among the several Himalayan conifers, 
A. spectabilis is proved for its dendroclimatic 
potential along the entire Himalayan range 
(Suzuki, 1990; Bhattacharyya et al., 1992; Yadav 
and Singh, 2002; Yadav et al., 2004; Sano et al., 
2005; Gaire et al., 2011, 2014). Trees at treeline 
often respond to climatic warming with increase 
in recruitment or tree-density, as well as upward 
advances in the treeline (Bradley and Jones, 1993; 
Camarero and Gutiérrez, 2004; Kullman, 1998; 
Gaire et al., 2014; Chhetri and Cairns, 2015). 
At the margin of a species’ natural distribution 
range, climate is usually a limiting factor for 
growth and, therefore, climatic effects on tree 
growth increase when approaching the very 
margin of the natural distribution range (Fritts, 
1976; Schweingruber, 1996). The A. spectabilis 
at the treeline is responding to climate change 
with increase in tree density as well as upward 
shifting of upper distribution limit (Gaire et al., 
2011, 2014; Chhetri and Cairns, 2015). However, 
little is known about its ecological response 
with climate change, considering regeneration 
dynamics along an elevation gradient. This 
tree line species could be important source for 
understanding of past climate in the Himalayas 
and, hence, it is necessary to understand the 
distribution pattern of this species and in 
particular the current regeneration status and its 
growth trend in the Manang Valley of Nepal. The 
specific goal of present study was to investigate 
regeneration dynamics of A. spectabilis based 

on their population structure, seedling/sapling 
densities along the elevation gradient of Manang 
District. 

Materials and methods

Study area

Manang District with an area of 2,246 sq. km and 
located between 28o 27’ N to 28o 54’ N and 83o49’ 
E to 84o 34’ E was selected for the study purpose. 
It lies in the Tran-Himalayan region characterized 
by semi-arid cold desert condition like the 
Tibetan Plateau. The southern part is a deep and 
narrow U-shaped valley surrounded by the high 
mountains all around- Annapurna on the south, 
Choya and Himlung on the north, Manaslu on 
the east and Muktinath on the west, and receives 
minimum level of precipitation (NTNC, 2008). 
The district received about 344 mm average 
annual rainfall (at 3420 m asl) in Manangbhot 
and 942 mm (at 2680 m asl) in Chame, district 
HQ during 1975–2012 period whereas the yearly 
temperature in the district varied from -2.6oC 
(average minimum) in January to 21.5oC (average 
maximum) in July during 1977–2012 in Chame 
(DHM, 2014). The famous Annapurna Trekking 
Route passes through this valley. Human 
settlements are sparsely distributed along the 
Marsyangdi river, originating from Tilicho Lake  
(a second highest lake in the world), and flows 
from the center of the valley. Barren land is the 
largest land-use category (68%) of the district 
followed by grassland (22%), forests (7%), 
shrub-land (2%) and cultivated land (<1%) 
(LRMP, 1986). The high altitude coniferous 
forests are found at the upper slope of the valley 
whereas numerous grasslands are concentrated 
on the undulating terrains of the northern belt. 
A. spectabilis can be seen throughout its natural 
distribution range in the district.

Selection of sampled sites

Following a reconnaissance survey, three 
different elevation zones; the lower elevation 
zone, the middle elevation zone and the upper 
elevation zone were identified and a sample 
site was selected within each elevation zone 
as shown in the location map of the study area 
(Figure 1). All the sampled sites were located 
within the prominent natural distribution range of 
A. spectabilis within the forests land. The lower 
elevation sampled site (2,700–3,100 m) was 
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laid out in the Chame Forest of Chame Village 
Development Committee (VDC), the district 
headquarters, starting from the bottom of the 
hill up to the top. Similarly, the middle elevation 
sampled site (3,000–3,400 m) was laid out in the 
Pisang Forest of Pisang VDC, about 15 km apart 
from the lower elevation site in the north-west. 
The upper elevation sampled site (3,500–3,900 m) 
was laid out in the Khangsar Forest of Khangsar 
VDC starting from the bottom of the hill up to the 
treeline. The vegetation sampling was conducted 
along the transect line in each sampled site during 
Sept-Oct 2012.

Sampling design, data collection and data 
analysis

A 400 m long transect line along the elevation 
gradient was established in each sampled site, and 
divided into four different elevation groups, each 
with 100 m length for establishing the sample 
plots. The locally used trail was followed as the 
transect line for sample survey, and the sample 

plots were laid out 10 m apart from the trail to 
avoid the direct anthropogenic disturbances. Each 
transect line in each sampled site was started from 
the bottom of the hill and ended to the top. It was 
not possible to create a new transect at the study 
sites due to steep topography and, therefore, the 
original plan of five sample plots in each elevation 
group could not be achieved in some places. 
The plots located at the terrain with greater than 
45o slopes were avoided for sampling. Table 1 
highlights the distribution of sample plots at the 
three different sites within the study area.

A total of 59 Concentric Circular Sample Plots 
(CCSPs) of 10 m radii were established at the 
three elevation sites wherein the dbh (diameters 
at breast height) of all the poles (with dbh >10–25 
cm) and the trees of A. spectabilis (with dbh > 
25 cm) were measured for the estimation of basal 
area. On the other hand, all the saplings (height 
> 1.3 m and dbh < 10 cm) were counted within 
5 m radii and the seedlings (height < 1.3 m) 

Table 1: Sampling design and sample distribution

Sampled sites Elevation 
range (m)

No. of 
sample plots

Distribution of sample plots by elevation groups
I-100 m II-100 m III-100 m IV-100 m

Lower elevation 2,749–3,145 20 4 6 4 6
Middle elevation 3,015–3,393 19 4 5 4 6
Upper elevation 3,528–3,935 20 5 4 3 8
Total 59 13 15 11 20

Fig. 1: Location map of the study area and the sample sites
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were counted within 2 m radii for the purpose of 
density estimation. Stem numbers of poles and 
trees were further analyzed by making diameter 
classes of 10 cm interval. Per hectare stem density 
and basal area were calculated for each sampled 
site and compared with one another. In addition 
to A. spectabilis, all the other woody vegetation 
within the sample plots were also measured and 
counted in the same way. Mean, standard error 
of the mean, ANOVA were used while analyzing 
the result. Data were analyzed using SPSS-16 and 
Microsoft Office Excel (2007). 

Results and discussion
Forest structure along the elevation gradient

There was a significant difference among the 
elevation zone in stem density distribution (p = 
0.003, α = 0.05, ANOVA). The highest density 
of woody vegetation was found at the middle 
elevation site where seedling density reached 
more than 15,000 per hectare whereas the upper 
elevation sites hosted just about 5,000 stems/ha 
(Table 2). However, there was almost a uniform 
pattern of seedling distribution at the lower and 
the middle elevation sites and, therefore, did not 
show significant difference in the sampled mean 
(p = 0.78, α = 0.05, ANOVA). The sapling density 
was found to be the highest (1,629 stem/ha) in the 
middle elevation site, and the difference with the 
other sites is highly significant among the groups 
(p = 0.004, α = 0.05, ANOVA). The standard 
errors were found to be within the range of 10% 
of the sampled mean for trees, poles and sapling 
at combined-level while the standard error for the 
seedling distribution was a little bit higher (nearly 
12%) (Table 2). There was a decreasing trend in the 
basal areas of the average woody plants as well as 
A. spectabilis with the increase in elevation. The 
proportion of seedling density varied from about 

84% in the upper elevation to 89% at the middle 
elevation whereas the proportion of tree density 
was just about 0.7% at the middle elevation to 
1.7% at the lower elevation.

The tree density and the basal area varied between 
the sites as well as between the regions depending 
upon the geographical and climatic conditions in 
the area. The currently recorded tree density at the 
upper site was found to be both higher as well as 
lower than the one recorded in some other studies 
in the Himalayan region. Gaire et al. (2010) found 
the average tree density of 734 stem/ha and the 
average basal area of 20.56 m2/ha in the treeline 
ecotone of Langtang National Park. In another 
study, Bhuju et al. (2010) recorded a density of 
445 stems/ha and total basal area of 11.2 m2/ha 
from the treeline region while a density of 1,034 
stems/ha and a basal area of 18.6 m2/ha from the 
treeline region of the Sagarmatha National Park. 
In a study conducted in Dolpa region, Kunwar 
and Sharma (2004) found the total stand density 
of 2100 trees/ha (dbh >10 cm) and the basal area 
of 90 m2/ha in Amaldapani community forests 
while the stand density of 2,090 trees/ha (dbh 
>10 cm) and the basal area of 152 m2/ha in Juphal 
community forests. Shaheen et al. (2012) found 
the average tree density of 151 stems/ha and the 
basal area of 68.8 m2/ha in a western Himalayan 
moist temperate forest in Kashmir (Pakistan). 
Similarly, Sharma et al. (2014) found the mean 
stand density of 613 stems/ha (552–710 stems/
ha) and the mean basal area of 84.37 m2/ha 
(75.18–92.07 m2/ha) from an assessment of forest 
structure and woody plant regeneration on the 
ridge at the Upper Bhagirathi basin in Garhwal 
Himalaya (India). They also found slightly an 
inversely J-shaped dbh class distribution with 
gaps in some dbh classes.

The tree species in the forests of Manang district 
Table 2: Summary statistics of woody vegetation and A. spectabilis by elevation sites

Vegetation 
types

Elevation 
sites

Parameters
Seedlings/ha Saplings/ha Poles/ha Trees/ha Stems/ha BA(m2/ha)

Woody 
species

Lower 14,013 1,032 135 140 15,320 35.8
Middle 15,044 1,629 272 179 17,124 27.2
Upper 5,056 586 104 100 5,846 22.6
Average 11,308 1,073 168 139 12,689 28.5

A. spectabilis Lower 2,070 242 25 40 2,377 15.9
Middle 8,255 784 139 60 9,239 8.5
Upper 1,154 166 40 13 1,373 1.4
Average 3,751 391 67 37 4,246 8.6

Kharal et al.
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demonstrated continuous regeneration at all 
elevations with inversely J-shaped size class 
distribution (Figure 2d), despite some gaps in 
some diameter classes at individual elevation 
sites (Figure 2a and Figure 2c). An inversely 
J-shaped stem distribution showed that the forests 
at the lower elevation possessed both the recent 
regeneration as well as the very old growth stem 
(dbh > 100 cm). The forests at the middle elevation 
lacks the large-sized trees (dbh > 80 cm). The size 
class structure (age, dbh and height) indicates the 
regeneration condition in the forest (Wangda and 
Ohswa, 2006; Lv and Zhang, 2012; Gaire et al., 
2011, 2014). Based on size class structure, the 
woody species can demonstrate three types of 
regeneration: unimodal, sporadic, and inversely 
J-shaped (Wangda and Ohshwa 2006). Gaire et al. 
(2010) observed an inversely J-shaped size class 
distribution in the treeline ecotone of Langtang 
National Park. Maren et al. (2015) found almost 
similar regeneration condition based on the dbh 
class distribution (inversely J-shaped) of Pinus 
wallichiana and Juniperus indica in the forests 
situated on the north and the south-facing slopes 
in the Manang Valley. Similarly, Wangda and 
Ohshwa (2006) found continuous to sporadic 
regeneration of different tree species along the 
altitudinal gradient in a dry valley slope of Bhutan 

Himalaya.

Population structure of A. spectabilis

The densities of A. spectabilis as well as the other 
woody plants were found to be the highest at the 
middle elevation while their basal areas were 
found to be the highest at the lower elevation and 
were found to have decreased with the increase 
in elevation (Table 2). The matured trees were 
found to have contributed for the highest basal 
area at the lower elevation as the average density 
was less than that at the middle elevation. Such 
decreasing trends in the density and the basal 
area were also observed at the other sites of the 
Nepal Himalaya (Shrestha et al., 2007; Bhuju et 
al., 2010). In another study conducted along the 
altitudinal gradient in a dry valley slope of the 
Bhutan Himalaya, Wangda and Ohshwa (2006) 
found the basal area in the range of 15.2–145.6 
m2/ha with the highest total basal area in Abies 
densa-Tsuga dumosa dominated forest at the 
middle elevation.

The average seedling density of A. spectabilis 
was about 3,751 plants/ha (about one third of 
total seedling) in Manang forest with the lowest 
density status at the upper elevation (1,154/ha.) 
and the highest at the middle elevation (8,255/

Fig. 2: Stem density distribution by diameter classes at different elevation sites
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ha) (see Table 2). The stems (saplings, poles and 
trees) of A. spectabilis were densely present at the 
middle elevation (Figure 5) like the total woody 
vegetation structure (Table 2). The statistics shows 
that the average densities of all stem categories 
are significantly different among the elevation 
sites. The SEs of A. spectabilis distribution were 
found to be higher (>10%) than the SEs of total 
woody species at combined level indicating 
higher variation of sample mean among the plots. 
Forest survey in Nepal generally follows the 10% 
error margin at 95% CI (DFRS, 2014a,b). 

The tree, sapling and seedling density of A. 
spectabilis recorded in this study is comparable 
with the density in the other parts of the Nepal 
Himalaya. A. spectabilis sapling density was 648 
stems/ha in Manaslu Conservation Area (Sujakhu 
et al., 2013) and the sapling density declined 
with increase in elevation. In the same area, A. 
spectabilis tree density is 412 stem/ha and basal 
area is 11.64 m2/ha. The total tree density was 
more in the mixed forest (2,054 stems/ha) than 
in the pure forest (1,707 stems/ha) (Sujakhu et 
al., 2013). Kunwar and Sharma (2004) found out 
A. spectabilis density ranged from 250 to 510 
trees/ha in Amaldapani and Juphal community 
forests of Dolpa District. They found an inversely 
J-shaped dbh class distribution in both the 
sites. The average trees, saplings and seedlings 
densities of A. spectabilis in the treeline ecotone 
of Langtang National Park were 236, 255 and 
350 stems/ha respectively (Gaire et al., 2011). 
The per hectare tree stem density of A. spectabilis 

in the treeline ecotone of Sagarmatha National 
Park was found to be 120 and 359 respectively 
(Bhuju et al., 2010). In the treeline ecotone of 
the Rolwaling Valley, Schickhoff et al. (2015) 
also found the highest seedling density of all the 
species including A. spectabilis at the middle 
elevation of the north-east slope but seedling 
density decreased with the decrease in elevation 
on the north-west slope. The variation in the 
densities along the elevation gradient might be 
the result of the variations in the soil nutrients and 
other abiotic as well as climatic factors.

The population structure of A. spectabilis was 
quite different (Figure 3) than the total woody 
vegetation in each elevation site (Figure 2). 
However, the structural composition at combined 
level looks uniform (Figure 2d and Figure 3d). 
The combine DBH class distribution shows nearly 
an inversely J-shaped distribution indicating 
sustainable regeneration of A. spectabilis along 
elevation bands. Considering the individual 
bands, gaps in some diameter class was observed 
which might be due to some anthropogenic 
disturbances in the past or episodic regeneration. 
This structure indicates the characteristics of 
normal forests in the study area. However, a huge 
gap between seedling and sapling distribution 
was found mainly due to the class interval of 
stem diameter during the measurement period. 
Ghimire and Lekhak (2007) found absence of 
higher girth class of A. spectabilis trees (above 
45 cm diameter) in Pisang Annapurna region 
but present study recorded the diameter greater 

Fig. 3: Structural composition of A. spectabilis by elevation sites

Kharal et al.
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than 100 cm for same species. Gaire et al. (2010) 
found inversely J-shaped to bell shaped diameter 
class distribution of A. spectabilis in the treeline 
ecotone of Langtang National Park while an 
inversely J-shaped to bimodal bell-shaped 
distribution in the treeline ecotone of Manaslu 
Conservation Area (Gaire et al., 2014). Similarly, 
from a study of high altitude forest, Bhuju et 
al. (2010) observed bell-shaped diameter class 
distribution of A. spectabilis at the treeline 
(Pangboche) and inversely J-shaped pattern at the 
treeline (Debuche) of  Sagarmatha National Park. 
Lv and Zhang (2012) found inversely J-shaped to 
uni-multimodal bell-shaped dbh distribution of 
A. spectabilis along the elevation gradient in the 
Tibetan side of Mt. Everest.

A noticeable variation in stem distribution pattern 
was found between the elevation gradients in 
the study area (Figure 4). The large number of 
seedlings and saplings of A. spectabilis found 

at the upper elevation including the treeline 
ecotone of the study area indicates its stand 
densification as observed by Gaire et al., (2011 
and 2014) and Chhetri and Cairns (2015) at the 
other treeline ecotones of Nepal. The results show 
that A. spectabilis is responding to the recent 
environmental change and revealing its potential 
for upward migration in the future.

There was a great variation in the proportion of 
A. spectabilis as compared to the total number 
of stem (including those of the other woody 
vegetation too) within the same elevation sites 
(Figure 4). However, such proportions of A. 
spectabilis were found to be the highest at the 
middle elevation. More than half (about 55%) 
of the total seedlings at the middle elevation was 
occupied by A. spectabilis alone. On the contrary, 
the lower elevation site was characterized by 
lesser proportions of A. spectabilis seedlings 
(14.8%) and saplings (23.5%) (Figure 4).

Fig. 4: Proportion of A. spectabilis with respect to the total stem in the study area

Fig. 5: Stem distribution of A. spectabilis by elevation sites in the study area

Kharal et al.
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Out of the total stem distribution, more than two 
third of the A. spectabilis seedlings were found 
at the middle elevation alone, and only about 
10% was observed at the upper elevation (Figure 
5). The trend was almost similar in the case of 
saplings and pole-sized stems. Even more than 
half of the total tree stems were found at the same 
elevation. The middle and the upper elevation 
sites were lacked of large sized trees (>70 
cm). According to the concepts of ecological 
amplitude, environmental condition of the middle 
distribution range of a species would be generally 
favorable for the growth (Fritts, 1976). Therefore, 
higher values of plant density might be associated 
with this.

The comparisons of the proportions of seedlings, 
saplings and trees including all size class 
along the elevation-gradient revealed almost 
synchronous recent regeneration of A. spectabilis 
despite a minor difference in the recruitment 
pattern in the past history. Minor difference in 
the regeneration pattern might be due to the 
fluctuations in soil nutrients and other abiotic 
parameters along elevation gradient (Shrestha 
et al., 2007). Lv and Zhang (2012), however, 
found asynchronous recruitment history of  
A. spectabilis along an altitudinal gradient 
(3,410–3,920 m) in the Tibetan side of Mt. 
Everest region. That study also found high tree 
(>10 cm dbh) density at the middle elevation as 
compared to the upper and lower elevations with 
density ranging from 344–1,106 stems per ha. On 

the contrary, Lv and Zhang (2012) found good 
regeneration of A. spectabilis at the treeline area, 
but did not find its regeneration at the middle 
elevation (3,520–3,700 m). At the treeline ecotone 
of Mansalu Conservation Area, the regeneration 
of A. spectabilis is positively correlated with the 
precipitation of August and monthly maximum 
temperature of most of the months of the 
current year (Gaire et al., 2014), indicating low 
temperature limits for the recruitment of this 
species in cold environment like treeline. Lv and 
Zhang (2012) also reported that recruitment of 
fir trees at the treeline was sensitive to summer 
(June–September) temperatures, but that was 
mainly controlled by episodic disturbances at 
lower altitudes. The high moisture in spring and 
summer months also has significant role for fir 
recruitment in the treeline area of Tibetan side 
of Mt. Everest region (Lv and Zhang, 2012). 
The climatic factors affecting upon the recent 
regeneration of A. spectabilis along the elevation 
gradient including the treeline area of the present 
study area need to be further studied. However, 
the recent synchronous recruitment along the 
elevation gradient shows wider sensitivity of A. 
spectabilis towards the recent climatic change, 
especially temperature change, in the area.

Stem basal area of A. spectabilis

The per hectare basal area was found to be the 
highest (15.9 m2/ha) at the lower elevation 
as compared to the other two elevation sites 

Fig. 6: Per hectare basal area of all woody vegetation including A. spectabilis  
by diameter classes
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with standard error (SE) of 5.6 m2/ha (Table 
2). The distribution of large-sized trees at the 
lower elevation site had caused for the high per 
hectare basal area while the number of trees 
and pole-sized stems were lowest at the Upper 
Manang which in turn had caused for the highly 
significant differences in the mean basal areas of 
the trees and the poles among the elevation sites 
(Table 2). The error margins of the per hectare 
basal areas at combined level was found to be 
quite high (>20%) as compared to the per hectare 
stem density (<10%). Absence of trees and pole 
sized stems in some sampled plots as well as 

great variation in plot to plot distribution of A. 
spectabilis might have caused the high level of 
error margin in the basal area estimation.

The results showed that A. spectabilis shared 
about 30%of the total basal area, of all the three 
sites, ranging from 44.3% at the lower elevation 
to 6.2% at the upper elevation (Figure 7).

Conclusion

The Himalayan forest of Manang District contains 
a good population of A. spectabilis with high 
variation in its occurrence along the elevation 
gradient. A. spectabilis is found at the altitude of 
2,700–4,000 m, i.e., up to the treeline ecotone. The 
high density of all stem categories of the species 
was observed at the middle elevation sites though 
its stem basal area was found to be significantly 
higher at the upper part of Lower Manang. The 
stem distribution of this species at combined-
level at the three elevations sites indicates the 
characteristics of normal (sustainable) forest in 
the study area although there is a lack of large-

sized trees at the middle and the upper elevation 
sites. The high stem density may hinder the growth 
of large-sized trees at the middle elevation while 
the harsh climatic and topographic conditions at 
the upper elevation sites may not be suitable for 
the natural distribution of the species. However, 
the presence of only small-sized trees with good 
regeneration of A. spectabilis at the upper site 
shows its potential for the upward migration with 
environmental change including climate change 
in the future.
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Antibacterial properties of Nepalese plant species - Myrica esculenta, Mahonia 
nepaulensis, Madhuca longifolia and Schima wallichii were evaluated on human 
pathogenic microorganisms: Salmonella typhi, Staphylococcus aureus and 
Escherichia coli. The plants were found to possess phytochemicals- saponins, 
glacosides, flavonoids, tannins and alkaloids. Methanolic extract from these plants 
showed antimicrobial activity against tested organisms. Similarly, Brine shrimp 
lethality test of extracts showed the LC50  values of 15.4 ppm, 136.4 ppm, 76.9 
ppm and 76.0 ppm for M. esculenta, M. nepaulensis, M. longifolia and S. wallichii 
respectively, which suggests that these plants are less toxic to human consumption 
for drug purpose.

Key words: Nepalese plants, phytochemicals, antimicrobial and cytotoxic  
  activities, human pathogens 

Antimicrobial and cytotoxic properties of selected 
medicinal plants from Kavrepalanchowk, Nepal 

R. Gyawali1*, S. Adhikari1, S. Gautam1, P. Guragain1, S. Pokharel1, N. Pradhan1,  
S. Sijapati1 and T. M. Shrestha1

The history of medicine and medicinal plants in 
Nepal can be traced back to the Vedic Period 

where Nepal Himalaya has been mentioned as a 
sacred heaven of potent medicinal and aromatic 
plants. The original “Sanskrit Nighantu,” written 
on palm leaves in Newari script and Sanskrit 
verses during Mandeva Era 301 (879 AD), is said 
to be the oldest of these books. The usage of the 
plants as subsistence for folk therapies was largely 
influenced from traditional medicinal health care 
systems mainly for treating or preventing various 
ailments. A  major  part  of  total  population in 
developing  countries uses folklore  medicine 
obtained  from  plant  resources (Fabricant and 
Farnsworth, 2001). Medicinal plant usage forms 
the backbone in many rural communities for 
treating ailments with varying severity (Wyk 
et al., 1997). The utilization of medicinal plant 
remedies in preventing or curing various ailments 
were the sole source of ensuring human welfare 
until the development of chemistry and organic 
compound synthesis in the 19th century (Kong et 
al., 2003).

The research on biologically active compounds 
from natural sources has always been of great 
interest for scientists looking for new sources of 
useful drugs against infectious diseases. In recent 

years, interest to evaluate plants possessing 
antibacterial activity for various microbes 
is growing. This is because of the increase 
in the resistance by microorganisms to new 
antibiotics as compared to the past. In general, 
bacteria have the genetic ability to transmit and 
acquire resistance to drugs which are utilized as 
therapeutic agents (Gislene et al., 2000). Plant 
parts such as fruits, leaves, stems and barks are 
used in traditional medicinal practice for curing 
cough and cold, tonsillitis, headache, malarial 
fever and neck pain; to reduce blood pressure, 
chest pains, lung diseases, bronchitis and 
respiratory diseases; and for treatment of animals 
affected by different kinds of insects, scabies and 
wounds (Gyawali et al., 2008). Several medicinal 
plants have been screened to identify the possible 
natural antibacterial agents from medicinal plants 
(Gyawali et al., 2013, 2014). Myrica esculenta 
Buch–Ham ex D. Don (Myricaceae) bark is 
useful for cough, asthma, sinusitis and chronic 
bronchitis, diarrhea and dysentery (Baral and 
Kurmi, 2006; Watanabe et al., 2005).  Mahonia 
nepaulensis DC (Berberidaceae) bark juice 
is traditionally used in many communities 
to treat infections and wounds. The barks of 
Madhuca longifolia (J. Koeing ex L) J.F. Macbr 
(Sapotaceae) are said to possess antibacterial 
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activity, bleeding and spongy gums. The barks of 
Schima wallichii (DC) Korth (Theaceae) are used 
as an antiseptic for cuts and wounds, vermicide, 
mechanical irritant and to cure gonorrhea. The 
barks juice is given to animals infested with liver 
flukes. Decoction of barks is good for fever and 
effective against head lice (Gurung, 2002). 

Due to specific climatic and geographical 
conditions of the Himalaya, medicinal plants offer 
greater possibilities of having novel antimicrobial 
property with large quantities of the active 
compounds. Based on the ethno-pharmacological 
information, the authors have recently 
documented several medicinal plants found in the 
various geographical locations of Nepal so as to 
evaluate the phytochemical profiles and efficacy 
of traditional medicines. All these conditions were 
taken into account while conducting the research 
aimed to assess phytochemical and biological 
properties of Nepalese medicinal plants.

Materials and methods

Study area  

The plant materials were collected from 1400 
to 1600 m altitudes within Khopasi Village 
Development Committee of Kavrepalanchowk 
District of Central Nepal.

Plant materials

Some barks of M. esculenta, M. longifolia, M. 
nepaulensis and S. wallichii were collected 
as samples for the purpose of this study. Each 
sample was pulverized by using home blender, 
and the powdered sample was initially soaked 
in methanol for 7 days with occasional shaking. 
After 7 days, the mixture was filtered, and the 
process was repeated two times more. The filtrates 
were combined and the methanol was evaporated 
from the extracts.

Phytochemical screening

The crude methanolic extracts of the barks of 
different plants were screened to detect the 
presence of phytochemicals, as per the Standard 
Screening Procedure (Trease and Evans,1996).

Antimicrobial assays 

In this study, strains of human pathogenic 
microorganisms viz. Salmonella typhi, 
Staphylococcus aureus and Escherichia coli, 
collected from Dhulikhel  Hospital, Kathmandu 

University and Teaching Hospital, were used 
to investigate the antimicrobial potential of the 
extracts with the help of disk diffusion method. 
Required amount of bark extract of all four plants 
were dissolved in methanol to give methanolic 
extract solution of concentrations of 0%, 3%, 
6% and 9%; sterile, 6 mm diameter grade I 
Whatmans filter paper discs were impregnated 
with the already prepared methanolic solution. 
Ciprofloxacin (30 µg) was used as positive 
control while Methanol (30 µl) was used as 
negative control. Triplicates of each extract 
were impregnated in 6 mm diameter disc. To 
evaporate the methanolic residue from discs, they 
were placed over the water bath for 1 hour. Each 
microorganism, at a concentration of 1.5 × 106 
cells/ml (adjusted to the 0.5 McFarland turbidity 
standards), was inoculated on the surface of the 
respective media. After holding the plates at room 
temperature for one hour to allow diffusion of the 
test samples into the agar, they were incubated 
at 37oC for 24 hours. The results thus obtained 
were recorded by measuring the zones of growth 
inhibition around the disc, and presented as the 
arithmetic average. Inhibition zone values were 
corrected i.e. the disk diameter was subtracted 
from the value of the inhibition zone. Overall, 
cultured microorganisms with zone of inhibition 
equal to or greater than 7 mm were considered 
susceptible to the samples tested.  

Brine shrimp lethality test 

Methanolic extract of the samples were evaluated 
for lethality to Brine shrimp larvae (A. salina  
Leach) according to the published procedure 
(Meyer et al., 1982). Brine shrimp eggs were 
suspended for 48 hours in a conical flask 
containing 300 ml. of artificial seawater for 
hatching (the eggs). The flasks were well aerated 
with the aid of an air pump, and kept in a water 
bath at 29–30°C. The extracts were dissolved 
in 1% aqueous DMSO, and then in sea water to 
obtain a concentration of  500 ppm, 250 ppm, 100 
ppm, 50 ppm, 25 ppm and 10 ppm. An aliquot 
of each concentration (1 ml) was transferred, in 
triplicate, into clean sterile vials with pipette, 
and aerated seawater (9 ml) was added. Ten 
Brine shrimp nauplii were transferred to each 
vial. Thymol 1% aqueous solution and 1% 
DMSO in seawater were used as positive and 
negative controls, respectively. After 24 hours, 
the numbers of survivors were counted, and the 
mortality percentage was calculated. The lethal 
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concentration for 50% mortality after 24 hours of 
expo-sure, the chronic LC50 and 95% confidence 
intervals were determined using the Probit method 
(Finney, 1971) as the measure of toxicity of the 
extract or fractions. The extracts were considered 
as toxic unless the LC50 was found to be less than 
10 ug/ml (Setzer et al., 2001).

Results and discussion
The randomly selected barks of the plants 
subject to phytochemical screenings were found 
to contain different compounds viz. alkaloids, 
tannin, saponins, flavonoids and glycosides. 
The methanolic extract of M. esculenta barks 
exhibited antimicrobial activity against all the 
test-microorganisms. The methanolic extract of 
M. esculenta barks exhibited the highest activity 
against E. coli with the mean growth inhibition 
zones of 10.33±1.52 mm, 12.33±1.15 mm and 
15±1 mm at 3%, 6% and 9% concentrations 
respectively (Table 1). Similarly, it exhibited the 
highest significant antibacterial activity against 
Salmonella typhi with the mean inhibition zone 
of 9.33±0.57 mm at 9% concentration. 

The methanolic extract of M. nepaulensis barks 
exhibited maximum effect against Staphylococcus 
aureus with the mean growth inhibition zones 
of 10.33±1.52 mm and 12.67±1.53 mm at 6% 
and 9% concentrations respectively (Table 1). 
The methanolic extract of M. nepaulensis barks 
showed a broad spectrum of antimicrobial activity 
which might be due to the presence of alkaloids 
and flavonoids. 

The methanolic extract of the S. wallichii barks 
exhibited highest activity against S. aureus and 
E. coli with 8.67±0.57 mm and 10.33±0.57 mm 
mean growth inhibition zones respectively at 
9% concentration (Table 1). The hydroalcoholic 
extract of the S. wallichii bark has been found 
to exhibit the highest sensitivity against E. coli 
while the least activity against the selected Gram 
positive strains (Dewanjee et al., 2008). S. aureus, 
being Gram positive, supports our results. 

The methanolic extract of M. longifolia bark also 
revealed its antibacterial property. It exhibited 
maximum effect with the mean growth inhibition 
zone of 12.67±2.08 mm and 15±1 mm against E. 
coli at 6% and 9% concentrations respectively 
(Table 1). The barks of M. longifolia chiefly 
contain Oleanolic acid, caprylate, lepeolacetate, 
α-amyrin acetate, erythrodiolmonocaprylate, 
betulinic acid and α-spinasterol  compounds 
(Khare, 2007). The antimicrobial property of 
M. longifolia bark found in our study could be 
due to the effects of lepeolacetate, α-amyrin 
acetate, erythrodiolmonocaprylate, betulinic 
acid, α-spinasterol and/or other methanol soluble 
constituents. Lupeol acetate belongs to lupane 
type triterpenes, and was reported to have 
antimicrobial activity (Prachayasittikul et al., 
2010).

Based on the Brine shrimp bioassay analysis, the 
LC50 value of the bark of M. esculenta plant was 
found to be 15.5 ppm (Table 2). Similarly, the 
LC50 values of the barks of M.  nepaulensis, M. 
longifolia and S. wallichii plants were found to be 

Table 1: Mean growth inhibition zones (mm) of the barks of different plants

Plant name/
Std. drug

Staphylococcus aureus Escherichia coli Salmonella typhi

Concentration of extract Concentration of extract Concentration of extract

3% 6% 9% 3% 6% 9% 3% 6% 9%
Myrica 
esculenta 5±0 5±1 7.33±1.52 10.33±1.52 12.33±1.15 15±1 4.33±1.15 6.67±0.57 9.33±0.57

Madhuca 
longifolia 5.67±1.15 7.33±0.57 9.33±0.57 8±2 12.67±2.08 15±1 6±1 7.33±1.15 8.67±1.52

Mahonia 
nepaulensis 7±3 10.33±1.52 12.67±1.52 0 0 7.67±0.57 0 2.33±1.15 5±1

Schima 
wallichii 3±1 5.33±0.57 8.67±0.57 2. 67±0.57 6.67±0.57 10.33±0.57 0 0 0

Ciprofloxacin, 
30 mcg 25.67±2.83 35.67±1.10 18.29±1.98

Methanol,   
30 μl 0 0 0

Note: The mean growth inhibition zones (mm) are presented as the mean ± SD in the above table.
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136.5 ppm, 76.9 ppm and 76.0 ppm respectively.  
This indicates that the bark of M. esculenta plant 
is moderately toxic, the barks of M. longifolia 
and S. wallichii plants are mildly toxic and the 
bark of M. nepaulensis plant is non-toxic.   For 
the purpose, the results were compared with the 
available previous results: highly toxic plants 
(having LC50<1.0 ppm); toxic plants (having 
LC50 of 1.0–10.0 ppm); moderately toxic plants 
(having LC50 of 10.0–30.0 ppm); mildly toxic 
plants (having LC50 of 30 -100 ppm) and non–
toxic plants (having LC50 > 100 ppm)  (Meyer et 
al., 1982).

The barks of all the selected plants viz. M. 
esculenta, M. nepaulensis, M. longifolia and S. 
wallichii were found to possess flavonoids, an 
important antimicrobial phytochemical (Table 3). 
The barks of M. esculenta and M. longifolia plants 
were found to possess saponins, glycosides and 
tannins too. Similarly, the bark of M. nepaulensis 
plant was found to possess alkaloids too while 
that of S. wallichii was found to possess saponins 
and glycosides too.

Conclusion
The analysis of randomly selected Nepalese 
medicinal plants indicated that most of the 
plants are rich in antimicrobial phytochemicals. 
Methanolic extracts from the barks of these plants 
showed antimicrobial activity against human 
pathogenic microorganisms. So, attention to 
these medicinal plants can be drawn for herbo-

therapeutic treatment or antimicrobial plant 
principles in the case of infection by selected 
microorganisms.
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Scientific forest management is an emerging need for managing existing natural 
forests of Nepal on the basis of silvicultural intervention. The study was carried out 
in Lumbini Collaborative Forest at Rupandehi District of Nepal, where Sal (Shorea 
robusta) forests are being managed under Irregular Shelterwood System with eighty 
years of cutting cycle since 2011–2012. The study was purposed to find out the intial 
effects of silvicultural intervention on plant species diversity and regeneration of Sal 
forest. The vegetative sampling was done using quadrate method based on the 
principle of simple random sampling both in the managed as well as the unmanaged 
parts of forest. The study found out remarkable increase in regeneration as well 
as decrease in plant diversity in the managed first and second-year stands (Block 
I and Block II respectively) as compared to the unmanaged stand (Block III) at its 
initial level of implementation. The mean value of diversity, richness, evenness, 
dominance index and regeneration of S. robusta varied significantly (p≤0.05) 
between the managed blocks (stands). The seedling density of S. robusta was found 
higher in the managed blocks (Block I and Block II) as compared to the unmanaged 
one (Block III) in terms of height class. The study recommends implementation of 
Irregular Shelterwood System for managing the existing degraded Sal forests of 
the Terai region of Nepal, however, its long term effects on plant species diversity 
should be further studied in detail.

Key words: Silvicultural intervention, regeneration, plant diversity, irregular  
  shelterwood system

Does scientific forest management promote plant species 
diversity and regeneration in Sal (Shorea robusta) forest?

A case study from Lumbini collaborative forest, 
Rupandehi, Nepal

N. Awasthi1*, S.K. Bhandari1 and Y. Khanal2

The regeneration status of a forest indicates 
its health and vitality while healthy 

forest ensures good future regeneration. The 
regenerating and productive character of forest is 
determined by presence of different age-group of 
seedling, sapling and tree (Chauhan et al., 2008). 
Moreover, regeneration of Sal (Shorea robusta 
Gaertn. F., family Dipterocarpaceae) is a complex 
and baffling problem (Bisht, 1989). Regeneration 
is measured to determine whether it meets the 
objective of sustainable forest management, and 
in particular, whether the productive capacity 
and biological diversity of forest are maintained 
(Lutze et al., 2004).

Scientific forest management aims to regulate 
the sustained yield by improving the degrading 
nature of a forest on the one hand and ensures its 
regeneration through replacement of old stocks by 

new ones in future. Scientific forest management 
follows appropriate silvicultural system while 
tree felling and regeneration activities are integral 
part of it. To be silviculturally sustainable, forest 
management must ensure good regeneration, 
maintain proper age class (age-gradation), normal 
increment and normal growing stock (Subedi, 
2011). Various efforts have been made on 
developing suitable silvicultural systems while 
mostly in building judicious canopy opening for 
regeneration of Sal (Troup, 1986).

Information on the implication of different types 
of silvicultural system or forest management on 
regeneration and tree diversity could be significant 
to predict future trends in species composition 
and stand structure in order to optimize the 
possible forest management strategies. In Nepal, 
such information is very scanty. However, the 

1  Institute of Forestry (IOF), Tribhuvan University (TU), Pokhara, Nepal 
* Email: nripeshawasthi@gmail.com
2  District Forest Office, Rupandehi, Nepal
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regeneration status of Sal forest in Nepal has 
been assessed in the Terai region. In this regard, 
this study is expected to generate necessary data 
for active forest management at micro level. 
The study was focused on rigorous comparison 
of scientific management of Sal forest in the 
terai region of Nepal through silvicultural 
intervention on the vegetation attributes with its 
traditional management, where scientific forest 
management has been a wide demand for a long 
time. This may help to understand the differences 
or similarities in stand structure, diversity and 
species composition, which will justify the need 
of preparing scientific forest management plans 
in future.

Materials and methods
Study site

The study was conducted in the Lumbini 
Collaborative Forest which is located in Saljhandi 
and Rudrapur Village Development Committees 
(VDCs) of Rupandehi district of Western Nepal 
(Figure 1). The study area occupies an area of 
1321 ha, and is located between 27o40’32’’ N 
to 27o45’13’’ N latitudes and 83o12’55’’ E to 
83o14’24’’ E longitudes. The elevation of the 
study area ranges from 100 m to 1,229 m above 
mean sea level. People living in the 16 VDCs, 
from Saljhandi in the north to Aama in the south, 
are the users of this collaborative forest (LCFMG, 
2014). 

The forest has been managed under Irregular 
Shelterwood System which is a compromise 
between shelterwood group system and group 
selection system (Parkash and Khanna, 1979). 
Simply, the trees of exploitable diameter are 
removed leaving behind the mother trees for 
seeds; the mother trees will be removed after 
regeneration is established. Regeneration felling 
is in the pattern of group system, but as the 
regeneration period is long, the crop produced 
is uneven-aged or irregular. Weeding, cleaning, 
thinning, pruning, girdling, climber or bush 
cutting and artificial planting are carried out as 
per the need. The whole forest has been divided 
into eight periodic blocks for the purpose of 
the management of Sal forest under 10-year 
regeneration period and 80-year rotation period. 
Area control method of yield regulation has been 
adopted; so, each periodic block has been sub-
divided into 10 annual sub-blocks (ASB) where 
regeneration felling activities will be carried out 
each year (LCFMG, 2014).

The study was conducted in the Periodic Block 
(PB) I where regeneration felling operation 
was carried out in its two annual sub-blocks- 
ASB1 and ASB3 in 2012/13 and 2013/14, 
respectively while eight sub-blocks would be 
successively managed in the coming years as per 
the management plan. For the study purpose, the 
two annual sub-blocks were studied as managed 
blocks viz. Block I (ASB 1, first-year stand) 
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Fig. 1: Map of the study area
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and Block II (ASB 3, second-year stand) while 
the other sub-blocks within the Periodic Block 
I were studied as unmanaged block (controlled/
no regeneration felling) i.e. Block III to analyze 
the effect of silviculture intervention in the forest. 
The areas of Block I and Block II were 9 ha each 
whereas the area of Block III (with 8 annual 
sub-blocks) was 72 ha (LCFMG, 2014). Block 
I was managed under regeneration felling with 
post-harvesting operation while Block II under 
regeneration felling only with no post harvesting 
operation till our field study in 2014. The whole 
area of PB I was fenced to minimize the effect of 
grazing and human disturbance. Similarly, PB I 
was divided into two 45 ha parts with 3 m wide 
inspection path from the centre, and the whole 
PB was surrounded by 5 m-wide fireline for fire 
protection (LCFMG, 2014).

Sampling method

The data were collected in the year 2014-15. 
Individual plants were categorized into seedling 
(ht < 1.3 m), saplings (dbh < 10 cm and ht > 1.3 
m) and trees (dbh > 10 cm). Vegetation sampling 
was based on Quadrate Method (Mishra, 1968). 
The quadrants of 10 m × 10 m were laid out in 
the study area for trees based on the principle of 
simple random sampling with the help of ArcGIS 
10, and each quadrate was divided into four equal 
sub-quadrates, each 5 m × 5 m in size, from the 
centre and two opposite sub-quadrates were used 
for studying saplings and seedlings, as determined 
by the Species Area Curve Method (Mishra, 
1968). The heights and dbh of all the trees and 
saplings were measured using Abney’s Level and 
Diameter Tape (for trees) or Vernier Caliper (for 
saplings) in each sampling unit. Similarly, the 
heights of seedlings were measured. Altogether, 
40 quadrates for trees and 80 sub-quadrates for 
regeneration in the unmanaged block while 9 
quadrates for trees and 18 sub-quadrates for 
regeneration in each managed block were studied 
with 0.55% and 1.00% sampling intensities 
respectively.

Data analysis

The plant community composition both in the 
managed and unmanaged blocks were studied, and 
density, basal areas, frequency were calculated 
for each species to determine the Importance 
Value Index (IVI), adopted by Mueller–Dombois 
and Ellenberg (1974). Plant diversity was studied 

using Shannon Wiener’s Index, Simpson’s 
Dominance Index, Margalef’s Species Richness 
Index, Equitability or Evenness Index and 
Jacard’s Similarity Index which excludes herbs 
or climber layers. Both descriptive and inferential 
statistics were used for data analysis. The mean 
values of all the indices mentioned and the plant 
densities among the three blocks were studied 
using one way ANOVA and LSD Test.

Importance Value Index, IVI = Relative Frequency 
+ Relative Basal Area + Relative Density

Shannon Wiener’s Index, H’

Simpson’s Index of Dominance, C =  

Margalef’s Species Richness Index, d =  

Equitability or Evenness Index, e =   

Jacard’s Similarity Index, JI =            ,

where, s = number of species, N = total number 
of individuals of species and pi = proportion of all 
individuals that are of species ‘i’

The ratio of abundance to frequency distribution 
was considered regular, if < 0.025, random, if it 
is within 0.025 – 0.05 and contiguous, if > 0.05 
(Whitford, 1949).

Results and discussion
Plant species composition and distribution 
pattern

The total number of plants recorded in Block 
I and Block II (both managed) were 14 and 
23 respectively while it was 29 in Block III 
(unmanaged). Based on the calculation, S. 
robusta was found to be the dominant species 
with highest IVI of 180.09, 124.08 and 133.73 
in Block I, Block II and Block III respectively 
(Figure 2). Similarly, Terminalia tomentosa 
was found to be the co-dominant species in the 
managed area (Block I and Block II) (Figure 
2 and Figure 3) while Mallotus philippensis 
was found to be co-dominant species in the 
unmanaged area (Block III) (Figure 4). The Terai 
Forest Inventory carried out by the DFRS (2014) 
found S. robusta as prominent species followed 
by T. tomentosa. Similar results were noticed in 
the case of managed blocks (Block I and Block 
II) in this study too.
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Fig. 2: Dominance diversity curve in the 
managed Block I

Fig. 3: Dominance diversity curve in the 
managed Block II

Fig. 4: Dominance diversity curve in the 
unmanaged Block III

Note: Grey and dark black dots represent 
contagious and randomly distributed species 
respectively.

All plant species recorded in the managed Block 
I were found to be contagiously distributed 
while few species in the managed Block II and 
unmanaged Block III were found to be randomly 
distributed. The ratio of abundance to frequency 
of tree species greater than 0.05 showed clumped 
(contagious) pattern of species distribution which 
reveals that most seedlings were adapted to grow 
closer to the mother plants, observed in all the 
species within the managed Block I. Similar 
results were depicted by Ndah et al. (2013) in the 
disturbed rainforest of Cameroon. Odum (1971) 

has emphasized contagious distribution pattern as 
the most common patterns in nature.

Plant species diversity

Species diversity refers to the frequency and 
variety of species within a geographical area 
(HMGN/MFSC, 2002). It refers to the species 
richness and evenness within an area which 
describes the structure of plant community. Plant 
species are directly affected by the harvesting or 
management practices operated in a stand.

The study showed low mean Shannon Weiner’s 
Diversity Index in the managed block as compared 
to the unmanaged block of forest, affecting both 
species richness and evenness indices. Species 
diversity and concentration of dominance are 
generally inversed in relation. Thus, concentration 
of dominance of managed blocks (Block I and 
Block II) was found to be higher as compared 
to the unmanaged block (Block III) due to lower 
diversity within the species, and revealed S. 
robusta to be the dominated species in the managed 
stands. The mean value of Shannon Weiner’s 
Index, Simpson’s Concentration of Dominance 
and Margalef’s Species Richness Index varied 
significantly between Block I and Block II as 
well as between Block I and Block III. Similarly, 
the mean value of Evenness Index was found to 
be significantly different between block I and 
Block III at 0.05 level of significance. This shows 
low diverse in tree species in managed stands 
as compared to unmanaged or natural stands as 
a result of initial effect of intervention. Sapkota 
et al. (2010) found decline in the tree diversity 
while dominance of S. robusta increases linearly 
along the disturbance gradient in Nepalese Sal 
forest, similar to our study (Table 1).  Smith et 
al. (2005) compared changes in diversity under 
different management regime over 35 years in 
the sub-tropical rainforest of Australia, and found 
that species richness in natural condition varied 
slightly over this period, and also found that the 
richness per plot in the logged area generally 
declined after intervention and then gradually 
increased to greater extent as compared to the 
original diversity. 

Diversity measures of understory were 
significantly higher in the logged forest than in 
the unlogged forest after it was performed for 
10 years in beech forests of Shafarood in Guilan 
(Pourbabaei and Ranjaver 2008). Similarly, 
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Mohammadi et al. (2008) observed low value of 
Shannon Weiner’s Index (tree species diversity) 
in the natural stand as compared to the managed 
stand with Shelterwood system in Loveh forest of 
Iran. Since Block I was managed with regeneration 
felling followed by post-harvest performed in the 
first and second successive years as compared to 
Block II where management was carried out with 
only regeneration felling during our study period, 
the mean Shannon Wiener’s Index was found to 
be higher (1.44± 0.06) in Block II than in Block 
I (1.05 ± 0.05), quite similar to the unmanaged 
area (Block III with the mean Shannon Wiener’s 
Index: 1.49 ± 0.04) of the forest (Table 1). In 
addition, Halpern and Spies (1995) found other 
management activities (fertilization, herbicide 
application, grazing) could affect upon the 
species composition of vegetation in addition to 
the initial effect of logging and site preparation.

Forest structure and diversity varied with 
different silvicultural treatments applied on it. 
Battles et al. (2001) found total species richness 
higher in plantation and shelterwood regime than 
in single tree and reserves stands while diversity 
varied from year to year under group selection 
system. As disturbances played leading role in 
species diversity, Robert and Gillium (1995) 
argued with intermediate-disturbance hypothesis 
as most applicable for forest management which 
prevents few species from dominating resources. 
Species richness relies on two separate aspects 
of silviculture: i) canopy cover and ii) seed bed 
characteristics. Canopy cover is a function based 
on timing and amount of wood harvested while 
seed bed characteristics is related with post 
harvesting site preparation at the same time. 
Block I is a stand managed under both aspects 
of silviculture while Block II is a stand managed 
with no seed-bed treatment (only harvesting). In 
the case of temperate forest, management effect 
reports either no reduction, short-lived reduction 
or increase in species diversity following 
silvicultural practices (Battles et al., 2001). 

Jacard Similarity Index was used to find similarity 
and diversity of species among the region 
(Pourbabaei, 2004). High similarity was noticed 
in the species between Block II (managed) and 
Block III (unmanaged) in the study area (Table 
2). On the other hand, high dissimilarity was 
detected between Block I (managed block) and 
Block III (unmanaged) which may occur as a 
result of post- harvesting of unwanted species in 
course of weeding and cleaning.

Table 2: Jacard’s Similarity Index (in percentage)

Study area Jacard’s Index 
(%)

Managed Block I with 
managed Block II 47.82

Managed Block I with 
Unmanaged Block III 43.33

Managed Block II with 
Unmanaged Block III 73.33

Regeneration status

The study found higher seedling and sapling 
densities in the managed areas (Block I and Block 
II) which could be the result of regeneration 
felling as compared to that in the controlled i.e. 
unmanaged area (Block III) with no regeneration 
felling. Block I (managed) was found to have 
21,022 seedlings/ha followed by Block II 
(managed) with 16,555 seedlings/ha while Block 
III (unmanaged) had the lowest 13,035 seedlings/
ha (Figure 5). Suoheimo (1999) observed 50,000 
– 100,000 seedlings/ha after regeneration felling 
of Sal forests under uniform shelterwood system. 
Both shoot and root development of S. robusta 
was also observed better in open space rather 
than under shade (Troup, 1986). However, tree 
density was found to be higher in the controlled 
area (Block III) with 552 trees/ha as compared to 
the managed ones (Block I with 66 trees/ha and 
Block II with 133 trees/ha).

Table 1: Mean and standard errors of plant species diversity, and evenness and richness indices

Block No. of plot H' C E S
Block I (managed) 9 1.05 ± 0.05 0.52 ± 0.02 0.59 ± 0.02 1.14 ± 0.13
Block II (managed) 9 1.44 ± 0.06 0.39 ± 0.07 0.64 ± 0.02 1.88 ± 0.11
Block III (unmanaged) 40 1.49 ± 0.04 0.35 ± 0.09 0.67 ± 0.01 1.97 ± 0.07

Note: H’ : Shannon Wiener’s Index; C : Simpson’s Dominance Index/Concentration of Dominance;  
          E : Evenness Index and S : Species Richness Index.
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Fig. 5: Seedling, sapling and tree density in 
the forest

Comparison of regeneration of S. robusta with 
other species

The seedling density of S. robusta was found to be 
higher in the managed area (Block I with 13,977/
ha and Block II with 9,311/ha) and low (6,445/
ha) in the unmanaged area (Block III) (Fig. 6). 
Similarly, its sapling density was also found to be 
higher in the managed area (Block I with 3022/ha 
and Block II with 1,644/ha) and low (1,055/ha) 
in the unmanaged area (Block III). Compared to 
other species, the seedling density of S. robusta 
was found to be higher in the managed area (Block 
I and Block II) while it was almost similar to that 
of other species in the unmanaged area (Block 
III). The mean seedling and sapling densities 
of S. robusta per hectare varied significantly 
between management blocks at 0.05 level of 
significance, revealing significance of scientific 
forest management in promoting its regeneration. 
While the mean seedling density of other species 
remained insignificant between the managed 
blocks in response to intervention, their mean 
sapling density was found to be slightly higher 
in the controlled i.e. unmanaged area (Block III) 
in the study area as shown in Figure 6. In Nepal, 
sustainable regeneration of S. robusta has been 
reported from both the Terai (Rautiainen, 1996) 
and the hills (Rai et al., 1999) which was not 
observed among natural dense forest with a high 
density of larger trees. Regeneration of most of 
the species is favored by disturbance of moderate 
intensity, which may be subjected to poor in 
low and heavily disturbed forest (Sapkota et 
al., 2009). S. robusta has been facing a serious 
threat to its existence in the tropical and sub-
tropical belts of India due to infestation by Sal 
borer (Hoplocerambyx spinicornis) and also to 
moisture stress caused by the combined effects 
of intensive grazing, repeated fire, lopping and 

indiscriminate harvesting (Negi et al., 2002). 
The area of Periodic block I have been fenced 
supported by constructing fireline in order to 
minimize effects of intensive grazing, repeated 
fire and indiscriminate harvesting of trees. Sal is 
light demanding species and complete overhead 
light is needed in most cases from earliest stage 
of development (Champion and Seth, 1968). 
Opening of canopy in the forest stand promotes 
regeneration and the growth of understorey 
seedlings and saplings (Troup, 1986). Hence, the 
regeneration of S. robusta in the study site was 
found higher in the managed area (block I & II) 
of forest.

Fig. 6: Regeneration status of S. robusta in 
contrast to other species

Per hectare seedling density of Shorea robusta 
with different height classes

The density distribution of S. robusta seedlings in 
Block I, Block II and Block III were constructed 
based on height measurement. Height was 
classified into interval of 15 cm. The mean 
heights of S. robusta seedlings in Block I, 
Block II and Block III were approximately 73 
cm, 71 cm and 65 cm respectively. The highest 
seedling density was noticed in the height class 
of 85–99cm in Block I (managed) (Figure 7). 
Besides, the highest seedling densities were also 
noticed in the height class of 70–84 cm in Block 
II (managed) and in the height class of 40–54 
cm in the unmanaged area (block III). At each 
height class, the seedlings density was found 
to be higher in Block I (managed) followed by 
Block II (managed) and Block III (unmanaged), 
indicating effects of intervention on growth 
performance of the seedlings. Khan et al. (1986) 
found survival and better growth of S. robusta 
seedlings in the forest periphery compared to 
those under dense canopy, which illustrates the 
better growth and regeneration in presence of 
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canopy opening or threshold light intensity for 
the process of photosynthesis in seedlings. The 
figures indicated decreased in density of the 
existing seedlings of S. robusta beyond 40–54 cm 
height class successively, which in turn signifies 
the problem in growth of S. robusta seedlings in 
the unmanaged area.
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Fig. 7: Density of seedlings of S. robusta 
with different height classes

Survivorship and mortality curve of S. robusta 
in the unmanaged area

The survivorship and mortality curve of S. 
robusta was prepared on the basis of Static Life 
Table in accordance with the method described by 
Qiaoying et al. (2008). Static Life Table has been 
suggested as one of the silvicultural tools in listing 
distribution of all individuals in a population by 
age-class or other form of development. In this 
case, size classes were used as the surrogates of 
the age-classes.

The curve showed mortality of S. robusta 
seedlings as 83.6% (Figure 8) which became 
peak during their population development in 
their life period. Only 16.4% of the seedlings 
were found to have developed into sapling stage 
which is indicated by highest density of seedlings 
rather than saplings. This reveals the need of 
management for the promotion of regeneration 
in the study area. Since S. robusta requires over-
head light for their growth, the canopy should be 
opened for their survival. Trees of dbh class 30–40 
cm exhibited highest life expectancy population 
structure of S. robusta from seedlings to matured 
stage, which indicated that the regeneration of 
S. robusta had been hampered due to various 
biotic and abiotic factors although the trees 
were found to have produced abundant number 
of viable seeds. The mortality of Abies georgei 
on the north facing slope of SW China was 88% 
(Qiaoying et al., 2008), higher than the one found 

in this study. A wide range of biotic and abiotic 
factors are responsible for large scale death of 
seedlings and saplings of S. robusta leading to 
its poor regeneration. Since, the area under PB I 
was fenced i.e. protected against biotic factors, it 
can be assured that abiotic factor was dominant in 
growth of seedlings in the unmanaged area of the 
forest, and so, further detailed study is needed to 
come into conclusion.

Fig. 8: Survivorship and mortality curve of  
S. robusta

i) Change in proportion (×1000) of individual surviving 
(lx) with different dbh classes of S. robusta

ii) Mortality (qx) curve with different dbh classes of 
S. robusta.

Conclusion

Foresters have been facing challenges in 
developing effective management strategies in 
conserving regional biodiversity, sustaining the 
forest resources and meeting the ever increasing 
demand for wood and wood products, especially 
in the developing countries. They need to design 
suitable management options for protection 
as well as production of their forest resources. 
For this, maintaining regeneration of many 
valuable tree species has become a difficult task 
now. In this regard, an irregular shelterwood 
system, a strategy adopted in the Terai region 
of Nepal, could be an alternative for promoting 
regeneration of S. robusta, a valuable tree species 
in the world. Besides the density of seedlings 
and saplings, the growth performance of the 
seedlings of S. robusta and its dominance has 
been found to be remarkable in the managed 
areas than in the natural stands. The distribution 
pattern of this species in the managed areas was 
found to be moreover contagious, exhibiting the 
clumped pattern of their growing. According 
to Smith et al. (2005), the regeneration felling 
followed by post harvesting decreases species 
diversity in the managed stands as management 
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is based on irregular shelterwood system at 
its initial stage, which will increase in the long 
run than in the natural stands. Various studies 
recommend removal of moderate number of trees 
for maintaining tree diversity and regeneration in 
long run (Smith et al., 2005; Sapkota et al., 2009). 
Hence, this study recommends implementation 
of irregular shelterwood system for managing 
existing degraded Sal forest, while its long-term 
effects on plant species diversity should be further 
studied.
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Annex I
List of plant species in the study area

S.N. Scientific Name Family Managed 
Block I

Managed 
Block II

Unmanaged 
Block III

1. Shorea robusta Dipterocarpaceae + + +
2. Terminalia tomentosa Combretaceae + + +
3. Litsea monopetala Lauraceae + + +
4. Adina cordifolia Rubiaceae + + +
5. Glochidiom velutinum Euphorbiaceae + + +
6. Mallotus philippensis Euphorbiaceae + + +
7. Aegle marmelos Rutaceae + - +
8. Rhus javanica Anacardiaceae + + +
9. Lagerstroemia parviflora Lythraceae + + +
10. Mitragyna parviflora Rubiaceae - + +
11. Anogeissus latifolia Combretaceae - + +
12. Grewia subinaequalis Malvaceae - + +
13. Schleichera oleasa Sapindaceae + + +
14. Lannea coromandelica Anacardiaceae - + +
15. Terminalia bellirica Combretaceae - + +
16. Cassia fistula Fabaceae - + +
17. Diospyros tomentosa Ebenaceae - + +
18. Dillenia pentagyna Dilleniaceae + + +
19. Syzygium cumini Myrtaceae - + +
20. Cleistocalyx operculatus Myrtaceae - + +
21. Pterocarpus marsupium Fabaceae - + +
22. Stereospermum chelonoides Bignoniaceae + - -
23. Buchanania latifolia Anacardiaceae + - +
24. Semecarpus anacardium Anacardiaceae - - +
25. Madhuca latifolia Sapotaceae - - +
26. Bombax ceiba Bombacaceae - - +
27. Miliusa tomentosa Annonaceae + + +
28. Hymenodictyon flaccidum Rubiaceae - - +
29. Anthocephalus chinensis Rubiaceae - - +
30. Butea monosperma Leguminosae - + -
31. Bauhinia purpurea Leguminosae - + +

Awasthi et al.



With the large scale plantation commenced in the early 1980s, nearly 370,000 
hectares of plantations have been successfully established in Nepal. Pinus patula 
is one of the dominant species of these plantations aiming to maximize biomass 
productions in degraded hills. The growth rate of 15 m³ ha-1yr-1 estimated in 1995 
was reduced to 7 m³ ha-1yr-1 in 2011. As it is an exotic species to Nepal, the effect 
of management practices on its growth was not clear because of specific ecologic 
condition which is hindering in developing a management plan with a high confidence. 
Dendrocronological assessment taking sample cores of 120 trees was conducted 
in plantations age between 1975 and 1990. The study found that the growth rate 
decreased after 10 years and the rate was high in the higher density class. The 
cumulative increment, which was found to be higher in the lower density class, was 
found to have retarded faster after 15-17 years of age in the higher density class as 
well as in the informally managed plantations. The study recommends conducting 
planned thinning from the early age of 8-10 years while the final felling is recommended 
to be executed at the age of 30-35 years for maximizing its volume. However, a vast 
area of the current stock, which has already crossed or nearly crossed the rotation 
age of this species, should be removed in two phases ensuring the establishment 
of the new crops. They should be clear felled when they reach the age of 45 years.

Key words: Management practice, plantation, growth-rate, density, age

Effects of management practices on growth rate of pine 
plantations in Nepal
S. P. Dangal1  and A. K. Das1

Large-scale plantations in the hilly regions of 
Nepal were initiated from the early 1980s 

(Gilmour et al., 1990). Since then, Nepal could 
successfully establish more than 370,000 hectare 
of plantations in the bare hills. Most of the 
plantations were dominated by pine species (DoF, 
2012) including Chir pine (Pinus roxburghii), 
Blue pine (P. wallichiana) and Patula pine (P. 
patula) that maximize biomass production 
(Gilmour et al., 1990) as pine was one of the 
few species which survived and grew well on the 
areas with very poor soil which were the only 
sites then available for forest plantations in the 
hills. Pines withstand grass and weed competition 
better than some other species (Jackson,1994) as 
they are morphologically adapted in contrasting 
disturbance, temperature, precipitation and poor 
nutrient soil (Knight et al., 1994).

NACRMLP (2006) reports that a total of 23,404 
hectares of plantations have been established in 
Sindhupalchowk and Kavrepalanchowk Districts 
since the late 1970s, and they were mostly 
dominated by Pine species (Hunt et al., 2001) 
among which 40% is shared by Kavrepalanchowk 
District. ERI (2011) estimates that P. patula covers 

almost 75% of the total Pine plantations. Until late 
1970s, the Chaubas Ridge of Kavrepalanchok was 
a severely degraded overgrazed barren land. With 
the support of the then Nepal Australia Forestry 
Project (NAFP), the Department of Forests and 
the local community jointly started reforestation 
from the late 1970s. Since then, nearly 400 hectares 
of degraded land have been reforested mainly 
with P. patula, P. roxburghii and P. wallichiana 
(Eijnatten et al., 2001). After the establishment of 
community saw mills in 1997, intensive thinning 
using the Thinning Guidelines was commenced 
in Chaubas. Since then,two to three thinnings, 
adopting the thinning prescriptions, were carried 
out in a few community forests in the Chaubas 
Ridge (Timilsina, 2005).

P. patula, native to Mexico, grows considerably 
faster than other two indigenous pine species 
(Jackson, 1994), is likely to be sustainable on 
most sites where good standard silviculture 
practices are carried out (Evans, 2000). This 
three-needled plant, introduced in Nepal back in 
the 1970s normally grows at the altitude between 
1,650 m and 3,000 m from the mean sea level 
(msl) where rainfall ranges from 1000 mm to 
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1500 mm. It grows up to 30 m height and 22 cm 
in diameter (dbh). It is fairly tolerant of poor soils 
and frost-tolerant, and its thin bark is sensitive to 
fire up to the pole stage (Jackson, 1994). 

The maximum annual average growth rate for 
P. patula recorded in 1995 in Sindhupalchok 
and Kavrepalanchok Districts was 9.5 ton ha-1 

yr-1 (NACFP, 1996) which is equivalent to 15 m³ 
ha-1 yr-1 for which Ladley (1995) had strongly 
recommended for timely and appropriate 
application of silviculture as greater rate of 
diameter growth is usually obtained in trees after 
thinning (Dwivedi, 1993). There is an evidence of 
27.97 m³ ha-1 yr-1 growth from adoption of such 
practices (Fox et al., 2007) but due to absence of 
proper thinning,the growth of these plantations 
now has been reduced to 7.06 m³ ha-1 yr-1 (ERI, 
2011). With the passing of age, density of the 
stand influence growth rate (Dwivedi, 1993), and 
similarly,with the advancement of age, the growth 
relations of the plantation undergo profound 
changes (Wilde, 1969). Larger the gap, larger will 
be the mean diameter of edge trees (Berg, 1973), 
and hence, the selection of stand-level treatment 
was found to have an important role (Briceno-
Elizondo, 2006).

Defined thinning concepts are neglected 
within forest management plans, and scientific 
knowledge about thinning effects on plantation 
stands is missing (Nenninger et al., 2013). As 
a result of delayed thinning,an annual loss was 
estimated to be US$ 180 ha-1 from the plantation 
in the study area (Hunt et al., 2001). Most of 
these plantations have crossed 25 years. This 
time, there was a need for concrete plan for final 
felling and establishment of second rotation crop. 
Due to delayed thinning, an extended rotation 
age of 40–45 years was recommended in 2006 
(NACRMLP, 2006). However, thinning and final 
felling prescriptions were not adopted in most 
cases as there is a lack of confidence due to limited 
knowledge on the growth pattern of P. patula in 

Nepal. Hence, the objective of this study was 
to assess the effects of management practices, 
density and age on the radial growth rate of P. 
patula that convince and enable the plantation 
managers to develop appropriate and adoptable 
silviculture prescriptions for the management of 
pine plantations.

Materials and methods
Study

The study was conducted in the four community 
forests viz. Lankuri Rukh Community Forest 
(CF), Dharapani CF, Bihani CF and Lamrang 
CF on the Chaubas Ridge of Kavrepalanchowk 
District of Central Nepal during May-June 2014. 
Out of the four CFs, two were thinned as per the 
respective plans while the remaining two were 
thinned without any plan i.e. as per the need 
(Table 1 and Figure 1). All the community forests 
were situated on the SW- and SE-facing slopes of 
20o–30o at the altitude of 1,800–2,000 m from the 
mean sea level within a span of 3 km in the sub-
tropical region. The soil is dominated by clay, red 
in color, mostly shallow in depth and mixed with 
small rocks. The precipitation recorded to the 
nearest hydrological station is 1,923 mm which 
falls between June to September (NEA, 2011).

According to the concerned communities,more 
than 400 ha of forest plantations have been 
established in the aforementioned CFs since 
1970s with an average initial plantation stocking 
of 1600 ha-1.

Sampling design and sample collection

The study was conducted as a part of “Effect 
of Growth on Economic Opportunities in Pine 
Plantations in Nepal”. A clear geo-referenced map 
of the community forests was not available in all 
the cases which were essential to exactly estimate 
the area of the study sites and allocation of sample 
plots. Hence, boundary survey was carried out 

Dangal and Das

Table 1: Details of the study area

Age of plantation 
(yrs)

Formally managed plantations Informally managed plantations
Name of the 

CF
stand density 

(Tree/ha)
Area 
(ha)

Name of 
the CF

stand density 
(Tree/ha)

Area 
(ha)

30-35 Lankuri 
Rukh 323 12.0 Bihani 579 16.0

25-30 Dharapani 
(Chaubas-7) 570 35.0 Lamrang 544 19.0
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using GPS, and the maps were prepared using Arc 
View Software. A total of 15 sample plots, each 
with the area of 250 m2, were allocated to each of 
the four selected CFs; the plots were first located 
systematically on the maps using computer 
software and then navigated in the forest with 
the help of GPS. Thus, altogether 60 plots were 
established within the four CFS to measure the 
overall growing stock on the Chaubas Ridge; in 
each plot, one dominant and one co-dominant 
trees were identified by measuring their heights 
with the help of Vertex in order to assess the 
growth rate.

The measurement method used by Hunt et al. 
(2001) was adopted throughout the study. From 
each site, a total of 30 core samples (0.5 cm 
round) were collected with the help of 30 cm long 
HAGLOF Increment Borer. The core samples 
were collected from the most cylindrical section 
of the stem 20–30 cm above the ground level 
(two cores were taken so as to take the average if 
the tree bole was not cylindrical); the borer was 
screwed right to the pith, and repeated until the 
pith could be seen in the core steak. The cores were 
inserted into straw used for beverage drinking so 
as to ensure their safety,and were recorded, e.g. 
L.3.1 (Lankuri Forest, Plot No. 3 and Core No. 1). 
All the cores were then kept into a 5 cm diameter 
and 45 cm long Polythene Pipe with caps on both 
ends to protect from seasoning defect, breaking 
and missing of the cores. Within each sample 
plot, one dominant and one co-dominant trees 
were selected, and two 100 m2 nested circular 

plots were established keeping the dominant and 
the co-dominant trees at the centres (Figure 2) so 
as to estimate the stand densities around the mas 
the trees were growing with different densities. 
To understand the maximum growth potentiality 
of the area, a total of 6 biggest trees were selected 
and their diameters at breast height (dbh), heights 
and densities along with their core samples were 
taken and recorded.

 

Selection of one 
dominant and 

one co-dominant 
trees within a 
250m2sample 

plot  

  

Establishment of 
two 100m2 nested 
circular plots with 
the dominant and 
co-dominant trees 

at their centres  

  

Fig. 2: Selection of one dominant and one co-
dominant trees and establishment of two 100 m2 

nested circular plots within a sample plot

For the measurement of core-length, each core 
was placed in a wooden frame of half circle (half 
of 0.5 cm) perpendicular channel. The core was 
first well sanded to increase the visibility of rings 
and then starting from the pith, the length of each 
section of the core was measured (in mm) with 
the help of Vernier Caliper, and recorded in a 
format for statistical analysis.

A number of forest managers and planners 
including the concerned CF users, the staff of 
the concerned district forest offices and the 
Department of Forest, who had past experiences in 

 

Fig. 1: Map of the study area
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plantation management in Nepal, were consulted 
as the key informants so as to understand the 
key issues and challenges for implementation of 
appropriate management options.

Statistical analysis

Statistical analysis was performed using Microsoft 
Excel Program. The analysis in terms of different 
perspectives of growth response, age, density and 
management was performed. The stand density 
was divided into three stocking classes: i)high 
density class (600–900 trees ha-1), ii) medium 
density class (300–600 trees ha-1) and iii) low 
density class (<300 trees ha-1). No sample was 
found to have over 900 ha-1. For simplification, 
the first ring was considered to be one year old 
although it was two years old since it takes one 
year to reach the sapling stage of 20–30 cm height

Results and discussion

The analyses of the field data were done for effect 
on growth of three variables viz. age, density and 
management regime. The findings of the analyses 
are as follows:

Effects of age on growth over density

The aggregated analyses of radial growth with 
different densities over passing age showed that 
with the increase in age, the radial growth rate 
decreased in all the density classes. The reduction 
in radial growth rate was found to be almost 
equal until the age of 8–10 years in all the density 
classes. However, the decreasing rate was noticed 
higher (600–900 trees ha-1) in the high density 
class forest plantations after 10 years (Figure 3).

Fig. 3: Variation in annual increment with age

The sharp increase in annual increment in the 
second year in the two density classes might 
not be due high density but could be due to the 

quality of seedling as well as the micro-climate 
during the plantation. However, there was a 
continuous fall in increment in the high density 
class except a small increment after 11 years. The 
fluctuations after 12 years and 14 years in the low 
and medium density classes respectively could 
be due to the effects of two to three thinnings 
carried out as reported by the key informants as 
well as on the basis of the available records of the 
communities. The overall result indicates that the 
thinning which is carried out in the plantations of 
the aforementioned species at the age of age of 
8–10 years will increase its growth rate.

Effects of density on growth over age

The mean annual increments (MAIs) in the three 
density classes were estimated to be almost 
similar up to the age of 13–15 years (Figure 4).  
After this point, the MAI was found to be distinct 
in the stand density class of 600–900 ha-1, but 
there was no significant difference in the MAI in 
the stand density class of 300–600 trees ha-1. In 
the low density class (<300 trees ha-1), the MAI 
was found to be higher up to the age of 7 years 
as compared to the other two density classes,and 
then there was no difference in its MAI until 
the age of 16 years. After 16 years, the MAI in 
the low density class slightly exceeded those in 
the other two density classes (Figure 4). These 
differences and similarities, no doubt, affect upon 
the management practices. It clearly indicates 
that the density of a stand should be maintained 
below 600 trees ha-1 during its age of 15–18 years 
to attain a maximum MAI.

Fig. 4: Variation in mean annual increment 
(MAI) with density over age

In order to maximize the volume production, 
analysis of the cumulative increment (MAI) is 
one of the determining factors for thinning and 
final felling. The cumulative increment could not 
be differentiated in the stands until 16 years of 
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age, but after 16 years,it decreased more in the 
high density class than in the other two density 
classes (Figure 5). This has brought up the similar 
result as the MAI was found to be almost similar 
in all the density classes until the age of 16 years. 
Similarly, the MAI and the cumulative increment 
in the low and the medium density classes were 
found to be similar until the age of 30 years after 
which the MAI,in terms of cumulative increment, 
in the low density class exceeded those in the 
other two classes. This indicates that the rotation 
of 30 (±5) years could be the best for a stand to 
attain maximum volume of wood.

Fig. 5: Variation in cumulative increment 
with density over age

Growth response in formally and informally 
managed plantations

It was notable that the MAIs in the three different 
density classes were very distinctive in the stands 
managed under formal and informal management 
practices (Figure 6 and Figure 7). The reductions 
in the MAIs between formally and informally 
managed plantations were found to be almost 
similar until 12 years. The fluctuations in the 
MAIs in the density classes could be due to the 

site factors in both the cases and also due to 
the removal of trees in the informally managed 
plantations. It indicated that there was no effect 
of density until 12 years of age. After 12 years, 
the MAI in the informally managed plantations 
was found to have declined; higher decline in the 
MAI noticed in the high density class and almost 
similar decline noticed in the medium and low 
density classes. Similar pattern was indicated in 
the high density class in the formally managed 
plantations, but, fluctuations (sharp increase and 
decrease)in the MAIs were noticed in the other 
two density classes. This could be the impact of 
thinning carried out formally after the age of 12 
years until 25 years in the different blocks of the 
plantations on rotational basis.

The cumulative increment showed a distinct 
pattern in the formally and informally managed 
plantations(Figure 8 and Figure 9).

In the formally managed plantations, the 
cumulative increment was found to be the same 
up to 17 years of age in all the three density 
classes, but it was lower in a high density class 
as compared to those in the other two density 
classes. Similarly, the cumulative increment 
rate was higher in the low density class than in 
the medium density class after 22 years of age. 
This could be due to the effects of competition 
for light, and availability of nutrients and ground 
water as thinnings were conducted from 12 
years onwards and the thinning intensity as well 
as the years of thinning were different due to 
block management and rotational thinning cycle. 
This clearly indicated the need for reduction of 
density below 600 trees ha-1 around 15 years. In 
the plantations under informal management, the 
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Fig. 6: Variation in annual increment in 
formal management with age over density

Fig. 7: Variation in annual increment in 
informal management with age over density
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cumulative increment was the same upto 22 years 
in all the three density classes, and after then, the 
increment rate was low in the high density class, 
but no difference was noticed in the remaining 
two density classes. It was obvious that although 
density was similar but the cumulative increments 
estimated were different between the two 
managements. This could be due to the planned 
way of creating space in the formally managed 
plantations while the haphazard removal of trees 
in the informally managed ones without looking 
space, quality of trees and gap. Normally, big trees 
are found to be removed in the stands managed 
under informal management leaving the trees 
with inferior quality which naturally grow slower 
than the qualitative ones. This becomes opposite 
in the case of formally managed stands where the 
dead, diseased, dying, suppressed and inferior 
trees are removed first leaving the healthier big 
trees meant for natural regeneration and high 
return in future. The cumulative increment rate 
was almost similar in all the three density classes 
in the informally managed plantation as well as 
in the low density class in the formally managed 
plantations. This suggests for reduction of trees 
in the plantation stands in a planned way from the 
beginning.

Overall increment and potentiality

To gauge the maximum growth potentiality in the 
study sites, measurement of biggest trees were 
taken. The average density around the biggest 
trees was estimated to be 310 trees ha-1. The 
analysis found that there was a big difference 
between the overall cumulative radial increment 
(76 mm) and the cumulative radial increment 

among the biggest trees (106 mm) at the age of 
31 years (Figure 10).

Fig. 10: Variation in cumulative increment 
between overall and biggest trees

The cumulative increment was found to have 
retarded after 11 year in overall measurement 
whereas it was steady among the biggest trees 
and again retarded after 31 years of age. The high 
increment in the biggest trees could be due to the 
availability of sufficient space to grow.

The reduction in the MAI seemed to have similar 
pattern upto the age of 8 years after which the 
reduction on the growth in overall measurement 
was higher than the measurement of biggest trees 
(Figure 11). However, the gap between the two 
annual increment curves was found to be narrowed 
after the age of 23 years, and was quite close after 
31 years. As the measurement of a few rings was 
very difficult after this age, it can be presumed 
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Fig. 8: Variation in cumulative increment 
in formal management

Fig. 9: Variation in cumulative increment 
in informal management
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that these two curves meet around the age of 35-
40 years, and will further retard. This implicates 
that whether there is a reduction in density or not, 
the growth rates becomes almost stagnant after 
the age of 35–40 years, and this could be best age 
for final felling and time to replace by a new crop.

Fig. 11: Variation in average increment 
between overall and biggest trees

The findings of the analyses showed that the 
decrease in radial growth with passing age was 
found to be unavoidable but decreasing the stand 
density in planned way can reduce the decreasing 
trend of radial growth rate. It can be concluded 
that the formal management practice gives better 
radial growth than the informal management. 
Similarly, the comparison of disaggregated data 
of individual trees showed that the radial growth 
in the early thinning was found to be higher in 
comparison to the late thinning. Gerelbaatar 
and Baatarbileg (2011) have concluded that the 
radial growth of Scotch pine do not vary by site 
but more intensive annual increment and radial 
growth improve in the plantation of 8–15 years 
of age. The amount of annual height increment 
and radial growth improve regularly up to 9–11 
years of age, and then the intensity of annual 
increment declines due to competition for light 
and nutrients. The result suggests for reduction in 
a stand density after 9–11 years of plantation that 
avoid restriction of growing conditions.

Based on the input and output ratio, the late 
thinnings have limited impact on radial increment. 
Because of low intensity thinning, the increase 
in radial growth rate is found to be effective 
for the period of only 4–5 years after thinning 
which again remains similar to the pre-thinning 
conditions. This implicate that planned thinning 

is essential from the early age before canopy 
closes as recommended by Briceno-Elizondo 
(2006), and if the intensity of thinning is low, the 
thinning cycle should be shorter. 

The present issue ahead is how to manage the 
current plantations of the study sites and other 
similar plantations. The thinning guidelines 
developed by NACRMLP (2006), does not 
explicit the application of thinning regime when 
the current age is between 25 and 35 years, but 
reference to nearest age (20–25 years) recommends 
that stocking at current stage should be 150 trees 
ha-1 for 31–35 year-old plantations and 220 trees 
ha-1 for 26–30 year-old plantations maintaining 
rotation periods of 40 and 45 years respectively. 
The guideline suggests one additional thinning for 
26–30 year old plantations at the age of 40 years. 
Similar recommendations were made by Dangal 
and Arrentz (2002). They recommended extended 
rotation period up to 55 years for the plantations 
where thinnings and final felling were delayed. 
They suggested retaining 150, 200 and 300 trees 
ha-1 to follow the rotation periods of 45, 50 and 
55 years respectively. Hunt et al.(2001) suggested 
a rotation age of maximum of 45 years, and thin 
to 150 tree ha-1 when they reach the age of 30–35 
years. These all are extended rotation age than the 
actual recommended rotation age in normal forest 
management situation. A rotation age of 35 years 
with 4 high intensity thinning has been practiced 
in Kenya (FD/KEFRI, 1997) whereas in the 
USA, P. radiata stands are managed up to three 
regimes depending on potential productivity. 
This involves two thinnings to give a final crop 
stocking of 200 stems ha-1 and clear felling occurs 
at the age 30 year (Berg, 1973).

In native habitat, P. patula grows up to 30 m height 
and 22 cm diameter (Jackson, 1994), but this 
study found a maximum of 64 cm diameter with 
a  similar height of 30 m. This indicates that there 
is a competition for light due to which trees gain 
height but not diameter. Looking at the financial 
aspect, the MFC (2007) estimates an income of  
9,250 US$ ha-1 from a plantation stock of 1000 
trees ha-1 on a normal site quality at the age of 
10 years and with two thinnings at the age of 15 
and 22 years and the final felling at the age of 35 
years. In the study sites, there was no specific plan 
for the final felling of the plantations. The case 
of Mississippi suggests that the plantations in the 
study area has now reached the final harvesting 
stage as most of the plantations have already 
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crossed thinning age leading to an annual loss 
of almost US$ 180 ha-1 (Hunt et al., 2001). To 
reduce the further loss from the delayed thinning 
and final felling,there is an urgent need to develop 
proper plan to manage these plantations. Despite 
after 25 years, a negligible growth is estimated 
by the study, it would not be wise to conduct final 
felling at this stage as there is a need for proper 
replacement of this crop by a new one. Hence, 
in spite of a negligible increment, it is wise to 
maintain rotation period of 40–45 years on the 
basis of the existing density. One or two thinnings 
would be required to retain 100–150 stems ha-1 for 
final felling based on the existing stock which can 
be removed after new crop has been established

Conclusion

Based on the findings of the analysis and 
discussions, the study draws a number of 
conclusions. With passing age, the growth rate 
decreases regardless of density until 10 years 
of age, and the rate of declination increases in 
high density class.  There is a significant effect 
of density on the growth rate after 10 years. The 
increasing retardation on MAI and Cumulative 
Increment in the medium density class (600–900 
trees ha-1) than in the other two density classes 
after 16 years of age demands for retaining 
density less than 600 trees ha-1 at the age of 15–
17 years. The overall increment in the formally 
managed plantations is higher than those under 
informal management. However, the effect of 
formal management is slightly higher than that of 
informal management which is highly distinctive 
only after 15–17 years of age. The study further 
concludes that both the age and density have 
significant effects on growth, and so, formal 
management practice is necessary to maintain 
required density in the plantations.

The following recommendations could be useful 
for plantation managers including government, 
private sector, academia and the CF users of 
Nepal:

• To reduce the cost of plantation and initial 
competitions among the trees for light and 
nutrients and in such areas where early 
thinning cannot be ensured, planting stocking 
of around 1000–1100 stems ha-1 will be 
sufficient. Plantation spacing could be 3.25 m 
× 3.25 m or 3 m × 3 m. In such case, thinning 
can be carried out at the age of 12–15 years. 

• Late thinning has less effect on radial 
increment. The reduction of plantation 
stock in systematic and planned way from 
earlier stage will be highly beneficial. For 
new plantations, a 30-year rotation period 
is generally recommended to receive big-
size timber; however, for pole size timber, a 
rotation period of 22–25 years would be ideal. 
Four thinnings are recommended for big-
size timber production. The regime proposed 
for new plantations with plantation stock of 
1,600/ha is presented in Table 2 below:

Table 2: Proposed thinning regimes for new 
plantations 

Age (years) 8–10 13–15 19–21 26–29 30–35
Stand density 
to be retained 
(ha-1)

800–
1000

500–
700

200–
400

100–
150 0

• For the existing plantations of the study sites 
and similar conditions, it is less likely that 
thinning will significantly increase the radial 
growth. But, due to slope terrain, the final 
felling without establishing new crop is not 
recommendable. So, phase-wise reduction 
and final felling is ideal. The current stocking 
needs to be maintained at 100–150 trees ha-1 
for next 5–10 years so as to allow natural 
regeneration or plantation to be established. 
Once new crops are established, the remaining 
trees can be removed.

References

Berg, P. 1973. Silviculture of Pinus radiata stand 
edge trees at wood hills forest. NZ Journal of 
Forestry 18: 115–123.

Briceno-Elizondo, E. 2006. Stand Level Analysis 
on the Effects of Management and Climate 
Change on the Growth and Timber Yield with 
Implication on Carbon Stocks in Boreal Forest 
Ecosystem: A Model Based Approaches. 
The Finnish Society of Forests Science; 
Finnish Forest Research Institute; Faculty 
of Agriculture and Forestry, University of 
Helsinki; Faculty of Forestry, University of 
Joensuu. Dissertation Forstales 24: 1795–
7389.

Dangal, S. and Arentz, F. 2002. Management 
of Pine Plantation in the Nepal-Australia 
Community Resources Management 

Dangal and Das



Banko Janakari, Vol. 25, No. 1

38

Project. Nepal-Australia Community 
Resources Management Project, Kathmandu, 
Nepal.

DoF. 2012. Community Forest Data Base. 
Community Forestry Division, Department 
of Forest, Ministry of Forest and Soil 
Conservation, Kathmandu, Nepal.

Dwivedi, A. 1993. A Text Book of Silviculture. 
Dehra Dun, India.

Eijnatten, J. V., Acharya, H., and Shrestha, S. 
2001. Organizational Change in Four 
FUGs: Operating the Chauba-Bhumlu 
Community Sawmill. Nepal Australia 
Community Resources Management Project, 
Kathmandu, Nepal.

ERI. 2011. A Feasibility Study Report to 
Establish Pine Wood Treatment Plant in 
the Middle Hills of Nepal. Environmental 
Resources Institute Pvt. Ltd. and Micro 
Enterprise Development Programme of 
UNDP, Kathmandu, Nepal.

Evans, J. 2000. Sustainability of productivity in 
successive rotation. In Timber Plantation 
Development (ed) Manila, Philippines, 321–
344.

FD/KEFRI. (1997). Silviculture Regimes 
for Plantation Forest in Kenya. Forest 
Department Karura, Kenya. Retrieved from: 
http://www.fernis.net/system/files/current_
silviculture_regime.pdf. Accessed on: 2nd 
May, 2013.

Fox, T. R., Jokela, E. J. and Allen, H. L. 2007. The 
development of pine plantation silviculture 
in the Southern United States. Journal of 
Forestry 105: 337–347.

Gerelbaatar, S. and Baatarbileg, N. 2011. Growth 
of Scotch pine (Pinus sylvestris L.) plantation 
in Northern Mongolia. Journal of Agriculture 
and Technology (B1): 1205–1210.

Gilmour, D., King, G., Applegate, G. and Mohns, 
B. 1990. Silviculture of plantation forest 
in central Nepal to maximize community 
benefits. Forest Ecology and Management 
32: 173–186.

Hunt, S., Dangal, S. and Shrestha, S. 2001. 
The Impact of Stocking on the Growth 
of Pine Plantations in the Mid Hills of 
Kabhrepalanchok and Sindhupalchok. 

Nepal Australia Community Resource 
Management Project, Kathmandu, Nepal.

Jackson, J. 1994. Manual of Afforestation in 
Nepal. Forest Research and Survey Centre, 
Ministry of Forests and Soil Conservation, 
Kathmandu, Nepal.

Knight, D. H., Vose, J. M., Baldwid, V. C., Ewel, 
K. C. and Grodzinska, K. 1994. Contrasting 
pattern in pine forest ecosystems. Ecological 
Bulletins 43: 9–19.

Ladley, J. C. 1995. Opportunities for Income 
Generation from Pine Plantations in 
Kavrepalanchowk and Sindhupalchowk. 
Nepal Australia Community Forestry Project, 
Kathmandu, Nepal.

MFC. 2007. How Much is Your Plantation 
Worth? Mississippi Forestry Commission, 
Jackson, Mississippi.

NACFP. 1996. A Feasibility Study for Timber 
Processing by Forest User Groups in the 
Middle Hills of Nepal. Nepal Australia 
Community Forestry Project, Kathmandu, 
Nepal.

NACRMLP. 2006. Thinning Guidelines 
for Pinus patula and Pinus roxburghii 
Plantations in Nepal. Nepal Australia 
Community Resource Management and 
Livelihood Project, Kathmandu, Nepal.

NEA. 2011. Initial Environmental  
Examination. Nepal Electricity  
Transmission Expansion and Supply  
Project, Kathmandu, Nepal.

Nenninger, A., Kateb, H. E., Fetene, M. and 
Mosandl, R. 2013. Functional Ecology and 
Sustainable Management of the Munessa 
Forest, Ethiopia. Retrieved from http:/www.
soils.uni-hannove.de/foreschung/monessa.
com. Accessed on 1st May, 2013

Timilsina, N. 2005. Supporting Livelihood 
through Employment: The Chaubas 
Bhumlu Community Sawmill, Nepal. 
ITTO, Forest Trends, RECOFTC, Right and 
Resource Initiative.

Wilde, S. A. 1969. Pine Internodes as Indicators 
of Non-Determinable Environmental 
Influences. Wisconsin Academy of Science, 
Arts and Letters, Madison, USA.

Dangal and Das



Tropical forest continues to decline in Nepal’s lowlands, with a serious negative 
consequence for biodiversity conservation. Even a strict natural reserve is subjected 
to have some degree of human disturbances. The newly established Banke National 
Park of Nepal provides an excellent context to evaluate effects of human disturbances 
on the forest regeneration status. This article assesses the regeneration status of 
the park. A total of 1,067 plots were laid out within the park area. In each plot, three 
concentric rings of radii of 10 m, 5 m, and 1 m were established. Data of seedling/
sapling and human disturbance variables were collected from each of the concentric 
plots. Principal component analysis (PCA) of all disturbance variables was carried out 
to generate a disturbance index. The findings of this study alienates with intermediate 
disturbance hypothesis. Cut wood, lopped tree, human/livestock trails, people number 
- are the significant variables for the impact of sapling and seedling density in the park. 
The induced human disturbances up to the limit avails the highest regeneration status 
in the park. These human disturbances might have induced the spatial heterogeneity 
and internal dynamics which help in the regeneration. The main challenge for the forest 
managers and scientists is to identify the indicators of environmental damage of forest 
and their threshold levels at which human disturbances will result in an irreversible 
decline of the vegetation and its regeneration.

Key words: Regeneration, human disturbances, impacts, Banke National Park

Response of natural forest regeneration to human 
disturbance in Banke National Park                       

R. Napit1  and P. K. Paudel2

Deforestation and forest degradation are the 
human impediments to the forest’s biological 

ability to reproduce itself. Forest resources are 
altered either by natural or by human induced 
factors. However, human induced activities 
are more aggressive and have influenced forest 
depletion in variety of ways. Disturbance also 
influences processes that can either augment 
or erode the ecological functions of a forest 
community (Sagar and Singh, 2005). Both natural 
and human disturbances influence forest dynamics 
and tree diversity at local and regional scales. 
Frequently, human individual disturbance factors 
e.g., selective logging have been highlighted 
in attempts to explain the structural attributes 
of forests (Vetaas, 2000; Sapkota et al., 2009). 
Despite multiple factors simultaneously altering 
ecosystem functioning, frequent and fluctuating 
disturbance factors e.g., grazing, browsing, firing, 
fuel wood and fodder collection have often been 
overlooked in explanations of post disturbance 

changes in forest ecosystems. 

In Nepal, deforestation is a critical problem that 
cannot be solved so easily without appropriate 
policy and enforcement of strict rules. In the 
Terai and Siwalik regions, deforestation is 
quite common due to government resettlement 
programs and illicit clearing of forest for 
agriculture. In general, the main causes of 
deforestation in Nepal are conversion of forest 
areas for resettlements and cultivation, need 
for timber and fuel wood, forage for livestock 
as well as local unemployment and lack of 
management from the government. Besides, 
forest fire, shifting cultivation, natural process, 
forest rewards, attitude of individuals, donors 
role and government policy are other reasons for 
deforestation in the nation (Joshi et al., 2000). 
Share of forest land in the Terai was decreased 
by about 12% from 1986 to 2000 (from 0.2 ha in 
1986 to 0.12 ha in 2000), (Panta, 2009). Despite 
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the initiation of community forest management 
system, human disturbance continues in various 
forms including setting fire (Kuwar et al., 2004). 
About 90% of the Terai forests were affected 
due to fire (Sharma, 1996). Moreover, the 
government- managed forests of Dang, Banke, 
Kailali and Kapilbastu districts were found to be 
severely affected by fire (UNECE, 2008).

However, some studies have showed that the 
disturbance maintains the species diversity 
(Loucks, 1970; Huston, 1979; Petraitis et 
al., 1989). Connell (1978) and Grime (1979) 
had hypothesized that diversity, richness of 
communities is found highest at intermediate 
levels of disturbances because species that thrive 
at both early and late successional stages can 
coexist. Connell (1978) proposed that relatively 
low disturbance leads to decreased diversity and 
high disturbance causes an increase in species 
movement. Similarly, another study had showed 
that the anthropogenic and natural disturbances 
interacted to affect upon the pattern of plant 
species diversity and composition. The species 
diversity was sustained by the dynamic attributes 
of the patches which were generated and modified 
by disturbances originating from human activities 
and natural processes (Bhuju and Ohsawa, 2000). 
According to Levenson (1981), the richness of 
woody species in isolated woodlots is largely 
a function of disturbance, whether natural or 
human induced. He found that the heavy human 
usage of the urban islands maintains a continual 
state of disturbance resulting in an increased edge 
effect (Levenson, 1981). 

Prior to the establishment of the Banke National 
Park (BNK), the area was under the jurisdiction 
of the Banke District Forest Office, and it went 
through a series of disturbances such as illegal 
logging, cattle grazing, cutting and lopping 
of fodder species which otherwise could have 
reached the succession stage as in many other 
protected areas (PAs) of Nepal. Thus, the present 
study was conducted to: i) assess the regeneration 
pattern of the BNP, and ii) inspect the impact of 
human disturbances on natural regeneration of the 
forests in the BNP, and suggest for the implication 
of conservation.

Materials and methods
Study area                                                      

The study was carried out in the BNK of 

Western Nepal which was established on 12th 
July, 2010 as the tenth Park of the nation. It is 
located between 81°39’29” to 82°12’19” East 
longitudes and 27°58’13” to 28°21’26” North 
latitudes (Figure 1). The total area of the BNK 
is 550 sq km with the buffer zone of 343 sq km, 
and with its Headquarters at Obary (Mahadevpuri 
VDC) and sector offices at Kusum VDC of Banke 
district and Chepang VDC of Dang district. The 
park is linked with trans-boundary landscape 
that joins Suhelwa Wildlife Sanctuary of India 
through national and community forests towards 
south. It is connected with Bardia National Park 
of Nepal towards west which further links with 
Katerniaghat Wildlife Sanctuary of India via. 
Khata Corridor. Most of the park area (77%) 
lies in Banke district and some part (23%) lies in 
Bardia, Dang, and Salyan districts of the nation.

Fig. 1: Location of Banke National Park in 
the map of Nepal

The topography of the BNK is very diverse- with 
flood plains, river valleys, gorges and the Churia 
hills in between Rapti river in the south and 
Babai river in the north. Its highest elevation is 
1,247 m at Kuine ridge/Phurksalli and the lowest 
elevation is 153 m near Dhakeri. This Park has 
a sub-tropical monsoonal climate with summer 
monsoon from mid-June to early October 
followed by a relatively long, cold and dry winter. 
The temperature variation is high ranging from 
10o C to 45o C in May/June with an average 
temperature of 23o C. The hot humid days gives 
way to monsoon rains that lasts until September.

This park has two bioclimatic zones- tropical 
and sub-tropical with an array of eight ecosystem 
types (Sal forest, deciduous Riverine forest, 
mixed hardwood forest, flood-plains of Terai, 
Bhabar, foot-hills of Churia range, Savannahs and 
grasslands. The park encompasses 90% natural 
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forest coverage composed of mainly Sal, Karma, 
Khair and Sissoo (MFSC, DNPWC and WWF, 
1998). Altogether, 124 species of plants (88 trees 
and climbers and 36 shrub species), 34 mammals, 
more than 300 birds, 24 reptiles, 7 amphibians 
and 58 fish species are found in the park. The core 
area of the park is enclosed all around by buffer 
zone lying in the 14 VDCs of Banke, Dang, Salyan 
and Surkhet districts. There are about 4,861 
households with 35,712 populations residing in 
the buffer zone. About 90% of the economy of the 
people depends on agriculture while the rest 10% 
on trade and labor. The major issues found in this 
area are deforestation, encroachment, remoteness 
and poverty.

Sampling design

The park area was divided into 17 grids (8 km × 8 
km) (Figure 2), and each grid was further divided 
into 16 sub-grids (2 km × 2 km) (Figure 3); each 
grid having 8 sub-grids. In each alternate sub-
grid at equal spacing of 200 m (Figure 4), three 
concentric circular plots with 10 m, 5 m, and 1 m 
radii were laid out (Figure 5). Altogether, 1,067 
sample plots were laid out in the 107 sub-grids 
excluding the settlement areas. The locations of 
the sample plots were detected with the help of 
GPS. All the trees falling within the 10 m-radius 
plots were recorded. Similarly, all the saplings 
and seedlings in the plots with 5 m-radius and 
1 m-radius respectively were recorded. A set of 
disturbance variables (Table 3), were recorded in 
every 10 m-radius circular plots. These variables 
encompass all the visible signs of disturbance 
seen around the study site. 

Data regarding topography, terrain type, 
vegetation quantitative data and disturbances 

were recorded. Regeneration of tree species was 
calculated by counting the seedlings (height < 20 
cm) and saplings (height < 20 cm but dbh < 10 
cm) as adopted by Sundriyal and Sharma (1996). 

Fig. 3: Grid design for vegetation sampling

Fig. 4: Plot location in a sub-grid

Fig. 5: Layout of the sample plots

Analysis of regeneration status of the forest

First of all, the densities (number of individuals 
per hectare) of all the individual trees, saplings 
and seedlings of tree species were determined. 
Then, the diameters (dbh) of all the tree species 
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were categorized into diameter classes of 10 
cm interval, and then these dbh classes and 
their densities were used to develop size-class 
distribution diagram. On the other hand, the 
relative densities of each tree, sapling and seedling 
of each tree species were also determined to 
estimate the population structure of ten dominant 
tree species of the park.

Analysis of human disturbance and its impact 
on forest regeneration 

Data on human disturbance were collected from 
each of the 107 sub-grids. The correlations among 
18 disturbance variables were tested using the 
Kendall Test. Bonferroni Correction was used to 
maintain the family-wise error rate. It allows to 
correct significance level of correlation by testing 
each individual at a significance level of α/n, α 
being significance level and n number of sample 
plots (Dunnett, 1955). As none of the disturbance 
variables was highly correlated (r < 0.7), all the 
variables were retained in Principal Component 
Analysis (PCA) to derive a habitat disturbance 
index (Table 2). The Eigen Value Analysis 
suggested that a single principle component be 
retained as a measure of disturbance. To examine 
relationships between the disturbance variables 
and natural forest regeneration, a multiple linear 
regression with forward selection procedure of 
disturbance variable in the model was used to 
see the most important variables for seedling 
and sampling densities. As the objective of 
this study was to find out whether there is a 
curvilinear relationship between disturbance 
index and regeneration status (i.e. seedling 
and sampling density), a nonlinear regression 
with a second order polynomial of the form  
(Y = pr1+pr2*X1+pr3*X1^2) was used. For it, 
observations either with zero disturbance (no 
disturbance)  index or zero regeneration status (no 
seedling and sampling density) were removed.

Results and discussion

Forest regeneration status

The size-class distribution of the stems of the 
park showed a right skewed and reverse J-shaped 
distribution with continuous declining frequency 
in succeeding higher size-class except for size 
class 20–30 cm (Figure 6).

Fig. 6: Tree diameter distribution 

Sapling/seedling density

Altogether, 58 species of sapling and 40 species 
of seedling of tree species were recorded in the 
study area. All the sapling density (SD), the 
seedling density (SeD) and the relative density 
(RD) were found to be highest for Shorea robusta 
(SD 200.49 /ha, SeD 27,153.4/ha and RD 58.5) 
(see Annex 1 attached at the back). In terms of 
the sapling densities and their relative densities, 
S. robusta was followed by Murraya koenigii (SD 
125.36/ha and RD 16.88) and Terminalia alata 
(SD 92.62/ha and RD 12.47), while in terms of 
the seedling and the relative densities, S. robusta 
was followed by T. alata (SeD 5,375.32/ha and 
RD 11.58) and by Mallotus philippinensis (SeD 
4,652.06/ha and RD 10.02). 

Figure 7 (i-x) depicts the population structure of 
ten dominant tree species on the basis of their 
relative densities. The dominant tree species, S. 
robusta exhibited higher proportion of seedling 
and comparatively low density of sapling and tree 
population. Same was the case for M. philippinensis 
while Anogeissus latifolius, Acacia catechu, 
Buchanania latifolia, Ouigenia dalbergoides, 
Lagerstroemia parviflora and Garuga pinnata 
were found to have more proportions of trees than 
seedlings and saplings. On the other hand, T. alata 
and Diospyrus malabarica had equal proportion 
of seedlings, saplings and trees. The findings of 
this study indicated that the regeneration status 
of S. robusta was better than that of all the other 
species in the BNP. Thus, the ten dominant tree 
species differed greatly in terms of the densities 
of seedlings, saplings and trees.
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Fig. 7 (i) Fig. 7 (ii) Fig. 7 (iii)

Fig. 7 (iv) Fig. 7 (v) Fig. 7 (vi)

Fig. 7 (vii) Fig. 7 (viii) Fig. 7 (ix)

Fig. 7 (x)

Fig. 7 (i-x) :  Population structure of ten dominnant tree species of Banke National Park
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Human disturbance analysis

During the study period, the frequencies of 
different 18 evidences such as no. of stumps, no. 
of lopped trees, no. of cultivated patches, no. of 
fires occurred, no. of cattle grazing and no. of 
fodder collection noticed during the fieldwork 
were chosen as disturbance variables for the 
analysis of human disturbance in the park (Table 
1).

The Correlation matrix for 18 disturbance 
variables measured during sampling period in the 
BNK is presented in Table 2. The matrix reveals 
that the trails noticed inside the park have positive 
relationship with the cut-wood found in the 
forested areas of the park. Similarly, the matrix 
indicates that the people (carrying weapons) 
noticed inside the park area, livestock noticed in 
the park area and the permanent constructions, 
e.g. huts, sheds etc. made by the people inside the 
park area have also positive relationship with the 
cut-wood noticed in the park. Likewise, there is 
some relationship between the lopped trees and 
the stumps seen inside the park area. Similarly, the 

disturbances like fire has positive relationship with 
lopped tree and stumps found there but negative 
relationship with wood cutting, temporary and 
permanent constructions, trails found, livestock 
and cultivation. Disturbance factors like human 
settlement has positive relationship with cutting 
of wood, cultivation, livestock,  temporary and 
permanent constructions, trails found while 
has negative relationship with lopped tree 
found, stumps found and fire. Likewise grazing 
has positive relationship with livestock, trails 
found, people seen, lopped tree and temporary 
construction. It has negative relationship with 
cutting wood, human settlement, stumps found, 
cultivation and fire. Similarly, a disturbance 
factor like wood pilling has positive relationship 
with cutting of wood, stumps and trails. It has 
negative relationship with lopped tree, cultivation, 
temporary and permanent construction, lopped 
tree, fire, and human settlement. While stone 
mining has positive relationship with cutting 
wood, stumps and trail found in the area. It 
has negative relationship with the disturbance 
factors like lopped tree, stumps, temporary and 

Napit and Paudel

Table 1: Disturbance variables used in the analysis

Sn Variables Symbol Description
1. Cut-wood CW Pieces of cut-wood found in each sample plot
2. Lopped-tree LT No. of lopped-tree found  in each sample plot
3. Stump ST No. of stump found in each sample plot
4. Temporary construction TC No. of temporary constructions made by people , e.g. huts, 

sheds etc. 
5. Trails TR No. of distinguishable path (trail) through vegetation due 

to frequent human and livestock  movement
6. People seen PS No. of people observed in each  sampling  period
7. Livestock LS No. of livestock i.e. cattle seen during the sampling period
8. Permanent construction PC No. of permanent constructions made by people in the 

sampling site
9. Cultivation CU No. of cultivation sites in each sample plot
10. Fire FI No. of fire signs  in each sample plot 
11. People with weapons PW No. of people seen with chopping weapons during the 

sampling period
12. Human settlement HS No. of human settlement  found in the sampling site
13. Fodder collection FC No. of fodder collection seen during the sampling period
14. Cut-tree (live) CT No. of people seen, cutting tree/s, during the sampling 

period 
15. Grazing GR No. of grazing seen during the sampling period
16. Hunters  HU No. of people seen, with hunting weapons, during the 

sampling period
17. Stone mining SM No. of stone loading seen during the sampling period 
18. Piled-wood PW No. of wood piled up in each sample plot
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permanent construction, trails, fire, livestock and 
cultivation.

The analysis of the forward selection multiple 
linear regression of the sapling density with human 
disturbance variables showed significant positive 
association between the sapling density and the 
human disturbance variables (F=10.981, R2=19.3, 
p < 0.0001) and the similar association between 
the seedling density and the human disturbance 
variables (F=8.223, R2=24.2, P < 0.0001) (Table 
3 and 4). The significant disturbance variables 
selected by a forward selection procedure in 
multiple linear regressions were cut-wood, 
livestock, trails and people in the case of sapling 
density while cut-wood, livestock, trails and 
stone loading in the case of seedling density. 
A non-linear regression model of disturbance 
index against sapling density showed a hump-
shaped relation with a peak in sapling density in 
the intermediate disturbance index (Figure 7).  It 
shows that the sapling density of the trees increases 
with the increase in human-induced disturbances 
up to a certain limit, and then decreases with 
further increase in human-induced disturbances. 
So, the expected curvilinear effect was obtained 
for the relationship of sapling density and the 
disturbance index (Figure 8). However, there was 
no non-linear relationship between disturbance 
index and seedling density (Figure 9). The 
expected curvilinear effect was not obtained as it 
showed only the increase in seedling density with 
the increase in human disturbance variables.

Table 3: Analysis of multiple linear regression 
of sampling density with human disturbance 
variables

Source DF Sum of 
squares

Mean 
squares F Pr > F

Model 3 0.036 0.012 10.981 < 0.0001
Error 103 0.112 0.001 - -
Total 

(corrected) 106 0.148 - - -

Table 4: Analysis of multiple linear regression 
of seedling density with human disturbance 
variables

Source DF Sum of 
squares

Mean 
squares F Pr > F

Model 3 0.794 0.265 8.223 < 0.0001
Error 103 3.316 0.032 - -
Total 

(corrected) 106 4.110 - - -

Fig. 8: A nonlinear regression of disturbance 
index with sapling density  

(R² = 0.125)

Fig. 9 : A nonlinear regression of disturbance 
index with seedling density (R² = 0.052)

Forest regeneration 

An inverse J-shaped form of size-class distribution 
of stem indicates a good regenerating capability 
of the forest. Studies on the size-class structure of 
forest stands required the full tally method over 
substantial areas to receive representative results 
(Schmelz and Lindsey, 1965). Koop (1989) and 
Piovesan et al. (2005) suggested that 25–40 ha 
area was required to represent the shifting pattern 
of the forests. Therefore, small areas might not 
truly reflect the proportions of the successional 
stages and over-represent certain structural 
features. 

Besides grazing, canopy cover of dominant trees 
is also important factor for the establishment of 
seedling. In high-canopy cover, seedlings cannot 

Disturbance Index
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survive because of the lack of sufficient light 
while in low-canopy cover, they cannot survive 
due to high solar radiation. On the other hand, 
open canopy promotes sapling recruitment and 
tree growth at early stage. In our study sites, more 
light was available for the seedlings of S. robusta 
because of lower density as well as lower canopy 
cover of trees. Hence, S. robusta had abundant 
regeneration under the partially open canopy. The 
regeneration status of tree species like Madhuca 
butyraceae, Psidium guajava, Dalbergia latifolia, 
Terminalia bellirica, Bauhinia variegeta was 
found to be very poor. This indicates that these 
species could be replaced in near future with 
other associated species.

Although the forests in the park area had high 
regeneration potential, all the established 
seedlings did not get chance to develop into 
sapling stage due to high human interference 
like grazing, trampling, forest fire, lopping and 
unsustainable harvesting of the forest resources. 
However, all the seedlings cannot survive due 
to harsh environmental condition and cannot 
compete with grasses for limited resources. 

Human disturbance and its impact on the 
regeneration of the park
The influence of seedling and sapling densities on 
the development and maintenance of any forest 
is well known. In our study sites, only two of the 
most dominant tree species, viz. S. robusta and  
had high seedling and sapling density. This could 
have a serious conservation implication for forest 
structure. The findings of our study showed that 
the intermediate disturbance favored high sapling 
density; however, the level of disturbance had a 
positive effect on the seedling density. Increased 
sapling density in disturbed forests compared 
to undisturbed forests is in accordance with the 
intermediate disturbance hypothesis (Connell 
1978; Hobbs and Huenneke 1992). Intermediate 
disturbance hypothesis suggests that disturbances 
can promote the coexistence of species (Grime 
1973; Connell 1978; Huston 1979) and promote 
high diversity. This does not hold true for seedling 
density as seedlings occur widespread in every 
season and they are produced in mass, and are 
yet to be subjected to disturbance. Thus, sapling 
density is a good measure to notice influence of 
human disturbance on forest regeneration status. 
We found out that the cut-wood, lopped-tree, 
human/livstock trails and people noticed in a 

forest area were the most significant variables 
affecting upon the sapling and seedling densities 
of the forests in the BNP. These factors create 
spatial heterogeneity leading to gaps in the 
forest allowing space for light penetration which 
favors regeneration to come up. However, the 
less number of saplings or seedlings even in the 
relatively undisturbed forests in the park area 
could be either due to the competition among the 
intra-species to grow or due to the dense canopy 
cover causing lack of light for regeneration. 

Conclusion

Despite the forest was open for grazing as well 
as other human disturbances, the regeneration 
potential of the park was found to be high. The 
obtained result from the size class distribution of 
the trees resembling inverse ‘J’ shape indicates 
the good regenerating capability of the forest in 
the park. The findings of 58 species of saplings 
and 40 species of seedlings of trees in the park 
also resemble the fairer status of the natural 
regeneration in the park. Further, the domination 
of the shrub stratum by some tree saplings 
indicated good regeneration and self-maintenance 
ability of the forest.

The findings of our study showed that human 
disturbance were found to have helped in 
regeneration of the forests in the BNP only upto 
certain limit as the sapling densities were found 
to be low in the forest areas with both low as 
well as high human disturbances So, this study 
supports the general hypothesis that intermediate 
human disturbance, upto certain limit, in a forest 
affects upon its regeneration status.
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Annex1
Per hectare sapling and seedling densities vs. relative densities of the tree species in Banke National Park

Sapling Seedling

Species Density 
(trees/ha)

Relative 
density Species Density 

(trees/ha)
Relative 
density

Acacia catechu 13.33 1.8 Acacia catechu 375.02 0.81
Acer oblongum 1.31 0.18 Aeglem armelos 282.75 0.61
Adina cordifolia 0.48 0.06 Annona reticulata 35.72 0.08
Aegle marmelos 2.86 0.38 Anogeissus latifolius 1872.14 4.03
Annona reticulata 0.71 0.1 Bauhinia variegata 5.95 0.01
Anogeissus latifolius 39.41 5.31 Buchanania latifolia 1556.64 3.35
Anthocephalus cadamba 0.24 0.03 Cassia fistula 29.76 0.06
Psidium guajava 0.83 0.11 Chitana 89.29 0.19
Bauhinia  variegata 0.71 0.1 Dadrung 44.65 0.1
Bire 0.12 0.02 Dalbergia latifolia 2.98 0.01
Bisaindha 0.12 0.02 Dillenia pentagyna 264.9 0.57
Bredelia retusa 1.67 0.22 Diospyro stomentosa 2095.36 4.51
Buchanania latifolia 14.29 1.92 Feroni alimonia 193.46 0.42
Careya arborea 0.6 0.08 Ficus hispida 104.17 0.22
Cassia  fistula 2.86 0.38 Ficus nimarolis 130.96 0.28
Chhitaina 13.57 1.83 Gaipaile 5.95 0.01
Chittabayer 30.24 4.07 Ganaune 14.88 0.03
Dadrung 0.95 0.13 Garuga pinnata 35.72 0.08
Dillenia pentagyna 7.02 0.95 Katkute 2.98 0.01
Diospyro stomentosa 37.15 5 Kerauta 5.95 0.01
Dudkhirro 0.95 0.13 Lagerstroemia parviflora 74.41 0.16
Ficus bengalensis 0.24 0.03 Litsea monopslata 125.01 0.27
Ficus hispida 3.57 0.48 Luhati 5.95 0.01
Ficus nimarolis 1.55 0.21 Madhuca butyraceae 5.95 0.01
Ficuss emicordata 1.43 0.19 Mallotus philippinensis 4652.06 10.02
Garuga pinnata 0.71 0.1 Murraya koenigii 580.39 1.25
Jangali bayer 0.36 0.05 Myrsine semiserrata 193.46 0.42
Katkute 1.07 0.14 Ougeinia dalbergiodes 172.63 0.37
Lagerstroemia parviflora 2.14 0.29 Parula 2.98 0.01
Litsea  monopslata 2.74 0.37 Phyllanthus emblica 59.53 0.13
Madhuc abutyraceae 0.12 0.02 Schleichera obleosa 89.29 0.19
Mahuli 0.12 0.02 Semicarpus anacardium 172.63 0.37
Main kanda 46.67 6.28 Shorea robusta 27153.4 58.5
Makare 0.12 0.02 Syzygium cumini 398.83 0.86
Mallotus philippinensis 44.65 6.01 Anthocephalus chinensis 5.95 0.01
Melia azedarach 4.41 0.59 Terminalia alata 5375.32 11.58
Morus alba 0.36 0.05 Terminalia bellirica 2.98 0.01
Murraya koenigii 125.36 16.88 Terminalia  chebula 29.76 0.06
Myrsinese miserrata 7.38 0.99 Unidentified seedling 2.98 0.01
Ougeinia dalbergiodes 2.98 0.4 Zizyphus jujuba 166.68 0.36
Phyllanthus emblica 0.83 0.11 Total 46419.43 100
Pipari 0.24 0.03
Psidium guajava 0.12 0.02
Sano Gayo 0.24 0.03
Schleichera obleosa 0.6 0.08
Semicarpus anacardium 1.43 0.19
Shorea robusta 200.49 26.99
Sidaura 0.83 0.11
Sterculi avillosa 1.9 0.26
Surain 0.12 0.02
Syzygium cumini 11.79 1.59
Anthocephalus chinensis 0.12 0.02
Terminalia alata 92.62 12.47
Terminalia bellerica 0.48 0.06
Terminalia chebula 1.19 0.16
Unidentified 0.48 0.06
Wendlandia exserta 4.52 0.61
Zizyphus jujuba 9.41 1.27
Total 742.78 100.00
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Tree diameter-height relationship can be used as a key input component in forest 
growth and yield models, and description of stand dynamics. Various models 
of stem diameter and height relation were developed. Those were formulated 
and implemented during Terai forest inventory data calculations in the Forest 
Resource Assessment (FRA) Nepal Project. The field inventory was conducted 
from December, 2010 to March, 2011. The Concentric Circular Sample Plot 
was designed where the diameters at breast height of all the tallied trees and 
the heights of the sampled trees were measured. The data were handled with 
R-script in R Programme to generate non-linear mixed effects models in ‘lmfor’ 
package of forest biometrics functions of Mehtatalo. Different non-linear models 
were used to fit the diameter-height relation, which performed well in describing 
the relationships between the diameters and the heights of the Terai tree species 
depending on the sample size. The models were selected as the best fitted based 
on the statistical results such as standard error, Adjusted R2, RMSE and residuals. 
The best models for Shorea robusta and Terminalia alata were generated using 
Wykoff’s and Naslund’s functions, respectively.
Key words: Growth, model, non-linear mixed effects, yield

Diameter-height models for the Terai tree species
A. Khadka1*, T. Subedi1, M. Ghimire1, B. P. Dhakal1 and H. Parikka2

The Terai forests of Nepal are highly productive 
and economically important, yet underutilized 

resource in southern belt of Nepal. They represent 
around 20.41 percent of the Terai physiographic 
zone. The forests are characterized by sub-tropical 
forests consisting of Shorea robusta associated 
with the species like Terminalia tomentosa, T. 
bellirica, T. chebula,  Anogeissus latifolia, Adina 
cordifolia, Albizia spp., Syzygium cumini, Acacia 
catechu and Dalbergia sissoo (DFRS, 2014). In 
order to fulfill the project purpose to improve 
the provision of adequate forestry data and its 
processing for national forest policy development 
and for national level forestry sector decision 
making, the Forest Resource Assessment 
(FRA) Nepal Project conducted the Terai field 
inventory from December, 2010 to March, 2011. 
Developing diameter-height models of non-linear 
mixed effects was one of the tasks during data 
calculations.

Accurate measurement of tree height is time 
consuming. Prediction of total tree height 
becomes very important in terms of regular 
monitoring of the forest resources as well as in 
conducting scientific forest researches. Diameter 
at breast height (dbh) is the most common variable 
measured easily and promptly, and can be used 

to predict tree-height. Predicting total tree-height 
based on observed diameter at breast height 
outside bark is routinely in practical management 
and silvicultural research work (Meyer, 1940). 
The estimation of tree volume, as well as the 
description of stands and their development over 
time, relies heavily on accurate height-diameter 
functions (Curtis, 1967).

Diameter-height relationships are used to estimate 
the heights of trees measured for their diameters 
at breast height. Such relationship describes 
the correlation between height and diameter of 
the trees in a stand on a given data, and can be 
represented by a linear or non-linear mathematical 
model. However, for diameter-height models, 
more care is needed, and a representative sample 
of accurately measured total-height is used as 
the response variable and dbh as the predictor 
variable (Mamoun, 2012).

Mixed models estimate both fixed and random 
parameters simultaneously for the same model. 
The introduction of random parameters into the 
model, specific for every sampling unit, enables 
us to model the variability detected for given 
phenomena among different locations, after 
defining a common fixed functional structure 

1  Department of Forest Research and Survey (DFRS), Babarmahal, Kathmandu, Nepal, 
*  E-mail: anandakhadka@gmail.com
2   Finish Forest Research Institute, Joensuu, Finland 
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(Lindstrom and Bates, 1990).

Mixed models give an unbiased and efficient 
estimation of the fixed parameters of the model. 
Furthermore, mixed models improve predictive 
ability if we are able to predict the value of the 
random parameters for an unsampled location. 
This is possible if complementary observations of 
the dependent variable are available. Determining 
the minimum size of this sub-sample to get the 
reliability required by forest managers is a basic 
decision to be confronted in inventory design 
since height measurement involves high costs 
(Houghton and Gregoire, 1993).

The objective of the study was to develop the 
diameter-height models and predict the heights 
for the major tree species of the Terai region, 
which were to be used in further calculations 
regarding volume and biomass.

Materials and methods
The study area covers the whole Terai region of 
Nepal. Two-phase cluster sampling method was 
applied. At the first-phase, a grid of 4 km × 4 km 
was established, and at each grid point, a cluster 
of four plots was established. At the second phase, 
a sub-sample of the clusters was drawn for field 
measurements.

Concentric Circular Sample Plot (CCSP) was 
designed for field inventory. The CCSP consisted 
of four circular plots (Figure 1) with different radii 
per various tree diameter thresholds, respectively. 
All the established circles were centered at the 
same point. The outermost plot was used for 
tallying the bigger trees, whereas the inner plots 
were used for measuring the trees belonging to 
smaller-size classes.

The dbh of all the tallied trees and the heights of 
the sampled trees were measured during the field 
inventory. The dbh of the trees were measured at 
breast height (1.3 m from the ground-level) using 
Diameter Tape while their heights were measured 
with the help of Vertex IV and Transponder T3.

The Terai forests of Nepal host more than 100 
tree species dominated by Sal (S. robusta), Terai-
mixed hardwood and Khair-Sissoo (A. catechu-D. 
sissoo) forests.

Fig. 1: Layout of a concentric circular  
sample plot 

Note: symbols r1, r2, r3 and r4 are for radii 20 m,  
15 m, 8 m and 4 m respectively.

The selection of the species for the study was 
mainly based on the hierarchy in total count of 
the tallied trees in the sample plots (Table 1).

The data for the selected species consisted of 

Khadka et al.

Table 1: Terai species taken for study purpose

S.N. Species Local name FRA database 
code

Number of 
sampled trees

1. Shorea robusta Sal 6615 1218
2. Terminalia alata Asna/Saj 6660 246
3. Mallotus philippensis Sindhure 6419 243
4. Lagerstroemia parviflora Botdhangero 6369 131
5. Anogeissus latifolia Banjhi 6113 112
6. Syzygium cumini Jamun, Jamuno 6651 110
7. Buchanania latifolia Piyari 6147 103
8. Dalbergia sissoo Sissoo 6239 67
9. Trewia nudiflora Gutel/Velor 6676 51
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the dbh >5 cm and the total tree heights of the 
sampled trees whose total heights were measured 
in the field inventory. 

The data were handled with R-script in R 
Programme to generate non-linear mixed effects 
models in ‘lmfor’ package of Forest biometrics 
functions of Mehtatalo (2012). Different non-
linear models were used to fit the height-diameter 
relationship. All these models ensure that dbh is 
taken at 1.3 m. Different non-linear models were 
used to fit the diameter-height relation, which 
performed well in describing the relationships 
between the diameters and the heights of the Terai 
tree species depending on the species and the 
sample sizes. The models were selected to be the 
“best fitted” based on the basis of the statistical 
results such as standard error, Adjusted R2, RMSE 
and residuals

Results and discussion
The best fitted models for estimating the volumes 
of the different Terai tree species are presented 
in Table 2, and are further represented in various 
graphs (Figures 1-10).

In Table 2, the best fitted model functions are 
presented for each species, where a, b and c are 
values for coefficients in the equation. S.E. is 
standard error and RMSE is root mean squared 
error. Also h (d), bh and d stand for predicted 
height for diameter (d), breast height and dbh 
respectively. The fitted model for S. robusta and 
T. alata were generated from Wykoff and Naslund 

functions with standard errors of 3.1 and 2.4, and 
adjusted R2 of 0.8 and 0.9 respectively. Besides, 
the minimum standard error of 1.8 was achieved 
in the Meyer model for A. latifolia whereas the 
maximum error of 3.1 was obtained in the Wykoff 
model for S. robusta. The graphs for standardized 
residuals vs. stand-wise standardized diameters 
and the graphs for the predicted vs. the measured 
heights are presented in Figures 2–10.

Fig. 2: Shorea robusta (6615)

Fig. 3: Terminalia alata (6660)

Khadka et al.

Table 2: The best fitted models and their statistical validities

S.N. Species Model 
function Equation a b c S.E Adj. R2 RMSE

1. Shorea robusta Wykoff h(d) = bh + exp (a + b/
(d + 1))

3.5034 -13.7750 - 3.1 0.805 4.9720

2. Terminalia 
alata

Naslund h(d) = bh + d^2/(a + b 
d)^2

2.2859 0.1529 - 2.4 0.931 4.6606

3. Mallotus 
philippensis

Michailoff h(d)=bh + a e^(-b d^(-1)) 13.2790 6.1941 - 1.9 0.675 3.2543

4. Lagerstroemia 
parviflora

Meyer h(d) = bh + a (1-exp(-b 
d))

17.3817 0.0719 - 2.0 0.933 4.6776

5. Anogeissus 
latifolius

Meyer h(d) = bh + a (1-exp(-b 
d))

26.5472 0.0407 - 1.8 0.958 4.7934

6. Syzygium 
cumini

Naslund h(d) = bh + d^2/(a + b 
d)^2

2.0245 0.2038 - 2.6 0.801 4.2454

7. Buchanania 
latifolia

Meyer h(d) = bh + a (1-exp(-b 
d))

17.4584 0.0522 - 2.0 0.958 3.6739

8. Dalbergia 
sissoo

Ratkowsky h(d) = bh + a exp(-b/(d 
+ c))

22.4656 10.2333 3.699245 2.5 0.603 4.2237

9. Trewia 
nudiflora

Naslund h(d) = bh + d^2/(a + b 
d)^2

1.0270 0.2388 - 2.5 0.507 3.9661
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Fig. 4: Mallotus philippensis (6419)

Fig. 5: Lagerstroemia parviflora (6369)

Fig. 6: Anogeissus latifolius (6113)

Fig. 7: Syzygium cumini (6651)

Fig. 8: Buchanania latifolia (6147)

Fig. 9: Dalbergia sissoo (6239)

Fig. 10: Trewia nudiflora (6676)

Based on the results of this study, different non-
linear functions were found to have performed 
well in describing the relationships between 
the diameters and the heights of the Terai tree 
species depending on the sample size. Among 
the nine species, Meyer’s function gave the 
best model for L. parviflora, A. latifolius and B. 
latifolia. Similarly, Naslund’s function was found 
to be best suitable for T. alata, S. cumini and T. 
nudiflora. Likewise, the functions of Wykoff, 
Michailoff and Ratkowsky gave the best models 
for S. robusta, M. philippensis and D.sissoo 
respectively. Only Ratkowsky’s function has 
three regression coefficients (a, b, c), while the 
rest have only two (a and b). However, the FRA 
Nepal Project had used the mixed model, in 
which the plot location was also used as a random 
variable, for estimating the volume of the Terai 
tree species.

Conclusion

Although the above mentioned functions are 
generated for only one independent variable 
(diameter), they can be used for estimating the 
volume of the Terai tree species as per the findings 
of this study.

Khadka et al.
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Climate change is now recognized as one of the most serious challenges facing 
the world– its people, the environment and its economies. Rural people are more 
vulnerable to the effects of climate change due to its high dependence on climate-
sensitive sectors like glaciers, agriculture and forestry, and its low financial adaptive 
capacity. This study was carried out with the aim of assessing and documenting 
vulnerability and adaptation strategies of forest-dependent people to climate 
change effects in Mid-hills of Nepal. Primary data were collected from household 
survey, interview with key informants, and focused group discussion. The results 
showed that the average annual rainfall was decreasing at the rate of 18.02 mm 
whereas the average annual mean temperature was increasing at the rate of 0.07°c 
per year. The major climatic hazards, of the study area, identified were long drought 
and landslide. The chi-square test shows that the poor forest-dependent people 
are more vulnerable to long drought, landslide and floods as compared to the rich 
rural people. Indigenous adaptation practices such as cultivation of vegetables and 
other crops that are less susceptible to droughts, and rearing of hybrid-varieties of 
livestock are mostly used to cope with climate change impacts. The results indicate 
that 15% of the respondents have changed their cropping pattern from paddy to 
off-seasonal vegetables crops because of more income from vegetable farming. 
Raising awareness and sharing information as well as increasing income from 
farming among the locals by applying new technologies should be done in order to 
build their capacity to cope with climate change impact.

Key words: Vulnerability, livelihood, adaptation, climatic hazard, impacts

Assessing vulnerability and adaptation strategies of  
forest dependent people to climate change in the  

Mid-hills of Nepal

K. Acharya1, K. R. Tiwari2, Y. P. Timilsina2 and S. PC3

Climate change refers to a “statistically 
significant variation either in the mean state of 

the climate or in its variability which may be due to 
natural process or external forcing, or to persistent 
anthropogenic changes in the composition of the 
atmosphere or in land use” (IPCC, 2001). There 
has been an unprecedented warming trend during 
the 20th century. The average temperature of the 
earth’s surface has risen by 0.74°C since the late 
1900s (IPCC, 2007). The present average global 
surface temperature of 15°C is nearly 0.6°C higher 
than it was 100 years ago. Most of the increase is 
because of the consequences of human activities. 
A further increase of 1.5–6.0°C is projected by 
the year 2100. The average atmospheric CO2 
concentration has increased from 280 ppm in 
1,850 to 365 ppm at present, and could exceed 
up to 700 ppm by the end of the present century, 
if emissions continue to rise at the current rates 
(IPCC, 2001). 

Climate change is now recognized as one 
of the most serious challenges facing the 
world and its people, the environment and its 
economies. The Fourth Assessment Report of 
the Intergovernmental Panel on Climate Change 
(IPCC, 2007) has mentioned that global warming 
is mostly due to man-made emissions of Green 
House Gases (GHGs), mostly CO2. It is believed 
that most global warming that we can now 
observe is attributable to emissions of GHGs 
that result from human activities, in the land use 
changes such as deforestation particularly in the 
developing countries, and the burning of fossil-
fuels specifically in the developed countries. 
There is consensus among many scientists that 
the anthropogenic cause of increment of GHGs 
in the atmosphere is the main cause of the climate 
changes incidences experienced (Louman et al., 
2009). Global GHGs (CO2, CH4, N2O, HFCs, 
PFCs and SF6) emissions due to human activities 
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have grown since the pre- industrial time with 
increase of 70% between 1970s and 2004 (IPCC, 
2007).

Vulnerability is the extent to which a natural or 
social system is susceptible to sustaining damage 
from climate change, and is a function of the 
magnitude of climate change, the sensitivity of 
the system to changes in climate and the ability 
to adapt the system to changes in climate. The 
IPCC has defined vulnerability as “a measure of 
system’s susceptibility to climate change, which 
is a function of the system’s exposure, sensitivity 
and adaptive capacity”. The capacity to adapt 
to climate hazards and stress depends on a 
country’s wealth, resources and governance. The 
Himalayan region is one of the most vulnerable 
regions to climate change in the world, not only 
because of more rapid increase in temperature 
but also due to the inhabitants being among 
world’s poorest groups. Adaptation to climate 
change includes all adjustments in behavior or 
economic structure that reduce the vulnerability 
of society to changes in the climate system (Smit 
et al., 2000). Furthermore, it is argued that human 
and natural systems will, to some extent, adapt 
autonomously, and that planned adaptation can 
supplement autonomous adaptation.

Nepal as a part of the globe cannot remain 
untouched to this global change. Although Nepal 
is responsible for only about 0.025% of the total 
annual greenhouse gas emissions of the world 
(Karki, 2007), the nation is now experiencing 
the increasing trends and the associated effects 
of climate change. Various studies have shown 
that the impacts of climate change are evident 
on forests, water resources, agriculture and 
other sectors in Nepal. Observed data indicates 
consistent warming and rise in maximum 
temperature at an annual rate of 0.04–0.06ºC 
(GoN/MoE, 2010). A report published by the 
Department of Hydrology and Meteorology 
shows that the temperature in Nepal is increasing 
at the rate of 0.06°C, on an average, per annum 
(DHM, 2008). Between 1977 and 1994, the 
nation’s average temperature rose at the rate of 
0.03-0.06°C per annum, with a higher rate in 
the mountains than in the lowlands (Shrestha et 
al., 1999). Another report of the Government of 
Nepal based on an analysis of the temperature 
recorded between 1981 and 1998, shows an 
increase of 0.41°C per decade (MoPE, 2004). 
The temperature in the Himalayas, however, is 

increasing at the faster rate than that in the lower 
lands. On the other hand, there is no distinct 
trend regarding precipitation changes in Nepal. 
Observations show that the high-rainfall-regions 
and seasons are experiencing increase in rainfall 
and are getting wetter, whereas the low-rainfall-
regions and seasons are experiencing decrease 
in rainfall and are getting drier (MoPE, 2004). 
Besides, extremes in monsoon have also been 
observed in the recent years. The meteorological 
station at Nepalgunj in Western Nepal recorded 
the ever highest rainfall of 336.9 mm within 24 
hours on August 27, 2006 (SOHAM, 2006).    

Developing countries are more vulnerable to 
the effects of climate change due to their high 
dependence on climate-sensitive sectors like 
glaciers, agriculture and forestry, and their 
low financial adaptive capacity (Karki, 2007). 
Countries like Nepal are more susceptible to the 
climate change and its impacts due to their limited 
capacity to cope with hazards associated with the 
changes in climate (Kates, 2000). The ongoing 
climatic changes which are projected to occur 
in the future are likely to occur in the different 
sectors like, water resources (that include glacial 
fluctuation, hydrological regime and GLOF), 
agriculture sector, flora and fauna, health sector 
and livelihood (MoEST, 2008). Forest and water 
resources, the major natural resources of Nepal, 
are at the forefront of climate change vulnerability 
(PAN, 2009). Because of the climate change 
and rising temperatures, Nepal could face the 
drier phases during the dry seasons with wetter 
monsoon (as much as three times the current level 
of rainfall) with chances of flood and landslides 
during the rainy season with subsequent impacts 
on agriculture, forestry and livelihoods (Alan and 
Regmi, 2005).  

Nepal is one of the most vulnerable countries 
from the view point of climate change. This 
phenomenon of climate change has directly 
affected upon the natural resources like land, 
water and forest resources. Those people who 
directly depend on these resources, particularly 
forest resources, are becoming more vulnerable 
day by day. While there is much anecdotal 
evidence of climate change, no comprehensive 
studies have yet been conducted on vulnerability 
and adaptation strategies of forest-dependent 
people. Studies on vulnerability of the local 
livelihoods and adaptation strategies can provide 
basis for the concepts and methods for assessing 
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climate change impacts, vulnerability and 
adaptation. This study is focused on how the rural 
forest-dependent people perceive and understand 
climate change in their local context, what class 
and level of people are more vulnerable, and 
what major adaptation strategies are adopted by 
the rural forest-dependent people to cope with 
climate change impacts in the Mid-hills of Nepal.

Materials and methods
Study area

The study was carried out in Khanchikot Village 
Development Committee (VDC) of Arghakhanchi 
district, Nepal. Khanchikot VDC is located on 
the southern belt of the district (Figure 1). The 
altitudinal range of the VDC varies from 1,000 
m to 2,500 m above the mean sea level, and so 
climate also varies from sub-tropical in the south 
to temperate in the north. The total area of the 
VDC is 1563.1 ha of which forest is the major 
land use type (61.22%) followed by cultivated 
land (26.55%), shrub (11.45%) and others 
(0.78%) (DFO, 2010). The total population of 
the VDC is 4,091 with 69.15% Brahmin/Chhetri, 
21.7% Dalit and 9.16% Janajati (KVDC, 2010).

Fig. 1: MAP showing the study area

Sampling design and data collection

Altogether, 55 forest-dependent households 
(HHs), which is about 11% of the total HHs 
within the Khanchikot VDC, were taken as 
samples for the study purpose. In each ward of 
the VDC, economic-classes (rich, medium and 
poor) were identified using participatory well-
being ranking method to analyze the degree of 
vulnerability on the basis of the economic status 
of the respondents. The major variables used for 
well-being ranking were physical, human, social, 
financial and natural capitals. 

In vulnerability analysis, the conceptual 
framework provided in the third assessment report 
of the IPCC, 2007 was used, where vulnerability 
of a system has been defined as a function of 
three elements viz. i) exposure to climate change 
effects, ii) sensitivity and iii) adaptive capacity. 
Mathematically, vulnerability is expressed as: 

V = ƒ (exposure, sensitivity and adaptive capacity) 
…………….. (1)

Major climatic hazards of the study area were 
identified on the basis of the people’s exposure 
on their livelihood assets (physical, biological, 
financial, human and social capitals) to adapt with 
the climate change effects, through discussions 
with the key informants, community forest users, 
farmers and community leaders. Climatic hazards 
were further ranked on the basis of their exposure 
and sensitivity on five capitals and their adaptive 
capacity to adapt these climatic hazards. The 
following hypothesis was made to analyze the 
vulnerability of different economic status of the 
respondents.

H0: Different levels of vulnerability due to major 
climatic hazards are not associated with economic 
status of the rural people.

H1: Different levels of vulnerability due to major 
climatic hazards are associated with economic 
status of the rural people.        

The primary data were solicited through 
reconnaissance survey, key informants interview, 
formal and informal discussion, household survey 
and direct observation while the secondary 
data were collected through review of literature 
available in the form of journal articles, thesis, 
publications and websites.  

The climatic data (temperature and rainfall) of the 
VDC between 1978 and 2009 were acquired from 
the Department of Hydrology and Meteorology, 
Kathmandu. The maximum and minimum 
monthly temperatures as well as the mean monthly 
rainfall data were used as the major indicators of 
climate change in the study area.

Microsoft Excel 2007 was used to analyze the 
temperature and rainfall data. On the other hand, 
the qualitative data were analyzed using Chi-
Square Test.

Acharya et al.
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Results and discussion
Socio-economic status of the respondents 

Altogether, 55 HHs of the VDC were selected 
for the purpose of the study, of which 53% of the 
HHs belonged to Brahimin/Chhetri, 25% to Dalit 
and 22% to Janajati as shown in figure 2. Out of 
the total HHs sampled, 14% were rich, 22% were 
of middle-class and the rest 64% were poor as 
shown in figure 3. Majority of these HHs were 
engaged in agricultural activities.

Fig. 2: Ethinicity of the respondents

Fig. 3: Wealth being status of the  
respondents

Analysis of climatic variables
Analysis of temperature data  
Change (increase or decrease) in temperature of 
any area is a direct indicator of climate change 
in the area. For the purpose of this study, the 
monthly maximum and minimum temperature 
data of the last 31 years (1978–2009) were used. 
The linear trend line (Figure 4) shows that the 

mean annual temperature over the last 31 years 
was in increasing trend at the rate of 0.07°C per 
annum, a slightly higher than the national average 
of 0.06°C per annum, with the highest temperature 
of over 18°C recorded in the year 2002.

Fig. 4: Average annual mean temperature 
(1978–2009)

Considering 1978 as the base year (when the 
average annual temperature was 15.78°C), 
Figure 5 below indicates the increasing trend 
of temperature during the period of 1978–2009 
with the average decade temperatures of 15.82°C, 
15.91°C and 17.10°C during 1979–1988, 1989–
1999 and 2000–2009 respectively with the 
highest increment of 17.1°C in the last decade i.e. 
in 2000–2009.

Fig. 5: Mean decade temperature and its trend

Analysis of rainfall data

Rainfall is another major factor to indicate climate 
change in any area. The annual rainfall data of 
the last 30 years (1978–2008) were taken for the 
study. The average annual rainfall over the past 
30 years shows its decreasing trend with erratic 
pattern (R2 = 0.12) at the rate of 18.02 mm per 
annum during the period (Figure 6).

Acharya et al.



Banko Janakari, Vol. 25, No. 1

59

Fig. 6: Average annual rainfall and its trend 
(1978–2008)

Rainfall data were analyzed on the seasonal basis 
like winter (December–February), spring (March–
May), summer (June–August) and autumn 
(September–November) during the three decades. 
The result showed that the average rainfall on the 
seasonal basis was also in decreasing trend except 
for the spring season as shown in Figure 7.

Fig. 7: Average seasonal rainfall in decades

Vulnerabilities of forest dependent peoples to 
major climatic hazards

The major climatic hazards of the study area were 
identified in a participatory way i.e. on the basis 
of the people’s exposure and sensitivity to these 
hazards. The major climatic hazards as reported 
by them were- long drought and landslide.

Long drought impact and vulnerability

According to the local people’s experiences, 
the cases of droughts in the study area were in 
increasing trend. According to them, most of the 
droughts cases were experienced when there were 
needs of rainwater. One third of the respondents 
expressed that the long drought has directly 
affected upon the germination and growth of the 
forest species leading to the unavailability of 
some preferred fodder species in the study area. 
Besides, the water levels in various water sources 

such as natural springs and wells were also found 
to have gone down year by year. There had been 
scarcity of water, especially during the period 
of- seedbed preparation, flowering stage of the 
paddy, irrigating wheat and other winter crops. It 
was found that frequent droughts had destroyed 
and eroded the social assets, the very means for 
adaptation. Similar was the case observed in 
the Mid-hills of Dhading district where natural 
springs, wells and other water sources had dried 
since the last 7-8 years due to decreased amount 
of rainfall to recharge these sources (SAGUN, 
2009).

When frequency and intensity of climatic hazard 
increase, poor communities are left with no 
time to recover from previous impacts through 
either asset accumulation or acquiring skills 
and knowledge necessary for adapting to future 
climate changes. Consequently, they are subjected 
to continuous hunger and deeper vicious circle of 
poverty and vulnerability. This shows that rural 
forest-dependent people are highly vulnerable 
to long drought. However, the degree of 
vulnerability varies according to the economic 
class of people. The results of this study reveals 
that poor forest-dependent households are highly 
vulnerable to long drought as compared to the 
well-off rural people (χ2 = 16.69 with 4 d.f. at 5% 
level of significance, is significant).

Landslide impact and vulnerability

It was found that erratic rain, floods, droughts 
and other natural calamities were the common 
phenomenon in the study area, and the local 
people experienced such unusual situations for 
more than 15 years in the past. Same case was 
reported by Shrestha et al. (2000) that all the 
national as well as the regional precipitation 
series showed significant variability on annual 
and decadal time scales. These situations invite 
new fear and trauma. When a community is hit 
by natural calamities, all of its social institutions 
(local clubs, ethnic or cultural groups, educational 
institutions, health care center etc.) are likely to 
be affected. 

The landslides have affected livestock, 
agriculture, land, crop and mobility of the people. 
The landslide has occurred in sloppy and fragile 
forest land. Households near to the unstable 
slopes and fragile area are highly vulnerable 
to landslides. This VDC is situated on the 
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steep topography making it more vulnerable to 
landslide. Around 70% of the forest-dependent 
HHs live in fragile, steep and marginal lands. 
The local infrastructures like health post, VDC 
office, post office and secondary school are also 
vulnerable to landslide and to some context floods 
too due to their spatial arrangement. This shows 
that locals are at higher degree of vulnerability 
due to landslide. However, the degree varies with 
the different economic classes. Local indicators 
were developed for these criteria in a participatory 
manner. The chi-square test has verified that the 
degree of vulnerability was higher in the poor 
forest-dependent HHs than the well-off HHs (χ2 
= 12.31 with 4 d.f at 5% level of significance, is 
significant).

Adaptation strategies

Though, people have poor knowledge on the 
technical matters of climate change, they have 
shown several evidences, which demonstrate 
that they have perceived, felt and experienced its 
effects. The major adaptation strategies adopted 
in different sectors are as follows:

Agriculture and forest resources 

In order to escape from continuous crop failure 
owing to unusual rain and frequent droughts, 
people are forced to seek some alternatives. For 
instance, some people have been trying to reduce 
their paddy lands and introduce vegetables, other 
than crops, that are less susceptible to droughts 
in additional land. The results revealed that 15% 
of the respondents had changed their cropping 
pattern from paddy to off-seasonal vegetables 
crops because of more income from vegetables 
farming. People were not willing to change from 
their traditional agricultural practices to off-
seasonal agricultural practices, but the changing 
climate had forced them to do so. For instance, 
late cultivation of paddy hampered the cultivation 
season of wheat and mustard. On the other 
hand, people used to transplant hybrid-paddy 
quiet earlier, otherwise it would be affected by 
insecticides and pests. The results showed that 30% 
of the forest dependent-households had started 
to raise the fodder species in their agricultural 
lands due to unavailability of fodder species in 
the nearby forest. Some of the households also 
use biogas as an alternative to firewood. Much of 
the significant adaptation practices are still based 
on the indigenous knowledge and technology that 

needs to be enhanced.  

Livestock rearing 

With the changing pattern of climate, 20% of 
the households had started to raise the improved 
variety of livestock instead of the local variety. 
Hybrid and improved varieties of cow and buffalo 
are common emphasizing milk production. More 
milk yielding livestock are popular as selling milk 
is quite easier due to market development and 
reasonable price. With the continuous flood, the 
river banks look like desserts. Now, people have 
group approach to reclaim the degraded lands for 
fodder promotion, income generation activities 
through cash crops and community plantation 
through community forestry approach.

Water resources 

The traditional water ponds are getting lost 
gradually. According to the respondents, 2 water 
ponds were lost in the recent year. Some ponds 
had problem of siltation while others are either 
encroached or have dried up. But now with the 
implication made by the absence of traditional 
ponds, people are building awareness on the 
importance of traditional ponds. Through the 
initiation of community forest user groups, peoples 
are engaged in the conservation and maintenance 
of water ponds to harvest monsoon rain and also 
to be used by their cattle for consuming water and 
taking bath.

Landslide 

Khanchikot VDC is highly vulnerable to landslide 
due to its steep topography, human settlement on 
fragile lands and lack of infrastructure for pre-
warning. Ward No. 2, 8 and 9 are more vulnerable 
to landslide. To deal with the problem of landslide, 
the locals have started to construct check dam 
with gabions and bamboos, and gabion spurs 
along the ravines and streams.

Conclusion

Based on the meteorological data, it was found 
that both the minimum and the maximum 
temperatures in the study area were found to be 
in the increasing trend with 0.092oC and 0.05oC 
per year respectively. In addition, rainfall pattern 
in the study area was irregular with decreasing 
pattern every year at the rate of 18.02 mm/
year. The results of the study revealed that the 
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climate change had severely affected upon the 
rural households. The study area was exposed 
to different climatic hazards like long drought, 
landslide, floods, forest fire, and pest and 
disease outburst in the forest. Long drought 
was identified as the most threatening hazard 
among all the climatic hazards. Landslide was 
identified as the second most threatening climatic 
hazard in the study area. This study explored 
that the locals were vulnerable to long drought. 
However, the degree of vulnerability differs 
among the different economic classes. This study 
concludes that the poor people are in higher 
degree of vulnerability than the well-off rural 
people to different climatic hazards. Majority of 
the respondents were not found to have adopted 
proper adaptation practices to cope with these 
climatic hazards. Some of the respondents were 
found to have changed their cropping pattern and 
planted hybrid variety of crops. The locals were 
found to have been using indigenous practices in 
agriculture, livestock rearing and forest resource 
management. But these indigenous practices 
are short-term solution for sustainable resource 
management and for coping with the adverse 
effects of climatic hazards. Raising awareness 
and sharing information with technology as well 
as increasing farm income among the locals 
should be done to build their capacity to cope 
with the impact of climate change. Improved 
agriculture technology, training and awareness 
to farmers, initiating mixed cropping pattern, 
improved and drought-resistant varieties of crops 
must be introduced to cope with the effects of 
climate change. Furthermore, preparation and 
execution of local adaptation plans integrating 
with the local development activities cannot be 
overlooked.
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Bamboo is a versatile gift of nature. It has direct link to the socio-economic and cultural 
conditions of the Nepalese people.  The aim of the study was to assess the status of 
bamboo production in private land, its contribution to socio-economic condition and 
marketing trend of bamboo culms and bamboo products. This study was conducted 
in 10 Village Development Committees (VDCs) of Rautahat District during July to 
October, 2010. Data were collected through household (HH) survey using semi-
structured questionnaires, key-informant survey through interviews, focus group 
discussion, market survey, and bamboo stock measurement. Two wards in each VDC 
were selected purposively based on availability of bamboo. The HHs in the selected 
wards were categorized into three well-being classes (rich, middle and poor) through 
participatory approach. The average number of bamboo clumps per HH was found 
to be 3.4 in the three categories of HHs within the study area; 5.7 (highest) in the 
rich-class HHs followed by 3.9 in the middle-class HHs and 0.5 (lowest) in the poor-
class HHs; there were, on an average, 80 culms per bamboo clump in the study area. 
On the contrary, the income from the bamboo sector was found to be just opposite- 
73.85% in the poor-class HHs followed by 2.37% in the middle-class HHs and 0.85% 
in the rich-class HHs. The prices of bamboo culms, basket and Nanglo winnow were 
found to have increased by 51.6%, 41.0% and 36.4% respectively during the last 4 
years- from 2006/07 to 2010. No fixed market, no fixed price and no guarantee in 
sealing the products were found to be the major problems for market development of 
the bamboo products in the district. Awareness-raising through trainings and study-
tours on plantation techniques to the bamboo-growers as well as the craft-makers and 
production of high-prized products are essential for increasing bamboo plantations 
and for the development of bamboo market in the district so as to make bamboo-culm 
supplier in the near future. The findings of this study will help the concerned agencies 
to inform about the status and future prospects of bamboo sector in the district.

Key words: Bamboo culms, bamboo clumps, marketing, price trend, socio- 
          economic, livelihood

Economic potential and marketing trend of bamboo in 
Nepal: A case study from Rautahat District

R. K. Jha1,2 and J. N. Yadava1

Bamboo is an integral part of forestry and 
the backbone of Nepal’s rural culture (Das, 

2002). It is one of the important renewable natural 
resources that can bring people above the poverty 
line if grown and managed on a sustainable 
basis (Das, 2002; Poudyal and Das, 2002); the 
importance of bamboo in the predominantly 
agricultural economy, particularly the rural 
economy of Nepal is well recognized (Bista 2004; 
Das 2001; Karki et al. 1998; Karki and Karki, 
1996; Storey, 1990). Bamboos are in great demand 
among the rural people for construction materials. 
They are equally demanded by bamboo artisans 
and the rural as well as the urban enterprises for 

making various bamboo products and for a host 
of household uses including weaving. In terms 
of utilization, weaving of bamboo strips is most 
popular, as 70% of the farmers grow bamboo on 
their farms and around the homesteads for the 
purpose (Karki, et al. 1998). Thus, bamboo-based 
enterprises are some of the options to reduce 
poverty by creating employment for both the rural 
and urban work-force (Karki and Karki, 1996).

Farmers grow bamboo in their private farmlands 
(Das, 2002). It has been introduced in many 
community forests adopting the traditional 
methods of production, management and 
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marketing of their products (TIS, 2004). Most 
producers are poor and cannot venture for 
commercial production and marketing. The 
ethnic communities of Panjiyar of the hill-origin 
and Dom and Mahali of the Terai-origin heavily 
depend on bamboos for their survival (Das, 2002). 
Most of the marginalized people like Magar, 
Chepang, Tharu, Dalits (e.g. Dom, Dushad and 
Mushar) are involved in bamboo crafts in the 
Terai region (Adhikari, 2008). These people 
make different types of bamboo woven-products, 
handicrafts, and furniture for their income. 
These locally-produced bamboo products are 
readily bought and sold in the local market, but 
its trade is not satisfactory in the national market 
due to the lack of transportation network and 
well-established marketing system (Adhikari, 
2008). Marketing of bamboos and their products 
(bamboo crafts) is one of the important sources 
of income for the poor people, especially for the 
people who are socially and economically under-
privileged (Das, 2002; MDBRPP/DFRS, 2010). 
However, only 10% of the traditionally processed 
products are competitive in the international 
market. The remaining 90% of the products face 
threats from other substitutes or international 
products (MDBRPP/DFRS, 2011).

Bamboo-based enterprises are important source 
of employment for both the rural as well as the 
urban workforce. However, due to the lack of 
favourable policy and government’s support, 
disorganized market and limited skills, bamboo-
based economy contributes only 1-2% to the 
national economy (Karki et al., 1998). In Nepal, 
the use of bamboo has been only for subsistence, 
and its modern market is not well developed. 
However, with the growing bamboo demand in 
the world, abundant availability of the resources, 
vast traditional knowledge-base and cultural 
affinity of this material in Nepal, there is a 
tremendous potential for it to contribute to the 
people’s livelihood (Adhikari, 2008).

It has been recognized that bamboo plays an 
essential role in the socio-economic development 
of the rural people, especially the poor (Dom, 
Dushad and Mushar) of Rautahat District of Nepal. 
So, for its overall development, more attention 
needs to be given for enhancing opportunities of 
employment as well as income generation for the 
specific target groups in the district. Keeping this 
into consideration, this study was conducted to 
assess the economic potential and market trend of 

bamboo in Rautahat District of Nepal in general, 
and to assess the status of bamboo production in 
private land, the contribution of bamboo in socio-
economic condition of the people, and marketing 
trend of bamboo and some of its products in 
particular.

Materials and methods
Study area

Rautahat District is located between 26o44’ 
to 27o14’ N latitudes and 85o14’to 85o30’ E 
longitudes in the Terai region of Central Nepal 
(Figure 1), and covers an area of 1038.12 sq. km 
(Survey Department, 2001). In 2010, it consisted 
of 96 Village Development Committees (VDCs) 
and one municipality, but now it comprises 
94 VDCs and three municipalities. Its district 
headquarters is Gaur. It extends over three 
physiographic regions viz. i) Siwaliks (hills), ii) 
Bhawar (undulating land) and iii) Terai (plain), 
and experiences tropical and sub-tropical type of 
climate. Subsistence farming is the main source 
of income of the large portion of the population 
of the district. According to the CBS (2001), 
the total population of the district was 545,132 
(Male: 282,246; Female: 262,886) in 88,162 
households (HHs); and 686,722 (male: 351,079 
and female: 335,643) and in 106,668 HHs in 2011 
(CBS, 2012).

Fig. 1: Map of study area
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Data collection and analysis

Out of the total 96 VDCs of the district, ten 
VDCs were selected randomly through formal 
and informal discussion with the officials of 
the government as well as the non-government 
organizations (NGOs) and the contractors. 
The ten selected VDCs were Auraiya, Rajpur-
Frahadawa, Brahampuri, Ganga-Pipra, Bhalohiya, 
Katahariya, Birtipraskota, Simra-Bhawanipur, 
Chandranigahpur and Paurai.

In each VDC, two wards (high and low bamboo 
stocking wards) out of nine were selected 
purposively by consulting the local people 
based on the criteria (maximum and minimum 
bamboo plantation area, maximum and minimum 
bamboo production and supply, dependence of 
HHs on bamboo, and condition of clumps and 
easy accessibility). Reconnaissance survey was 
conducted in July, 2010 to get information on 
community structure, land use type, vegetation, 
and other socio-economic conditions of the area. 

All the HHs in the ten selected VDCs were 
categorized into three well-being classes (rich, 
middle and poor) through participatory ranking 
(Annex 1 ); equal number of HHs were selected 
randomly from each category to get 10% of the 
total HHs in each ward. Altogether, 144 HHs (48 
from each category) were selected from the 20 
selected wards.

The survey of 144 HHs through semi-structured 
questionnaires, key informants and five focus-
group discussions was conducted during August-
October, 2010 to collect data on the production 
of bamboo (number of clumps per HH), market 
situation, price trend, demand and supply, uses 
of raw bamboo and its products together with 
the problems associated with its production and 
marketing. Altogether, 33 bamboo entrepreneurs, 
10 district officials, six bamboo contractors and 
30 customers were interviewed as key informants. 
In addition to this, various market centers in the 
district were visited to acquire information on 
market prices of raw bamboo and its products.

Altogether, five bamboo clumps were selected 
randomly and the clump diameters were 
measured at two sides (north-south and east-west) 
perpendicular to each other. Young (< 1 year), 
middle-aged (1– 3 years) and mature (> 3 years) 
culms were counted from a plot (1 m × 1 m) laid 
out at the central part of each clump. 

Estimation of VDC-wise bamboo production 

Step I: First of all, the area of each clump was 
determined using the formula:
   A=πd²/4, 

where, d is the diameter of the clump.  

Step II: The number of bamboo culms per clump 
was estimated by multiplying the area of the 
clump by the number of culms per plot. 

Step III. The average number of bamboo clumps 
per HH in each selected ward was determined by 
dividing the sum of the weighted mean of high 
bamboo stock (C1) and low bamboo stock (C2) as 
follows:
Av. no. of clumps/HH = [C1N1+C2N2]/ [N1+N2],

Where, 
N1 = No. of HHs in the ward with high bamboo  
         stock
N2 = No. of HHs in the ward with low bamboo       
          stock

Step IV. The total number of bamboo clumps 
in each VDC was calculated by multiplying the 
average number of bamboo clumps per HH by the 
total number of HHs in the VDC. 

Step V. Finally, the total number of culms 
produced in each VDC was calculated by 
multiplying the average number of clump per HH 
(based on the HH survey) by the average number 
of culms per clump (based on the plot) and then 
by the total number of HHs in the VDC. The data 
were analyzed using MS Excel and SPSS 11.2.  

Results and discussion

Out of the total number of HHs (144) surveyed, 
77.1% HHs (111) were found to have planted 
bamboo on their farmlands (Table 1), of which 
only 9.9% had planted bamboo for self use 
while 75.7% had planted bamboo for self use as 
well as for selling. Similarly, 0.9% had planted 
bamboo for processing and self use, 3.6% for 
processing and selling, and 9.9% for self use 
and all other purposes. About 23% HHs had 
not planted bamboo due to either limited or no 
land for plantation. These HHs were involved in 
bamboo-based enterprises. However, the selling 
of the bamboo was not regular. According to the 
respondents, they used to sell their bamboo culms 
to the contractors and to some villagers at their 
farm gates.
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Bamboo farming and bamboo enterprise favour 
the development of small landholders and the 
use of intensive labour suited to the Nepalese 
quest of eliminating poverty by improving the 
means of livelihood of the rural poor (TIS, 2004). 
Therefore, bamboo farming can be a powerful 
tool to foster rural development.

Table 1: Purpose of bamboo growing on 
private land

Purpose 
Bamboo 

grower (%), 
N = 111

Total HHs 
(%),   

N = 144
Self use 9.91 7.64
Self use and selling 75.68 58.33 
Processing and self use 0.90 0.69 
Processing and selling 3.60 2.78 
All 9.91 7.64 
HHs without bamboo 
clumps  22.92 

Total 100.00 100 .00

The rich-class HHs were significantly different 
from the middle- and the poor-class HHs in terms 
of bamboo-clump holding (p<0.05) (Annex 2). 
The rich HHs had higher percentage of bamboo 
clumps (58.6%) than the middle-class (37.4%) 
and the poor (4.0%) HHs (Figure 2). The higher 
percentages of bamboo clumps in the rich and the 
middle-class HHs is mainly due to the availability 
of their land for bamboo planting.

Fig. 2: Distribution of bamboo clumps by 
wealth categories

According to the study conducted by Das and 
Seely (1996) in Eastern Nepal, the levels of 
bamboo growing varied significantly according 
to wealth. The land size is directly proportional 
to the amount of bamboo plantation; usually, 
the rich HHs with large landholdings plant more 
bamboos than the poor HHs with less land (Karki 
et al., 1998). Similar findings were found in this 

study. Ghimire (2008) found that the richer HHs 
had relatively more land and had more bamboo 
clumps but not in significant numbers, only 2-5 
clumps per household while most of the poor 
HHs had no bamboo clumps in their homesteads, 
and only some poor HHs had hardly 1-2 bamboo 
clumps in their homesteads. The findings of this 
study showed that there were, on an average, 3.4 
bamboo clumps per HH within the study area 
(10 VDCs); the poor HHs with 0.5 clumps per 
HH, middle-class HHs with 3.9 clumps per HH 
and the rich HHs with 5.7 clumps per HH (Table 
2). Bhalohiya VDC had the highest number 
of bamboo clumps per HH (4.67) followed by 
Ganga Pipra VDC (4.33) and Brahampuri VDC 
(3.67). Chandranigahpur and Paurahi VDCs had 
the lowest number of bamboo clumps per HH 
(2.33). The average number of clumps per HH 
in Paurai, Birtipraskota, Simrabhawanipur and 
was lower than that of overall average (Table 4). 
The number of bamboo clumps per HH varied 
in different VDCs (Table 2) that might be due to 
high population with limited lands. Based on the 
field survey conducted in 2010, there were, on an 
average, 80 culms per bamboo clump in the study 
area.

There was significant difference in the distribution 
pattern of bamboo clumps among the three 
categories of HHs [F(at 2 and 141 degree of freedom (df)) = 
86.02, P<0.05] (Table 3).

Bamboo stocking  

Rajpur Frahadawa VDC had the highest stock of 
bamboo (585,392) followed by Chandranigahapur 
VDC (512,579) and Auraiya VDC (392,931) 
(Table 4). Paurai, Kathaiya, Bhalohiya and 
Simrabhawanipur VDCs had almost equal number 
of bamboo culms while Britipraskota VDC had 
the lowest stocking of bamboo (111,481), about 
one-fifth of the bamboo culms found in Rajpur 
Frahadawa VDC. The total stocking of the 
middle-aged culms (1,391,469) and the mature 
culms (1,401,238) were nearly equal whereas that 
of the young ones (174,260) was comparatively 
quite low (Table 4). This indicates the poor 
management practice for bamboo. For the 
sustained yield of bamboo culms, the mature and 
middle-aged culms need to be urgently thinned so 
as to provide sufficient space for the young ones 
as well as the new shoots. It will not only provide 
sufficient income to the farmers but also provide 
better growth of bamboo in future.
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Dry bamboo culms were found in all the VDCs 
(Figure 3) indicating urgent bamboo management 
practice need which is crucial for the sustainable 
yield of bamboo. Rajpur-Frahadawa VDC with 
highest bamboo stock had also highest number 
of dry bamboo culms (28,691) followed by 
Chandranigahpur VDC (25,122) and Auraiya 
VDC (19,258); Ganga Pipra VDC had the lowest 

number of dry bamboo culms (7,776) (Figure 3).

Bamboo planting methods

Rhizome planting was the most common method 
of bamboo propagation in the study area. 
Stapleton (1987) found rhizome planting as the 
most common bamboo propagation method 
which may be due to the lack of sufficient 

Table 4: Stocking of bamboo culms of different age categories

Name of VDC Young (<1 year) Middle (1-3 years) Mature (>3 years) Total
Auraiya 23,078 184,280 185,573 392,931
Paurai 15,274 121,960 122,816 260,050
Rajpur-Frahadawa 34,382 274,541 276,469 585,392
Brahampuri 10,839 86,551 87,159 184,550
Ganga Pipra 9,319 74,413 74,935 158,667
Bhalohiya 13,235 105,680 106,422 225,336
Kathariya 16,916 135,073 136,021 288,009
Birtipraskota 6,548 52,283 52,650 111,481
Simrabhawanipur 14,564 116,296 117,112 247,972
Chandranigahpur 30,105 240,393 242,080 512,579
Total 174,260 1,391,469 1,401,238 2,966,967
Average 18887 150813 151872 337332

Jha and Yadava

Table 2: VDC-wise number of clumps per household by wealth categories

S.N. VDC
No. of clumps by wealth categories

Poor Middle-aged Rich Average
1. Auraiya 1 4 7 4.00
2. Paurai 0 4 3 2.33
3. Rajpur Frahadawa 1 4 5 3.33
4. Brahampuri 0 4 7 3.67
5. Ganga Pipra 1 4 8 4.33
6. Bhalohiya 1 4 9 4.67
7. Kathariya 0 4 6 3.33
8. Birtipraskota 1 4 4 3.00
9. Simrabhawanipur 0 4 4 2.67
10. Chandranigahpur 0 3 4 2.33

Total 5 39 57 33.66
Average 0.5 3.9 5.7 3.37

Table 3: One-way ANOVA showing the distribution of clumps in the three wealth categories

No. of Clump Sum of squares d. f. Mean square F Sig.
Between groups 715.85 2 357.92 86.02 < 0.001
Within groups 586.71 141 4.16
Total 1302.56 143
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technical information to the bamboo growers 
(Das, 1999; 2002). Only some of the farmers 
(10%) were aware of production of bamboo 
plants through bamboo seeds as well as bamboo 
culm- or branch-cuttings. Propagation through 
seed is technically sound method of bamboo 
propagation, but the propagation method adopted 
in the study area has not been checked so far. 
According to the respondents, the success rate 
of propagation through rhizome planting was 
better as they received large bamboo culms right 
from the beginning. However, a few farmers had 
introduced techniques of bamboo culm-cuttings 
for bamboo propagation with the technical 
support from the District Soil Conservation 
Office, Rautahat. These bamboo culm-cuttings 
had been planted in the degraded sites of their 
community forests. 

Bamboo harvesting 

The culms of 2-3 years of age were harvested for 
crafts making whereas the harvesting of the culms 
of more than 3 years of age was done mainly for 
construction purpose. In general, more bamboos 
were harvested during the months of September–
April due to high use of bamboo culms (for 
making various products) in Chhath (a holly 
festival of the Hindus) and marriage ceremonies.

Most of the farmers (about 82% in the district) 
had only a few bamboo clumps (<5) in their 
homesteads, and they had not applied any 

silvicultural operation in their bamboo clumps so 
far. It might be because of the lack of technical 
knowledge at farmer’s level. As a result, most of 
the clumps were dense leading to the very limited 
production of new shoots due to unavailability of 
space in the centre part of the clump. However, 
people had applied some management practices on 
bamboo clumps, such as mounding, composting 
(decomposed straw and dung) and pruning during 
the growing stage. Such practices were only in 
a small-scale. Further, they had not carried out 
cultural operations at the later stage. 

Constraints in bamboo production

Some major constraints in bamboo production in 
Rautahat District reported by the respondents are 
as follows:
 Insufficient knowledge regarding the 

improved method of bamboo plantation (90% 
respondents),

 No subsidy provided by the government 
during bamboo plantation (83% respondents),

 Poor technical knowledge in the management 
of bamboo clumps (82% respondents),

 Obstructions from the neighboring farmers 
who believed that bamboo would hamper their 
agricultural production (94% respondents), 
and

 Insufficient knowledge regarding the 
importance and market value of bamboo and 
its products (63% respondents). 

Fig. 3: VDC-wise green and dry bamboo culms 
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The traditional beliefs and superstitions also 
affect on bamboo plantation. The common 
belief associated with bamboos is that it reduces 
the productivity of land where it grows and 
considerably reduces the crop productivity due 
to its shading-effect (Ghimire, 2008). But the 
agricultural land near bamboos can be effectively 
utilized for growing ginger (Zingiber officinalis 
Roscoe), turmeric (Curcuma longa Linn.), large 
cardamom (Amomum subulatum Roxb.), orchard 
grass (Dactylis glomerata L.) and dinnanth  grass 
(Pennisetum pedicellatum Trin.) up to a distance 
of 11-15m from the bamboo row (Singh et al., 
1992, cited by Ghimire, 2008). In this study, 
most of the people did not know the cultivation 
techniques of shade-loving agricultural crops 
along with bamboo plantation. So, the farmers 
had planted only bamboos in the marginal and 
degraded lands, gullies, slopes and private forests. 
So far, the farmers had not applied agro-forestry 
system.

Contribution of bamboo in the socio-
economic condition of the people 

Income from bamboo and other sources

Bamboo was the major source of income to 
the poor families, contributing nearly 74% 
to the yearly family income. However, its 
contribution to the rich-class families (about 
0.9%) and middle-class families (about 2.4%) 
was insignificant (Table 5). The other source of 
income were agriculture, business, Government/
private job and wage labour. Das (2002) reported 
that the total annual income from the sale of 
bamboo crafts, on an average, was NRs. 45,000/- 
(NRs. 74.70 = 1 US$), around 74% of the total 
annual household income, for Dom and Mahali 
(economically poor) HHs. The finding of this 
research is also similar (Table 5).

Table 5: Income sources

Wealth 
categories

% income from
Bamboo Other sources

Poor 73.85 26.15
Middle 2.37 97.63
Rich 0.85 99.15

Distribution of labour in bamboo enterprises

Bamboo crafting is the traditional occupation of 
Dom and Chamar who are considered to be the 
socially as well as economically disadvantaged 
ethnic group in the Terai region of Nepal. More 
than 77% (n=37) of the poor HHs were found to 
be involved in bamboo enterprise and they had 
been producing only traditional crafts such as 
Nanglo (winnow), Bhakari (large storage bin), 
basket, fan, etc. Now-a-days, such products are 
facing high competition with plastics and steel 
products, so the entrepreneurs are not getting 
reasonable benefits from these goods. 

Most of the HHs involved in bamboo cultivation 
had run small-scale enterprise throughout the 
year by utilizing their own traditional skills and 
knowledge by using their family members as 
the main labour source (Figure 4); sometimes 
exchanged and hire labour were also used. Thus, 
bamboo crafting had created self-employment 
opportunities to the family members.

Fig. 4:  Distribution of labour for bamboo 
enterprise (N=37)

Men, women and children were found to be 
involved in bamboo enterprise; however, the 
proportion of time spent varied considerably 
(Table 6). Generally, men were involved more 
in crafts-making, harvesting bamboo and other 
silvicultural treatments. Besides, due to the lack 
of bamboo raw materials on their own land and 
the vicinity, men had to spend more time in 
acquiring raw materials and transporting bamboo 
products to the market. Women had to spend most 
of their time in household activities, and so, their 
involvement in bamboo enterprise was less as 
compared to men. In some families, children were 
also involved in bamboo enterprise, especially in 
transporting and selling the bamboo products in 
the local market.
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Table 6: Time spent by the family members in 
bamboo enterprise

Family 
member

Time spent  
(%)

Involvement 
% (N=37)

Men <25% 5.40
25-50% 10.81
50-75% 27.03

>75% 56.76
Women <25% 24.32

25-50% 29.73
50-75% 24.33

>75% 13.51
Not involved at all 8.11

Children <25% 48.65
25-50% 2.70

Not involved at all 48.65

Demand for bamboo culms per household per 
annum 

The poor families were found to have used more 
bamboo culms annually. They had used bamboo 
culms mainly for craft-making, but the use of 
bamboo culms by the rich and middle-class 
families was considerably found to be less (Table 
7), which might be due to the increasing use of 
plastic and steel-made materials and the use of 
brick, concrete and cement in construction of 
houses. In addition to this, only poor HHs were 
involved in bamboo enterprise, especially in craft-
making for which, on an average, 284 bamboo 
culms were required per HH per year (Table 7).

Table 7: Demand for bamboo culms per HH 
per year for various purposes

Wealth 
categories

Self 
use

  Craft-
making Total

Poor 26 284 310
Middle 23 0 23
Rich 20 0 20
Average 23 95 118

There was significant difference [F(at 2 and 141 d. f.) 
= 4.455, P<0.05] in the requirement of bamboo 
culms for self-use between the poor and the rich 
HHs (Table 8 and Annex 3).

Unit cost analysis of some bamboo products

The unit cost and benefit analysis of some 
bamboo products (fan, Nanglo, basket and 
Bhakari) made by Dom HHs was performed. The 
income from Bhakari (NRs. 418) was more than 
that from the other traditional crafts (Table 9). 
However, according to the bamboo craft-makers, 
the demand of Bhakari was not that high and 
uniform.

Price trend of bamboo culms and few products

The price of culms increased by 51.6% whereas 
the price of basket and Nanglo increased by 41% 
and 36.36%, respectively during the last four  
years from 2006 to 2010 (Figure 5). The price 
of culms increased more than that of basket and 
Nanglo, which may be due to the high demand 
of culms in urban areas of Nepal and locally 
for the purpose of scaffolding. According to 
Poudyal (1991), the demand for Tama Bans 
(Dendrocalamus hamiltonii) and Taru Bans 
(Bambusa nutans subsp. nutans) for scaffolding 
is quite high in the Kathmandu Valley, and the 
price has increased by about 300% in the past 20 
years (1990–2010). This study also showed the 
increasing trend in the bamboo-culm price. In 
fact, it might be a significant increase within a 
short period of the last four years. Such increase 
in the bamboo-culm price may be due to the 
limited resources, high demand both in the urban 
as well as the local areas for house construction, 
and increasing transportation facilities. Similarly, 
the price of bamboo products also increased 
which might be due to the increase in labour cost 
as well as culms price.
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Table 8: One-way ANOVA for demand for bamboo culms for self use

No. of culms Sum of squares d. f. Mean square F Sig.
Between groups 1093.847 2 546.924 4.455 0.013
Within groups 17309.146 141 122.760
Total 18402.993 143
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Fig. 5: Price trend of bamboo culm and  
its products

Demand  trend for bamboo culms for self use

The trend in use of bamboo culms by rich and 
middle-class HHs decreased during the last seven 
years from 2003/04 to 2010 while there was no 
change in the use of bamboo culms in the poor 
HHs during the same period (Figure 6). The 
decrease in the use of bamboo culms in the rich 
and the middle-class HHs might be due to the 
influx of plastic and steel-made materials for their 
domestic purpose and the use of brick and cement 
instead of bamboos for the construction of their 
houses. On the other hand, the constant demand 
for bamboo culms in the poor HHs showed 
insignificant change in their family income. In 
2010, the demand for bamboo culms in the rich 
and the middle-class HHs was found to have 
decreased by 10 and 7 (by number) respectively 
due to the increase in the family income i.e. 
the demand for bamboo culms for self use was 
impersonally proportional to the family income.

Fig. 6: Demand trend for bamboo culms in 
different wealth categories for self use

Supply of bamboo culms

Bamboos grown on the private lands had met the 
demand for bamboo culms at small-scale locally 
in the VDCs. The stocking of bamboo was found 
to be higher in the southern parts (e.g. Auraiya, 
Rajpur Frahadawa, Brahampuri, Ganga Pipra 
and Bhalohiya VDCs) than in the northern parts 
(e.g. Chandranigahpur and Paurai VDCs) of the 
District (Table 4). According to the respondents, 
the demand for bamboo culms was found to have 
fulfilled only in the southern parts of the District 
and not in the northern parts. 

Demand for bamboo products 

People in the study area had used different 
bamboo products for their domestic purposes. 
However, we collected the data related to the 
annual demand for basket and Nanglo per HH. 
The demand for basket from the poor and the 
middle-class HHs was the same during the last 
seven years from 2003/04 to 2010 (Figure 7) 
although the number of culms required for self 
use varied in these HH classes (Figure 6). Further, 
the demand for basket from the rich HHs slightly 
decreased (Figure 7). Similarly, the demand for 
Nanglo from the rich and the middle-class HHs 

Table 9: Unit cost analysis of some bamboo products (price is in NRs.)

S.N. Product No. of 
labour

No. of 
bamboo

Quantity 
produced 

Total 
cost Unit cost Selling 

price Income Remarks

1 Fan 1 1 12 243 20.25 25 4.75 Rs 2 for 
colouring

2 Nanglo 2 2 12 532 44.33 75 30.67 Rs 50 for 
plastic

3 Basket 25 18 100 5388 53.88 85 31.12  
4 Bhakari 1 2 1 332 332.00 750 418.00  
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was the same during this period. The decrease in 
demand of basket may be due to preference of 
people for plastic and aluminum materials, which 
do not damage easily, and there is no danger of 
termites and weevils.

As the average requirement of basket and Nanglo 
per HH was 13 and 2 in 2010, respectively, thus, 
the total requirement of basket and Nanglo in 
Rautahat District was estimated to be 11, 46,106 
and 1,76,324 in 2010 respectively; the assumption 
is that each HH needs these products every year.

According to the entrepreneurs, the demand of 
bamboo products increased for handicrafts, and 
racks but the demand of traditional bamboo 
products decreased (Figure 7). However, the 
bamboo entrepreneurs are able to produce the 
products in demand but they are facing the 
problem of low income, and lack of design and 
technologies. 

Constraints in marketing of bamboo and 
bamboo products 

The major constraints in marketing of bamboo 
culms and products as stated by the respondents 
were lack of fixed market, lack of fixed price and 
lack of guarantee in selling the bamboo products 
(Table 10). According to them, other constraints 
in marketing aspects were lack of management 
information system (MIS), lack of institutions in 
marketing and lack of government policy.

According to Ghimire (2008), the major 
constraints in marketing of bamboo and bamboo 
crafts in Lalitpur District were lack of guarantee 

of the bamboo crafts and lack of fixed price. The 
constraints in marketing aspects of bamboo and 
bamboo crafts found in this study were similar 
to the constraints stated by Ghimire (2008). 
However, one of the major constraints found in 
this study was lack of fixed market for bamboo 
culms and bamboo products.

Table: 10. Constraints in marketing of bamboo 
culms and products

Constraints Percentage
No  fixed price 13.9
Lack of guarantee in selling the 
products 

13.2

Lack of fixed market 36.8
Lack of MIS 7.6
Lack of institution in marketing 2.8
No support from the government 0.7
All 25.0
Total 100.0

Conclusion

Bamboo farming can be a powerful means for 
the government to foster rural development. 
Bamboo farming favours the development of 
small landholdings and the use of intensive 
labour suited to the Nepalese quest of eliminating 
poverty by improving the living standard of 
the rural people. There is a high potentiality of 
Rautahat District in supplying large amount of 
bamboo culms and bamboo products provided 
the bamboo growers are supported by those 
concerned (GOs/NGOs/INGOs) for improved 
methods of bamboo plantation and management 

Fig. 7: Trend of demand for few bamboo products in different wealth categories 
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of the existing clumps and provided the bamboo 
entrepreneurs are supported for training and tours 
on craft-making. 

The price of bamboo culms is increasing day by 
day, and so does the price of bamboo products, 
but the demand for traditionally used products 
like Nanglo and Basket is decreasing. Besides, 
the demand for bamboo culms from both the 
rich and the middle-class families for self use 
purpose is decreasing. The poor families are 
highly dependent on bamboo for their livelihood 
as compared to the rich and the middle-class 
families. Therefore, the poor people, especially 
bamboo dependent ones, should be supported 
by those concerned in producing new modern 
marketing products. The bamboo dependent 
people are highly vulnerable to the changing 
market situation, and so the stakeholders have to 
take quick step to support them to adapt with the 
new market situation.

In order to improve the economic potential 
and marketing trend of bamboo in Nepal, the 
following provisions should be made by those 
concerned (GOs/NGOS/INGOs): 
l Training on the new improved method of 

bamboo plantation and management of 
bamboo clumps should be provided to the 
bamboo producers, as most of the bamboo 
clumps are not managed well;

l As the number of young culms are less 
compared to the middle-aged and the mature 
ones, there is urgent need of silvicultural 
treatment in the clumps for sustained 
production of bamboo culms;

l Provision of study tours and advance skill 
development trainings should be made to 
the bamboo entrepreneurs for new varieties 
of bamboo products, as there is high demand 
of new varieties of bamboo products in the 
market and low (decreasing) demand of 
traditional products;

l Bamboo enterprise cooperatives should be 
formed for effective and efficient marketing 
of the bamboo products so as to support the 
rural livelihood;

l Bamboo income generation activities should 
be promoted at best by the concerned 
stakeholders for rural poverty reduction;

l In-depth study on the demand and supply of 
bamboo and its products should be carried 

out; and
l Bamboo products should be guaranteed for 

selling.
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Annex 1
Checklist for wellbeing ranking

Rich Households  
(high bamboo growers)

Middle-class Households  
(fair bamboo growers)

Poor-class Households  
(low bamboo growers)

 Food (from agricultural produc-
tion) sufficiency for more than 
nine months 

 Government, Corporate or 
NGO service holder  

 Access to education  
 Landholding: more than 2 bigha 

(1.36 ha) 
  Bank account and personal 

saving  
 Cemented house 
 More than 5 clumps of bamboo 

in the farm

 Food (from agricultural 
production) sufficiency for 3-6 
months 

 Skilled and employed family 
members with simple jobs in 
government/private sector   

 Schooling children  
 Celebrating festivals without 

taking loan  
 Land holding: 10 kattha - 2 

bigha  (0.34–1.36 ha) 
 House roofed with GI sheet and 

wooden wall  
 3–5 clumps of bamboo in the 

farm

 Food security < 3 months from 
agricultural production 

 Problem in schooling their 
children  

 House roofed with thatch grass 
and mud wall 

 Dependency on wage laborer in 
Nepal and India 

 Difficulty in celebration of 
festival without taking loan  

 Land holding < 10 kattha (<0.34 
ha) 

 3 or less clumps of bamboo in 
the farm

Annex 2

Multiple comparisons by LSD showing the distribution of clumps in 3 wealth categories

Wealth 
categories 

(I)

Wealth 
categories 

(J)

Mean 
difference 

(I-J)
Std. error Sig.

95% confidence interval

Lower Upper

Poor Middle-class -3.31 0.42 0.00 -4.136 -2.489
Rich -5.42* 0.42 0.00 -6.240 -4.594

Middle-class Poor 3.31 0.42 0.00 2.489 4.136
Rich -2.10 0.42 0.00 -2.927 -1.281

Rich Poor 5.42* 0.42 0.00 4.594 6.240
Middle-class 2.10 0.42 0.00 1.281 2.927

*The mean difference is significant at 0.05 level 

Annex 3

Multiple comparisons by LSD showing the requirement of bamboo culms for self use

Wealth 
categories 

(I)

Wealth 
categories 

(J)

Mean 
difference 

(I-J)
Std. error Sig.

95% confidence interval

Lower Upper

Poor Middle-class 3.27 2.262 0.150 -1.2 7.74
Rich 6.75* 2.262 0.003 2.28 11.22

Middle-class Poor -3.27 2.262 0.150 -7.74 1.2
Rich 3.48 2.262 0.126 -0.99 7.95

Rich Poor -6.75* 2.262 0.003 -11.22 -2.28
Middle-class -3.48 2.262 0.126 -7.95 0.99

*The mean difference is significant at 0.05 level 



Wildfire trends in Nepal based on MODIS burnt-area data
S. Khanal1

Fire, a commonly used traditional tool across 
South-Asia to support activities such as 

agricultural land and pasture management, 
often becomes uncontrolled, escapes those land-
use mainly during dry season (Sharma, 2008).  
Nepal has experienced occasional extreme fire 
events in recent years including trans-boundary 
wildfire and haze pollution (GoN, 2010). Fire is 
recognized as an important ecosystem process 
globally (Hurteau et al., 2014). Though, fire had a 
key role in evolution as well as current distribution 
of current ecosystem, human activities and 
climate change have resulted in changes in fire 
regimes globally making some ecosystems more 
threatened due to altered fire activities (Pausas 
and Keeley, 2009). In case of Nepal as well, 
human-induced forest fire is considered as one of 
the main reasons for changes in forest ecosystems 
and loss of biodiversity (HMGN/MFSC, 2002).

Wide range of challenges related to institutional, 
policy and legal frameworks have been identified 
as lacking for wildfire disaster management in 
Nepal (GoN/MFSC, 2010). Increasing fire events 
has been identified as one of the impacts of 
climate change (GoN/MoE, 2010) and, thus, more 
frequent and severe fire events can be expected in 
future. Lack of sufficient fire statistics for Nepal 
has also been recognized (Bajracharya, 2001). 
Understanding fire regime is important in order to 
make decisions regarding fire management. Thus, 
information such as hot spots of fire activity, the 
spatio-temporal pattern of fire distribution as well 
as the total amount of burnt-area across Nepal are 
some of the essential information for planning 
and implementing fire management activities. 
However, detecting as well as monitoring the 
impact of fire on vegetation over large and often 
remote geographical area is challenging. Use of 
satellite data offers a feasible option to monitor 
forest fire at a national scale as frequent and intense 
field validation is impractical due to difficult 
terrain, weather conditions and importantly huge 

amount of cost and time involved. Satellite-
based observations have been used to quantify 
spatio-temporal distribution of fire up to global 
scale (Dwyer et al., 2000; Giglio et al., 2006).  In 
this study, I used MODIS-based estimates of the 
burnt-area data to examine the spatio-temporal 
pattern of the fire activity across Nepal. 

This study covered the area of Nepal (26o 20’ 53’’ 
– 30o26’ 51’’ N latitudes and 80o3’ 30’’ – 88o 12’ 
5’’ E longitudes). The information on fire activity 
across Nepal was derived from the MODIS-
based estimate of the time series burnt-area. The 
MODIS burnt-area product (MCD45A1collection 
5.1) which is a monthly 500 m spatial resolution 
gridded burnt-area product (Boschetti et al., 
2009) was used for the purpose. The product 
is based on bi-directional reflectance (BRDF) 
model-based change detection approach to map 
burnt-areas (Roy et al., 2006). The algorithm used 
detects the approximate date of burn based on the 
observed changes in daily MODIS reflectance 
product. Each of the date of burn has associated 
quality assessment information. Using MODIS 
package (Matteo et al., 2013), monthly data from 
the MODIS tiles h24v05, h24v06, h25v05 and 
h25v06 were downloaded from USGSLPDAAC 
(United States Geological Survey Land Processes 
Distributed Active Archive Center), re-projected, 
clipped and converted to Geotiff format. In this 
analysis, pixels belonging to all confidence levels 
(1 to 4) were considered. 

Since, climate is generally understood as a key 
parameter in initiating and driving fire events, the 
burnt-area from MODIS were compared against 
the climate data.  Understanding climatic control 
on fire regime across Nepal is essential in order 
to understand the climate-fire relationship as well 
as for predicting how the fire-hazard may behave 
in the future with altered climate. The climatic 
datasets were acquired from World Clim which 
is a set of global climate layers in the form of 
1 km spatial resolution raster grids (Hijmans et 

1  Department of Forest Research and Survey, Babarmahal, Kathmandu, E-mail: skhanal@dfrs.gov.np
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al., 2005). The monthly average temperature and 
rainfall layers were downloaded, re-projected 
and clipped to Nepal extent using raster package 
(Hijmans, 2015) in R (R Core Team, 2013).

Burn frequency was obtained as a count of how 
many times a pixel was burnt annually (Figure 
1). It is clearly visible that the fire is dominant 
as well as frequent in the Western Nepal as 
compared to the Central and the Eastern Nepal. 
In particular, the fire events are more frequent 
as well as extensive in the mid-western Churia 
region. Since, it is recognized that uncontrolled 
fires can make a serious threat to Churia and 
higher elevation area (GoN/MFSC, 2014), the 
results suggest that fire management activity has 
to put primary focus in this region.  The histogram 
in inset shows the distribution of pixels by their 
burn frequency. The pixels recorded as burnt 
more than 10 times during the study period are, in 
fact, few (less than 50) compared to others.

Fig. 1: Map showing the number of times 
each pixel burnt during 2001–2014 with  

the histogram of pixels in inset

The analysis examined the monthly burnt-area 
over the study period from 2001 to 2014 (Figure 
2). It can be observed that the period between 
July to October has too low fire activity while 
the other months have higher fire activity. The 
analysis showed April as the month with the 
largest burnt-area during the study period. 
Comparing the pattern of burnt-area versus mean 
monthly precipitation and temperature provided 
a valid backup to the general understating on 
fires in Nepal. From June to August, the rainfall 
in Nepal is higher, thus the fire activity is lower. 
However, from November onwards, the average 
rainfall amount declines while the temperature 
starts to rise, providing suitable condition for 
fire to happen. The ecological explanation to this 
trend could be fuel accumulation following high 

vegetation growth during rainy season, followed 
by dry and hot periods making condition favorable 
for burning.

Fig. 2: Box-plot of burnt-area (’000 ha)  
by months, and mean monthly ppt. (mm)  

and temp. (°C * 10)

Annual burnt-area also varies distinctly with some 
years having much higher values as compared 
to others (Figure 3). On an average, during the 
study period, the mean burnt-area over Nepal is 
around 372,000 ha with the range of less than 
163,000 ha to 760,000 ha.  During the analysis 
period, 2001, 2009 and 2012 had the peak burnt-
area. Those years were reported to have high 
fire incidences in the news headlines. In 2012, 
more than 220 forest fire events were reported 
across Nepal (BBC, 2012). Similarly, NASA also 
reported  large–scale forest fire in 2009 (NASA, 
2009). While calculating the annual burnt-area, 
all the pixels burnt more than once in a calendar 
year were summed up to get the annual burnt-
area. Thus, there is some likely overlap, if an area 
experiences fire events more than once in a year.

Khanal

Fig. 3: Annual burnt-area (in ‘000 ha) 
during 2001–2014
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This study provided a general insight into spatio-
temporal pattern of fire activity in Nepal, and 
attempted to relate the observed trends in the 
burnt-area with the climate data. Analysis of the 
number of times a pixel burnt as an indicator of 
spatial pattern of fire activity showed that the 
Western Nepal experienced more frequent fires. 
The burnt-area varied annually with some years 
having larger burnt-area. The monthly trend 
also varied during December- May experiencing 
larger fire activity with the peak in April. The 
comparison of the monthly burnt-area with the 
average precipitation and temperature conditions 
revealed the strong relationship of climatic 
variables with fire activity. Given the importance 
of understanding fire activity pattern over space 
and time for management intervention, future 
research should focus on providing more in-depth 
understating on fire regime in Nepal.  This can be 
achieved by integrating observations from other 
satellites, validating MODIS burnt-area, using 
field data and including better climatological data 
in the analyses.
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