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Forest Fire and its management strategies in Nepal
Fire is one of the important tools in forest management when used in planned and 
controlled manner, but uncontrolled fires lead to serious degradation of forests, 
ecological changes, as well as deterioration of social and economical conditions 
in some land-use systems and natural vegetation types. Uncontrolled forest fires 
in the fire season of 2009 alone caused 41 fatalities (civilians and fire-fighters) 
and destroyed hundreds of thousands of hectares of national forests, particularly 
in community forests, government managed forests, national parks and reserves. 
The major causes of wildfires are man-made. Erratic climatic variation, prolonged 
dry season and very low winter rainfall in recent years have increased the 
incidences of wildfires in Nepal. A study shows that about 58% forest fire is 
deliberate burning by grazers, poachers, hunters and NTFP collectors; 22% due to 
negligence and 20% by accident in Nepal. By duration, more than 80% forest fire 
occurs in March and April whereas about 60% forest fire occurs in April alone. 
The institutional capacity to combat wildfires is very weak. The government has 
approved the Forest Fire Management Strategy which has given high priority 
to participatory forest fire management; public awareness programmes; legal 
reforms and capacity building of government and community institutions. There 
are various agencies, institutions and NGOs working worldwide and in Nepal such 
as UN-ISDR Wildland Fire Advisory Group (WFAG) / the Global Wildland Fire 
Network (GWFN) and its secretariat the Global Fire Monitoring Center (GFMC) 
and the Regional South Asia Wildland Fire Network (RSAWFN). Nepal Forest Fire 
Management Chapter (NFMC), an autonomous, non-profit, non-governmental 
organization, is working to institutionalize wildland fire management activities 
for sustainable forest resource management in the country.

There are different methods and tools to prevent forest fires that demand much 
resources both in terms of technology and economy. The introduction of continuous 
education and training programmes with proper follow-up that can have a 
positive response to forest fire prevention and control is needed. Coordination 
and cooperation must be required among wildlife clubs, environmental groups 
or Eco-clubs, community forest user groups, youth clubs and fire management 
professionals. These groups can assist in detection and prevention of fires. Use 
of mass media is one of the best means of public education in the prevention of 
wild fires in very short time duration.Posters or pamphlets can also be used in 
market place, bus stands, public offices and schools. Firebreakers or firelines may 

Banko Janakari 
A Journal of Forestry Information for Nepal



Banko Janakari, Vol. 23, No. 2

2

be natural barriers, such as road or stream, or especially constructed barriers to 
limit the spread of fires and to provide an established control line in the case of 
firefighting. The most effective fire hazard reduction is to eliminate most of fuel 
from hazardous areas. This can be done by burning off all hazardous fuel through 
controlled burning or prescribed burning; it should be however, done before fire 
season.

Fire awareness and educational activities are very effective tools in involving the 
community and other groups in a fire management programme and in engaging 
the communities as responsible partners. Those can assist in the prevention, 
detection and reporting of fires, work with fire personnel to control unwanted 
fires. Besides, fire prevention training at schools and colleges is an important part 
of any prevention effort. However, there is a lack of existing national capability in 
fire research and management, including monitoring, early warning and ecological 
and socio-economic impact assessment, and facilitating international cooperation 
in fire management. Now, there is an increasing interest in community-based fire 
management, and need for institutional and technological capability development 
at all levels. A reliable and timely fire detection and monitoring system is an 
important part of forest fire management. International Centre for Integrated 
Mountain Development, in close collabouration with the Department of Forests, 
has developed a forest fire detection and monitoring system for Nepal based on 
Moderate Resolution Imaging Spectrora diameter data. The system currently 
sends email notification on fires throughout Nepal to some 180 subscribers. 
Furthermore, some 220 text message subscribes, including District Forest Officers 
and focal persons of the federation of community forestry users groups of Nepal 
in all districts, receive fire alerts in their mobile if a fire incident is detected in the 
district of their subscription. The fire user database is currently managed by the 
Department of Forests through a customized web interface. It is a very high time 
to work on fire management towards the conservation of forest ecosystem as well 
as mitigating  the consequences of climate change for which we  need to develop 
synergies through coordinated and collective actions at local and national levels.
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Land degradation is a major challenge in Nepal. A lot of degraded land is available 
within the Community Forests in the Mid-hills which are being aimed to be utilized 
for ecological restoration as well as supporting livelihoods of the local people. In 
this context, the study was conducted in the Chautaradanda Community Forest 
(27o44’05’’ N and 85o04’60’’ E) of Thakre Village Development Committee of 
Dhading District in the lower Mid-hills of Central Nepal to test the survival capacity 
and growth performance of different tree species (native, naturalized as well as 
exotic) that can be used for the rehabilitation of degraded sites. Firstly, Stylo 
(Stylosanthes spp.), a leguminous grass, was introduced on a degraded site for 
enriching nutrients in June 2008. Secondly, six different native, naturalized as well 
as exotic tree species (Sapindus mukorossi, Prunus cerasoides, Choerospondias 
axillaris, Melia azedarach, Pinus patula and Robinia pseudoacacia) were planted 
in a randomized complete block design with 4 blocks (6 species × 4 blocks) 
in July 2008. The results showed that the growth and survival rate of exotic 
species, P. patula was outstanding; however, the performance of its native and 
naturalised counterparts P. cerasoides, C. axillaris and M. azedarach was found 
to be satisfactory. R. pseudoacacia was not found to be a suitable species for 
rehabilitating degraded sites in the lower Mid-hills of Nepal. Therefore, it would be 
wise to select the native or naturalized species for the rehabilitation of degraded 
sites in the Mid-hills, as sometimes the introduction of exotic species may have 
pessimistic ecological consequences; however, P. patula can be used as it has not 
shown any invasive nature since its introduction (around 1980s) in the Mid-hills 
of Nepal. Hence, the study shows the possibility of introducing the tree species 
such as P. cerasoides, M. azedarach and C. axillaris for ecological restoration of 
degraded sites in the Community Forests in the Mid-hills of Nepal.

Key words: Land degradation, growth performance, native species, naturalized  
 and exotic species

Restoration of degraded sites with suitable tree species in 
the Mid-hills of Nepal

R. K. Jha1*, S. K. Baral1, R. Aryal1 and H. B. Thapa1

Nepal is a mountainous country in the world 
with about 83% hills and mountain area 
(LRMP, 1986). Such hills and mountains 

are very fragile and susceptible to various land 
degradation processes. The MoEST (2008) has 
estimated that over 28% of the lands in Nepal are 
in degraded condition. Similarly, according to Bai 
et al. (2008), Nepal has nearly 39% of degrading 
areas from 1981 to 2003. Hence, land degradation 
is becoming a major challenge for economic and 
natural ecosystems of Nepal. Many consequences 
of land degradation such as flooding and 
sedimentation can be noticed in the Terai, and 
frequent landslides are noticed in the hills, mostly 
caused due to loss of forest cover. According 
to the United Nation Conventions to Combat 
Desertification (UNCCD), desertification/land 
degradation is defined as “the reduction or loss 

of the biological or economic productivity of the 
terrestrial bio-productive system that comprises 
soil, vegetation, or other biota and the ecological 
and hydrological processes that operate within the 
system”. Global Land Assessment of Degradation 
(GLASOD) has mentioned that land degradation 
could indeed be a potentially serious threat to food 
production and rural livelihoods by the year 2020, 
particularly in more densely populated pockets of 
rural poverty (Scherr and Yadav, 1996). 

Land degradation may occur through different 
physical, chemical and biological processes 
directly or indirectly induced by human activities 
such as deforestation, shifting cultivation, 
overgrazing, steep slope farming, over use of 
chemical fertilizers and forest resources (Acharya 
and Kafle, 2009). About 2,000 million hectares 
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of soil, equivalent to 15% of the Earth’s land 
area (an area larger than the United States and 
Mexico combined); have been degraded through 
human activities. The causes of soil degradation 
include overgrazing (35%), deforestation (30%), 
agricultural activities (27%), overexploitation of 
vegetation (7%) and industrial activities (1%) 
(GACGC, 1994). More than 9 million hectares of 
forests are being converted into non-forest land, 
and at least double that amount of forest ecosystem 
is being fragmented and degraded each year over 
the world (Uhl and Buschbacher, 1985; Uhl, 
1987). According to FRS (1967), the forest and 
shrub cover in Nepal was around 45.5% which 
was reduced to 39.6% in 1994 (DFRS, 1999; Fig. 
1). Converted land is generally agriculturally 
unproductive, biologically impoverished, and 
more flammable than the forests (Uhl and 
Buschbacher, 1985; Uhl, 1987).  Human activities 
are responsible not only for the degradation 
of land but also important for improvement 
of land through prevention, rehabilitation and 
reclamation (MoEST, 2008). In order to address 
this problem the Government of Nepal (GoN) has 
initiated handing over of the large areas of forest 
land including the degraded lands as Community 
Forests (CFs), particularly in the Mid-hills, to the 
Community Forest User Groups (CFUGs) for 
restoration of forests and supply of subsistence 
forest products to local communities (Kanel and 
Shrestha, 2001). CF programme is considered 
as one of the most successful natural resource 
management programmes in Nepal in terms of 
restoring degraded land and habitats, conserving 
biodiversity, increasing supply of forest products, 
empowering women, poor and the disadvantaged 
groups, generating rural income, and developing 
human resources (Gilmour and Fisher, 1991; 
Acharya, 2003; Springate-Baginski et al., 
2003); however, there are lots of degraded lands 
available in these CFs which need to be utilized 
for ecological restoration as well as supporting 
livelihoods of the local people. This will also 
fulfil one of the major objectives of CF.

The impressive re-greening of most degraded 
sites seems unlikely to be reversed, provided that 
grazing; forest fire bans are maintained (http://
www.ifad.org/events/reducingpoverty/nepal.html 
accessed in October 2013). However, it takes 
time to come up with desired species, and there 
is growing interest in establishing plantations 
of native species in recent years (Gonzalez and 
Fisher, 1994; Montagnini, 2000; Piotto et al., 
2002). Therefore, this study aims to test the 
survival capacity and the growth performance 
of different tree species (native, naturalized and 
exotic) for the rehabilitation of degraded lands.

Materials and methods
Study area

The Chautaradanda CF (27o44’05’’ N and 
85o04’60’’ E) located at Thakre Village 
Development Committee (VDC) Ward No. 3 
of Dhading District in the lower Mid-hills of 
Central Nepal was selected as a restoration site 
(Fig. 2). The restoration site is located at an 
altitude of 1000 m with 30 to 35% slope facing 
southern aspect. The climate is sub-tropical with 
mean monthly temperatures ranging from 13 to 
27o C, mean monthly rainfall from 7 to 341 mm, 
and average annual rainfall of nearly 1,700 mm. 
More than 80% of the total rainfall occurs from 
June to September, as recorded at the nearest 
meteorological station of Dhunibeshi (Baul et 
al., 2013). There are three distinct seasons: rainy 
(wet); winter; and hot or humid summer (Tiwari, 
2008). The drainage condition is good but with 
excessive run-off, resulting in deficiency of soil 
moisture. The soil is, moreover, shallow and 
stony, and at some places, eroded leaving only the 
bare rocks. Initially, the study area was barren; 
however, the CFUG had tried to afforest that area 
in July, 2006 by planting nursery-grown seedlings 
of various species such as: Shorea robusta, Alnus 
nepalensis, Choerospondias axillaris and Pinus 
roxburghii but their growth was not satisfactory 
except A. nepalensis in moist sites. But, now S. 
robusta is appearing sporadically naturally in that 
area that may be attributed to the enriched soil 
condition and easy availability of its seed from 
the surrounding natural S. robusta forest.  

Soil characteristic of the study site

The soil condition before the commencement of 
the study was analysed by taking representative 
composite soil samples from three depths  

Fig. 1: Change in forest and shrub cover in Nepal

Jha et al.

Note: FRS: Forest Resources Survey, LRMP: Land Resource 
Mapping Project, MPFS: Master Plan for the Forestry Sector, 
DFRS: Department of Forest Research and Survey

 FRS LRMP MPFS DFRS
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(0–15 cm, 15–30 cm and 30–50 cm).

Efforts made for soil enrichment

After land preparation, the seeds of Stylo 
(Stylosanthes spp.), a leguminous grass, were 
sown just one month before planting seedlings of 
the tree species; and 4 kg of farmyard manure was 
applied around each seedling every year during 
April–May for three years so as to enrich the 
soil. A trench was constructed around each pit in 
order to conserve moisture because of the dry soil 
condition.

Species selection

The species for this study were selected on the 
basis of discussion with the CF members and 
experts. In addition, other criteria used were 
user groups’ preference, site quality, market 
possibilities, economical or financial viability, 
and identified nursery and cultivation techniques, 
availability of seedlings and short rotation or 
quick harvest.

The selected species were Prunus cerasoides 
(Paiyu), Choerospondias axillaris (Lapsi), 
Sapindus mukorossi (Ritha), Melia azedarach 
(Bakaino),  Pinus patula (Pate Sallo) and Robinia 
pseudoacacia.

About 30 cm tall seedlings, grown in 4”×7” 
polythene pots in the Chalnakhel Nursery of 

the Department of Forest Research and Survey 
(DFRS), were planted at a spacing of 2.5 m by 
2.5 m in July, 2008.

Experimental design

Randomized complete block design with four 
replicates (blocks) and six treatments (species) 
were applied. The blocks were constructed from 
east to west along the contour and divided into six 
plots. Location of the plot for each species within 
the array was determined randomly for every 
block, and then the seedlings were planted. Each 
species was represented by one plot per block, 
and 25 individuals per plot for a total of 100 trees 
per species in the experiment.

Data collection and analysis

The soil samples were brought to the soil 
labouratory of the DFRS for analysis to get idea 
about soil features such as texture, pH, nitrogen 
(N), phosphorous (P), potassium (K), cation 
exchange capacity (CEC) and organic matter 
content.

Survived seedlings were counted, and their 
heights were measured using a stick and simple 
measuring tape, and recorded in the tally-form 
each year during February–March. Simple 
statistical technique (mean, standard deviation) 
were used for data analysis in SPSS 16. Two-way 
analysis of variance (ANOVA) technique at 5% 

Fig. 2: Map of the study area
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level was applied to know whether height growth 
and survival were significant.

However, as the data for survival showed 
more than 20% variation, an angular (arcsine) 
transformation technique was used before 
employing ANOVA test. Further, post-hoc test 
was applied using Tukey HSD test for multiple 
comparisons in survival of species; however, due 
to only one value for a species (R. pseudoacacia), 
this technique was not applied for height of the 
species.

Results and discussion
Soil features

The results of soil analysis showed that the soil 
type was sandy loam to loam with 6.35 average 
pH values. Other soil features such as N, P, K, 
CEC and organic matter content were 0.69 mg/g, 
0.31 μg/g, 20.58 μg/g, 2.03 meq/100g and 1.6% 
respectively (Table 1).

The soil features of this site were compared with 
the findings of Baral (2008) from a well stocked 
CF in Kavreplanchowk District. The comparison 
showed that the availability of both nitrogen and 
potassium at this site was about one third of those 
available in the well stocked CFs. On the contrary, 
the availability of phosphorous was found to be 
nearly three times more than that available in the 
well stocked CFs, indicating the poor condition of 
the site. Common soil problems in the deforested 
tropics include aluminium toxicity, low pH and 
phosphorous fixation (Fisher, 1995 cited in 
Carpenter et al., 2004). Excess phosphorus may 
cause micronutrient deficiencies, especially iron 

or zinc (Available online at: http://www.cartage.
org.lb/en/themes/Sciences/BotanicalSciences/
PlantHormones/EssentialPlant/EssentialPlant.
html accessed in October 2013).

Growth performance of Stylosanthes spp.

The growth performance of Stylosanthes spp. was 
found to be satisfactory in the first year; however, 
it showed poor results afterwards, which could 
be due to shade provided by the adjoining grown 
tree species.

Survival 

The survival per cent of P. patula, P. cerasoides, 
S. mukorossi, M. azedarach, C. axillaris and R. 
pseudoacacia after three years were found to 
be 82, 77, 70, 64, 52 and 1% respectively (Fig. 
3). The exotic species are at extremes (highly 
survived and least survived i.e. almost failed). 
Among the native species, P. cerasoides showed 
the best result followed by the native species, 
S. mukorossi, and the naturalized species, M. 
azedarach (Fig. 3).

After angular (arcsines) transformation, ANOVA 
test indicated that there was significant difference 
(p≤ 0.05) in survival of selected species (Table 
2). The significant difference in survival was 
found between P. patula and C. axillaris; and R. 
pseudoacacia with all species (Annex 1).

A lot of plantations of P. patula have been 
established since 1980s in the Mid-hills of Nepal. 
In most of the sites; it shows over 80% survival 
(Jackson, 1994). On an average, the survival of 
P. patula at the age of three years was recorded 

Jha et al.

Table 1: Soil characteristics

Parameters Min. Max. Mean Std. error of 
mean

 pH (1:1) 5.70 7.70 6.35 0.46 
Available Nitrogen (mg/g) 0.52 1.08 (٭1.825) 0.69 0.13 
Available Phosphorous (μg/g)   <0.05 0.68 (٭0.095) 0.31 0.16 
Available Potassium (μg/g) 11.14 39.50 (٭64.20) 20.58 6.51 
Organic Matter (%) 1.13 2.33 1.60 0.29 
Cation Exchange Capacity  
(meq/100g) 1.93 2.15 2.03 0.05 

Texture Sandy Loam to Loam

*Source: Baral (2008)
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as 73% in 1981–1982, and the same in 1983 at 
Tistung (1,800–2,000), Makwanpur District 
(CFDP, 1984); 87% at Lopre (2,300 m), Parbat 
District of Nepal (Paudel et al., 1996). Similarly, 
a study on poor site at an altitude of 1,100 m in 
Syangja District shows the survival rate of 83% at 
an age of 4.7 years (Neil, 1989). Likewise, other 
survival results from the trial plots of  Forest 
Research Division are 58% at the age of four 
years in Lauke (1,450 m); 81% and 100% at the 
age of 6.8 and 2.4 years respectively in Tistung 
(2,000 m), Makwanpur District; and 69% and 
85% at the age of 2.7 and 1.4 years respectively 
in Kharidhunga, Dolkha (Neil, 1989). According 
to Joshi and Wyatt-Smith (1982), the survival 
rate of P. patula in the plots established by the 
Nepal-Australia Forestry Project in the late 1970s 
is 92% after seven years at the Lower Nagarkot 
(1,700 m), and 76% at the Upper Nagarkot  
(2,000 m). Also, the survival results of this species 
from Tistung (1,900 m) are 97% and 81% after 
4.5 and 6.8 years respectively (Jackson, 1994). 
The result of this study is also in line with all 
those studies. However, P. patula has been listed 
as Category 2 Invader in South Africa (invaders 
with certain qualities, e.g. commercial use or for 
woodlots, animal fodder, soil stabilisation, etc) 
and are allowed in certain areas under controlled 
conditions as they have significantly reduced 
water availability and also have a very negative 
impact on plants in the fynbos, an area of global 
biodiversity significance (BioNET-EAFRINET: 
Key and Fact Sheets). Nevertheless, it has not yet 
been reported such nature of this species in Nepal, 
despite, a study on “Regeneration establishment 
of native broadleaves in pine plantations in Nepal” 
reveals the positive results in the regeneration 
establishment of natural broadleaved species 
(Gautam et al., 1996). However, the plantation 
of this species needs long-term specific results 
from their trials before going for large-scale 
plantations. 

In a plantation done by Community Forestry 
Development Project (CFDP) in 1983, the 
survival rate of R. pseudoacacia was found to 
be less than 10% (CFDP, 1984). Jackson (1994) 
suggests for research on this species in small-
scale trial plots for three to four years before 
attempting for large scale plantations. Similarly, 
a study from St. Neots and Aldewood, Britain 
shows very poor survival rate even on better 
quality sites (Willoughby et al., 2007). On 
the contrary, the survival rate of this species is 

83% after second growing season on a site with 
high pH, high nutrient content, high electrical 
conductivity and high sodium concentrations 
( h t t p : / / w w w. i b a f . c n r. i t / p h y t o / s c h e d e / 
ROBINIA%20PSEUDACACIA%20-%20Zn,%20
Cd,%20Pb,%20Na.pdf assessed in November 
2013) and is considered as an ideal tree for erosion 
control and soil stabilization, and an excellent 
farm forestry tree in Pakistan (Sheikh, 1993).

The CFDP reports the survival rate of S. 
mukorossi is only 27% in the plantation sites and 
43% in the farmers’ land for the years 1981 and 
1982 (Campbell and Bhattarai, 1983). A bare-
root planting of this species, in Darchula District, 
shows 30 to 50% survival only (Wilson, 1988). 
The survival per cent, however, in this study 
is very much promising that may be because 
of increasing soil nitrogen availability due to 
application of farmyard manure and Stylosenthes 
plantation.

The survival per cent of P. cerasoides is 
92% at the age of seven years at the Upper 
Nagarkot, Bhaktapur District at an altitude of 
2,000 m (Joshi and Wyatt-Smith, 1982); and 
86% at an altitude of 1800 m near Lumle in 
Parbat District (Shrestha and Gautam, 1991). 
According to Shakya (1991) the survival of P. 
cerasoides is 100% at Kadambas (1,440 m), 
Sindhupalchowk District, 89% at Naldung  
(1,600 m) and 97% at Nagarkot (1,700 m), 
Bhaktapur District after 18 months, 78% at 
Kadambas (1,440 m) after 30 months. In general, 
the survival rate of this species in Nepal is 
over 80% at the age of two years (Jackson, 
1994). A very contradictory result is found on a 
degraded Watershed area (18° 52’N, 94° 51’E,  
1,207–1,310 m above mean sea level) in Doi 
Suthep-Pui National Park of Thailand, where the 
survival rate of P. cerasoides plantation with four 
fertiliser (NPK 15–15–15) treatments over one 
growing season are recorded as 85.7%, 61.5%, 
80.0% and 62.5% respectively with an overall 
average of 72.4% (Elliott et al. non-dated).

The survival rate of 28 months old C. axillaris 
is 80% at Kadambas (1,500 m), Sindhupalchowk 
District (Jackson, 1994). Shakya (1991) states 
that the survival rate of C. axillaris  is 83% after 
18 months and 71% after 30 months at Kadambas 
(1,440 m) and 78% after 18 months at Nagarkot 
(1,700 m). However, these results contradict with 
the findings of this research as it showed the 
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survival rate of C. axillaris as 52% after three 
years. This contradictory result may be attributed 
to poor site condition.

Height growth

The growth of M. azedarach is influenced by soil 
depth and fertility, and it is capable of achieving 
very rapid growth on deep, well-drained and 
reasonably fertile soil (Jackson, 1994). A study 
from northwest India, on a calcareous soil in a 
semi-arid part (annual rainfall about 350 mm), 
shows the survival rate of M. azedarach in 3 
years as 100% (Tomar et al., 2003). In Nepal, the 
survival rate of this species is 90% in 13 months 
from taungya plantation in Dang, and 55% in the 
1981- and 1982- CF plantations and 37% in the 
1983- CF plantations (Jackson, 1994). However, 
the findings of this research, though from degraded 
site, shows the better result than the 1981, 1982 
and 1983 results of the Community Forestry 
Development Project. These results indicate that 
if care is applied to M. azedarach plantation, it 
would be a better option to rehabilitate degraded 
sites in the lower Mid-hills; however, a detailed 
study needs to be conducted in other areas so as 
to know the real causes of these contradictions.

The heights of P. patula, P. cerasoides, S. 
mukorossi, M. azedarach, C. axillaris and R. 
pseudoacacia at the age of three years were found 
to be 2.63 m, 1.59 m, 0.62 m, 1.88 m, 1.43 m and 
0.51 m respectively (Fig. 4).

(ANOVA) test indicated that there was significant 
difference (p≤ 0.05) in height growth of the tested 
species (Table 3).  

On a good site, P. patula trees may reach 2 m in 
height after two years (http://www.forestrynepal.
org/resources/trees/pinus-patula accessed in 
November 2013). A study from Tistung (1,800–
2,000 m), Makawanpur, District on infertile 
sites shows the height gain of P. patula as 3.4 
m at the age of three years (Jackson, 1994). 
Similarly, seven-year-old trees of this species at 
Lower (1,760 m) and Upper (2,000 m) Nagarkot, 
Bhaktapur District have attained the height of 
10.6 m and 9 m, respectively (Joshi and Wyatt-
Smith, 1982). Likewise, the mean height growth 
results from Forest Research Division trials are 
3.6 m at the age of 4.7 years in Syangja District 
(1,100 m); 3.6 m in 4 years at Lauke (1,450 
m), Nuwakot District; 9.8 m and 2.3 m at the 
age of 6.8 and 2.4 years respectively at Tistung  
(2,000 m), Makawanpur District; and 1.0 m and 

Fig. 3: Survival per cent of different tree species in three years

Table 2: ANOVA table for survival of the tested species

Source Degree of 
freedom Sum of Squares Mean Square F Sig.

Species 5 1863.188 372.638 57.025 0.000
Block 3 25.738 8.579 1.313 0.307
Error 15 98.019 6.535
Total 23 1986.946

R2 = 0.951 (Adjusted R2 = 0.924)
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0.7 m at the age of 2.7 and 1.4 years respectively 
at Kharidhunga (2,700 m), Dolkha District (Neil, 
1989). A study from India shows the average 
height of P. patula as 11.78 m in 12 years at 
Devidhura, Uttarakhand and 8.24 m in 8 years 
at Lohaghat Reserve, Uttaranchal (Chaturvedi 
and Dwibedi, 1982). The height growth of this 
species in this study was found to be similar to 
those from other studies.

R. pseudoacacia has shown higher growth rate of 
53 cm after second growing season on a site with 
high pH, high nutrient content, high electrical 
conductivity and high sodium concentrations 
(http://www.ibaf.cnr.it/phyto/schede/ROBINIA 
%20PSEUDACACIA%20-%20Zn,%20Cd,%20
Pb,%20Na.pdf accessed in November 2013) 
which is comparable to the findings of this 
research (51 cm after three years), even though it 
is from poor site. It can grow up to about 25 m at 
maturity. In general, the growth performance of 
this species is poor in Nepal. Therefore, Jackson 
(1994) has envisaged that it needs appropriate 
amount of winter rainfall or snowfall to grow 
well, as it has shown better performance in the 
northwest Himalaya of Kashmir and Himachal 
Pradesh, India. 

S. mukorossi has proved successful in the 
afforestation of eroded hill slopes at elevations 
below 900 m in the Western Himalayas in 
India (http://www.worldagroforestrycentre.org/
SEA/Products/AFDbases/AF/asp/SpeciesInfo.
asp?SpID=1767 accessed in November 2013). 
In Pakistan, this species showed the height and 
diameter growth of 9 m and 10 cm in five years 
respectively (Sheikh, 1993). The growth rate of 
this species was found to be poorer in this study 
as compared to the one in plantation. It may be 
due to dry and poor site condition as it requires 
moist site (Sheikh, 1993) and it does not grow on 
very poor and rocky sites. 

P. cerasoides has attained the height of over  
2 m in seven years at the Upper Nagarkot  
(2,000 m), Bhaktapur District (Joshi and Wyatt-
Smith, 1982) and it gained the mean height of 
1.3 m at another site with the same age at an 
altitude of 1,800 m near Lumle in Parbat District 

(Shrestha and Gautam, 1991). In general, the 
mean height of this species in Nepal is about 1 
m in two years (Jackson, 1994). The best height 
attained from unfertilized plantations in open 
area is 1.75 m at 2.4 years at Banduk (1,450 m), 
Myagdi District (Joshi, 1985); 1.6 m at 2.2 years 
on a poor site with northern aspect at Nisikot 
(1,400 m), Dhading District (Rimal, 1992), and 
2.8 m at four years at 1,800 m in Parbat District 
(Shrestha and Gautam, 1991). 

According to Jackson (1994), the growth of 
C. axillaris is rapid only on good fertile soil, 
averaging about 1 m in height per year; but 
in general, its growth is much slower. One 
of the best results in trials is from Kadambas  
(1,500 m), Sindhupalchowk District where 28 
month-old trees have attained a mean height of 
101 cm. Jackson (1994) reported the average 
height of this species as about 60 cm after two 
years, and 90 cm after three years. However, the 
finding of this study contradicts with the others as 
it shows the height growth of C. axillaris as 1.43 
m in three years. This contradictory result may 
be due to application of manure. Nevertheless, a 
detailed study needs to be conducted to know the 
real causes.

The growth of M. azedarach is influenced by soil 
depth and fertility, and it is capable of achieving 
very rapid growth on deep, well-drained and 
reasonably fertile soil (Jackson, 1994). In 
Thailand, on a deep red loam, at 1,000 m, and 
with about 1,500 mm annual rainfall, trees have 
attained 3 m height within a year. Similarly, the 
height growth of this species recorded is 4.5 m 
in 13 months under taungya plantation in Dang 
District, Nepal (Jackson, 1994). But, a study on a 
calcareous soil in a semi-arid part (annual rainfall 
about 350 mm) in northwest India shows the 
height growth of M. azedarach in three years as 
3.86 m (Tomar et al., 2003). The findings of this 
current research showed slow growth rate of this 
species in degraded sites in spite of manuring. 
Therefore, a detail study needs to be conducted in 
other areas so as to know the real causes of these 
contradictions.
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Conclusion

This study showed that the native species can grow 
very well on degraded sites. Though, P. patula, 
the exotic species, showed the outstanding results, 
we have to be cautious when recommending it as 
it is an exotic species and may have a chance to 
be invasive like in Africa. Native and naturalised 
species such as P. cerasoides, C. axillaris and 
M. azedarach were found to have performed 
relatively better. Another exotic species R. 
pseudoacacia was not successful in this study, 
and also not in other parts of Nepal. Therefore, it 
is recommended to prefer the native or naturalised 
species for the rehabilitation of degraded sites 
in the Mid-hills. It would be wise to conduct a 
preliminary study before planting these species in 
other parts of the Mid-hills for the rehabilitation 
of degraded land. 
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Annex 1
Multiple comparisons for survival using Tukey’s HSD

 P. 
cerasoides

S. 
mukorossi

P. 
patula

C. 
axillaris

M. 
azedarach

R. 
pseudoacacia

P. cerasoides  - ns ns ns ns *
S. mukorossi ns - ns ns ns *
P. patula ns ns - * ns *
C. axillaris ns ns * - ns *
M. azedarach ns ns ns ns - *
R. pseudoacacia * * * * * - 

* The mean difference is significant at 0.05 level; ns – not significant
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This study aims to understand the influence of climate on radial growth of Abies 
pindrow growing in the plateau of mixed forest in Khaptad National Park in 
Western Nepal Himalaya. Based on the dated tree-ring samples, 362-year long 
tree-ring width chronology was developed dating back to 1650. The studied taxa 
of this region was found to have dendroclimatic potentiality that was evident from 
the chronology statistics calculated. The tree-ring chronology was correlated with 
climate (temperature and precipitation) data to derive the tree-growth climate 
relationship. The result showed significant negative relationship with March-May 
temperature and positive relationship with March-May precipitation. This indicates 
that the availability of moisture is the primary factor in limiting the tree growth.

Key words: Abies pindrow, tree-ring, climatic influence, Khaptad National Park,  
 pre-monsoon

Influence of climate on radial growth of Abies pindrow in 
Western Nepal Himalaya 

U.K. Thapa1*, S. K. Shah2, N. P. Gaire3, D. R. Bhuju4, A. Bhattacharyya2 and  

G. S. Thagunna1

Earth’s climate has never been static and 
has shown great variability since its origin, 
the recent change, however, is accelerated 

by enhanced greenhouse effect causing abrupt 
temperature rise and unpredictable patterns 
of precipitation (Houghton, 2004). Feedbacks 
of climate change are reflected in several 
components of earth including air, water, ice, land 
and vegetation which have distinctive response 
time to the changing climate and the natural 
archives like tree rings, ice cores, sediments, 
pollens, etc can be used as proxies to reconstruct 
the past climatic variations (Ruddiman, 2000). 
Tree rings, in particular, the ring-widths 
respond to the climate and hence provide the 
basis for reconstructing past climatic variation  
(Fritts, 1976). In order to explore year-to-year as 
well as seasonal variation in climate, tree rings 
are most suitable proxies as they provide absolute 
dates with high annual resolution rather than 
giving relative estimates like other proxies (Fritts, 
1976; Hughes and Diaz, 2002). 

In the last decade, a number of dendro 
chronological studies from Nepal Himalaya have 
been conducted. However, most of these studies 
are from Central and Eastern Nepal Himalaya 
(Cook et al., 2003; Bhuju et al., 2010; Chhetri 
and Thapa, 2010; Gaire et al., 2011; Dawadi et 
al., 2013). There is a dearth of such works in 
Western Nepal Himalaya, though this part of 
Nepal Himalaya has huge potential for tree-ring 
research (Suzuki, 1990; Bhattacharyya et al., 
1992). Abies pindrow has been reported to have 
dendroclimatic potential in Western Himalaya 
(Borgaonkar et al., 1994; Borgaonkar et al., 1999; 
Bhattacharyya et al., 2001; Yadav and Singh, 
2002). It has been reported that radial growth of  
A. pindrow in Western Himalayan region are 
limited by pre-monsoon climate (Borgaonkar 
et al., 1999; Yadav and Singh, 2002). Similar 
response has been noted in the ring-width analysis 
of A. spectabilis in Nepal Himalaya (Sano et al., 
2005; Gaire et al., 2011). 

A. pindrow is a low altitude Himalayan fir  

1 GoldenGate International College, Tribhuvan University Affiliate, Kathmandu, Nepal
2 Birbal Sahni Institute of Paleobotany, Lucknow, India
3 Nepal Academy of Science and Technology, Lalitpur, Nepal
4 Central Department of Environmental Science, Tribhuvan University, Kirtipur, Nepal
* Corresponding author: nepuday@gmail.com
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stretching from Afghanistan to Pakistan 
distributed in the range of 7,000–10,000 ft above 
sea level, it is confined to northern and western 
aspects of the slopes (Stainton, 1972). Unlike A. 
spectabilis, it does not extend up to tree line. In 
Nepal Himalaya, it is most abundant in Humla 
District found either in a single stand or with 
other taxa such as Picea smithiana and Betula 
utilis (Stainton, 1972). Despite of its abundance 
in Western Nepal, only few preliminary 
attempts have been made till date to explore the 
dendroclimatic potential of this taxa.

This study was carried out in order to extend the 
scientific information in Western Nepal Himalaya 
with defined objectives of developing the ring-
width chronology of A. pindrow and examining 
the influence of climate on its radial growth. 

Materials and methods

Study site and sample collection  

The tree core samples of A. pindrow were 
collected from the Khaptad Plateau Forest in the 
Khaptad National Park (KNP) in Far-Western 
Nepal located at an altitude of 3,000 m (Fig. 1). 
Sampling was carried out in September 2012 
where 60 cores from 30 trees (two cores from 
each) were extracted at breast height (1.37 m) 
using Swedish Haglöf Increment Borer.

Fig. 1: Development Region map of Nepal 
showing study area with tree ring 
sampling site and meteorological 
stations

Sample preparation and tree-ring chronology 
development

The collected samples were air dried in the tree-
ring labouratory at Nepal Academy of Science 

and Technology (NAST). The dried samples 
were mounted in the wooden frame with the 
cross-sectional view facing upward followed 
by sanding and polishing the surface manually 
through grades of progressively finer grit sand 
papers until the ring boundaries were clearly 
visible under binocular microscope. Each ring 
was counted and dated to the calendar year of 
their formation using skeleton plot technique 
of crossdating (Stokes and Smiley, 1968). Ring 
width of each series was then measured using 
LINTAB measurement system with a LINTAB 
moving stage and a stereomicroscope, attached 
to PC having TSAP-Win program. Accuracy of 
measurement and dating was examined using 
program COFECHA (Holmes, 1983) and the 
corrections were again re-examined to check the 
presence of any further error. Each series was 
standardized using computer program ARSTAN in 
order to remove the age trends in the dated series. 
A 30-year cubic smoothing spline was fitted for 
standardization and finally a standard ring-width 
chronology was developed. Autocorrelation 
present in the standard chronology was removed 
with the help of autoregressive (AR) modelling to 
develop residual chronology.

Climatic data 

The climatic record was obtained from Jumla 
Station (29°28’N, 82°16’E) located at 2300m 
which is around 92 km east from the study site. 
Both the temperature and the precipitation of 
this station contained sufficient period of record 
ranging from 1969 to 2012 and from 1956 to 
2012 respectively, but with some missing data. 
Therefore, the climatic record from Mukteshwar 
Station (29°28’N, 79°39’E) located at an altitude 
of 2,311 m in India which is around 140 km west 
from the sampling site and has relatively longer 
period of climate data (1897–2011) was also 
collected. Correlation between the climate data of 
these two stations revealed that temperature and 
precipitation were significantly correlated at 0.05 
confidence level (n = 43) and 0.01 confidence level 
(n = 55) respectively. Thus, climate data from 
Mukteshwar Station was used for further analysis. 
The climate record of Mukteshwar Station for a 
period of 1897–2011 showed that May, June and 
July were the warmer months whereas November 
and December were the cooler months. Similarly, 
higher precipitation was experienced in July and 
August whereas lesser rainfall occurred during 
November and December (Fig. 2).

Thapa et al.
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Fig. 2: Mean monthly temperature and total 
monthly precipitation at Mukteshwar 
Meteorological Station based on the 
data of 1897–2011

Tree growth / climate relationship 

Correlation analysis was used in order to derive 
the relationship between ring growth and climate. 
For this, temperature and precipitation data 
were used as predictor and residual ring-width 
chronology as predict, and analysis was carried 
out in DENDROCLIM2002 (Biondi and Waikul, 
2004). The degree of association was measured in 
terms of correlation coefficient and its significance 
was tested using difference between 97.5 and 2.5 
percentile.

Results and discussion

Tree-ring chronology characteristics and 
statistics

Among the 60 cores collected from A. pindrow,  
36 cores from 22 trees were successfully cross 
dated. The cores which were broken during 
collection and transportation were difficult to 
date and were discarded for analysis. A 362-year 
long ring-width chronology of A. pindrow was 
developed extending from 1650 to 2012 which is 
shown in figure 3. 

The average annual radial growth of A. pindrow 
was 1.361 mm. The values of mean sensitivity 
were 0.176 and 0.194 for standard and 
residual chronologies respectively. First order 
autocorrelation decreased to 0.047 in residual 
chronology, as autocorrelation was removed from 
standard chronology to get residual chronology. 
The value of first order autocorrelation in standard 
chronology was found to be 0.426. The standard 
deviations were 0.219 and 0.191 for standard and 
residual chronologies respectively. The dated 
series had a mean correlation of 0.435 with the 
master chronology. The number of absent rings 
encountered was 13, amounting to 0.193% of the 
total rings analyzed.

Other statistical parameters were also calculated 
for the common period (1871–2006) of the 
chronology. The mean correlations within the 
trees, between the trees and among all radii 
were estimated. High values of correlation 
coefficients within the trees were recorded for 
both the chronologies (about 0.6); however, the 
coefficient was less for between the trees and 
among all radii (<0.2). Both chronologies well 
exceeded the Expressed Population Signal (EPS) 
limit of 0.85 indicating that the site chronology 
well represented the population chronology 
(Wigley et al., 1984). Though, the ring-width 
chronology extended since 1650; however, it 
crossed the EPS limit of 0.85 only after 1843 with 
24 core series. Signal to Noise Ratio (SNR) in 
standard chronology was found to be 6.948 which 
increased to 7.592 after applying AR modelling. 
The variance explained in first eigen-vector was 
23.5% and 25% respectively for standard and 
residual chronologies indicating strong common 
signal. The chronological statistics of both 
standard and residual chronology for the entire 
period as well as for the common period are given 
in the table 1.

Climate influence on tree-growth

The correlation analysis carried out between 
residual ring-width chronology and climate 
revealed significant negative relationship with the 
temperature of March, April and May whereas 
positive relationship with the precipitation of the 
same three months (Fig. 4).

Climate data showed that there was abrupt rise 
in temperature with sharp decline in rainfall 
during the beginning of pre-monsoon (Fig. 2) 
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Fig. 3: Tree-ring width chronology of A. pindrow 
extending from 1650 to 2012 along with the 
number of radii
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making soil moisture stressed during the entire 
pre-monsoon season limiting the growth. Similar 
climatic response has also been recorded in the 
ring-widths of same as well as other species in 
Western India Himalaya (Borgaonkar et al., 1994; 
Borgaonkar et al., 1999; Pant et al., 2000; Yadav 
et al., 2004). Even, A. spectabilis in Western and 
Central Nepal (Sano et al., 2005; Chhetri and 
Thapa, 2010; Gaire et al., 2011) as well as B. 
utilis in Central Nepal (Dawadi et al., 2013) have 
recorded the similar climatic signals in their ring-
widths.

However, different responses were also shown 
by several conifers in Eastern India Himalaya 
and Tibetan Plateau as compared to that shown 
by A. pindrow in this site. In Eastern Himalaya, 
Bhattacharya and Chaudhary (2003) reported that 

temperature was positively related with radial 
growth of A. densa. Similarly, in Tibetan Plateau, 
temperatures of various seasons were found to 
be directly correlated with the growth whereas 
precipitation was either insignificant or indirectly 
limiting the growth of several species examined 
(Liang et al., 2008; Li et al., 2011). This might be 
due to different monsoon system and rain shadow 
effect in the Tibetan Plateau.

Conclusion
Tree-ring width chronology of A. pindrow 
spanning over 362 years dating back to 1650 was 
developed from Western Nepal Himalaya and 
its dendroclimatic potentiality was discussed on 
the basis of chronology statistics. Pre-monsoon 
climate was found to be detrimental in the 
growth of this species; however, further study 
with increased sample size is essential for further 
reconstruction of pre-monsoon temperature as 
well as precipitation in Western Nepal Himalaya.
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Table 1: Chronological statistics of site chronology of A. pindrow from Khaptad National Park

Chronology statistics Standard chronology Residual chronology

Chronology span (years) 1650-2012 (362) 1650-2012 (362)
Number of  trees (radii) 22 (36) 22 (36)
Mean sensitivity 0.176 0.194
Standard deviation 0.219 0.191
1st order autocorrelation 0.426 0.047

Common period analysis (1871-2006)

Correlation among all radii 0.193 0.207
Correlation between trees 0.180 0.196
Correlation within trees 0.628 0.589
Signal to Noise Ratio (SNR) 6.948 7.592
Expressed Population Signal (EPS) 0.874 0.884
Variance in PC1 (%) 23.5 25.0

Fig. 4: Correlation function plot of A. pindrow 
showing tree-growth climate relationship. 
Significant climatic months influencing the 
growth is shown by * marks 
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This study was aimed to establish regression models for the relationship of Canopy 
Projection Area (CPA) with carbon stock of intermingled canopy trees of dominant 
species for the prediction of above-ground carbon stock. Manual delineation of 
CPA of intermingled canopy trees of the dominant species was carried out using 
GeoEye Satellite Image. Diameter at breast height of trees were measured in 56 
sample plots. The above-ground dry biomass of trees was calculated from the 
field measured DBHs using allometric equation while the above-ground carbon 
stock of the trees were obtained by multiplying their dry biomass with the factor 
0.47. Individual basal area of intermingled canopy trees was calculated separately 
and was summed up (ΣBA) along with the summation of their carbon stock 
(Σcarbon). Correlation analysis was carried out to assess the linear relationship 
between CPA, DBH, BA, biomass, and carbon stock. Four types of functions, viz., 
simple linear, quadratic, logarithmic and power were used to fit the data using 
least square regression method. Shorea robusta, Schima wallichii and Terminalia 
alata were found dominant tree species in the study area. The relationship of CPA 
with ΣBA and Σcarbon of intermingled canopy trees of Shorea robusta was found 
to be linear with R2 of 0.29 and 0.25 respectively. Simple linear regression model 
resulted in the least error for the prediction of carbon stock of intermingled canopy 
trees. The identified simple linear regression models having the least error are not 
applicable for the prediction of above-ground tree carbon stock of broadleaf forest 
in hilly terrain.

Key words: Crown projection area, intermingled canopy trees, basal area,  
 biomass, above-ground carbon stock, GeoEye Satellite Image

Modelling the relationship between canopy projection  
area and above-ground carbon stock of intermingled 
canopy trees using high-resolution satellite imagery

S. K. Shah1* and H. Acharya1

Forest has an important role in global carbon 
cycle that covers over one-fourth of the 
world’s geographical area. It accounts for 

289 gigatonnes (Gt) of carbon in its biomass 
(FAO, 2013). Nevertheless, deforestation and 
degradation of forest especially in developing 
countries for agriculture are causing 20–25 per 
cent carbon emission (CIFOR et al., 2009). 
Abatement of forest-based emission is critical 
to limit global warming that contributes to 
unprecedented climate change. REDD and 
REDD+ mechanism have become central efforts 
to combat climate change due to anthropogenic 
activities in developing countries (UNFCCC, 
2010). In addition, forest carbon would be 
traded as commodity goods in an emerging 
international voluntary carbon market to offset 
carbon emission by corporate or business houses  

(Gibbs et al., 2007). Different methods have been 
piloted and tested to estimate forest carbon at large 
scale that requires for effective implementation 
of REDD+ and carbon trade among others. High-
resolution satellite image has been researched for 
the estimation of forest carbon using regression 
models.

Remote Sensing (RS) has been used as an 
important technique to estimate biomass at a 
larger scale. It acquires data using different 
sensors, e.g., Optical or Radio Detection and 
Ranging (Radar) or Light Detection and Ranging 
(LiDAR) aboard satellite or aircraft. The strengths 
of the techniques are to provide spatially explicit 
information and repeated coverage including 
the possibility of covering large areas as well 
as remote areas that may be difficult to access. 
Three major RS techniques have been evolved 
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to estimate forest carbon, viz. i) Optical RS, ii) 
Radar RS and iii) LiDAR RS.

High resolution satellites such as Quick Bird, 
IKONOS and World View are capable of sensing 
biophysical parameters of trees such as crown 
dimension which correlate directly with biomass 
(Gonzalez et al., 2010).  High resolution satellite 
data have become available anywhere in the 
world because of rapid advances and decreasing 
cost (Asner, 2009). The cost is further justifiable 
for the initial carbon stock estimation and to meet 
Intergovernmental Panel on Climate Change 
IPCC ‘Tier 3’ standard which ensures the higher 
level of accuracy and lower level of uncertainty 
(Patenaude et al., 2005). It has potential 
to higher financial returns for monitoring 
and verifying carbon stock  and emissions  
(Gibbs et al., 2007).

This study investigated the relationship between 
Canopy Projection Area (CPA) of intermingled 
canopy trees manually delineated from the 
image and their above-ground carbon stock 
using correlation and regression analysis. The 
intermingled canopy trees can be defined as a 
group of trees whose canopies overlap or mix 
together. Individual tree in intermingled canopies 
has the competition for crown expansion from the 
branches of adjoining trees. Regression models 
were established using CPA as a predictor for 
the prediction of above-ground carbon stock of 
intermingled canopy trees.

Materials and methods
Study area

This study was carried out in Khayarkhola 
Watershed located in Chitwan District of Central 
Nepal (Fig. 1). The area is characterized by 
subtropical broadleaved forest with Shorea 
robusta as the dominant species. Major associate 
species are Terminalia alata, Terminalia 
bellirica, Lagerstroemia parviflora, Schima 
wallichii, Semicarpus anacardium and Mallotus 
philippensis. There were 15 community forests 
in the area. The area is drained by Khayarkhola 
Stream having many small tributaries feeding 
into it. The climate is subtropical monsoon with 
average annual precipitation of 1,830 mm. Annual 
mean temperature is 24oC that ranges from 18oC 
to 36oC (Panta et al., 2008). The altitude of the 
site ranges from 300 m to 1,200 m above mean 
sea level.

Research hypothesis

Ho: There is no significant (95% confidence level) 
relationship between the CPA and the ΣBA, the 
CPA and the Σbiomass, the CPA and the Σcarbon 
of two or more intermingled- canopy trees.

Field data collection

Stratified random sampling was followed to 
design sample plot (Mitchell and Popovich, 1997). 
Individual community forest was considered 
as a stratum. The sample size was calculated 
at probability level of 5% and allowable error 
of 10%. The sample size was allocated to the 
individual community forests proportional to 
their areas and at least two sample plots were 
maintained in each stratum; altogether, 63 sample 
plots were laid out. Sample plots to each stratum 
were located randomly using ArcGIS 2010. 

At sample plot location, circular plots with  
12.62 m (500 m2 area) radius were demarcated 
(Husch et al., 2003). Within the circular plot,  
DBH (≥ 10 cm) of intermingled canopy trees 
recognized in the image (Brown, 2002; Clark 
and Clark, 2000) were measured and coordinates 
were recorded using iPAQ. Measurement of trees 
was carried out in 56 sample plots out of the total 
63 sample plots. The remaining sample plots 
could not be reached due to inaccessible terrain 
and time limitation.

CPA delineation

Orthorectified GeoEye images acquired on 02 
November, 2009 were used. The panchromatic 

Fig. 1: The study area, Chitwan District of  
 Central Nepal
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image of spatial resolution 0.50 m and MSS 
images of spatial resolution 2 m were fused using 
ERDAS IMAGINE 2010. The 3x3 low pass filter 
was applied to the fused image to enhance image 
information content. Filtered images were rotated 
to 180o to have better view of tree crown. Sample 
plot shapefile and tree point shapefile were 
overlaid in the image. The CPA of intermingled 
canopy trees was digitised at 1:250 scale manually 
using polygon construction tool in ArcGIS 2010. 
There was about 10–11 months lag between 
image acquisition and field data collection. Data 
was collected in September-October, 2010. It was 
assumed that diameter at breast height (DBH) 
of the tree (≥10 cm) would not have increased 
significantly in the period. 

Data analysis

The above-ground dry biomass of intermingled 
canopy trees of the dominant species was 
calculated from their field-measured DBHs using 
allometric equation. Among the biophysical 
parameters of trees, DBH is an important 
predictive variable (Leboeuf et al., 2007) which 
alone explains more than 95% variation in 
biomass (Gibbs et al., 2007). Biomass of all trees 
in one intermingled canopy group was summed 
up (Σbiomass). The total carbon (Σcarbon) of 
intermingled canopy trees was calculated from 
Σbiomass using the conversion factor 0.47 (IPCC, 
2006). Individual basal area of interminlged 
canopy trees of the dominant species were 
calculated from their DBHs separately using the 
formulae (Hedl et al., 2009). Basal area of all the 
trees in one intermingled group was summed up 
(ΣBA). 

The data were observed in scatter plot using CPA 
as the predictor and ΣBA, Σbiomass, Σcarbon 
as response variables. Scatter plots can reveal 
nonlinearity, suspected outlier and unequal 
variance. The dataset were randomly divided into 
two sets: 60% for model building and another 
40%  for model validation after excluding the 
outliers (Gill et al., 2000). Pearson’s product-
moment correlation coefficient was calculated 
to see the strength of linear relationship between 
CPA and ΣBA, Σbiomass, Σcarbon. Simple 
linear, quadratic, logarithmic and power function 
were used to develop regression models for 
the relationship of CPA with ΣBA, Σbiomass, 
Σcarbon. The significances of regression 
coefficients were assessed by t-statistic and the 

significance of regression models were assessed 
by F-statistics at 95% confidence level. Root 
mean square error (RMSE) was used for the 
comparison of predictive accuracy of the models 
(Gill et al., 2000). The identified significant model 
based on F-statistics were validated using 40% 
independent dataset for the calculation of RMSE.

Results and discussion
A total of 146 trees of 12 different species were 
found in a two-intermingled canopy situation 
in the sample plots in the field. Out of total the 
two-intermingled canopy trees, 122 trees were 
pure intermingled canopy trees and the rest 24 
were mixed (different species) intermingled 
canopy trees. A total of 6 species, namely, 
Adina cordifolia, L. parviflora, S. wallichii,  
S. anacardium, S. robusta and T. alata were found 
to have occurred in pure intermingled canopy 
situation. The other 6 species were intermingled 
with different species. In the category two-
intermingled, S. robusta species had the largest 
number followed by S. wallichii and T. alata. 

The dominant S. robusta trees were found to be 
in pure intermingled canopy situation with two 
trees, three trees and four trees. The set of two, 
three, and four intermingled canopies were 51, 
23 and 2 respectively. The total number of trees 
resulted in 102, 69 and 8 trees with two, three and 
four intermingled canopy situation respectively 
(Fig. 2). No other species were found to be in 
pure intermingled canopy situations especially 
with more than two trees. The two and three 
intermingled trees of S. robusta was the only trees 
taken for analysis. The two and three-intermingled 
canopy trees were treated as one set of data as it 
was not possible to differentiate between two and 
three-intermingled canopy situations in satellite 
image.

Fig. 2: Number of intermingled canopy trees  
 of S. robusta
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Exploratory data analysis

The descriptive statistics of ΣBA, Σbiomass, 
Σcarbon and CPA of intermingled (two and three 
together) canopy trees of S. robusta are presented 
after removing outliers in table 1.

Graphical analysis of the relationship between 
CPA, BA, biomass and carbon  using scatter 
plot

The scatter plots of explanatory variable CPA 
with response variables ΣBA and Σcarbon of 
two and three intermingled trees of S. robusta 
are shown in figure 3. The overall pattern of the 
scatter plots show that there was positive linear 
relationship of CPA with ΣBA and Σcarbon. 
Nonlinear pattern was not found distinctly. The 
strength of relationship between them would be 
confirmed by calculating correlation coefficient.

Correlation analysis

Pearson’s correlation coefficient was calculated 
using R software to analyse the strength of linear 
relationship of ΣBA with Σbiomass and Σcarbon. 
The correlation of ΣBA with Σbiomass and 

Σcarbon are presented in table 2. The correlation 
of ΣBA with Σbiomass and Σcarbon was found 
to be  highly significant (p< 0.001). In addition, 
the calculated t-values are higher than tabulated 
t-values at 5% significance level (Winer, 1962). 
According to t-test, the null hypothesis is rejected. 
Therefore, there is significant relationship 
between the CPA and ΣBA, the CPA and 
Σbiomass, the CPA and Σcarbon of two and three-
intermingled canopy trees. However, the strength 
of linear relationship between them was not found 
to be strong (<0.7). The tabulated t-values for 
40 degrees of freedom are taken into account as 
t-values are mentioned for 40 and 50 degrees of 
freedom in student’s t distribution table and the t- 
values are not mentioned for degrees of freedom 
between 40 and 50 (Winer, 1962). 

Regression analysis

Table 3 shows the regression models for the 
relationship of CPA with ΣBA, Σbiomass and 
Σcarbon of S. robusta. The randomly divided 
60% dataset were used to fit linear, quadratic 
and logarithmic function regression models 
using SPSS Software. Similarly, power function 
regression model was developed from the data 
using XLSTAT 2010 Software. The regression 
models were validated using 40% independent 
dataset. The regression coefficients of quadratic 
and power function models were found to be not 
significant. The power function was not taken for 
further analysis whereas the quadratic function 
model was taken because of deliberate introduction 
of collinearity between CPA and CPA2. The 
simple linear, quadratic and logarithmic models 

Table 1: Descriptive statistics of ΣBA, Σbiomass, Σcarbon and CPA of intermingled  
    canopy trees of S. robusta

Species 
number Minimum Maximum Mean Std. deviation Std. error

Basal area (cm2) 74 733.91 14950.75 4559.42 2424.87 281.88

Biomass (kg) 74 335.56 12117.83 2966.26 1913.55 222.45

Carbon (kg) 74 157.72 5695.38 1394.14 899.37 104.55

CPA (m2) 74 48.10 252.53 122.87 46.316 5.38

Fig. 3: Scatter plot of CPA with ΣBA and  
 Σcarbon of intermingled canopy trees  
 of S. robusta
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Table 2: Pearson’s correlation between CPA, ΣBA, Σbiomass and Σcarbon of intermingled  
   canopy trees of S. robusta

Species Variables t df r 95 % confidence 
limit P-value

Sal (S. robusta) CPA and ΣBA 4.096 41 0.54 0.285          0.722 <0.001
(Intermingled 
canopy trees)

CPA and 
Σbiomass 3.673 41 0.50 0.234          0.694 <0.001

CPA and 
Σcarbon 3.673 41 0.50 0.234          0.694 <0.001

The correlation results rejected the hypothesis - Ho: There is no significant (95% confidence level) 
relationship between the CPA and ΣBA, the CPA and Σbiomass, the CPA and Σcarbon of two and three- 
intermingled canopy trees.

Table 3: Regression models with the calibration and validation statistics for the relationship of  
   CPA with ΣBA, Σbiomass and Σcarbon of intermingled canopy trees of S. robusta

Regression 
models

Constants Calibration 
(N = 43) Validation (N = 29)

a b c R2 RMSE RMSE %
BA = a +b.CPA 2073.45** 20.90*** 0.29 1896.28   49.25
BA = a+b.
CPA+c.CPA2

-747.32 63.80* -0.14 0.29 1940.80 50.40

BA = a+b.
ln(CPA)

-9700.66** 3025.203*** 0.33 1902.23 49.40

BA=a.CPAb 298.27 0.57* coefficient not significant (p>0.05)

Biomass = a 
+b.CPA

1221.25* 14.51*** 0.25 1407.18   58.52

Biomass = a+b.
CPA+c.CPA2

-985.447 48.074* -0.109 0.25 1453.34

60.62
Biomass = a+b.
ln(CPA)

-7048.59** 2120.59*** 0.28 1415.22 58.85

Biomass 
=a.CPAb

163.223 0.6095* coefficient not significant (p>0.05)

Carbon = a 
+b.CPA

573.99* 6.82*** 0.25 661.39   58.52

Carbon = a+b.
CPA+c.CPA2

-463.16 22.595* -0.051 0.25 685.25 60.62

Carbon = a+b.
ln(CPA)

-3312.839** 996.675*** 0.28 665.15 58.85

Carbon = 
a.CPAb

76.715 0.610* coefficient not significant (p>0.05)

For quadratic function model, adjusted R2 is mentioned because R2 get inflated by increasing the parameters in the 
model. In the other models, R2 is mentioned since they have only one parameter. Significance levels are p< 0.05*, 
p < 0.01**, and p < 0.001***. Regression coefficients were tested for significance (p<0.05) using t test.
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were found to be significant (p<0.05) based on 
F statistics. The simple linear model was found 
to have the least error for prediction of carbon 
compared to the other function models.

Scatter plots with the linear regression 
equations

Regression equations with coefficients of 
determination are shown in scatter plots (Fig. 4) 
for the selected simple linear models. The scatter 
plots revealed that relationships between the 
parameters were weak. These plots do not show 
any distinct nonlinear pattern.

Fig. 4: Linear regressions of ΣBA, Σbiomass  
 and Σcarbon on CPA of intermingled  
 canopy trees of S. robusta

The regression coefficients of power function 
models were not found to be significant (p<0.05). 
This suggested that there was no significant 
and strong power function relation between 

the parameters. The regression coefficients in 
simple linear and logarithmic were found to be 
significant (p<0.05). However, the coefficients in 
quadratic model were not found to be significant. 
This could be because of deliberate introduction 
of collinearity between CPA and CPA2. Based on 
the lowest value of RMSE, the regression results 
suggested simple linear relationship between CPA, 
ΣBA, Σbiomass and Σcarbon separately (Table 
3).  The scatter plots of regression equations do 
not show any distinct nonlinear pattern between 
the parameters.

The CPA and ΣBA relation was found to be 
comparable with the study done by Mitchell and 
Popovich (1997). He analysed the relationship 
between basal area of trees per unit land area and 
canopy cover (%) in Ponderosa pine forest and 
demonstrated a straight line relationship between 
them below 60% canopy. Bartelink (1996) also 
found the linear relationship between CPA and 
BA of Douglas fir in single tree situation, whereas 
this study found a linear relationship between 
CPA and ΣBA in intermingled canopy trees. 
Simple linear relationship was shown applicable 
to the above-ground biomass estimation (ton/ha) 
of forest stands using BA (m2/ha) of forest stands 
(Chiba, 1998). However, there is no literature 
available that investigated the relationship 
between CPA, ΣBA and Σbiomass or Σcarbon 
in intermingled canopy situation. In order to 
explain the query, why linear relationship was 
found between ΣBA and CPA in intermingled 
canopy situation? The authors would like to 
strengthen their understanding based on field 
experiences and some logic. It is important to 
understand stand alone and intermingled canopy 
trees situation in the field. The stand alone and 
two-intermingled trees are shown in figure 5. The 
degree of intermingle has not been taken into 
account. Once tree canopies were not visible as 
stand alone (completely separated canopy from 
any other canopies surrounding to it), those were 
considered as intermingle canopy even without 
their branches considerably intermixed together 
like in the situation in figure 5. This degree of 
intermingle affects the CPA considerably but has 
no effect on the DBH.

Another important factor could be the competition 
or crowding between the trees. Trees crown 
development was found to be negatively affected 
by competition from neighbouring tree crowns 
(Larocque, 2000). It is reasonable to assume 
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that a group of intermingled canopy trees is 
similar to a stand alone in terms of competition 
and CPA. When branches of trees touch or 
intermingled with one another, they fall under 
intermingled group. Since the forest in the study 
area did not have 100% canopy cover, most of 
the intermingled trees were isolated as a group 
without competition from surrounding trees. It 
can be assumed that due to the intra competition 
within intermingled canopy trees for canopy 
expansion, they start extending canopy on edges 
in order to compensate for the overlap area. This 
is shown in figure 5 where they are extending 
their canopies even with larger area than the 
overlapped one. It is thus plausible that canopy 
area is still growing without diminishing the rate 
of growth when we consider CPA of intermingled 
group as a whole.

 (a) (b) (c)

Fig. 5: (a) Stand alone trees; (b) and (c) Two- 
     intermingled canopy trees

Following the logic mentioned in above paragraph 
for CPA and ΣBA relation, the linear relationship 
between CPA and Σbiomass or Σcarbon is 
also maintained. Further, it appears that intra-
competition in intermingled situation affects 
individual canopy area as well as diameter of 
trees.  As a result, different sizes (DBH) of trees 
are found in the intermingled group. Therefore, 
the sum of carbon of all individual trees relate 
linearly with their intermingled canopy area.

Model comparison and error in prediction of 
carbon

The difference of RMSE between the three 
regression models, viz., simple linear, quadratic 
and logarithmic in intermingled canopy trees of 
S. robusta was not large. Nonetheless, simple 
linear regression model was found to predict, viz., 
ΣBA, Σbiomass or Σcarbon with the least error 
(Table 4).

The prediction of carbon from CPA was found 
to have high error with RMSE 58.52% (Table 
4). This error increased substantially compared 
to the prediction of basal area, i.e., from 49.25% 
to 58.52% (Table 4). It is further evident that the 
use of allometric equation for the calculation of 

biomass is an important factor for this incremental 
error including the error in the vertical projection 
area of CPA in the image and CPA delineation.
Table 4: Predictive accuracy of different models  
  for intermingled canopy trees of S.  
   robusta

Models
CPA versus ΣBA CPA versus Σcarbon

R2 
(N=43)

RMSE% 
(N=29)

R2 
(N=43)

RMSE% 
(N=29)

Simple linear 0.29 49.25 0.25 58.52

Quadratic 0.29 50.40 0.25 60.62

Logarithmic 0.33 49.40 0.28 58.85

The models for CPA versus biomass are not men-
tioned as R2 and RMSE% value are same with the 
models of CPA versus carbon (Table 4).

Error in CPA delineation

A set of rule, i.e., rotating image to 180o, 
visualized in RGB 132, fixing scale at 1:250 was 
followed consistently for the manual delineation 
of CPA on low pass filtered pansharpened image. 
But precise digitisation also depends on canopy 
architecture (Browning et al., 2009). The shape 
of crown of the broadleaf species (Fig. 6) is 
very irregular compared to needleleaved trees. 
Because of irregular pattern, manual digitisation 
becomes too difficult to avoid error.

In intermingled canopy situation, where the 
crowns of two or more individual trees touched 
or overlapped, it was found difficult to identify 
from a top-down perspective whether the image 
object represent two, three or more tree crowns. 
This problem was handled with the help of 
information of sample plot location, intermingled 
canopy trees outline in the JPEG print out of 
image and the coordinates of the measured trees. 

Another important point that caused error in CPA 
delineation was the fuzziness of boundary of 
the canopy (Fig. 6) in the image. In the forest, 
reflectance of other vegetation, i.e., ground cover, 
understory shrubs, trees further creates noise for 
the reflectance of top canopy dominant trees. 
The boundary of the dominant trees is no longer 
remained crisp. We can imagine the crisp boundary 
of tree crown in the case of roadside plantation 
where trees are usually lopped, well trained and 
surrounded with man-made geographic objects. 
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The month of image acquisition also contributed 
to fuzziness of the boundary of dominant tree 
canopy. The image was acquired in November 
when the selected dominant species, which are 
semi-deciduous, start shedding their leaves. As 
the amount of leaves in the tree crown decreases, 
understory vegetation reflectance get space to 
appear in the scene. This further exacerbates the 
fuzziness of tree crown edges.

The third important point is the presence of 
shadow in the image (Fig. 6b). Mountainous 
topography further causes to increase the shadow 
in the scene. Shadow particularly obscured 
canopy area (Wulder et al., 2004) as shown in 
figures 6 (a) and (b).

Sources of error and its influence on modelling 
steps

Table 5 indicates the sources of error and its 
influence on different steps of modelling the 
relationship between CPA and above-ground tree 
carbon. Propagation of error in modelling steps 
from different sources causes poor prediction of 
carbon from CPA.

Conclusion
The above-ground carbon stock of intermingled 
canopy trees cannot be estimated by using 
manually delineated CPA from GeoEye Satellite 
Image. The simple linear regression models 
having the least error are not applicable for the 
prediction of above-ground tree carbon stock of 
broadleaved forest in hilly terrain as the models 
have poor R2 which is mainly caused by error in 
vertical projection area of tree canopy because 
of low sun angle and shadow in the scene. 
This is further exacerbated by the mountainous 
topography of the study area. In addition, manual 
delineation of CPA has been affected by the 
fuzziness tree crown boundary in the image.

Recommendations
• Local species specific allometric equation 

should be used to improve model accuracy for 
the prediction of above-ground tree carbon.

• It is recommended to validate CPA (delineated 
from very high resolution satellite images) 
using field measured CPA.

• Large dataset of tree parameters need to be 

 (a) (b) (c)

Fig. 6: (a) CPA; (b) Stand alone tree CPA digitised on filtered image; (c) The stand alone tree  
 CPA on unfiltered image

Table 5: Sources of error and its influence on modelling steps

Modelling steps Sources of error and its influence on the modelling steps

Image acquisition  High sun angle Shadow (oblique 
image)

Shadow 
(mountainous 
topography)

CPA delineation Irregular crown 
shape

Understory vegetation 
/ fuzziness of canopy 
boundary

Shadow Satellite image

CPA versus DBH Satellite  image CPA delineation
CPA versus Carbon Allometric equation CPA versus DBH 
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collected for the development of reliable 
regression models.

• Further studies are required to estimate above-
ground carbon stock of trees accurately using 
other remote sensing method like airborne 
LiDAR.
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Forests play an important role in absorbing atmospheric carbon dioxide. Broadleaf 
Forests absorb more carbon as compared to the Pine Forests. Quantification of 
carbon in any vegetation and soil type is a basic step for evaluating the carbon 
sequestration potential of an ecosystem. To quantify the vegetation and soil 
carbon stocks in Oak and Pine Forests, above and below-ground biomass of 
both forests were estimated using stratified random sampling. Individual trees in 
the sample plots of both forest types were measured. Above-ground biomass of 
trees and saplings were estimated by using different models, while the biomass 
of grass, herb and litter were calculated directly from field measurements. To 
determine the soil carbon stock, soil samples from three depth levels (0–10 cm,  
10–20 cm, and 20–30 cm) of each soil profile were collected for each sample 
plot laid out in both forest types. Total vegetation carbon stocks in Oak and Pine 
Forests were 90.37 and 24.82 Mg C ha-1, respectively. Similarly, the soil carbon 
stocks in the Oak and Pine Forests were 60.82 and 46.12 Mg C ha-1, respectively.

Key words: Carbon sequestration, soil organic carbon, vegetative biomass,  
 forest types

Carbon stocks in the Oak and Pine Forests in  
Salyan District, Nepal 

B. P. Shrestha1  and B. P. Devkota2

Forests play an important role in the global 
carbon cycle. They can be both sources 
and sinks of carbon, depending on the 

specific management regime and activities 
(IPCC, 2000). The goal of reducing carbon 
sources and increasing the carbon sink can be 
achieved efficiently by protecting and conserving 
the carbon pools in existing forests (Brown et 
al., 1996). Forest vegetation and soils share 
almost 60% of the world’s terrestrial carbon 
(Winjum et al., 1992). Vegetation and soils are 
viable sinks of atmospheric carbon (C) and 
may significantly contribute to mitigation of 
global climate change (Bajracharya et al., 1998; 
Lal, 2004). Estimating C stock under existing 
forest land, and their distribution within the 
soil profile, provides baseline data to enable us 
to project C sequestration over time (Shrestha 
and Singh, 2008). The carbon stock in a forest 
ecosystem can be broadly categorized into biotic 
(vegetative carbon) and pedologic (soil carbon) 
components. As trees grow, they sequester carbon 
in their tissues, and as the amount of tree biomass 
increases, the atmospheric carbon dioxide (CO2) 
is mitigated. About 43–50% of the dry biomass 
of trees is carbon (Malhi et al., 2002; Negi et 

al., 2003). Soil contains the major part of carbon 
in terrestrial ecosystems. Trees, both above and 
below-ground, continue to accumulate carbon 
until they reach maturity; at that point about half 
of the average tree’s dry weight will be carbon 
(Anonymous, 2004). On the other hand, trees are 
long-lived plants that develop a large biomass, 
thereby capturing large amounts of carbon over 
a growth cycle of many decades. Thus, forests 
can capture and retain large amounts of carbon 
over long periods. These stocks are dynamic, 
depending upon various factors and processes 
operating in the systems, the most significant 
being land use, land-use changes, soil erosion, 
and deforestation (IPCC, 2000). 

The carbon stock in forest vegetation varies 
according to geographical location, plant species 
and age of the stand (Van Noordwijk et al., 1997). 
Estimates of the biomass contained within forests 
are critical aspects of determination of the carbon 
loss associated with a wide range of land use and 
land-cover change processes. In order to assess 
the impact of deforestation and re-growth rates on 
the global carbon cycle, it is necessary to know 
the stocks of carbon as biomass per unit area for 
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2 Tribhuvan University, Institute of Forestry, Pokhara
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different forest types. The above-ground biomass 
and below-ground root biomass both need to be 
measured to enable better calculations of total 
forest carbon (Hamburg, 2000). Quantification 
of sequestered C in different forest types with 
different management regimes and soil profiles 
could be important for better planning of natural 
resources, and the making of good mitigation 
strategy for climate change effects. Most studies 
on carbon sequestration have focused on carbon 
stocks in different land uses (Gautam, 2002; 
Shrestha and Singh, 2008). Others have focused 
only on organic carbon stocks in different forest 
soils of Nepal (Awasthi et al., 2002; Shrestha et 
al., 2004; Sitaula et al., 2004). Nepal is a member 
of Forest Carbon Partnership Facility (FCPF), 
an innovative approach to financing efforts to 
combat climate change. Nepal is now preparing 
REDD Strategy. Carbon sequestration potential of 
different forest types under different management 
regimes need to be explored. This study quantified 
forest biomass C stocks as well as soil C stocks 
in Oak and Pine Forests of Salyan District. It 
provides baseline data for implementation of the 
REDD+ mechanism.

Materials and methods

Study area

The study was carried out in Gerupani Oak 
(Quercus spp.) Forest and Pakhapani Pine (Pinus 
roxburghii) Forest of Salyan District, Nepal. 
Gerupani Oak Forest and Pakhapani Pine Forest 
are located in Kotmaula Village Development 
Committee (VDC) Ward Number 7 of Salyan 
District. The areas of the Gerupani Oak Forest and 
Pakhapani Pine Forest are 16.91 ha and 25.85 ha 
respectively. The Gerupani Oak Forest is natural 
while the Pakhapani Pine Forest is man-made 
planted in 1997. The Pakhapani Pine Forest has 
been handed over to the local community whereas 
the Gerupani Oak Forest has not been formally 
handed over to the local community so far but, 
this forest is conserved and managed by the local 
community since 1993. The Gerupani Oak Forest 
is situated on moderate to steep slopes with 
altitude ranging from 1,950–2,100 m above mean 
sea level whereas the Pakhapani Pine Forest is 
situated on moderate to steep slopes with altitude 
ranging from 1,800–1,960 m. The Gerupani Oak 
Forest mostly lies on northern aspect whereas the 
Pakhapani Pine Forest is situated on the southern 
aspect. The soil type varies from sandy-loam 

to clay-loam and is mostly brown in color. The 
management activities undertaken in both the 
forests are cleaning, thinning and pruning.

Data collection and analysis

Sampling design and biophysical measurement

Simple random sampling with 0.6% sampling 
intensity was used to measure the forest biomass 
and carbon. Both the forests were found to vary 
with tree sizes and density. Permanent circular 
nested plots were laid out in each selected forest 
type. Within the main plot, 8.92 m radius was 
taken to measure above-ground tree biomass 
{diameter at breast height (dbh) ≥ 5 cm}, nested-
plots with 5.64 m radius for above-ground sapling 
biomass (1–5 cm dbh), 1 m radius for regeneration 
(less than 1 cm dbh) and 0.56 m radius for litter, 
herb, grass and soil organic carbon were laid 
out for collecting biophysical data (MFSC, 
2010). The dbh and total height of all the trees 
≥ 5 cm dbh were measured. Regeneration within  
1 m radius plot were counted. All the litters, herbs 
and grasses inside the 0.56 m radius plot were 
clipped and collected, and the fresh weights of the 
samples were recorded and representative sub-
samples were taken to the labouratory for oven 
drying.

Biomass and carbon pool estimation

Above-ground tree biomass and carbon

The total above-ground tree biomass was 
calculated using the equations (models) developed 
by Chave et al. (2005).

For moist forest stand,

AGTB = 0.0509* ρD2H .................. (i)
where,
AGTB = above-ground tree biomass (kg);
        ρ = wood specific gravity (g cm-3);
        D = tree diameter at breast height (cm); 
        H = tree height (m).

Above-ground sapling biomass and carbon

The following regression model was used to 
calculate biomass of saplings:

  log(AGSB) = a +b log(D) ........................ (ii)

where,
log = natural log (dimensionless);
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AGSB = above-ground sapling biomass (kg);
a = intercept of allometric relationship for 
saplings (dimensionless);
b = slope allometric relationship for saplings 
(dimensionless); and
D = over bark diameter (cm) at breast height 
(measured at 1.3 m above-ground).

Leaf litter, herb, and grass (LHG) biomass

In the case of herbs, grass, and litter, the amount 
of biomass per unit area was calculated by using 
the formula:

LHG =               ......... (iii) 

where,
LHG= biomass of leaf litter, herbs, and grass  
(t ha-1);
Wfield = weight of the fresh field sample of leaf 
litter, herbs, and grass, destructively sampled 
within an area of size A (g);
A =  size of the area in which leaf litter, herbs, and 
grass were collected (ha);
Wsubsample,dry = weight of the oven-dry sub-sample 
of leaf litter, herbs, and grass taken to the 
labouratory to determine moisture content (g); 
and
Wsubsample,wet = weight of the fresh sub-sample of 
leaf litter, herbs, and grass taken to the labouratory 
to determine moisture content (g).

The carbon content in biomass (above-ground 
tree, sapling, leaf litter, herb and grass) was 
calculated by multiplying the respective biomass 
with the IPCC (2006) default carbon fraction of 
0.47.

Below-ground biomass

The following relationship was used to estimate 
the root biomass developed by MacDicken 
(1997).

Below-ground biomass = 0.15 × above-ground  
      biomass ...............(iv)

The carbon content in below-ground biomass 
(BB) was calculated by multiplying BB with the 
IPCC (2006) default carbon fraction of 0.47.

Soil sampling and estimating soil organic 
carbon (SOC)

Soil samples were taken from 0.56 m radius 
plot. Profile was dug out at the centres of all 
the plots up to 30 cm depth. For the purpose of 
estimating bulk density, three individual soil 
samples of approximately 100 cm3, one each 
from three depths (0–10 cm, 10–20 cm, and 
20–30 cm) were collected with the help of a 
standardized 100 cm3 metal Soil Sampling Corer. 
Soil samples from three different depths were 
collected. Similarly, one composite sample was 
collected mixing soils from all the three layers 
in order to determine concentrations of organic 
carbon and then weighed at a precision of  
0.1 g. Around 100 g of composite samples were 
collected from one plot.

Soil bulk density was determined using soil 
core samples and stone correction was made as 
per Pearson et al. (2005). The corrected bulk 
density (g cm-3) was used for the estimation of 
SOC density (Mg C ha-1) and SOC stock (Pearson 
et al., 2005). Bulk density (g cm-3) denotes soil 
particles less than 2 mm diameter whereas coarse 
fragments include particles greater than 2 mm 
diameter. The density of rock fragments was 
assumed to be 2.65 g cm-3 (Pearson et al., 2005). 
The carbon stock density of soil organic carbon is 
calculated as (Pearson et al., 2007):

SOC = p × d × %C …………………  (v)

where,
SOC = soil organic carbon stock per unit area 
(Mg ha-1),
p = soil bulk density (g cm-3),
d = the total depth where the sample was taken 
from (cm), and
%C = carbon concentration (%).

Total carbon stock density

The carbon stock density of a stratum was 
calculated by summing the carbon stock densities 
of the individual carbon pools of that stratum 
except carbpn in dead wood and stumps using the 
following formula: 

C(LU) = C(AGTB)+C(AGSB)+C(BB)+C  
   (LHG) +C(DWS)+ SOC ............. (vi)
Where,
C(LU) = carbon stock density of a stratum  
   (Mg C ha-1),

Wfield  Wsubsample, dry  1
    A Wsubsample, wet 10000× ×
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C(AGTB) = carbon in above-ground tree biomass  
        (Mg C ha-1),
C(AGSB) = carbon in above-ground sapling  
        biomass (Mg C ha-1),
C(BB) = carbon in below-ground biomass  
   (Mg C ha-1),
C(LHG) = carbon in litter, herb and grass  
      (Mg C ha-1),
C(DWS) = carbon in dead wood and stumps  
       (Mg C ha-1), and
SOC = soil organic carbon (Mg C ha-1)

Results and discussion

Vegetation carbon stock

Above-ground vegatation and carbon stock

Biomass of trees varies in different plots within 
same forest and different forests due to variation 
in age and size of the trees, forest composition as 
well as tree density. The mean above-ground tree 
biomass in the Gerupani Oak Forest was found 
to be 167.21 Mg C ha-1 which was higher than 
in the Pakhapani Pine Forest (45.7 Mg C ha-1) 
(Table 1). Similarly, the LHG biomass in the 
Gerupani Oak Forest was found to be higher than 
that in the Pakhapani Pine Forest. However, the 
above-ground sapling biomass was found to be a 
little higher in the Pakhapani Pine Forest than that 
in the Gerupani Oak Forest.

Carbon stocks in above-ground vegetation in the 
Gerupani Oak Forest and the Pakhapani Pine 
Forest was found to be 78.58 and 21.37 Mg C 
ha-1 respectively (Table 1). Various factors affect 
ecosystem carbon pool, including net primary 
productivity of plants and biomass decomposition. 
Net primary productivity differs according 
to vegetation types, age of the stand and the 
surrounding environment (Shrestha and Singh, 
2008). The above-ground carbon stock was found 
to be higher in the Gerupani Oak Forest than that 

in the Pakhapani Pine Forest due to function of 
age, vegetation type, density of stand and larger-
sized trees. Shrestha and Singh (2008), Oli and 
Shrestha (2009), Shrestha et al. (2009), Baral et 
al. (2009) and Khanal et al. (2010) found more 
or less similar above-ground carbon stocks in the 
Mid-hills forests.

Carbon stocks in below-ground vegetation 
(roots)

Biomass and carbon stocks in below-ground 
vegetation (root) is shown in table 2. Below-
ground vegetation carbon stocks in the Gerupani 
Oak Forest and the Pakhapani Pine Forest was 
found to be 11.79 ± 0.43 and 3.21 ± 0.93 Mg C ha-1 
respectively. Shrestha et al. (2009) found similar 
root carbon in the community-managed Schima-
Castanopsis Forests in Palpa District. Khanal et 
al. (2010) also found more or less similar root 
carbon stocks in the community-managed forests 
in the Mid-hills of Nepal.

Table 2: Below-ground biomass and carbon  
     stock (Mean ± SE, Mg C ha-1)

Forest Below-ground 
biomass

Carbon stock in below- 
ground biomass

Gerupani 
Oak Forest 25.08 ± 0.63 11.79 ± 0.43

Pakhapani 
Pine Forest 6.82 ± 1.36 3.21 ± 0.93 

Soil carbon stock
Bulk density

The bulk density (BD) depends on several factors 
such as compaction, consolidation and amount of 
SOC present in the soil, but it is highly correlated 
to the organic carbon content (Morisada et al., 
2004). There was a large variation in the BD with 
respect to the forest types. Similarly, there was 
a gradual increase in the BD with increase in 
soil depth in both the forests, but it did not differ 
significantly across the layers of the soil profile 

Table 1: Above-ground vegetation biomass and carbon stock (Mean ± SE, Mg C ha-1)

Forest AGTB Carbon AGSB Carbon LHG 
biomass Carbon Total AB 

biomass
Carbon in AB 

vegetation

Gerupani 
Oak Forest

164.24 ± 
1.63

77.19 ± 
1.12

0.49± 
0.26

0.23± 
0.16

2.48± 
0.60

1.17 ± 
0.41 167.21 78.58

Pakhapani 
Pine Forest

43.58 ± 
3.49

20.48 ± 
2.39

0.55 ± 
0.18

0.26± 
0.18

1.34 ± 
0.40

0.63 ± 
0.28 45.47 21.37
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(p>0.05). The range of bulk density in both the 
forests based on the profile (0–30 cm) depths is 
shown in figure 1. The mean BD value ranged 
from 0.64 to 1.13 g cm-3. The minimum BD (0.64 
± 0.04 g cm-3) was found at the top soil (0–10 cm) 
in the Gerupani Oak Forest while the maximum 
BD (1.13 ± 0.05 g cm-3) at the depth of 20–30 cm 
in the Pakhapani Pine Forest (Fig. 1).

Fig. 1: Bulk densities in different depth of  
 forests

Shrestha et al. (2004) in their study from the 
Mid-hill forest of the Mardi Watershed of Kaski 
District, Nepal found relatively low BD with 
constant value of 0.7 g cm-3 in each layer of soil 
up to 40 cm depth. However, Shrestha and Singh 
(2008) found slightly higher BD values than 
those in this study in the similar forest types of 
the Mid-hills. Khanal et al. (2010) and Shrestha 
(2009) found similar bulk density values in their 
studies carried out in Palpa District, Nepal.

Soil organic carbon 

Amount of soil organic carbon depends upon 
various biotic and abiotic factors such as 
microclimate, faunal diversity, land use and 
management. Leaf litter and root litter inputs 
play major roles in forest soil carbon dynamics 
(Shrestha and Singh, 2008). The Soil Organic 
Carbon (SOC) was found to be higher at the 
upper layers and gradually decreased as soil depth 
increased (Fig. 2). The SOC stocks in different 
soil profiles of both the forests are presented 
in table 3. The total mean carbon stocks in the 
surface soil (0–10 cm) of the Gerupani Oak Forest 
was found to be the highest (23.17 ± 1.28 Mg C 
ha-1); the lowest mean carbon stock was found in 
the deeper soil layer (20–30 cm) of the Pakhapani 
Pine Forest (12.0 ± 1.55 Mg C ha-1). The carbon 
stock in each layer of the soil profile differed 
significantly in both the forests (p<0.05). The 

mean carbon stock in each soil layer of both the 
forests also differed significantly (p<0.05). The 
results indicated that with increase in soil depth, 
bulk density was found to be in increasing order 
while the SOC was found to be in decreasing 
order. Similar results were obtained by Khanal et 
al. (2010) and Shrestha (2009). The soil organic 
carbon stock in this study was comparable with 
the soil organic carbon pool values reported by 
Shrestha and Singh (2008). Shrestha and Singh 
(2008) also found lower soil carbon pool in Pine-
mixed forest than in other forest types.

Fig. 2: SOC in different depth of forests

Table 3. SOC stock in different depths of Oak  
  and Pine Forests (Mean ± SE, Mg C  
   ha-1)

Soil depth Gerupani Oak 
Forest

Pakhapani 
Pine Forest

0–10 cm 23.17 ± 1.28 20.19 ± 1.83
10–20 cm 21.12 ± 1.30 13.9 ± 1.52
20–30 cm 16.53 ± 1.29 12.03 ± 1.55
Total 60.82 46.12

Total carbon stock

Total carbon stock is the sum of above-ground 
vegetation carbon, root carbon and soil organic 
carbon. The total carbon stocks in both the forests 
are shown in table 4. The total carbon stocks in 
the Gerupani Oak Forest and the Pakhapani Pine 
Forest were found to be 151.19 Mg C ha-1 and 
70.70 Mg C ha-1 respectively. Shrestha and Singh 
(2008) have reported that the total carbon stock 
(vegetation plus soil) in the Mid-hill forests is 
139 Mg C ha-1. Similarly, Shrestha (2009) found 
the total carbon stock in the Schima-Castanopsis 
forest of Palpa District as 178.5 Mg C ha-1 and 
Khanal et al. (2010) found the total carbon stock  
in the two community-managed forests of Palpa 
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District as 168.48 Mg C ha-1 and 146.16 Mg C ha-1 
respectively. These results were slightly different 
due to difference in site quality, stand structure 
and intensity of management.

Table 4: Total carbon stock in Oak and Pine  
    Forests

Carbon stock
Gerupani 

Oak Forest  
(Mg C ha-1)

Pakhapani 
Pine Forest  
(Mg C ha-1)

Above-
ground 
carbon

78.58 (52 %) 21.37 (30 %)

Root carbon 11.79 (8 %) 3.21 (5 %)
Soil Carbon 60.82 (40 %) 46.12 (65 %)
Total 151.19 70.70

The total carbon stocks in the Gerupani Oak 
Forest was found to be 40% in soil, 52% in 
the above-ground and 8% in root (Table 4). 
Similarly, the total carbon stock in the Pakhapani 
Pine Forest was found to be 65% in soil, 30% in 
above-ground and 5% in root (Table 4). Shrestha 
(2009) reported that the total carbon stock in the 
Schima-Castanopsis Forests of Palpa District as 
74% in soil, 20% in above-ground and 6% in root. 

Conclusion

Soil offers a more promising sink for carbon 
over longer time period under forest cover. 
Total carbon stock in forest vegetation varies 
depending on forest types. The vegetation carbon 
stock was higher in the Oak Forest than in the 
Pine Forest due to the presence of larger sized 
trees, age and density of stand. The share of 
under-growth vegetation carbon was very low. 
The soil organic carbon in 0–10 cm, 10–20 cm, 
20–30 cm soil depths were found to be different. 
The soil organic carbon was higher in Oak Forest 
than in the Pine Forest due to higher amounts 
of leaf litter and under storey biomass. With the 
increase in soil depth, bulk density was found to 
have increased, whereas, the carbon content was 
found to have decreased. The average soil carbon 
comprised 52.5% of the total carbon. Both the 
forests seem to be good for vegetation and soil 
carbon stocks. 
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The study was conducted in the Pragatisil Community Forest, Kaski District, Nepal 
in 2012 to assess the regeneration status of Sal (Shorea robusta) seedlings, its 
growth and plant diversity. A plot size of 25 m × 20 m was employed for trees, 10 m 
×10 m for poles and 5 m × 5 m for regeneration. The growth parameters measured 
were dbh and height. A factorial arrangement of treatments was employed; the 
treatments being slope and aspect. The results showed that there was significant 
(p<0.05) effect of slope on dbh and basal area whereas there was no effect of 
aspect on growth parameters measured in the Pragatisil Community Forest. The 
regeneration of Sal was satisfactory (6,126 seedlings/ha), and there were 32 
plant species in this forest. As there was higher basal area per ha in the Pragatisil 
Community Forest, it is recommended to have thinning of 40% of basal area for 
enhancing growth of remaining stems.

Key words: Thinning, basal area, regeneration, diversity, structure

Regeneration,  growth of Hill Sal and plant diversity 
in Community Forest: A case study from Pragatisil 
Community Forest in Kaski District, Western Nepal 

B. K. Paudyal1

Sal (Shorea robusta) is one of the most 
important timber species of India and Nepal. 
The forest found in this region is basically 

moist Sal (Stainton, 1972; Shrestha, 1989). In 
Nepal, Sal occurs in the extended Gangetic belt, 
the Siwaliks and also at the foot-hills of the 
Himalayas. Sal forms dominant composition, 
usually greater in number (80 to 90%) than all 
the rest put together. Sal Forests in Nepal cover 
one million ha, representing more than 16% of 
the total forest of the country (GoN, 1989).

Sal Forest is dominant in the Bhabar Zone, except 
in the areas of very high rainfall, where it is 
replaced by mixed forest. It also covers most of 
the Siwalik Hills, and the duns between them. The 
maximum upper limit for its occurrence is 1,500 
m, but it is not common above 1,000 m (Jackson, 
1994). Sal forms extensive forests and is highly 
gregarious. When other factors are favourable, the 
upper limit of Sal is probably regulated to a greater 
extent by frost. In excessively dry localities, such 
as on southern aspects, it gives way to more 
xerophytic species and in waterlogged areas, it is 
unable to compete with evergreen species.

Natural regeneration is adversely affected in 
moist Siwalik Sal Forests because of external 

factors such as extensive lopping and grazing. 
The invasion of weeds and climbers takes place 
due to excessive opening of canopy by lopping. 
Fire is another problem in this region due to 
topography and dry layer of fallen leaves. The 
regeneration of Sal in moist Bhabar natural forest 
is really a problem. However, this is not the case 
for community forests as they are well protected 
from fire, grazing and lopping activities. 

The livelihood of rural people is very much 
dependent on forest products such as timber, fuel 
wood, fodder and small poles. Sal is the most 
important tree species in the Terai and also in the 
Mid-hills. It has a great potential to contribute to 
poverty alleviation by providing multiple uses. 
Forest Management in Nepal has to address this 
issue properly. For estimating sustainable future 
harvests from a given forest area in reliable 
manner, growth and yield models are prerequisite. 

Shrestha (1992), on his report on Sal regeneration, 
has stated that Sal regeneration is prolific wherever 
openings are made and protected, but protection 
of natural regeneration is more difficult than 
protection of plantations. A detailed information 
on Sal in India is provided by Joshi (1986).

1 Institute of Forestry, Pokhara, Nepal. E-mail: bimalpaudyal0@gmail.com
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Skarner (1995) has highlighted on research on 
Sal Forest management in Nepal. The author has 
reported on works by the Finnish International 
Development Agency (FINNIDA) aided Forest 
Management and Utilization Development 
Project (FMUDP) on Sal. The management trials 
by the FMUDP using large regeneration openings 
in natural forest have shown very promising 
results. The most obvious needs of forest products 
for rural people are fuelwood, fodder and timber. 
Sal can serve these multiple uses. The multiple 
use management concept can be applied for Sal 
in community forests. However, there is a need of 
growth studies in Sal Forest, especially for hills as 
most of the works have been done for the plains. 
Some works on growth of tree species have been 
published (Lamichaney, 1982). Korhonen et al. 
(1991) have reported on the diameter growth 
models for the forests of the Kapilvastu District 
to be used in the national forest inventory. The 
growth and yield models for uniform Sal Forest 
in the Bhabar-Terai in Nepal have been described 
by Rautianen (1995). However, research on Sal 
Forest management is relatively recent in Nepal 
and the growth and yield of this species also 
remain insufficiently studied. Rai et al. (1999) 
have highlighted on the ecology and growth of 
Sal in Central Nepal. Thus, this study was an 
attempt to assess regeneration, plant diversity and 
growth of hill Sal in community forests.

Materials and methods

Site selection

The study was conducted in the Pragatisil 
Community Forest of Kaski District. The district 
falls under the Western Development Region of 
Nepal.

Fig.1: Map of study site

The site selection in the Mid-hills in Kaski 
District (Fig. 1) was done in consultation with 
forestry personnels from Western Regional Forest 
Directorate, Pokhara and District Forest Office 
Kaski, Pokhara. Potential sites in the region and 
in the Kaski District were explored to match the 
research objectives. After careful study on all 
potential sites, the Pragatisil Community Forest  
at Tallo Gagan Gaunda in Kaski District was 
selected for the purpose.

Pragatisil Community Forest, Kaski

This Community Forest (CF) is situated in Ward 
No. 13 Lekhnath Municipality, Kaski District. 
The total area of the CF is 57.74 ha; the total 
number of household being 341. The forest was 
handed over as CF to the User Group in 1993, 
and the present Community Forestry Operational 
Plan (CFOP) was renewed in 2002 and 2007. 
Before being handed over as CF, the forest was 
protected and used by the local people since 1977. 
The elevation of the area is 827 m from mean sea 
level. The mean daily temperature is 20.2o C, 
and the yearly precipitation is 3,388 mm which 
is nearly 50 km from the Lumle Meteorological 
Station.

The CF has three main divisions

1. Kamardhik Forest: This forest is dominated 
by Sal as the main species with few Chilaune 
(Schima wallichii). The area of this forest is 
21.87 ha, and is now 30-year-old.

2. Rani Ban: The area of this forest is 5.20 ha. 
In 1976, Sissoo (Dalbergia sissoo) and Khair 
(Acacia catechu) were planted, and there is 
abundant regeneration of Khair. Previously, 
this area was full of natural Khair Forest. 

3. Satpatre Ban: The area of this forest is 11.25 
ha. In 1976, Sissoo and Khair were planted, 
and now, there is good regeneration of Khair. 
Previously, this area was also full of natural 
Khair Forest. 

Experimental layout

While establishing the plots, some reference 
points near the forest boundary were taken, and 
systematic sampling was carried out, the plot to 
plot distance was generally 40 m. There were, 
altogether, 20 plots established in Kamardhik 
Forest.

The treatments were aspect and slope each at 
two levels (2×2). The aspects of the terminals 
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were east and west with the slope ranging from 
25o to 40o. Thus, there were four treatments 
and five replications with 10 plots each with 
25 m × 20 m size established in the east and 
10 plots in the west. All the trees having over 
30 cm DBH were measured. Within every  
25 m × 20 m plots, a 10 m ×10 m sub-plot was 
established for measuring poles (DBH: 10–29.9 
cm) and within this, a 5 m × 5 m subplot was 
established for regeneration of Sal and other 
plant species.Within 5 m× 5 m subplot, saplings  
(>4 cm <10 cm diameter) were measured for 
diameter and height. Seedlings less than 4 cm 
diameter were recorded for regeneration.

Data collection

The growth parameters collected include 
DBHs of all the trees, heights of six trees per 
plot, regeneration of Sal and density of other 
associated plant species. DBH was measured 
using Diameter Tape and the height with the help 
of Abney’s Level. The heights of six trees (>10 
cm DBH) representing all diameter classes in the 
plot were measured.

Data analysis

The growth parameters were analyzed using MS-
Excel and SPSS. ANOVA was used to assess 
the effect of slope and aspect on the growth 
parameters. Index of dominance, Simpson’s 
Diversity Index and Shannon Index were 
calculated. For calculating density of Sal and 
other plant species, the total number of each 
species in all the plots were determined, and was 
converted into plants per ha.

Results and discussion

Diameter, height and volume growth

The effect of slope and aspect on growth  
parameters are shown in table 1. The results 
showed that slope had significant (p<0.05) effect 
on DBH and basal area only. There was no 
significant (p<0.05) effect of aspect on growth 
parameters. Table 2 indicates that the forest is 
predominantly a pole-sized one. The higher basal 
area per ha (48.67 m2) indicates high stocking per 
ha and which in turn indicates a need for thinning 
the stand down to 40% basal area. The regeneration 
of Sal was found to be 6,126 seedlings/ha which 
can be considered as satisfactory. The Mean 
Annual Increment (MAI) for DBH and height was 

0.6 cm and 0.6 m respectively.  This was based on 
the assumption by the community people that the 
average age of the stand was 30 years. Similarly, 
the MAI in terms of volume was 6.71 m3/ha.

Table 1: Effects of slope and aspect on growth  
   parameters 
A. Effects of slope

Growth 
Parameters Number F-Value Significance

DBH (cm) 325 3.184 0.005 xx

Ht (m) 113 2.004 0.071 ns

B.A. (m2/ha) 325 3.405 0.005 xx

Volume (m3/ha) 113 0.317 0.729 ns
Regeneration of 
Sal (seedlings 
number/ha)

291 0.066 0.936 ns

ns: not significant  xx: significant (p<0.05)

B. Effects of aspect
Growth 

Parameters Number F-Value Significance

DBH (cm) 325 1.302 0.274 ns

Ht (m) 113 0.002 0.998 ns

B.A. (m2/ha) 325 0.984 0.321 ns

Volume (m3/ha) 113 0.258 0.812 ns
Regeneration of 
Sal (seedlings 
number/ha)

291 0.108 0.856 ns

ns: not significant  xx: significant (p<0.05)

For assessment of the growth of Sal in the 
Pragatisil Community Forest, the results of 2007 
when the CFOP, 2002 was renewed and those of 
the present study conducted in 2012 need to be 
compared. The Operational Plan, 2002 indicated 
that there was a stand with an average DBH of 
13.95 cm whereas the present study provided a 
result of the stand with an average DBH of 18.05 
cm. These two results may not be comparable 
as the number of plots were different. However, 
the results indicated that there was roughly  
4 cm DBH increment during the last five years. 
This is for the whole stand, irrespective of the 
diameter size. Similar is the case in the case of 
height increment too. There was an increment of 
nearly 4 m height (from 13.42 m mentioned in the 
Operational Plan of 2007 as compared to 17.20 m 
in the present study) during five years interval. In 
the case of volume growth, Amatya and Amatya 
(1995) observed the MAI of 9.7 m3/ha in 5 to 
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9 years old Sal Forest in three protected areas: 
Sagarmatha National Park, Chitwan National 
Park and Banke National Park. The present 
study indicated the MAI in terms of volume as  
6.71 m3/ha in the Pragatisil Community Forest. 
This gives an indication that as the stand advances, 
the MAI in terms of volume slows down. Skarner 
(1995) reports that due to annual die-back process 
in Sal seedling, seedling height may reach just 
1 m after 10 years and 2 m only after 25 years. 
Thus, at the initial phase, slow growth seems to 
be a tendency in Sal Forest. The low figure (11) 
for saplings (>4<10 cm diameter) in the Pragatisil 
Community Forest in future.

Density and plant diversity

The results showed that the index of dominance 
was 0.41 (Sal representing 41% in the stand). The 
Simpson’s Diversity Index was 0.59 and Shannon 
Index (H) was 8.64 (Table 2) showing higher 
diversity in the forest. Pandey and Shukla (2003) 
recorded a total of 208 plant species representing 
165 genera and 72 families in a Sal Forest in 
Gorakhpur, India. Similarly, Timilsina et al. 
(2007) reported, altogether, 131 species in the 
Sal Forest of the Western Terai, Nepal. Shankar 
(2001) in a report from Sal-dominated forest in 
the Eastern Himalayan lowlands of Mahanand 
Sanctuary, Darjeeling, India observed 156 species 
in the area. In the two Sal Forests in Western 
Nepal, Gautam (2001) observed 94 and 120 plant 
species. Similarly, according to Shrestha (2005), 
Sal was found to be the dominant tree species with 
909 trees/ha in a community forest of Gorkha 
District and in Dhading District, Sal was found 

to be mixed with other species. Paudyal (2011) 
observed 58 plant species in the Sal-dominated 
Lamindanda Community Forest of Tanahu 
District. The regeneration of Sal was found to be 
satisfactory with 6,126 seedlings/ha. The results 
(Table 3) showed that in the Pragatisil CF, Sal 
with higher density 291 stems/ha was dominant. 
There were 32 plant species observed in the area, 
which showed higher species diversity in hill Sal 
forest.

Structure of forest

In the present study, the structure of the forest 
in the Pragatisil Forest showed (Table 4) that it 
was mainly dominated by pole-sized trees. The 
number of trees (>30 cm DBH) was thus 12 trees/
ha only whereas in the case of poles, it was 1595 
trees/ha. According to CFOP 2007 of the CF, there 
were 26 trees/ha and 831 poles/ha. These two 
figures could not be compared directly as the size 
and the location of the plots were not the same. 
However, the number of trees in the present study 
was found to be in increasing order but in the case 
of poles, it is in decreasing order. Thus, it may be 
assumed that during the period, many pole-sized 
trees might have turned into trees. Pande (1999) 
has reported that not only disturbance and stand 
age, but also the compactness of the stand due to 
the presence of old and big trees affect upon the 
regeneration of Sal in the moist areas.

Bellingaham and Tanner (2000), in a study in 
tropical montane forest of Jamaica, observed 
that mortality was higher on northern aspect 
while growth and recruitment rates were not 

Table 2: Summary statistics of Kamardhik Forest

Growth 
Parameters No. Range Min. Max. Mean Sum MSE

DBH (cm) 325 52.00 4.30 56.30 18.05 - 0.3351
Height (m) 113 35.70 5.60 41.30 17.20 - 0.4578
B.A.(m2/ha) 325 1.30 0.01 1.31 0.1497 48.67 0.0064
Volume(m3/ha) 113 26.90 0.14 27.04 1.78 201.30 0.2585
 Regeneration 
of Sal(seedlings 
number/ha)

291 6,126

Spp. Density 
(stem number/
ha)

703

Note: Index of dominance-0.41, Simpson’s Diversity Index-0.59, Shannon Index-8.64
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significantly different among positions (north, 
south and hill ridgetop). The effect of slope on 
diameter and height growth was shown by Robert 
and Moravie (2003) whereas there was no effect 
of slope and aspect on ground cover (Sabhasri 

and Ferrel 1960). Basnet (1992) reported that 
trees were significantly related to topographical 
variables. Similarly, according to Yang et al. 
(2006) temperature, aspect, precipitation and 
soil thickness all significantly influence forest 
growing stock.

The present study had some limitations. The study 
was carried out only for one time, and as such, the 
increment part could not be assessed. However, 
the information can give an idea on the effect of 
slope and aspect the growth of Sal Forest. The soil 
properties on various slopes and aspects might 
also have effect on growth status. This factor was 
not considered in the present study.

Table 3: Density of plant species

S.N. Local Name Botanical Name No. of Species/ha Regneration/ha

1. Sal Shorea robusta (T) 291 6126
2. Latikath Cornus oblongum (T) 6 126
3. Chilaune Schima Wallichii (T) 39 821
4. Bhant ClerodendronViscosum (S) 9 189
5. Sindure Mallotus phillippinensis (T) 7 147
6. Gindari Premna antegrefolia (T) 7 147
7 Kantkari Solanum xanthocarpum (H) 1 21
8. Botdhairo Lagerstroemia parviflora (T) 7 147
9. Khirro Sapium insigne (T) 5 105
10. Ankhatare Trichillia connaroides (T) 2 42
11. Nilkanda Duranta repens (S) 2 42
12. Bilaune Maesachisia (T) 3 63
13. Jamun Syzygium cumini (T) 9 189
14. Amala Phyllanthus emblica (T) 1 21
15. Areli Hypericum cordifolium (S) 2 42
16. Arkhu Acacia intsia (T) 6 126
17. Nundhiki Osyris santalaceae (T) 13 274
18. Rudilo Pogostemon benghalensis (S) 2 42
19. Kharseto Phyllanthus parvifolius (S) 1 21
20. Tiju Picrasama javanica (T) 2 42
21. Archal Anfidesma spp. (S) 15 316
22. Githa Dioscorea bulbifera (C) 110 2316

Unidentified plant 
species (10)

163 3,438

Total 703 14,797

Note: T-tree, S-shrub, C-climber

Table 4: Structure of the forest stand
DBH class (cm) Number of stems/ha

0–10* 58
10–20 1153
20–30 442
30–40 10
40–50 1
50–60 1

Note-*signifies saplings greater than 4 cm diameter
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Conclusion 

In the Pragatisil CF, the slope had significant  
(p<0.05) effect on DBH and basal area whereas 
aspect did not have any significant  effect on  the 
growth parameters. 
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Dualistic development and economic benefits: Experience 
from Community Forestry in Nepal

A. R. Sharma1* and R. B. Dangi1

Almost one third of the forest areas (1.71 
million hectares) throughout Nepal 
has been handed over to the local 

communities as community forests for ensuring 
the communities primarily to fulfill their basic 
needs of forestry products, besides their active 
participation on conserving biodiversity, and 
instigating social development at local level. 
More than 18,000 Community Forest User Groups 
(CFUGs) have been managing forests throughout 
the country and implementing different 
programmes related to forest conservation and 
livelihoods improvement. With wide spread 
community forestry, there is dilemma regarding 
further development of community forestry: 
Should the future course be “traditional sector 
enrichment” or “modern sector enlargement”? 
With this backdrop, the authors resort to give 
introduction of this paper to our readers.

This paper analyses how community forestry 
can affect income distribution in a dualistic 
economy when aid to one sector induces effect on 
the other. It further discusses how development 
fund should be channeled in community forestry 
keeping in mind the dualistic development. The 
economy is comprised of a modern sector mainly 
concentrated in urban areas and have export 
focus while traditional sector is predominated by 
agriculture often termed as “backward sector”. 
Suppose, a development fund originating from 
the national treasure or from foreign aid mainly 
streaming from development partners, is made 
available for use in either of the two ways in 
community forestry: (1) to expand production 
and employment in the economy’s modern sector 
(a process termed as modern sector enlargement) 
for hypothetical example: AUSAID assistance 
to establish a pole treatment plant at Panchkhal 
in Kavre District of Central Nepal with export 
focus or (2) to enhance productivity in the 
domestic sector (a process termed as traditional 
sector enrichment, for example, say DFID 

support to improve agriculture through the use of 
compost making use of leaf litters collected from 
community forests).

This paper dwells on the possible effect on 
income distribution on dualistic development and 
without spearheading a specific approach, intends 
to garner a policy discourse on the stylized and 
dualistic development approach in community 
forestry.

Nepal’s ex-Finance Minister in his budget speech 
of Fiscal year 2013–14 has vowed to transform 
Nepal into a developing country by the year 
2022, that demands a renewed dialogue on future 
pathway of community forestry (GoN, 2013).

Methodology

This paper is mainly based on the field experiences 
of the authors, who worked in different districts 
of Nepal at the initial development stages of 
community forestry. The two examples, namely 
pole treatment plant and compost making using 
the leaf-litters are two case studies that represent 
modern sector enlargement and traditional sector 
enrichment respectively. The paper is mainly 
based on the stylized typology used by Gary 
(1992) and is based on the theoretical framework, 
mainly to assess impact of dualistic development 
on income distribution.

Discussion

As already mentioned, in this short paper, 
the authors have used Gary Fields’ stylized 
development typologies (Todaro and Smith, 
2004) to explain shifting of Lorenz curves and 
consequent impact on income distribution:

1. The modern-sector enlargement typology 
in which two-sector economy develops by 
enlarging the size of modern sector. While 
maintaining constant wages in both sectors 
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as depicted by the Lewis model, the authors 
have attempted to assess effect on income 
distribution, eg. development of enterprises 
or rapid industrialization due to forward and 
backward linkages of community forestry 
development in Nepal; one real example of 
modern sector enlargement in community 
forestry is presented in box 1. 

2. The modern sector enrichment growth 
typology, in which the economy grows but 
such growth is limited to a fixed number 
of households in modern sector, with both 
the numbers of farmers and their incomes 
held constant in the traditional sector, eg. 
development of industries like saw-mill due 
to forward linkages of community forestry.

3. Traditional sector enrichment growth 
typology, in which all the benefits of 
growth are divided among traditional 
sector households, with little or no growth 
occurring in the modern sector. This process 
roughly describes the increased production 
of cereal crops and livestock due to increased 
availability of farm-inputs (leaf-litters, fodder 
etc) from the community forests. It helps in 
policies focused on achieving substantial 
reductions in absolute poverty even at very 
low incomes and with relatively low growth 
rates.

Box 1: ChaubasBhulmu Saw Mill

Chaubas-Bhulmu Community Saw Mill, which 
was established with Australian assistance in 
1996. The sawmill figured as an exemplary forest 
management in the book “In search of excellence” 
published by FAO. However, in less than a decade, 
the mill became dysfunctional. Nevertheless, the 
mill provided a total employment of 13,308 man 
days and US$ 15,243 in wages from 1997 to 2004 
(Timsina, 2005).

Reflections

The authors have attempted to use three stylized 
cases and Lorenz curves to demonstrate the 
validity of the following propositions. They have 
just reversed the order presented above.

1. In the traditional-sector enrichment typology, 
growth in the traditional sector results in 
higher income of farming households. It leads 
to a more equal relative distribution of income, 
and that culminates into reduced poverty. 
Thus, the traditional-sector enrichment 
growth ultimately causes Lorenz Curve to 
shift uniformly towards the line of equality. 
It shifts closer toward the line of equality, as 
portrayed in figure 1 which explains reduced 
poverty with traditional sector enrichment.

Percentage of income recipient households

Fig.1: Traditional-sector enrichment and  
 consequent poverty reduction
 (Modified from Todaro and Smith,  
 2004)

2. In the modern-sector enrichment growth 
typology, growth results in higher incomes of 
households in urban areas. However, it leads 
to a less equal relative distribution of income 
among the urban and rural sector. It will 
produce no change in poverty. Modern-sector 
enrichment growth causes the Lorenz Curve 
to shift downward and farther from the line of 
equality as shown in figure 2. This aggravates 
inequality with households with lower scale of 
income and having reduced share of income 
which will either have no effect or aggravate 
poverty.
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Percentage of income recipient households

Fig. 2: Modern-sector enrichment with no  
  change in poverty or even aggravated  
  poverty (Modified from Todaro and  
  Smith, 2004)

3. Finally, in the case of modern-sector 
enlargement growth propelled by Lewis, 
absolute income of the urban household rises 
sharply, and absolute poverty in urban locality 
is reduced. However, the Lorenz Curve will 
always cross somewhere in the midway so 
that we cannot make unambiguous statement 
about the changes in relative inequality 
among the households. The inequality in 
income distribution may improve or worsen 
at the long run. According to Fields, if this 
style of growth experience is predominant, 
inequality is likely first to worsen in the early 
stages of development and then to improve at 
later stages which is more similar to Kuznets’ 
inverted U hypothesis. The crossings of 
the Lorenz Curve as suggested by Fields is 
demonstrated in figure 3.

Percentage of income recipient households

Fig. 3: Modern-sector enlargement with initial  
 aggravation and subsequent reduction  
 of poverty

We can give the explanation for the crossing of 
the Lorenz Curves in figure 3 as follows: 

The poor households who remain in the 
traditional sector have their incomes unchanged, 
mainly because there are no investments of 
development fund in this sector. Hence, these 
incomes now represent a smaller fraction of the 
larger total income accrued due to modern sector 
enlargement. So the new Lorenz Curve, L2 , lies 
below the old Lorenz Curve, L1, at the lower end 
of income distribution scale. Each modern-sector 
household receives the same absolute income as 
before, but now the share received by the richest 
income group is smaller than before. It explains 
why the new Lorenz curve lies above the old one 
at the higher end of income distribution scale.  
Hence, it can be safely interpreted that somewhere 
in the middle of the distribution, the old and new 
Lorenz Curves must cross each other.

Conclusion
These three typologies offer different predictions 
about what will happen to inequality in the course 
of economic growth in community forestry. 
With modern-sector enrichment, inequality 
would rise steadily, while under traditional-
sector enrichment, inequality would fall steadily 
and under such circumstances, allocating the 
development fund for purposes of traditional sector 
enrichment might be a better option. In contrast, 
under modern-sector enlargement, inequality 
would first rise and then fall. If this admittedly 
highly-stylized process of development were 
occurring, we would not be concerned about 
the temporary rise in inequality for two reasons. 
Firstly, in addition to being temporary, it would be 
reflecting a process rather than the phenomenon 
itself. Secondly, increased resources availed due 
to community forestry will result in a situation 
in which the member households of forest user 
group are, one by one, achieving incomes above 
the poverty line.

These observations tell us that we have to come 
to conclusion that inequality is bad in general 
sense. In particular, in some cases, inequality may 
increase on temporary basis as we have observed 
in the case of modern-sector enlargement growth. 
It is due to the causes that will eventually 
make everyone better off and ultimately lower 
inequality in the long run. On the other hand, 
with modern-sector enrichment growth, the 
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increase in inequality is not later reversed, and 
the poorest households of the forest user group 
do not escape from their poverty. As a result, 
we need to be careful about drawing conclusion 
from short-run changes in economic statistics of 
community forestry before we get insights about 
the underlying changes in the real economy that 
have given rise to these statistics. The process 
of modern-sector enlargement growth suggests 
a possible mechanism that could give rise to 
Kuznets “inverted-U” hypothesis which has 
been established in the course of development; 
however, the hypothesis itself is disputable.

Different theoretical perspectives on dualistic 
development suggest different ways of allocating 
such a development fund. Those who follow 
Lewis, Fei and Ranis, Jorgenson and others 
might tend to regard modern sector as the leading 
sector and the trade as the engine of growth. If 
this path is followed establishing a sawmill or 
pole treatment plant at Panchkhal can be a good 
option to be pursued in community forestry. The 
underlying assumption is that the best use of 
additional development resources is to stimulate 
the modern sector, thereby achieving export-led 
growth. While the others believing traditional 
sector enrichment would tend to argue just 
opposite. If we follow Schultz and Adelman, 
we are inclined to believe that traditional sector 
(agriculture) has been deprived of resources 
and availability of community forests and will 
complement the resources need of this sector. An 
influx of development fund in traditional sector 
would have a higher marginal product than in the 
modern sector besides reducing risk of higher 
unemployment (search unemployment) in the 
latter sector due to crowding effect. It ultimately 
leads to aggravating unemployment in urban 
areas while simultaneously lowering output in 
rural areas.

Those who favor Panchkhal pole treatment plant 
and advocate development resources to the modern 
sector tend to presume that economic growth is 
best achieved by shifting the locus of economic 
activity towards modern sector activities. The 
crux of development of modern sector lies on 
a number of assumptions: the marginal product 
of additional resources allocated to the modern 
sector is high; the labour required for production 
expansion is available; the additional products 
have market; merely little output is foregone, and, 
finally, job opportunities will attract job seekers 

that aggravate unemployment.

At the other end of the spectrum, the proponents 
of DFID’s compost making training to the farmers 
to enhance agriculture, presume that economic 
growth is best achieved by targeting economic 
activity in traditional sector which is starving for 
additional resources. The cruxes of argument; 
marginal product of additional resources allocated 
to the traditional sector is high; plenty of labour 
available (underemployment); increased agri-
products have multiplier effect on the local 
economy; market is ensured and investment in 
agriculture ensures holistic development of the 
economy.

The preferred allocation of development resources 
between sectors visibly depend on the amount 
of modern sector enlargement and traditional 
sector enrichment that could be achieved under 
alternative resources allocations and structure of 
labour market. One of the practical significances 
of initiating such a discussion is as follows: Using 
additional development resources to expand 
modern sector exports and employment is most 
efficient when marginal product of the capital in 
modern sector is high and trend of migration is 
low. At the other paradigm, when the marginal 
product of capital is higher in the traditional 
sector as compared to modern sector and  
wide-spread unemployment/underemployment, 
allocating development fund for enrichment of 
the traditional sector might be a better option.

On the eve of sixth national community forestry 
workshop, a policy discourse is much needed for 
the destination of community forestry: traditional 
sector enrichment or modern sector enlargement? 
It requires discourse and, perhaps, only the 
stakeholders of community forestry will be able 
to direct - an answer at this point is beyond the 
scope of this paper.
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