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Abstract 

Frequent forest fires in dry season are shaping forest vegetation and landscape in different parts of 

Nepal and cause great loss to the forest ecosystem. The main objective of this study was to to 

analyze impact of forest fire on species composition and carbon dynamics of Shorea robusta forest 

of burnt and unburnt forest in Chure region of Butwal area. Identification and selection of burnt 

areas were done based on historical ground fire data in conjunction with satellite remote sensing 

data provided by ICIMOD and Department of Forest and Environment, Nepal. The species 

composition, diversity indices and regeneration status of trees, saplings, seedlings, shrubs, and 

herbs in two different forests were conducted by systematic random sampling methods. Average 

vegetation carbon stocks of burnt and unburnt forest were calculated manually. Soil samples were 

collected by soil core methods from different soil depths (0-2, 2-10, 10-30, 30-60cm) to measure 

soil parameters like soil pH, bulk density, soil organic carbon and soil charcoal stocks. In burnt 

forest, Shorea robusta and Lagerstromia parviflora were dominant, with Terminalia alata, Careya 

arborea, etc. as associates’ species whereas S. robusta and Anogeissus latifolia were dominant 

with Tectona grandis, Mallotus philippensis etc. as associates in unburnt forest tree layer. The 

value of Shannon-Wiener diversity index (1.80) and Margalef’s species richness index (2.94) were 

higher in unburnt forest for tree layer. The average density of S. robusta was 749.71±25.15 (in/ha) 

and 1031.79±36.284 (in/ha) for unburnt and burnt forest, respectively. The average height of S. 

robusta was recorded 19.16±0.249m and 16.289±0.211m for unburnt and burnt forest respectively 

whereas average DBH was 0.412±0.011 m and 0.371±0.163m respectively. The total vegetation 

carbon stocks were 200.38±22.69 t/ha and 233.72±29.63 t/ha in burnt and unburnt forest 

respectively. Mean soil pH of burnt forest was (6.02 to 6.13) and unburnt forest range from (5.05 

to 5.53). For bulk density, mean minimum value (0.85±0.038 g/cm3) was recorded in topsoil of 

burnt forest and mean maximum value (1.05±0.01g/cm3) was recorded in unburnt forest at the 

depths of 30 cm above. Total soil charcoal stock (SCS) was higher (35%) in the topsoil and lower 

(2%) in >30cm depth. The SOC was highest (251.90±10.73t/ha) at topsoil followed by 

(226.52±8.53 t/ha) at 0-2cm depth of burnt forest. Present study suggested that forest fire was 

essential to maintain the species composition, diversity, as well as soil organic stock in burnt forest 

of S. robusta.  

Keywords: Chure, diversity, forest fire, regeneration, soil organic carbon,  
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CHAPTER 1: INTRODUCTION 

1.1 Background 

Forest fire is one of the major issues all over the world as it possesses possible threats to affect 

vegetation structure, soil behavior, animals, and microorganisms (Kafle, 2006). Fire plays an 

essential role in human life as well as wildlife and balances the ecosystems (Reddy et al., 2008). 

Severe burning and increased temperature are usually outcomes of the type and extent of fire 

(Certini, 2005). On the one hand, prescribed burning is currently being used by 

various countries as a management tool to reduce fuel load, enhance forest habitat, and repair 

the composition and function of the ecosystem. Normally, prescribed fires give desirable 

results if applied scientifically, but forest fires destroy the forest. (Elliott et al., 2009). On the 

other hand, forest fires are an important phenomenon that not only threatens forest richness. 

but also, to the fauna and flora seriously altering the biodiversity of a region. Forest fire is the 

principal disturbance factor in the forest community and organizes the abiotic and biotic aspects 

of the forest, shaping landscape diversity and manipulating the flow of energy and 

biogeochemical cycles (Weber and Flannigan, 1997). During the dry summer season, when 

there is no rain for months, the forests become littered with dry senescent leaves and twigs, 

which could burst into flames either naturally or sometimes by anthropogenic causes (Galdos 

et al., 2009).  

Globally, fire can participate in maintaining characteristic environments and human 

community. Although forest fire is one of the chief reasons for the loss of biodiversity, 

degradation of the environment also plays an imperative part in shaping forest and climate 

change (Kodandapani, 2001). But the degree of effectiveness of blaze in the landscape is 

largely determined by the mode of fire. Forest fire is used comprehensively to encourage the 

restoration of vegetation for livestock in the hilly areas. Occasionally some forests depend on 

blazing for regeneration, others are prone to severe damage as burning can escort to the loss of 

native species, changes in the composition of forest, succession stages, and activate generous 

changes in the functions of the ecosystem (Jackson and Moore, 1998). In the context of the 

world, man-caused fire is more common than natural fire. It is proved that there were 25% 

accidental and 75% intentional causes of the fire (Jhariya et al., 2012). 

Species composition provides the essential description of the character of vegetation in a forest. 

It can be expressed either on an individual species basis or by species groups that are defined 

according to the objectives of the inventory (Barbour et al., 1987). The relative contribution of 

a species also signifies its dominance in the vegetation and its ability to capture resources 
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(Barbour et al., 1987). Biodiversity is the formation of an ecosystem that is comprised of 

several levels for example: starting with genes, the individual species, then communities of 

creatures with various life-forms and regeneration strategies with physical and chemical 

components of the environment (Rawat et al., 2015). Species composition of an area can be 

altered by various factors including natural disasters, anthropogenic causes, and fire. 

Forest fires not only reduce much of the fallen trees to ash, but it also provides nutrients that 

are used by seedlings or new growing trees to nourish themselves and help in the formation of 

the new ecosystem (Pausas et al., 2005). When fire burns through a forest, the natural recovery 

effort begins immediately. However, Forest fire plays a natural and useful role in the life-forms 

present in the ecosystem. Similarly, fire can also be one of the devastating long-term effects on 

ecosystems as frequent and large-scale fires, affect many forests and peatlands around the 

world (Almendros et al., 2003).  

The fire-affected areas support more herbaceous vegetation as compared to the unburnt areas 

because of a reduction in competition for space and resources (Keith et al,.2010). This is a 

pointer to the fact that some species were lost to burning and replaced by some relatively fire-

tolerant species. The fire-tolerant species are adapted to burning by prolific production of 

coppices hence the higher values of multi stemming in the burnt forest as compared to the 

unburnt forest. Marrinan et al., (2005) observed that resprouting was more common in burnt 

forests than in unburnt forests in a study in Australia. Prior et al., (2009) suggests that an 

increase in the frequency or severity of fires is likely to change the tree density and basal area 

of savannas in North Australia. Another factor that could affect the impact of fires on the 

density of trees is tree clustering. For instance, Groen et al., (2008) found that clustering 

reduces the damaging effect of fire on trees in African savannas. 

Forest fire plays a natural and useful role to complete the life cycle of a forest and its ecosystem. 

Certain plants, like Sal trees, pine trees, the giant sequoia cannot grow unless exposed to fire. 

Without fire, sequoia seeds cannot germinate, and certain types of flowers are unable to bloom 

(Vega et al., 2008). The role of fire in maintaining species diversity is probably the most recent 

development in the understanding of ecosystems events. During the last decade, many 

countries have experienced extremely severe wildfire episodes. The tropics lost around 12 

million hectares of tree cover in 2018, of which 3.64 million hectares were primary forest, the 

most biodiverse and carbon-dense type of forest (Hansen and Jerram, 2019). According to 

them, tree cover loss by fire in Amazon, Africa, and Indonesia in 2018 was down nearly by 30 

per cent as compared to tree loss in 2016.  

https://news.mongabay.com/2019/04/the-world-lost-a-belgium-size-area-of-old-growth-rainforest-in-2018/
https://news.mongabay.com/2019/04/the-world-lost-a-belgium-size-area-of-old-growth-rainforest-in-2018/
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The storage of carbon mostly on the forest floor and under the ground is called soil carbon. Its 

amount depends on the above-ground input received from leaf litter and on the decomposition 

of fine roots below ground (Rasse et al., 2006). The recycling of the plant’s carbon in the soil 

system also depends upon macro and micro faunal activity and on litter quality. Carbon fixed 

within plant biomass ultimately enters the soil, where it may reside for hundreds of years 

(Patterson et al., 1987). Fire also impacts physical, chemical, and biological components of 

soil in both beneficial and detrimental ways that can affect long-term forest productivity. Soil 

nutrients such as N, P, K and Ca are usually tied up in the organic matter. All are released in a 

pulse at the burnt forest and leached into the soil, which increases availability to plants and soil 

microorganisms (Almendros et al., 2003). 

Soil carbon is an important part of the terrestrial carbon pool (Lal and Kimble 1997) and soils 

of the world are potentially viable sinks for atmospheric carbon and may significantly 

contribute to the mitigation of global climate change (Kirschbaum 2000; Bajracharya et al., 

1998; Lal et al., 1998; Lal et al., 1995). It is estimated that the world’s soil contains about 1500 

Gigaton (GT) of organic carbon to a depth of 1 meter and a further 900Gt from 1-2m. However, 

the soil is deteriorating at an alarming rate in developing countries like Nepal due to land-use 

change (IPCC, 2000) and lowering carbon sequestration.  

Forests sequester carbon from the atmosphere, however, disturbances such as fire play a vital 

role and affect total carbon sequestration. Fire can influence the carbon cycle either by emission 

of CO2 to the atmosphere during a forest fire or conversion of forest biomass into char and 

charcoal after the fire. After the fire, the incomplete combustion of plant material produces 

charcoal fragments of various sizes. Some of these fragments are incorporated into soils of the 

burnt forest, while other fragments are carried away by wind or water, in some cases to later 

settle on the surface of a lake or wetland (Horn and underwood., 2014), adding to another long-

term carbon pool (Suman, 1984).  

The previous research suggested the importance of charcoal in soils and sediments for the 

documentation of past fires and to understand long-term relationships between fire, climate, 

and human activity (Hart et al., 2008; Berg and Anderson, 2006; Whitlock and Larsen, 2001; 

Horn et al., 2000; League and Horn, 2000; Sanford and Horn, 2000). Charcoal stored in the 

soil also represents one of the ways by which carbon is stored in the form of the reservoir 

because charcoal does not easily recombine with the oxygen and form CO2 (Druffel, 2004; 

Fearnside et al., 2001; Seiler and Crutzen, 1980). This charcoal is characterized by a high 



4 
 

concentration of carbon and high resistance to natural degradation processes (Foereid et al., 

2011; Kuhlbusch and Crutzen, 1995). 

Nepal suffers severely from crawling and crown fire (Parajuli et al., 2015). According to a 

report, Nepal commonly experiences some small forest fires each spring, which is the end of 

the dry season. However, conditions during the fall and winter of 2008 and 2009 were 

unusually dry, and fires set by poachers to flush game may have gotten out of control (Parajuli 

et al., 2015). 268,618 hectares of forest were damaged by the fires in the period from January-

May 2016 in Nepal. According to the Federation of Community Forestry Users Nepal 

(FECOFUN), 50 districts were impacted, and 12,000 community forests were damaged in 2016 

(ICIMOD Fire report, 2017). In Nepal, wildfire incidences and burnt areas were sharply 

increase from 2000 to 2016. Overall recorded wildfire incidences were 35,374 times and the 

burnt area was 1,723,920 ha from 2000 to 2016 in Nepal (Bhujel et al., 2017). 

Nepal represents the confluence of both eastern and western flora which in terms of its floristic 

composition can be divided into three regions viz. eastern, central, and western. The present 

study area i.e., Butwal represents the western region of the country. Nestled in the laps of 

foothills of Chure range Butwal silently sprawls over the tropical plain. From the ecological 

point of view, the Butwal area can be regarded as an ecotone, reflecting the juncture of lower 

sub-tropical and tropical vegetation. Despite of the overall importance of the area, seasonal 

forest fire has been also noticed along with the loss of biodiversity. However, there was lack 

of quantitative data that can estimate the actual loss of biodiversity or overall scientific 

processes and the possible reasons impacted by seasonal fire events. In this background present 

research work has been designed to study the impact of fire on species composition and carbon 

dynamics and compared the same phenomenon with the areas not experienced with past fire 

events.  
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1.2. Justification 

Forest fire is the principal disturbance factor in the forest community and organizes the abiotic 

and biotic aspects of the forest, shaping landscape diversity and manipulating flow of energy 

and biogeochemical cycles. Ecological impacts of forest fires as well the comparative and 

qualitative study of forest fire between burnt and unburnt forests are rarely studied. Forest fire 

and its impact on the nutrient cycle could contribute for a better understanding of forest 

ecosystem. Especially during the dry season, in Chure range of the Butwal area forest are 

frequently burnt, but in another forest (Basantapur area) of Chure range forest are mostly 

unburnt. Species composition and soil carbon dynamics of the burnt and unburnt forest may 

provide scientific information about the fire ecosystem. Forest fires play a natural and useful 

role to complete the life cycle of a forest and its ecosystem. Certain plants, like Sal trees, pine 

trees, the Giant Sequoia, cannot grow unless exposed to fire. The role of fire in maintaining 

species diversity is probably the understanding of ecosystems events. Because of frequent fires, 

forests in the study forest do not have a well-developed understory. The abundance and carbon 

content of charcoal was also found to vary through the forest. Uncertainties are remaining 

regarding the carbon content. Various species show a wide variety of sensitivity and resistivity 

against fire on the forest floor. The main purpose of this study is to know the comparative 

ecological impacts of forest fire between the burnt and unburnt forests. This research will not 

only be new in this study forest but also might be helpful to predict their community- or 

ecosystem-level functions and processes.  
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1.3 Research questions   

 

• What is the status of species composition, diversity indices, regeneration status of 

Shorea robusta forest between burnt and unburnt forest? 

• How do tree carbon stock and soil parameters (Soil pH, SOC and SCS) vary between 

burnt and unburnt forests? 

 

1.4 Research Objectives  

 

Based on the previous literature and developed research questions, the following objectives 

were set up to achieve the goal for the present research work: 

 

General objective  

• To analyze the species composition, tree carbon stock and soil carbon dynamics 

between the burnt and unburnt forest of church forest of Butwal. 

 

Specific objectives  

• To determine the IVI and diversity indices in both burnt and unburnt forests. 

• To determine regeneration status of dominant plant species in both forests.  

• To determine tree carbon stock in the burnt and unburnt forests. 

• To determine soil organic carbon, bulk density, char content and pH from the various 

depths of soil profile. 
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CHAPTER 2: LITERATURE REVIEW 

Fire has been central to terrestrial life as it is the core of various ecological processes on the 

earth. (Cochrane et al., 2009). Humans use fire to manage natural vegetation to favour specific 

species succession, to conserve the ecosystem and decrease the risk of wildfire occurrence from 

various centuries. (Bond and Van Wilgen 1996). In the South Asian context, an intentional fire 

caused by man is more common than natural fire which is used comprehensively to encourage 

restoration of vegetation for livestock in the hilly areas. (Tiwari et al., 1986).  
 

Trees and shrubs are probably more susceptible to fire at the end of the dry season when 

the plant’s moisture and food reserves are depleted due to new spring growth (West,1965). 

Regeneration of plants is generally controlled by various anthropogenic pressures such as 

felling, grazing, trampling, fire etc. (West et al., 1981). The scientific literature shows that 

organic matter is strongly related to the stability of the structure and bulk density, and it is a 

well-known aggregate stabilizing agent in soils (Hillel, 1982). The rate of recovery depends on 

the extent of damage sustained by the plants, the method of regeneration and the favorability 

of the postfire environment and the temporal distribution of rainfall (Frost and Robertson, 

1987).  

Generally, seeders are expected to regenerate well after the fire, but fewer resprouting species 

may sprout following high-intensity fires, since high levels of soil heating may damage tissues. 

Although sprouts can reproduce from the seed bank, most species only produce a few seeds 

that are intolerant of heat exposure (Keeley, 1991). 

The key stages of population can provide the structure and viability of the species in the 

community and ultimately the regeneration can provide the idea for the management and 

conservation of rare and endangered species and habitat (Boyce, 1992). Fire, a major 

disturbance factor, is regarded as an essential determinant of the structure and function of 

savanna vegetation and acts to modify broad patterns set primarily by rainfall and edaphic 

factors (Scholes and Walker, 1993).  Areas with similar climate (mean temperature and 

moisture conditions) can have very different fire regimes because of different frequencies of 

extreme weather conditions (short, hot, dry periods), different lightning frequencies, different 

fuel properties of the vegetation, or differences in the frequency of natural firebreaks such as 

large rivers or barren areas (Bond and Van Wilgen 1996). Bond and Van Wilgen (1996) 

concluded that fire is a very general and influential ecological phenomenon. Fires are driven 

by biotic and abiotic factors that dictate their temporal (seasonality and frequency), spatial (size 

and patchiness), and magnitude (intensity, severity, and type) components (Van Wilgen 
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and Scholes, 1997;  Pyke et al., 2010). Fire as a management tool has caused dramatic changes 

in the structure and function of ecosystems (Lavorel et al., 2001). A forest burn affects many 

aspects of ecosystem function from nutrient cycling, to grass productivity, to tree recruitment 

(Bond and Keeley, 2005;  Prior et al., 2009).  
 

Fire enhances the productivity of ecosystems by releasing chemicals and nutrients locked up 

in the old herbage, but the uncontrolled fire destructs the micro-flora and micro-fauna in the 

topsoil and litter layers in forests could have impacts on the organic decomposition and soil 

fertility (Kodandapani, 2001). Fire enhances the productivity of ecosystems by releasing 

chemicals and nutrients locked up in old herbages these results in the regeneration of seedlings 

who benefited from a forest fire (Kodandapani, 2001). The vegetation and the species 

composition of a forest are the decisive factors for a forest fire. Tree species diversity in the 

tropics varies dramatically from place to place (Pitman et al., 2002). 

The intensity of the changes produced in the physical and chemical characteristics of the soil 

depends on the temperatures reached different soil depths, the time of residence of temperature 

peaks, and the stability of the different soil components (González-Pérez et al., 2004; Terefe 

et al., 2008). Low severity burning does not importantly affect soils, severe burning can affect 

a wide range of soil properties (e.g., nutrient availability, pH, organic matter content, texture, 

structure, etc.) (Certini, 2005).  

Carbon emissions and carbon recovery rates vary widely depending on variables such as pre-

fire vegetation composition and structure, fire severity and size, and post-fire productivity and 

successional trajectory (Kashian et al., 2006; Wiedinmyer and Neff, 2007; Campbell et al., 

2008; Meigs et al., 2009). Plants then release carbon dioxide into the atmosphere along several 

pathways, including respiration, decomposition, and smoke emissions from fires that consume 

plant tissues. Forests contain large reservoirs of carbon (i.e., carbon sinks) and facilitate flows 

of carbon from the atmosphere to the biosphere (i.e., carbon sequestration), they are an 

important component of the global carbon cycle and are thought to have the potential to 

mitigate climate change (Ingerson, 2007; Pan et al., 2011). The carbon sequestration potential 

of Earth’s forests is about 33% of global anthropogenic emissions from fossil fuels and land 

use (Denman et. al., 2007).  
 

Seasonally, carbon uptake rates are highest during periods with sufficient radiation and 

moisture to maximize photosynthesis (Baldocchi, 2008). Variations in the soil's organic matter 

content after burning depends both on the soil temperature reached and on the soil heating rate. 

Fire-induced changes in soil properties can have an impact on soil productivity of burnt areas, 
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in some cases in an irreversible way (Robichaud, 2009). Regarding forest soils, not only there 

is more organic matter content but also a more humid understory since forests tend to benefit 

from the accumulation of water by the hydrophilic qualities of organic matter in direct relation 

to the edge effect (Hoffmann et al.,  2009).  
 

Fire can influence woody vegetation biomass, composition, and structure. Despite the 

importance of fire in shaping savannas, it remains poorly understood how the frequency, 

seasonality, and intensity of fire interact to influence woody vegetation structure, which is a 

key determinant of savanna biodiversity (Smit et al., 2010). The terrestrial carbon cycle is a 

dynamic system with quantities and rates that vary in space (e.g., hemisphere, ecosystem) and 

time (e.g., decade, season). Tropical forests, for example, account for about 34% of global 

terrestrial total primary productivity as compared with savannahs (26%) and deserts (5%) (Beer 

et al., 2010). Species diversity is a key determinant of ecosystem functioning like productivity, 

stability, and nutrient dynamics. The formation of plant communities and their species diversity 

in tropical forests is maintained by negative plant-soil feedback (Mangan et al., 2010), local 

climate and soil nutrients.  
 

Forest fires severely damage and prohibit regeneration and growth of seedlings, destroy non-

timber forest products and, in some cases, encourage invasive species (MFSC, 2010). Repeated 

burning in fothe rests destroys the ground flora and reduced vegetative growth rate leading to 

change in plant community structure (Spanos et al., 1989). Some fires are accidental but most 

of the fires are initiated deliberately for some purpose such as to collect Sal seeds left after the 

forest is burnt, to conceal illegal timber extraction, to improve grass growth, to scare away wild 

animals, to collect honey or some other reasons including political agitations and community 

conflicts (Bhandari et al., 2012). Fire at the forest floor damages the cambium of the trees 

leading to the formation of defective butt logs and consequently, reducing timber quality 

(Marschall, 2013). 

Atmospheric CO2, contributed from different medium including biological sources, is a 

primary Green House Gas (GHG) and its concentration in the atmosphere has been increasing 

steadily since 1958 (Kumar et al., 2013; Keeling et al., 1989), due to fossil fuel combustion, 

cement manufacture, land use, deforestation etc. Every year extensive fire destroys 

considerable forest resources in Nepal, such destruction includes both timber and non-timber 

forest products. Among the forest types, P. roxburghii forests are extremely vulnerable to fires 

when they are in the dry forest (Kumar, 2013; Paudyal, 2008) and destroyed every year. Forest 

http://www.scielo.org.co/scielo.php?script=sci_arttext&pid=S0120-28122017000400519#B8
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clear-cutting and burning cause soil disruption and reduce the amount of bacterial and fungal 

biomass (Holden and Treseder 2013).  

The fire frequency limits to woody plant regeneration are unknown for most tropical species 

(Balch et al., 2013). The recovery of microbial community structure to a similar level as 

observed in unburnt control soil may take as long as 11 years (Xiang et al. 2014). The effect 

of diversity loss is comparable to or exceeds the effects of herbivory, fire, and drought (Tilman 

et al., 2014).  
 

In recent years, soil use change and disturbances such as fire have transformed these 

ecosystems and have currently converted them to a source of CO2 emissions to the atmosphere 

(Berenguer et al., 2014). Determination of forest composition, floral diversity including the 

structure of a forest is an essential feature in assessing the sustainability of protected forest 

areas of this country (Kanagaraj et al., 2016).  

Aryal et al. (2016/18) analyzed the amount of charcoal, soil organic carbon and CO2 flux from 

4 different soil depths (0-2, 2-10, 10-30 and & >30cm) in the fired and unfired forest of Pinus. 

roxburghii from Langtang National Park, Nepal. They measured total carbon stock in soil of 

unfired and fired forest of different intensities namely: high frequency and high intensity, high 

frequency and moderate intensity and high frequency and low intensity. They reported 

significantly different (P=0.00) soil charcoal stock at different soil depths. The value of CO2 

flux was found to increase with increasing volumetric water content and decreasing soil 

temperature. They concluded that high frequency and medium intensity of fire mitigates high 

CO 2 from the atmosphere. 

Aryal et al. (2017) studied impact of surface fire on Carbon sequestration and CO2 mitigation 

of Pinus roxburghii forest in Langtang National Park, Nepal. They measured total carbon stock 

and CO2 mitigation of unburned and burned forest of different intensities namely: high 

frequency and high intensity (HFHI), high frequency and moderate intensity (HFMI), high 

frequency and low intensity (HFLI). They found, total CO2 mitigation in all four forests 

according to higher to lower values as 3346.27, 3345.16, 2484.14 and 2037.95 t/ha in HFMI, 

HFHI, HFLI and CON, respectively. 

Species composition and soil carbon dynamics of the burnt and unburnt forest may provide 

scientific information about the fire ecosystem. According to previous literature, forest fires 

play a natural and useful role to complete the life cycle of a forest and its ecosystem. 

Uncertainties are remaining regarding the carbon content and species composition. Various 

species shows a wide variety of sensitivity and resistivity against fire on forest floor which 

http://www.scielo.org.co/scielo.php?script=sci_arttext&pid=S0120-28122017000400519#B5
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alters the vegetation composition and forest structure. The main purpose of this study is to 

know the comparative environmental impacts of forest fire between burnt and unburnt forests. 

This research will not only be the new in this study forest but also might be helpful to predict 

their community- or ecosystem-level functions and processes as very few research works have 

been performed related to fire in the Chure region. 
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CHAPTER 3: MATERIALS AND METHODS 

3.1 Study area: 

3.1.1 Location  

Geographically, Butwsub-metro-Politian city of Rupandehi district of Nepal covers an area of 

101.69 sq. km. The present study area was covered in ward no. 3,4,5,6 and 7 of Butwal sub-

metro-Politian which lies between 27°42 ' to 27o 44' N latitude and 83o 23’ to 83o 30’ E 

longitude extending 500 to 800 m in altitude. In the present study, one burnt forest and another 

unburnt forest was selected for the study in the Chure range of Butwal area. Frequently fired 

areas were recognized by ICIMOD termed as the burnt forest where S. robusta forest was set 

on fire during dry season. An unfired area was recognized from the north of the burnt forest, 

called unburnt forest. In the administrative study map, the yellow circle represents wildfire in 

Butwal sub- metropolitan area recorded by ICIMOD (Appendix 1, Figure 1). White circles 

represent each quadrat in the unburnt forest, whereas red circles represent each quadrat in burnt 

forest (Figure 1).   

 

Figure 1: Administrative map of Nepal, Rupandehi district and Butwal sub-metropolitan 

showing wildfire, burnt forest and unburnt forest of study area.    
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   Source: QGIS 3.4.8 with GRASS 7.6.1 

Satellite map of study area showing yellow circles represents each quadrat of unburnt forest 

whereas white squares represent each quadrat of burnt forest (Figure 2).  

 

Figure 2: Satellite map of study area where the yellow circle represents each quadrat of unburnt 

forest and white square represents each quadrat of burnt forest.   

                     

    Source: https://earthexplorer.usgs.gov/ 
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3.1.2 Climate  

Rupandehi district exhibits tropical type of climate dominated by the southwest monsoon. The 

area is characterized by four distinct seasons: Pre-monsoon from March to May, monsoon from 

June to September, post-monsoon from October to November and winter from December to 

February. The summer season of this region is very hot, and winter is very cold. In summer the 

monthly average temperature rises to 40°C and in winter the monthly average temperature falls 

below 10°C. There was a high variation in the annual temperature and precipitation. The total 

average of annual temperature was 25.2°C (Climatological data 1988-2017). As shown in the 

Figure 3 the average maximum temperature was 36.5°C in May and the minimum temperature 

was 11.1°C in January. Average monthly rainfall recorded was 198.48 mm and the total annual 

rainfall recorded was 2381.87 mm. Average maximum and minimum rainfall recorded was 

695.8 mm in July and 9.97 mm in December (Figure 3). More than 80% of the annual rainfall 

occurs during the rainy season (monsoon rainfall) i.e., from June to September. 

 

Figure 3. Variation in monthly average (minimum and maximum) temperature and 

precipitation of last 30 years (1988-2017) in Butwal sub-metropolitan.          

        Source: Department of Hydrology and Meteorology (DHM, 2020). 
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3.1.3 Vegetation 

In Butwal sub- metropolitan forest area covers 65.15% of total land (DFO, 2013). The total 

green space available in Butwal Sub-Metropolitan City is found to be 86.37 km2 i.e., 85.77% 

of the total area (Figure 4).  From the ecological point of view, the Butwal area can be regarded 

as an ecotone, with lower sub-tropical and tropical vegetation. The Share Region of Butwal 

covers a diverse array of biomes, ecoregions, and ecosystems (DFO, 2013). Forests, rivers, 

cultivated lands and settlements are the prominent features of this area. There are 16 

community forests registered in District Forest Office (DFO, 2013). The larger patches of 

community forests are found in the northern Chure hills (DFO, 2013). Most of the Chure forests 

are dense forests. Other smaller community forests, mostly plantations, are found in the 

southern semi-urban plains. They have a land cover of 4333.96 hectares (43.34 km2) i.e., 

42.62% of the total municipal area.  

Vegetation of study area of bosth unburnt and burnt forest is characterized by tropical Sal 

(Shorea robusta) forest with tree associates like Sissoo (Dalbergia sissoo), Khayar (Acacia 

catechu), Saj (Terminalia alata), Banjhi (Anogeissus latifolia), Khaniyu (Ficus semicordata). 

Similarly, in shrubs layer species like TePhrosia Purpurea, Elatostoma sessile, Jasminum 

dispermum, Cassia occidentalis, Pogostemon bengalensis, Bauhinia vahlii, etc. are 

prominently found. Also, Imperata cylindrica, Eranthemum pulchellum Cassia tora, 

Eragrostis tenella, Capillipedium assimile, Blumea lacera etc. are characterized in herb layer. 

 

Figure 4: Land cover statistics of Butwal Sub-Metropolitan City.           Source:(DFO, 2013) 
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3.2 Methods 

Historical ground fire data in conjunction with satellite remote sensing and department of forest 

and environment department (geoapps.icimod.org) was used for delineation and identification 

of fire affected areas.  

3.2.1 Vegetation sampling 

The trees and saplings were analyzed by systematic random sampling method lying 60 quadrats 

of size 10 m radius (Jhariya et al., 2012) (Figure 5). The diameter at breast height (i.e., 1.37 m 

above the ground) of all the trees and saplings in each quadrat was measured and recorded 

individually and converted into Grith Base Height (GBH) to study regeneration status. For tree 

species, the individuals >31.5 cm GBH are categorized as tree, between (<31.5 cm >10cm) 

categorized as sapling and <10 cm as seedlings. (Jhariya et al., 2012) 

In each of these quadrats, a sub quadrat of 5m radius size was randomly laid within the main 

quadrats for measuring saplings and shrubs. Similarly, another sub quadrat of 1m radius size 

in 10m radius, quadrat was laid for measuring herbs and seedlings (Jhariya et al., 2012) (Figure 

5). All understory bushes, grasses and herbaceous plants were measured by species number 

and canopy coverage. Plants were identified by using local name, photographs, and consulting 

literatures like Polunin and Stainton, 1997). 

 

 

 

 

 

 

 

 

Figure 5: Showing plot design: soil core: 10 m and 5 m circular plot for trees and sapling and 

shrub respectively, 1m circular plot for herbaceous species and seedlings. 
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3.2.2 Vegetation analysis  

The field data was used to calculate frequency, density, basal area and importance percentage 

of tree species following the method described by Zobel et al. (1987) with minor modification. 

Diversity parameters for tree, sapling, seedling, shrub, and herb layers were determined from 

the Shannon-Weiner information function (Shannon and Weaver, 1963). Concentration of 

dominance was measured following Simpson’s index method (Simpson, 1949). Vegetations 

were also measured for species richness (Marglef, 1958), equitability (Pielou, 1966) and Beta 

diversity (Whittaker, 1962). 

Frequency (F): 

Frequency is the proportion of sampling units containing the species. 

Frequency (%) = 
No.of quadrat in which an individual species occured

Total no.of quadrat sampled
 
x 100% 

Relative frequency (RF): 

Relative frequency can be obtained by comparing the frequency of occurrences of all the 

species present. 

Relative Frequency (%) = 
Frequency of individual species

Sum of the  frequency of all species
 x 100%    

Density (D): 

Density is the number of individuals per unit area. 

Density(stem/ha) =
Total no.ofindividual of a species in all plots  

Total no.of plot studied
 x 

10000

size of the plot  
 

Relative density (RD) 

Relative density can be obtained by comparing the density of occurrences of all the species 

present. 

Relative Density = 
Density of individual species

Total density of all species
 x 100% 

 

 

 



18 
 

Basal Area (BA): 

Basal area is one of the characters which determine dominance. Basal area cover indicates the 

amount of ground occupied by the stems.: 

Basal area of a species (m2/ha) = Total basal area of species x 10000 

Size of the plot (m2) 
 

Relative Basal Area (RBA): 

Relative basal area can be obtained by comparing the basal area of occurrences of all the species 

present. 

Relative Basal Area (%) = Basal area of individual species x 100 

    Total basal area of all species 

 

Importance Value Index: 

Relative frequency, relative density, and relative basal area each indicate a different aspect of 

the importance of a species in a community. Therefore, the sum of these three values should 

give a good overall estimate of the importance of a species. This sum is called the importance 

value index. 

IVI = RFi + RDi + RBAi 

Where, 

IVI = Importance Value Index of Species i 

RFi = Relative Frequency of Species i 

RDi = Relative Density of Species i 

RBAi = Relative Basal Area of Species i 

Species Diversity Index (H) 

The Shannon-wiener index (Shannon-wiener index, 1949) is one of the most employed 

variables for the estimation of species diversity: for its determination is employed the 

formulation: 

(𝐇) = −∑ 𝐏𝐢. 𝐥𝐧( 𝐏𝐢) 
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       Equitability =  
𝑯

𝑯𝒎𝒂𝒙
=

𝑯

𝑳𝒏 𝑵
 

Where,  

H = Species Diversity Index 

Pi = Proportion of the species  

Pi = ni /N 

N = Sum of total density of all species 

ni = Density of a species 

Beta (β) Diversity: 

The Whittaker’s Beta (β) Diversity was calculated using the following formula (Magurran, 

2004). 

Beta diversity (𝛽) =
𝑆

𝛼̅
− 1 

Where S= total no. of species found in both forest 

 𝛼̅ =Average of total no. of species found in both forest  

Concentration of dominance: 

The Simpson’s concentration of dominance (Simpson, 1949) was measured as 

𝐶𝐷 = ∑ 𝑃𝑖2 

where Ʃ Pi = Ʃ ni/n 

n = Sum of total density of all species 

ni = Density of a species 
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Species Richness: 

Margalef’s species richness Index is calculated by: (Margalef, 1958) 

𝑆𝑝𝑒𝑐𝑖𝑒𝑠 𝑟𝑖𝑐ℎ𝑛𝑒𝑠𝑠 =
(𝑆 − 1)

ln 𝑁
 

Where, S = number of species.  

N = total number of individuals.  

Berger-parker dominance: 

Berger-Parker dominance index is determined by the equation (Berger 

and Parker, 1970). 

𝐷 =
𝑁𝑚𝑎𝑥

𝑁
 

Where,  

Nmax = Number of individuals of the most abundant 

species, N = Total number of individuals in the forest  

3.2.3 Regeneration Status 

Regeneration status of tree species, the population structures were developed based on different 

tree grith classes in addition to seedlings and saplings. The total numbers of individuals 

belonging to following grith classes were calculated for each species on each forest according 

to  and Jhariya et al., (2012). Diameter at breast height (DBH) of each tree within each plot 

was measured using DBH tape and converted into Grith Breast Height (GBH) for the 

calculation of regeneration pattern.  In addition to seedling (A) as <10 cm GBH and 10-31.5 

cm GBH as sapling (B) classes, three more size classes (based on GBH) i.e., 31.5-70.0 cm (C); 

70.1-110.0 cm (D) and >110 (E) were arbitrarily established for each tree species (Jhariya et 

al., 2012). The total number of individuals belonging to these size classes were calculated for 

each species on each stand. 
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3.2.4 Carbon stock  

Diameter at breast height (DBH) of each tree within each plot was measured using DBH tape, 

and height of each tree was calculated using Clinometer.  

3.2.4.1 Above ground biomass 

The above ground biomass of the tree includes the wood, branches, leaves, barks, were 

measured. Volume of the trees were calculated by π r2 x h, (Jhariya et al. 2012,) Where r = 

radius = (dbh/2), h/2 = height of the tree (Tamrakar, 2000). The biomass of pole (kg) was 

calculated (Chaturvedi and Khanna, 1982). The lists of specific wood density were used from 

MPFSN, (1988). Above ground carbon like wood, branch and foliage carbon were calculated 

according to Negi et al., (2003).  

3.2.4.2 Below ground biomass 

The below ground biomass includes all biomass of underground parts. The below ground 

biomass has been calculated following Oli and Shrestha, (2009); MPFSN, (1988). The below 

ground carbon has been calculated by using the default factor of 0.5 (Oli and Shrestha, 2009). 

3.2.5 Soil sample collection and analysis 

Soil cores were used for the collection of soil sample from different depths such as 0-2cm, 2-

10cm, 10-30cm and >30cm at the center of the main sampling plot. Altogether twelve random 

samples were collected six representing unburnt forest and six in burnt forest.  Soil cores 

representing four different layers were collected from each soil depth for the estimation of bulk 

density, soil pH, SCS and SOC content as according to Aryal et al., (2016/18). Fresh weights 

of soil samples in the field were taken in the field and oven dried until constant weight was 

weighted. 

3.2.6 Soil bulk density  

Soil bulk density was determined using core sampling methods (Blake and Hartge, 1986). 

Soil bulk density (g/cm3) = oven dry weight of soil (g)/volume of the soil (cm3). 

 

3.2.7 Soil pH 

Soil pH was determined with a 1:2 soil water suspension using pH meter in laboratory of 

Botany department, Amrit Campus (Aryal et al., (2016/18). 
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3.2.8 Soil charcoal stock (SCS) 

Air-dried soil samples were sorted (e.g., charcoal, roots, coarse mineral fraction, barks, twigs, 

grass stems, seeds, and rocks) separately. Charcoal which could be seen by naked eyes was 

sorted and weights were measured separately from different soil depths. Percentage of SCS 

was calculated for various depths (Aryal et al., 2016/18).  

3.2.9 Soil organic carbon (SOC) 

Soil organic carbon (%) was analyzed by Walky and Black method in laboratory of Botany 

department, Amrit Campus. SOC (t/ha) was calculated by (Awasthi et al., 2005).  

 

3.3 Statistical data Analysis  

The significance of differences in diameter, basal area, height, diameter at breast height, above 

ground carbon and below ground carbon stock between burnt and unburnt forest were evaluated 

by independent sample t-test. Similarly, Soil pH, bulk density, soil organic carbon between the 

forest and soil depths were analyzed by independent sample t-test test by using IBM SPSS 

statistics software Version 25 Inc., Chicago, IL, USA. One-way ANOVA and Duncan’s 

multiple range test were performed after testing normality of collected data to test the 

significance of Bulk density, Soil pH and soil organic carbon throughout the four soil depths 

of soil profile between burnt and unburnt forest. 
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CHAPTER 4: RESULTS 

4.1 Species composition 

A total 74 species. (41 trees, 19 shrubs and 33 herbs, grasses species) belonging to 72 genera 

and 43 families were recorded in both burnt and unburnt forest (Appendix II). The largest 

percentages (44%) recorded are herbaceous plant species followed by trees (30%) and shrubs 

(26%) species (Figure 6). Among them, shrub species belonging to family Fabaceae was 

dominated   representing 3 genera with 3 species (appendix I). Similarly, herbaceous species 

belonging to families Fabaceae and Poaceae were co-dominated representing 4 genera with 4 

species and 3 genera with 3 species respectively. 

 

Figure 6: The growth forms of collected plant species. 

A total of 22 and 19 species of trees were recorded in unburnt and burnt forest respectively 

(Appendix II). In unburnt forest T. grandis, M. philippensis and F. semicordata in the tree layer 

were found similarly in burnt forest S. robusta, L. Parviflora were found. In shrub layer, 19 

species were recorded in unburnt forest and 18 species in burnt forest. Bauhinia vahlii was 

recorded only in unburnt forest.  Similarly, 30 species of herb was recorded in unburnt forest 

and 32 species was recorded in burnt forest whereas Mucuna pruriens was recorded in unburnt 

forest only and Calotropis gigantea, Capillipedium assimile and Heliotropium indicum were 

recorded only in burnt forest (Appendix II). 
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4.1.1 Vegetation in herb layer 

A total of 33 species belonging to 24 families was collected in both forest in which 30 species 

were recorded in unburnt forest and 32 species were recorded in burnt forest (Appendix V). In 

burnt forest herb layer was dominated by Imperata cylindrica, Eranthemum pulchellum Cassia 

tora, Eragrostis tenella, Capillipedium assimile, Blumea lacera including other herbeceous 

species (Figure 7). The importance value index (IVI) of I. cylindrica, and E. pulchellum were 

found 49.19 and 46.42 respectively in unburnt forest (Figure 7). Similarly, the IVI of some 

other herbaceous species recorded in burnt forest are listed in Appendix V. 

 

Figure 7: Importance value index of dominant herbaceous species of burnt forest.  

Similarly, in unburnt forest, herb layer was dominated by Boehmeria platyphylla, Dryopteris 

filix-mas, Triumfetta pilosa, Stellaria media, lepidium sativum, Achyranthus aspera including 

other herbeceous species (Figure 8, Appendix V). Dominated herbaceous species were found 

different in both study forest (Figure 7 and 8). The IVI of Boehmeria platyphylla and 

Dryopteris filix-mas were found 39.37 and 19.76 respectively in unburnt forest whereas the 

IVI of some other herbaceous species recorded in unburnt forest are listed in Appendix V. 
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Figure 8: Importance value index of dominant herbaceous species of unburnt forest. 

4.1.2 Vegetation in Shrub layer 

Shrub layer was mainly dominated by Tephrosia purpurea with IVI 54.72, Jasminum 

dispermum with 28.33, Colebrookea oppositifolia, Cassia occidentalis, Maesa macrophylla, 

Pogostemon bengalensis including other shrub species (Figure 9, Appendix IV) in burnt forest.  

 

Figure 9: Importance value index of dominant shrub species of burnt forest. 

Shrub layer was mainly dominated by T. purpurea, Elatostoma sessile, J. dispermum, Cassia 

occidentalis, P. bengalensis, Bauhinia vahlii and including shrub species (Figure 10, Appendix 

IV) in unburnt forest. The IVI of T. purpurea and E. sessile in unburnt forest were 49.52 and 

34.12 respectively. Among 6 dominated shrub species, 4 shrub species like T. purpurea, J. 

dispermum, C. occidentalis and P. bengalensis were found similar in both study forest 

remaining 2 were different (see Figure 9 and 10). 
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Figure 10: Importance value index of dominant shrub species of unburnt forest. 

4.1.3 Vegetation in tree layer 

Total of 22 species of tree belonging to 14 families was recorded in unburnt forest whereas 19 

species of tree belonging to 11 families was recorded in burnt forest and 22 species in unburnt 

forest. (Appendix III). Three tree species like M. Philippensis, T. grandis and F. semicordata 

were only recorded in unburnt forest. The importance value index of S. robusta and L. 

parviflora were found 130.64 and 19.03 respectively in unburnt forest whereas the Importance 

value index of S. robusta and Lagerstroemia parviflora were found 126.80 and 36.98 

respectively in burnt forest (Figure 11). Similarly, the importance value index of other tree 

species recorded in both burnt and unburnt forest were listed in (Appendix III). 

 

Figure 11: Importance value index of dominant tree species of both burnt and unburnt forest. 
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4.2 Diversity indices 

Across the forest burnt and unburnt the value of Shannon-Wiener diversity index (H) of tree 

layer (1.43 and 1.80) respectively (Table 1). Similarly, Margalef’s species richness index of 

trees layers of burnt (2.34) and unburnt (2.94) forest were calculated. Shannon-Wiener 

diversity index value for sapling (2.61), seedling (1.08) and herb layer (3.11) were higher in 

the unburnt forest while shrubs layer (2.35) value was found less (2.35) in unburnt forest (Table 

1). Margalef’s species richness index was recorded higher in unburnt forest for tree (2.94), 

sapling (2.72), seedling (2.29) and shrubs layer (2.45) while in herb layer (3.81) the value was 

higher in burnt forest. The value of equitability, concentration of dominance (CD) and Berger 

Parker dominance for tree, sapling, seedling, and shrubs were shown in table 1. 

The values of equitability were higher in unburnt forest for tree layer (0.58), sapling (0.85), 

seedling (0.35) and herb layer (0.91) whereas it was recorded lower for shrubs layer (0.79). 

Concentration of dominance (CD) was inscribed higher for tree (0.44), sapling (0.28), seedling 

(0.78), and herb layer (0.13) in burnt forest whereas it was inscribed equal value in both burnt 

and unburnt for shrub layer (0.08). Similarly, Berger-Parker dominance was recorded higher 

for tree (0.64), sapling (0.51), seedlings (0.88), and herb layer (0.24) in burnt forest whereas it 

was recorded lower for shrubs layer (0.17) in burnt forest (Table 1). 

Table 1: Diversity indices as per growth form  

Burnt 

Life form Shannon-Wiener 

index 

Equitability Concentration 

of Dominance 

Species 

richness 

Berger-Parker 

Tree 1.43 0.49 0.44 2.34 0.64 

Sapling 1.65 0.58 0.28 2.51 0.51 

Seedling 0.55 0.19 0.78 2.05 0.88 

Shrubs 2.62 0.90 0.08 2.44 0.17 

Herbs 2.41 0.69 0.13 3.81 0.24 

Unburnt 

Life form Shannon-Wiener 

index 

Equitability CD Species 

richness 

Berger-Parker 

Tree 1.80 0.58 0.38 2.94 0.61 

Sapling 2.61 0.85 0.11 2.72 0.27 

Seedling 1.08 0.35 0.62 2.29 0.79 

Shrubs 2.35 0.79 0.08 2.45 0.18 

Herbs 3.11 0.91 0.05 3.76 0.09 
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4.2.1 Beta (β) diversity 

The beta (β) diversity for tree, sapling, seedling, shrubs, and herb layer between two forest 

burnt and unburnt were shown in Table 2, Beta (β) diversity index was recorded highest in 

seedlings (0.18) and lowest in shrubs layer (0.027) (Table 2). Between burnt and unburnt forest, 

higher dissimilarity of species was observed in saplings and seedlings than in trees, shrubs, and 

herbs. 

 

Table 2: Beta (β) diversity between burnt and unburnt forest 

Life form Beta diversity index 

Tree 0.078 

Sapling 0.1176 

Seedling 0.1875  

Shrubs 0.027 

Herbs 0.066 
 

4.3 Comparison of height and DBH of S. robusta 

The average height of S. robusta was recorded 19.16±0.24m and 16.289±0.21m for unburnt 

and burnt forest respectively whereas average DBH was 0.41±0.11m and 0.37±0.16m 

respectively. (Figure 12). 

 

Figure 12: Average DBH and height of S. robusta across the burnt and unburnt forest. (N=30). 
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Independent sample t test to compare average height (p=0.02) and average DBH (p=0.03) of 

S. robusta between burnt and unburnt forest showed significant difference (Table 3). 

Table 3: Comparing DBH and height of S. robusta of burnt and unburnt forest (t- test analysis) 

Parameters Mean value  

in Unburnt  

Mean Value  

in Burnt  

T 

value 

Significance 

DBH of S. robusta 0.41±0.11m 0.37±0.16m 2.68 0.03 

Height of S. robusta 19.16±0.24m 16.289±0.21m 8.78 0.02 

 

4.3.2 Comparison of density of dominant tree species 

The calculated density of dominant tree species of forest burnt and unburnt are shown in the 

Figure 13. The average density of S. robusta were calculated as 749.71±25.15 

(Individuals/hectares) and 1031.79±36.284 In/ha for unburnt and burnt forest, respectively. 

The highest density of S. robusta was 1439.71 (In/ha) was calculated in burnt forest whereas 

the lowest density of S. robusta was 504.01 (In/ha) was calculated in unburnt forest. Similarly, 

the average density of L. parviflora was calculated as 42.68±1.787 (In/ ha) and 165.21±10.6 

(In/ha) for unburnt and burnt forest, respectively. Also, the average density of S. anacardium 

were calculated as 28.04±1.69 (In/ha) and 83.08±7.55 (In/ha) for unburnt and burnt forest, 

respectively (Figure 13). 

       

Figure: 13: Comparison of densities of dominant tree species of burnt and unburnt forest. The 

box plots show the median, and 25 to 75 percentiles. Whiskers indicate maximum 

and minimum values.  
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4.3.3 Comparison of basal Area of dominant tree species 

The average basal area of S. robusta were calculated as 1.72±0.06 sq. m and 1.00±0.09 sq. m 

for unburnt and burnt forest, respectively. The highest basal area of S. robusta was 2.28 sq. m 

was calculated in unburnt forest whereas the lowest basal area of S. robusta was, 0.80 sq. m 

was recorded in burnt forest. Similarly, the average basal area of L. parviflora were calculated 

as 0.25±0.01 sq. m and 0.43±0.02 sq. m for unburnt and burnt forest, respectively. Also, the 

average basal area of S. anacardium were calculated as 0.06±0.00 sq. m and 0.245±0.03 sq. m 

for unburnt and burnt forest, respectively (Figure 14). 

 

Figure: 14: Basal area (Sq. m) of dominant tree species in burnt and unburnt forest. Box plots 

show the median (line inside the box) and upper and lower quartiles (75%, 25%) 

and maximum and minimum values. 
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Results of independent sample t test to compare density and basal area of major tree species 

between burnt and unburnt forest are given in table 4.  P value for the comparison of basal area 

of S. robusta (p=0.04) L. Parviflora (p=0.01) and S. anacardium (p=0.00) were, P value for 

the comparison of basal area and density of S. robusta (p=0.03) L. parviflora (p=0.00) and S. 

anacardium (p=0.00). This analysis indicates basal area and density of S. robusta, L. parviflora 

and S. anacardium were highly significant difference between forest (Table 4). 

Table 4: Comparing Density and basal area of dominant tree of burnt and unburnt forest by t- 

test analysis. 

Parameters Mean value  

in Unburnt  

Mean Value  

in Burnt  

T value Sig. 

Basal Area of S. robusta 1.72±0.06 sq. m 1.00±0.09 sq. m 6.290 0.04 

Density of S. robusta 749.71±25.15 

(In/ha) 

1031.79±36.28 

(In/ha) 

6.389 0.03 

Basal Area of L. parviflora 0.25±0.01 sq. m 0.43±0.02 sq. m 6.489 0.01 

Density of L. parviflora 42.68±1.787 

(In/ha) 

165.21±10.6 

(In/ha) 

11.41 0.00 

Basal Area of S. anacardium 0.06±0.00 sq. m 0.245±0.03 sq. m 6.554 0.00 

Density of   S. anacardium 28.04±1.69 (In/ha) 83.08±7.55 

(In/ha) 

8.720 0.00 
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4.4 Regeneration status 

Population structures of tree, seedling and sapling layer across burnt and unburnt forest were 

shown in the Figure 15. The relative density of seedling (68.13%) and tree with grith class C 

were higher in unburnt forest (17.68%) likewise relative density of saplings (19%) and tree 

with grith class D were higher in burnt forest (11%) (Figure 15). 

 

Figure 15: Total average of relative density of tree species in burnt forest and unburnt forest. 

A=Seedling, B=Sapling, Tree species with different GBH classes (C=31.5-70cm, 

D=70-110cm, E=>110cm).  

 

Relative density of seedlings, saplings, and tree species with different GBH of dominant tree 

species were shown in Figure 16. The relative density of seedlings of S. robusta (79.84%) was 

higher followed by tree with grith class C (8.09%) in unburnt forest. Similarly relative density 

of saplings of l. parviflora (50%), D. sissoo (44%), S. anacardium (53%), T. indica (38%) and 

S. oleosa (43%) were higher followed by relative density of seedlings. (Figure 16). 
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Figure 16: Relative density of dominant tree species in unburnt forest. A=Seedling, B=Sapling, 

Tree species with different GBH classes (C=31.5-70cm, D=70-110cm, E=>110cm). 
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Figure 16: Relative density of dominant tree species in unburnt forest. A=Seedling, B=Sapling, 

Tree species with different GBH classes (C=31.5-70cm, D=70-110cm, E=>110cm).  

 

Relative density of Seedlings, saplings, and tree species with different GBH of dominant tree 

species of burnt forest were shown in Figure 17. The relative density of seedlings of S. robusta 

(64.21%), l. parviflora (57.34%) and C. fistula (85%) were higher followed by relative density 

of saplings in burnt forest. Similarly relative density of saplings of S. anacardium (75%), and 

A. latifolia (70%) were higher. (Figure 18). Relative density of seedlings, saplings, and tree 

with different grith classes of Species like A. latifolia and C. fistula were dominant in burnt 

forest. (Figure 16 and 17). Regeneration status of A. latifolia and C. fistula were found 

enhanced after fire.  
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Figure 17: Relative density of dominant tree species in burnt forest. A=Seedling, B=Sapling, 

Tree species with different GBH classes (C=31.5-70cm, D=70-110cm, E=>110cm).  
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4.5 Carbon stock 

Between two forest, the total tree carbon stocks were 200.38±22.69 t/ha and 233.72±29.63 t/ha 

in burnt and unburnt forest, respectively (Figure 18). The value of above ground carbon stock 

(AGC) between burnt and unburnt forest were 161.71±18.09 t/ha and 189.176±23.84 

respectively. Also, the below ground carbon stocks (BGC) were 39.67±4.60 t/ha and 

45.60±5.79 t/ha in burnt and unburnt forest, respectively (Figure 18).  

 

Figure 18: Total average vegetation carbon stock (t/ha) of burnt and unburnt forest. Same 

letters indicate insignificant difference tested by Duncan multiple range tests. Error 

bar showed ±SE (N=30). 

 

4.5.1 Above Ground Carbon stock of dominant species (t/ha) 

The calculated above ground tree carbon (AGC) stocks of dominant tree species between the 

forest burnt and unburnt were shown in the Figure 19. The average above ground carbon stock 

of S. robusta was calculated as 515.20±51.62 (t/ha) and 344.61±41.01 (t/ha) for unburnt and 

burnt forest, respectively. Similarly, the average AGC stock of L. Parviflora were calculated as 

56.13±5.37 (t/ha) and 74.65±6.48 (t/ha) for unburnt and burnt forest, respectively. Also, the 

average AGC stock of S. anacardium were calculated as 28.68±3.66 (t/ha) and 39.83±11.35 

(t/ha) for unburnt and burnt forest, respectively. The average AGC stock of D. sissoo were 

calculated as 120.60±17.57 (t/ha) and 123.88±15.13 (t/ha) for unburnt and burnt forest, 

respectively.  
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Figure 19: Above ground carbon stock of dominant tree species between burnt and unburnt 

forest. The box plots show the median, and 25 to 75 percentiles. Whiskers indicate 

maximum and minimum values. 

1.5.2 Below Ground Carbon stock of dominant species 

The average BGC stock of S. robusta was calculated as 126.08±12.19 (t/ha) and 86.73±10.32 

(t/ha) for unburnt and burnt forest, respectively (Figure 20). Similarly, the average BGC stock 

of L. parviflora was calculated as 12.54±1.27 (t/ha) and 16.29±1.49 (t/ha) for unburnt and burnt 

forest, respectively. Also, the average BGC stock of S. anacardium was calculated as 8.72±2.52 

(t/ha) and 6.22±0.79 (t/ha) for unburnt and burnt forest, respectively. The average BGC stock 

of D. sissoo was calculated as 28.64±4.06 (t/ha) and 26.54±3.51 (t/ha) for unburnt and burnt 

forest, respectively.  
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Figure 20: Below ground carbon stock of major dominant tree species between burnt and 

unburnt forest. Box plots show the median (line inside the box) and upper and lower 

quartiles (75 %, 25 %) and maximum and minimum values. 

Results of independent sample t test to compare AGC stock, BGC stock and total carbon stock 

of tree species between burnt and unburnt forest were given in table 5. P value for the 

comparison of AGC (p= 0.006), BGC (p= 0.013) and total carbon stock (p= 0.007) were highly 

significant difference between forest.  (Table 5) 

Table 5: Comparing above ground carbon stock, below ground carbon stock and total carbon 

stock of dominant tree species between burnt and unburnt forest (t- test analysis) 

Parameters Mean value  

in Unburnt  

Mean Value 

 in Burnt  

T value Significance 

Above Ground Carbon 

Stock 

189.176±23.84 

(t/ha) 

161.71±18.09(t/ha) 0.899 0.006 

Below Ground Carbon   

stock 

45.60±5.79 

(t/ha) 

39.67±4.60 (t/ha) 0.920 0.013 

Total Carbon stock 233.72±29.63 

(t/ha) 

200.38±22.69(t/ha) 0.876 0.007 
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4.6 Soil pH 

Mean soil pH of burnt forest was ranges from (6.02 to 6.13) and unburnt forest ranges from 

(5.05 to 5.53) Figure 21 and Appendix IV. Highest value (6.13) measured in burnt forest at 

topsoil (0-2cm). Lowest values 5.05 measured in unburnt forest at the depths of 0-2cm 

(Appendix VI). Independent t test analysis of soil pH showed insignificant difference 

(p=0.726) between forest (Appendix VI). One-way ANOVA analysis of soil pH between burnt 

and unburnt forest were insignificantly different. But, between various soil depths of the burnt 

and unburnt forest were significantly difference (Figure 21, Appendix VI). 

 

Figure 21: pH of soil at different soil depth of burnt and unburnt forest. Different letter showed 

significant different between soil depths tested by Duncan multiple range test at 

(P<0.05). Error bar showed ±SE (N=12). 

4.7 Soil bulk Density 

There was increase in the bulk density with the increasing soil depths. Mean minimum value 

(0.85±0.03g/cm3) was calculated in topsoil of burnt forest. Similarly, mean maximum value 

(1.05±0.01g/cm3) was calculated in unburnt forest at the depths of 30 cm above, followed by 

unburnt forest (1.04±0.01g/cm3) at the depths of 10-30cm (Figure 22). Independent t test 

analysis of bulk density showed significant difference (P=0.000) between forest (Apendix VI). 

were significant difference, Similarly, One-way ANOVA analysis of BD between burnt and 

unburnt forest across various soil depths were significantly difference (Figure 22, Appendix 

VI). 
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Figure 22: Bulk density between burnt and unburnt forest at various depth. Different letter 

showed highly significantly different between soil depths tested by Duncan 

multiple range test. at (P<0.05). Error bar showed ±SE (N=12). 

4.8 Soil Charcoal stock  

 

Total weight of soil charcoal stock (%) was decreased with increasing depths of the soil of all 

six-soil sample of burnt forest (Figure 23). Total soil charcoal stock (SCS) was higher value 

values (35%) in the topsoil and lower (2%) in >30cm depth were recorded (Figure 23). There 

were no charcoals reported in all depths of unburnt forest (data not shown). 

 

Figure 23: Total weight of soil charcoal stock (%) of different depths of all six burnt forest. 
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4.9 Soil Organic Carbon (t/ha) 

The measurements showed that fire increased the amount of soil organic carbon compared to 

unburnt forest, (Figure 24). However, compared with SOC in different depths, SOC stock was 

gently decreased with increasing soil depths except soil with depth 2-10cm of burnt forest. The 

SOC was highest (251.90±10.73t/ha) at 2-10cm of burnt forest followed by (226.52±8.53t/ha) 

at 0-2cm depths of burnt forest. Similarly, the SOC was lowest (56.64±6.84t/ha) at unburnt 

forest of soil depth 30 cm above (Figure 24). Independent t test analysis of SOC showed 

significant difference (P=0.000) between forest (Appendix VI). One-way ANOVA analysis of 

SOC between burnt forest and unburnt forest were significant difference, Similarly, between 

various soil depths of the burnt and unburnt forest were insignificantly difference (Figure 24, 

Appendix VI).   

 

Figure 24: Mean total SOC from all forest and soil depths. Different letter indicate significant 

difference between soil depths tested by Duncan multiple range test at (p<0.05). Error 

bar showed ±SE (N=12). 
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CHAPTER 5: DISCUSSION 

5.1. Species composition 

The role of fire in maintaining species diversity is probably the most recent development in the 

understanding of ecosystems events like changes in species composition, successional stages, 

forest types, regeneration status (Rawat and Agarwal., 2015). Fire has long been considered as 

one of the main factors affecting (beneficially or injuriously) vegetation depending on the forest 

type and local climatic situation as well as anthropogenic disturbances.  

In the present study, Sal Forest has dominant species like S. robusta, L. parviflora with tree 

associates like D. sissoo, T. alata, A. latifolia, F. semicordata. Similarly, in shrubs layer species 

like T. purpurea, E. sessile, J. dispermum, C. occidentalis, P. bengalensis, B. vahlii, etc. were 

prominently found. Also, I. cylindrica, E. pulchellum, C. tora, E. tenella, C. assimile, B. lacera 

etc. were in herb layer reported from both burnt and unburnt forest.  

In burnt forest, S. robusta, L. parviflora, S. anacardium, C. fistula were dominant, with T. alata, 

C. arborea, D. sissoo, as associates’ species in tree layer. Similarly, T. purpurea, C. 

oppsitifolia, I. cylindrica, E. pulchellum. etc were dominant in herb and shrub layer. Bakshi, 

(1957), also reported that Sal tree did not change significantly after fire compared to other fire 

intolerant species (T. grandis, M. philippensis, F. semicordata, M. azederach and A. latifolius). 

Most studies indicated that Sal trees can resist fire once they have passed the sapling stage 

(Bakshi 1957; Kumar and Thakur, 2008). Controlled burning or grazing is necessary to 

maintain pure Sal Forest that prevents the wet Sal Forest from becoming mixed broadleaved 

forest. (Suman 1984).  

Similarly, Domination of vegetation after burning in L. parviflora can be corelated to the 

adaptation characteristics of this species. This species was sunlight demander, drought resistant 

and fire-resistant species (Orwa et al., 2009). Some shrub species like Viburnum mullaha, 

Sarissa opaca, Urena lobata also attracted additional grazing by reducing the height in fire 

(Maithani et al., 1986), and together these factors negatively affect vegetation regeneration and 

successional pathways (Lehmkuhl, 1994). 

I. cylindrica, was dominant herbaceous species in the present study of burnt forest. Similar 

results were obtained by some previous researchers: according to Brook (1989) fire promoted 

I. cylindrica, rapidly colonized in disturbed forest. Seth (1970) also described I. cylindrica 

dominated grasslands form a fire climax community. I. cylindrica species have high root- 
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rhizome: shoot ratio provides a source of dry matter for regeneration after cutting or burning 

(Ramakrishnan et al., 1983). 

Climatic conditions of local area affect the annual fire behavior in S. robusta forest of Chure 

range of Butwal along with various climatic agents like temperature, relative humidity, and 

precipitation affect fuel moisture on the forest floor. The long, hot, and dry summers that last 

from February until May convert the Sal under-story into a continuous sheet of dry and highly 

inflammable fuel mass (IFFN, 2005). The rainfall during the dry season is very low and range 

between 10.5 to 28.5 mm (Figure 3). During the dry season the temperature fluctuates from 

11.3°C to 36.5°C increasing the risk of ignition to high levels.  

In unburnt forest of present study, dominant species in tree layer were S. robusta, A. latifolia, 

T. alata, D. sissooo with F. semicordata, T. grandis, M. azedarach, M. philippensis etc. as 

associates. T. purpurea, E. sessile, B. vahlii, B. platyphylla, D. filix;mas, T. Pilosa etc. were 

dominant in shrub and herb layer. Species like B. platyphylla was dominating the herb layer as 

it mostly found in moist and damp places ((Maithani et al., 1986). Similarly in unburnt forest, 

B. platyphylla was dominating the herb layer as it mostly found in moist and damp places. In 

all these instances, fire increased the number of herbs and shrubs, especially palatable plants. 

5.2. Diversity pattern 

In the tree, sapling and seedling layer, results of diversity parameters revealed that Shannon 

index value, Equitability, and species richness higher in unburnt forest, under the tree layer 

vegetation. In the present study burnt forest showed lowest diversity compared to unburnt 

forest. This showed that after forest fire the species diversity was decreased. Similar findings 

were reported by Kafle (2006) in tropical deciduous forest in Thailand, Collins and 

Stephens (2010) in mixed Conifers forest of California and Harner and Harper (1976) in 

Juniper forest of Mexico Contrast results were obtained in  National forest land of California 

by Safford and Stevens (2014), and in yellow Pine Forest of California by Shive et al., (2018).  

Present data were comparable with the several studies which ranged from 1.9 to 4.0 (Reddy et 

al., 2008). Slightly different data were reported by various authors; diversity parameters in the 

tropical dry forest communities of the Vindhayan region had ranges of 0.68 to 2.02 (Shannon 

index), 0.75 to 1.75 (equitability) (Jha and Singh 1990). Pandey (1992) studied in Sal and teak 

forests of Madhya Pradesh found species diversity varying from 0.32 to 3.76 and concentration 

of dominance from 0.07 to 0.63 at different habitation in Madhya Pradesh.  The results obtained 

by Pandey (1992) also supports the findings made by Naidu and Sribasuki (1994), they reported 

https://esajournals.onlinelibrary.wiley.com/doi/10.1002/ecs2.2882#ecs22882-bib-0012
https://esajournals.onlinelibrary.wiley.com/doi/10.1002/ecs2.2882#ecs22882-bib-0034
https://esajournals.onlinelibrary.wiley.com/doi/10.1002/ecs2.2882#ecs22882-bib-0078
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young plants were more badly affected by fires than mature one. At the present study burnt 

forest have less diversity. These results supports the findings of Kodandapani (2001), who also 

reported the lesser diversity in the burnt forest occurring dry deciduous forest leading to 

nonspecific forests, frequent fires could also lead to stand where most trees are even aged. 

Contrasting results were obtained by Kafle (2006) which explains the protected area supports 

greater number of ground flora species. However, the burnt area contained higher species 

diversity and evenness indices than the protected area in total. In shrub layer the Shannon index 

value, equitability, and species richness higher in burnt forest whereas in herb layer, these 

diversity parameters are higher in unburnt forest at present study. The decline of species 

richness in time after forest fire disturbance might be caused primarily by the elimination of 

some early species which were over topped and shaded out by rapidly growing woody plants, 

especially resprouts (Miller, 2000). Concerning the species richness, a high number of species 

results with in higher community stability or rather resilience (Guo, 2001). This wide diversity 

takes the advantage of heterogeneity and increases their diversity. The level of heterogeneity 

created, obliviously would depend on the height and architecture of the woody species (Pandey 

et al., 2008). The fire affected areas support more herbaceous vegetation as compared to 

unburnt area because of reduction in competition for space and resources. Keith et al., (2010) 

have reported the similar results and stated that the herb species increase immediately after fire 

because of a general reduction in the tree cover that brings more light to the soil. It suggested 

that the total diversity of S. robusta forest of the Butwal has mainly positively influenced by 

forest fire. 
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5.3. Height, Density and Basal area 

The smallest sized individuals are mostly affected by fire, since they have a thinner bark than 

the better developed plants, lack underground reserve organs, and are exposed to higher 

temperatures in the zone where the fire is fueled most intensely by available dry biomass 

(Miranda et al., 2007). Thus, individual size can be a key factor for fire survival.  

The present study suggests that woody vegetation on the burnt forest was being transformed 

into a lower woodland community scattered with a low density of large trees but high density 

of short and small plants, together with significant Basal area changes in this study, the burnt 

forest had a mean height and DBH of woody stems shorter than that of the unburnt forest, 

suggesting negative effects of repeated burning including top kill of woody plants. Similar 

findings were obtained by Enslin et al., (2000) ; Gandiwa and Kativu, (2009). Although the 

burnt and unburnt forest had almost the same number of woody species, these species were 

basically different, and fewer in the burnt forest. In this study, various species like T. grandis, 

M. philippensis and F. semicordata were not observed in burnt forest. Similarly, the density 

and abundance of species like M. azederach and A. latifolius found decreasing significantly 

after fire whereas species like L. parviflora, S. oleosa and S. anacardium showed increase in 

the frequency and density with the forest fire. Thus, this fact showed that some species were 

lost to burning and replaced by some relatively fire tolerant species (L. parviflora, S. oleosa 

and S. anacardium).  

The fire tolerant species are adapted to burning by prolific production of coppices hence the 

higher values of multi stemming in burnt forest as compared to the unburnt forest. In addition, 

the present study showed significant differences in height of between burnt and unburnt forest. 

The results support findings of Trapnell (1959), Strang (1974), Gandiwa (2006) and Gandiwa 

et al, (2011). However, the results, contradict those of Tafangenyasha (2001), which showed 

that burnt forest have relatively taller woody plants than unburnt forest, probably due to 

differences in woody species and soil conditions in the study areas. It has been suggested that 

vegetation respond variably to long-term burning (Higgins et al., 2007).  

The results of this study seem to suggest that fire had little effect on density of stems between 

the burnt and unburnt forest. However, some species like S. robusta, T. grandis, M. 

philippensis, F. semicordata, L. parviflora, S. oleosa, S. anacardium, M. azederach and A. 

latifolius, fire influenced the tree density. Similar findings were recorded by Strang (1974), 

Trollope (1982), Van Wyk (1971) and Tafangenyasha (2001). In addition, Higgins et al. (2007) 
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found that fire did not influence tree density but influenced the size structure and biomass of 

tree populations in Savanna of Africa. Prior et al. (2009) suggests that an increase in the 

frequency or severity of fires is likely to change the tree density and basal area of savannas in 

North Australia. Another factor that could affect the impact of fires on the density of trees is 

tree clustering. Groen et al., (2008) found that clustering reduces the damaging effect of fire 

on trees in African savannas.  Thus, repeated fires may have reduced densities of fire intolerant 

plants and failed to do so for fire tolerant species. The number of stems per plant in present 

study was not statistically significant different between the burnt and unburnt forest.  

There was higher number of stems per plant on the burnt forest as compared to the unburnt 

forest at present study, might be due to the adaptation of plants to withstand fires possibly by 

having underground unaffected portion with food resources and regeneration parts.  This trend 

in the number of stems per plant was support also by findings of San Jose and Farinas (1983), 

Scholes and Walker (1993) and Enslin et al., (2000) who recorded the greatest number of stems 

per plant on the burnt forest as compared to the unburnt forest. Tchie and Gakahn (1989) 

mentioned that the number of stems per plant is species specific and in this present study, the 

same species, which had higher number of stems per plant, were found on both the burnt and 

unburnt forest, thus suggesting the in-significance difference between the burnt and unburnt 

forest. 

It has been reported that fires can change plant communities by reducing dominance of some 

plants while enhancing the abundance of others (Pyke et al., 2010). However, in present study 

species like T. grandis, M. philippensis and F. semicordata displayed trend of woody plant 

species loss and the species like L. parviflora, S. oleosa and S. anacardium were dominant in 

plant community after fire. 

Although the unburnt forest had slightly more species than the burnt forest, the differences in 

number of species between the two forests were not significant. Elsewhere, Enslin et al., (2000) 

and Govender et al., (2006) found that changes in woody vegetation after burning did not 

involve a marked decrease in species composition. However, woody species were shown to be 

generally negatively affected by frequent fires. (Heinl,2005). Similarly, O'Connor (1985) 

suggests that reduced species diversity has been recorded in several fire experiments, mostly 

in mesic savannas. At present study the proportion of dead stems was found to be significantly 

different between the burnt and unburnt forest. The presence of dead stems on the unburnt 

forest might be due to other contributory factors such as drought, wind, insects, disease and/or 

age. Since, both study forest was in the same environmental setup, the results also indicate that 
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the dry season annual hot fires caused additional mortality on plants in the present study, 

particularly in the burnt forest. A significant difference was recorded in basal areas between 

the burnt and unburnt forest. Woody plants on the unburnt forest were significantly larger, i.e., 

had higher basal areas and heights, as compared to those on the burnt forest. The dry season 

annual hot fires probably produced more extreme top kill, resulting in basal coppicing, i.e., the 

killing above ground surface parts of plants and generation of smaller plants with narrower 

basal areas, on the burnt forest (Enslin et al., 2000). 

5.4. Regeneration Status 

Forest fire effects on patterns of species diversity and regeneration in tropical and subtropical 

forests (Jhariya et al., 2012). The presence of good regeneration potential shows suitability of 

a species to the environment. The density values of seedlings and saplings were considered as 

regeneration potential of the species (Joshi, 1990).  In the present study significant differences 

in the relative density of seedlings, trees and total population were observed among burnt and 

unburnt forest. The unburnt forest supported higher seedlings and tree density. Although there 

were no environmental differences (soil, topography, and climate) among the unburnt and burnt 

forest, the unburnt forest supported higher seedlings and tree density. Kodandapani et al., 

(2008) have also reported the similar trend while comparing the spatial, temporal, and 

ecological characteristics (density, DBH, Soil properties) of forest fires in the dry tropical 

ecosystem in the Western Ghats. Higher values of seedling density on burnt forest as compared 

to unburnt forest was also reported by Joshi (1990). According to Kodandapani (2001) fire 

enhances the productivity of ecosystems by releasing chemicals and nutrients locked up in old 

herbages which ultimately helped the regeneration of seedlings after forest fire. 

In this study, the hump in the middle size classes may indicate comparatively fast growth or 

less mortality in individuals once they successfully cross the sapling layer and attain the first 

tree size class (C), as exemplified by A. latifolius, T. alata in unburnt forest, and S. anacardium 

and T. alata in burnt forest. West et al., (1981) also reported similar pattern of regeneration 

which explained heavy exploitation of older individuals and greater mortality among young 

individuals due to repeated forest fires.   

The seedling of species S. robusta were dominant, followed by saplings class (B) and small 

trees (C) in both unburnt and burnt forest whereas dominant seedlings were exemplified by L. 

Parviflora and C. fistula in burnt forest only in the present study. Compared to present study, 

Saha (2002) also reported similar regeneration status of S. robusta in Central India.  Current 
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result could be correlated to the effects of fire on juvenile die back of S. robusta. In the pre-

monsoon period dying back of the Sal seedlings were observed to take place from March 

onwards (West et al., 1981). Moisture and root competition at the peak of the growing season 

are indicated to be the limiting factors responsible for the dying hack of the whippy Sal 

seedlings. During long drought and forest fire, Sal roots remains under the ground with 

minimum effects of fire and regeneration continues due to its die back nature (West et al., 

1981). Several juveniles escaped from fire did not undergo stem die back, they exhibit height 

and growth patterns like unburnt seedlings (Saha, 2002). The regeneration of Sal occurs 

through fertile seeds, coppicing or sprouting from root suckers (Gautam et al. 2006).  In current 

study GBH of S. robusta tree from 60 to 90cm were recorded higher in burnt forest compared 

to unburnt. Similar results were observed by Yadav et al., (1986), Sal trees with middle-grith 

class (80-90cm) at breast height as the best size to produce good-quality fertile seeds.  

In the present study, domination of seedlings after burning in L. Parviflora and C. fistula could 

be correlated to the study by Orwa et al., (2009). They also observed these plant species (L. 

Parviflora and C. fistula) to be well adapted to fire. These species were sunlight demanding, 

drought resistant, non-browsable and fire-resistant species (Orwa et al., 2009). Similarly, no 

seedlings of A. latifolius in burnt forest were recorded which contrasts with the findings of 

Kumar et al., (2008) as he reported A. latifolius seedlings were abundantly grew in burnt forest. 

5.5. Tree carbon stock 

Carbon sequestration is a biological process, in which photosynthetic organisms especially 

plants, plays a vital role to balance atmospheric CO2. However, the capacity of capturing and 

storing carbon varies according to the nature of the plants. The observations of Negi et al., 

(2003) revealed that the wood, which constitutes maximum portion of total biomass, stored 

maximum amount of carbon. While comparing the different life forms, it was observed that the 

maximum carbon is stored in the order of conifers > deciduous > evergreen > bamboos. Thus, 

it can be said that the conifers can store largest amount of carbon and was more efficient in 

carbon sequestration (Negi et al., 2003). 

It was observed that maximum mean value of C stock was calculated in unburnt forest. 

Minimum mean value observed in burnt forest. Highest C value in unburnt forest could be 

because of the higher value of height and DBH of S. robusta, L. parviflora in this forest than 

burnt forest.  In burnt forest, fungal infection appears in the wound caused by fire ultimately 

stunted growth occur in S. robusta species.  Similar results were observed by Bakshi (1957) in 
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Kashmir, he reported older S. robusta trees were resistant to fire but younger trees become 

unhealthy due to fungi infection in the wound from fire.  There was significant difference of 

total mean carbon stocks (AGC+BGC) in S robusta forest of burnt and unburnt forest were 

observed in the present study. Similar results were obtained in P. roxburghii forest of Langtang 

National Park, Central Nepal (Aryal et al, 2017) in deciduous forest, Champadevi Community 

Forest of Central Nepal (Panthi, 2011) and sub-tropical forest of Garhwal Himalaya (Kumar, 

2010). By contrast weak or negligible effect of fire in carbon stock in forest of New Zealand 

was observed by (Gordon et al., 2018).  Aryal et al., (2017) studied impact of surface fire on 

Carbon sequestration of P. roxburghii forest in Langtang National Park, Nepal. They measured 

total carbon stock and CO2 mitigation of unburned and burned forest of different intensities 

namely: high frequency and high intensity (HFHI), high frequency and moderate intensity 

(HFMI), high frequency and low intensity (HFLI). They found, total CO2 mitigation in HFMI 

(3346.27) forest were highest than others.  

In present study the average total carbon stock (AGC+BGC) of species like D. sissoo, S. 

anacardium and L. parviflora were higher in burnt forest whereas average carbon stock of S. 

robusta species were lower in burnt forest compared to unburnt forest. Bakshi (1957) reported 

that older trees of S. robusta were resistant to fire, but sal trees between 15- and 35-years age 

were infected due to fire causing the wounds which ultimately become prone to heart rot due 

to fungi. The species like D. sissoo, S. anacardium and L. parviflora had several fire-adaptive 

characters that were able to survive on low intensity of surface fires (Orwa et al. 2009; Semwal 

and Mehta, 1996). The overall results of tree carbon stock suggested that fire can changes the 

total carbon stock in the forest.   
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5.6. Soil pH  

Soil pH in different forest types were significantly differs generally acidic in pine forests (Aryal 

et al., 2016/18; Shrestha 1992) also, Sal Forest of terai region of Nepal (Paudel et, al., 2003). 

In the present study high to low pH value of the soil was recorded in burnt and unburnt forest 

respectively. It was observed that in S. robusta forest soil pH increased after burnt. The result 

suggested that soil pH was less significant between the burnt and unburnt forest whereas it was 

significant across the soil depth Soil pH was slightly higher in layer 0-2cm and above 30cm 

soil depth.  

Burning of accumulated litter, fresh plants parts or slash increases soil nutrients. Soil pH 

increased towards alkaline levels after burning, supporting the observation that burning forest 

residue has a liming effect on the soil. These results supported previous work done by Iglesias 

(2010) in pine forest of southern France, reported that pH of soil was not altered after the fire 

while Ulery et al., (1995) in pine and chapparal and De Marco et al., (2004) in Mediterranean 

forest of southern Italy, reported increase in pH of soil due to fire in forest as litter were 

converted into ash. The result suggested that soil pH increases after fire in S. robusta forest of 

Chure region Butwal. 

5.7. Bulk density 

Bulk density of soil is highly correlated to Soil organic carbon (Leifeld et al., 2004) and 

depends on several factors such as compression, combination, and amount of Soil Organic 

Carbon present in the soil. The low value of BD explains less compacted soil with high pore 

space compared to other soil depths suitable for vegetation growth, however, high BD value 

make the soil unfit for vegetation growth. Soil BD less than 1.5 g/cm3 has an optimum 

movement of air and water for similar soil types and is good soil for plant growth (Hunt and 

Gilkes 1992). In our present study BD significantly differed between burnt and unburnt forest 

suggesting that it remains altered after fire, similar with the observation by several researchers 

that burning increases bulk density and reduces moisture content (Hubbert et al., 2006; Boerner 

et al., 2009; Xue et al., 2014). It was observed that mean minimum value (0.85±0.03g/cm3) 

was calculated in topsoil of burnt forest. Similarly, at the depths of 30 cm above mean 

maximum value (1.05±0.01g/cm3) was calculated in unburnt forest, followed by unburnt forest 

(1.04±0.01g/cm3) at the depths of 10-30cm.  There were significantly differences between BD 

at different soil depths i.e., low values calculated even in depths (30-60cm).  The possible 

reasons of low BD throughout the soil depth might be due to decomposition of biomass, less 
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anthropogenic disturbances, and the remains of burnt product including charcoal, ashes and 

leaching of organic content up to depths of 60cm. 

5.8. Soil organic carbon 

The storage of carbon under the ground is called soil carbon. In fact, its amount depends on the 

above ground input received from leaf litter and on the decomposition of fine roots below 

ground (Rasse et al., 2006). The present study showed that fire increased the amount of soil 

organic carbon compared to unburnt forest. However, compared with SOC in different depths, 

SOC stock was slightly decreased with increasing soil depths except 2-10cm of burnt forest. 

The findings of this study suggested that the SOC stock significantly increased after fire was 

similar with the results from studies conducted by other researchers (Kara and Bolat, 2009: 

Black Pine plantation forest in Turkey; Pardini et al., 2004: Brushland, Mediterranean 

environments in NE Spain). However, contrasting results; decreased SOC after fire had also 

been reported (Sitlhou and Singh 2015: Subtropical Forest in Manipur, Kumar et al., 2013: in 

P. roxburghii forest in Gharwal Himalaya, India). The effect of fire on SOC abundance in an 

ecosystem depends on the type and frequency of fire (Zhao et al., 2012), time and season of 

the burn (Zhao et al., 2012), the availability of fuel mass, vegetation type, topography, and post 

fire climate conditions of the forest (Semwal and Mehta, 1996). SOC stock was gradually 

decreased with increasing soil depths (Awasthi et al., 2005; Smith et al., 2000). 

These results showed highest SOC stock at burnt forest in soil layer 2-10cm, however, the 

amount was significantly different among the four soil layer forest in burnt forest. Ansley et 

al., (2006) also reported that the increase SOC was largely due to increased aboveground 

production (biomass) and very fine roots of grasses that may have passed through sieve in fire 

treatment soils. The higher values of SOC in soil layer 2-10cm was probably due to the 

topography of the forest (gentle slope) which retards surface washed off charcoal and other 

burnt plant parts and enhance leaching. Similarly, soil depths >10 cm in fired forest with high 

SOC value suggested continuous leaching of char after annual seasonal fire than in unburnt 

forest. Awasthi et al., (2005) and Smith et al. (2000) also reported low SOC at the top layer of 

steep slopes and high deposition in deep layers up to 15 cm due to leaching. The high SOC 

value in burnt forest probably due to conversion of plants parts like leaves, branches, flower, 

fruit etc. to charcoal and ashes. This might be increased SOC in different soil depths after 

leaching.   
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5.9 Soil charcoal Stock 

Presence of charcoal particles along the soil vertical profile across soil depths indicated fire 

disturbances in forest. In present study, the total percentage of charcoal stock in four different 

soil layers i.e., 0-2, 2-10, 10-30 and above 30cm depths showed gradual decrease from top to 

downwards. Total soil charcoal stock (SCS) was higher value (35%) in the topsoil and lower 

(2%) in >30cm depth were recorded. Amount of charcoal in soil profile was greatest near the 

surface and decreased gradually with increased depths like the findings reported in Pinus 

roxburghii forest of Langtang National Park by Aryal et al (2016/18), in mixed Hardwood 

Forest of U.S. Hart et al., 2008) and in Amazonian seasonal forest in Brazil. Turcios et al., 

(2015) Similar results were also obtained by Suman (1984) that charcoal leaching was one of 

the excellent examples of long-term C pool and past fire condition. Surface charcoal can be 

washed away by monsoon but charcoal in the soil depths were deposited in long term. Similar 

types of findings were recorded in previous works including charcoal deposition (Horn and 

Underwood, 2014) and relationship between fire, climate, and human activity to document past 

fires (Berg and Anderson, 2006). There were no charcoals reported in all depths of unburnt 

forest. However, the negligible amount of charcoal accumulation in unburnt forest recorded 

might be due to possible by wind, water, landslides etc. from surrounding burnt areas 

ecosystems. The expected highest value of SCS in burnt forest suggests possibility i.e.  due to 

gentle slope which supports accumulation on the top layer as well as leaching in course of time 

which retardates surface runoff.  
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CHAPTER 6: CONCLUSION AND RECOMMENDATION 

6.1 Conclusion 

• Altogether 74 species are recorded from the study forest (69 in burnt and 71 in unburnt), 

among them, Calotropis gigantea, Capillipedium assimile and Heliotropium indicum are 

uncommon which are recorded only in burnt forest. The uncommon species found in burnt 

forest may be fire preferring species.  

 

• Higher number of saplings and lower number of seedlings in burnt forest suggested that the 

fire event has different impacts on different aged groups i.e., seedlings are more sensitive to 

fire. 

 

• Total tree carbon stock in unburnt forest is comparatively higher than that of burnt forest 

which is in accordance with the data obtained for density of the species in both forests i.e., 

higher the tree density higher the carbon stock.  

 

• Among the soil parameters, high soil pH, soil organic carbon (SOC) and soil charcsoal stock 

(SCS) in burnt forest is positively related with the fire event. More specifically, presence of 

high amount of SOC and SCS in burnt forest indicates moderate type of fire event which 

supports existence of plant life.  

 

• Among the plants species the dominant ones like Shorea (tree) and Imperata (grass) shows 

higher tolerance potential than others. In case of Imperata, the underground root-rhizome 

supports its perennially even after fire. These events support to conclude that plant are of 

two types based on their tolerance potential against fire. Some plants have aerial parts that 

can tolerate fire and others that have underground perennial structures.  
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6.2 Recommendations 

   Following recommendations have been suggested based on the results of present study: 

• In present study, higher number of saplings in burnt forest may suggest that fire has 

positive role in growth and development of S. robusta. However, as the study was not 

focused to analyze the intensity of past fire, it is recommended for the future researchers 

to starts research work with complete information of past fire events. 

 

• Similarly, lower number of seedlings of Shorea in burnt forest suggested the fire 

tolerant potential of this species, although artificial fire experiment is recommended to 

plan for scientific verification of present result. 

 

• As the extensive fire events are always destructive, local peoples should be encouraged 

by the governmental authorities for the collection of dry matter from forest floor. This 

minimizes the accumulation of fuel mass on the forest floor ultimately reduces the 

chance of severe fire. 

 

• The information came out from the study is believed to be useful for the governmental 

agencies like department of forest resources, President Chure Conservation Project, 

Butwal Sub-metropolitan, to maintain the S. robusta forest of this region. 
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APPENDICES 

Appendix I: List of Fire data along with geographical Co-ordinates and date of fire. 
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Appendix II: Checklist of herb, Shrubs and tree species found in studied forest. 

Scientific name Local name Family Habit Forest 

Shorea robusta Gaertn. Sal Dipterocarpaceae Tree Both 

Bauhinia purpurea L. Koiralo Fabaceae Tree Both 

Terminalia chebula Retz. Harro Combertaceae Tree Both 

Terminalia alata Heyne ex. Roth Saj Combertaceae Tree Both 

Anogeissus latifolius (Roxb. Ex DC.) 

Bedd. 

Banjee Combertaceae Tree Both 

Cassia fistula L. Rasbrishka Fabaceae  Tree Both 

Semicarpus anacardium L. f. Bhalayo Anacardiaceae Tree Both 

Dalbergia sissoo Roxb. Sissau Leguminosae Tree Both 

Melia azedarach L. Bakaino Meliaceae Tree Both 

Lagerstroemia parviflora Roxb. Botdhayera Lythraceae Tree Both 

Mallotus philippensis (Lam.) Muell.-

Arg. 

Rohidi Euphorbiaceae Tree Unburnt 

only. 

Schleichera oleosa (Lour.) Oken Kusum Sapindaceae Tree Both 

Careya arborea Roxb. Kumli Lecythidaceae Tree Both 

Wendlandia coriacea DC. Tilka Rubiaceae Tree Both 

Delonex regia (Bojer ex Hook.) Raf. Gulmohar Leguminosae Tree Both 

Eucalyptus citriodora Hook. Masala Myrtaceae Tree Both 

Euphorbia pulcherrima Wild ex 

Klotzsh. 

Lalupate Euphorbiaceae Tree Both 

Bombax ceiba L Simal Leguminosae Tree Both 

Grewia elastica Royle. Syal fusre Tiliaceae Tree Both 

Tamarindus indica L. Imli Leguminosae Tree Both 

Tectona grandis L. f Sagvan Verbenaceae Tree Unburnt only 

Ficus semicordata Buch. – Ham ex 

Sm. 

Khanayo Moraceae Tree Unburnt only 

Thysanolaena maxima (Roxb.) O. 

Kuntze 

Amriso Gramineae Shrub Both 

Tephrosia purpurea (L.) Pers. Sakinu Leguminosae Shrub Both 

Cassia occidentalis L. Thulo tapre Leguminosae 

  

Shrub Both 



74 
 

Pogostemon bengalensis (Burm. F.) 

Kuntze 

Rudilo Libiatae Shrub Both 

Justica adhatoda L Asuro Acanthaceae 

  

Shrub Both 

Smilax ovalifolia Roxb. Kukurdaino Liliaceae 

  

Shrub Both 

Chlerodendrum indicum (L.) Kuntze Chinde Verbenaceae Shrub Both 

Asparagus racemosus Willd. Kurilo Liliaceae Shrub Both 

Colebrookea oppositifolia Sm. Dhusure Lamiaceae Shrub Both 

Vitex negundo L. simali  Verbenaceae  Shrub Both 

Nerium indicum Miller Karbir Apocynaceae 

  

Shrub Both 

Rungia parviflora Nees. Pindee Acanthaceae 

  

Shrub Both 

Jasminum dispermum Wall. Lahare jai Oleaceae Shrub Both 

Ricinus communis L. Ader Euphorbiaceae 

  

Shrub Both 

Maesa macrophylla (Wall.) A.DC. Bhogate Myrsinaceae Shrub Both 

Bauhinia vahlii Benth. Bhorla Fabaceae Shrub Unburnt only 

Viscum album L. Hadchure Loranthaceae 

  

Shrub Both 

Melastoma falcata L. 
 

Melastomataceae 

  

Shrub Both 

Elatostoma sessile J.R. Forst Gaglato Urticaceae Shrub Both 

Eranthemum pulchellum Andrews Nilgathe Acanthaceae Herb Both 

Achyranthus aspera L. Datiwan Amaranthaceae 

  

Herb Both 

Argemone maxicana L. Thakal Papaveraceae 

  

Herb Both 

Blumea lacera (Burm.f.) DC. Kukure Compositae Herb Both 

Alocasia macrorrhiza Schott. Tarul Araceae Herb Both 

Boehmeria platyphylla D. Don. Khasreto Urticaceae Herb Both 

Cassia tora L Tapre Fabaceae 

  

Herb Both 

Imperata cylindrica (L.) Siru Cyperaceae 

  

Herb Both 

Saccharum spontaneum L. Daddi Graminae 

  

Herb Both 

Curcuma aromatica Salisb. Ban halido  Zingiberaceae Herb Both 

Musa superba Roxb. Ban kera Musaceae 

  

Herb Both 

Zingiber officinale Rosc. Aduwa Zingiberaceae 

  

Herb Both 

Chromolaena odorata L. Seto 

Banmara 

Asteraceae 

  

Herb Both 
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Calotropis gigantea (L.) Dryand. Aank Asclepadaceae Herb Burnt only 

Dryopteris filix-mas (L.) Schott. Uniu Dryopteridaceae Herb Both 

Capillipedium assimile (Steud.) A. 

Camus 

Musikhare Poaceae Herb Burnt only 

Phyllanthus urinaria L. Bhui amala Euphorbiaceae 

  

Herb Both 

Heliotropium indicum L. Mrigi raj Boraginaceae Herb Burnt only 

Murraya koenigii (L.) Spreng. kari patta Rutaceae Herb Both 

Urtica dioica L. Sisnu Urticaceae 

  

Herb Both 

Stellaria media Kurz. Boksi jhar Caryophyllaceae 

  

Herb Both 

Flemingia macrophylla (Willd.) 

Merr. 

Bhatwasi Fabaceae Herb Both 

Lygodium flexuosum (L.) Sm. Janai lahara Lygodiaceae Herb Both 

Eragrostis tenella (L.)Beauvois ex 

Roem. & Sch. 

Banso Poaceae Herb Both 

Adiantum capillus-veneris L. Kani uneu Pteridaceae Herb Both 

Triumfetta pilosa Roth. Dalle kuro Malvaceae 

  

Herb Both 

Ageratina adenophora (Spreng.)  Kalo 

Banmara 

Asteraceae Herb Both 

Mimosa pudica  L. Lajalu jhar Fabaceae 

  

Herb Both 

Cynodon dactylon (L.) Pers. Dubo  Poaceae Herb Both 

Cuscuta reflexa  Roxb. Akash beli Convolvulaceae 

  

Herb Both 

Mucuna pruriens (L.) DC. Kauso Fabaceae  Herb Unburnt only 

Artemisia indica Willd. Titepati Asteraceae 

  

Herb Both 

lePidium sativum L. chamsur Brassicaceae  Herb Both 

 

Appendix III: Importance value index of tree Species. 

A = Unburnt forest      B= Burnt Forest  

(A) 

Name of tree Species F (%) RF 

(%) 

D 

(In/h) 

RD 

(%) 

BA (sq. 

m) 

RBA 

(%) 

IVI 

Shorea robusta 100.00 10.14 823.64 61.79 50.9 58.71 130.6 

Bauhinia purpurea 56.67 5.74 22.73 1.71 0.96 1.10 8.55 

Terminalia chebula 33.33 3.38 17.30 1.30 1.56 1.80 6.48 

Terminalia alata 60.00 6.08 20.28 1.52 2.50 2.88 10.49 
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Anogeissus latifolius 63.33 6.42 42.56 3.19 0.47 0.54 10.16 

Cassia fistula 26.67 2.70 22.50 1.69 0.45 0.52 4.92 

Semicarpus anacardium 56.67 5.74 32.65 2.45 1.81 2.08 10.28 

Dalbergia sissoo 66.67 6.76 44.11 3.31 5.83 6.73 16.79 

Melia azedarach 26.67 2.70 22.83 1.71 0.43 0.49 4.91 

Lagerstroemia parviflora 76.67 7.77 40.02 3.00 7.16 8.25 19.03 

Mallotus philippensis 56.67 5.74 25.32 1.90 0.96 1.11 8.75 

Schleichera oleosa 43.33 4.39 19.73 1.48 1.68 1.93 7.80 

Careya arborea 40.00 4.05 20.91 1.57 1.93 2.22 7.85 

Wendlandia coriacea 26.67 2.70 19.77 1.48 1.24 1.43 5.62 

Delonex regia 23.33 2.36 19.09 1.43 0.16 0.18 3.98 

Eucalyptus citriodora 10.00 1.01 14.32 1.07 0.44 0.50 2.59 

Euphorbia pulcherrima 40.00 4.05 22.27 1.67 0.36 0.41 6.14 

Bombax ceiba 46.67 4.73 16.36 1.23 3.30 3.81 9.77 

Grewia elastica 40.00 4.05 21.00 1.58 0.30 0.35 5.97 

Tamarindus indica 46.67 4.73 30.55 2.29 1.79 2.06 9.08 

Tectona grandis 36.67 3.72 19.09 1.43 2.31 2.67 7.81 

Ficus semicordata 10.00 1.01 15.91 1.19 0.18 0.21 2.41 

 

(B) 

Name of tree Species F (%) RF 

(%) 

D 

(In/h) 

RD 

(%) 

BA (sq. 

m) 

RBA 

(%) 

IVI 

Shorea robusta 100.00 20.00 962.86 64.50 43.68 42.30 126.80 

Bauhinia purpurea 13.33 2.67 10.61 0.71 1.60 1.55 4.92 

Terminalia chebula 26.67 5.33 25.45 1.71 1.78 1.73 8.77 

Terminalia alata 30.00 6.00 28.63 1.92 2.14 2.07 9.99 

Anogeissus latifolius 16.67 3.33 9.63 0.65 0.27 0.26 4.24 

Cassia fistula 36.67 7.33 73.32 4.91 4.53 4.38 16.63 

Semicarpus anacardium 40.00 8.00 84.85 5.68 4.57 4.42 18.11 

Dalbergia sissoo 30.00 6.00 19.09 1.28 4.71 4.57 11.84 

Melia azedarach 3.33 0.67 1.06 0.07 0.94 0.91 1.65 

Lagerstroemia parviflora 76.67 15.33 164.99 11.05 10.94 10.60 36.98 
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Schleichera oleosa 26.67 5.33 24.39 1.63 5.23 5.06 12.03 

Careya arborea 13.33 2.67 12.73 0.85 3.34 3.24 6.75 

Wendlandia coriacea 10.00 2.00 11.63 0.78 2.19 2.12 4.90 

Delonex regia 13.33 2.67 9.63 0.65 2.65 2.56 5.87 

Eucalyptus citriodora 16.67 3.33 8.62 0.58 3.39 3.29 7.20 

Euphorbia pulcherrima 10.00 2.00 8.36 0.56 3.74 3.62 6.18 

Bombax ceiba 6.67 1.33 6.06 0.41 1.27 1.23 2.97 

Grewia elastica 10.00 2.00 8.57 0.57 2.10 2.03 4.61 

Tamarindus indica 20.00 4.00 22.27 1.49 4.19 4.06 9.55 

 

Appendix IV: Importance value index of Shrub species. 

A = Unburnt forest      B= Burnt forest  

(A) 

Name of shrub species F 

(%) 

RF 

(%) 

D 

(In/h) 

RD (%) C (%) RC (%) IVI 

Thysanolaena maxima 23.3

3 

3.93 0.02 5.75 193 4.95 14.64 

Tephrosia purpurea 80 13.48 0.07 15.11 814 20.9 49.51 

Cassia occidentalis 43.3

3 

7.30 0.04 7.88 267 6.86 22.05 

Pogostemon 

bengalensis 

43.3

3 

7.30 0.02 5.17 320 8.22 20.70 

Justica adhatoda 13.3

3 

2.24 0.00 1.56 134 3.42 7.25 

Smilax ovalifolia 13.3

3 

2.24 0.01 2.46 90 2.31 7.024 

Chlerodendrum 

indicum 

26.6

6 

4.49 0.01 2.54 128 3.28 10.33 

Asparagus racemosus 23.3

3 

3.93 0.01 2.46 100 2.56 8.96 

Colebrookea 

oppositifolia 

26.6

6 

4.49 0.02 4.60 202 5.19 14.28 

Vitex negundo 33.3

3 

5.61 0.02 5.42 198 5.08 16.12 

Nerium indicum 6.66 1.12 0.00 0.49 15 0.38 2.00 

Rungia parviflora 23.3

3 

3.93 0.02 4.35 148 3.80 12.09 
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Jasminum dispermum 43.3

3 

7.30 0.04 9.12 354 9.09 25.51 

Ricinus communis 16.6

6 

2.80 0.00 0.98 31 0.79 4.59 

Maesa macrophylla 40 6.74 0.01 3.20 230 5.90 15.85 

Bauhinia vahlii 46.6

6 

7.86 0.02 4.84 218 5.60 18.31 

Viscum album 16.6

6 

2.80 0.02 4.10 62 1.59 8.51 

Melastoma falcata 13.3

3 

2.24 0.01 2.62 125 3.21 8.08 

Elatostoma sessile 60 10.11 0.08 17.25 263 6.75 34.12 

 

(B) 

Name of shrub species F (%) RF 

(%) 

D 

(In/h) 

RD 

(%) 

C (%) RC 

(%) 

IVI 

Thysanolaena maxima 10 1.89 0.04 7.93 183.0

0 

5.00 14.82 

Tephrosia purpurea 80 15.09 0.08 17.37 814.0

0 

22.24 54.72 

Cassia occidentalis 43.33 8.18 0.04 9.07 267.0

0 

7.29 24.54 

Pogostemon bengalensis 30 5.66 0.03 5.95 320.0

0 

8.74 20.35 

Justica adhatoda 13.33 2.52 0.01 1.79 134.0

0 

3.66 7.97 

Smilax ovalifolia 13.33 2.52 0.01 2.83 90.00 2.45 7.81 

Chlerodendrum indicum 26.66 5.03 0.01 2.93 128.0

0 

3.49 11.46 

Asparagus racemosus 23.33 4.40 0.01 2.83 100.0

0 

2.73 9.97 

Colebrookea oppositifolia 40 7.55 0.04 8.50 350.0

0 

9.56 25.61 

Vitex negundo 33.33 6.29 0.03 6.23 198.0

0 

5.41 17.93 

Nerium indicum 6.667 1.26 0.00 0.57 15.00 0.40 2.23 

Rungia parviflora 23.33 4.40 0.02 5.00 148.0

0 

4.04 13.45 

Jasminum dispermum 43.33 8.18 0.05 10.48 354.0

0 

9.67 28.33 

Ricinus communis 16.66 3.14 0.01 1.13 31 0.84 5.13 

Maesa macrophylla 53.33 10.06 0.02 4.25 240.0

0 

6.55 20.87 

Viscum album 26.66 5.03 0.03 7.74 96 2.62 15.40 
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Melastoma falcata 40 7.55 0.02 4.53 159 4.34 16.43 

Elatostoma sessile 6.66 1.26 0.00 0.849 32 0.87 2.98 

 

Appendix V: Importance value index of herb species. 

A = Unburnt forest      B= Burnt Forest  

A 

Name of herb species F (%) RF 

(%) 

D (In/h) RD (%) C (%) RC (%) IVI 

Eranthemum 

pulchellum 

16.66 1.84 0.6 0.81 61 1.32 3.97 

Achyranthus aspera 46.66 5.15 1.93 2.61 249 5.38 13.15 

Argemone maxicana 16.66 1.84 0.5 0.68 31 0.67 3.18 

Blumea lacera 30 3.31 2.73 3.70 93 2.01 9.02 

Alocasia macrorrhiza 30 3.31 0.9 1.22 45 0.97 5.50 

Boehmeria platyphylla 90 9.93 6.93 9.37 928 20.07 39.37 

Cassia tora 30 3.31 1.26 1.71 78 1.69 6.71 

Imperata cylindrica 33.33 3.68 3.2 4.33 138 2.98 10.99 

Saccharum 

spontaneum 

16.66 1.84 2.23 3.02 143 3.09 7.95 

Curcuma aromatica 23.33 2.57 1.6 2.16 131 2.83 7.57 

Musa superba 33.33 3.68 2.33 3.15 113 2.44 9.27 

Zingiber officinale 16.66 1.84 0.8 1.08 32 0.69 3.61 

Chromolaena odorata 43.33 4.78 2.9 3.92 173 3.74 12.44 

Calotropis gigantea 0 0.00 0 0.00 0 0.00 0.00 

Dryopteris filix-mas 60 6.62 4.66 6.31 316 6.83 19.76 

Capillipedium 

assimile 

0 0.00 0 0.00 0 0.00 0.00 

Phyllanthus  36.66 4.04 2.2 2.97 128 2.77 9.79 

Heliotropium indicum 0 0.00 0 0.00 0 0.00 0.00 

Murraya koenigii 46.66 5.15 2.4 3.24 173 3.74 12.13 

Urtica dioica 20 2.21 1.16 1.58 105 2.27 6.05 

Stellaria media 50 5.51 3.5 4.73 258 5.58 15.83 

Flemingia 

macrophylla 

36.66 4.04 2.16 2.93 185 4.00 10.97 

Lygodium flexuosum 30 3.30 2.5 3.37 165 3.56 10.26 

Eragrostis tenella 26.66 2.94 4.5 6.08 110 2.37 11.40 

Adiantum capillus-

veneris 

33.33 3.67 4.3 5.81 160 3.46 12.95 

Triumfetta pilosa 30 3.30 6 8.11 210 4.54 15.96 

Ageratina Adenophora 20 2.20 2.6 3.51 128 2.76 8.49 

Mimosa pudica  13.33 1.47 0.26 0.36 40 0.86 2.70 

Cynodon dactylon  6.66 0.73 0.33 0.45 25 0.54 1.73 

Cuscuta reflexa  3.33 0.36 0.03 0.04 5 0.10 0.52 
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Mucuna pruriens 13.33 1.47 0.36 0.49 85 1.83 3.80 

Artemisia indica 26.66 2.94 2.03 2.74 195 4.21 9.91 

lepidium sativum  26.66 2.94 7 9.46 121 2.61 15.02 

 

B 

Name of herb species F 

(%) 

RF 

(%) 

D 

(In/h) 

RD 

(%) 

C (%) RC (%) IVI 

Eranthemum pulchellum 80.0

0 

11.1

1 

22.73 20.0

2 

579 15.29 46.42 

Achyranthus aspera 40.0

0 

5.56 7.00 6.17 78 2.06 13.78 

Argemone maxicana 20.0

0 

2.78 1.80 1.59 29 0.77 5.13 

Blumea lacera 50.0

0 

6.94 4.57 4.02 141 3.72 14.69 

Alocasia macrorrhiza 6.67 0.93 0.10 0.09 6 0.16 1.17 

Boehmeria platyphylla 30.0

0 

4.17 1.20 1.06 93 2.46 7.68 

Cassia tora 60.0

0 

8.33 15.00 13.2

1 

350 9.24 30.79 

Imperata cylindrica 43.3

3 

6.02 28.33 24.9

6 

690 18.22 49.19 

Saccharum spontaneum 10.0

0 

1.39 0.97 0.85 53 1.40 3.64 

Curcuma aromatica 16.6

7 

2.31 0.73 0.65 58 1.53 4.49 

Musa superba 6.67 0.93 0.33 0.29 90 2.38 3.60 

Zingiber officinale 13.3

3 

1.85 0.40 0.35 26 0.69 2.89 

Chromolaena odorata 10.0

0 

1.39 0.47 0.41 23 0.61 2.41 

Calotropis gigantea 20.0

0 

2.78 0.40 0.35 29 0.77 3.90 

Dryopteris filix-mas 6.67 0.93 0.43 0.38 30 0.79 2.10 

Capillipedium assimile 43.3

3 

6.02 3.73 3.29 251 6.63 15.93 

Phyllanthus urinaria 10.0

0 

1.39 0.40 0.35 28 0.74 2.48 

Heliotropium indicum 13.3

3 

1.85 0.77 0.68 54 1.43 3.95 

Murraya koenigii 23.3

3 

3.24 1.77 1.56 63 1.66 6.46 

Urtica dioica 20.0

0 

2.78 0.70 0.62 60 1.58 4.98 

Stellaria media 30.0

0 

4.17 2.13 1.88 173 4.57 10.61 

Flemingia macrophylla 23.3

3 

3.24 1.20 1.06 125 3.30 7.60 
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Lygodium flexuosum 13.3

3 

1.85 0.87 0.76 60 1.58 4.20 

Eragrostis tenella 46.6

7 

6.48 11.67 10.2

8 

275 7.26 24.02 

Adiantum capillus-

veneris 

13.3

3 

1.85 0.33 0.29 68 1.80 3.94 

Triumfetta pilosa 10.0

0 

1.39 0.50 0.44 80 2.11 3.94 

Ageratina Adenophora 10.0

0 

1.39 1.83 1.61 90 2.38 5.38 

Mimosa pudica  6.67 0.93 0.13 0.12 10 0.26 1.31 

Cynodon dactylon  13.3

3 

1.85 2.33 2.06 95 2.51 6.42 

Cuscuta reflexa  13.3

3 

1.85 0.13 0.12 30 0.79 2.76 

Mucuna pruriens 0.00 0.00 0.00 0.00 0 0.00 0.00 

Artemisia indica 13.3

3 

1.85 0.50 0.44 45 1.19 3.48 

lepidium sativum  3.33 0.46 0.07 0.06 5 0.13 0.65 

 

Appendix VI: ANNOVA table for the analysis of pH, Bulk density and SOC. 

ANOVA 
     

Dependent variable: pH 
   

 
Sum of 

Squares 

df Mean Square F Sig. 

Between 

Groups 

0.358 3 0.119 0.439 0.726 

Within Groups 11.968 44 0.272 
  

Total 12.327 47 
   

Dependent variable: Bulk density   

  

 
Sum of 

Squares 

Df Mean Square F Sig. 

Between 

Groups 

0.12 3 0.04 11.128 0.00 

Within Groups 0.072 20 0.004 
  

Total 0.192 23 
   

Dependent Variable: SOC         

  Sum of 

Squares 

Df Mean Square F Sig. 

Between 

Groups 

28068.144 3 9356.048 61.406 0.000 

Within Groups 3047.297 20 152.365     

Total 31115.441 23       
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Appendix VII: Selected Photo plates. 

 
 

A B 

C D 
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E F 

G H 
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A= Landscape of Burnt forest, B= Landscape of unburnt forest, C= Measuring DBH, D= Soil 

collection through soil borer, E= Drying of soil before analysis, F= Lab Analysis, G = Example 

of disturbance and H, I = Burnt wood after fire. 
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