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SUMMARY 

Forest fire is the practice that has been carried on since centuries. The 

impacts of forest fire are the issue that has brought up many times 

during Jan to May by many media persons and often debates have 

been made on it. The team of Ambika Prasad Research Foundation 

along with the forest officials of Bonai Forest Division made an 

attempt to survey the post impacts of forest fire. Among those 

impacts, the regeneration of the forest post forest fire during the 

monsoon has been studied thoroughly. To observe the regeneration 

status, statistical analysis of various biodiversity assessment indices 

has been used and a random stratified quadrant method have been 

adopted. The study reveals that species like Shorea robusta, Curculigo 

orchioides, Dioscorea hispida, etc. show a high frequency of 

regeneration. Again, species like Shorea robusta, Millettia extensa 

show highest density. Results also revealed that there is medium 

biodiversity. Other biodiversity assessment indices have also been 

considered. The survey also highlights the very common cause of 

forest fire in this study area. For this region, intensive shifting 

cultivation is observed to be the major cause of forest fire followed by 

other activities. The overall survey and collected data has been 

analysed and brought about some recommendation measures that 

can be taken up in directly or indirectly reduce the rate of forest fire 

in this region.  
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INTRODUCTION 

Forest fire is the most burning topic as 

it is a regular practice in our country 

often observed during the fire season 

i.e., from February to May. Every 

year large area of forests is affected 

by fires of varying intensity and 

extent. Depending on the severity, 

many queries arises like the 

consequences regarding loss of 

biodiversity. Forest Fire is not a 

newly evolved practice rather it has 

been going on since centuries back 

and to some extent it has become a 

part to enhance the forest ecology. 

However, there has been always a 

controversy regarding the effects of 

forest fire. It is quite often a news, 

criticism, debate regarding the forest 

fire in the hot and dry seasons from 

February to May (SFF 2009). Many 

queries and concerned of the forest 

fire are often associated with negative 

impacts on the environment.  But 

these issues silence after the 

monsoons and many are least 

bothered about the post forest fire or 

the forest scenario after the burning 

season. Normally people believe such 

fire could only damage and devastate 

wildlife and vegetation. However, 

studies have also shown that forest 

fires also help in the natural cycle of 

plant growth and replenishment 

(Ababa 2020).  

Although forest fire can be caused by 

both natural and anthropogenic 

activities, most forest fire we see 

today are caused by the anthropogenic  

 

activities. There are three important 

elements for forest fire to take place. 

They are fuel, oxygen and heat 

source. Together these 3 elements are 

called “fire triangle”. Fuel as any 

flammable material nearby a fire, 

including specific fire catching tree, 

dry leaves, dry shrub or herb is act a 

fuel. Air supplies the oxygen and heat 

sources help spark the forest fire & 

bring fuel to temperatures hot enough 

to ignite. 

Anthropogenic activities that lead to 

forest fire include, land clearing, 

burning agricultural waste, shifting 

cultivation, extraction of non-timber 

forest produce, poaching, 

maintenance of grasslands for 

livestock management etc. 

Apparently, there are three types of 

forest fire namely surface fire, ground 

fire and crown fire. However, moist 

and dry deciduous forest or the sal 

forest are mainly associated with 

surface fire. In Odisha, most part of 

Figure 1: View of forest floor after forest fire 
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the forest areas are sal forest and 

surface fire type is mainly prevalent. 

This type of fire has a low intensity of 

heat as the fuel for such fire are 

mainly dry twigs and dry leaves cover 

on the forest floor. In dry season, the 

deciduous trees shed leaves, dried due 

to the heat and dry spell of the wind 

and cover the forest. Again, these 

seasons are also the season for 

flowering and fruiting of many plants. 

The local inhabitants of the forest find 

it difficult to move in the forest due to 

the thick dry cover of the forest floor. 

These people set fire in the forest floor 

to make path in the forest, to get rid of 

poisonous insects like scorpions and 

snakes, to make easy collection of 

non-timber forest products like flower 

of Madhuca longifolia, Shorea 

robusta, Dillenia pentagyna, fruits of 

Bauhinia vahlii, ficus semicordata, 

etc. They also set fire so that the early 

precipitation easily reaches the soil 

and regeneration starts early and 

provides food for herbivores.   

According to the Ministry of 

Environment, Forest & Climate 

change, Government of India, forest 

cover of Odisha is about 5.72 million 

ha, which constitutes 36.73 % of the 

geographical area of the state. About 

four types of forest constitute the state 

i.e., tropical semi evergreen, tropical 

moist deciduous, tropical dry 

deciduous and littoral and swamp 

forests.  The reserved forest of the 

state constitutes 47.37%, protected 

forest 52.60 % and unclassed forest 

0.03%. About 0.503 million ha, 

constituting 8.8 % of total forest area, 

is affected by shifting cultivation. 

A survey took place in Bonai Forest 

Division of Sundargarh district of 

Odisha. Bonai forest division is 

situated between 21°39’22° 8’N and 

84°30’-85°23’E towards the North- 

Western boundary of the state of 

Odisha in eastern India. It is bounded 

on the North by Jharkhand state and 

Rourkela Forest Division. The survey 

was mainly to observe the post 

impacts of forest fire especially the 

regeneration of the burnt study areas. 

It started from early monsoon 

continued till the monsoon season. 

Figures related to this document are 

enlisted in Appendix. 

 

 

Figure 2: Types of Forest Fire  
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Figure 3: Components of fire  

(In the study areas (deciduous forest) the shed 

dry leaves as a thick forest cover act as fuel, 

the hot dry winds of the early summer acts as 

a catalyst to catch fire. The heat source is 

normally provided by human activities. 

Oxygen to burn.) 

Figure 4: Surface fire residues in study areas 
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MATERIALS & METHODS 

A study was carried out in Bonai 

Forest Division from June to July 

2021. The Team of APRF (Ambika 

Prasad Research Foundation) along 

with the forest officials surveyed the 

areas where forest fire took place two 

to three months earlier. Regeneration 

observed during the monsoon was 

critically analysed and a statistical 

analysis of the regenerated flora was 

carried out. Plants grow in 

communities and so the regenerated 

flora can have different analytical 

character. These analytical character 

in terms of species richness, 

frequency, density, abundance, IVI  

(Important value index) values can be 

quantitatively expressed. A stratified 

random sampling approach was 

adopted for the assessment of 

regenerated plants in the study areas. 

A 5mx5m quadrant was laid 

randomly in 10 sites of the study area. 

 

 
 Figure 5: Regeneration quadrant plotting  
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STATISTICAL ANALYSIS 

The primary data recorded from the 

study areas were analysed for 

statistical attributes like frequency, 

density, abundance, etc. The number 

of individual species in a population 

never remains constant and can be 

expressed for a unit area by a 

population density. Population 

frequency is given by the degree of 

uniformity of the individuals of a 

species. A quantitative measure of 

significance of a species in its habitat 

is given by abundance. It reveals the 

species success numerically. The 

relative values were also calculated 

following the method of (Jamir 2006; 

Jan et al., 2017; Jaiswal & Patil, 

2020; Kumar 2015; Thakur 2006; 

Malik et al., 2019; Mahagan & Sumia 

2017).

 

Frequency of a population is used to compare plant communities and to detect 

changes in vegetation composition.  It is usually expressed as                 

Frequency =    No. of units in which the species occurred      x 100 

                             Total no. of unit studied 

 

Density of a population is described as a species status in a plant community. It 

is expresses as 

Density =     Total no. of individual of the species      

                     No. of quadrant per units studied 

 

A quantitative measure of significance of a species in its habitat is given by 

abundance  

Abundance =          Total no. of individuals of the species 

                         No. of quadrate per units in which they occur 

 

The relative values of the indices Frequency, Density and Abundance are 

expressed as 

 

Relative frequency =    Frequency of a particular species       x 100 

                                     Sum of frequency of all the species  

  

Relative density =       Density of a single species     x 100 

                                              Total density 
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Relative abundance =   Abundance of a particular species       x 100 

                                      Sum of abundance of all the species 

 

Importance value Index is a measure of how dominant a species is in a given 

forest area. It is expressed as  

Importance value index (IVI) = Relative frequency + Relative density + 

Relative abundance 

IVI results shows that the tree species with high importance values differs from 

site to site.  

The species richness is not uniformly distributed in the forest sites. Different 

species are found in regeneration area. Many of them belong to the families like 

Dipterocarpaceae, Fabaceae, Asteraceae, Ebenaceae, Hypoxidaceae, Vitaceae, 

Salicaceae, Dioscoreaceae, Anacardiaceae, etc. Species richness is expressed as 

Menhinick Index for Species Richness (D) =    S 

                                                                            √N 

where, S = No. of Species 

N = Total no. of individuals in the sample     

Shannon diversity index or Shannon-Wiener Index is the way to measure the 

diversity of species in the community. It can be expressed as 

Shannon-Wiener Index (H) = ∑[(pi)×ln(pi)] 

where, H = Shannon-Wiener Index 

∑ = Summation 

ln = Natural Logarithm 

pi = proportion of total sample represented by species i. Divide no. of individuals 

of species i by total number of samples.  

Species evenness refers to how close in numbers the species in the environment 

is. It can be expressed as 

Species Evenness (E) =  H 

                                         Hmax 

where,  

Hmax = ln(S) = Maximum diversity possible 

S = number of species = Species richness 
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Figure 6: Composition of regenerated plants in 10 sites of the study area 

 

 

 

 

Figure 7: Frequency of plant communities in 10 different sites 
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Figure 8: Density of the plant community 

 

 

 

 

Figure 9: Abundance of the plant community 
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Figure 10: Species richness of the plant community 

 

 

 

 

Figure 11: Important value Index (IVI) of the plant community 
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Figure 12: Statistical data of the indices frequency, Density, Abundance, Relative frequency, 

Relative density, Relative abundance, IVI values and species richness 

Plant name Frequency Density Abundance RF RD RA IVI Species 

richness 

Shorea 

robusta 
100 12 12 11.6 13.7 11.6 36.9 0.91 

Millettia 

extensa 
90 10.3 11.4 10.4 11.7 11.0 33.1 0.98 

Ageratum 

conyzoides 
80 7.5 9.3 9.3 8.5 9.0 26.8 1.15 

Diospyros 

melanoxylon 
60 8.3 13.8 6.9 9.5 13.4 29.8 1.09 

Curculigo 

orchioides 
100 9.7 9.7 11.6 11.1 9.4 32.1 1.01 

Dalbergia 

latifolia 
60 7.2 12 6.9 8.2 11.6 26.7 1.17 

Leea asiatica 90 7.9 8.7 10.4 9.0 8.4 27.8 1.12 

Casearia 

elliptica 
90 8.3 9.2 10.4 9.5 8.9 28.8 1.09 

Dioscorea 

hispida 

100 9.5 9.5 11.6 10.8 9.2 31.6 1.02 

Buchanania 

lanzan 

90 6.6 7.3 10.4 7.5 7.0 24.9 1.23 

Total 860 87.3 102.9 99.5 99.5 99.5 298.5 10.77 

 

Analysis of the Statistical Data 

In selected study sites of Bonai forest division, statistical analysis of biodiversity 

indices was calculated from the raw data collected by random sampling of 

quadrant method.  

Population Frequency 

In the study areas species like Shorea robusta, Curculigo orchioides(100), 

Dioscorea hispida (100), showed the highest frequency and species like 

Dalbergia latifolia (60) and Diospyros melanoxylon (60) showed the least 

frequency. Frequency represents the degree of uniformity of the individual 

species in the community.  

Population Density 

Density of the population gives the idea of the species status in the community. 

Shorea robusta (12) has the highest density followed by Millettia extensa (10.3) 
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and Dioscorea hispida (9.5) and species like Buchanania lanzan (6.6) has the 

lowest density in the community.  

Abundance 

Abundance reveals the species success numerically. It gives the quantitative 

measure of significance of a species in its habitat. Diospyros melanoxylon (13.8) 

showed the highest abundance followed by Shorea robusta (12), Dalbergia 

latifolia (12) and Millettia extensa (11.4) and species like Buchanania lanzan 

(7.3) showed the least abundance. 

Species richness 

Species richness is simply the count of species and it does not take into account 

the abundance of the species or the relative abundance distribution. It is expressed 

by Menhinick Index for Species Richness and denoted by (D). Buchanania 

lanzan (1.23) showed the highest species richness followed by Dalbergia latifolia 

(1.17) and Ageratum conyzoides (1.15) and species like species like Shorea 

robusta (0.91) and Millettia extensa (0.98) showed the least species richness. 

Shannon-Wiener Index 

Shannon diversity index or Shannon-Wiener Index is the way to measure the 

diversity of species in the community. It is denoted by (H). The higher value of 

H indicates higher diversity of species in the community. The lower value of H 

indicates lower diversity of species in the community. When H equals to zero, it 

indicates that the community has a single species. Shannon-Wiener Index of the 

studied area gives the value of H= 2.16. 

Species Evenness 

Species evenness refers to how close in numbers the species in the environment 

is. It is the measure of biodiversity which quantifies how equal the community 

numerically. The species evenness of the current biodiversity is 0.93. 
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PECULIAR FINDINGS 

In Bonai Forest Division, the major 

cause of forest fire is shifting 

cultivation although there are other 

causes of forest fire observed in this 

area which include collection of non-

timber forest products, poaching, 

making path through the forest, etc. 

Shifting cultivation is very intensely 

practice in this area and often 

observed that the hill slopes are 

cleared for farming purposes every 

year. 

From study areas, information has 

been gathered regarding regeneration 

after forest fire. Field survey revealed 

that species that regenerate by re-

sprouting after they’ve burned have 

an extensive root system. Dormant 

buds are protected underground, and 

nutrients stored in the root system 

allow quick sprouting after the fire. 

Many trees can recover after fire, 

depending on the intensity & 

duration of the burn. During forest 

fire, the nutrients from dead trees are 

returned to the soil. The forest floor 

is exposed to more sunlight, 

nourishes the soil allowing seedlings 

released by the fires to sprout & 

grow, reducing the competition for 

nutrients allows established trees to 

grow stronger & healthier than they 

would generally do. Fire has a 

negative impact and positive impacts 

too but it all depends on the 

controlled burning which only 

creates a balance in the forests. 

Controlled burning, also known as 

the prescribed burning involves 

setting planned fires to maintain the 

health of a forest. These burns are 

scheduled for a time when the fire 

will not pose a threat to the forest.  

 
Figure 13: Burnt and unburnt side of the forest  
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Figure 14: Clearing of hill slopes for shifting cultivation  

Figure 15: Forest fire for shifting cultivation  
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Figure 16: Regeneration during the monsoon 
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Figure 17: Regeneration after the monsoon- ground orchids, herbs & tree seedlings 
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Figure 18: Interaction with local communities 
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RECOMMENDATIONS 

In Bonai, Forest Division it is 

observed that shifting cultivation is 

intensely practice, which is also a 

main cause of forest fire. To stop 

forest fire, frequent interaction with 

the local communities of the forest is 

of utmost important. Interaction also 

means to address the problems of 

means of livelihood and reduce the 

forest dependency. It is also 

important to note that, to practice 

shifting cultivation, effort is being 

made by the people till the time when 

the land is ready to sow. It requires, 

time, energy and patience to clear the 

hill slopes before it is ready for 

cultivation. It is important to consider 

the means of livelihood during these 

unproductive periods of the time. 

Dependency of forest and illegal 

practices like poaching could be high 

during these periods. Providing 

alternative livelihood or short-term 

livelihood to these people can help 

divert from forest dependency and 

reduce forest fire in turn. Awareness 

program can be started continuously 

from the month of October till the 

peak of March and April.  

Proper monitoring of the forest needs 

to be done from December to April 

by the forest officials. Making proper 

fireline and providing enough 

blowers can be done to check and 

control forest fire. 

Early controlled burning is required 

to control overloading thick layers of 

dry leaves during early summer. Or if 

necessary, dry leaves can be collected 

and burnt outside forest. In this 

aspect research work is needed to 

find an alternative of burning the dry 

leaves which could be eco-friendly 

and sustainable.  

Involvement of local communities in 

the development, restoration and 

protection of forest and wildlife and 

involvement in other sustainable 

livelihood segregated by age factor 

can be done.  

During the survey, quiet often while 

interacting with the local 

communities, the aged people could 

not be fit for job in mining works, 

driving or travel to other places in 

search for jobs end up poaching or 

extracting forest produce to get a few 

penny for liquor. Therefore, 

providing sustainable livelihood 

depending on age groups could 

reduce the illegal activities in forest 

areas or indirectly reduce the forest 

fire.  

Intensive shifting cultivation needs to 

be checked by the forest department 

or else the heavy clearing of forest 

could impact the soil and increase 

soil degradation. It could change the 

ecology of the forest and can be a 

reason for climate change. 
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Figure 19: Recommendations to reduce forest fire and enhance regeneration 
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SURVEY WORKS 
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APPENDIX 

 

Figures Title 

Figure 1 View of forest floor after forest fire 

Figure 2 Types of Forest Fire 

Figure 3 Components of fire  

 

Figure 4 Surface fire residues in study areas 

Figure 5 Regeneration quadrant plotting 

Figure 6 Composition of regenerated plants in 10 sites of the study area 

Figure 7 Frequency of plant communities in 10 different sites 

Figure 8 Density of the plant community 

Figure 9 Abundance of the plant community 

Figure 10 Species richness of the plant community 

 

Figure 11 Important value Index (IVI) of the plant community 

Figure 12 Statistical data of the indices frequency, Density, Abundance, 

Relative frequency, Relative density, Relative abundance, IVI 

values and species richness 

 

Figure 13 Burnt and unburnt side of the forest 

Figure 14 Clearing of hill slopes for shifting cultivation 

Figure 15 Forest fire for shifting cultivation 

Figure 16 Regeneration during the monsoon 

Figure 17 Regeneration after the monsoon- ground orchids, herbs, seedlings 

Figure 18 Interaction with local communities 

Figure 19 Recommendations to reduce forest fire 
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