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Impact of Forest Fire Frequency on Tree Diversity and Species 
Regeneration in Tropical Dry Deciduous Forest of Panna Tiger 
Reserve, Madhya Pradesh, India
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University), Sagar, India; bLandscape Level Planning and Management, Wildlife Institute of India, Dehradun, 
India; cBiology Department, Concordia University, Montreal, Quebec, Canada

ABSTRACT
The current study analyzes the tree diversity and regeneration status 
of species between repeated forest fires and unburned areas of the 
tropical dry deciduous forest of Panna Tiger Reserve (PTR), Madhya 
Pradesh, Central India. Fire frequency maps were prepared with the 
help of Landsat 5, 7, and 8 satellite images, and the study area was 
classified into seven fire frequency classes (B1 to B7) and one control 
class (B0). Five plots were laid in every fire class including the control. 
A total of 45 tree species belonging to 33 genera and 20 families were 
recorded during the study period and of these, 44, 26, and 25 species 
were recorded in the three-growth stages: trees, saplings, and seed
lings, respectively. Of the 7873 individuals recorded, 2667, 1243, and 
3963 were seedlings, saplings, and trees, respectively. Our results 
showed that tree species diversity was higher at moderate fire fre
quencies than controls, but decreased with increasing fire frequency 
classes. Regeneration of species was significantly different among all 
fire frequency classes. Certain fire-tolerant species were increasingly 
dominant with increasing fire frequency classes. With fires left to 
continue unabated, the dry deciduous forest of the Central Indian 
region could have lower tree diversity in the future.

KEYWORDS 
Forest fire; fire frequency; 
diversity; regeneration; 
Central India

Introduction

Forest fires are a natural ecological disturbance agent creating a variety of effects on 
ecosystem composition, structure, and function at both the landscape and regional levels 
depending on the type of fire, fire intensity, fire frequency, and fire behavior (Keane et al., 
2002; Whelan, 1995). Anthropogenic activities such as the collection of non-timber forest 
products and agricultural activities are the cause of most forest fires (Chaturvedi et al., 2017; 
Murthy et al., 2006), with these fires affecting species diversity, nutrient dynamics, regen
eration potential, as well as emitting greenhouse gases that have negative consequences on 
the global climate (Amiro, 2001; Ray et al., 2019).

Forest fires are a major issue in the tropics during the dry season (Kodandapani et al., 
2004), and tropical dry deciduous forests are especially fire-prone due to high total and dead 
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fuel load, dry seedlings, and understorey litter (Verma & Jayakumar, 2015). These fires are 
a common phenomenon in tropical dry deciduous forests and long-term effects depend on 
both the frequency and seasonality of fire (Gill, 1975). Fires affect forests directly (killing of 
the stem of seedlings and saplings) as well as indirectly (changing the regeneration patterns 
of species, Balch et al., 2013; Kennard et al., 2002). In dry deciduous forests, the number of 
seedlings and saplings are greater in non-fire and low fire frequency zones compared to high 
fire frequency zones with lower numbers of seedlings and saplings (Jhariya et al., 2012). 
However, low-frequency fires can also reduce the density of seedlings and saplings of certain 
species (Hutchinson et al., 2012). Certain plant species have adapted to these fires by 
maintaining characteristics such as thick bark and altered timing of sprout germination 
for the post-fire reestablishment of forest ecosystems (Khan & Tripathi, 1989). The changes 
in vegetation structure and successional patterns could prompt an expansion of some fire- 
tolerant tree species, replace the normal regeneration of species (Syaufina & Ainuddin, 
2011), as well as promote fire-tolerant grass species and shrubs (Furley et al., 2008; Ryan & 
Williams, 2011). There is a dearth of studies in the tropical dry deciduous forest of India on 
the post-fire regeneration of woody species (Kodandapani et al., 2008; Saha & Howe, 2003; 
Verma & Jayakumar, 2015). Hence, the present study aims to understand 1) the patterns of 
forest fire frequency using satellite imagery, 2) how tree species diversity responds to fire, 
and 3) how regeneration of woody species co-occurs with fire frequency classes in the 
tropical dry deciduous forests of Central India. Quantifying post-fire changes in regenera
tion and tree diversity in the Central Indian dry deciduous forests would be helpful for 
ecological assessment, sustainable forest management, and forest planning.

Materials and methods

Study site

The study was conducted in the Panna Tiger Reserve (PTR) (24° 29′ to 24° 45′ N and 79° 45′ to 
80° 8′ E) and is located in the north-central region of Madhya Pradesh, Central India. It covers 
parts of Panna tehsil of Panna district and Bijawar and Chhatarpur tehsils of Chhatarpur 
district. It extends over an area of 543 km2 along the Ken River, a tributary of the Yamuna, and 
the altitude varies from 208 to 495 m asl (Figure 1). Its topography is varied, with hills, plateaus, 
and river valleys. The PTR is a part of the Vindhyan hill range. The average annual rainfall in 
the area varies from 757–1885 mm, with the rainy season from early July to mid-September. 
Average annual temperatures range from 20.8°C to 27.6°C, with the lowest temperatures in the 
month of December and January and highest occurring during the month of May and June. 
The PTR is hot and dry for approximately seven months of the year. Champion and Seth (1968) 
have classified the forests of PTR into the following types: (1) Southern Tropical Dry Deciduous 
Forest, (2) Northern Tropical Dry Deciduous Mixed Forest, and (3) Dry Deciduous Scrub 
Forest. The dominant tree species are Tectona grandis, Butea monosperma, Diospyros melanox
ylon, Anogeissus pendula, and Lagerstroemia parviflora.

Fire frequency mapping

Forest fire frequency maps were prepared using the Landsat 5, 7, and 8 images from 1997 to 
2017 (20 years). Satellite images of PTR were extracted, geo-corrected, and classified into 
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unburned (control, B0) and burned (B1, i.e. burned once to B7, i.e. seven times burned) classes 
using supervised classification (Table 1). Supervised classification was performed based on the 
shortwave infrared (SWIR) composite image (band combination 7-4-3 in Landsat ETM+) to 
delineate burned areas. SWIR bands are especially suited for camouflage detection, change 
detection, disturbed soils, and vegetation stress (Verma et al., 2015). We used Earth Resource 
Development Assessment System (ERDAS) Imagine 2011 to analyze satellite images. All raster 

Figure 1. Location map of Panna Tiger Reserve, Madhya Pradesh, India.

JOURNAL OF SUSTAINABLE FORESTRY 3



image data of the PTR were converted to vector form, assigning a unique identity value for all 
burned and unburned areas, and then again converted back to a raster file. All raster pictures 
were merged into a single fire frequency map utilizing the raster calculator tool in ArcGIS 10.

Field data sampling

Floristic data in the PTR were collected from 40 plots (0.25 ha each). Five 50 × 50 m2 plots 
were randomly established in each fire frequency class (B1-B7) including the control (B0). 
Field vegetation data were gathered in the period of September and October 2018. Global 
Positioning System (GPS) was used for the identification of field sampling points. 
Measurements such as collar girth (CG) using a Vernier caliper, diameter at breast height 
(DBH) using a measuring tape, and height using laser range-finder (Nikon Forestry Pro) 
were recorded for all woody plants (>1 cm DBH) inside the plots. Additionally, 5 × 5 m2 

subplots were laid on four corners of the plot to enumerate seedlings and saplings. Seedlings 
were defined as plants with a height of less than 50 cm. Saplings were defined as plants with 
a height of 50–150 cm and neckline circumference in the range between 1 and 10 cm 
(Verma et al., 2017). Trees were defined as >10 cm DBH. All specimens were identified at 
the Department of Botany, Dr. Harisingh Gour Vishwavidyalaya Sagar, Madhya Pradesh, 
using checklists of PTR, flora of Madhya Pradesh, and available literature (Khanna, 2001; 
D. M. Verma et al., 1993).

Data analysis

The total number of species in all fire frequency and control classes were calculated in three 
growth forms (seedlings, saplings, and trees). For each growth form, stem density was 
calculated for each class and a one-way ANOVA was used to analyze any significant differences 
in these factors among the frequency classes. The diversity index of trees was evaluated using 
the Shannon–Wiener record (H′) (Shannon & Wiener, 1963). Dominance was calculated by 
Simpson’s index (1-D) (Simpson, 1949). Results were demonstrated in regards to stem density 
and the number of species for all growth forms per fire frequency class. Abundance was 
calculated for the 10 most dominant tree, seedling, and sapling species (Curtis & Mcintosh, 
1950). Statistical analyses were performed using the IBM SPSS Statistics 20.

Table 1. Description of fire frequency, burned area, species diversity, and stem density.

Class code Fire frequency class No. of plots Area (%) FRI (Year)

No of species

No. of stemsTrees Sapling Seedling

B0 Unburned (control) 5 53.51 0 20 9 11 1123
B1 Burned once 5 25.73 21 24 11 10 1068
B2 Burned twice 5 10.58 10.5 25 10 13 1027
B3 Burned thrice 5 4.93 7 19 11 13 1044
B4 Four-time burned 5 2.48 5.25 15 11 12 1013
B5 Five-time burned 5 1.67 4.2 18 16 11 942
B6 Six-time burned 5 0.52 3.5 17 8 13 852
B7 Seven-time burned 5 0.21 3 16 8 9 804
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Results

Burned areas

The burned area showed a uniformly decreasing trend with increases in fire frequency. 
During the 20 years of the recorded burned area between 1997 and 2017, only 116.91 ha 
(0.22%) received fire seven times during the study period, 293.67 ha (0.54%) burned six 
times, 949.41 ha (1.70%) burned five times, 1413.81 ha (2.58%) burned four times, 
2803.41 ha (4.93%) burned three times, 6021.27 ha (10.59%) burned two times, 
14643.09 ha (25.83%) burned a single time, and 30454.83 ha (53.61%) never burned 
(Table 1). Fire return interval (FRI) for PTR varied from 20 years to 3 years and the average 
FRI was 15.36 years. Minimum time since last fire at sampling location was 1 year.

Species abundance and diversity

We recorded a total of 7873 stems belonging to 45 tree species, 33 genera, and 20 families. 
Of these, 44 species were recorded in the tree growth stage, whereas saplings and seedlings 
were represented by 26 and 25 species, respectively. Stem density in the tree growth stage 
was 391.9 ha−1, whereas saplings and seedlings were 3107.5 and 6777.5 ha−1 respectively. 
The total numbers of species (including trees, saplings, and seedlings) present in each fire 
class were 22 (B0), 26 (B1 and B2 each), 20 (B3 and B5 each), 19 (B6), with the lowest 
numbers of species recorded being 17 (B4) and 16 (B7) (Figure 3d). The Shannon-Wiener 
(H’) and Simpson’s dominance index (1-D) values for the control plot were 3.13 and 0.84, 
respectively, and this value reached 3.47 and 0.86 in twice (B2) burned areas (Figure 2). Tree 
species richness showed a negative linear relationship (R2 = 0.503) with fire frequency 
classes and decreased with increases in fire frequency class after B2 (Figure 3a), whereas the 
saplings and seedlings did not show any significant trend with fire frequency classes (Figure 
3b,c). Total species richness (tree + seedlings + saplings) showed a negative linear relation
ship (R2 = 0.554) with fire frequency classes (Figure 3d) and decreased with increasing fire 
frequencies. All fire frequency and control classes showed a greater differentiation in the 
distribution of stem diameter classes and showed a reverse J-shaped curve in all classes 
(Figure 4). The stems in lower DBH (1–10 cm) were higher across all fire frequency classes 
including the control compared to the higher DBH classes. With increases in fire frequency, 
the numbers of stems decreased across all fire frequency classes (Figure 4).

Tree species regeneration

The mean stem density of tree (p = .05) and seedling (p = .023) populations showed 
significant differences among the fire frequency classes, whereas the variation in 
saplings (p = .118) was not statistically significant. Tree populations showed a higher 
density in B3 and lower density in B6 (Figure 5a). With increases in fire frequency, the 
sapling population increased slowly until B4 before decreasing toward the B6 class and 
then increasing in the B7 class (Figure 5b). Seedling density did not change in classes 
B1, B5, and B7 whereas B4, B0, and B2 had lower seedling density values (Figure 5c). 
The abundance of Tectona grandis increased at tree stages with increases in fire 
frequency classes, whereas the other three species did not any show significant changes 
across fire frequency classes (Figure 6a). At the seedling stage, the abundance of 
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Tectona grandis did not show any significant difference at lower fire frequency classes 
but did increase in abundance with increases in fire frequency (Figure 6c). In the 
sapling stage, the abundance of Tectona grandis was higher in the B5 class whereas 
Diospyros melanoxylon linearly decreased with an increase in fire frequency classes 
(Figure 6b). The abundance of all species showed decreasing trends with increases in 
fire frequency in tree stages, whereas at the seedling and sapling stages the abundance 
did not show any uniform trend (Figure 6d). At the tree stage, the highest number of 
Diospyros melanoxylon was recorded in B3 (16.93%) while the lowest number was 
found in B1 (4.79%). For the tree stage of Lagerstroemia parviflora, the highest number 
was found at B5 (24.39%), followed closely by B1 (22.87%), while the lowest number 
(7.66%) was found at B2. Tectona grandis was the most abundant (24.41%) species in 
the control group (B0) at the tree stage and linearly increased with fire frequency 
classes. Butea monosperma at tree stage was highest in B2 (19.16%), followed closely by 
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Figure 2. Diversity indices: (a) Simpson’s dominance index and (b) Shannon-Weiner index for all fire 
frequency and control classes.
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the control class (18.58%), and the lowest was found at B4 (1.16%). At the sapling 
stage, B2 also showed the highest number of seedlings, followed by B3 (14.88%), and 
the minimum number was found in B6 (0.99%). For the sapling stage, Lagerstroemia 
parviflora were highest in B7 (32.21%), followed by B0 (24.34%), and the lowest was 
found at B2 (7.33%) (Table 2). At the sapling stage, Tectona grandis (24.34%) and 
Lagerstroemia parviflora (24.34%) were dominant but, at the seedling stage, Diospyros 
melanoxylon (34.60%) was dominant in the control plot (Table 2). The seedling stage 
of Butea monosperma contributed the highest numbers in B3 (16.50%) followed by B0 
(13.03%) whereas the lowest number of seedlings was found at B1 (1.45%). The 
seedling and sapling stages of Diospyros melanoxylon were shown to be highest in 
the B0 class, whereas the lowest number of seedlings was recorded in B7. At the 
seedling stage, Lagerstroemia parviflora (20.60%) was found in the highest numbers 
in B7 followed by B1 (19.65%), and the fewest were found in B4 (3.37%).

R2
adj = 0.006 

P = 0.272 

R2
adj = 0.156 

P = 0.007 

R2
adj = 0.160 

P = 0.006 

R2
adj = 0.162

P = 0.006 

Figure 3. Relationship of forest fire frequencies with (a) number of tree species, (b) number of sapling 
species, (c) number of seedling species, and (d) total number of species including tree, sapling, and 
seedling.
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Figure 4. Stem diameter class distributions in burned and control fire classes.
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Figure 5. Box plots showing the number of individuals recorded per hectare: (a) tree, (b) sapling, and (c) 
seedling.
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Discussion

Diversity

In the present study, significant differences in species diversity were observed in PTR. 
While species diversity increased in the B2 fire frequency class, increasing fire frequency 
led to a decline in the diversity and increased dominance of certain fire-tolerant species. 
Our results show that species richness and stand density decreased in higher (B6 and 
B7) fire frequency classes which could be due to the result of the poor regeneration 
processes that decrease species diversity in higher fire frequency classes. Our results 
support similar findings reported in the tropical dry deciduous forest of Chhattisgarh 
(Jhariya et al., 2012), in Mudumalai Tiger Reserve (Kodandapani et al., 2008; Verma & 
Jayakumar, 2015), and Sathyamangalam Tiger Reserve (Sathya & Jayakumar, 2017). 
Decreased species richness was also reported by Saha and Howe (2003) and Saha 
(2002) in the dry deciduous forest of Central India. Our results also suggest that the 
fire frequency (B3 and B4) could be beneficial for the regeneration of tree species. This 
result is concurrent with other experimental studies by Saha and Howe (2003) in the dry 

Table 2. Top-most abundance of tree species present in all three growth stages (tree, sapling, and 
seedling) across all fire frequency classes.

S.N. Species (Tree) Family

Abundance (%)

B0 B1 B2 B3 B4 B5 B6 B7

1 Butea monosperma Fabaceae 18.58 1.24 19.16 11.05 1.16 4.43 1.65 4.24
2 Cassia fistula Fabaceae N/P N/P 1.09 N/P 0.23 N/P 1.23 1.13
3 Diospyros melanoxylon Ebenaceae 14.94 4.79 11.13 16.93 14.35 14.86 12.35 5.93
4 Flacourtia indica Salicaceae 1.28 4.43 2.74 4.66 0.93 N/P N/P 1.41
5 Lagerstroemia parviflora Lythraceae 15.30 22.87 7.66 11.74 15.05 24.39 18.11 12.15
6 Phyllanthus emblica Phyllanthaceae N/P 0.18 1.09 0.86 2.08 1.11 0.21 N/P
7 Tectona grandis Verbenaceae 24.41 33.87 23.91 28.67 35.88 37.47 59.05 56.21
8 Terminalia tomentosa Combretaceae 1.64 3.01 1.64 N/P 9.49 N/P 0.41 0.28
9 Wrightia tinctoria Apocynaceae N/P 4.79 2.37 N/P 5.56 N/P 0.41 N/P

10 Ziziphus xylopyrus Rhamnaceae 5.46 2.30 5.47 N/P N/P 2.66 1.03 7.34
(Sapling)

1 Acacia catechu Fabaceae 1.97 0.63 2.09 1.19 N/P N/P 4.95 N/P
2 Butea monosperma Fabaceae 9.21 5.06 15.71 14.88 1.21 4.40 0.99 6.04
3 Cassia fistula Fabaceae N/P 4.43 1.05 N/P N/P 3.14 9.90 5.37
4 Diospyros melanoxylon Ebenaceae 23.68 18.99 16.23 23.21 14.55 8.81 N/P 0.67
5 Flacourtia indica Salicaceae 5.26 1.27 4.71 5.36 4.24 N/P N/P 3.36
6 Lagerstroemia parviflora Lythraceae 24.34 21.52 7.33 9.52 7.88 12.58 19.80 32.21
7 Phyllanthus emblica Phyllanthaceae N/P N/P N/P 0.60 0.61 2.52 N/P N/P
8 Tectona grandis Verbenaceae 24.34 29.75 33.51 38.69 38.18 49.06 61.39 45.64
9 Wrightia tinctoria Apocynaceae N/P 12.66 7.85 N/P 22.42 N/P N/P N/P

10 Ziziphus xylopyrus Rhamnaceae 7.24 1.27 4.71 N/P N/P 1.26 0.99 4.03
(Seedling)

1 Acacia catechu Fabaceae N/P N/P N/P 0.34 N/P N/P N/P N/P
2 Butea monosperma Fabaceae 13.03 1.45 10.07 16.50 4.33 2.41 6.79 2.99
3 Cassia fistula Fabaceae N/P N/P 1.04 1.68 0.96 N/P 1.13 4.32
4 Diospyros melanoxylon Ebenaceae 34.60 30.35 27.08 31.65 24.76 28.01 29.43 17.94
5 Flacourtia indica Salicaceae 2.84 0.58 0.69 3.70 1.68 N/P N/P N/P
6 Lagerstroemia parviflora Lythraceae 18.72 19.65 9.03 9.09 3.37 5.72 7.17 20.60
7 Phyllanthus emblica Phyllanthaceae N/P N/P 0.35 0.34 0.72 N/P N/P N/P
8 Tectona grandis Verbenaceae 25.36 19.65 31.25 31.99 31.73 39.16 41.51 48.84
9 Wrightia tinctoria Apocynaceae N/P 17.92 12.85 N/P 30.29 N/P 1.89 N/P

10 Ziziphus xylopyrus Rhamnaceae 0.95 8.96 2.43 N/P N/P 6.63 7.92 2.99

N/P not present
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deciduous forest of Central India and in the Central Himalayan regions (Pande et al., 
2014). According to Kodandapani (2001), mid-frequency fires enhance greater regen
eration of seedlings due to the release of chemicals and nutrients locked up in old 
herbages as well as increasing light intensity, thus allowing rapid seed growth and low 
mortality rates once they successfully cross from the seedling stage to the sapling stage. 
Expanded soil supplement and the removal of seed dormancy could also explain the 
findings regarding the germination of specific tree species (Goldammer, 1988; Saha, 
2002).

Density

The results showed that the numbers of seedlings and saplings were lower in the single fire 
frequency class compared to the control class whereas the mid-fire frequency classes (B3 
and B4) showed the highest density of seedlings which were higher than the control class. 
The survival of seedlings at B3 and B4 fire regimes demonstrates the high capacity of 
seedlings to persist in the dry forest and indicates that moderate fire is better for the 
regeneration of tree species. The benefits of moderate or low disturbance for species 
regeneration have also been reported by Khan et al. (1987) and Maram and Khan (1998). 
This is in contrast to studies by Gould et al. (2002); Mondal and Sukumar (2015) in 
Mudumalai Tiger Reserve which found increasing numbers of seedlings and saplings in 
a single-burnt class compared to the control class. Jhariya et al. (2012) reported that 
seedlings follow a similar trend in all fire frequency classes.

Regeneration

Our results indicate that the high frequencies of fire (B5 to B7) supported the 
regeneration of Tectona grandis, Cassia fistula, Lagerstroemia parviflora, and Acacia 
catechu, whereas B2 and B3 supported the regeneration of Butea monosperma, 
Flacourtia indica, and Wrightia tinctoria. The density of Tectona grandis showed 
a continued increase with increasing fire frequency demonstrating that forest fires 
are beneficial for Tectona grandis. B3 supported the regeneration of Diospyros mela
noxylon only for tree and sapling stages, but no positive relationship with fire fre
quency classes was found at the seedling stages. The B1 class supported the 
regeneration of Terminalia tomentosa compared to the high-frequency classes possi
bly due to the species being less able to survive under the impacts of high fire 
frequencies compared to other frequency classes. Our results showed that while 
some species may tolerate fire, others may be disappearing. B4 and B5 fire frequency 
classes supported the regeneration of Phyllanthus emblica (Table 2). The seeds of 
Phyllanthus emblica have a long dormancy period (Mawalagedera et al., 2014) and 
thus appeared in the high fire frequency classes. The floristic composition of PTR was 
dominated by Tectona grandis, Lagerstroemia parviflora, Butea monosperma, and 
Diospyros melanoxylon in all three growth (trees, saplings, and seedlings) stages. 
Our results differ from other dominant species reported by Balch et al. (2013), 
Kodandapani et al. (2008), and Verma and Jayakumar (2015).

The lower number of seedlings and saplings is an indicator of low regeneration of 
species. Non-fire resistant or fire-sensitive species may decline in abundance and 

JOURNAL OF SUSTAINABLE FORESTRY 11



frequency possibly resulting in their local extinction in the long term. A decline in the 
abundance of fire-sensitive species may affect some important ecosystem functions. 
Hence, sustainable forest management practices require careful quantification and 
monitoring of fire frequency (M. Agarwala et al., 2016a, 2016b, 2017).

There are certain limitations of this study that require long-term studies at higher 
resolutions and additional variables. Certain edaphic and climatic factors and other 
environmental variables that cannot be controlled due to the nature of the study 
design was overcome by placing unburned plots close to burned plots and in the 
same vegetation type.

There are very limited studies in India on post-fire ecological dynamics (Kodandapani 
et al., 2008, 2009; Saha & Howe, 2003; Verma & Jayakumar, 2015; Verma et al., 2017). Few 
researchers have tried to study forest fire in the Western Ghats. For example, Kodandapani 
et al. (2004, 2008, 2009), Verma et al. (2015), and (2017) studied fire history, fire return 
interval, ecological impacts of fire, and conservation threats of forest fire in the Western 
Ghats. Mondal and Sukumar (2014) studied characteristic weather patterns associated with 
fire. Saha and Howe (2003) studied post-fire ecological dynamics in Central India. There is 
no study that tries to investigate the role of multiple fires on tree diversity and regeneration 
in the Central Indian forest. The current study will be a positive addition to the scientific 
literature and sustainable forest management.

Conclusion

Our results demonstrate that forest fire has different levels of effects on the recovery of 
tree species in the dry deciduous forest of Central India including the fact that a single 
fire event could not be beneficial for the regeneration of species. Results suggest that 
low fire frequency inhibited the regeneration of seedling densities but enhanced the 
species richness and tree density. Similarly, high fire frequencies also inhibited the 
growth of regenerating seedlings. This leads us to conclude that the recovery of tree 
species is affected in all fire frequencies, either high or low. All fire frequency classes 
(B1-B7) showed less diversity than the control except for the B2 class and showed 
increasing dominance of certain fire-tolerant species with increasing fire frequency. 
All fire frequency classes had an impact on the regeneration of tree species, either 
beneficial in B2 fire frequencies or detrimental in single and higher fire frequencies. In 
any ecosystem, plant species diversity and density are maintained by the healthy 
regeneration of species. This study forms a baseline dataset that may facilitate future 
in-depth studies related to forest fires and further research should continue into the 
different ecological aspects and effects of fire on vegetation in PTR.

Acknowledgements

The authors would like to thank the Madhya Pradesh Forest Department for granting us fieldwork 
permission to conduct this study at the Panna Tiger Reserve. We are also thankful to all field staff of 
Panna Tiger Reserve for their great help. MLK acknowledges the financial support provided by the 
DBT, Ministry of Science & Technology, Government of India in the form of R&D project (grant 
number BT/PR12899/NDB/39/506/2015 dt. 20/06/2017). AD acknowledges the support of the Shastri 
Indo-Canadian Institute’s Shastri Research Student Fellowship under the supervision of MLK.

12 T. RAY ET AL.



Funding

This work was supported by the Department of Biotechnology, Government of India [Grant No.BT/ 
PR12899/NDB/39/506/2015 dt.20/06/2017]; Council of Scientifific and Industrial Research, 
Government of India [Grant No. 09/150(0134)/2018-EMR-I].

ORCID

Tapas Ray http://orcid.org/0000-0003-2596-8600
Dinesh Malasiya http://orcid.org/0000-0002-7187-5248
Radha Rajpoot http://orcid.org/0000-0003-4384-8573
Satyam Verma http://orcid.org/0000-0001-9854-8397
Javid Ahmad Dar http://orcid.org/0000-0002-2018-8376
Arun Dayanandan http://orcid.org/0000-0002-4254-2356
Debojyoti Raha http://orcid.org/0000-0002-1835-2376
Parvaiz Lone http://orcid.org/0000-0002-8642-0609
Praveen Pandey http://orcid.org/0000-0002-3095-7140
Pramod Kumar Khare http://orcid.org/0000-0003-1907-3907
Mohammed Latif Khan http://orcid.org/0000-0001-6849-0307

References

Agarwala, M., DeFries, R. S., Qureshi, Q., & Jhala, Y. V. (2016a). Factors associated with long-term 
species composition in dry tropical forests of Central India. Environmental Research Letters, 11 
(10), 105008. https://doi.org/10.1088/1748-9326/11/10/105008

Agarwala, M., DeFries, R. S., Qureshi, Q., & Jhala, Y. V. (2016b). Changes in the dry tropical forests in 
Central India with human use. Regional Environmental Change, 16(1), 5–15. https://doi.org/10. 
1007/s10113-015-0903-1

Agarwala, M., Ghoshal, S., Verchot, L., Martius, C., Ahuja, R., & DeFries, R. (2017). Impact of biogas 
interventions on forest biomass and regeneration in southern India. Global Ecology and 
Conservation, 11, 213–223. https://doi.org/10.1016/j.gecco.2017.06.005

Amiro, B. D. (2001). Paired-tower measurements of carbon and energy fluxes following disturbance 
in the boreal forest. Global Change Biology, 7(3), 253–268. https://doi.org/10.1046/j.1365-2486. 
2001.00398.x

Balch, J. K., Bradley, B. A., D’Antonio, C. M., & Gómez-Dans, J. (2013). Introduced annual grass 
increases regional fire activity across the arid western USA (1980–2009). Global Change Biology, 19 
(1), 173–183. https://doi.org/10.1111/gcb.12046

Champion, S. H., & Seth, S. K. (1968). A revised survey of the forest types of India. A revised survey of 
the forest types of India. Delhi, Manager of Publications, 1968.

Chaturvedi, R. K., Raghubanshi, A. S., Tomlinson, K. W., & Singh, J. S. (2017). Impacts of human 
disturbance in tropical dry forests increase with soil moisture stress. Journal of Vegetation Science, 
28(5), 997–1007. https://doi.org/10.1111/jvs.12547

Curtis, J. T., & Mcintosh, R. P. (1950). The interrelations of certain analytic and synthetic phytoso
ciological characters. Ecology, 31(3), 434–455. https://doi.org/10.2307/1931497

Furley, P. A., Rees, R. M., Ryan, C. M., & Saiz, G. (2008). Savanna burning and the assessment of 
long-term fire experiments with particular reference to Zimbabwe. Progress in Physical Geography, 
32(6), 611–634. https://doi.org/10.1177/0309133308101383

Gill, A. M. (1975). Fire and the Australian flora: A review. Australian Forestry, 38(1), 4–25. https:// 
doi.org/10.1080/00049158.1975.10675618

Goldammer, J. G. (1988). Rural land-use and wildland fires in the tropics. Agroforestry Systems, 6 
(1–3), 235–252. https://doi.org/10.1007/BF02344761

Gould, K. A., Fredericksen, T. S., Morales, F., Kennard, D., Putz, F. E., Mostacedo, B., & 
Toledo, M. (2002). Post-fire tree regeneration in lowland Bolivia: Implications for fire 

JOURNAL OF SUSTAINABLE FORESTRY 13

https://doi.org/10.1088/1748-9326/11/10/105008
https://doi.org/10.1007/s10113-015-0903-1
https://doi.org/10.1007/s10113-015-0903-1
https://doi.org/10.1016/j.gecco.2017.06.005
https://doi.org/10.1046/j.1365-2486.2001.00398.x
https://doi.org/10.1046/j.1365-2486.2001.00398.x
https://doi.org/10.1111/gcb.12046
https://doi.org/10.1111/jvs.12547
https://doi.org/10.2307/1931497
https://doi.org/10.1177/0309133308101383
https://doi.org/10.1080/00049158.1975.10675618
https://doi.org/10.1080/00049158.1975.10675618
https://doi.org/10.1007/BF02344761


management. Forest Ecology and Management, 165(1–3), 225–234. https://doi.org/10.1016/ 
S0378-1127(01)00620-X

Hutchinson, T. F., Yaussy, D. A., Long, R. P., Rebbeck, J., & Sutherland, E. K. (2012). Long-term 
(13-year) effects of repeated prescribed fires on stand structure and tree regeneration in mixed- 
oak forests. Forest Ecology and Management, 286, 87-100. https://doi.org/10.1016/j.foreco.2012. 
08.036

Jhariya, M. K., Bargali, S. S., Swamy, S. L., & Kittur, B. (2012). Vegetational structure, diversity and 
fuel load in fire affected areas of tropical dry deciduous forests in Chhattisgarh. Vegetos, 25(1), 210– 
224. http://vegetosindia.org/journal/Vegetos-25(1)2012.

Keane, R. E., Ryan, K. C., Veblen, T. T., Allen, C. D., Logan, J. A., Hawkes, B., & Barron, J. (2002). 
Cascading effects of fire exclusion in the Rocky Mountain ecosystems: a literature review. General 
Technical Report. RMRSGTR-91. Fort Collins, CO: U.S. Department of Agriculture, Forest 
Service, Rocky Mountain Research Station. 24 p. https://doi.org/10.2737/RMRS-GTR-91

Kennard, D. K., Gould, K., Putz, F. E., Fredericksen, T. S., & Morales, F. (2002). Effect of disturbance 
intensity on regeneration mechanisms in a tropical dry forest. Forest Ecology and Management, 162 
(2–3), 197–208. https://doi.org/10.1016/S0378-1127(01)00506-0

Khan, M. L., Rai, J. P. N., & Tripathi, R. S. (1987). Population structure of some tree species in 
disturbed and protected subtropical forests of north-east India. Acta Ecologica, 8(3), 247–255.

Khan, M. L., & Tripathi, R. S. (1989). Effects of stump diameter, stump height and sprout density on the 
sprout growth of four tree species in burnt and unburnt Acta Oecologica/Oecologia Applicata, 10(4), 
303–316. https://www.tandfonline.com/servlet/linkout?suffix=CIT0021&dbid=128&doi=10.1080% 
2F02827581.2012.723742&key=A1989DY09900002.

Khanna, K. K. (2001). Supplement to the flora of Madhya Pradesh. Botanical Survey of India.
Kodandapani, N. (2001). Forest fires. Resonance, 6(11), 34–41. https://doi.org/10.1007/BF02868242
Kodandapani, N., Cochrane, M. A., & Sukumar, R. (2004). Conservation threat of increasing fire 

frequencies in the Western Ghats, India. Conservation Biology, 18(6), 1553–1561. https://doi.org/ 
10.1111/j.1523-1739.2004.00433.x

Kodandapani, N., Cochrane, M. A., & Sukumar, R. (2008). A comparative analysis of spatial, 
temporal, and ecological characteristics of forest fires in seasonally dry tropical ecosystems in the 
Western Ghats, India. Forest Ecology and Management, 256(4), 607–617. https://doi.org/10.1016/j. 
foreco.2008.05.006

Kodandapani, N., Cochrane, M. A., & Sukumar, R. (2009). Forest fire regimes and their ecological 
effects in seasonally dry tropical ecosystems in the Western Ghats, India. In: Tropical Fire Ecology. 
Springer Praxis Books. Springer, Berlin, Heidelberg. https://doi.org/10.1007/978-3-540-77381- 
8_12.

Maram, M. K., & Khan, M. L. (1998). Regeneration Status of Trees in Various Categories of Forests in 
Manipur. Journal of Hill Research, 11(2), 178–182. https://lib.icimod.org/record/1968.

Mawalagedera, S. M. U. P., Perera, G. A. D., & Sooriyapathirana, S. D. S. S. (2014). Prolonged seed 
dormancy in phyllanthus emblica L. can be overturned by seed scarification and gibberellin pre 
treatment. Open Journal of Forestry, 4(1), 38. https://doi.org/10.4236/ojf.2014.41007

Mondal, N., & Sukumar, R. (2014). Characterising weather patterns associated with fire in 
a seasonally dry tropical forest in southern India. International Journal of Wildland Fire, 23(2), 
196–201. https://doi.org/10.1071/WF13002

Murthy, M. S. R., Badarinath, K. V. S., Gharai, B., Rajshekhar, G., & Roy, P. S. (2006). The Indian 
forest fire response and assessment system (INFFRAS). International Forest Fire News, 34, 72–77. 
https://doi.org/10.1111/btp.12219

Murthy, M. S. R., Badarinath, K. V. S., Gharai, B., Rajshekhar, G., & Roy, P. S. (2006). The Indian 
forest fire response and assessment system (INFFRAS). International Forest Fire News, 34, 
72–77.

Pande, R., Bargali, K., & Pande, N. (2014). Impacts of disturbance on the population structure and 
regeneration status of tree species in a Central Himalayan Mixed-Oak Forest, India. Taiwan 
Journal of Forest Science, 29(3), 179–192. https://www.tfri.gov.tw/main/science_in.aspx?siteid=&
ver=&usid=&mnuid=5470&modid=3&mode=&noframe=&cid=184&cid2=1065&nid=4117.

14 T. RAY ET AL.

https://doi.org/10.1016/S0378-1127(01)00620-X
https://doi.org/10.1016/S0378-1127(01)00620-X
https://doi.org/10.1016/j.foreco.2012.08.036
https://doi.org/10.1016/j.foreco.2012.08.036
https://doi.org/10.2737/RMRS-GTR-91
https://doi.org/10.1016/S0378-1127(01)00506-0
https://doi.org/10.1007/BF02868242
https://doi.org/10.1111/j.1523-1739.2004.00433.x
https://doi.org/10.1111/j.1523-1739.2004.00433.x
https://doi.org/10.1016/j.foreco.2008.05.006
https://doi.org/10.1016/j.foreco.2008.05.006
https://doi.org/10.4236/ojf.2014.41007
https://doi.org/10.1071/WF13002
https://doi.org/10.1111/btp.12219


Ray, T., Malasiya, D., Dar, J. A., Khare, P. K., Khan, M. L., Verma, S., & Dayanandan, A. (2019). 
Estimation of greenhouse gas emissions from vegetation fires in Central India. Climate Change and 
Environmental Sustainability, 7(1), 32–38. https://doi.org/10.5958/2320-642X.2019.00005.X

Ryan, C. M., & Williams, M. (2011). How does fire intensity and frequency affect miombo woodland 
tree populations and biomass? Ecological Applications, 21(1), 48–60. https://doi.org/10.1890/09- 
1489.1

Saha, S. (2002). Anthropogenic fire regime in a deciduous forest of central India. Current Science, 82 
(9), 1144–1147. http://www.jstor.org/stable/24106801

Saha, S., & Howe, H. F. (2003). Species composition and fire in a dry deciduous forest. Ecology, 84(12), 
3118–3123. https://doi.org/10.1890/02–3051

Sathya, M., & Jayakumar, S. (2017). Post-fire regeneration status of tree species in a tropical dry 
deciduous forest of Southern India. Journal of Tropical Forest Science, 29 (3), 305–317. http://www. 
jstor.org/stable/44272908.

Shannon, C. E., & Wiener, W. (1963). The mathematical theory of communication university. Illinois 
Press.

Simpson, E. H. (1949). Measurement of diversity. Nature, 163(4148), 688. https://doi.org/10.1038/ 
163688a0

Syaufina, L., & Ainuddin, A. N. (2011). Impacts of fire on Southeast Asia tropical forests biodiversity: 
A review. Asian Journal of Plant Sciences, 10(4), 238–244. https://doi.org/10.3923/ajps.2011.238. 
244

Verma, D. M., Balakrishnan, N. P., & Dixit, R. D. (1993). Flora of Madhya Pradesh (Vol. 1). Botanical 
Survey of India.

Verma, S., & Jayakumar, S. (2015). Post-fire regeneration dynamics of tree species in a tropical dry 
deciduous forest, Western Ghats, India. Forest Ecology and Management, 341, 75–82. https://doi. 
org/10.1016/j.foreco.2015.01.005

Verma, S., Singh, D., Mani, S., & Jayakumar, S. (2017). Effect of forest fire on tree diversity and 
regeneration potential in a tropical dry deciduous forest of Mudumalai Tiger Reserve, Western 
Ghats, India. Ecological Processes, 6(1), 32. https://doi.org/10.1186/s13717-017-0098-0

Verma, S., Vashum, K. T., Sathya, M., & Jayakumar, S. (2015). Monitoring changes in Forest Fire 
Pattern in Mudumalai Tiger Reserve, Western Ghats India, using Remote Sensing and GIS, Global 
Journal of Science Frontier Research, 15(4), Global Journals Inc. (USA). https://journalofscience. 
org/index. php/GJSFR/article/view/1663.

Whelan, R. J. (1995). The ecology of fire. Cambridge university press.

JOURNAL OF SUSTAINABLE FORESTRY 15

View publication stats

https://doi.org/10.5958/2320-642X.2019.00005.X
https://doi.org/10.1890/09-1489.1
https://doi.org/10.1890/09-1489.1
http://www.jstor.org/stable/24106801
https://doi.org/10.1890/02%20133051
http://www.jstor.org/stable/44272908
http://www.jstor.org/stable/44272908
https://doi.org/10.1038/163688a0
https://doi.org/10.1038/163688a0
https://doi.org/10.3923/ajps.2011.238.244
https://doi.org/10.3923/ajps.2011.238.244
https://doi.org/10.1016/j.foreco.2015.01.005
https://doi.org/10.1016/j.foreco.2015.01.005
https://doi.org/10.1186/s13717-017-0098-0
https://journalofscience.%A0org/index.%A0php/GJSFR/article/view/1663
https://journalofscience.%A0org/index.%A0php/GJSFR/article/view/1663
https://www.researchgate.net/publication/344488606

	Abstract
	Introduction
	Materials and methods
	Study site
	Fire frequency mapping
	Field data sampling
	Data analysis

	Results
	Burned areas
	Species abundance and diversity
	Tree species regeneration

	Discussion
	Diversity
	Density
	Regeneration

	Conclusion
	Acknowledgements
	Funding
	ORCID
	References

