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Abstract 

Floral diversity and Chir Pine (Pinus roxburghii) regeneration and growth status in burned and 

unburned areas were compared to quantify the impacts of fire on sub-tropical Chir pine forest 

type. The overall results of the study show that forest fires have adverse effects on plant diversity 

and Chir Pine regeneration and growth. Significant differences were observed in species 

diversity and evenness while comparing burned and unburned areas vegetations. The resultant 

values of diversity and evenness indices for tree and shrub species are high in unburned forest 

areas as compared to the burned forestland. While value of diversity index for herbaceous 

species is high in fire affected forest areas than unburned forestland whereas evenness index is 

high in unburned forest areas. Chir pine natural regeneration and growth in the two forestlands 

were also better in unburned areas as compared to burned. Total numbers of seedlings, saplings 

and pole regeneration were 759 and 897 in fire affected and unaffected plots respectively. Also 

the resultant values of trees diameter and height growth in both areas show that total increment 

gained by burnt trees in last ten years was less than total increment gained by unaffected trees. 
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Introduction   

Forest fires have numerous implications for 

biological diversity. At the global level they 

are major source of emitted carbon, 

contributing to global warming which might 

lead to changes in biodiversity; while at 

local and regional scale they reduce biomass 

stocks, alter the hydrological cycle with 

consequent effects for marine ecosystems 

[1]. 

Globally the total area burnt by forest fires 

in 1997 to 98 was about 14.4 million 

hectares and emits 41 million tons of carbon 

dioxide while in South East Asia 4.66 

million hectares area burnt and 11 million 

tons of carbon dioxide produced [2]. From 

1998 to 2002, forest fires damages 

approximately 27.74 million hectares area 

globally, in which 43 % area belongs to Asia 

[3].          
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The effects of forest fire are more than tree 

damage; fire caused alterations in ecosystem 

which results in both relief and stress to 

plant and animal life [4]. Humans have used 

fire as a land management tool for thousands 

of years, but in the latter part of the 

twentieth century, an increase in El Niño 

frequency and changes in the human-fire 

dynamic have led to a situation where forest 

fires are now a main threat to many forest 

ecosystems and the biodiversity therein [5].  

The forests of Pakistan are constantly on 

decline due to many reasons but fire is one 

of the main factors of environment and 

forest degradation [6]. 

The Himalayan subtropical Pine forests are a 

large subtropical coniferous forest ecoregion 

covering portions of Bhutan, India, Nepal, 

and Pakistan [7]. Chir Pine (Pinus 

roxburghii) is the dominant species in these 

subtropical Pine forests, which is one of the 

most divergent and economically important 

plant species, providing valuable timber, 

fuel, resin and protect watersheds to sustain 

the water supply to millions residing in the 

Himalayan basin [8]. 

The occurrence of fires in Chir Pine forests 

is a regular and common phenomenon. Most 

frequently the fires are deliberately set by 

the local people in order to get the forest 

floor clear of Pine needles and to obtain a 

good growth of grass which comes up 

abundantly in new flush after burning [9, 

10]. Though fire is mentioned as hazard in 

forestry related studies conducted in 

Pakistan, but has not been evaluated to 

identify its impacts [6].  

Therefore the main purpose of this study is 

to evaluate and quantify the impacts of fire 

on the vegetation of sub tropical Chir Pine 

forest. This is because before taking any 

remedial steps we must know the amount of 

damage done. 

Material and Methods 

Study area: Mansehra district lies from 34º 

- 14´ to 35º - 11´ north latitudes and 72º - 

49´ to 74º-08´east longitudes. Its total area is 

4,579 km2 or 457900 ha out of which 

332252 ha area is under forest. The district 

is dominated by high mountains and varying 

in elevations from 4500 m in the north to 

2000 m in the south above sea level. 

Because of this huge variation in elevation 

ecologically the district fall in Sub Tropical 

and Temperate zones with major land use as 

agriculture, forest, grasslands, sub alpine 

and alpine pastures [11]. 

Sampling and Data collection: The 

occurrence of fire in a forest area is not 

uniformly distributed and is present in 

patches, scattered throughout the forest area, 

therefore, only random sampling design can 

be applied. In the study fire affected areas 

are randomly selected, and compared with 

adjacent area with no fire damages (control 

area).  Before selecting the areas a 

reconnaissance survey was conducted to 

make sure that factors like aspect, altitude, 

slope, site quality and silvicultural system 

applied must be same in both land sites. Due 

to limited time and resources available for 

the study 28 sample plots in burned and 

adjacent 28 sample plots in unburned areas 

were measured randomly with 5% sampling 

intensity throughout the sub-tropical Chir 

pine forest of district Mansehra. Field 

inventory method was used in accordance 

with vegetation description and analysis 

method [12]. Plots of different size and 

shape with same centre point were used for 

each type of vegetation i.e. 0.1 ha for trees, 

for shrubs quadrate 5 × 5 m and 1 × 1 m for 

herbs and grasses.  

Species diversity: To compare species 

diversity in the burned and unburned areas 

Shannon diversity index and Shannon 

evenness index, Sorenson’s similarity index 

and Species Richness indices were used 

[13]. 
Regeneration Status: To find out the status 

of Pine regeneration in both the areas, 

circular plots of 100 m2 were selected, in 
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which number of seedlings, samplings and 

poles were counted and compared.      

Pine Trees Growth: To evaluate the effect 

of fire on Chir Pine trees growth, trees of 

same DBH (Diameter at Breast Height) were 

taken from both areas and their height and 

last ten years increment were compared. 

Tree height was measured with help of Haga 

altimeter while Pressler’s Borer (increment 

borer) was used to find out diameter 

increment [14]. 

Result and discussion  

Species diversity: A total of 33 tree and 

shrub species were found in unburned areas 

while 27 in burned areas and in case of 

herbs and grasses 17 and 14 species were 

identified in burned and unburned areas 

respectively. Significant differences were 

observed in species diversity and evenness 

while comparing burned and unburned areas 

vegetations. The resultant values of diversity 

and evenness indices for tree and shrub 

species are high in unburned forest areas as 

compared to the burned forestland. While 

value of diversity index for herbaceous 

species is high in fire affected forest areas as 

compared to the unburned forestland 

whereas evenness index is high in unburned 

forest areas as given in Table 1.  

 

Table 1. Diversity Indices for Tree/Shrub and Herbaceous Species 

Diversity Index 

Trees and shrub species Herbaceous species 

Unburned 

Areas 
Burned Areas 

Unburned 

Areas 

Burned 

Areas 

Shannon diversity index 3.0211 2.7637 2.4446 2.6620 

Shannon evenness index 0.864 0.838 0.9263 0.6944 

Species Richness index  1.14 1.06 1.83 1.97 

Sorenson’s similarity 

index 

0.8 or 80 % similarity in 

vegetation composition of both 

areas (20% Differences) 

0.83 or 83 % similarity in 

vegetation composition of both 

areas (17% Differences) 
Note: In Shannon diversity index significant difference was observed with t-test even at 99% confidence 

level the resultant t value for Tree/shrub species is t = 4.93 and for Herbaceous species t = 2.34 while t0.99  

= 2.33 
Regarding similarity in vegetations of both 

areas, herbaceous vegetation shows high 

value of similarity index with 17% 

differences than tree/shrub species having 

20% differences. The resultant values for 

richness in species composition indicate that 

unburned areas are richer in species 

composition than burned areas regarding 

trees and shrub vegetation. While on the 

other hand herbaceous vegetation has high 

value of species richness index on fire 

affected areas.      

Chir pine regeneration status  
The number of seedlings, saplings and poles 

in each of the 20 burned and unburned 

sample plots were counted and summed. 

The total numbers of individuals in all 

sample plots are given in Table 2. 

The pie-charts in Fig. 1 of both forestlands 

show that percentage of seedlings is high in 

burned plots whereas saplings and pole 

regeneration have high percentages in 

unburned plots. In burned areas as a result of 

forest fire a thick layer of Pine needles 

which cover the forest floor had burnt and 

the ground was cleared for Pine seed 

germination and for other herbaceous 

vegetation. Which also increases the grazing 

pressure in burned forest areas and the 

young seedlings were badly damaged. 

Further repeated fires also restricted the 

development of seedlings to sapling stage. 
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Table 2. Chir pine regeneration status  

Regeneration Stage Number of individuals in 

Burned Plots 

Number of individuals in 

Unburned Plots 

Seedlings  616 461 

Saplings 109 322 

Poles 34 114 

Total 759 897 

 

 

 

 

 

 

 

 

 

 

Figure 1. Comparison of Chir pine regeneration 

Pine Trees Growth  
The effects of forest fire on Chir pine tree 

growth in the two forestlands repeated the 

same story. The difference in total diameter 

increments gained by 20 trees in last ten 

years of each forestland is about 7.6 cm but 

for a whole forest stand this difference will 

become a huge volume of wood, which is 

destroyed by fires.  A considerable 

difference was also observed in height 

growth of burnt and unburned trees. The 

difference in height of just 20 trees of same 

diameter in each forest area is about 83 

meters while considering the whole Chir 

pine forest of the study area this difference 

will become a huge loss of wood. Further it 

was also noted that diameter and height 

growth of young trees were more effected 

by forest fires as compared to matured trees.  

Conclusion 

It has been concluded from this study that 

forest fires have adverse impacts on the 

vegetation of sub-tropical Chir pine forest 

regarding its plant species diversity and Chir 

pine regeneration and growth. 
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