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Abstract. The study of forest regeneration in stands exposed to fire has both fundamental and 

applied relevance. The objects of the study were the exposed to surface fires forest plots of 

various soil and hydrological conditions in the north-east of the Leningrad Region in the 

landscape of the Tikhvin ridge of the north-eastern part of the Valdai Hills. To study the 

natural renewal of tree species, circular plots of 10 m
2
 were created along a transect traced over 

a diagonal of the area exposed to fire. Post-fire impact on soils with different particle size 

distribution causes the formation of stands with different shares of coniferous and broad-leaf 

species. After the exposure of tree communities to fire, regeneration processes can follow 

different directions in the formation of the future planting composition, and that depends on 

soil and hydrological conditions. Knowing the succession status of the post-fire plant 

community, further silvicultural measures can be planned for the management of stand 

composition. 

1. Introduction 

After Forest fires are characteristic of all countries of the world with significant forest resources, 

however, this problem is most relevant in countries with a continental climate and predominance of 

conifers in forests. There is a completely objective opinion that it is almost impossible to find a plot of 

forest in the taiga that has never been touched by a fire, and in many cases would not have been 

exposed to it repeatedly. Cyclically repeating fires are a powerful factor that influences forest soil 

formation [1-6]. Forest floor burning overlaps with alternating in time podzolic and sod processes, 

thus, regulating their intensity, duration and relative role in soil formation. Dramatically changing the 

chemical processes of the soil, and causing the substitution of mosses by grasses, the fire intensifies 

the sod cycle in the soil formation. As the moss cover re-grows and the pH of the soil solution 

changes, the sod cycle again gives way to the podzolic cycle [7-10]. During the first years, fire creates 

a favorable ecological niche for self-seeding of coniferous and broad-leaf species.  The fire exposure 

results in the improvement of the soil substrate and the local conditions for seedlings emergence and 

development, it reduces the competition at all strata of a plant community and suppresses the activity 

of small animals that feed on seeds.  

Many researchers who studied the origin and formation of vegetation in the taiga zone pointed out 

the role of forest fires in these processes [1, 6-9]. In particular, when characterizing the forests of 

Siberia, the European Russia, and North America, almost all researchers associate the variations in 

pine forests age with frequent fires and the subsequent emergence of new generations of forests on 
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fires sites and burns. The assessment of the existing concepts about the extent of the influence of fires 

on the processes of destruction, restoration, and formation of forests in the taiga zone requires a more 

detailed analysis of o these questions. 

To understand the causes of the existing diversity of forests and their current territorial distribution 

it is necessary to investigate the effect of fires on the reforestation process in a specific landscape, 

since under different soil and hydrological conditions also the natural regeneration of the forest will 

not be the same. 

The study of forest regeneration in stands exposed to fire has both fundamental and applied 

relevance. These studies can guide on the changes that occur in the forest environment in various 

growth conditions under the influence of fire and what are the changes in the composition and 

abundance of underwood and grass cover in different types of forests. The examination of these 

objects allows determining the course of reforestation processes under different conditions, the 

relationships between grass cover, underwood, as well as emerging self-seed and undergrowth that 

survived the surface fires. 

2. Methods and Materials 

2.1. Objects of study 

The existing relief of this landscape is formed by the accumulation of several stages of the last 

glaciation. It is characterized by a hilly moraine landscape with separate ridges of terminal moraines, 

with eskers and kames, in the southeastern part gradually changing into an outwash plain. Glacial 

moraine deposits are very diverse and range from heavy boulder loam to sand moraine. The Tikhvin 

Ridge lies on the Carboniferous period deposits. Relatively flattened areas are significantly swamped. 

Another characteristic feature of the landscape are numerous glaciolacustrine basins. The existing 

relief of the Tikhvin Ridge landscape is formed by the accumulation of several stages of the last 

glaciation [7, 11]. 

Forests cover 65% of this landscape region [12]. Most commonly these are spruce forests and 

spruce-small-leaved and aspen-birch forests that have grown after felling the spruce forests. East and 

southeast are dominated by lingonberry pine forests with heather and lichen; around the swamps these 

are boggy, long-moss and sphagnum stands. 

Post-fire succession depends on various factors: geographical location, climate, landscape 

structure, area positioning, relief features, habitat types, biology of the species on the area, aspects of 

the forest type and succession phase, type and intensity of the fire, the size of the burned area, 

availability of seeding sources, seed quality, etc. [2, 4, 6, 7, 10]. The surveyed areas exposed to fire 

varied from 1 to 5 ha. The forest plots were exposed to fire during 2010-2013. After the fire exposure 

the damaged trees were removed. The soils in the analyzed areas have specific conditions from the 

point of view of the renewal processes of wood species. In all plots, the source of the renewal of the 

undergrowth was the maternal mixed coniferous stand of pine and spruce. Therefore, the contribution 

of this factor is probably equal on all the analyzed areas subjected to pyrogenic exposure.   

To study the natural renewal of tree species, circular plots of 10 m
2
 were created along a transect 

traced over a diagonal of the area exposed to fire. The undergrowth on these plots was registered using 

common forestry methods. On counting, the undergrowth was divided into three groups: small - up to 

0.5 m high, medium - 0.5-1.5 m, and large - above 1.5 m [13, 14]. 

Soil samples of the plots were taken from organogenic mineral horizons. Humus content and soil 

solution reactions (pH) were estimated using the standard methods of soil science [15]. 

To analyze the relationships, we calculated the correlation ratio η of the dependent variable Y from 

the independent variable X, which can be obtained from the ratio of the intergroup variance to the total 

variance [15]. The theoretical correlation ratio is determined by the formula (table 1): 

      
    

 

  
  

  

  
  (1) 
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where,   is the variance of the predicted values of the dependent variable, i.e. calculated by the 

regression equation;   is - variance of empirical (actual) values of the dependent variable;     
 is - 

residual variance. 

Table 1. Assessment of relationship based on theoretical correlation 
(Chaddock scale). 

Value Relationship Value Relationship 

η = 0 None 0.5 ≤ η < 0.7 Considerable 

0 < η < 0.2 Very weak 0.7 ≤ η < 0.9 Strong 

0.2 ≤ η < 0.3 Weak 0.9 ≤ η < 1 Very strong 

0.3 ≤ η < 0.5 Moderate η = 1 Functional 

2.2. Experimental part 

The registers of the renewal of tree species revealed differences in the number of tree species, their 

representation and size in areas with soils of different particle-size parameters (table 2-3). After fire 

exposure, the only wood species present in the plots with sandy dry soils are pioneer species of pine 

and birch. It should be noted that pine undergrowth is both more frequent and higher than other 

species. 

0.5 4450 0.5 0 0.5 2550 

0.51-1.5 5100 0.51-1.5 0 0.51-1.5 1725 

>1.5 3800 >1.5 0 >1.5 600 

0.5 2600 0.5 0 0.5 1800 

0.51-1.5 450 0.51-1.5 0 0.51-1.5 250 

> 1.5 125 > 1.5 0 > 1.5 100 

sandy loam humid soil 

0.5 4200 0.5 50 0.5 1400 

0.51-1.5 5525 0.51-1.5 75 0.51-1.5 6025 

>1.5 3450 >1.5 125 >1.5 5425 

0.5 3400 0.5 150 0.5 2400 

0.51-1.5 3850 0.51-1.5 150 0.51-1.5 3325 

> 1.5 2700 > 1.5 175 > 1.5 2325 

0.5 4800 0.5 125 0.5 3700 

0.51-1.5 5250 0.51-1.5 100 0.51-1.5 5525 

>1.5 1525 >1.5 75 >1.5 1575 

0.5 6100 0.5 350 0.5 5625 

0.51-1.5 5725 0.51-1.5 150 0.51-1.5 3250 

>1.5 7025 >1.5 375 >1.5 1225 

sandy loam excessively humid soil 

0.5 550 0.5 0 0.5 25 

0.51-1.5 0 0.51-1.5 0 0.51-1.5 250 

>1.5 650 >1.5 0 >1.5 225 
a
 pine – P. silvestris L.; spruce P. abies Kr.; birch –B. pendula Rott.; 

With an increase in the moistening, spruce was noted in the renewal process on sandy loam soils; 

the prevailing specimens are higher than 1.5 meters, which is apparently because smaller specimens 

Table 2. Post-fire restoration of undergrowth on sandy and sandy loam soils. 

The number of undergrowth pieces per ha a 

Pine Spruce Birch 

Нav 
number of pcs per 

ha 
Нav 

number of pcs 

per ha 
Нav 

number of 

pcs per ha 

sandy dry soils 
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lose to birch undergrowth in the competition for photosynthetic resources and hydration. Comparing to 

birch undergrowth, pine undergrowth under these conditions is in much better position for its 

development, because it dominates the territory both quantitatively and by height. Also, on excessively 

moistened sandy loam soil, pine regeneration is dominant, both in the number of specimens and in 

height, whereas spruce undergrowth is not present.  

0.5 300 0.5 900 0.5 200 

0.51-1.5 400 0.51-1.5 1500 0.51-1.5 350 

>1.5 150 >1.5 1500 >1.5 800 

0.5 450 0.5 150 0.5 125 

0.51-1.5 550 0.51-1.5 350 0.51-1.5 225 

> 1.5 625 > 1.5 275 > 1.5 450 

0.5 3150 0.5 225 0.5 1775 

0.51-1.5 3575 0.51-1.5 350 0.51-1.5 2800 

> 1.5 2500 > 1.5 450 > 1.5 2425 

loamy gley soils 

0.5 175 0.5 75 0.5 200 

0.51-1.5 125 0.51-1.5 4250 0.51-1.5 175 

> 1.5 225 > 1.5 5250 > 1.5 300 

peaty soils 
0.5 250 0.5   0.5 75 

0.51-1.5 525 0.51-1.5 75 0.51-1.5 225 

> 1.5 525 > 1.5 50 > 1.5 150 

0.5 250 0.5 100 0.5 125 

0.51-1.5 275 0.51-1.5 100 0.51-1.5 250 

> 1.5 450 > 1.5 75 > 1.5 200 
a
 pine – P. silvestris L.; spruce P. abies Kr.; birch –B. pendula Rott.; 

The renewal of spruce undergrowth on sandy and sandy loam soils is problematic from the point of 

view of its further development, since under these conditions spruce cannot create normally producing 

stands and will fall behind in growth and development. On coarser soils, post-fire restoration of wood 

often is characterized by spruce or birch dominance over pine undergrowth. Data from the surveyed 

plots show that there is a greater quantitative variability in renewed species. Apparently, an increasing 

humidity creates more favorable growth conditions for a young generation of spruce and birch. On 

excessively humid loamy gley soils, dominates tall and medium-size spruce undergrowth, since these 

are optimal growth conditions for spruce. On peaty soils of the drained swamp massif after fire 

exposure, pine undergrowth prevails again, whereas spruce renewal is insignificant. The share of 

renewed birch undergrowth constitutes up to one third of the total number of renewed species. 

3. Results and Discussion 

To determine the post-fire soil conditions for the renewal of species, we analyzed samples taken from 

the root layer of soil at 0–10 cm and determined the content of organic matter (humus, %) and the pH 

level in the studied areas. The obtained data were used to build graphs of the relationship between the 

number of undergrowth by species and humus content or pH level, as well as to calculate the 

correlation η for these variables (figure 1). For pine, the obtained estimates based on the theoretical 

Table 3. Post-fire restoration of undergrowth on sandy loam and peaty soils. 

The number of undergrowth pieces per ha a 

Pine Spruce Birch 

Нav 
number of 

pieces per ha 
Нav 

number of 

pieces per ha 
Нav 

number of 

pieces per 

ha 
loamy soil 
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correlation ratio by the Chaddock scale show a strong correlation with the humus content in the root 

layer of the soil, η = 0.733, and a moderate correlation with the pH, η = 0.435. For spruce, the 

correlation was moderate, η = 0.374 for humus content, and η =0.371 for pH. For birch, the correlation 

with a humus content was considerable, η = 0.540, with pH of the root horizon of the soil its value was 

η = 0.435. 

  

  

  

Figure 1. The influence of the humus content and pH in the root layer of the soil (0-10 cm) on the 

quantity of undergrowth. 

To study further the influence of soil factors on the post-fire restoration of tree species, we 

analyzed the relationship of the restoration with the particle size distribution of the soil. The results 

show that pine undergrowth has the strongest relationship between its renewal and soil and 

hydrological conditions, demonstrating a very strong correlation with η = 0.916. It can be noted that 

after fire exposure, on finer soils pine and birch undergrowth is found in the largest quantity. For birch 

undergrowth, this correlation is strong, η = 0.794, therefore, it can be concluded that the number of 

undergrowth directly depends on the particle size distribution of the soil.  With soil becoming coarser 

and more humid, the quantity of renewed spruce undergrowth increases. Based on the calculated 
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theoretical correlation coefficient, η = 0.510, the correlation of spruce renewal with soil composition 

indices can be qualified as considerable (figure 2). 

 

 

 

 

Figure 2. Influence of the particle size distribution of the soil on the quantity of undergrowth, where, 

1- Sandy soil; 2- Sandy loam humid soil; 3- Sandy loam excessively humid soil; 4- Loamy soil; 5 - 

Loamy gley soils; 6- Peaty soils. 

Considering the obtained results, it can be argued that at the initial stage of restoration of 

coniferous plant communities on sandy soils, the renewal process follows the classical pattern of a 

pine stand formation with the presence or admixture of birch. As the humidity of sandy loam soils 

changes, not only birch and pine undergrowth renews, but also spruce undergrowth, however, having 

only a small share among the total number of restored trees. More fertile loamy soils after exposure to 

fire create optimal conditions for growth and development of all species. Here, the key factor in the 

restoration of forest cenosis is, apparently, the presence of a sufficient amount of seeds in the maternal 

stand in the post-fire restoration period of the plant community. This is what, ceteris paribus, causes 

the predominance of spruce or pine in a forming stand. After fire exposure, loamy soils with a 

temporary excessive level of humidity create optimal conditions for the development of spruce stands. 

On peaty soils of the drained swamp after fire exposure, pine undergrowth mixed with birch renews 

successfully, while spruce undergrowth presence is insignificant. 

Based on the performed study, the predictive succession pattern of post-fire restoration in the 

landscape of the Tikhvin Ridge, depending on soil and hydrological conditions, can be drawn as 

follows: 

Sandy soil  pine-birch forest stand or pine with the participation of birch forest stand. 

Sandy loam humid soil and Sandy loam excessively humid soil  pine-birch forest stand mixed 

with spruce forest stand or pine-birch forest stand. 

Loamy soil   pine-birch with the participation of spruce stand; pine-birch with an admixture of 

spruce or spruce-pine with the participation of birch. 

Loamy gley soils  spruce with birch and pine forest stand 

Peaty soils  pine with the participation of birch forest stand. 
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Further development of these post-fire stands can occur without anthropogenic influence, and in 

this case, with a high degree of probability the proportion of birch in the stand will increase.  With 

systematic treatment, it is possible to form a mixed pine and spruce plantation that meets the growing 

conditions or a stand with the presence of birch. 

4. Conclusion 

 Post-fire impact on soils with different particle size distribution causes the formation of stands with 

different shares of coniferous and broad-leaf species. 

 In areas exposed to surface fires, the correlation between the quantity of pine undergrowth and 

such parameters as humus content and the pH of the soil solution is higher than the correlation of these 

parameters with the quantity of young generation of spruce. 

 The amount of renewed birch also closely correlates with the content of organic matter and soil 

pH parameters, but to a lesser extent than pine undergrowth. 

 After the exposure of tree communities to fire, regeneration processes can follow different 

directions in the formation of the future planting composition, and that depends on soil and 

hydrological conditions. 

 Knowing the succession status of the post-fire plant community, further silvicultural measures 

can be planned for the management of stand composition. 
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