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Abstract

Damages on Fagus sylvatica seedlings caused by timber harvesting were assessed in nine sample plots 
established at State Forestry Berkovitsa. After harvesting, the seedlings were classified by the degree of damages 
and their vitality. On wounded samples, the pathogen Neonectria coccinea was established as a causer of necrotic 
disease. Deviations in the bulk density and total porosity of the soil were ascertained.
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INTRODUCTION

In the period 1990-2015, the total forest area in Bulgaria was increased up to 
3.83 Mha (Stoyanov et al., 2017). Only 57.8% of that area is considered as suitable 
for timber harvesting applied mainly in oaks (Quercus spp.) followed by beech (Fagus 
sylvatica L.), horn beam (Carpinus betulus L.) and Turkish oak (Q. cerris L.) stands. In 
recent years, using of ground-based mechanized operations has increased largely as an 
economic response to increased labour costs, rising demands for timber, and changes 
in timber management (Akay, Sessions, 2004). Tree felling is the most important 
component among tree harvesting which consists of cutting, limbing and bucking 
(Rizvandi, Jourgholami, 2012).

Under suitable habitat and microclimatic conditions, natural regeneration could 
ensure the development of sustainable forest ecosystems. The normal growth of seedlings 
depends on the environmental conditions and anthropogenic influence in forest 
ecosystems (Bogdanov, 2014). Various factors can interact the sustainable growth of 
beech seedlings. Thus, light, temperature and soil nutrition may influence the vitality of 
seedlings. Height growth of beech significantly increased with increasing light availability 
(Petritan et al., 2008). After having reached a well established beech regeneration, which 
satisfactorily meets the silvicultural goal, the canopy should be opened in a way that 
provides sufficient light for a height growth.



58

The harmful effect of damages on the residual trees caused in wood felling has 
been observed since the beginning of the 20th century (Westfeldt, 1926). The influence 
of damages on the natural regeneration at different forest management practices was 
observed at numerous studies (Meadows, 1993; Pinard et al., 1995; Hartsough, 
2003; Solgi, Najafi, 2007; Yilmaz, Akay, 2008; etc.). The mechanical logging could 
affect different components of forest ecosystems – streamflow (Gilmor, l971) and 
soil composition (Gilmanet et al., 1985; Naghdi et al., 2009), species richness and 
diversity, birds sites and conservation reserves (Crome, Moore, 1989; Nicholson et al., 
1990; Vancay, 1993), and could lead to infection by fungal pathogens (Han, Kellogg, 
2000). 

Species diversity is directly related to soil characteristics (Bogdanov, Glogov, 
2006; Bogdanov, 2013; Bogdanov, 2014; Bogdanov et al., 2015). Soil compaction is a 
consequence of human activities such as forest harvesting, pointed as a serious problem 
that could lead to diminishing plant-growing properties of the soil (Jacobsen, Greacen, 
1985; Jansson, Johansson, 1998; Eliasson, 2005). The negative impact of soil compaction 
appeared as reduction the infiltration, porosity, tree growth and regeneration, and could 
increase the surface runoff and negligible soil-erosion (Horn et al., 1995; Ampoorter et 
al., 2011; Holko et al., 2011; Berdimohammad et al., 2014). Finer-textured soil with 
good structure and lower bulk density are more susceptible to compaction than coarse-
textured soils or naturally higher bulk density. 

The purpose of the current study is to estimate the effects of wood harvesting on 
beech seedlings vitality and some physical characteristics of the soil.

MATERIALS AND METHODS

Nine sample plots were investigated on an area of 0.02 ha at Fagus sylvatica stands 
on the territory of State Forestry Berkovitsa, West Stara Planina at 1250 m a.s.l. (fig. 1). 
The gramineous covered 30% of studied area, mainly by Galium odoratum (L.) Scop, 
lower coverage by Digitalis lanata Ehrh. Pteridium aquilinum (L.) Kuhn, Poa nemoralis 
L., Luzula luzuloides (Lam.) Dandy. Distric Eutric Cambisols and Brown Forest Soils 
occur (IUSS Working Group WRB, 2014). In 2018, shelter wood harvesting was 
performed with 35% intensity in a beech stand with average age of 200 years, volume of 
378 m3. The average height of trees in the stand is 28 m, and average diameter - 34 cm. 
According the height size, the assessed sample seedlings were divided into five degree as 
follows: 1 – young (0-0.3 m); 2 – immature (0.3-0.8 m); 3 – mature (0.8-1.3 m); 4 – 
overgrown (>1.3 m); 5 – sapling.   

The seedlings were damaged in the process of preparing the terrain for 
cutting. The next phase included the process of cutting done by gasoline chainsaw 
when considerable damages were done to the seedlings. The removal of the fallen 
tree branches was done at the sample plots and trunks were divided into sections. 
Removing of branches caused damages to the few closest seedlings near the branch, 
classified as ‘dead’. Extraction of trunks was ground-based through steel rope winded 
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on a specialized tractor TAF 690 (table 1). A part of seedlings were peeled and often 
eradicated by the tractor forehead. Inconsiderable damages were done during the trunk 
transportation. The branches from cut trunks was spread in the cutting area and had a 
negative impact on the remaining seedlings. 

Table. 1. Technical properties of TAF 690 tractor

Motor Perkins 1104D-44T

Power 70kW (95.2 horsepower) at 2300 rot./min

Transmission mechanical with 5-steps

Winch Double barrel

Weight 7500 kg

Damaged seedlings from each sample plots were collected and sent to the 
Laboratory of phytopathology at Forest Research Institute, Sofia, for identification of 
fungal pathogens causing necrotic diseases. Reproductive structures of pathogens were 
microscopy detected by stereomicroscope Zeiss NU2. 

Three types of sample plots were established for soil samples taking: a control 
plot (1) taken at a depth of 0-20 cm: four controlling samples from the area not affected 
by truck extraction; plot 2 with five samples from the area under the impact of a trunk 
with 0.64 m extraction, and plot 3 with five samples from area under the impact of a 
trunk with 0.82 m extraction. A systematic sampling design was used - the soil samples 
were taken at depths of 0-5 cm, 5-10 cm, 10-20 cm (Petersen, Calvin, 1996). The 
following soil characteristics were analysed by using the respective methods:

Bulk density (BD, g/cm3) (Soil quality DIN ISO 11272:1998, 2001); 
Particle density (PD) (Flint, Lorraine, 2002); 
Total porosity (TP, %) (Lorraine, Flint, 2002).

The data were statistically processed using the software products Microsoft Excel 
for Mac 16, Numbers for Mac version 5.1 and IBM SPSS for Mac version 24. The 
t-Test two sample assuming unequal variances was used to demonstrate statistically 
significant differences (p-value: p<0.05, p<0.01, p<0.001). The ANOVA test was 
used to determine the significance (p-value) in regression relationships between soil 
indicators and depth.

RESULTS 

Damages on seedlings 

The total number of assessed seedlings in the sample plots was 75, and it was 
counted that the number on the territory of the cutting area was 26 529 per ha. The most 
numerous were immature (31%), followed by mature (28%) seedlings (table 2). 
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Before cutting, 92% of seedlings was in relatively good vitality and the rest of 
them were  worsen. All damaged seedlings were from overgrown. Rocks or trunks caused 
the main abiotitc damages on seedlings.

The results concerning seedlings condition due to the performed shelter wood 
harvesting were distributed into four degrees (table 3). The most common damages, 
usually ascertained in the residual seedlings after wood harvesting, were distributed as 
follows: bended; with damaged bark; broken trunk (at 1/3-2/3 of the trunk); multiple 
injured and dead. The most common were multiple damages especially damaged bark 
and breaking trunks. The scars on the bark is more often ascertained in the higher part 
of the trunk, up to 10 cm length. Spread tree branches covered a considerable part of the 
seedlings after cutting.

It was amounted that partially damaged were 59% or 13 275 seedlings per ha. The 
distribution of damaged seedlings is presented in fig. 2. 

Damages caused by the beech weevil, Orchestes fagi L., (Coleoptera: 
Curculionidae) were observed on the leaves of all seedlings. On the mature seedlings, 
symptoms of necrotic disease were observed - wounds with callus edges. All harvested 
samples of beech seedlings were injured and longitudinal wounds were noticed on 
them. Cracks in the bark between dead parts and formation of callus around them 
were the typical signs of damaged seedlings. Characteristic symptoms of necrotic 

Table. 2. Quantities of seedlings in height ranges before test cutting

Degree Classification
Height

(m)
Diameter

(m)
Number %

1 young 0.3 7 9

2 immature 0.3-0.8 23 31

3 mature 0.8-1.3 21 28

4 overgrow over 1.3 up to 0.02 14 19

5 sapling 0.02-0.06 10 13

total 75 100

Table. 3. Number of seedlings damaged in shelter wood harvesting classified by their vitality,  
height and diameter

Degree 
height 
<0.3 m

height 
0.3-0.8 m

height 
0.8-1.3 m

height >1.3 m 
diameter <0.02 m

diameter 
0.02-0.06 m

Number 
(%) 

healthy 6 11 8 3 0 28 (37.3)

partially 
damaged

1 7 8 8 7 31 (41.3)

heavily 
damaged

0 3 3 3 3 12 (16.0)

dead 0 2 2 0 0 4 (5.4)

total 7 23 21 14 10 75 (100)
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canker disease were investigated on them. It was established that the pathogenic fungus 
Neonectria coccinea (Pers.: Fr.) Rossman et Samuels was a causer of the disease. Fruit 
bodies of asexual stage were observed on the bark as white cushions. Structures of the 
perfect (sexual) stage of the fungus were also formed. They were located at the upper 
end of a mycelial stroma, and had oval to spherical, fleshy, from pale to dark red, with 
a diameter of 1-2 mm. 

A fungal pathogen Asterosporium asterospermum (Pers.: Fr.) Hughes was established 
on all studied seedlings. On the infected bark, typical flattened acervuli were noticed. 
The pathogen is a new species for Bulgarian mycota. 

Soil properties

Due to the use of skidding machinery, considerable statistically significant 
changes were observed in the bulk density between the control plot (1) and plots 2 
and 3 where trunk extraction was performed, as well as between plots 2 and 3 (p<0.05; 
p<0.001; p<0.05, respectively). Bulk density at plot 2 changed with depth, while at plot 
3 it diminished with depth. The values for plot 1 and plot 2 were equal to those of the 
control plot at a depth of 20 cm (fig. 3). The changes in the bulk density were depicted 
by polynomial equations of second degree which are statistically significant (p<0.001, 
for all equations).

According to the classification by Bodenkunde (1982), the bulk density in the 0-5 
cm layer was extremely friable at the control plot, at plot 2, it was friable to moderately 

Fig. 1. Map of Bulgaria and object of study (Ezilon.com)
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compacted, and at plot 3, it was extremely compacted. In the next layer (5-10 cm depth), 
at the control plot, the bulk density was moderately compacted, at plot 2 it was averagely 
compacted, and at plot 3 - it was highly compacted. At a depth of 10-20 cm the bulk 
density at plot 1, plot 2 and plot 3 fallen within the averagely compacted range.

Statistically significant changes were observed regarding particle density between 
the control plot and plots 2, 3 and between plots 2 & 3 (p<0.05 for all plots). Particle 
density is described by polynomial functions (fig. 4). The polynomial equations were 
statistically significant for the control plot and plot 3 (p<0.001; p<0.001, respectively) 
and the function was not statistically significant for plot 2 (p=0.221).

Fig. 2. Dstribution by condition of beech seedlings regarding height range

Fig. 3. Relationship between bulk density (BD) and depth in the soil
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Due to the use of skidding machinery, statistically significant changes were 
observed in total porosity between the control plot and plots 2 and 3 (p<0.05; p<0.001; 
p<0.01, respectively). The total porosity at the control plot decreased almost linearly 
with depth, while at plots 2, 3 it is described as part of a parabola (fig. 5). The changes 
in total porosity are best described by polynomial equation of second degree that were 
statistically significant for all cases (p<0.001 for all equations). 

Fig. 4. Relationship between particle density (PD) and depth in the soil

Fig. 5. Relationship between total porosity (TP) and depth in the soil
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DISCUSSION

In Fagus sylvatica stands observed in the current study, the majority of seedlings 
were established in the overgrown range of height. After wood harvesting performed 
by TAF 690 tractor, the damages done on seedlings were observe, most of them were 
partially damaged. The highest number of damaged seedlings was established during the 
phases of extraction and piling of cut branches. They were in the range of height between 
0.3 and 0.8 m. The most common damages included bark injures and breaking of the 
trunks. On all wounded seedlings, bark necrosis caused by the pathogen Neonectria 
coccinea were established. The injuries caused by timber harvesting on the bark of young 
seedlings were the entrances for fungal pathogen causing necrotic disease. Necrosis are 
a slow process of fatal disease, it can cause considerable damage, as the cankered area 
is weakened and susceptible to breakage. This disease is important commercially as it 
reduces the quality and quantity of forest products. Infections may be worse in autumn 
and winter when the host plant is dormant and wound recovery is weaker than in the 
growing season. The pathogen enters the host through small wounds. The mycelium 
of the causative agent of the cankerous formations developed in the diseased sites and 
the canker gradually encompasses the infected branches. Other species from Neonectria 
genus is present in Bulgaria and in the region of Petrohan (West Stara planina Mt. - 
Neonectria ditissima (Tul. et C. Tul.) Samuels et Rossman, N. galligena (Bres) Rossman et 
Samuels (Mihál et al., 2009). 

The pathogen Asterosporium asterospermum was established for first time in 2016 
on F. sylvatica stands at the territory of Forest Protection Station Plovdiv (Dobreva et al., 
personal communication). The results of current study were new records for the region 
of State Forestry Berkovitsa. The species was detected on F. glandifolia, F. peduncola and 
F. sylvatica and in other European countries (Sutton, 1980) and on F. crenata in Japan 
(Kobayashi, Kubono, 1986).

According to the Ordinance for wood cutting in forests N8/05.08.2011 
(Executive Forest Agency), the healthy and partially damaged seedlings are not enough 
for the successful regeneration of the forests. High number of damages done on the 
seedlings during the timber logging was ascertained. In order to increase the renewal of 
regeneration in the forest undergrowth, other cutting technologies could be used, for 
example skylines. The final phase of cutting should take place before the undergrowth 
has become overgrown.

Mechanized logging has led to statistically significant changes in the physical 
properties of forest soils in beech cutting stands that could be classified as degradation. 
There are statistically significant increases in bulk density and particle density. There are 
statistically significant decreases in total porosity. Bulk density has been considerably 
impacted depending on the height of the extracted trunks. The polynomial function of 
the bulk density could change from opening downward to opening upward. There were 
considerable changes in the functions depicting the changes in particle density and total 
porosity at different depths. The soils were characterized as moderately to slightly porous, 
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as averagely porous to very slightly porous, and at the control plot the soils range from 
averagely porous to highly porous. The upper layer (0-5 cm) was influenced by the trunk 
extraction to the greatest extent and the impact decreases as the depth increases.
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