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Abstract

Ilieva, D., & Petrova, K. (2019) Cover – management (C-factor) of the Petrohan Training and Experimental Forest 
Range. Bulg. J. Agric. Sci., 25(3): 534–539

T he results for the cover management coeffi cients (C-factor), obtained on the territory of the Petrohan Training and Ex-
perimental Forest Range, are presented in this study. Their values were mapped and spatially represented using GIS tools with 
software ArcMap, version 10.2. The highest vegetation effect was determined for the stands with high productivity mark and 
density, where the C-factor values vary from 0.001 to 0.004. They cover 92.6% of the total forestry range area. The territories, 
occupied by agricultural vegetation (game fi elds), low-yield and low-density stands, as well as the forest areas not suitable for 
tree species, are characterized by the lowest soil protection effi ciency and coeffi cients of 0.340, 0.090 and 0.041, respectively. 
The obtained results for the soil protection role of the vegetation cover allow to determine the estimated quantities of eroded 
soil and assess the actual risk of sheet water erosion on the respective territory.
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Introduction

The steep slopes and climatic conditions in the mountain-
ous territories are a prerequisite for the formation of high 
erosion potential of the surface runoff. The natural protection 
of soil from erosion processes is mainly due to the complex 
infl uence of the vegetation cover. Its protective functions 
mainly result in reduction of the surface runoff, decreased 
energy of raindrops from the above-ground part of the plants 
and protection from destruction and removal of soil material 
from the forest litter and roots.   

The erosion control by the vegetation cover (canopy 
cover, ground cover, plant residues and roots) is defi ned as 
C-factor by the Universal Soil Loss Equation (USLE). It is 
estimated as a coeffi cient as the ratio of the soil loss from 
land cropped under specifi ed conditions to corresponding 
loss under tilled, continuous fallow conditions (Wischmei-
er,1960; Wischmeier & Smith, 1978). The high effect of veg-

etation cover is characterized by coeffi cients, low absolute 
value coeffi cients.

In Bulgaria, the research in this fi eld began in the second 
half of the last century (Biolchev, 1953; Dzhingov, 1969, 
1983; Tsvetkova-Lazarova, 1980; Kitin, 1988; Krumov, & 
Malinov, 1989; Krumov, 1995; Onchev et al., 1988). Biol-
chev (1975) determined that forest belts have a high water-
regulating effect. Coeffi cients for runoff-reducing and soil-
retaining effi ciency of grass and forest belts were proposed 
by Malinov (1999). The assessment of soil protection indices 
of the vegetation in the country based on the land distribu-
tion by the types of permanent use was performed under the 
Project PHARE-MERA (Stoev et al., 1997). The C-factor is 
determined for 8 classes of land cover in the CORINE clas-
sifi cation – farmlands, forests, pastures, vineyards, orchards, 
rare vegetation, burnt lands and other agricultural lands. The 
watershed territories of the Struma River basin are deter-
mined by the adapted methodology for graded assessment of 
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erosion factors according to Onchev (1983), with the appli-
cation of the USLE model (Martenson et al., 1998; Marinov., 
2009). Malinov and Ilieva (2015) presented for the fi rst time 
the adapted methodology of C-factor assessment according 
to Wischmeier and Smith (1965, 1978) for the mountain ar-
eas in the country.  

The recent studies apply the Revised Universal Soil Loss 
Equation (RUSLE) and Modifi ed Universal Soil Loss Equa-
tion (MUSLE) methodologies for estimation C-factor as a 
set of 5 sub-factors for the infl uence of the vegetation cover, 
dead forest litter, and root system (Meyer, 1984; Renard et 
al., 1991, 1997; Karpilo & Toy, 2004; Zhou et al., 2008; US-
DA-ARS, 2013; Panagos et al., 2015). Similar studies for 
sub-factor assessment have started in the country in connec-
tion with the validation of the RUSLE and MUSLE models 
(Project, 2018).

The application of GIS and mapping C-factor in moun-
tain areas provide the opportunity to perform timely analyzes 
in order to assess the risk of erosion processes occurring in 
case of land use change. In this context, the information pro-
vided by the geographic information systems (GIS) is a basic 
requirement to analyze the changes in vegetation cover and 
the respective consequences.    

The aim of the present study is assessing and mapping 
the cover-management values (C-factor) of the vegetation 
cover on the territory of the Petrohan Training and Experi-
mental Forest Range. 

Materials and Methods

The research subject is the vegetation cover on the terri-
tory of the Petrohan Training and Experimental Forest Range, 
Montana District (Fig. 1). It serves for a number of purposes, 

connected with the implementation of scientifi c and research 
activities and experimental application of the best contempo-
rary forestry practices as well as for practical training of stu-
dents and PhD students of the University of Forestry. 

The territory of the Petrohan Training and Experimental 
Forest Range is located between 23°04’ and 23°13’ eastern 
longitude and 43°14’ northern latitude. The terrain of the for-
est range is typically mountainous, with steep slopes, deeply 
incised river valleys and steep minor ridges (Regional For-
estry Development Plan of Berkovitsa and Varshets Munici-
palities, 2016). Regarding the climatic conditions, the terri-
tory is characterized by specifi c mountain climate – lower 
temperatures, signifi cant cloudiness and intensive rainfall, 
high relative humidity and prolonged snow cover. The ter-
rain and climatic conditions are a prerequisite for the high 
erosion potential on the forest range territory. 

The predominant soil type is Cambisols. It is character-
ized by high acidity (Malinova, 1996). This is typical for the 
soils of the Balkan Mountains  and is assessed as stable over 
a 30-year observation period (Karatoteva et al., 2016; Tzvet-
kova, et al., 2016). Under the infl uence of erosion processes, 
in some regions were formed the Regosols (Malinova, 2016).

The main tree species is the European beech (Fagus syl-
vatica L.), which has good water-regulating and protective 
functions. The percentage of the deciduous species is 89.3% 
of the total tree species distribution, and the share of the co-
niferous species is 10.7%. No active development of both 
sheet and rill water erosion of soil has been observed on the 
forest range territory. Landslides and slips occur very rarely 
in case of heavy torrential rains in the valleys with very steep 
banks. The total area of the research subject is 7290.4 ha, 
6215.9 ha of which are state property. The forested area rep-
resents 6752.4 ha (92.6%), non-timber production area 534.0 

Fig. 1. Research subject – the Petrohan Training and Experimental Forest Range
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ha – 7.4%. The listed crops and plants (with a density from 
0.1 to 0.3 inclusive) occupy 3.5% of the total area – 217.3 
ha. The unafforested timber production area represents 4.0 
ha unafforested forest area. The unafforested non-timber 
production area is 516.5 ha or 8.2% of the total area. From 
this area 277.2 ha (4.5% of the total area) is occupied by 
meadows, 74.3 ha (1.2 %) is occupied by rock slides; 48.3 ha 
(0.8%) are clearings; 35.5 ha (0.6%) are forest areas that are 
not suitable for tree species, occupied by scarce tree, shrub 
and grass vegetation (Forest Management Project of the 
Petrohan Training and Experimental Forest Range, 2005).

A part of the non-timber production areas (grasslands, 
meadows, nurseries, game fi elds, etc.) is used for harvesting 
various non-timber forest products. Another part is techno-
logically necessary for the production process – roadways, 
roads and clearings, etc., and a third part is unusable for for-
estry activities – forest areas not suitable for tree species, 
unafforested areas, quarries, rock slides, etc.  

The C factor values are determined at the expert level 
(Table 1) according to the methodology and assessment scale 
for mountain areas (Malinov & Ilieva, 2015). The following 
data at the level of forest sub-section from the Forest Man-
agement Project has been used to determine the C-factor of 
the vegetation cover on the territory of the Petrohan Training 
and Experimental Forest Range for:  
� Plantations with forest vegetation – forest canopy 

plantations of artifi cial origin, coppice and seed plantations 
of different density and productivity mark;
� Grass and shrub vegetation – meadows and game 

meadows, grasslands, natural pastures, forest areas not suit-
able for tree species, unafforested areas, plantations of artifi -
cial origin and game fi elds.

The areas, marked as road, water areas, landing site, for-
est nursery, rock slide, yard, canal, quarry, wetland, parking, 
rocks, roadways and forest areas not suitable for tree spe-
cies, are not subject to the assessment. They are defi ned as 
unclassifi ed territories and represent 2% of the total forest 
range area.

The C-factor values were mapped and spatially deter-
mined using Geographic Information Systems (GIS) tools in 
software program ArcMap, version 10.2. During the map-
ping process the areas, smaller than 0.1 ha, were added to 
the adjacent larger areas with the respective C-factor value. 
As a result, the total number of sub-sections in the Forest 
Management project was reduced to 2425. 

Results and Discussion 

The map of C-factor values of the forest territory of each 
sub-section was developed by using GIS (Fig. 2). The data 
was summarised and represents the factor areal distribu-
tion. The results, presented on Fig. 3, show the distribution 
of C-factor of different vegetation cover in the forest range. 
The C-factor values for 84.4% of the Petrohan Training and 
Experimental Forest Range area vary from 0.001 to 0.003. 
These areas are mainly occupied by forest stands with high 
productivity mark and density. The areas with C-factor val-
ues of 0.001, representing 38.7% of the total area, are best 
protected. 

The vegetation cover, characterized by C-factor value of 
0.004, also has high erosion control effi ciency. It occupies 
a territory representing 8.2% of the forest range area. The 
remaining vegetation cover groups have an insignifi cant spa-
tial distribution with the respective C-factor values, as fol-
lows: 0.6% with С – 0.009; 0.1% with С – 0.011; 3.6% with 
С – 0.020; 0.6% forest areas not suitable for tree species with 
С – 0.041 and 0.3% with С – 0.090. The vegetation cover of 
game fi elds is characterized by the lowest effect on soil ero-
sion, C-factor 0.34 as only 0.1% of the forest range area is 
occupied by them.

Data about the number of sections with equal C-factor is 
presented on Fig. 4. The results reveal that from a total num-
ber of 2425 sub-sections, 883 are characterized by very high 
effect of the vegetation cover (С – 0.001). The forest stands 
with С – 0.002 on the territory of 524 sub-sections, with С 
– 0.003 in 507 sub-sections and those with С – 0.004 in 218 
sub-sections also provide very high protective functions. The 
remaining vegetation cover groups (С – 0.009; 0.011; 0.020; 
0.041; 0.090; 0.340) have a lower soil-protective function on 
the territory of 122 sub-sectors in total. Of them, the lowest 
numbers (6 sub-sections) are stands with lower productivity 
mark and density – C-factor value of 0.041. 

Table 1. C-factor values in mountain territories (Malinov 
& Ilieva, 2015)
C-factor Characteristics of the forest stands 

Productivity mark Density
0.001 I and II from 0.7 to 1.0
0.002 III and IV from 0.7 to 1.0
0.003 V from 0.7 to 1.0

I and II from 0.4 to 0.6
0.004 III and IV from 0.4 to 0.6
0.009 V from 0.4 to 0.6
0.020 I, II and III up to 0.4
0.090 IV and V up to 0.4

Grass and shrub vegetation 
0.003 Meadows, game meadow, grasslands, etc. 
0.011 Unafforested areas, plantations of artifi cial origin 
0.041 Forest areas, not suitable for tree species 
0.340 Game fi elds  
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Fig. 2. Map of C-factor on the Petrohan Training and Experimental Forest Range territory

Fig. 3. C-factor distribution on the Petrohan Training 
and Experimental Forest Range territory

Fig. 4. C-factor distribution by sub-sections of Petrohan 
Training and Experimental Forest Range
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Conclusions 

The results show that the vegetation cover on the territo-
ry of the Petrohan Training and Experimental Forest Range 
have potential to control soil erosion. Mapping C-factor 
provides detailed information about distribution of the veg-
etation cover at the sub-section level. The stands with high 
productivity mark and density provide the most effective 
protection. They are characterized by C-factor values rang-
ing from 0.001 to 0.004. Regardless of the erosion potential 
of the terrain and climate, the lack of intensive processes of 
sheet and rill soil erosion is due to the high soil protection 
effi ciency of the stands on 92.6 % (1900 sub-sections) of the 
forest range territory. The obtained information can be ap-
plied to predict the actual erosion soil losses. This will pro-
vide an opportunity to optimize erosion control practices for 
sustainable management of the soil resources on the territory 
of the Petrohan Training and Experimental Forest Range. 
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