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Abstract: Water erosion has been recognized as a major soil degradation process worldwide. This is of special relevance
in the semi-arid areas of South Bulgaria with long periods of drought along with severe rainfall events. The main objec-
tive of this study was to evaluate the applicability of Bromus innermis L. and Lotus corniculatus L. for soil protection
purposes under different site conditions. The site parameters considered were slope, fertilization and a range of soil phys-
ical parameters. The plant parameters were canopy cover, biomass, and root morphological characteristics. The experi-
ment includes plots without and with eleven rates of NPK fertilization on gentle (6°) and steep slopes (12°). It was ob-
served that the effect of fertilization on shoot and root growth was stronger on the gentle than on the steep slopes. The
biomass accumulation was more sensitive to N than the PK fertilizer applications. The increase of the root density with
increasing fertilization rates was more pronounced for the mass than for length or surface area. A significant effect on
root diameter was found only for the variants with the highest N application. Treatments with the highest root mass den-

sity on both slopes showed the greatest potential for reducing erosion.
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STATE OF ART

Soil erosion is recognized as a widespread problem through-
out Europe with large spatial and temporal variations in soil
erosion processes and rates owing to the large diversity of
landscapes, climate, soils and land use (Boardman and Poesen,
2006; Cerdan et al., 2010; Garcia-Orenes et al., 2010). It is a
primarily a result of inappropriate land management, deforesta-
tion, overgrazing, forest fires and construction activities, affect-
ing 1.3 million km? in the EU-27 (EC, 2012; Garcia-Orenes et
al., 2010) with total rates of sheet and rill erosion estimated at
550 Mt y™' (Cerdan et al., 2010).

The territory of Bulgaria is 2.5 % of the EU 27 area and con-
tributes 3.8 % of the total soil erosion estimate for EU-27
(Rousseva, 2012). This is of special relevance for rangelands in
the semi-arid areas of Bulgaria characterized with long periods
of drought along with intensive rainfall events (Rousseva,
2006). For semi-arid regions highly susceptible to fluvial ero-
sion, an analysis of vegetation characteristics and soil proper-
ties are essential to gain an insight into the relevant processes
(Baets et al., 2009; Cerda and Doerr, 2005, Martinez-Murillo et
al., 2012).

Vegetation cover and root persistence in the topsoil are as-
sumed to be key factors for controlling soil erosion, due to
influences on soil formation, stability, anti-scourability (Cerda,
1998; Gyssels and Poesen, 2003). The magnitude of influence
is a factor of vegetation type and its impacts on soil hydropho-
bicity (e.g. Lichner et al., 2012), for example herbs were identi-
fied as most efficient for soil erosion control (Cerda and Doerr,
2005). When the canopy biomass is lost, root growth that is
close to the soil surface can reduce surface runoff (Duran and
Rodriguez, 2008). In addition, roots have profound effect on
soil structure stability as they contribute to formation of soil
aggregates by rhizodeposition, increase soil permeability by
enhancing water infiltration rate and mechanically support soil

shear strength. Nevertheless, the majority of erosion-related
studies have overlooked root effects and focused on the impact
of vegetation cover only. Over the last decade, this “hidden’
aspect has received increasingly attention and there are more
detailed studies on the interactions between root morphological
characteristics and soil erosion attenuation (Gyssels et al., 2006;
Stokes et al., 2007; Reubens et al., 2007; Zhou and Shangguan,
2005, 2007; Burylo et al., 2012).

Plant species with different root systems have dissimilar ero-
sion-reducing effects. For slope stabilization, deep rooting
systems such as tap root systems are more suitable, while dense
lateral-spreading roots as by fibrous root systems seem to be
more effective for surface water erosion (Gyssels et al., 2005).
Anchorage of roots in soil depends on a combination of param-
eters, i.e. number, depth, diameter, branching characteristics,
which are further influenced by the soil conditions (Dupuy et
al., 2005). A decline of soil losses by fluvial erosion with in-
creasing root mass and root length densities was reported by
Gyssels et al. (2005) and Knapen et al. (2007). Root length
density is also a proper indicator for soil penetrability and water
utilization by plants (e.g. Himmelbauer et al., 2010, 2012).
According to Li et al. (1991), length density of fine roots and
not their total length is suitable for expressing the root-soil
contact area and thus is highly instrumental in controlling soil
losses. Zhou and Shangguan (2005) agreed that root length
density is an appropriate parameter but stated that the effect
cannot be precisely predicted if only the number of fine roots is
taken into account. The authors proposed root surface area
density to be used when dealing with concentrated flow, since it
included root diameter. De Baets et al. (2007a) also showed that
root diameter is an important variable in explaining relative soil
detachment rate. Samples containing dissimilar (tap and fi-
brous) root systems were examined to evaluate the root effect in
reducing erosion rates by concentrated flow, and empirical
relationships were derived for different soils (De Baets et al.,
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2007ab; De Baets and Poesen, 2010). Root tensile strength is a
factor to be considered when selecting plants for strengthening
soil slope stability (Stokes et al., 2007). The tensile strength is
size-dependent and regularly increases with decreasing the root
diameter. Therefore, a systematic research approach on soil
erosion reduction should consider a partitioning of roots in
diameter classes.

The main objective of this study was to evaluate the applica-
bility of two cover crops Bromus innermis L. and Lotus cornic-
ulatus L. for soil protection purposes under different site condi-
tions. The site parameters considered were slope, fertilization,
physical and chemical soil properties. The plant parameters
were canopy cover, biomass and root morphology, i.e. mass,
length, surface area, average diameter and diameter classes.

MATERIAL AND METHODS
Climate and soil conditions

The study site was an experimental field of the “N. Push-
karov” Institute of Soil Science, situated in Sakar Mountain,
Southeast Bulgaria. The climate is continental to Mediterranean
characterized by mild winters and hot summers. An increased
number of days with extreme precipitation (about 60 %) and
thunderstorm events have been observed for the last two dec-
ades, despite of the general decrease in the total rainfall amount
(Simeonov et al., 2007). The long-term average annual air
temperature is 12.2°C. The annual average precipitation ap-
proximates 526 mm with rainfall sums from April until October
(the growing period) of 284.2 mm. The soil at the site is classi-
fied as Chromic Luvisol (LVx) (Boyadgiev, 1994). It belongs
to the group of soils moderately resistant to acidification with a
medium pH values, CEC of 35 — 60 meq/100g and domination
of 2 : 1 clay minerals such as Vermiculite (Kolchakov et al.,
2005). The site is located on gentle (6°) to steep slopes (12°).

Experimental setup and root sampling

Two cover crops — a leguminous Bird’s-foot trefoil (Lotus
corniculatus L.) and a perennial grass, Bromegrass (Bromus
innermis, L.) — were examined. Different species growing in a
composed system naturally occupy different places and often
use different soil exploration strategies (Perriet et al., 2007).
Bromus innermis L. belongs to the grass family (Poaceae). It
prefers deep fertile well-drained soils. The crop has a long
vegetation period starting early in spring and continues late in
fall. Its dense root system enables the plant to survive long-term
dry periods. The roots spread also horizontally and produce
abundant rhizomes, which makes the crop useful for erosion
control, since shallow but dense root nets support mechanical
reinforcement of soils. Lotus corniculatus L. is a perennial,
herbaceous member of the pea family (Fabaceae). It prefers
well-drained soil, but it is also drought-tolerant. The root sys-
tem includes a long tap root, which may reach 1 m depth, a
fibrous mat of secondary roots, and modified stems near the
soil surface.

A long term experiment was primary set up to test effects of
mineral fertilization on cover cropping and on soil erosion on
two positions: a gentle slope of 6° and on a steep slope of 12°
(Vateva and Lozanova, 2006). The cropping system was a
mixture of Bird’s-foot trefoil and Bromegrass in proportion 40
to 60%. The experiment consisted of 20 m” plots with applica-
tion of 11 different rates of NPK fertilization (N60P60,
N60K60, P60K 60, N60P60K 60, N120P120K60,
N180P180K60, N60P120K60, N120P60K60, N180P120K60,
N60P60K60+Mo, N60P60K60+Ca0) and control plots without

fertilization (NOPOKO) in 4 replications. The crops were sown
in the spring. In the autumn preceding the sowing, the soil was
ploughed to a depth of 25 cm followed by cultivation and disk-
ing immediately before sowing. Thereafter, there is no cultiva-
tion applied. The fertilizer application, expressed in kg ha™,
was stopped 3 years before the study reported in this paper.
Thus, only the sequential effects of the remaining soil fertility
on the root growth were examined. A series of soil and plant
growth characteristics were continuously measured during the
experiment. The monitoring of the crop population- vegetation
cover and the botanical composition- was conducted by count-
ing the number of the species per square meter.

For the root observation, the method of the soil monolith
was used since it is suitable for narrow plant spacing. Soil
monoliths of 20 x 20 cm were excavated up to 30 cm soil depth
(topsoil) in each of the plots at the end of the vegetation period
in August — September. Roots were washed out from the mono-
liths by hand over a set of sieves in situ. Field collected root
samples are generally large and handling them individually can
tremendously increase the treatment time. For this reason,
representative root sub-samples per treatment on the gentle and
the steep slopes, pooled samples of the thoroughly mixed repli-
cates, were taken and stored until further analyses. The rest
parts of the samples were immediately oven dried (60°C) for
dry mass. In the laboratory, the root sub-samples were first
treated for measuring their geometrical parameters (length,
surface area, average diameter and diameter classes) using
image analysis following Himmelbauer et al. (2004). After the
image analysis, the root sub-samples were also oven dried and
particular ratios of their dry mass to the length and to the sur-
face area values were calculated for each treatment. These
proportions were further used to estimate the total length and
surface area per variant. Root density expressed as mass, length
and surface area of roots per volume or area of soil were calcu-
lated.

In order to explore the erosion-reducing potential of the cov-
er crop roots, empirically based equations were applied. The
first one is derived for fine root systems only:

RSD = ¢ > RP, (1)

where RSD is relative soil detachment rate (indicator for soil
erodibility) and RD is root mass density of fine roots having
diameter < 1 mm (kg m™), (Eq. (3) in Baets et al., 2007a).

The second one was derived for a mixture of fibrous and tap
root systems grown on silt loam topsoil:

—2.24RD 146.67 RD* D
RSD=e « € R 2)

where the RD is root mass density (kg m™) and D is the mean
root diameter of the root sample (mm), (Eq. (10), De Baets et
al., 2007b).

The third equation was proposed for mixed plant communi-
ties and roots on loamy topsoil:

RSD=¢ (—].25RD+0,06RDXD)’ (3)

where the RD is root mass density (kg m™) and D is the mean
root diameter of the root sample (mm), (Eq. (11)), De Baets and
Poesen, 2010).

For Eq. (1), the obtained root densities of the fine roots thin-
ner than 1 mm were used, while for the Eq. (2) and Eq. (3), the
root mass densities of all root classes were considered.

The soil-erosion parameter RSD is a ratio between the abso-
lute soil detachment rates for root-grown soil samples against
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the bare soil samples. Soil detachment rate (kg s’ m™) gives
gravimetric sediment concentration changes with average run-
off discharge over the soil surface area. The RSD specifies the
erosion-reducing potential as follows: 0.01 states for very high
resistance against erosion, values greater than 0.50 are for very
low resistance, and the values in-between represent different
levels of erosion-reducing potential.

RESULTS AND DISCUSSIONS
Soil properties

Measured soil parameters as averaged per slope position are
presented in Table 1. The soil is classified as sandy clay loam.
The soil parameters suggest rather unfavourable growth condi-
tions especially on the steep slope position having acidified
topsoil with pH below 5.0, high bulk density of 1.6 to 1.7
g cm”, moderate hydraulic conductivity of 2 to 3 ¢cm d” and
very low humus content of 0.4 to 0.8% (Table 1). As often
reported, the soil is more vulnerable to erosion processes where
organic matter content is low (e.g. Garcia-Orenes et al., 2009).

Large air-filled pores provide paths for vigorous root
growth. The accepted critical thresholds for air-filled porosity
are between 10% (volumetric) for clay and 15 % for sandy
soils, lower values restrict root respiration and uptake
(Hakansson and Lipiec, 2000). In this study, the measured air-
filled porosity for the sites was generally higher than the cited
limits, except for the steep slope where the air-porosity dropped
to 3.6% at a soil depth greater than 20 cm, indicating more
difficult root growth conditions.

Vegetation and root growth

Results on vegetation characteristics of Bromus innermis L.
(called further Bromus inn.) and Lotus corniculatus L. (called
Lotus c.) are presented in Fig. 1. With increasing fertilization
rates, the canopy cover increased by 20% compared to the
control (variant 1). Maximum values of 67 on the steep and 72
% on the gentle slope were achieved in variant 7
(N180P180K60) with the highest rate of fertilizer application.
Studying the composition of the cover, it was observed that
Bromus inn. dominated the initial sowing rate of 60% and dom-
inated in most trials, except for variant 4 (NOP60K60) a phos-
phorus (P) — potassium fertilizer (K) was applied, but not nitro-
gen (N). On these plots, the proportion of the Lotus c. reached
40% on the gentle and 50% on the steep slope. The canopy
cover of Bromus inn. increased with increased application rates
of N. This effect was more pronounced on the gentle slope.

The above-ground biomass is an important soil surface pro-
tection, as it reduces raindrop collision, prevents crust for-
mation, and controls the amount of infiltrated and intercepted
rainwater. In this study, the plant biomass considerable in-
creased with increasing fertilizer rates, especially in variants 7
(N180P180K60) and 10 (N180P120K60) where the highest
rates were applied (Fig. 2). In general, the total plant biomass
accumulation was more sensitive to N than the P and K fertiliz-
er applications. In addition, the effect was more pronounced on
the gentle than on the steep slopes, and on the above ground
than on the below ground biomass. The estimated shoot to root
(mass) ratios for the different treatments did not differ consid-
erably. The shoot: (top-) root ratios were slightly higher for the
steep slopes and for variants with low fertilization rates, i.e. var.
2 (N60P60) and var. 3 (N60P60K60), or no fertiliser (var. 1),
suggesting there was deeper (subsoil) root growth. The root
results represent all types of roots in the topsoil, i.e. the fibrous

Table 1. Essential characteristics of the top 30 cm soil measured on the gentle and the steep slope positions in a rangeland, South Bulgaria (based on Rousseva, 1994). Cited results are mean values

of at least six replications obtained by methods not allowing more than 5% standard error.
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* Texture fractions: Clay (< 0.002 mm), Silt (0.002 —0.05 mm), Sand (0.05 — 2 mm)

Air filled porosity at field capacity is calculated as a difference between the total porosity and the volumetric water content at FC (Vomocil, 1965).
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Fig. 1. Vegetation cover and botanical composition for the different rates of fertilizer application on a) gentle (6°) and b) step (12°) slopes.
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Fig. 2. Results for a) the aboveground dry mass and b) calculated Shoot to Root Ratios relative to the control (variant 1) on the gentle and

the steep slopes.

root of Bromus inn. and the tap roots of Lotus c., since it was
neither possible nor practicable to distinguish between both root
systems in situ. Thus, an intermediate differentiation was done
considering one typical root morphology and the observed
partitioning of the vegetation composition.

Nutrient contents (N, P, K and Ca) accumulated in the root
biomass relative to the control are presented on Figs 3. As
expected, stronger responses were mainly observed in the plots
with the highest fertilization rates. Root accumulation of N, K
and Ca was significantly higher (up to 400 %) in all fertilized
variants compared to the control (var. 1). Rather minor effects
were found with respect to the P application. The P contents
were comparable in all variants with a maximum measured in
var. 7 with the highest P rate. In general, greater responses were
observed for the roots on the steep slopes, in particular for K
(Fig. 3). The measured absolute nutrient concentrations were
lower on the steep slope positions than on the gentle slopes,
probably due to nutrient leaching down the soil profile.

Measured root morphological parameters are shown on Fig.
4. Except for root mass, the root length and surface area densi-
ties (roots per volume of soil) did not consistently increase with
increasing rates of fertilizer application. At the same time the
root densities were highly sensitive to the shortage of N in the
soil. Results for var. 4 (P60K60, no N application) on the steep
slope were even lower than those for the control (var. 1). The
results of the botanical composition (Fig. 1) show that in var. 4,
Lotus c. having a tap root system dominated. The highest length
and surface area densities were observed in variants 6
(N120P120K60) and 12 (N60P60K 60 + CaO) with moderate to
high rates of fertilization. In these plots, the proportion of Lotus
c. plants was lower compared to Bromus inn. The variant 12
clearly showed a positive root response to the added calcium
(Ca) in the fertilizer. Under calcium deficient conditions, the
building of the cell walls structure is generally suppressed;
roots remain short, brownish and have difficulties transmitting
water. In our case, the Ca application apparently supported the
root extension expressed as length and surface area density.
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This effect was more pronounced on the gentle than on the
steep slopes. Concerning the average root diameter, the results
for the steep slope were slightly higher than for the gentle
slope, except for the control. The average diameters were main-
ly between 0.3 and 0.4 mm, but enlarged with increasing the N
fertilisation rate. The largest average diameter of 0.48 mm was
measured for the steep slope in variant 10 with the highest N
application.

Gyssels et al. (2005) found that roots having a diameter less
than 3 mm were more important to soil fixation than coarser
roots, especially for surface slope stability where shallow but
dense root networks are most effective. Li et al. (1991) stated
that soil erosion resistance mainly depends on the number of
roots thinner than 1 mm. In addition, fine roots have faster
turnover rates and degrade more rapid in soil organic matter
which supports soil aggregation.

The measured proportions of the root length according to the
three main diameter classes: < 0.5 mm (very fine roots), < 1
mm (fine roots) and larger than 1 mm (coarse roots), are shown
in Fig. 5. The var. 10 (the highest N rate) had the highest per-
centage of the coarse roots of 4.5%. The root surface area dis-
tribution according to the same diameter classes is shown in
Fig. 6. For var. 10, the proportions of coarse roots surface area
were 11% on the gentle and 12% on the steep slopes. Similar
results were obtained for var. 6 (N120P120K60) with high NP

Root N content: Ratio to control

rate. This diameter class of roots thicker than 1 mm corre-
sponds to the size of the tap (seminal) roots or the rhizomes, but
not the root branches. Regarding the very fine roots thinner
than 0.5 mm, no strong effect was observed in relation to ferti-
lizer rates. Some losses of fine root material may also occur
during the root washing in situ and the storage until later anal-
yses.

Comparisons between the results for the gentle and steep
slopes using analysis of variance (P < 0.05, here not shown)
showed that root mass density, surface area density and average
diameter of roots did not differ significantly. At the same time,
the root length density and the plant biomass production were
considerably higher on the gentle slope than on the steep slope.

Erosion reducing potential

Plant species with dissimilar root systems display different
erosion-reducing effects. Grasses and lateral-rooted plants are
generally assumed to be more effective in reducing concentrat-
ed flow erosion than tap-rooted plants. Relationships between
morphological characteristics of topsoil roots and their erosion-
reducing potential were derived for different soils (De Baets et
al., 2007ab; De Baets and Poesen, 2010). The proposed equa-
tions are suitable for examining different crops for their capa-
bility to reduce soil loses by erosion.
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all variants of fertilization as proportions to the control (variant 1) on the gentle and the steep slopes.
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In this study, mixtures of fibrous and tap root systems were
tested. The root diameter results showed that the pooled root
samples principally consist of fine roots thinner than 1 mm.
Three equation for estimation the erosion-reducing potential
(soil-detachment rate) of the topsoil roots were applied here:
equations 1 for fine roots on sandy loam (De Baets et al.,
2007a), Eq. (2) for mixed (fine and coarse) roots on silt loam
(De Baets et al., 2007b), and Eq. (3) for mixed (bur generally
fine) roots on loam topsoil (De Baets and Poesen, 2010). The
estimated results are presented in Table 2.

The estimated relative soil detachment rates vary for the
three equations used, but the results are below 0.01 suggesting a
very high erosion-reducing potential of the topsoil roots in all
treatments. The highest values (i.e. lower resistance against
erosion) are estimated for var. 1 (without fertilization), while
the lowest values (i.e. maximum erosion-reducing potential) are
found for var. 7 (the highest rate of fertilization) having the
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highest root mass density on both slopes. It is important to
point out that the presented estimations are only indirect indica-
tions for the soil erosion potential of the examined root mix-
tures.

Along with the cropping and rooting systems, the land man-
agement is an essential factor for soil degradation and erosion
diminishing, for the reason that cultivation affects soil physical,
chemical and biological properties. It is well known that, soil
cultivation influenced root growth, distribution and morpholog-
ical characteristics (e.g. Himmelbauer et al., 2010, 2012). In
this study, no tillage was applied for the last few years of the
experiments on both slopes. This allowed a development of
sturdy canopy cover mixtures including weeds, which support
slope stability. Similar strategies for erosion control using
weeds lonely or in combination with straw mulch have been
newly reported as very efficient in reducing soil losses in semi-
arid agro-ecosystems (Garcia-Orenes et al., 2009, 2010).

Root Surface Area Density
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Fig. 4. Root morphological parameters: root length density (km m'3), root surface area density (m2 m™), root dry mass density (kg m'3) and
average root diameter (mm) measured in the topsoil of 30 cm for all variants of fertilization on the gentle and steep slopes.
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Fig. 5. Percentage distributions of the root length according to the diameter classes below 0.5 mm (very fine roots), below 1 mm (fine
roots) and larger than 1 mm (coarse roots) on a) gentle and b) steep slopes.
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Fig. 6. Percentage distributions of the root surface area according to the diameter classes below 0.5 mm (very fine roots), below 1 mm (fine
roots) and larger than 1 mm (coarse roots) on a) gentle and b) steep slopes.

Table 2. Erosion-reducing potential of the topsoil including roots of Bromus innermis L. and Lotus corniculatus L. calculated for the dif-
ferent fertilization treatments on the gentle and steep slopes.

Variants RSD* (Eq. (1)) RSD (Eq. (2)) RSD (Eq. (3)) RSD (Egq. (1)) RSD (Eq. (2)) RSD (Eq. (3))
Position Gentle slope Steep slope
1. NoPoK, 2.14E-04 6.83 E-04 1.67E-02 8.13E-04 2.27E-03 3.28E-02
2. NgoPso 7.17E-06 4.05E-05 3.41E-03 4.37E-05 1.80E-04 7.85E-03
3. NgoKeo 1.41E-05 7.03E-05 4.65E-03 5.68E-05 2.29E-04 9.04E-03
4. PsoKeo 1.90E-05 9.20E-05 5.41E-03 1.64E-04 4.96E-04 1.38E-02
5. NeoPsoKeo 1.15E-06 8.65E-06 1.43E-03 1.04E-05 4.57E-05 3.64E-03
6. NP 120Keo 2.32E-07 1.75E-06 5.81E-04 3.86E-06 1.60E-05 2.00E-03
7. NigoP130Keo 4.36E-08 3.79E-07 2.45E-04 2.34E-07 1.82E-06 5.91E-04
8. NsoP120Ke0 1.51E-07 1.44E-06 5.21E-04 7.81E-07 4.77E-06 1.02E-03
9. Ni20PsoKeo 9.09E-08 8.44E-07 3.86E-04 3.28E-07 2.94E-06 7.80E-04
10. NigoP120Ke0 7.75E-08 5.43E-07 2.98E-04 4.13E-07 2.39E-06 6.86E-04
11. NgoPsoKgo+tMo 2.82E-07 1.73E-06 5.78E-04 1.64E-06 9.61E-06 1.52E-03
12. NgoPgoKgotCaO 1.52E-07 1.05E-06 4.40E-04 8.43E-07 6.16E-06 1.18E-03

RSD is relative soil detachment rate: 0 < RSD < 0.01 is very high erosion-reducing potential, 0.01 < RSD < 0.10 is high erosion-reducing
potential, 0.10 < RSD < 0.25 is medium erosion-reducing potential, 0.25 < RSD < 0.50 is low erosion-reducing potential, RSD > 0.50 is
very low erosion-reducing potential (De Baets et al., 2007a).
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CONCLUSIONS

Plant above-ground biomass of the two cover crops Bromus
innermis L. and Lotus corniculatus L. was observed to be more
sensitive to the fertilizer application than the below-ground
(root) mass. The biomass accumulation was more sensitive to N
than the PK fertilizer applications. These effects were stronger
on the gentle than on the steep slope positions. The shoot: root
ratios were higher for the variants without or with a low fertili-
zation rate and for the steep slope positions. The increase of the
root density with increasing fertilization rates was more pro-
nounced for the mass than for length or surface area. At the
same time, the root growth was sensible to the shortage of
sufficient N content in the soil. A significant effect on root
diameter was found only for the variants with the highest N
application. Treatments with the highest root mass density on
both slopes showed the highest potential for reducing erosion.

The presented results are principally valid for the cover
crops, locations, soil and climate conditions examined, but they
are applicable for ranking of species and rooting systems for
slope protection purposes. At the same time, the findings are
essential for the local rangeland management, since compara-
tive studies are still missing in Bulgaria.
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