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The paper analyses functional efficiency of stand with soil-conservation erosion
control function. The object of research was the subcompartment 1160 d on the
forest unit Banska Bystrica — Ulanka. In the stand was established the network of six
permanent sample plots, where the basic characters of structure were recorded and
functional efficiency of trees was estimated. The subject of the research was also an
analysis of abundance of natural regeneration. Asfollows from the research, the stand
fulfils the requirement placed on ecosystems with the preferential soil-conservation
erosion control function. From the total number of trees, 51% was assessed as
functionally highly efficient. On all permanent sample plots there is natural
regeneration in progress. On the basis of functional efficiency practical measures

were proposed to improve the existing state.
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Introduction

Soil erosion is a natural process existing mil-
liard years on the Earth. People started observ-
ing its existence mainly in connexion with the
lost of soil fertility and subsequent shortage of
food. The population explosion of mankind in
the last centuries has negatively influenced the
soil erosion processes up to extend, that today in
significant way directly or indirectly influences
every human being and almost every fields of
their activity. Soil erosion is increasingly con-
nected with the shortage of drinking water,
which is at present word-wide more pressing
problem than food shortage.

Soil erosion is the most significant form of
physical destruction of soils also on the terri-
tory of Slovakia. From the knowledge of soil
erosion problems up to now we know that the
most suitable and the most effective measure
of soil protection against erosion is functionally
efficient forest, with suitable humus forms. The
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forest should be vigorous, with species, age, and
spatial diversity. In this respect, herbal cover is
also of not negligible significance. In the stable,
healthy, undisturbed forest ecosystems the soil
lost due to erosion are minimal (Jakubis 2006).
The soil-conservation erosion control func-
tion of forest is management and ecological
determination of forest, aiming at utilization of
forest stand for soil conservation against its de-
struction by surface runoff in the form of surface
und rill water erosion (Midriak 1979). The cat-
egorisation of the SR forests is regulated by law
No 326/2005 Statute Book on forest and Regula-
tion of Ministry of Industry SR No 453/2006 on
forest management and forest conservation. Ac-
cording to the Green report (2013), in the Slovak
Republic 331 240 ha is classified in the category
of protection forest, out of which 76.97% have
erosion control function. The soil-conservation
erosion control function in protection forests
is dominant, but it is necessary to realise that
it is significantly applied also in the functional
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types of wood-producing forests, as well as in
the forests with environmental function (multi-
purpose forests) (Gubka 20006).

Principles and influences of manage-
ment in the forests with soil-conservation
erosion control function were dealt e.g. by
Intribus et al. (1979), Midriak et al. (1981),
Jurca et al. (1986), Rohrig et al. (1992), Réh
(1993, 1999), Dvorik, Novdk (1994), Valtyni
(2001), Kantor, Sach (2002), Kucbel (2005), Po-
drazsky, Kupka (2011) and others. From the
conclusions of these works follows that from the
viewpoint of soil-conservation erosion control
function of the forest, the compact stands with
the tree species suitable for the site, with full
stocking, with perfect vertical canopy closure,
and optimal interception can be considered
the most suitable. In such structuralized stands,
fewer precipitations with high kinetic energy
penetrate to soil. The condition of forest litter as
well as the physical and chemical properties of
soil (microbial activity of organisms, structure of
soil horizons, and depth of rhirosphere ...) are
also significant factors. It is emphasize, that the
development of protection forests communi-
ties cannot be left only to natural processes, not
controlled by man, because disturbing break-
down of these communities could most prob-
ably cause the lost of their functional efficiency.
In general, we can say that it primarily concerns
an ensuring the basic characters of functional
type of forest structure. The basic postulate of
permanent fulfilment of water-retention ability
of forests is their constant existence on the area.
From the above given follows that it is necessary
to use such silvicultural measures which meet
the declared requirements (Saniga et al. 2011).
From the conceptions of forest management, se-
lection forest, or vertically differentiated forest,
is considered the best and the most stable stand
type for protection forest and for the function-
ally integrated forestry. For broadleaved stands
is the most suitable type the small-scale form
of shelterwood system, where the main prin-
ciple lays in sustainability of forest ecosystem
with permanent fulfilling of all functions on
each unit of the area (Mayer, Ott 1991; Korpel,
Saniga 1995; Gubka 1997, Saniga 2009; Saniga,
Bruchéanik 2009).

The aim of the submitted paper is an analy-
sis of the structure, the functional efficiency
and regeneration processes of the stand with
soil-conservation erosion control function on
the forest unit Bansk4 Bystrica — Ulanka. In the
case of need, on the basis of analysis to elaborate
the proposal of measures for improvement the
present state.

Material and Methods

The chosen object is situated in the central
part of Western Carpathians, in the Fatra - Ta-
tra region, in the Velkd Fatra mountain range.
The forest owner is the Banskd Bystrica town,
managed by the Municipal Forests Ltd. Banska
Bystrica.

The permanent sample plots (PSP) were
established in the locality Cigarovo, subcom-
partment 1160 d, which is located on the forest
management unit Banska Bystrica in the altitude
390-635 m above sealevel. Average annual tem-
perature is 7.1 °C, the mean annual precipitation
amounts to 820 mm. Geological constitution of
the area is based on carbonate rocks. The pre-
dominant soil type is rendzina. The stand is in
the category of protection forests, functional
type soil-conservation erosion control forests.
During the vegetation period 2013, the deluom-
etry quantified the under-canopy erosive-flow
of 243 kg.ha''. The area of the subcompartment
is 8.41 ha, average slope is 65%. Typologically
50% of stand belongs to the group of forest types
Tilieto-Aceretum (forest type 4501) and 50% in Fag-
etum tiliosum (forest type 4404). The stand is two-
storied, the land area of the 1 storey is 2.53 ha,
age 120 years, the land area of the 2" storey is
5.88 ha, the age 80 years. From the Forest Man-
agement Plan for the years 2009-2018 for this
subcompartment were obtained the following
data:

1% storey: stocking 0.10, tree species com-
position: European beech (Fagus sylvatica L.)
90% (mean height 26 m, mean diameter 47 cm,
mean tree volume 2.15 m?, yield class 24), com-
mon yew (Taxus baccata L.) 10% (mean height
8 m, mean diameter 24 cm, mean tree volume
0.14 m?, yield class 12).

2" storey: stocking 0.70, tree species compo-
sition: European beech (Fagus sylvatica L.) 55%
(mean height 23 m, mean diameter 26 cm, mean
tree volume 0.55 m’, yield class 26), European
ash (Fraxinus excelsior L.) 30% (mean height 21 m,
mean diameter 24 cm, mean tree volume 0.36 m?,
yield class 24), European hornbeam (Carpinus
betulus L.) 10% (mean height 16 m, mean diam-
eter 18 cm, mean tree volume 0.17 m?, yield class
18), sycamore maple (Acer pseudoplatanus L.) 5%
(mean height 22 m, mean diameter 26 cm, mean
tree volume 0.53 m?, yield class 26).

Total growing stock of the first storey is 420 m?
(50 m*.ha?), growing stock of the second storey is
2194 m’ (261 m*.ha'). In the plan of felling and
tending is specification “without intervention”.
According to available evidence, there has not
been any silvicultural treatment done during
last 40 years in the stand.
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On the subcompartment 1160 d were estab-
lished 6 permanent sample plots (PSP) with the
dimensions 30 x 30 m. In establishing the PSP
was used the Field-Map technology. The net-
work of the PSP is laid out as follows: 2 plots are
located in the altitude 600 m a.s.l,, 2 plots in the
altitude 500 m above sea level, and 2 plots in the
altitude 400 m a.s.l. In each altitude is one PSP
located in the north-east exposition and one
PSP in the south-east exposition. On the indi-
vidual PSP were recorded the following dendro-
metric data:

Living individuals with the diameter at 1.3 m
greater than 2 cm:

- treespecies

- tree diameter at 1.3 m with the precision
I mm

- tree height with the precision 0.5 m
- crown height with the precision 0.5 m

- position of individual in the coordinate sys-
tem x, y with the precision 0.1 m

- crown projections 4 dimensions in two per-
pendicular directions (0.1 m precision)

- functional efficiency of trees by their classi-
fying into three degrees according to Gubka
(2011):

1) high efficiency (the tree is stable, well an-
chored in soil, vital, capable of develop-
ment, etc.)

2) average efficiency (the tree is stable, with
average ability of development, vital,
damaged, etc.)

3) lowefficiency (thetreeisunstable, poorly
anchoredinsoil, leantto slender, with re-
duced vitality, damaged, drying up, etc.)

- the quality of tree crowns by classification
into five degrees according to Gubka (2011):

1) regular crown, fine branches, vital, with
the ¥%2—% size of tree height

2) irregular crown, asymmetrical, vital,
with the ¥%5—% size of tree height

3) regular crown, vital, with the %—% size
of tree height

4) irregular crown, asymmetrical, vital,
with the ¥5—Y size of tree height or larger
butwith reduced vitality

5) shortcrown, upto ¥ height of tree, asym-
metrical, with large-sized branches,
damaged, with reduced vitality

- crown type on the basis of the interception

method of catching the vertical precipita-
tion according to Ott (1994):

1) umbrellatype

2) transitive

3) funnel-shaped
Standing dead trees:
- treespecies

- tree diameter at 1.3 m height with precision
of Imm

- tree height with the precision of 0.5 m

- position of individual in the coordinate sys-
tems x,y with the precision of 0.1 m

- degree of decay by its classification in four
degrees according to Albrecht (1990):

1) freshlydeadtrees

2) incipient decay: loosen bark, after use of
an axe wood is still firm, heartrot up to ¥4
of diameter

3) continuing decay: sapwood soft, heart-
wood here and there firm for an axe,
heartrotis greater than ¥ of diameter

4) heavy rot: wood is soft along its overall
length, its main characteristics are not
visible

Lying dead individuals:
- treespecies

- diameter in the middle of tree with the pre-
cision of 1 cm

- length with the precision of 0.1 m

- position of individual - x, y coordinates and
direction in which it lies

- degree of decay by its classification in four
degrees according to Albrecht (1990) as with
standing dead individuals

We measured the lying dead wood with the

length greater than 2.0 m and with half-height

diameter d, , greater than 20 cm, and standing

dead wood with the height greater than 2.0 m

and the diameter d, ,greater than 7 cm.

The evidence of individuals with diameter
d,,€2 cm was accomplished in the transects
with the area 10 x 30 m, established at right an-
gles to the contour. The transect passes through
the middle of each PSP. For each individual we
registered tree species and tree height. For keep-
ing records was used classification chart accord-
ing to Korpel (1989) and the individuals were
included in following categories:

1) individuals up to the height 20 cm (indi-

vidually recorded individuals according
to age from 1 to 5 years)

2) individuals with the height 21-50 cm
3) individuals with the height 51-80 cm
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4) individuals with the height 81-100 cm

5) individualswiththe heightover 131 cmup

to the diameter 2.0 cm at the height 1.3 m
From the obtained dendrometric data were
calculated the tree volumes with the use of
volume tables for individual tree overbark vol-
umes (Petras, Pajtik 1991) and the basal arcaac-
cording to Smelko (2007). The volume of dead
lying individuals was calculated according to
Huber’s formula (Smelko 2007).

Classification of individuals in layers was ac-
complished on the basis of calculated top height
of the stand h,, which concerned the relatively
number 10% of the thickest trees (Smelko et al.
2003).

The horizontal canopy of individual PSP was
calculated on the basis of crown projections ac-
cording to Smelko (2007) methods.

The slenderness coefficient was calculated as
a quotient of the height in meters and diameter
in centimetres according to Smelko (2007).

For the analysis of functional dependences
among species representation, elevation, and
Aspect were used the methods of correlation
and regression analysis.

The data were processed by means of Micro-
soft Excel spreadsheet; statistical characteristics
were calculated by the programme STATISTICA
7.0.

Results

On all permanent sample plots (PSP) is
the main tree species European beech (Fagus
sylvatica L.) with the average representation
589+7.1%, the stand is further composed of
tree species European ash (Fraxinus excelsior L.)
18.6£3.5%, sycamore maple (Acer pseudoplatanus
L.) 10.0+4.8%, European hornbeam (Carpinus
betulus L.) 7.8+4.8%, common yew (Taxus bac-
cata L.) 3.3 £3.4%, European birch (Betula pendula
Roth) 1.1+1.7%, and silver fir (Abies alba Mill.)
0.4+0.8% (Tab. 1).

From the analysis of species composition
in dependence on altitude follows, that repre-
sentation of European beech decreases with
decreasing altitude from 68.1 on the altitude
600 m above sea level to 53.3% on the altitude
400 m above sea level. With decreasing altitude
is increasing the representation of valuable
broadleaved species and European hornbeam.
The intensity of linear statistical dependence
between the altitude and the species represen-
tation was expressed by Pearson’s correlation
coefficient, which reaches the value r=0.85
and by the coefficient determination R?=0.73,
which is according to CoHen (1988) very strong

correlation. The highest occurrence of com-
mon yew was recorded at the altitude of 500 m
above sea level. Common yew does not occur
on the established plots at the altitude of 400 m
above sea level, what is probably not caused by
the altitude itself, but by the better access and by
location in the vicinity of human dwellings. In
the past, it came to extraction of this tree species,
which is witnessed by older yew stumps (Tab. 1).

Intensity of relation between the exposition
and the species representation is expressed by
Eta coefficient, with the value n1=0.28. Quad-
rate of Eta coefficient, interpreted as a quotient
of variability of numerical variable, which
can be explained by the categorical variable
n*=0.08; between the exposition and species
representation, according to CoHen (1988), is
only weak correlation.

The average values of the basic characteris-
tics of the forest structure are given in Table 2.
The number of individuals with the diameter
greater than 2 cm reached 569+90 ha?, basal
areca 29.8+33 m2ha'! and standing volume
316434 m’.ha'. The presence of dead individu-
als was found on four PSP with the total value
15.20+16.91 m*.ha'. The main cause of the oc-
currence of necromass is the spread windthrow
disaster (Tab. 2).

The slenderness ratio, calculated as quotient
of height in metres and diameter in centimetres
fluctuated on the PSP on the level 0.81+0.04.
The horizontal canopy in the stand fluctuated
onthelevel 79+10%. From classification of trees
into layers follows that the stand is poorly ver-
tically differentiated, and its basis is formed by
individuals of upper and partly middle layer.
The upper layer is formed by the tree species
European beech, European ash, and sycamore
maple; the middle layer is formed mainly by
European beach, European hornbeam; and the
significant constituent of the middle layer is the
species common yew. (Tab. 2).

In the stand prevails the funnel-shaped type
of crown, typical for the tree species European
beech (81.6£2.3%). The transitive type of crown
was recorded on 15.2+3.8% of trees, and the
umbrella type on 33+3.7% of trees (species
common yew and silver fir). For interception
of vertical precipitation in the stand is the most
suitable the umbrella type of crown (typical for
the tree species Norway spruce). On the basic of
typological classification of the stands in groups
of forest types, and for the comparison with the
original species representation according to
Han¢insky (1972, 1977) was found that in the
stand is minimal representation of silver fir, and
other conifers are absent (Tab. 3).
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From the evidence of crown quality follows
that in the stand prevail trees with irregular,
asymmetric, vital crown with the size %4-% of
the tree (degree 2, share 55%). The asymmetry
of crowns is caused mainly by mutual position
of crowns due to the gradient of slope. Into the
qualitative degree 1 was classified 8% of trees, in
the degree 3 was placed 23 %, into the degree 4
was placed 10% and 4% of trees was classified in
the degree 5 (Tab. 4).

From classification of trees into three degrees
according to functional efficiency follows that
51% of trees has high functional efficiency (de-
gree 1). An average functional efficiency (de-
gree 2) was recorded with 35% of individuals.
Into degree 3 were included individuals, which
from the viewpoint of soil-conservation erosion
control objective insufficiently perform their
function, that is, the individuals with low effi-
ciency. Their representation corresponds to 14%
of the total numbers of trees (Tab. 5).

From the records of natural regeneration
was found, that in the stand is on average 2 694
individuals per hectare with the diameter
d,, <2 cm. In species representation of natural
regeneration prevails European beech (67.7%,
1 823 ha'). From other species occur sycamore
maple (17.1%, 462 ha') and European ash (12 %,
322 ha') (Tab. 6).

The highest occurrence of natural regenera-
tion was recorded on the PSP IT and the PSPV,
which is also connected with greater occurrence
of necromass. After the dieback of some indi-
viduals from the upper layer, the canopy clo-
sure was loosen on some parts of the PSP, and
therefore improved the condition for natural re-
generation. The lowest portion of natural regen-
eration was recorded on the PSP IV, which is con-
nected with horizontal canopy closure reaching
the value up to 94% here. The intensity of linear
statistic relation between canopy closure and
abundance of individuals of natural regenera-
tion expressed by means of Pearson’s correla-
tion coefficient reached the value r=-0.99, and
coefficient of determination R2=0.98 (almost
perfect correlation); abundance of individuals
of matural regeneration is decreasing with
increasing percentage of canopy closure.

On the stand also comes to natural regenera-
tion of common yew (3.1%). The individuals of
yew are heavy attacked by red deer on the whole
object, and before reaching the height 10-15 cm
are almost 100% browsed. The only exceptions
are places inaccessible for red deer (Jankov
and Gubka 2012).

Discussion and Conclusion

The subcompartment 1160 d is classified in
the category of protection forests, the functional
type is soil-protection erosion control type.
Almost on the whole area of subcompartment
were recorded erosion processes in the form of
precipitation exomorphic erosion, which are
mainly influence by slope, texture and struc-
ture of soil. From the viewpoint of observa-
tion the erosion processes, the analysed stand
and locality are interesting objects from many
reasons. The subcompartment with its overall
arca 8.41 ha is situated on the elevation from
390-635 m above sea level, which represents as
much as 245 meters of altitudinal difference on
relatively small area. Extreme slope of terrain
(on average 65 %, in some parts even more) and
terrain conditions significantly increase endan-
germent of soil by erosion. The subcompart-
ment in it lower part is situated in the vicinity
of family dwelling. In the past it came to an un-
desirable intervention into the stand. Extreme
slope and terrain conditions in the middle and
in the upper parts of the stand made harvesting
operations impossible. It enables to study and
compare the positive or negative influence of
man. The whole locality is significant also from
the reason of increased occurrence of common
yew (Taxus baccata L.).

The principal tree species on the stand is
European beech (Fagus sylvatica L.), which cor-
responds with the original tree composition
according to Han¢insky (1972, 1977). The sig-
nificantrole in connection with the fulfilment of
soil-conservation erosion control, in the stand
is performed by European ash (Fraxinus excel-
sior L.) sycamore maple (Acer pseudoplatanus L.),
and European hornbeam (Carpinus betulus L.),
whose representation decreases with decreas-
ing altitude. Not negligible is the presence of
common yew (Taxus baccata L.), which as a part
of the middle layer plays significant role in soil
stabilisation mainly on extreme sites. From the
originally tree species is absent mainly silver fir,
whose umbrella crown type according to Ott
(1994) would play significant role in intercep-
tion and attenuation of rainfall.

From the analysis of stand structure follows
that the stand is poorly vertically differentiated
and its base is formed by upper and partly by
middle layers. This decreases its erosion con-
trol efficiency. The horizontal canopy is on av-
erage level 79%. Necromass creates only 4.5%
from the total growing stock, and the sporadic
windthrows are the main reason of occurrence
of dead wood.
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The positive phenomenon is the existence of
natural reproduction on all PSP which is able
sufficiently make up for possible losses of trees
from upper and middle layer. An absence of
silver fir in natural reproduction is the short-
coming due to minimal representation of this
species on the observed PSP.

On the basis of functional efficiency it is pos-
sible to state that the observed stand fulfils the
requirements lay on the ecosystems with the
priority of soil-conservation erosion control,
as 51% of trees were estimated as functionally
highly efficient (degree 1), and 35% of trees as
ones with an average functional efficiency. As-
sessment of protective effect of vegetative cover
by use of the universal equation of soil loss
(USLE) according to Wischmeier and Smith
(1978)isan object of the present research. Butan
occurrence of erosion phenomena refers to the
need of taking measures for their elimination.

Tt is not advisable to leave the development of
communities in protection forest only to natu-
ral processes from the reason of probable lost
of their functional purpose (Réh 1993, 1999).
The most effective and most economic erosion
control measure is to manage the structure of
stand in order to ensure the permanent and con-
tinuous fulfilment of soil-protection erosion
control function on each unit of an area (Mayer
and Ott 1991; Korpel and Saniga 1995; Gubka
1997, Saniga 2009; Saniga and Bruchéanik 2009).
The proposal of measures for improvement of
the present state and assurance of sustainable
erosion control efficiency follows from the ac-
quired knowledge.

Separate dieback of individuals due to physi-
ological processes, or disturbances, referred
to the need of differentiated intervention into
individual layers of the stands - purposeful se-
lection. First of all, it is necessary to remove indi-
viduals with low functional efficiency (3" degree
of efficiency was found with 14% individuals).
Static stability is a very important consideration.
Intervention into upper layer (1% and 2" tree
class) will modify light conditions and create
preconditions for natural regeneration. Con-
sequently, we expect the development of stand
with better vertical and species diversity. This
should prospectively reflect in the development
of quantitative and qualitative indicators.

Organic remains are not of negligible signifi-
cance in fulfilling erosion function in the forest,
because mainly in steep slopes they provide im-
portant elements form sediment deposits (Wil-
ford 1984). In accordance with this knowledge
it is appropriate to accomplish felling along the
contours and leave the wood mass at the stump.

These measures also eliminate contingent dam-
age to the ground cover and remaining trees,
when skidding the wood mass.

Soil-conservation erosion control function of
forest in the area of interest is closely connected
with water management role of forest, since the
whole areais a significant source of drinking wa-
ter for wide surroundings. For that reason, the
proper management of forest stands can have
the direct positive influence on the quality of
life and health for the inhabitants of the whole
tributary area.
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