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ABSTRACT

The Mociar Forest Reserve has a great scientific interest due to the age of the oaks ranging from 400-500
years, which is why it is included in the protected area category. Over time, a series of studies have been carried
out on the occurrence of the oak drying phenomenon in the Mociar Forest in order to develop plans for measures
to prevent and combat oak drying. The main reason for this was to analyze the physical and chemical properties
of soils. Considering the direct influence of soil characteristics on the development of forest species within the
Mociar Forest, we proposed the creation of nine soil profiles located in areas considered representative of the
studied area and the identification of the main physical and chemical parameters in the laboratory stage (the
soil pH, the nitrogen amount, the total humus and C:N ratio variation). According to the four factors analysed a
GIS spatial analysis model has been developed in order to identify the favourability and soil restriction for forest
species in the studied area. It was also sought to obtain an overall picture of the distribution of these parameters
on their qualitative classes as well as on the distribution classes of specific, dominant forest species. This was made
possible by the use of G.1.S. technology and specific geospatial interpolation and spatial analysis tools.
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INTRODUCTION

The specialty studies concerning the habitats
of community interest included in LIFEO5 NAT/

betulus and various Quercus species (robur,
petraea, cerris, frainetto etc.), Tilia tomentosa,
Cortinus  coggygria,  Festuca  heterophylla,

RO/000176 project “Alpine, Subalpine and
Forestry Priority Habitat in Romania” focus on
forest habitats and on elements constituting
potential threats to these habitats.

From the category of community interest
habitats that are signalled in the Natura 2000
Mociar site form, it is pointed out at the level of the
studied territory: 91Y0 - oak and hornbeam Dacic
forests with representative species of Carpinus

Ranunculus auricomus, Helleborus odorus etc., as
well as Galio-Carpinetum hornbeam-oak forests
(9170), Euro-Siberian silvostepa vegetation with
Quercus spp (9110).

Soil, due to its physical and chemical characte-
ristics, influences the existence and development
of forest species, being able to form, in case of
exceeding threshold values, restrictive or limiting
factors, both singularly and in relation to the
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Fig. 1. Geographic site of Mociar Forest (basemap: Google Earth, 2017)

climatic factors (rainfall and temperature) (Florea,
1965; Chirita, 1967; Asvadurov, 1969; Lupascu
and Rusu, 1975; Rosu et al, 1982; lanos, 1999;
Balaceanu, 2002; Florea and Munteanu, 2003;
Pacurar, 2005, 2006).

The knowledge of these limiting factors
becomes very important for maintaining
biodiversity and favorable conservation status
for species and habitats of community interest
(Stancioiu et al, 2007), as well as on the
regeneration and restoration of species having
intense drying phenomena (Balanica et al,
1954). The first steps for the protection of forest
ecosystems on the Gurghiu Valley coincided with
the establishment of the Commission for Natural
Monuments promulgated by the Royal Decree no.
148 on the 7% of July 1930.

There is little data on the vegetation of the
Mociar Forest, the researches aimed at this
area have integrated the studies for the entire
territory of the Gurghiu Valley or the Depression
of Transylvania (Pascovschi, 1937; Pascovschi,
1942; Emerich and Fuss, 1866; Rosu et al., 1982;
Gherghel, 1983; Sanmarghitan, 2005, etc.).
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The Mociar Forest belongs to the Gurghiu
Forestry Administration, the Inspectorate of
Mures County having a total area of production
unit (U.P.) of 2318.1 ha. From a hypsometric point
of view, the Mociar forest extends to a 259 m
altitude difference in the range of 363-622 (Fig.
1), corresponding to 87.8% of the low and middle
hills area, the remaining 366 hectares 12.2%),
located in the south-western part of the analyzed
area, being classified of the class of high hills
characterized by altitudes in the range of 500-622
m.

Our main purpose of the study was to identify
the favorability and soil restriction for forest
species in the studied area using G.LS. tools
starting from the physico-chemical characteristics
of soils identified after the soil field profiles and
the laboratory analysis performed.

MATERIALS AND METHODS

The analysis of the soil characteristics in the
analyzed area, Mociar Forest, was carried out
following the instructions issued by I.C.P.A., 1987,
based on nine profiles located in representative
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Fig. 2. Map of Soil Types (according to Soil Mapping, 1960) with spatial location of soil profiles

Tab. 1. Spatial distribution of soil types within the Mociar forest

Soil type m2 %
Erodosoil 1256087 4.17
Gleisoil 111055 0.37
Aluviosoils 115793 0.38
Preluvosoil 1497864 4.98
Eutricambosoil 668678 2.22
Luvosol typical/albic 21792497 72.39
Stagnosoil 4661925 15.49

places of the research area, so that representative
soil types and characteristic subtypes could
be captured. For each soil profile the samples
were collected on pedogenetic horizons, both
in the natural (unmodified) and in the modified
settlement, for the profiles (Fig. 2).

Obtaining values of soil characteristics
by extrapolating the point values identified in
the soil profile was based on the interpolation
of intermediate samples through spatial
interpolation functions.

One of the main issues to be taken into
account in the interpolation process is data
representativeness and spatial layout of
interpolated values. Thus, the spatial positioning
of the nine profiles inside the studied area was
analyzed, making three more profiles outside the

study area in order to better control the eastern
part of the studied area and at the same time to
obtain a dispersion coefficient that results in an
interpolation of the values with a square quadratic
error that validates the performed interpolation.

Preliminary analysis of the edaphic cover
of the Mociar forest area on the basis of the
Romanian soil map, scale 1: 200000, highlights
the very large extent of approximately 72% of
the analyzed area of typical /albic luvosol, a type
of soil occurring in the territories benefiting of a
quantity of precipitation ranging from 700-1000
mm / year and an annual average temperature in
the range of 6-10 ° C.

This type of soil has an aridity index in the
range 35-55, indicating a high degree of soil
moisture as well as a percolative water regime,
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Tab. 2. Characteristics of Mociar Forest soil
Profile No. Genetic marks
AoW EaW EBW BtW BtW C
Depth (cm) 0-7 10-20 25-35 65-75 - -
1 Total Humus (%) 6.04 3.20 1.80 1.49 - -
Total azote (%) 0,28 - - - - -
C:N 12,5 - - - - -
pH (H.0) 4.55 4.70 5.10 5.25 - -
Depth (cm) 0-10 15-25 45-55 80-90 - -
Total Humus (%)  4.49 2.49 0.42 0.35 - -
2 Total azote (%) 0.190 - - - - -
C:N 13.88 - - - - -
pH (H,0) 5.08 5.15 5.60 6.20 - -
Depth (cm) 0-8 15-25 35-45 70-80 100-110 130-140

Total Humus (%) 8.34 5.25 0.60 1.69 1.26 1.34
3 Total azote (%) 0.400 - - - - -
C:N 12.07 - - - - -

pH (H.0) 4.60 4.40 5.10 5.15 5.80 6.20

Depth (cm) 0-8 8-18 18-30 35-45 60-70 100-110

Total Humus (%) 7.03 3.74 2.50 1.25 0.84 0.44
4 Total azote (%) 0.300 - - - - -
C:N 13.56 - - - - -

pH (H.,0) 5.15 5.30 5.10 5.20 5.55 5.95
Depth (cm) 0-8 8-17 25-35 50-60 75-85 -
Total Humus (%) 5.36 3.86 2.14 0.97 0.41 -
5 Total azote (%) 0.226 0.170 - - - -
C:N 13.71 13.11 - - - -
pH (H.0) 5.25 5.60 5.25 5.45 5.70 -
Depth (cm) 0-10 16-25 40-50 65-75 - -
Total Humus (%) 5.71 3.33 1.62 1.28 - -
6 Total azote (%) 0.280 - - - - -
C:N 13.89 - - - - -
pH (H.,0) 4.90 4.75 5.40 5.35 - -

Depth (cm) 1.5-0 0-10 12-18 25-35 40-50 55-65

Total Humus (%) 19.74 8.33 3.45 1.63 1.85 1.48
7 Total azote (%) 0.770 - - - - -
C:N 14.85 - - - - -

pH (H.0) 4.40 4.70 4.95 5.20 5.30 5.80
Depth (cm) 0-20 20-40 55-65 75-81 - -
Total Humus (%) 6.75 4.05 3.14 1.51 - -
8 Total azote (%) 0.310 - - - - -
C:N 12.61 - - - - -
pH (H,0) 5.50 5.45 5.90 6.20 - -
Depth (cm) 0-10 10-20 35-45 55-65 - -
Total Humus (%) 5.69 3.72 0.40 0.89 - -
9 Total azote (%) 0.330 - - - - -
C:N - - - - - -
pH (H.,0) 5.10 5.25 5.65 5.75 - -
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Fig. 3. Difference in humus content for profiles 1-4 (left) and 4-8 (right)

conditions leading to the occurrence of altering
and claying phenomena of the mineral material
(Grigoras et al. 2006).

In the conditions of rich precipitation and in
the situation where these types of soil develop
litter, the soil becomes very acidic. Acidity comes
from the penetration of hydrogen ion in the
adsorbent complex, replacing the Ca ++ and Mg ++
ions, favoring the shift of the colloidal clay towards
the lower part of the soil profile (Pocovat, 1935;
Cernescu, 1945).

As a result of the realization of the soil
profiles, during the field phase, the physico-
chemical characteristics for each profile were
identified, taking into account the methodologies
and procedures, and in the office phase these are
to be analyzed correlatively and comparatively in
order to reveal positive and negative influences on
the Mociar Forest's arbustive and vegetation layer.

The granulometric analysis was carried out
using the Kacinski method and the soil pH was
determined by the potentiometric method; Total
nitrogen (N) was identified by the Kjeldalh method;
Accessible (mobile) phosphorus and accessible
potassium was determined by the Egner-Riehm-
Domingo method (Table 2).

[t is known that luvosols, which predominate
in the analyzed territory due to their specific
physical and hydrophobic properties, are less
favorable to plant growth (Grigoras et al, 2006),
precipitation water infiltrates hard, stagnating
at the top of the profiles, so the phenomenon of
stagnogleyzation appears.

The humus content is relatively low in the
case of the first four profiles, the maximum being

only 8 units, the maximum being reached within
the AoW horizon of the profile 7 with identified
values of 19.74 (Fig. 3).

In order to increase the applicability of the
results thus obtained, the G.LS. spatial analysis
technique was used in order to interpolate the spot
results determined in the field and to obtain the
grids physic-chemical and hydro-physical indices
of the soil in the Mociar Forest area.

The GIS techniques have been used
successfully in pedological studies similar to
the representative areas (De Veaux et al, 1993;
Moore et al.,, 1993; Bui et al, 1995; Iverrson et al,
1997; Ollingen et al, 1998; Zhu et al, 2001; Zhang
and McGrath, 2004; Li et al, 2004; Munoz and
Felicisimo, 2004; Campbell et al, 2008; Gutiérrez
et al, 2011; El Jamassi, 2013), as well as studies
on agricultural and forest productivity (Rosca,
2015; Rosca et al, 2015), the main purpose of
which is to issue monitoring solutions (Smigal et
al, 2015; Torresan et al, 2016; Anil et al, 2017),
and streamlining the production process.

RESULTS AND DISCUSSIONS

Combiningthe traditional methods of punctual
identification of soil characteristics with modern
techniques of cartographic analysis and mapping,
spatial correlations have been obtained between
the soil characteristics and representative forest
species on the monitored forest plots in order to
identify interdependencies between them and the
potential negative effect of soils on development
of the forest.

Based on the GIS techniques, raster databases
(Fig. 4, 5, 6 and 7) were obtained in digital
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format for all soil characteristics obtained in the
laboratory stage. The use of spatial interpolation
technique based on the IDW model is best suited
for the studied area with a validation rate 0o 91.3%,
compared to the other performed interpolation
techniques that have a lower validation rate (in
the range of 74.8- 80.4).

The interpolated values of the soil pH show a
large variation in the studied area, both spatially
and in terms of value, ranging from 4,90-5,76 (Fig.
4). The highest values that highlight the acidity
of the soil, which imprint a negative effect on the
shrub carpet, are recorded in the western part
of the area (U. P. 85-95), production units where
there is a visible degradation of the quality of the
protected forest species.

From a spatial point of view, the large variation
is highlighted by the interpenetration of small pH
values in the central-northern area, representing
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a barrier of division of the two extremes analysed,
mostly these small values overlapping in territory
with the type of use, pasture that acts protectively
within the analysed area.

As for the amount of nitrogen, a decrease
in the east-west direction with low territorial
values in the Northern and Western central sector
is observed (Fig. 5). The variation in the total
nitrogen content (%) of the soil varies between
0.170-7.72, the very high values being identified
punctually on the analysed surface.

The interpolated values of soil humus (%)
are in the range of 0.1-9.49% (Fig. 6), highlighting
parcels 36, 37, 38, 40 with the highest values
between 5,1- 9.49%. On the opposite side, the
lowest humus quantity is identified on plots 82-
94, high acidity plots (pH <5).

The level of transformation of plant resources
is highlighted by the C: N ratio. In the present
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analysis, the C: N parameter is of particular
importance because the whole area is within the
range of 12,97-14.84 (Fig. 7), which indicates poor
soils in nitrogen, but which by transformation of
the vegetable resources increase their production
value. At the same time, this range falls within the
class of 15 units, which characterizes relatively
warm humid regions with grassy vegetation,
elements that characterize the studio area and
validates the interpolating quality of the point
values representing the parameter C: N.

The identification of stable areas in terms of
soil quality and feasible to carry out ameliorative
works for the main purpose of improving the
current quality of the shrub carpet was made on
the basis of the G.L.S. integrating the four analysed
indicators in the form of spatial analysis equation.

Parameters taken in the analysis are as
follows: pH = 5, soil nitrogen = 0.3%, humus
quantity = 3%, ratio C:N < 13.5 units. The result
of their integration into the spatial analysis is
represented by a database that highlights all areas
that are valid in terms of the requirements listed
above.

The integrated analysis of these parameters
highlights two areas that are suitable to the
development of forest species, disproportional
in terms of surfaces and spatial location on the
surface of the analysed area (Fig. 8). The first area
and the largest as a spatial extension was identified
in the northern central part of the Mociar Forest,
overlapping spatially with parcels 42-45, 48, 49,
50-51, 74, 111.

The quality of spatial modeling is validated by
direct field comparison by the fact that there are
8 experimental plots under parcel 45 monitoring
of linden species (Tilia cordata), sycamore (Acer
pseudoplatanus), pedunculated oak (Quercus
robur), ash tree (Fraxinus excelsior), red oak
(Quercus rubra), sanger (Cornus sanguinea),
hawthorn (Crataegus monogyna), larch (Larix
decidua), chestnut (Castanea sativa) and
Californian Cypress (Chamaecyparis lawsoniana),
with the main purpose to identify their adaptation
to specific environmental conditions and, in
particular, to highlight the limiting characteristics
of soils.
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