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Abstract. The study was conducted in Starachowice Forest District in Iłżecka Forest in southern part of Poland. 
Silver fir was the main tree species in Iłżecka Forests in the past. Nowadays the area is occupied by Scots pine 
forests, however the percentage of silver fir has recently increased again. The distribution of silver fir is uneven in 
this region. The article tries to answer the following questions: What does determine the distribution of silver fir 
stands in Iłżecka Forest? Do the geological conditions influence the occurrence of fir stands? The distribution of fir 
stands was investigated according to the main environmental parameters such as site types, soil types and underlying 
geology. The data on stand description were collected from management plans (period 1941–2005), general maps of 
the Starachowice Forest District and the Geological Map of Poland. The distribution of fir stands depended on forest 
site types. Soil type did not influence the occurrence of silver fir stands. Forests with silver fir were found both on 
Mesozoic rock from the Middle Jurassic period and on the strip next to the border separating Middle and the Upper 
Jurassic periods. More homogeneous fir areas were present on the geological bedrock from the Tertiary and the Middle 
Jurassic period rather than the Upper Jurassic, which may indicate that geological base substantially influenced fir 
expansion in the research area.
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1. Introduction

The present range of silver fir (Abies alba Mill.)
and its share in the species composition of forests is 
inseparably linked with the history of human economic 
activity dominated by economic objectives. Poland’s 
contemporary vegetation was mostly formed in the last 
post-glacial period of plant community development, 
covering about 10.000 years. Fir appeared about 4.000 to 
5.000 years ago in the mountains in the south of Poland, 
extending, along with beech, into the lower montane 
zone and showing further expansion northwards 
(Shepher 1959; Środoń 1983). Currently, forest stands 
in which fir is the dominant species occupy 2% of the 
forest area and have a 2.7% share in the volume in 
the forests managed by the State Forests. The average 
volume of forest stands with dominant fir is 318 m3/ha, 

the largest of all the dominant tree species (compared 
with the volume of stands with dominant pine being  
242 m3/ha).

Almost the entire Iłżecka Forest is located in the 
Świętokrzyskie Province where stands with dominant 
pine cover an area of 161.642 ha, or 72.2% of its area. 
Fir is ranked the second dominant species covering 
23.132 ha, or 10.3% of the forest area in the Province 
(PGLLP 2008).

Previous studies on silver fir were conducted 
primarily in the Świętokrzyski National Park and in 
adjacent forest stands located in the territory of the 
Forest Districts: Kielce, Łagów, Zagnańsk, Suchedniów 
and Skarżysko. The research focused on the role of 
silver fir as the main forest tree species in this area 
(Podlaski 2008), the cutting system (Bernadzki 1967, 
1974; Bernadzki, Szeremetti 1976), the health condition 
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of fir (Graniczny, Dobrowolska 1990; Podlaski 2000; 
Dolnicki, Kuchciński 2003), the effect of soil properties 
on fir viability (Podlaski 2001), the technical properties 
of wood (Królicki 2004) and the radial growth of fir 
(Feliksik 1986; Feliksik et al. 2000). The principles 
of forest protection for the Świętokrzyska fir against 
damage from Tortrix spp. were also developed 
(Wiąckowski 1978).

Regeneration, advance growth and underwood of 
silver fir beneath the canopy of the prevailing pine forests 
appear in many fragments of the Iłżecka Forest. The 
proportion of fir in the upper storey (overstorey) of forest 
stands also increases. The existing stands with pine as a 
dominant species undergo natural transformation into 
mixed, two- and multi-storeyed, uneven-aged stands 
with fir, showing higher productivity and stability.

The distribution of fir stands in the Iłżecka Forest 
area is uneven. What are the causes of the present 
fir distribution? Can the local geological conditions 
determine the distribution of fir stands in the Forest? In 
an attempt to answer the above questions, an analysis of 
the fir occurrence area with regard to the type of forest 
habitat, soil subtype and the type of quaternary bedrock 
was carried out.

2. Study area 

The research was conducted in the forests of the sub-
districts: Kutery with an area of 1703.45 ha (1620.70 
ha of forest area) and Klepacze with an area of 1912.78 
ha (1802.06 ha of forest area) located within the ad-
ministrative borders of 1932. The total investigated site 
as on 01.10.1932 amounted to 3616.23 ha. At present, 
these are forests situated in the sub-districts: Zawały 
(in part), Myszki (in part), Kutery and Klepacze, as part 
of the Lubień Forest Management Unit (Obręb) lying 
within the confines of the Starachowice Forest District. 
The total investigated site as at 01.01.2006 amounted 
to 3572.91 ha. According to the geographic distribution 
(regionalisation) of natural-forest regions, forest stands 
of the Iłżecka Forest are located in the Małopolska 
Region-VI and the Iłżecki Foothill mezoregion. The 
Iłżecki Foothill mezoregion (342.33) is located in the 
area of the Middle-Poland glaciation. The proportion of  
Scots pine as a dominant species in the composition  
of stands in this mezoregion is almost 20% higher com-
pared with the stands in the Świętokrzyskie Mountains. 
The proportion of fir is nine times smaller and occurs 
on 2.2% of the Forest area, which is comparable to the 
national average (ORWLP 2004). On the basis of the 

physico-geographical regionalisation of Poland, the re-
search area lies within the megaregion outside the West 
European Alpine region (3), Polish upland region (34), 
in the Małopolska Upland sub-region (342), Kielce 
Upland macroregion and Iłżecki Foothill mezoregion 
(342.33) (Kondracki 2000).

According to the climatic regionalisation of Poland, 
the research area is located in the Eastern Małopolska 
region. It is characterised by a relatively small number 
of moderately warm days (about 122 including 58 rain-
fall days). The hottest month is July, and the coldest is 
January. The maximal temperature is +35C, and the mini-
mal is –30C. The average annual number of days with 
ground frosts range from 108 to 130. The average length 
of the growing season is about 205 days (Woś 1999).

3. Materials and methods

The data used in this research were taken from the for-
est management plans for the Kutery and Klepacze Forest 
Sub-Districts within the administrative borders of 1932. 
The selected terms of stand description, such as com-
partment (stand), sub-compartment, compartment size, 
species composition of the upper (overstorey) and lower 
(understorey) storeys of stands, advance growth and un-
derwood layers, stand density (stocking), site index, aver-
age age, height and diameter at breast height of dominant 
tree species, forest habitat type, soil sub-type and volume 
of merchantable timber were obtained from stand descrip-
tions in the following forest management plans: 

– Forest Management Plan for the period 1932/1933–
1941/1942 as on 01.10.1932 for the Kutery and Klepacze 
Forest Sub-Districts, Klepacze Forest District.

– Forest Management Plan for the period 
1941/1942–1950/1951 as on 10.01.1941 for the Kutery 
and Klepacze Forest Sub-Districts, Klepacze Forest 
District (for stands of the Kutery and Klepacze Forest 
Sub-Districts in the administrative borders of 1932).

– Forest Management Plan for the Starachowice 
Forest District, Lubień Forest Management Unit for the 
period 1996–2005, volume 3 (for stands of the Kutery 
and Klepacze Forest Sub-Districts in the administrative 
borders of 1932).

– Forest Management Plan for the Starachowice 
Forest District, Lubień Forest Management Unit for the 
period 2006–2015, Volume III (for stands of the Kutery 
and Klepacze Forest Sub-Districts in the administrative 
borders of 1932).

Also the following maps were used in the research: the 
pictorial map of 1932 of the Starachowice Forest District 
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with a scale of 1:40,000, the general map of the Klepacze 
Forest District, as on 10.01.1941 and the forest digital map 
of the Starachowice Forest District as on 1.01.2006.

The share of the species by area in the composition of 
stands was assumed to be the ratio of forest stand/compart-
ment area to the share of this species expressed in decimal 
numbers (e.g. 4 Jd = 0.4 Jd). No analysis of the areal share 
by dominant species was made. The type of forest habitat 
and soil sub-type for sub-compartments were taken from 
the forest management plan of 2006. The type of bed rock 
was determined using the geological map of Poland with a 
scale of 1:200,000 containing information about the strati-
graphic structure of Earth’s crust, i.e. the kind of rocks that 
were formed in different geological periods.

Geological cross-sections of Earth’s crust are made 
on the basis of the material taken from boreholes to 
specify, inter alia, the kind and the sequence of un-
derlying rock layers in the geological horizon. The 
whole territory of Poland is covered with multi-sheet 
geological maps. The main map edition covering the 
whole territory has a scale of 1:50,000. It includes, in-
ter alia, the detailed geological map of Poland under 
development since 1953. The research area is covered 
by Starachowice (No. 780) and Sienno (No. 781) map 
sheets. Because the Sienno sheet is unavailable (cur-
rently under development), a 1:200,000 scale geological 
map of Poland (MGP) without Quaternary bedrock was 
used in the research.

The study analyses the distribution of fir in all stand 
layers in accordance with the following methodology. 
The ratio of the number of stands with fir to the total 
number of stands in the study area or the number of 
stands on a given type of the bedrock was calculated for 
the entire research area and for each type of the bedrock. 
The number of stands in the study area was 577. The 
proportion of fir in the stand is determined by the stand 
density index. The following stand density index values 
were assumed: 0.0 (without fir); 0.1 (stand density 0.1 
in the upper or lower storey or in the advance growth 
layer or the occurrence of single or reserved fir trees or 
the occurrence of fir in the underwood layer); 0.2, 0.3, 
etc. up to 1.0 according to the forest management plan. 
Stand density index values were not summed, with the 
simultaneous occurrence of fir trees in the stand layers. 
The highest ratio was assumed, regardless of the layer.

Statistical tests and graphs were performed using 
STATISTICA 8. The dependence of fir occurrence on the 
underlying bedrock was determined by performing tests 
of differences between the two indicators of the structure. 
The significance level p was calculated, and statistically 
significant differences were shown (Stanisz 2006).

4. Results

In 1941, the area occupied by fir in the lower sto-
rey of the stand covered 92.8 ha (2.76% of the forest 

Table 1. Area of tree species in the first-stand layer according to site types in Iłżecka Forest in 1941

Species*
Area of tree species in the first stand layer (ha)

Site type**
Bśw BMśw BMw BMwyżśw LMśw LMw LMwyżśw Lśw Lw Ol OlJ Total

So 29.4 294.3 15.1 32.9 2065.9 8.1 3.7 119.7 1.7 20.1 2590.9
Md 0.9 0.6 5.7 7.1
Św 0.1 6 0.8 6.9
Jd 0.3 51.8 40.5 0.3 92.8
Db 0.1 0.3 445.2 3.5 449.2
Brz 1.6 0.4 105.1 1.8 27.1 3.4 2.8 142.1
Oś 19.6 0.8 12.2 0.5 33
Ol 7.5 3.2 11.9 2.1 6.1 30.7
Gb 4.1 8.1 12.2 12.2
Total 30.4 297.3 15.5 32.9 2710.8 13.8 3.7 211.8 17 25.7 6.1 3364.9

*Tree species: So – pine, Md – larch, Św – spruce, Jd – fir, Bk – beech, Db – oak, Dbcz – northern red oak, Brz – birch, Os – aspen, Ol – alder, 
Gb – hornbeam, Kl – maple, Jw – sycamore, Js – ash, Lp – lime, Ak – black locust, Wz – elm

**Site type: Bśw – fresh coniferous forest, BMśw – fresh mixed coniferous forest, BMw – moist mixed coniferous forest, BMwyżśw – fresh upland 
mixed coniferous forest, LMśw – fresh mixed deciduous forest, LMw – moist mixed deciduous forest, LMwyżśw – fresh upland mixed deciduous 
forest, Lśw – fresh deciduous forest, Lw – moist deciduous forest, Ol – alder forest, OlJ – alder-ash forest
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area in the Iłżecka Forest) (Table 1). It usually occurs 
in the fresh mixed deciduous forest (LMśw) (51.80 ha) 
and fresh deciduous forest (Lśw) (40.5 ha) habitats, 
covering 2% and 19% of the habitat area, respectively. 
In 1941, pine occurred in all forest habitats except for 
alder-ash forests. Oak was found almost exclusively in 
the fresh mixed deciduous forest habitat (LMśw) (445.2 
ha) and held more than 99% of the habitat area. The 
four main forest trees species: pine, oak (pedunculate 
and sessile), birch and fir occupied 97.3% of the forest 
area of the Iłżecka Forest.

After 65 years, in 2006, fir occurred in the inves-
tigated area mainly in the habitats of fresh mixed de-
ciduous forests (LMśw) and fresh deciduous forests 
(Lśw) as well as in small areas of fresh mixed conif-
erous forests (BMśw), fresh upland mixed coniferous 
forests (BMwyżśw), moist deciduous forests (Lw) and 
alder forests (Ol) (Table 2). In the upper storey, fir occu-
pied 287.87 ha (8.44%). Fresh mixed deciduous forests 
(LMśw) covered an area of 208.43 ha (7.5% of the habi-
tat area) and the fresh deciduous forests (Lśw) – 69.26 
ha (39% of the habitat area). In 1941 and 2006, pine 
was the main forest tree species in the investigated area 
in the Iłżecka Forest; it dominated in the stands and oc-

curred in all forest habitat types. Oak, mostly the sessile 
oak, was the second largest group of tree species. In the 
fresh mixed deciduous forest habitat (LMśw), it covered 
95.4% of its total area in the forest. A slight increase was 
noted in the proportion of oak in the fresh mixed conif-
erous forest (BMśw). Birch grew in all forest habitats. 
Hornbeam and aspen stands in the upper storey of the 
stand occurred in the richest fresh mixed deciduous for-
est (LMśw) and fresh deciduous forest (Lśw) habitats. 
The presence of sycamore in fertile and moist deciduous 
forest habitats was seen in the year 2006, while in 1941, 
sycamore was absent in the upper storey of the stand.

In the upper storey of the stand, fir occurred on 
podzolic soils B, muck dystric gleysols Bgms, typi-
cal dystric gleysols Gw, peat-moorsh soils Mt, typical 
pseudogley soil Ogw, brown rusty soils RDb and typical 
rusty soils RDw (Table 3). Most frequently, it grew on 
typical pseudogley soils (44% of its share), brown rusty 
soils (35%) and typical rusty soils (18%). On the residue 
remaining soil subtypes, it appeared occasionally (3%).

Figure 1 illustrates the proportion of fir in the stands 
under study in 2006 using a stand density index. Fir was 
absent in 46% of the total number of stands. The proportion 
of fir in the stands usually oscillated around 10% (27% of 

Table 2. Area of tree species in the first stand layer according to site types in Iłżecka Forest in 2006 (symbols of tree species and 
forest site types as in Table 1)

Species
Area of tree species in the first stand layer (ha) 

Site type
Bśw BMśw BMw BMwyżśw LMśw LMw LMwyżśw Lśw Lw Ol OlJ Total

So 22.57 280.79 20.30 23.94 1874.85 11.36 10.49 56.42 3.99 0.76 1.16 2306.61
Md 0.31 1.00 49.68 0.39 5.06 56.43
Św 0.21 7.07 1.42 0.85 0.13 9.68
Jd 6.17 0.38 208.43 69.26 3.36 0.26 287.87
Bk 0.31 2.12 36.90 3.48 42.81
Db 11.84 396.78 1.40 5.42 0.17 415.61
Dbcz 2.08 2.08
Brz 0.23 9.73 2.32 174.39 3.59 20.36 1.47 0.49 0.92 213.51
Os 0.29 0.28 0.57
Ol 0.34 1.58 10.84 7.33 4.73 4.94 29.76
Gb 27.78 18.11 45.89
Kl 0.06 0.06
Jw 0.69 0.39 1.02 0.18 2.28
Js 0.13 0.18 0.13 0.44
Lp 0.61 0.61
Ak 0.04 0.04
Wz 1.16 0.82 1.98
Total 23.11 311.17 22.96 25.32 2782.32 29.38 10.49 181.25 16.51 6.67 7.02 3416.20
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stands). Stands with a 70% and higher share of fir accounted 
for 11%, and stands with a 20–60% share of fir accounted 
for 16%. Pure fir stands accounted for 5% of stands.

In 2006, the majority of fir stands, more than 80% 
of all stands occurred in the upper part of the Middle 
Jurassic bedrock (Upper Bajocian, Bathonian, Callovian), 
65% in the lower part of the Middle Jurassic bedrock 
(Aalenian, Lower Bajocian) and 55% on the Tertiary de-
posits. The smallest share of fir stands was found on the 
Upper Jurassic bedrock (32%). In 1941, fir in the upper 
storey of stands occurred in the upper part of the Middle 
Jurassic bedrock accounting for 20%, in the lower part 

of the Middle Jurassic bedrock accounting for 14%, on 
the Tertiary bedrock – for 10% and on the Upper Jurassic 
bedrock – for 1% of all stands depending on bedrock 
type. In 2006, the number of stands with fir was similar 
to the number of stands in 1941 for each bedrock type.

5. Discussion 

During the years 1932–2005, the share of pine in 
the upper storey of the studied stands decreased by 9% 
(232 ha) as a result of natural processes and planned 
silvicultural operations supporting the appearance and 

Figure 1. Share of fir in the studied stands according to the stand density in 2006. Notes: 0 – without fir; 0.1, 0.2, … ,1 – share of 
fir in a stand, 10%; 20% ,, 100%, respectively

Figure 1. Stands with silver fir in the first layer on the geological map of Poland.
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development of spontaneous natural regeneration of fir. 
Fir replaced pine, increasing its share by 243% (204 ha). 
In suitable environmental conditions, fir becomes one of 
the main forest tree species. The secondary succession 
of fir plays a significant role for both nature and econo-
my. It determines the direction of natural changes and 
should be used in silvicultural management. It results in 
the restoration of species composition of stands.

In 1930, Professor Stanisław Sokołowski wrote:  
‘A clear tendency has recently been observed in Polish 
forestry to restore the lost significance of fir. This ten-
dency is worth approval and should be given strong 
support’ (Niemtur et al. 2007). This clear message of 
Professor Sokołowski, a pioneer of Polish forestry, is 
confirmed in the above research results.

The increase in the area of fir in the examined stands is 
associated with an increase in the proportion of hornbeam 
in all stand layers. In the discussed fragment of the Iłżecka 
Forest, this is particularly noticeable in the Lśw forest ha-
bitat where hornbeam held a dominant position in the ad-
vance growth layer and young generation of trees (78% 
of the total number of trees in this regeneration phase) 
(Bis 2010). Hornbeam is also quite abundant in the LMśw 
forest habitat in the regeneration and lower layers of the 
stand. The increasing proportion of hornbeam in the stands 
of the Iłżecka Forest may be the result of progressive eutro-

phication of habitats. Sokołowski (2006) indicates that re-
cent decades have seen a trend to increase the proportion of 
hornbeam in the species composition of stands. Hornbeam 
occupies poorer habitats forming a dense canopy in the lo-
wer stand layer. In consequence, the strong shading of the 
bottom of the forest prevents natural regeneration of other 
species. The expansion of hornbeam and the related forma-
tion of hornbeam stands eliminating the oligotrophic spe-
cies of herbaceous layer and natural regeneration of more 
light-demanding tree species than hornbeam and lime was 
also observed in the Białowieża Forest (Sokołowski 1999; 
Paluch 2001; Keczyński 2007) and Kozienicka Forest 
(Orzechowski 2002).

The distribution of fir stands in the area of research is 
uneven. In the studied stands, also stands without fir can 
be found in the LMśw and Lśw forest habitats. In the stu-
dies on the environmental factors influencing the health 
status and growth of fir stands in the lowlands and in the 
mountains of Poland, soil subtype is of great importance. 
Fir in the Iłżecka Forest occurs primarily on gley and ru-
sty soils. The proportion of fir in the stand depends large-
ly on the soil environment (Adamczyk, Januszek 1977); 
soil moisture is one of the major environmental factors 
determining the growth of fir stands (Januszek 2003).

The research shows that bedrock has a significant ef-
fect on the distribution of fir in the entire study area. Based 
on the analysis of fir distribution in relation to the type of 
bedrock, one can assume that it has a decisive effect on 
fir distribution in the study area. This is probably the least 
recognised and described environmental factor affecting 
fir occurrence in the Iłżecka Forest. The type of bedrock 
is thought by many researchers to be an essential element 
of the classification of habitats, especially in the moun-
tain conditions (Chodzicki 1947; Alexandrowicz 1957; 
Bernadzki 1963; Mroczkiewicz, Trampler 1964). The pre-
sented results permit to consider this environmental factor 
important for fir distribution also in the lowland conditions.

The dependence of fir distribution on geological 
bedrock can be attributed to the influence of the type 
of rock conditioning soil moisture content. It has been 
found that the occurrence of fir is related to the Middle 
Jurassic bedrock, which is made up of hard permeable 
clayey rocks. Most soils in this area are developed from 
Quaternary sediments overlying the Middle Jurassic 
rocks slowing down the permeability of water into the 
soil profile, maintain stable moisture conditions and suit 
fir growth. The average annual rainfall in the Iłżecka 
Forest is between 570 and 650 mm, which is the mini-
mum value range for fir. A small amount of rainfall can 
be balanced by corresponding bedrock properties.

Table 4. Test of differences results between two structure in-
dices for fir occurrence in stands of different geological base

Test of differences
% N p

Jg. = 32 Jg. = 177 0.0000
Trz. = 55 Trz. = 162
Jg. = 32 Jg. = 177 0.000

Jś a. = 65 Jś a. = 189
Jg. = 32 Jg. = 177 0.000

Jś b. = 84 Jś b. = 49
Trz. = 55 Trz. = 162 0.281
Jś a. = 65 Jś a. = 189
Trz. = 55 Trz. = 162 0.001
Jś b. = 84 Jś b. = 49
Jś a. = 65 Jś a. = 189 0.0052
Jś b. = 84 Jś b. = 49

Notes: N – number of stands; % – percentage of stands with fir,  
Trz. – Tertiary, Jg. – Upper Jurassic, Jś a. –Middle Jurassic, lower part, 
Jś b. –Middle Jurassic, upper part, p – probability.
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Adaptation of fir to such conditions can also result from 
physiological variability (ecotype). With a small amount of 
precipitation within its range, fir retains the ability to grow 
on impermeable clayey soils having a higher moisture con-
tent than permeable soils. Fir stands, with a good natural 
renewal, occur on cohesive soils made of heavy silty clays, 
with a large admixture of floatable fractions at the colloidal 
clay bottom, high and stable moisture content, frequently 
with the gley horizon. Fir is insensitive to the low soil aera-
tion, while it is extremely sensitive to changes in soil mo-
isture content (Jaworski, Zarzycki 1983).

The eastern part of the Iłżecka Forest is the area of the 
Upper Jurassic where fir does not grow. The sandy loam 
or loamy sand soils in this area admixed with weathered 
limestone, thick, warm and located on permeable limesto-
ne ground are a suitable habitat for pine, pine-oak and oak 
forests but not for fir. The forest habitat type in the Iłżecka 
Forest does not provide a sufficient basis for silvicultural 
planning. Silvicultural planning requires employment of 
the lower level units of forest habitat classification. The 
bedrock was considered an important element of habitat 
classification already in the middle of the past century. 
Studying the relationships between fir distribution and 
bedrock allows better recognition of the natural potential 
of forest habitats in the Iłżecka Forest. This allows distin-
guishing the lower level units of forest typology within 
the forest habitat type, creating the rational foundations 
for a precise determination of the target species composi-
tion of stands influenced by local geological conditions. 
Natural foundations for silvicultural planning can be bet-
ter recognised using the geological map of Poland.

6. Summary 

The area of the Mid-Polish Trough characterised by  
a relatively large thickness of Mesozoic sediments, much 
thicker than in other regions of Poland, the bedrock for-
ming the floor of younger Quaternary bedrocks may con-
dition the distribution of fir within its natural range. This 
thesis requires verification and further research.

7. Conclusions 

Fir in the Iłżecka Forest is an important forest-for-
ming tree species in LMśw and Lśw, whereas in the 
mixed coniferous forests it is merely an admixture  
species.

The distribution of fir in the Iłżecka Forest depends 
on soil subtype. Fir occurs on typical pseudogley soils 
as well as rusty brown and typical rusty brown soils.

The distribution of fir stands in the Forest Iłżecka 
depends on bedrock. Fir occurs on the Middle Jurassic 
clays that stabilise soil moisture conditions, alleviating 
the deficit of atmospheric precipitation.

To rationally differentiate the target production fo-
rest types in the Iłżecka Forest, the sub-units of forest 
habitat types should be distinguished for LMśw and 
Lśw forest habitats depending on the type of Mesozoic 
bedrock, specifically:

− LMśw habitat: a – a variant with fir, pine and oak 
(Middle and Lower Jurassic bedrock) and b – a variant 
with pine and oak (Upper Jurassic geological bedrock).

− - habitat Lśw: a – a variant with fir and beech 
(Middle and Lower Jurassic bedrock) and b – a variant 
with oak and pine (Upper Jurassic bedrock).

The proposed variants of stand species compositions 
allow more accurate adjustment of species composition 
to the habitat conditions in this area.
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