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Abstract: Mechanical site preparation (MSP) is commonly used to enable forest regenera-
tion of clear-cuts. Less intense methods may be more suitable from an environmental point of 
view, but such a method can result in the lack of natural regeneration. We compare the influ-
ence of three MSP methods on natural regeneration of Scots pine. The methods differ in their de-
gree of soil disturbance. The effects of MSP by forest plough (FP), active plough (AP), and forest cut-
ter (FC) on density, quality, and biometric parameters of one-year old seedlings were determined. 
The highest density of seedlings was obtained in the FP treatment (188,000 seedlings ha–1). The seed-
ling density was significantly lower in the AP method (121,000 seedlings ha–1), and in the FC variant 
(36,000 seedlings ha–1). The best quality seedlings were found in the FC variant, and the worst – in the 
FP treatment. Most biometric parameters of seedlings did not differ by MSP method, except for the 
root length and root:shoot ratio. By the end of growing season, in the FP treatment, 1-year old seed-
lings formed a top bud more than twice as often as the seedlings from the AP and FC treatments. 
The FP method led to the best Scots pine natural regeneration. The results obtained in the FC variant were 
not as good as in the FP method, though they were still acceptable from the silvicultural point of view. The 
FC method was the least intensive method of site preparation, yet it is considered the most appropriate 
from the environmental (soil protection) point of view. 
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Introduction
Scots pine (Pinus sylvestris L.) is the main tree 

species in Poland. It constitutes 59.9% of the area 

and 61.9% of the volume of Polish forests (Raport 
o stanie lasów 2012). For a long time, clear-cuts fol-
lowed by planting of 1-year old seedlings have been 
the principal method used to regenerate Scots pine 
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stands in Poland. In recent years, natural pine regen-
eration has been used more and more often. Natural 
conditions, such as the dominance of conifer forest 
sites, and the frequently occurrence of good seed 
years (Tomczyk 1993) as well as the belief that this 
regeneration method is better from both an ecolog-
ical and economical point of view (Mattsson and Li 
1993; Tomczyk 1993) make the natural regeneration 
method more favourable.

One of the most important factors determining 
the success of natural regeneration of Scots pine are 
weather conditions (temperature and precipitation) 
during the period of seed germination and initial 
growth of seedlings (Oleskog and Sahlén 2000b; 
Puhlick et al. 2012). Meteorological factors strongly 
interfere with soil moisture conditions. Success of 
Scots pine seedling recruitment depends largely on 
soil surface properties, such as the moisture content 
and the humus depth (Hille and den Ouden 2004). 
A litter or humus layer without scarification may 
have a moisture level that is too low for seeds to 
germinate. The organic soil layer dries out quickly 
and its moisture regime is highly variable. In such 
conditions the seedlings are strongly dependent 
on frequent and sufficient rainfall until their roots 
reach the mineral soil (Oleskog and Sahlén 2000a). 
A thick layer of litter and humus may delay or abort 
seedling emergence by preventing the contact be-
tween seminal root and the mineral soil. Mechanical 
restrictions to hypocotyl elongation and emergence 
of cotyledons is also caused by the presence of lit-
ter and humus (Caccia and Ballaré 1998; Ibáñez and 
Schupp 2002). That is why, for natural Scots pine 
regeneration in Poland and in many other countries, 
a mechanical site preparation (MSP) is recommend-
ed. Soil scarification is necessary to improve recruit-
ment and stimulate early growth of Scots pine and 
other tree species (Agestam et al. 2003; Hille and 
den Ouden 2004; Karlsson and Nillsson 2005). First 
of all, the MSP improves moisture conditions. On 
moist and wet sites it decreases soil water content 
and increases soil porosity thus improving soil aer-
ation (MacKenzie et al. 2005). On dry sites, MSP 
improves the water supply in the root zone because 
transpiring vegetation is removed (Fleming et al 
1994). Moreover bare mineral soil has less variation 
in water availability than the humus layer (Oleskog 
and Sahlén 2000a).

The MSP is crucial in order to restrict competition 
for light, water, and nutrition from other vegetation 
on the clear-cut areas (Nilsson and Örlander 1999). 
Ground vegetation may sometimes inhibit seed ger-
mination and seedling growth by the allelopathic 
process (Steijlen et al. 1995; Jäderlund et al. 1998).

Soil scarification increases soil temperature (Nils-
son and Örlander 1999; Bedford and Sutton 2000), 
lowers soil bulk density (MacKenzie et al. 2005), and 

decreases damage caused by the pine weevil (Hylobius 
abietis L.) (Petersson and Örlander 2003).

MSP also accelerates litter decomposition, in-
creasing the availability of mineral compounds 
(Lunmark-Thelin and Johansson 1997; Nilsson and 
Örlander 1999) thus, increases seedling growth 
(Karlsson and Örlander 2000; Mattsson and Bergsten 
2003; Nordborg and Nilsson 2003).

There are many potential methods of the MSP: 
Ploughing, disc trenching, mounding, bedding, rip-
ping, scalping, patch scarification, and others. The 
particular methods differ in degree of their impact 
on the soil, as measured by the area and depth of 
the disturbed soil (Bedford and Sutton 2000; Neu-
gebauer 2008). According to many comparative 
studies, more intensive scarification methods usu-
ally result in a higher initial number of seedlings, 
and better subsequent growth and survival (Prévost 
1997; Mattsson and Bergsten 2003; Nordborg and 
Nilsson 2003).

In Poland, for a long time, the traditional dou-
ble-mouldboard forest plough (FP) had been the 
most widespread manner of site preparation on 
clear-cuts. The FP treatment had been used both in 
artificial (planting) and natural regeneration. How-
ever, the FP method leads to a strong modification 
of soil structure, covering practically the whole area 
of a clear-cut. Nowadays in forest management, 
more environment-friendly solutions are preferred. 
The less-intense soil preparation methods such as 
active plough (AP) and the forest cutter (FC) are in-
creasingly used as alternatives to FP. So far, however, 
little is known about the impact of these methods 
on the relative performance and basic growth char-
acteristics of the new forest generation. Even less 
is known about these factors in the case of natural 
regeneration.

With this study, we aimed to compare the influ-
ence of three MSP methods. Each method interferes 
with the soil environment to a different degree. The 
methods compared density, quality, and selected bi-
ometric parameters of Scots pine regeneration, as es-
timated by the end of the first growing season after 
natural seeding. We believed the best results would 
be obtained in the FP method, followed by the AP 
variant. We also expected that the FC treatment, as 
the least intense method, could even result in a lack 
of success of natural regeneration. 

As the expected results should give an answer to 
the question whether the use of less invasive MSP 
methods create conditions good enough for obtain-
ing natural regeneration of Scots pine in conditions 
of eastern Poland, we assume that already 1-year-
long observation period should be sufficient to assess 
usefulness of MSP methods regardless regeneration 
development in subsequent years (seedlings death, 
recruitment new plants).
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Methods

Study site

The study was carried out in the Ostrów Ma-
zowiecka Forest District (52°80' N, 21°90' E; WGS 
84), located 70 km north-east of Warsaw, Poland. The 
annual mean temperature in the study area is 7.5°C. 
The warmest month is July (17.9°C) and the coldest 
is January (–3.2°C). The vegetation period (mean dai-
ly air temperature above +5°C) begins in mid-April 
and lasts, on average, 210 days. The long-term mean 
annual precipitation is 580 mm, of which ca. 70% 
falls during the vegetation period (Koźmiński and 
Michalska 1999).

Soil at the study site is classified as Haplic Podzols 
formed from glaciofluvial sand and humus belonging 
to a mor type. The depth of humus layer is 5–7 cm 
(L 7(5)–3 cm, F 3–1 cm, H 1–0 cm). Before clear-cut-
ting, the area was stocked with a 120-year-old Scots 
pine (P. sylvestris) stand (stand volume ca. 400 m3/ha; 
stand density appr. 300 stems/ha; average tree height 
ca. 26 m). The plant community was classified as 
Peucedano-Pinetum typicum. The underbrush consisted 
of Sorbus aucuparia, Picea abies, Juniperus communis and 
Quercus petraea. Ground vegetation was made up of 
Vaccinium myrtillus, Hylocomium splendens, Convallaria 
majalis, Solidago virgaurea, Vaccinium vitis-idea and Pleu-
rosium schreberi (Management Plan 2005). The height 
of ground vegetation was differentiated: ca. 10 cm in 
patches dominated by mosses, 15–25 cm in Vaccinium 
and Convallaria patches and up to 80 cm in S. virgau-
rea patches). The stand was removed in winter and 
spring 2006.

Mechanical site preparation methods 

For the purpose of this study, four experimental 
clear-cuts, 420 m long and 55–60 m wide, were estab-
lished. This is a typical size for a clear-cut in Poland. 
The area of each clear-cut was divided into three 140 
m long parts corresponding to the MSP method.

In autumn 2006, the MSP was performed using 
an LPz 75 double-mouldboard forest plough, a sin-
gle-mouldboard U-162 active plough, and a FAO-
FAR FV 4088 forest cutter.

Rectangular furrows were created with a FP. Litter 
and humus were removed to expose mineral soil. The 
upper layer of the cut-out, formed a ridge consist-
ing of mineral soil. Humus layer, litter, and ground 
vegetation were located below. The furrows covered 
ca. 50% of the clear-cut area. The ridges covered the 
remaining 50% (Sutton 1993; Neugebauer 2008).

A rotating mouldboard of the AP gave the furrows 
a parabolic shape. Mineral soil is only partially ex-
posed and is often mixed with some humus that re-

mains or falls down from the rotating mouldboard. 
Partial mixing of litter, humus and mineral soil takes 
place on the ridge. In this MSP, ca. 40% of the clear-
cut area consisted of furrows, ca. 40% of ridges, and 
the remaining 20% of untreated soil (Sutton 1993; 
Neugebauer 2008).

The FC crushed and mixed ground vegetation, lit-
ter, the humus layer, and mineral soil up to 35 cm 
in depth – in 40 cm wide strips (27% of the clear-
cut area). The strips were separated by ca. 110 cm 
wide belts of untouched soil. They covered 73% of 
the clear-cut area (MacKenzie et al. 2005; Neugebau-
er 2008).

The distance between the middle of adjacent fur-
rows or strips was 1.5 m, in all the MSP methods.

The natural regeneration of Scots pine started in 
spring 2007. The adjacent stands acted as the seed 
source. These stands were located west of the clear-
cuts, on the east sides were young stands. 

Field and laboratory measurements 
of seedlings

At the end of September 2007, an assessment of 
seedling density and quality was carried out. On each 
clear-cut, 180 sample plots were established; 60 for 
each MSP method. This means that on four clear-
cuts, a total of 720 plots were established. The sample 
plots formed 6 rows running parallel to a longer side 
of the clear-cut and consisting of 30 sample plots (10 
for a given MSP variant). The distance between rows 
was 9 m (multiple of a distance between furrows/
strips amounting to 1.5 m). The distance between 
sample plot centres was ca. 14 m. Sample plots (1.5 
m2, 1 m × 1.5 m) covered both treated tracks of soil 
(furrows and strips) as well as ridges and untreated 
areas (belts of untouched soil between strips). With-
in each plot, all seedlings were counted and classified 
into 3 quality classes: A – strong, healthy, tall and of 
medium height seedlings with dark green needles; B 
– less vigorous, tall and of medium height seedlings, 
slightly weakened with minor mechanical damage, 
slight symptoms of yellowing of needles tops, slight 
chlorosis or discoloration as well as low seedlings 
without symptoms of weakness or damage; C – seed-
lings considerably damaged mechanically or with 
heavy discoloration of needles, dying-off or dead. The 
average number of seedlings in the plots was use as 
observation.

In addition, 384 (4 clear-cuts × 3 MSP × 2 micros-
ites × 16 seedlings) one-year-old Scots pine seedlings 
(shoots and roots together with soil) were collected 
for biometric analysis. They were taken from the fur-
rows and strips (microsite 1) as well as from ridges 
and areas of untouched soil located between strips 
(microsite 2). Seedlings were collected randomly 
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from the middle part of the plot in each variant: one 
seedling per every second furrow/strip and ridge/out 
of strip, starting from the west side. Samples were 
put into labelled plastic bags.

For each seedling, the diameter of a root collar 
and a shoot length were measured. The number 
of lateral shoots and the presence of the top bud 
were also determined. After drying the seedlings at 
105°C, an above and below ground dry mass and a 
root:shoot dry weight ratio were determined. The 
Böhm’s (1985) crossing method was used to deter-
mine the total length of the root system. The method 
is based on the random location of the roots on a 
net of squares of a given length, and of counting the 
number of lines they cross. Root length [L, cm] was 
calculated according to the following formula:

L = 11/14 × n × a, 

where: n – number of crossings with net of squares, 
a – square side length (here 0.5 cm).

Statistical analysis 

Before the analyses, the normality of data distri-
bution in individual treatment areas (Shapiro-Wilk 
test) and homogeneity of their variance (Levene’s 
test) were tested. Due to differences in the variance 
and deviance from the normal distribution within 
samples, the non-parametric Friedman test was used. 
The post-hoc Wilcoxon singned-rank test was used 
to detect homogenous groups. Finally, a logistic re-
gression was applied to analyse the influence of the 
MSP method on biometric seedling parameters and 
the formation of top bud. All calculations and investi-
gations were carried out with Statistica 9.0 (StatSoft, 
Inc.) software.

The sample plots were divided into classes of seed-
ling density in relation to number of seedlings per 
plot (1.5 m2). The seedling density classes were: 0 
– null – “zero plots”, 1 – 1–9 seedlings; 2 – 10–19 
seedlings; … 7 – 60–69; 8 > 70. Plot frequency in 
the density classes was calculated within each MSP 
treatment (in %).

Results

The overall density of seedlings differed signif-
icantly between treatments (Friedman test, P < 
0.001). The highest seedlings density of 18.8/m2 was 
obtained with the FP treatment. For the AP and FC 
treatments, the average seedling density was 12.1/m2 
and 3.6/m2, respectively (Fig. 1).

Within a given MSP, the density of seedlings was 
not uniform. In the FC treated area, the sample plots 
with no seedlings amounted to 7.1%, while most 
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Fig. 1. The average density (seedling m–2) of Scots pine 
seedlings in the three variants of MSP:  FP – forest 
plough, AP – active plough, and FC – forest cutter. Dif-
ferent letters indicate significant difference in the Fried-
man test, P ≤ 0.001

Fig. 2. Sample plots frequency (%) of seedling density classes in relation to the MSP methods: FP – forest plough, AP – 
active plough, and FC – forest cutter. Seedling density classes: 0 – “zero plots”, 1 – 1–9 seedlings; 2 – 10–19 seedlings; 
… 7 – 60–69; 8 > 70; no./1.5 m2
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sample plots (80%) contained between 1 to 9 seed-
lings. In the two other MSP methods; FP and AP, al-
most all sample plots contained at least 1 pine seed-
ling (Fig. 2).

The best quality of seedlings was found on soil 
prepared with the FC method. This treatment result-
ed in the highest share of best-quality pines (A class) 
– 74.4%. The share of the class C seedlings was only 
2%. The worst results in this respect were obtained 
with the FP method (Fig. 3).

After the first year of growth, on the clear-cuts pre-
pared with the various MSP tools (FP, AP, FC), pine 
seedlings differed in their root system length, root:-
shoot dry weight ratio, and number of seedlings with 
top bud established. The seedlings in the AP variant 
were characterised by significantly longer roots. The 
seedlings in the FC method had the smallest root:-

shoot ratio (Table 1 and 2). In turn, pines growing 
on soil prepared with the FP method had established 
top buds (during the investigation, i.e. by the end of 
September) twice as often as trees in the other MSP 
(FP – 29.7%; AP – 13.3%; FC – 14.8%).

By means of logistic regression, we found that the 
number of seedlings with their top bud formed, dif-
fered significantly between the MSP methods (P = 
0.0024; total loss = 183.61; χ2 = 9.1858; N = 384). 
However, no significant relationships were found be-
tween number of seedlings with top bud and their 
biometric features (shoot length, P = 0.1585; root 
collar diameter, P = 0.6835; above ground dry mass, 
P = 0.3028; root length, P = 0.1082; root dry mass, P 
= 0.8128; root branching index, P = 0.5518).

For the significant influence of MSP, on the num-
ber of seedlings with top-bud formed in their first 
year of life, we determined the odds ratio of the top 
bud formation. For the FP variant, the odds ratio was 
2.76 fold higher than in the AP method, and 2.42 fold 
higher than in the FC method.

Discussion

Our research shows that one-year old Scots pine 
seedlings can significantly differ with respect to gen-
eral density, quality, and key biometric variables, de-
pending on the MSP method used.

The most important parameter – the seedling densi-
ty – was very high in the FP method (188,000 seedlings 
ha–1), rather high in the AP method (121,000 seed-
lings ha–1), and (relatively) low in the FC treatment 
(36,000 seedlings ha–1). It appears that with the less 
intensive soil preparation method, the initial number 
of seedlings is smaller. Most probably, the differenc-
es in seedling density were caused by different seed-
bed moisture conditions in each MSP variant. The FP 
method exposes the mineral soil on almost the whole 
clear-cut area. For various tree species, bare mineral 
soil has been demonstrated to be an optimal seed-

Fig. 3. A percentage share of seedling quality classes in rela-
tion to the MSP methods: FP – forest plough, AP – active 
plough, and FC – forest cutter. Seedlings quality classes 
are: A – strong and healthy, B – slightly weakened or 
damaged, C – strongly weakened or dying. Different let-
ters indicate significant difference in the Friedman test, 
P ≤ 0.05
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Table 1. Growth parameters (mean and standard error in parentheses) of aboveground part of Scots pine seedlings from 
natural regeneration in relation to site preparation method

Treatment Shoot length (cm) Root collar diameter (mm) Aboveground dry mass (g) Number of lateral shoots (pcs)
Forest plough (FP)
Active plough (AP)
Forest cutter (FC)

6.25 (0.14) a
6.41 (0.14) a
6.48 (0.13) a 

1.59 (0.04) a
1.50 (0.03) a
1.58 (0.03) a

0.424 (0.03) a
0.375 (0.02) a
0.425 (0.02) a

2.0 (0.12) a
2.0 (0.12) a
2.3 (0.15) a

The same letter indicates no significant difference in the Friedman test, P ≤ 0.05.

Table 2. Growth parameters (mean and standard error in parentheses) of root and root-shoot ratio of Scots pine seedlings 
from natural regeneration in relation to site preparation method

Treatment Root length (cm) Root dry mass (g) Root branching index 
(pcs/cm) Root –shoot ratio

Forest plough (FP)
Active plough (AP)
Forest cutter (FC)

70.0 (3.1) a
80.8 (3.4) b
70.5 (3.3) a

0.065 (0.003) a
0.061 (0.002) a
0.061 (0.003) a

5.1 (0.15) a
4.9 (0.11) a
5.1 (0.13) a

0.165 (0.005) b
0.172 (0.005) b
0.148 (0.004) a

Different letters indicate significant difference in the Friedman test, P ≤ 0.05.
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bed (Prévost 1997; Agestam et al. 2003). The degree 
of seed-soil contact and the capillary water transport 
to the soil surface were found to be higher in mineral 
soil than in other substrates such as humus, organic 
and intact soil (Oleskog and Sahlén 2000a, 2000b; de 
Chantal et al. 2004). Mixing of ground vegetation, lit-
ter, humus layer and mineral soil, which takes place on 
the AP ridge and in the FC strip, and untreated soil on 
FC belt, under clear-cut conditions (low air humidity, 
high solar radiation and ventilation) may create seed-
bed too dry for seed germination (MacKenzie et al. 
2005). The water supply from such substrate does not 
compensate for the water evaporation lost from the 
soil surface and seeds, especially during the daytime 
(Oleskog et al. 2000). Soil preparation by means of the 
AP and FC tools causes excessive soil surface desicca-
tion. This is true even if deeper soil strata can be char-
acterized by a better water supply (Ludmark-Thelin 
and Johansson 1997), so conditions for seed germina-
tion are here worse than in mineral soil. The study by 
Béland et al. (2000), also indicated that germination 
was significantly better on mineral soil than on miner-
al soil mixed with humus.

Mineral soil is the coldest seedbed, but in the 
clear-cut conditions, the minimum temperature is 
higher on this seedbed substrate than on intact soil 
or humus layer or organic material. Gradient of soil 
and air temperature may induce the movement of wa-
ter through the soil, thus water drops form on the 
surface of mineral soil. Such a process meant that 
moisture content in seeds was higher when in the 
mineral soil then in other substrates (Oleskog and 
Sahlén 2000a). This phenomenon causes better seed-
lings emergence in the FP method. 

The density of seedling is highest at sites with high 
mean annual precipitation (Puhlick et al. 2012). The 
mean annual precipitation of 580 mm, which occurs 
in the study area (Koźmiński and Michalska 1999), 
is considered to be close to the minimum needed 
to obtain natural Scots pine regeneration in Poland 
(Tomczyk 1993). The FP method provided the most 
favourable seedbed substrate moisture conditions. 
Such conditions, along with a satisfactorily high wa-
ter retention capacity (de Chantal et al. 2004), and 
the fact that the substrate water is readily available 
to the seeds (Oleskog and Sahlén 2000a) resulted in 
the highest density of seedlings. It can be expected 
that in regions with a higher precipitation (Puhlick 
et al. 2012) or in a moist growing season (de Chan-
tal et al. 2003), the density of seedlings on the soil 
prepared by means of the AP and FC methods could 
be higher than that obtained in this study. Improve-
ment of moisture conditions of intact soil and mixed 
ground vegetation, litter, humus layer and mineral 
soil on ridge or strips (Béland et al. 2000; Oleskog 
and Sahlén 2000b) due to rain water might provide 
higher seedling density.

Under favourable conditions, the initial number 
of Scots pine seedlings originating from natural re-
generation can amount to several tens of thousands 
or even hundreds of thousands per hectare (Béland 
et al. 2000; Andrzejczyk and Drozdowski 2003). In 
this study, the initial density of seedlings, particularly 
in the FC treatment, was rather moderate. Howev-
er, even in this MSP method, it was about 4 times 
higher than the initial density of seedlings applied 
in artificial regeneration (according to Silvicultural 
Guidelines (2012) between 8000-10,000 1-year old 
pine seedlings should be planted per 1 ha). There-
fore, even in the FC variant, the seedling density may 
be considered more than sufficient. In subsequent 
years, some amount of new seedlings will emerge as 
a result of additional seed rain from adjacent stands 
(Béland et al. 2000, Karlsson and Örlander 2000, 
Karlsson et al. 2002).  It is important to note, that 
quality (vigour) of the seedlings was the highest in 
the FC method. The FP method was distinguished by 
the lowest quality of seedlings which may have also 
been caused by the seedlings’ high density.

The similarly low proportion of zero-seedling 
plots in the FP and AP methods, indicates that these 
methods of soil scarification produce a more homo-
geneous ground (Karlsson and Nilson 2005). On 
the other hand, a higher proportion of zero-seedling 
plots in the FC treatment suggests that due to the 
relatively low intensity of the soil treatment, a higher 
microsite variation of clear-cut area is retained (Pigan 
2009). The intact soil covered 73% of the clear-cut 
area in the FC treatment. The undisturbed bottom 
layer consisted of some mosses, mainly P. schreberi and 
H. splendens. The field layer was composed of dwarf 
shrubs (V. myrillus and V. vitis-idaea) and other plants 
(Management Plan 2005). This vegetation creates a 
heterogeneous surface and is known to provide con-
ditions which are generally too dry for germination 
(Oleskog and Sahlén 2000a). Poor contact between 
seed and intact soil, especially in places where the 
bottom layer consists of mosses, might have been the 
reason for the low germination (Oleskog and Sahlén 
2000a). Allelopathy may also inhibit seed germina-
tion in intact soil (Steijlen et al. 1995; Jäderlund et 
al. 1998). Results showing a higher number of plots 
without seedlings in places where there is intact soil, 
have also been found in other studies (Karlsson and 
Örlander 2000; Karlsson et al. 2002).  Because of the 
low share of zero-seedling plots (7.1%) a supplemen-
tary planting was not needed (Silvicultural Guide-
lines 2012).

The various MSP tools create different conditions 
for the development of seedling allometry. After the 
first growing season, pine seedlings varied in the to-
tal length of their root system, and in their root:shoot 
ratio. Tree seedling root growth is influenced by such 
physical factors of soil as: temperature, water, me-
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chanical resistance, and aeration (Sayer et al. 2005; 
Morris et al. 2006). The root growth is positively cor-
related with soil temperature (Lopushinsky and Max 
1990) and negatively with water stress (Sayer et al. 
2005).  The longest roots which were found in the AP 
method, may suggest the higher soil temperature in 
this MSP. Raising and mixing forest floor and mineral 
soil on the AP ridge, and leaving some humus on the 
bottom of the AP furrow, creates better thermal con-
ditions than in other MSP methods (MacKenzie et al. 
2005). High root growth which occurred in the AP 
treatment, might also be explained by a lower bulk 
density, especially on AP ridges as well as better aer-
ation, and low root penetration resistance (Nordborg 
and Nilsson 2003; MacKenzie et al. 2005).

Shading reduces the root:shoot dry mass ratio 
(Van Hees and Clerkx 2003). If light availability de-
creases, light-demanding tree species, like Scots pine, 
react with a vary steep decrease in the root:shoot 
ratio (Wagner et al. 2011). The presence of vegeta-
tion on belts of untreated soil in the FC variant may 
be responsible for shading of seedlings. In contrast, 
soil scarification by means of the FP and AP meth-
ods strongly reduces the development of vegetation. 
Regeneration of vegetation does not start before the 
second or even the third year after the soil treatment 
(Nordborg and Nilsson 2003; Löf et al. 2006). Con-
sequently, the root:shoot ratio of seedlings in the FC 
method is lower in comparison to the FP and AP var-
iants.

Formation of a top buds, their number and size 
may be indication of vigour of seedlings and their 
growth conditions (Gavrikov and Sekretenko 1996; 
Khan et al. 1996; Wennström et al. 2002). In our 
study, formation of a top bud on the seedlings which 
were harvested in September, may indirectly point to 
more favourable conditions for seed germination and 
seedling growth. Considering this trait, we observed 
that the best conditions were created with the FP 
tool.

Conclusions

The strongest modification of soil environment 
occurs in the traditional FP method of soil prepara-
tion. Exposing large tracts of mineral soil in this MSP 
treatment appears to secure the best conditions for 
seed germination and initial growth of seedlings. This 
finding is confirmed by a high initial density of seed-
lings and by an early formation of top buds. In com-
parison to the FP treatment, the AP variant is a less 
intense method of soil preparation (yet, more intense 
than the FC variant). Accordingly, the key parameters 
of natural regeneration established on the soil pre-
pared by the AP method take on intermediate values, 
both in quantitative and qualitative terms. The FC 

treatment is the least intensive method, as it involves 
merely ca. 30% of the whole cutting area. The quality 
of seedlings established in this MSP method is the 
highest. The density of seedlings growing in the FC 
variant is markedly smaller than in the two other var-
iants however, it clearly exceeds the initial number 
of seedlings used in artificial regeneration (planting). 
From the point of view of soil disturbance, the FC 
method ranks as the least destructive method of site 
preparation.

The results obtained in this study are preliminary. 
In the subsequent years, quantitative and qualitative 
changes in the population of seedlings can occur as 
a result of emergence of new and mortality of ex-
istent seedlings. Nevertheless, it can be concluded 
that seedbed conditions created by less intense site 
preparation methods (including least invasive FC 
method), enable a successful establishment and in-
itial growth of natural regeneration of Scots pine in 
eastern Poland. 
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