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Abstract
The aim of the study is to determine how successful the initial growth of naturally grown and planted pines is 
after performing the shelterwood cutting. The research includes tree count and height analysis in Myrtillosa and 
Hylocomiosa forest types with different regeneration methods in 2018. A total of 10 sites were arranged for the research, 
each site having 4 sample plots. All naturally regenerated and planted pine (2009, 2012 and 2013) heights were 
measured. Judging by the number of trees after shelterwood cutting, most sites should not be considered regenerated, 
additional planting or scarification of soil is required which can improve the efficiency of natural regeneration. In all 
the sites both in Myrtillosa and Hylocomiosa, after shelterwood cutting it was observed that the height of artificially 
regenerated trees is higher than the height of naturally regenerated trees, indicating the ability of planted pines to 
produce more rapid height increment in the first years of life, regardless of forest type. The basal area of the stand 
has a significant negative impact on the increment, and it indicates the need for the subsequent shelterwood cut to be 
performed.  Although Hylocomiosa is a more fertile forest type than Myrtillosa, the height of the planted pine trees 
in Myrtillosa is higher than in Hylocomiosa, where, after shelterwood cutting, no sufficiently intensive agro-technical 
tending has been performed.
Key words: Pinus sylvestris, natural regeneration, artificial regeneration, Myrtillosa, Hylocomiosa.

Introduction
Shelterwood cutting is a type of final felling 

where a mature stand is felled in several turns. 
The advantages of this method include landscape 
attractiveness and continuous tree canopy closure, 
reduced impact of biotic and abiotic disturbances as 
well as reduced competition of herbaceous plants. The 
forest stand is expected to regenerate in a natural way 
in the shelterwood cutting sites. In some cases, trees 
are also planted. In order for natural regeneration to 
fully occur in shelterwood cuttings, at the beginning 
of their life young trees need to be shielded by old 
trees, and this shield can serve as a seed base and 
protect them from frost and other hazards (Matthews, 
1991). The retained trees also preserve the ecological 
legacies and help maintain the existing vegetation 
composition of the forest stand (Nyland, 2016). With 
this type of felling, the soil is better protected from 
drying out, which is facilitated by open felling areas 
(Matthews, 1991). A successful shelterwood cutting 
site regeneration involves the practice of naturally 
regenerated trees being supplemented with planted 
ones, thus ensuring an even and complete regeneration 
with the desirable tree species (Matthews, 1991). By 
cutting down a part of mature trees in shelterwood 
sites, the remaining trees are provided with favorable 
growth conditions, thus making it possible to obtain 
high-quality and large-dimension commercial wood in 
the forest. The old generation of Scots pine needs to be 
preserved until the new generation is fully developed, 
and when this has happened, it is advisable to cut down 
the mature trees or significantly reduce their number 
in the forest stand (Valkonen, 2014). In the research 

on group shelterwood cuttings in Latvia, the positive 
increment in the trunk volume is attained two years 
after felling, whereas the positive effect of the openings 
is observed in a 7 m zone around them. Accordingly, 
the volume increments in the trees which are farther 
than 7 m away from the openings are several times 
smaller (Zdors et al., 2017). The average tree height 
increment in shelterwood cuttings at the distance of 10 
m from the stand’s mature trees is similar to the height 
increment of planted Scots pine trees in clearcut areas 
(Strand et al., 2006). The incremental growth of 
the trees remaining in continuous shelterwood sites 
depends on the basal area of the thinned stand, where 
larger increments are expected at a smaller basal area 
of the stand (Donis, 2015).

Studies have shown that the light requirements of 
young plants increase with age. Under shady growing 
conditions, the diameter of Scots pine is expected 
to decrease, which means that the pines of the same 
height will be thinner in shaded areas, whereas larger 
diameter trees will be able to grow in areas where more 
light is available (Gaudio et al., 2011). Consequently, 
as light conditions increase, the diameter of the pine 
root collar also increases, indicating a better root 
system development (Zdors & Donis, 2017).

In the planted areas of shelterwood cuttings, the 
height increments of the Scots pine trees planted 
after the first cut decreased compared with the 
growth demonstrated three years after the cut. This 
is explained by the increasing demands for resources 
facilitating growth, such as – nutrients, water and light 
as seedlings develop. In practice, the adverse effects 
of competition of tree stand can be avoided by timely 
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planned next shelterwood cut technique or by even 
more extensive thinning of mature trees in the forest 
stand (Nilsson et al., 2006). Thinning of the tree stand 
in advance in shelterwood cutting promotes the growth 
of herbaceous vegetation due to the available amount 
of light, which makes it difficult for pine seeds to reach 
the soil. As light intensity increases, soil temperature 
also rises, which increases the trees’ competition for 
water resources in the summer months (Barbeito et 
al., 2011). Competition between planted Scots pine 
is observed after 4–6 years. As they reach this age, 
the tree crowns gradually form the canopy closure and 
the roots of the trees also begin to compete with each 
other, which determines the future development of the 
tree stand (Jansons, 2008). 

The aim of the study is to determine how successful 
the initial growth of naturally grown and planted pines 
is after performing the shelterwood cutting.

Materials and Methods
A total of 10 sites were arranged for the research, 

each site having 4 sample plots. The forest types were 
Myrtillosa and Hylocomiosa. Four sites are located in 
the western part of Latvia, on the southwestern coast 
of the Gulf of Riga in the lowland plain, while six sites 
are located in the eastern part of Latvia, in the North 
Vidzeme. In each site four 500 m2 circular plots were 
arranged (Figure 1). The distance between the centres 
of the plots was at least 30 m, and the centres were 
placed at least 30 m from the edge of the stand. In the 
sample plot (radius 12.62 m; area 500 m2) all naturally 
regenerated and planted pine (2009, 2012 and 2013) 
with a diameter at breast height of more than 14.0 cm 
were measured. Trees with a diameter of more than  
6.0 cm but not exceeding 14.0 cm were measured 
within a radius of 5.64 m from the sample plot centre 

(in the area of 100 m2). Trees with a diameter of 2.1 – 
6.0 cm were measured within a radius of 3.99 m from 
the centre of the sample plot (area 50 m2) (Figure 2). 
For each tree, its distance from the centre, its species, 
layer, current status (growing, snag or log) and diameter 
were recorded. The logs were measured at a distance 
of 1.3 m from the root collar. In each sample plot at 
least three tree heights were measured, so that the total 
number of trees measured would be at least 12 trees 
per site. For the assessment of plantings and natural 
regeneration, circular plots of 25 m2 were established 
in the sample plots. The centres of these plots were 
located in the centres of the large circular sample 
plots and at a distance of 6 m from them in the N and  
S directions. All naturally regenerated and planted 
pine heights were measured. Four of the shelterwood 
sites were cut in 2013, two in 2012, and four other 
sites were cut in 2009. When analysing the tree 
heights, no significant differences were found in the 
tree heights between the sites felled in 2012 and 2013; 
therefore, both data sets were analysed together. In the 
sites, the parameters of the stand were calculated for 
each sample plot – average diameter, average height, 
basal area, tree volume, standing volume, average 
root collar diameter of young trees, and average 
annual increments, using generally accepted formula 
in forest inventory parameters (Skudra & Dreimanis, 
1993; Liepa, 1996; Sharma & Breidenbach, 2015). 
In the regeneration assessment, the height analysis of 
the new generation of trees was performed using the 
data processing programme SPSS, applying the tool 
Univariate Analysis of Variance.

Results and Discussion
The researched forest stands have been regenerated 

in different ways: five of them naturally and five 

Figure 1. The distribution of sample plots in the object. 
Abbreviations: PL – sample plot, UL – plot.

Figure 2. The size of sample plots and plots.
Abbreviations: UL – plots, S – area, r – radius, L – distance.
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artificially. In all stands the dominant tree species is 
Scots pine, five stands are composed only of Scots pine 
trees. The rest of the sites have the admixture of other 
tree species. The number of old-generation trees in the 
studied sites ranges from 65 to 235 trees per hectare, 
the average tree height in the sites is from 24.6 m to 
34 m and the average DBH - from 32.4 cm to 59.6 cm.

Analysis of the number of trees in the research 
sites. According to Latvian legislation, the minimum 
required number of the established trees which are 
to be regenerated with Scots pines is 3000 trees 
per hectare. The number of trees in the researched 
shelterwood sites where planting was carried out is 
shown in Table 1.

The number of trees according to their origin 
(natural or artificial) is calculated as an average 
parameter in all 12 plots in the site. The number of 
planted pines in all the research sites is not sufficient 
to consider the area as regenerated. Pine regeneration 
naturally has been much more successful, reaching up 
to 13 866 trees per hectare in one site. By combining 
the number of planted and naturally regenerated pines, 
the average number of young trees in four of the five 
sites is sufficient, and the minimum required number 
of the plants that have established in these sites has 
been exceeded.

An important indicator for the evaluation of stand 
regeneration is the uniformity of regeneration (%) 

which characterizes the success of the regeneration in 
the site as a whole. It is calculated by determining the 
ratio between the number of accounting areas in the 
site where the total amount of artificially and naturally 
regenerated trees reaches at least the minimum number 
of trees required, which is 3000 trees per hectare, and 
the total number of accounting areas which equals 12. 
When calculating the uniformity of the regeneration, 
it can be concluded that only two of the five planted 
sites have achieved the necessary criteria for a stand 
to be considered regenerated – regeneration has 
been uniformed over the area of 83.3% and 100% 
respectively. The sites where natural regeneration was 
planned after shelterwood cutting are shown in Table 2.

The average number of trees in all sites was 
more than the minimum number of trees required 
per hectare, but also in these sites the regeneration 
was not uniformed throughout the stand, with the 
highest average number of trees by the accounting 
areas being 7166.7 ± 1378.1 trees and the lowest 
average amount in the site 3566.7 ± 945.1 trees per 
hectare. Only one site is considered to be uniformly 
regenerated. Analysing the number of trees in sites, 
it can be concluded that, irrespective of the type of 
regeneration, most sites after shelterwood cutting are 
not to be considered regenerated. It is anticipated that 
when subsequent cuts are carried out, additional space 
for natural regeneration will be provided. 

Table 1
The number of trees in objects, where Scots pine was planted 

Number of object, 
forest type, 

year of felling
Ppl, N*ha-1 Pnat, N*ha-1 Pnat+Ppl, N*ha-1

Uniformity of 
regeneration (success of 

regeneration), %

1 H, 2013 1266.7±230.1 3633.3±861.9 4900±1008 83.3

2 H, 2013 933.3±242.9 4400±926.4 5333.3±1044.9 58.3
3 M, 2013 1133.3±189.6 13866.7±2099 15000±2135.1 100
4 M, 2009 1000±159.5 2300±587 3300±611.3 41.6
5 M, 2009 1000±187.5 1233.3±301.3 2233.3±436.1 41.6

Abbreviations: Ppl – planted trees; Pnat – naturally regenerated trees; N – number; H – Hylocomiosa; M – Myrtillosa.

Table 2
The number of trees in objects where natural regeneration was carried out

 
The number of object, forest type, 

year of felling Pnat, N*ha-1 Uniformity of regeneration 
(success of regeneration), %

6 H, 2013 5600±1231.9 66.67
7 M, 2012 7166.7±1378.1 75
8 H, 2012 3566.7±945.1 33.3
9 M, 2009 3700±694.8 50
10 M, 2009 5666.7±671.2 100

Abbreviations: Pnat – naturally regenerated trees; N – number; H – Hylocomiosa; M – Myrtillosa.
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Tree height analysis in the research sites. The tree 
height analysis shows what height the new generation 
trees have reached in the research sites after 
shelterwood cutting in Myrtillosa and Hylocomiosa 
forest types with different regeneration methods. The 
average height of trees for both naturally regenerated 
and planted trees is shown in Fig. 3.

In the six sites (felled in 2012 and 2013), tree 
heights were lower than in other four sites (felled 
in 2009). It can be seen that in the sites where 
Scots pines were planted, they were higher than the 
naturally regenerated pines growing in the same 
site. The difference in height is due to the fact that 
selected saplings are more productive than naturally 
regenerated ones, they have higher genetic quality, 
and both containerised and bare root plants have well-
developed and wide root system as well as species 
proportional roots and shoots, which allow the tree to 
fully use nutrient and water resources.

The basal area of the remaining stand has a 
significant influence on the height of seedlings. 
When the basal area of the stand is larger, the 
height of the plants decreases. The negative impact 
of the increasing basal area on the tree height can 
be explained by the fact that in the meantime not 
only the new generation has taken root and grown, 
but also the shelter stand has increased. For the 
remaining trees of the stand after shelterwood 
cutting, immediate root growth can be expected, but 
the increment of the trunk volume is not observed 
immediately after cutting, and this period lasts from 
2 to 4 years (Jakobsson, 2005). After continuous 
shelterwood cuttings carried out in Latvia, in most 
cases during the first two years after felling there has 
been an additional increment of the remaining stand, 
which is a part of the increment of the stand resulting 
from the impact. In its turn, the maximum of the 

reduced additional growth in Vacciniosa is reached 
in 5–7 years, while in Myrtillosa and Hylocomiosa 
the maximum is reached in 3–4 years (Liepa, 1996; 
Zdors, 2015).

After shelterwood cutting, the feeding conditions 
of the remaining trees improve, the competition 
between the trees decreases and the light conditions 
improve, consequently the increase in the growth 
of the remaining trees in the stand can be expected. 
Considering that the research has shown the reduced 
additional maximum growth increment in Myrtillosa 
at the age of 3–4 years after performing shelterwood 
cutting, it is reasonable to assume that in the sites 
9 years after felling, the maximum of the reduced 
additional increment has already been reached and 
the increment of the mature trees has significantly 
increased.

The research in Latvia has proved that the 
competition between young trees begins to appear 
at the age of 4–6. When this age has been reached, 
the tree crowns gradually close and the roots of the 
trees also begin to compete with each other (Jansons, 
2008). Analysis of variance shows a significant 
negative effect of basal area on the height of new 
generation trees (p=0.000). This is due to the fact 
that 9 years after cutting, competition between the 
younger generation trees begins to increase, while the 
remaining trees in the stand have filled the growing 
space and start to negatively affect the growth of the 
new generation pine trees by reducing the amount of 
light in the felled areas. Timely performed subsequent 
cut improves the development of both planted and 
naturally regenerated plants (Nilsson et al., 2006). 
Since the height of the trees in the sites 9 years after 
cutting shows a decrease at a larger basal area, it can 
be concluded that there is a need for the subsequent 
shelterwood cut in these stands.
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areas which equals 12. When calculating the uniformity of the regeneration, it can be concluded that only two of the 
five planted sites have achieved the necessary criteria for a stand to be considered regenerated – regeneration has been 
uniformed over the area of 83.3% and 100% respectively. The sites where natural regeneration was planned after 
shelterwood cutting are shown in Table 2. 

Table 2 
The number of trees in objects where natural regeneration was carried out 

The number of object, 
forest type, 

year of felling 
Pnat, N*ha-1 

Uniformity of regeneration 
(success of regeneration), 

% 
6 H, 2013 5600±1231.9 66.67 

7 M, 2012 7166.7±1378.1 75 
8 H, 2012 3566.7±945.1 33.3 
9 M, 2009 3700±694.8 50 
10 M, 2009 5666.7±671.2 100 

Abbreviations: Pnat – naturally regenerated trees; N – number; H – Hylocomiosa; M – Myrtillosa. 

The average number of trees in all sites was more than the minimum number of trees required per hectare, but also in 
these sites the regeneration was not uniformed throughout the stand, with the highest average number of trees by the 
accounting areas being 7166.7 ± 1378.1 trees and the lowest average amount in the site 3566.7 ± 945.1 trees per 
hectare. Only one site is considered to be uniformly regenerated. Analysing the number of trees in sites, it can be 
concluded that, irrespective of the type of regeneration, most sites after shelterwood cutting are not to be considered 
regenerated. It is anticipated that when subsequent cuts are carried out, additional space for natural regeneration will 
be provided.  
Tree height analysis in the research sites. The tree height analysis shows what height the new generation trees have 
reached in the research sites after shelterwood cutting in Myrtillosa and Hylocomiosa forest types with different 
regeneration methods. The average height of trees for both naturally regenerated and planted trees is shown in Fig. 3. 

Figure 3. The average height of trees for both naturally regenerated and planted trees. Mean values are shown ± SE. 
Abbreviations: P nat – naturally regenerated pines, P pl – planted pines. 

In the six sites (felled in 2012 and 2013), tree heights were lower than in other four sites (felled in 2009). It can be 
seen that in the sites where Scots pines were planted, they were higher than the naturally regenerated pines growing 
in the same site. The difference in height is due to the fact that selected saplings are more productive than naturally 
regenerated ones, they have higher genetic quality, and both containerised and bare root plants have well-developed 
and wide root system as well as species proportional roots and shoots, which allow the tree to fully use nutrient and 
water resources. 
The basal area of the remaining stand has a significant influence on the height of seedlings. When the basal area of 
the stand is larger, the height of the plants decreases. The negative impact of the increasing basal area on the tree 
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Figure 3. The average height of trees for both naturally regenerated and planted trees.  
Mean values are shown ± SE. Abbreviations: P nat – naturally regenerated pines, P pl – planted pines.
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The differences in the height of new generation 
trees by types of regeneration in the felling sites of the 
year 2013 can be seen in Fig. 4. 

Variance analysis in both Myrtillosa and 
Hylocomiosa with 95% probability indicates that 
significant height differences are caused by the choice 
of the regeneration method (p=0.000), while the 
basal area of the remaining stand is not significant 
(p=0.340). In both Myrtillosa and Hylocomiosa, like 
previously – in the shelterwood cuttings of 2009, the 
height of artificially regenerated trees was observed 
to be higher than that of naturally regenerated trees, 
indicating the ability of planted trees to produce 
more rapid height increment in the first years of life 
after planting, irrespective of forest type. The height 
of naturally regenerated trees in Hylocomiosa is 
insignificantly lower than that of naturally regenerated 
trees in Myrtillosa. Although Hylocomiosa is a more 
fertile forest type than Myrtillosa, the height of planted 
pine trees in the latter is not significantly lower than 
in Hylocomiosa forest type. As it has been found, 
the reduced additional increment in Myrtillosa and 
Hylocomiosa started within 3–4 years after shelterwood 
cutting. In the cuttings of 2013, no significant impact of 
basal area on plant height was observed, thus the light 
conditions in the felled areas were sufficient and did 
not adversely affect pine growth. Under Hylocomiosa 
forest type, light conditions improve after cutting, and 
on fertile soils an increased shading by herbaceous 
plants is forming. The frequency of weeding depends 
on this shading and should be planned accordingly: 
to improve the growing conditions of the plants, it  
is necessary to schedule the weeding at least once a  
year, but if the shading of herbaceous plants is 

large, tending should be performed twice a year. If 
weeding is not performed, much of the available 
nutrients and water are consumed by herbaceous 
plants, thus impeding the growth of young trees 
(Skudra & Dreimanis, 1993). As the height of the 
trees in Hylocomiosa is lower than in Myrtillosa, it is 
reasonable to assume that after shelterwood cutting 
there has not been sufficient weeding. 

Conclusions
1. Estimated by the number of trees after shelterwood 

cutting, most sites should not be considered 
successfully regenerated; additional planting or 
scarification of soil is required which can improve 
the natural regeneration. 

2. In all the sites both in Myrtillosa and 
Hylocomiosa, after shelterwood cutting it was 
observed that the height of artificially regenerated 
trees is significantly higher than the height of 
naturally regenerated trees, indicating the ability 
of planted pines to produce more rapid height 
increment in the first years of life, regardless of 
forest type.

3. The basal area of the remaining stand has a 
significant negative impact on the height increment 
of naturally regenerated and planted pines, and it 
indicates the need for the subsequent shelterwood 
cut to be performed.

4. Although Hylocomiosa is a more fertile forest 
type than Myrtillosa, the height of the planted pine 
trees in Myrtillosa is higher than in Hylocomiosa, 
where, after shelterwood cutting, no sufficiently 
intensive weeding has been performed in both 
forest types.
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height can be explained by the fact that in the meantime not only the new generation has taken root and grown, but 
also the shelter stand has increased. For the remaining trees of the stand after shelterwood cutting, immediate root 
growth can be expected, but the increment of the trunk volume is not observed immediately after cutting, and this 
period lasts from 2 to 4 years (Jakobsson, 2005). After continuous shelterwood cuttings carried out in Latvia, in most 
cases during the first two years after felling there has been an additional increment of the remaining stand, which is a 
part of the increment of the stand resulting from the impact. In its turn, the maximum of the reduced additional growth 
in Vacciniosa is reached in 5–7 years, while in Myrtillosa and Hylocomiosa the maximum is reached in 3–4 years 
(Liepa, 1996; Zdors, 2015). 
After shelterwood cutting, the feeding conditions of the remaining trees improve, the competition between the trees 
decreases and the light conditions improve, consequently the increase in the growth of the remaining trees in the stand 
can be expected. Considering that the research has shown the reduced additional maximum growth increment in 
Myrtillosa at the age of 3–4 years after performing shelterwood cutting, it is reasonable to assume that in the sites 9 
years after felling, the maximum of the reduced additional increment has already been reached and the increment of 
the mature trees has significantly increased. 
The research in Latvia has proved that the competition between young trees begins to appear at the age of 4–6. When 
this age has been reached, the tree crowns gradually close and the roots of the trees also begin to compete with each 
other (Jansons, 2008). Analysis of variance shows a significant negative effect of basal area on the height of new 
generation trees (p=0.000). This is due to the fact that 9 years after cutting, competition between the younger 
generation trees begins to increase, while the remaining trees in the stand have filled the growing space and start to 
negatively affect the growth of the new generation pine trees by reducing the amount of light in the felled areas. 
Timely performed subsequent cut improves the development of both planted and naturally regenerated plants (Nilsson 
et al., 2006). Since the height of the trees in the sites 9 years after cutting shows a decrease at a larger basal area, it 
can be concluded that there is a need for the subsequent shelterwood cut in these stands. 
The differences in the height of new generation trees by types of regeneration in the felling sites of the year 2013 can 
be seen in Fig. 4.  

Figure 4. The height of trees by types of natural and artificial regeneration in the felling sites of the year 
2013. Mean values are shown ± SE. 

Variance analysis in both Myrtillosa and Hylocomiosa with 95% probability indicates that significant height 
differences are caused by the choice of the regeneration method (p=0.000), while the basal area of the remaining stand 
is not significant (p=0.340). In both Myrtillosa and Hylocomiosa, like previously – in the shelterwood cuttings of 
2009, the height of artificially regenerated trees was observed to be higher than that of naturally regenerated trees, 
indicating the ability of planted trees to produce more rapid height increment in the first years of life after planting, 
irrespective of forest type. The height of naturally regenerated trees in Hylocomiosa is insignificantly lower than that 
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