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1. INTRODUCTION
In intensive forest management regions, the most advantageous timber
stocking takes place through clear-cutting. This creates a continuous
need for reforestation, which is the safest and fastest method of forest
regeneration. For successful forest management it is generally
acknowledged that artificial regeneration activities (planting and
sowing) enhance the quality and growth rate of new forming stands. In
2010, the estimated area of forest regeneration by planting in Northern
Europe was 29% of the area of felling (Europa Forest, 2011). In 2005–
2014, 240,000 ha were clear-cut in Estonia (Keskkonnaagentuur, 2016)
and more than 64,000 ha (27%) of these lands were reforested by
planting. This area was regenerated mainly by Norway spruce (Picea
abies L.) and Scots pine (Pinus sylvestris (L.) Karst.); for example, 71% of
the area planted in 2014 was with Norway spruce and 24% with Scots
pine (Keskkonnaagentuur, 2016).
Among reforestation methods, planting in suitable growing sites
provides the best results in Estonia while direct seeding is only an
option for Scots pine. Potentially fertile sites for conifers are primarily
regenerated with coniferous stock. As an increasing trend, more spruce
plants are also planted into fertile deciduous clear-cut areas to ensure
sufficient emergence of spruces in the second layer of naturally
regenerated deciduous forests. Despite the positive effect of
reforestation, more than 50% of clear-cut areas are still left to natural
regeneration. Most deciduous forests regenerate naturally, although 5–
6% of Silver birch and Black alder stands are annually established also
by planting (Keskkonnaagentuur, 2016).
The quality of planting stock has a strong effect on plantation
establishment and growth in the preclosing phase. The proper type of
planting stock helps minimise the effects of potential growth limiting
factors during planting and in the early growth stage (Evans, 2004).
According to the current standards, forest planting stock in Estonia
must meet the minimum height limit (Metsa uuendamisel lubatud...,
2016), while previously and in other regions also a root collar diameter
limit has been applied. However, it has not been extensively studied
whether the use of the minimum height limit is sufficient and how well
other planting stock quality characteristics that affect the success of
forest establishment are met.
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Coniferous stands form 54% of the total stand volume in Estonia
(Keskkonnaagentuur, 2016). Pine plantations are established with 1- to
2-year-old seedlings (sowing is also used) and spruce plantations with
3-year-old spruce transplants and 2-year-old container seedlings. Longterm trials of the performance of coniferous container and bare-root
stock in Northern Europe are scarce and scattered, being more
extensive in Scandinavia but almost absent in the Baltic region which
has different climatic and soil conditions. Undoubtedly, the growing
and use of container plants has some advantages over those of bareroot plants (Kerr, 1994). At the same time, earlier research has
demonstrated that a disadvantage of stands established with container
plants may lie in higher incidence of a deformed root system
(Lindström and Rune, 1999; Seemen, 2001). Besides that, comparisons
of the performance of container and bare-root seedlings have not
provided consistent results, depending on the level of planting stress
caused by the particular site conditions (Grossnickle and El-Kassaby,
2015). Growth rates are often compared only in the first years
following planting and there are few long-term studies.
Soil scarification has proven to be an effective method in the
improvement of natural or artificial reforestation in boreal areas.
Nowadays in Estonian forests the most commonly applied method for
soil scarification before sowing or planting is disc trenching. Site
preparation with a disc trencher (such as DONAREN 190) creates
various microsites (furrows, slopes, ridges), which could have a
different capacity to promote regeneration. However, the regeneration
potential of different microsites has rarely been studied (Seemen and
Pikk, 1997).
The main objective of this thesis is to evaluate the quality (I), early
growth and survival (II) of planting stock of the main forest tree
species (Scots pine and Norway spruce) in various site types in Estonia.
For comparison, natural forest regeneration of both coniferous and
deciduous trees and its enhancement by soil scarification in mineral
and peatsoil is also analysed (III). This thesis makes a novel
contribution to basic and applied knowledge of forest regeneration at a
local as well as broader international level. In Estonia this is the first
comprehensive study of major planting stock performance during the
past 20−30 years, while previous studies on the topic were carried out
in the beginning of the 1990s (Paal, 1991; Terasmaa, 1991) and/or
analysed plantations which were established even earlier (Seemen,
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2001). Meanwhile, changes in production technologies and standards
of planting stock as well as in silvicultural practices of forest
regeneration have taken place in Estonia and elsewhere in Northern
Europe (Helenius, 2005). The empirical studies conducted as part of
this thesis enable evaluating the success of forest planting after the
mentioned changes.
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2. REVIEW OF LITERATURE
2.1. Planting stock
2.1.1. Types of planting stock
Choosing the right planting stock for the suitable site type for forest
regeneration is a question which has been dealt with for the past two
decades in Estonia since the introduction of container plants into
nursery management (I).
Growing bare-root planting stock has a history of more than 100 years
in Estonia. The good establishment and successful growth of forest
plantations show that bare-root plants are suitable for forest
regeneration. As several studies have concluded (Heiskanen et al., 1998;
Rikala, 2002; Helenius et al., 2002; Grossnickle et al., 2015), one of the
main reasons for developing container planting stock production was
getting suitable planting stock quicker than the traditional open field
nursery management allows. At the same time, the initial experience
with containerised (paperpot) planting stock in the 1980s in Estonia
was rather negative (Paal 1991; Seemen 2001). The production of
containerised plants by using novel plastic cells, resumed in Estonia in
the 1990s. In Sweden and Finland, 90–95% of forest planting stock has
been taken over by container planting stock during recent decades
(Helenius, 2005; Nilsson et al., 2010). This has also influenced
silviculture in Estonia. Today, more than 25 million plants are
produced for domestic use in Estonia. In 2016, 51% of the produced
plants were container seedlings. Also in other Baltic States, conifer
stands are established with either container or bare-root plants in a
50:50 ratio (I; Klavina et al., 2013).
During the last 7–8 years the plug plus one (plug+1) method has been
introduced for producing spruce bare-root planting stock in our state
nursery management mainly due to the promising outcomes with this
method (Hahn, 1984). The plug plus one method combines container
and bare-root technologies, and is expected to enable more stable plant
production in nurseries and also ensure higher survival in forest
plantations. Such spruce plants should acclimate faster in plantations
because they have a larger amount of fine roots (Hansson et al., 2013).
This thesis focuses on the two major stock types – bare-root and
container plants – because long-term research data on the most
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modern plant types (plug plus one plants) is not yet available in
Estonia.

2.1.2. Quality parameters of the planting stock
The ratio of above-ground to below-ground biomass (AGB/BGB or
shoot/root ratio) and the ratio of height to root collar diameter
(H/RCD) are universally used morphological characteristics to express
plant quality (Bernier et al., 1995; Rikala, 2002; Sarvaš, 2003; Haase,
2008). The optimal AGB/BGB ensures that the water and nutrient
requirements of the shoots are satisfied by the existing roots enabling
the plant to start vigorous shoot growth without too high investments
into new root development. Disproportionate above-ground and
below-ground plant parts are considered the main reason for planting
shock (Haase et al., 1993). Experiments in British Columbia with white
spruce (Picea glauca (Moench) Voss) demonstrated an optimal
AGB/BGB ratio of 1.77–2.25, whereas a low ratio had helped plant
establishment in dry soils (van den Driessche, 1991). It is important to
raise the share of roots, especially the quantity of fine roots before
planting bare-root spruce transplants (Flykt et al., 2008). As a broad
generalisation, quality bareroot seedlings should have an AGB/BGB
ratio of 3:1 or less and quality container seedlings 2:1 or less (Haase,
2008). On the other hand, Bernier et al. (1995) who have generalised
the research results on the AGB/BGB ratio, have, in most cases,
found that an increased ratio does not affect the establishment and
growth of coniferous container seedlings.
Container systems typically produce seedlings with a lower AGB/BGB
ratio and a greater root growth potential, conferring greater drought
avoidance potential (Grossnickle et al., 2015). Depending on different
growing technologies (Thiffault et al., 2014) biometrical dimensions
vary a lot between bare-root and container planting stock (Holström et
al., 2008). For example, significant differences have been observed in
height, root-collar diameter (Riikonen, 2016), below- and aboveground biomasses, and the content of nutrients in different parts of the
planting stock (Bergh et al., 2014). The main reasons for the differences
are certainly the age of the planting stock and conditions in
greenhouses compared to the usual growing conditions in open fields.
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Traditionally, a great height of a plant has been considered more
important than its large RCD; however, according to earlier research,
the RCD is regarded an even more essential value than plant height on
which the establishment of both container and bare-root planting stock
depends (Savill et al., 1997). South et al. (1985) have generalised many
research results and concluded that seedlings with a larger RCD have
better initial establishment. A large trunk diameter helps avoid bent
plants (Opio et al., 2000). Such trees are browsed less and they are also
more resistant to the pine weevil and rodent damage (Hannerz et al.,
2002). However, there is a lack of information in literature about the
standards on the RCD of Scots pine and Norway spruce.
Although H and RCD are generally strongly correlated there can still
exist considerable variability in the ratio of these two dimensions. The
H/RCD ratio indicates sturdiness of plants and characterises their
resistance to several physical damages. Plants with a smaller H/RCD
ratio are more resistant to physical damage – vegetation press and
snowpack effect; it helps better stand development during the first
three years (Vaario et al., 2009). To avoid an unbalanced H/RCD ratio
and ensure better survival in plantation, maximum height limit
recommendations are determined for container spruce stock in
Finland, depending on the type of container (Rikala, 2002). It is
suggested that the maximum height limit be 45 cm and 30 cm for
spruce seedlings grown in PL64 and PL81 containers, respectively
(Rikala, 2002). On the one hand, greater height gives an advantage in
terms of competition and is also an indication of a faster-growing
genotype; on the other hand too tall plants might be less stable after
planting and suffer from water stress on dry sites where their higher
transpirational requirements are not satisfied (Haase, 2008).
Another important quality parameter of 2–4-year-old spruce
transplants is the length of the top shoot, where higher increment
refers to a more vigorous plant (Laas, 1962). A very important issue in
planting activity is the resistance to weed competition depending on
the size of the planting stock (Thiffault et al., 2014; Grossnickel et al.,
2015).
During the last decades the minimum requirement for forest
regeneration planting stock has been changed twice in Estonia. Until
2006 the standards for container planting stock were not set, whereas
since 2016, requirements for only planting stock height depending on
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the maximum growing age have applied (Metsa uuendamisel…, 2016).
When compared to our nearest neighbours, there are officially no
growing requirements for planting stock in Finland and in Latvia
(Likumi..., 2016, Evira…, 2016).

2.2. Reforestation
Although historically bare-root planting stock has dominated in
reforestation in Estonia, recently the share of container plants has
formed 50% of the whole production. The main reasons for the
increase in the proportion of container plants include a longer planting
period, faster production of a more uniform stock in greenhouses as
well as better and more symmetric root systems and less expensive and
faster planting in the field (Idris et al., 2004; Davis et al., 2005; Luoranen
et al., 2005; Vaario et al., 2009; Nilsson et al., 2010).
However, post-planting comparisons of container and bare-root
seedlings have produced varying results (Grossnickle and El-Kassaby,
2015). Hunt (2001) and Griswold (1981) found that container plants
performed as adequately as bare-root plants, or even somewhat better.
According to South et al. (2005), longleaf pine (P. palustris Mill.)
container seedlings showed a 20% higher performance over the first
growing period, whereas their mortality rate was 9% greater compared
to bare-root seedlings in the next year. Thiffault et al. (2012) observed
that the height increment of bare-root white spruce (Picea glauca
(Moench) Voss) seedlings was almost equal to that of container
seedlings over the first eight growing seasons, but still, container
seedlings demonstrated a 13% higher survival rate compared to bareroot seedlings. Although growth rates are frequently compared during
the first years after planting, few studies focus on long-term outcomes.
Moreover, a limited number of experiments compare various
contemporary stock types regarding their growth rates in similar
growing conditions. Instead the majority of studies explore a specific
stock type or different growing conditions (Pinto et al., 2011;
Johansson et al., 2012; Heiskanen et al., 2013).
In order to ensure the success of establishment of a new generation of
a conifer stand, it is necessary to use high-quality planting stock
(Youngblood et al., 2011; Heiskanen et al., 2013). Plantation density
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varies in Sweden, Finland and the Baltic countries for Norway spruce
and Scots pine stand establishment (Luoranen et al., 2005; Holmström
et al., 2016; II); it ranges between 1,500 and 3,000 plants per ha in
spruce stands and between 2,500 and 4,500 plants per ha in pine
stands. The main purpose of planting is to achieve the best-quality
timber production in the shortest possible amount of time,
concurrently ensuring a sufficient number of the main tree species after
thinnings and before the final cutting (Brand, 1991; Harrington, 2006).
In most cases pruned stems are grown with the help of natural
regeneration but in higher densities, especially in pine plantations
where the main trees themselves ensure pruning (Ikonen et al., 2009).
Previous research has found that the problem of a deformed root
system occurs more often in stands established with container plants.
Root deformation may even remain for at least the first 20 years
(Lindström and Rune, 1999; Seemen, 2001), consequently leading to
trees becoming unstable as they reach maturity and vulnerable to
windfall. Stands were formerly largely established with plants grown in
paperpots (Scarrat, 1990), whereas recently plastic multi-cell containers
have contributed to better root development of seedlings and
noticeably increased the density of root hairs in the growing substrate
(Rosvall et al., 1998; Gruffmann et al., 2012). Modern containers enable
and facilitate air-pruning for improved formation of symmetric root
systems, thus keeping the possibility of root deformation very low.
This ensures stronger resistance to the wind for the forest stands.
Nevertheless, few long-term studies have analysed and compared the
growth and survival of container and bare-root plants.
The provision of favourable site conditions is essential for ensuring
successful establishment, however, specific conditions and factors
limiting growth – e.g. ground vegetation, pine weevils – often become
significant from the point of view of seedling performance in a clearcut area (Löf et al., 2005; Pitkänen et al., 2008; Ostry et al., 2010;
Nordlander et al., 2011). Soil scarification before planting is strongly
recommended (Heiskanen et al., 2013; Johansson et al., 2012), because
it promotes better and quicker root development, alleviates stress
(Boateng et al., 2009; Uotila et al., 2010) after planting and enables
better weed control (Bergh, 2014). It is certainly needed when using
container plants (Rikala et al., 2004; Rikala and Lappi, 2010).
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2.3. Natural regeneration depending on soil
scarification
Many research findings have proven that soil scarification can affect
the entire system of growing conditions, such as the suppression of
water and nutrient competitors for trees (Nilsson and Örlander, 1995;
Burgess et al., 1996; Nilsson and Allen, 2003), increase in soil moisture
and temperature level (Kubin and Kemppainen, 1994; Johansson et al.,
2005), creation of better light conditions, reduction in soil density
(Lähde, 1978), increase in nutrient mineralisation (Raison et al., 1987;
Persson and Wirén, 1995; Stenger et al., 1995), and reduction in insect
damage (Örlander and Nilsson, 1999; Petersson et al., 2005, 2006).
Water stress caused by competition with herbaceous vegetation may
lead to desiccation of woody plants in dry periods (Nilsson and
Örlander, 1995), whereas the elimination of ground vegetation ensures
excellent germination and fast tree growth (Burgess et al., 1996). Water
stress on seedlings is also increased by high soil temperature
(Lopushinsky and Max, 1990). Competition between herbaceous and
woody plants can be more clearly seen during the first two years
following planting (Nilsson and Örlander, 1995). Natural regeneration
and later development depend on many factors, especially on rich
understorey vegetation, which obstructs tree seeds from reaching the
soil. The germination of seedlings is also hindered by a thick and dense
raw humus layer (Beland et al., 2010).
The positive effect of soil scarification on different tree species is more
profound when site conditions are the most favourable for a species; in
general, better results are observed for deciduous trees than for
coniferous trees (Grigoriadis et al., 2014). The primary contribution of
soil scarification to natural regeneration lies in its timing; the best
results are obtained when seeds fall on fresh soil (Hörnfeldt et al., 2012;
Saursaunet, 2016). In some cases, more than twenty thousand natural
coniferous sprouts may emerge following mineralisation (Béland et al.,
2010), but relying on this for the sake of emergence of a new forest
generation would involve a major risk because of the quick appearance
of rich understorey vegetation (Aleksandrowicz-Trzcińska et al., 2014).
In general, scarification has a beneficial effect on the number of
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deciduous trees, although according to Nilsson et al., (2006)
shelterwood reduces natural conifer tree regeneration because young
plants are usually suffering from light deficiency.
Historically, various mechanical devices (mounders, excavator
mounders, ploughs) have been used for this purpose (Seemen and Pikk
1997; Norberg et al., 1997; Mattson and Bergsten, 2003; Uotila et al.,
2010; Heiskanen, et al., 2013). The most common soil scarification
equipment used to be the forest plough PKL70, which had low
efficiency and it was comparable with the usual agricultural plough.
Nowadays in Estonian forests the routine method for soil scarification
before sowing or planting is disc trenching. As another but a less
frequent method, inverting is used (predominantly in wet sites for
planting container plants), but it was not included in this research.
Compared to other soil scarification methods, disc trenching is more
effective and can be applied across a broader range of site types. In
1994, the disc trencher DONAREN 190 was introduced in Estonia
and considered suitable for the enhancement of natural regeneration
(Seemen, 1995), similarly to the experience in other countries (Sutton
1993; Gray, 2000; Blija, 2006). In the course of soil scarification, the
distance between the discs is 2.0–2.5 meters and the distance between
the furrows is 2.0–4.5 meters, depending on the directions of
movement of the trencher, number of stumps in clear-cut areas, and
placement of logging residual.
The regeneration potential of different microsites that are created as a
result of scarification has rarely been studied and compared. The only
known Estonian study on this topic concluded that the best growing
conditions (regarding moisture and surface hardiness) for woody plants
prevail in the newly formed microsites of furrows and slopes (Seemen
and Pikk, 1997). Their research was started more than 20 years ago and
provided only first-year results, but it was equally necessary to monitor
the development of young stands and estimate the density of natural
regeneration in different microsites in older stands. The formation of
natural stands is gaining importance as the stands get older.
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3. AIMS OF THE STUDY
The main objective of this thesis is to analyse the outcomes of
different types of forest regeneration in Estonia based on long-term
repeated monitoring data from artificially and naturally regenerated
forests. Based on measurements carried out in different nurseries, the
quality of coniferous planting stock depending on stock type will be
evaluated. The thesis will provide the first comprehensive overview in
Estonia about the performance of containerised coniferous plants
produced with plastic cells, which have replaced the old paperpot
method.
The specific aims are:
1. to determine the main quality characteristics (height, root-collar
diameter, above- and below-ground biomass) of coniferous
planting stock (I);
2. to analyse how the growth and survival of Scots pine and
Norway spruce used in forest regeneration depend on stock
type (container seedlings or bare-root plants) up to eight years
after planting (II);
3. to evaluate the effect of soil scarification on natural forest
regeneration in different microsites (untreated, furrow, slope,
and ridge) in fertile forest site types of mineral and peatsoils
during 11 years after clear-cutting (III).
The hypotheses of the thesis are:
1. the main quality characteristics of bare-root stock have higher
degree of conformity with the applied height standard and
generally accepted optimal values compared to container stock
(I);
2. the survival and growth rate of bare-root plants is higher
compared to container plants in plantations during the early
growth stage (II);
3. soil scarification effect on the density of natural regeneration
depends on tree species and site type (III);
4. natural regeneration density differs between the microsites
created by disc trenching (III).
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4. MATERIALS AND METHODS
4.1. Study area
The study area lies in the continental part of Estonia (57°48’–59°11’ N;
24°36’–27°29’ E) and comprises 44 different sites (Figure 1) from
where data were collected during 2001–2009. Estonia represents the
northern temperate climate zone and belongs to the hemiboreal forest
zone. The long-term (1981–2010) average temperature is 6.0°C,
average annual precipitation is 672 mm, with July being the warmest
(17.4°C) and February the coldest (-4.5°C) month (Estonian Weather
Service, 2016)

Figure 1. Locations of the studied sites.
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4.2. Planting stock characteristics (I)
The material for the analysis of the main quality indices of planting
stock (I) was collected from four different state forest nurseries (Table
1) in Estonia in 2001−2007. Two of the nurseries produce container
stock using Plantek containers (spruce in PL64F, pine in PL81F
containers) and the other two grow bare-root stock according to the
standard open-field method. The following growth characteristics of
the plants were recorded: height (last year’s height increment of spruce
plants was also measured), root collar diameter (RCD), above-ground
biomass (AGB) and below-ground biomass (BGB). According to the
measuring results, the ratios between height and RCD and between
AGB and BGB were calculated. In field-grown nurseries, the plants
were dug out along the diagonals in fields at fixed intervals (10–15 m),
and container plants were chosen at random from the seedling trays.
The height of the dug-out seedlings and transplants and their RCD
were measured. Plant height was measured to the nearest 0.1 cm from
the root collar to the top bud, and RCD was measured to the nearest
0.1 mm with a digital calliper. The above-ground and below-ground
parts of the plants were dried in a thermostat up to a constant weight
at +70°C in a Memmert furnace, model 100-800. Their biomasses were
determined with the digital scale Kern EW 150-3M (Germany) to the
nearest 0.01 g. In total, 2,050 plants were measured.
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Table 1. Nursery characteristics (I)
Nursery

Location

Type of plants

Site/soil
characterisation

Koeru/
Kullenga*

58°57’N, 26°01’E/
59°11’N, 26°13’E

Container pine
and spruce

Peatsoil

Marana

58°09’N, 24°56’E

Container pine
and spruce

Peatsoil

Reiu

58°20’N, 24°36’E

Bare-root pine
and spruce

Mineral soil (loam)

Räpina

58°06’N, 27°29’E

Bare-root pine
and spruce

Mineral soil (loam)

*Up to 2003 the seeding line was situated in Koeru state nursery, but was later moved to
Kullenga nursery

4.3. Reforestation study (II)
The reforestation study (II) was conducted in eight experimental
plantations of Scots pine and four experimental plantations of Norway
spruce (Table 2) with a total area of 5.6 hectares. The experimental
plantations were established during the period of 1997–2009 in various
parts of Estonia. In each experimental plantation, trees were planted in
blocks consisting of two rectangular sub-plots (25×35 m), one sub-plot
was established with bare-root and the other with container plants. The
number of sub-plots within one plantation varied from 2 to 12 (Table
1 in II). The plants were planted in the lower part of the microrelief,
more specifically in furrows.
In most of experimental plots, the heights of all trees were measured at
planting and after each growing season up to the age of eight years. In
five earliest trials (year of establishment ≤2001), plant height
measurements with a consistent methodology were initiated 1 year, 2
or 5 years after planting. The height was recorded to the nearest 1 cm
for 1–2-year-old plants and to the nearest 5 cm for plants taller than 1
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metre. In total, 15,399 height measurements were recorded – 69% for
Scots pine and 31% for Norway spruce. The survival of trees was
evaluated after the first and the second growing season as a percentage
reflecting the ratio of the initial density and the number of living
plants.
Table 2. Characterisation of experimental plantations (II)
Plantation
(establishment year)

Location

Tree
species

Site type and site index
(H100, m)

JS288-06 (2009)

58°12’N, 27°19’E

Pine

Myrtillus (23.6)

JS237-06 (2001)

58°16’N, 27°17’E

Pine

Drained raised bog (11.5)

JS301-02 (2007)

58°15’N, 27°18’E

Pine

Myrtillus (23.6)

JS301-02B (2008)

58°15’N, 27°18’E

Pine

Myrtillus (23.6)

QT111-12 (2001)

58°14’N, 26°57’E

Pine

Rhodococcum (23.6)

RP013-07 (2006)

58°10’N, 27°8’E

Pine

Oxalis-Rhodococcum (27.6)

XX151-02 (1997)

58°35’N, 25°45’E

Pine

Oxalis-Myrtillus (27.6)

SJ320-03 (2004)

58°14’N, 24°37’E

Pine

Oxalis-Myrtillus (27.6)

TT042-01 (1997)

58°24’N, 26°35’E

Spruce

Aegopodium (27.6)

SJ177-01 (2005)

58°15’N, 24°43’E

Spruce

Drained-dryopteris (25.5)

PA469-13 (2007)

58°1’N, 25°33’E

Spruce

Oxalis (29.5)

JS285-15 (2000)

58°14’N, 27°18’E

Spruce

Oxalis-Myrtillus (27.6)
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4.4. Natural regeneration depending on soil
scarification and microsite (III)
The inventory of natural regeneration outcomes (III) was carried out
after 11 years in previously scarified units. These areas were clear-cut in
the winter of 1993–1994 and inventoried after the growing period in
1995 and 2005. The representation of forest site types (Lõhmus, 2004)
among clear-cut areas in Estonia scarified in 1994 was taken into
account in the selection of research sites. The number of areas and
sample plots, and the main tree species were determined in 2005.
Inspection of the performance of the disc trencher along with the
determination of the results of regeneration took place in the autumn
of 2005 on 28 sites with a total area of 93 ha. For every site 3–6 sample
plots were established, a total of 95 plots with an area of 1.59 ha,
including 22 sites on mineral soil and 6 on peatsoil. The size of the
clear-cut areas ranged from 0.3 to 9.5 ha. Measured areas in the units
remained between 110 m2 and 942 m2 (Table 1; III).
The disc trencher used (Donaren 190) scarifies the soil forming three
types of microsites with different growing conditions – furrows, slopes,
and ridges. Among the microsites, furrows are the deepest compared
to the surrounding surface level and have the most unvarying growing
conditions, whereas somewhat poorer conditions for seed germination
prevail on slopes due to several shrub layer roots, signs of humus
accumulation, and forest litter occurring in the vertical cross-section of
the soil. Ridges provide the least favourable conditions for forest
regeneration because of their high risk of intense evaporation due to
their shape and low pressure to the ground. No forest management
activities (no seeding and no planting) had been carried out in the study
areas after soil scarification.
Three to four rectangular sample plots ranging from 10×10 to 15×20
m were established in a clear-cut area; the corners were marked with
poles and trees on the surveying lines were cut on borders. The
distances between the sample plots were 25–35 m, which depended on
the size and shape of the clear-cut area. All woody plants by tree
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species and microsites were counted on all sample plots; there was no
size limit for woody plants.

Table 3. Soil and site properties of the natural regeneration study areas
(III).
Site type (no. of areas/
sample plots)

Main tree species
before harvest

Soil type (IUSS Working Group
WRB. 2014) and site index range
(H100, m)

Oxalis-Rhodococcum (1/4)

Pine

Podzol (25–29)

Vaccinium myrtillus (3/12)

Pine, spruce

Podzol (21–25)

Rhodococcum (1/2)

Pine

Podzol (21–25)

Oxalis-Vaccinium myrtillus

Spruce

Podzol (25–29)

Oxalis (2/9)

Spruce, birch

Retisol (25–33)

Hepatica (3/10)

Spruce

Gambisol (21–29)

Aegopodium (7/21)

Birch, spruce

Retisol (25–29)

Filipendula (1/2)

Birch, aspen

Gleysol (21–25)

Drained Vaccinium

Pine

Gleysol (13–17)

Pine

Histosol (13–17)

Pine

Histosol (9–13)

(3/11)

uliginosum (1/4)
Drained transitional bog
(2/7)
Drained peatland (4/13)
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4.5. Data analyses
The average growth and quality parameters of bare-root and container
plants were compared with Student’s t-test (I). Simple linear regression
analysis was used to evaluate relationships between plant height and
quality indices (H/RCD and AGB/BGB ratios).
As part of the reforestation study, the effect of plant type (bare-root or
container) on tree height was tested each year when data was available
up to the eighth year since planting, using the linear mixed (random
intercept) model accounting for the random effect of a block (II). The
analysis was performed with the function lmer in package lme4 with
the R Statistics software. In plantations where trees were planted in
one block, the general linear model was used (function lm). The
relative height difference between the height of container plants and
bare-root plants (used as a reference) in the same block was also
analysed. In this case the above-mentioned models were run as
intercept-only models. The effect of stock type on survival was tested
with the Student’s t-test for dependent samples (survival of two stock
types in each block). Normality of model residuals was checked from
residual distributions and Q-Q plots.
For comparing differences in the numbers of woody plants in different
microsites, one-way ANOVA with between-groups design (Hatcher
and Stepanski, 1994) and t-test were used (III).
The means are reported with a ± standard error in the text. The level
of significance α = 0.05 was used for rejecting the null-hypothesis in
statistical tests. Preliminary data processing was done and most of the
figures were compiled with MS Excel. Measurement data were analysed
with the statistics software R (R Core Team, 2014).
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5. RESULTS
5.1. Planting stock quality (I)
5.1.1. Height and root-collar diameter
The comparison of the mean heights of the planting stock with
different root systems showed that bare-root spruce stock (33.3±0.3
cm) was significantly (t-test, p<0.05) by 19% higher than container
spruce stock (27.2±0.3 cm), whereas the height of container Scots pine
seedlings (16.7±0.3 cm) exceeded that of bare-root seedlings (13.8±0.2
cm) by 20% (t-test, p<0.05).
The mean last year increment of bare-root spruce plants (16.9±0.3 cm)
made up 37–59% of the total height during the measurement years.
The last-year increment of container spruce seedlings (22.2±0.3 cm)
constituted about 78–85% of their height.
According to the standard applied to plant height, the conformity in
our measurements was the following: 93.1% of bare-root spruce
transplants, 98.3% of container spruce seedlings, 98.7% of bare-root
pine seedlings, and 72% of container pine seedlings (Table 4). It must
be noted that standards permit growing the planting stock one to two
years longer for marketing than plants evaluated in this study.
The second essential index of plants is the root collar diameter (RCD).
The RCD at the given height mostly depends on the growth space
during the previous growing period. Since 2016, there are no minimum
requirements for the RCD of coniferous planting stock in Estonia. The
RCD of bare-root pine seedlings (4.0±0.1 mm) was 43% larger (t-test,
p<0.05) compared to container plants (2.8±0.03 mm) and the RCD of
spruce transplants (7.3±0.1 mm) exceeded that of container plants
(3.5±0.03 mm) by 108% (Table 5).
The ratio between plant height and RCD is a complex index that
represents the effects of both important quality characteristics. It was
found that the average H/RCD ratio in container stock was
substantially higher (by 53%) than the average ratio in bare-root plants.
It mainly depended on relatively high growing density in containerised
technology. Generally, taller plants were more slender (had a higher
H/RCD ratio) (Figure 2). Such a relationship was stronger in container
stock, especially in the case of pine.
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Table 4. Minimum requirements of H and RCD of different plant
types according to Estonian standards and the share of plants meeting
these standards in the current study.
Tree

Plant type

species

A*,

Old standard

Current standard**

yrs
H, cm

Scots

Bare-root

3

8 (98.7%)

pine

Container

2

12 (72%)

Norway

Bare-root

5

22 (93.1%)

spruce

Container

2

18 (98.3%)

RCD, mm

H, cm

2 (95%)

8 (98.7%)

-

8 (91.8%)

4 (98.8%)
-

22 (93.1%)
18 (98.3%)

*A – age of the planting stock.
**since 2016.

5.1.2. Above- and below-ground biomass
The above-ground biomass (AGB) of different types of spruce
planting stock varied greatly. The average AGB of container spruce
stock and 3-year-old spruce transplants was 2.18±0.05 g and
11.29±0.23 g, respectively. The relative difference of the AGB of
container pine plants and bare-root seedlings was smaller (nearly 2
times), 1.06±0.03 g and 2.22±0.07 g, respectively.
In general, the below-ground biomass (BGB) of spruce planting stock
distributed proportionately with AGB – the mean biomass of container
plants’ roots was 0.86±0.02 g, whereas the BGB of bare-root seedlings
was 5.20±0.12 g. The mean BGB of container pines (0.53±0.01 g) did
not differ significantly from the BGB of 2-year-old bare-root seedlings
(0.57±0.02 g) (t-test, p>0.05).
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According to our data, the container spruce AGB/BGB ratio was
2.73±0.05 and the ratio of 3-year-old transplants was significantly
lower – 2.30±0.04. A fairly high disproportion could be seen in 2-yearold pine seedlings, with an AGB/BGB ratio of 4.61±0.09. The
corresponding index of pine container plants was 2.13±0.05. The high
value of bare-root pine seedlings was achieved by their great AGB
(Table 5).
Taller plants had contributed more to the accumulation of aboveground than below-ground biomass, with an exception of bare-root
pine seedlings where the respective relationship was nonsignificant
(Figure 2). These relationships were stronger in container stock,
especially in the case of pine.
Table 5. Biometrical characteristics of planting stock. The asterisk (*)
indicates a significant (t-test, p<0.05) difference between bare-root and
container stock within the given tree species. H – height, H increment –
last year height growth, RCD – root collar diameter, H/RCD – ratio of height
and root collar diameter, BGB – below-ground biomass, AGB – above-ground
biomass, AGB/BGB – ratio of above- and below-ground biomasses

Characteristic

Norway spruce
Bare-root

Scots pine
Container

Bare-root

Container

H (cm)

33.3±0.7*

27.2±0.6*

13.8±0.2*

16.7±0.3*

H increment(cm)

16.9±0.3*

22.2±0.3*

-

-

RCD (mm)

7.3±0.1*

3.5±0.03*

4.0±0.1*

2.8±0.03*

H/RCD

4.65±0.04*

7.95±0.07*

3.6±0.04*

6.05±0.11*

BGB (g)

5.20±0.12*

0.86±0.02*

0.57±0.02

0.53±0.01

AGB (g)

11.29±0.23*

2.18±0.05*

2.22±0.07*

1.06±0.03*

AGB/BGB

2.30±0.04*

2.73±0.05*

4.61±0.09*

2.13±0.05*
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Figure 2. Linear relationships between height (H) and growth indices
(H/RCD – height to root collar diameter ratio, AGB/BGB – ratio of aboveground and below-ground biomasses) of bare-root (BR) and container (CO)
pine and spruce planting stock.
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5.2. Post-planting growth and survival (II)
5.2.1. Height growth
In pine plantations, the mean initial height of container plants varied
from 5 to 15 cm and the mean height of bare-root plants ranged from
9 to 23 cm (Figure 3a). In three plantations container plants were
significantly higher and in two plantations significantly shorter than
bare-root plants (Figure 4a). After the first two to three growing
seasons, the height of container seedlings was 5–20 cm greater than
that of bare-root seedlings, while in relative terms the difference could
be 50% or more. Generally, the height after the second growing season
was not related to the initial height in pine of both stock types.
However, the lowest height increment of bare-root plants during the
first two years (13 cm) was observed in the plantation SJ320-03, where
their initial height had been the highest (23 cm). During the studied
growing seasons, the difference between plant types generally became
less evident. An exception was in the plantation XX151-02 where
container seedlings were the shortest (5 cm) at planting and their
difference from bare-root seedlings increased during the eight-year
study period. Based on aggregated data from all plantations and study
years, the average height development curves of pine from both stock
types coincided (Figure 3a).
Most of the pine plantations were growing on sites of medium fertility
for pine, representing dry and fresh boreal forests (Rhodococcum,
Myrtillus and Oxalis-Myrtillus forest site types); as an exception, JS237-06
represented poor conditions of a drained peatland forest. Although the
height growth of the trees after eight years was the slowest in this
plantation, the site conditions were not reflected in the mean height
difference between the two stock types, which was comparable to
other plantations (the lowest pair of growth curves in Figure 3a).
In spruce plantations, the mean initial height of container plants varied
from 11 to 29 cm and the height of bare-root plants varied from 22 to
34 cm (Figure 3b). In two plantations where the initial height had been
measured, container plants were initially significantly shorter than bareroot plants (Figure 4b). After the first two to three growing seasons,
the discrepancy disappeared in two plantations while in one plantation
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container plants remained significantly shorter. Afterwards (between
the ages of four to eight years) a slower growth of container plants was
observed in two plantations, especially in TT042-01. In this plantation
the initial height of container plants was also the lowest (Figure 3b, 4b).
Generally, the height after the second growing season was significantly
positively correlated with the initial height of spruce of both stock
types. Based on aggregated data from all plantations and study years,
the average height development of spruce container plants never
exceeded that of bare-root plants and the height difference increased
gradually during the first eight growing seasons (Figure 3b).
Most of the plantations were growing on highly fertile sites for spruce,
representing fresh boreal and boreo-nemoral forests (Aegopodium,
Oxalis and Oxalis-Myrtillus forest site types); as an exception, the
plantation SJ177-01 represented somewhat poorer conditions of
drained paludified forests (drained Dryopteris forest site type).
Nevertheless, in this plantation the growth rate of trees was very good
and the height difference between the two stock types was comparable
to that observed in other plantations.

Figure 3. Development of average tree height of bareroot (solid lines)
and container (dashed lines) seedlings in the studied plantations of a)
Scots pine (n = 8) and b) Norway spruce (n = 4); inset figures show the
average values for all plantations.
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Figure 4. Height difference between container plants and bare-root
plants (used as a reference) in the studied plantations of a) Scots pine
and b) Norway spruce. Annual mean differences are shown as filled
circles when the difference was statistically significant (mixed model,
p<0.05), as empty circles when no difference was detected or with a
straight line (no circle) when only mean height data was available; error
bars indicate 95% confidence intervals for the mean difference.

5.2.2. Survival
The survival of Scots pine and Norway spruce varied from 43 to 98%
and from 63 to 99%, respectively, after the first year, and from 52 to
97% and from 21 to 92%, respectively, after the second year. Thus,
survival was higher in spruce plantations although it dropped slightly
faster by the second year compared to pine. In both pine and spruce
plantations, tree survival after the first two growing seasons was not
affected by stock type (Table 6).
In three pine plantations with the lowest survival rate, significant
damage by the large pine weevil (Hylobius abietis L.) was observed. In
those plantations ca. 50% of damaged plants eventually died while the
remaining 50% survived although their growth was suppressed.
The survival of container and bare-root plants was moderately
interrelated within study blocks in the first and second growing season,
whereas a trend occurred during which container plants performed
slightly better in sites with a generally poor survival rate. The survival
of bare-root pines after the 2nd year was negatively affected by the
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initial height of seedlings, while the survival of pine container plants as
well as the survival of spruce from both stock types was not
significantly affected by the initial height. Even in the study block
where pine container plants had the lowest initial height (5 cm), their
survival rate was relatively high (80%). At the same time, the height of
spruce after the second year was positively correlated with the initial
height in both stock types while no such relationship was detected in
the case of pine where heights had equalized.
The highest survival rate of pine plants after the second year was
observed in plantations XX151-02, JS288-06 and RP013-7 (the average
value of both stock types ranging from 76 to 81%), which represent
the most fertile sites for pine within our study. As an exception,
survival was low in the plantation SJ320-03 (39%), representing also a
fertile site, but with high pine weevil damage. The lowest survival rate
(38%) was observed in the plantation JS237-06 on a poor drained peat
forest site, where also pine weevil damage had occurred. All spruce
plantations represented highly fertile sites for spruce, thus no reliable
conclusions about the interaction between site fertility and survival of
different stock types can be drawn.
Table 6. Mean and range of survival (%) after the first and the second
growing season by tree species and stock type (based on sub-plot-level
data).
First growing season
Tree species

Second growing season

Stock type
Mean

SE

Min-Max Mean

SE

Min-Max

Norway spruce

Bare-root

89

3.8

70−98

74

5.1

58−88

Norway spruce

Container

89

5.1

63−99

71

7.9

52−97

Scots pine

Bare-root

71

4.6

43−98

61

4.9

36−92

Scots pine

Container

72

4.6

43−95

58

5.1

21−92
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5.3. Natural regeneration depending on soil
scarification (III)
5.3.1. Scots pine
During the first inventory of natural regeneration in scarified areas in
1995 (one year after the clear-cut), sporadic pine plants were only
found in Vaccinium myrtillus and transitional bog forest site types, except
for one clear-cut area in drained Vaccinium uliginosum site type with
3,800 naturally regenerated pines per ha (Figure 5). Few pine plants
were growing in the areas left to natural regeneration also after 11 years
from soil preparation. More pines had appeared only in Vaccinium
myrtillus, Rhodococcum and Oxalis site types. Natural regeneration of
Scots pine was missing in Oxalis-Rhodococcum, Oxalis-Vaccinium myrtillus,
Hepatica and Filipendula site types and was very low in Aegopodium and
transitional bog forest site types. A noteworthy fact is that the rich pine
regeneration that occurred in Vaccinium uliginosum site type had perished
during the 11 years following soil preparation.
One year after soil preparation in areas where natural regeneration was
observed, most of the pines (72%) in clear-cut areas on mineral soil
were growing in furrows, 23% on slopes and less than 5% on untreated
soil; no pines were found on ridges (Figure 6).
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Figure 5. Average numbers of naturally regenerated a) pines and b)
spruces in different site types during the initial (1995) and repeated
inventory (2005); data from Table 2 in article III.
After 11 years, the distribution of trees on mineral soil had become
more homogenous by microsites: 22% of trees were growing on
untreated soil and the relative number of trees was practically equal in
furrows and on slopes (34% and 30%, respectively); pines had also
appeared on ridges (14%) (Figure 6). After one year, sporadic naturally
regenerated pines (110 pine plants per ha) could be found on slopes in
clear-cut areas in transitional bog forests and drained peatland forests.
Scots pine natural regeneration was also low after 11 years; trees on
slopes had perished and new pine plants had started growing on
untreated soil and in furrows. In 2005, a significantly higher (p<0.05)
number of pine plants per ha was growing in the scarified area
compared to the undisturbed area. 78.3% of the plants were growing
on treated soil, which by area constituted 60.9% of the total clear-cut
area, reflecting the positive effect of soil preparation on pine natural
regeneration.

36

Figure 6. Distribution of different types of microrelief (UT –
untreated, FU – furrow, SL – slope, RI – ridge) after soil scarification
by area and share of naturally regenerated pines and spruces during the
initial (1995) and repeated inventory (2005) in a) mineral (dry, fresh)
and b) peatland forests; reworked from Figure 2 in article III.
Generally, the density of pine and spruce plants increased between the
1995 and 2005 inventories in the microsites created by disc-trenching,
especially in furrows and on slopes (Figure 3 in III). The respective
number was the largest in furrows and on slopes both in 1995 and
2005. For example, in the clear-cut area in Vaccinium myrtillus site type
with 1,500 pines per ha, 52% of the trees were found on untreated soil
and 48% on slopes; no pines were growing in furrows or on ridges.
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5.3.2. Norway spruce
The outcome of Norway spruce natural regeneration was somewhat
different compared to that of Scots pine, although it varied
significantly by forest site types and plots. In the end of the first
growing season following soil scarification, naturally regenerated
spruce plants were observed in half of the clear-cut areas of the
researched site types (Figure 5). The largest number of spruce plants
was found in Vaccinium myrtillus site type. Spruce plants also occurred in
Hepatica and Aegopodium site types as well as in the clear-cut areas in
drained peatlands and transitional bog forest site types. During the
following 11 years, the number of spruce plants had significantly
increased in clear-cut areas in Oxalis-Rhodococcum, Vaccinium myrtillus and
Oxalis site types, with over 2,200 plants per ha and in Oxalis-Vaccinium
myrtillus site type with ca. 1,000 plants per ha.
Among naturally regenerated spruce plants, approximately 60% were
growing on untreated soil on both mineral and peatsoil in 1995.
Depending on soil type, 16–26% of the spruces were growing on
ridges; few plants occurred in furrows and on slopes (Figure 6). In
2005, 23% of the spruces were growing on untreated soil; the number
of trees in furrows and on slopes and ridges had increased to some
extent. Data on the density of trees also reflected a greater number of
spruces on untreated soil and slopes compared to furrows and ridges.
Therefore, the obtained results showed that soil scarification had a
significant (p<0.05) effect on the natural regeneration of Norway
spruce; 76.8% of spruce plants were growing on treated soil, which by
area constituted 55.5% of the total clear-cut area.
Soil scarification had a significant effect on the abundance of the
natural regeneration of Norway spruce – the numbers of plants were
significantly different on untreated soil and on disturbed soil. In
mineral and peatsoils 550 trees per ha, on average, were growing on
untreated and 4,260 trees per ha on scarified soil (Figure 4 in III).
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5.3.3. Deciduous trees
Compared to coniferous trees, the number of Silver birches in clear-cut
areas was already high at the end of the first growing season following
soil scarification (Figure 7). In Vaccinium myrtillus and Aegopodium clearcut areas, 36,020 and 14,070 plants, respectively, were growing per ha.
In other site types, the number of birches reached 1,550–6,480 ha-1. In
half of the site types, the number of birches rose 2–4 times during 11
years from soil scarification, reaching a maximum of 13,971 trees per
ha in drained peatlands. In the rest of the site types, there was a slight
decrease in the number of birches; the smallest number of birches had
remained in the clear-cut areas of Hepatica site type. On mineral and
peatsoil 70% of birches were growing on untreated soil after the first
year of soil scarification (Figure 8). More than 40% of the birches were
growing on untreated soil 11 years later, approximately 10% in
furrows, 30% on slopes and 20% on ridges. The efficiency of
scarification in Silver birch dominated stands was low – 54.9% of birch
plants were growing in disturbed areas, which formed 56.3% of the
total clear-cut area.
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Figure 7. Average numbers of naturally regenerated a) birches and b)
aspens in different site types during the initial (1995) and repeated
inventory (2005), data from Table 2 in article III. Two exceptionally
large values are shown numerically above the columns.
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Figure 8. Distribution of naturally regenerated birches and aspens by
microsites (UT – untreated, FU – furrow, SL – slope, RI – ridge) after
soil scarification during the initial (1995) and repeated inventory (2005)
in a) mineral (dry, fresh) and b) peatland forests; reworked from Figure
2 in article III.
The number of European aspens in researched areas was, in general,
smaller than that of birches and their distribution was more uneven by
site types. After the first inventory, the density of aspens was greater in
Hepatica and Aegopodium site types. No aspens were found in OxalisRhodococcum, Oxalis, Vaccinium uliginosum and transitional bog forest site
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types. 69% of aspens on mineral soil and 51% of aspens on peatsoil
were growing on untreated soil. After the second inventory, the
number of aspens had considerably increased in Vaccinium myrtillus
sites, whereas in the rest of the site types, the relative importance of
aspen had declined. The regeneration of aspen also differed
significantly between site types. 75% of aspens were growing on
untreated soil, 18% on slopes and 7% in furrows. The growing density
of aspens was also the highest on untreated soil. During the time
between the two inventories, aspen had mostly fallen out of the
composition on peatsoil; only a few trees had survived.
In addition to birch and aspen, numerous other deciduous trees (Salix
sp., Tilia cordata, Alnus sp., Sorbus aucuparia, Prunus padus, Fraxinus
excelsior) were growing in some clear-cut areas – 14,410 plants per ha in
Oxalis sites, 12,600 plants per ha in Oxalis-Rhodococcum sites, and 11,030
plants per ha in Filipendula sites. During the following 11 years, the
number of other deciduous trees decreased in most of the site types,
whereas the opposite trend occurred in Hepatica and Aegopodium site
types. One year following soil scarification, 50% of other species were
growing on untreated soil and 31% on ridges. 11 years later, 71% of
deciduous trees were growing on untreated soil and stand density was
also the highest on this microsite. The natural regeneration of
deciduous trees was low on peatsoil and during the 11 years they fell
out of the composition of young stands.
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6. DISCUSSION
6.1. Planting stock
The size of a plant is one of the most important morphological
characteristics of planting stock. Most of the studied pine and spruce
plants exceeded the minimum height limit set by the current standards
in Estonia. Although the minimum stem diameter limit is no longer
prescribed, also the observed diameter mostly exceeded the previously
applied limits. According to research done by South and Mason (1993),
smaller plants cannot reach the growth of taller trees and they remain
in undergrowth after crown closure. Long-term growth studies of
Norway spruce have demonstrated that size differences in planting
remain for 9 years or more. Estonian research (Laas, 1984; Margus,
1988; Terasmaa, 1991) so far has confirmed that initial growth
differences prevail for at least 10–12 years after planting. A deformed
root system cannot cover increased transpiration, which, in turn, leads
to transpiration decrease, assimilation decline and establishment and
growth worsening (Lamhamedi et al., 1998). In another study it was
found that in the first two years after planting, the height increment of
1-year-old small pine plants (height 4.5 cm and RCD 2.3 mm) was
higher, but due to the greater initial height, 2-year-old large (height 21.4
cm and RCD 4.2 mm) plants still remained taller (Suchockas, 1999).
However, different outcomes have also been reported, for example
after 2–3 years from planting, the growth increment of taller pine
seedlings was lower than the corresponding index of smaller plants and
the differences in seedling height were levelled (Valtanen et al., 1986).
Moreover, on dry soils, the mortality of taller plants is high in summer
and their height increment is low in the first year of growth (Stewart et
al., 1995).
The last-year height increment of 4-year-old bare-root spruce
transplants should be close to the sum of heights of the first three
years, it describes growing potential and the stress level of stock after
planting (Laas, 1962). Last-year height increment formed 51% of the
total height of bare-root planting stock evaluated in the current study,
and therefore, the above-mentioned precondition was fulfilled.
When we compare the H/RCD ratio of containerised and bare-root
pine seedlings observed in the current study in Estonia, it can be seen
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that bare-root seedlings are sturdier (average ratio 3.6). In Finland, 10–
15 cm high bare-root pine seedlings had an H/RCD ratio of 3.3–3.8
(Rikala, 2002). Containerised spruce plants had a very high H/RCD
ratio (7.95) in the current study while according to literature, it should
be between 5.0–5.5 (Rikala, 2002).
Besides plant height and the RCD, above-ground (AGB) and belowground biomass (BGB) and their ratio are also considered important
indices that determine the success of reforestation. In the current
study, it was found that both bare-root pine and spruce stock had a
significantly larger AGB than that of containerised stock. Obviously,
the establishment of plants is better when their above-ground and
below-ground parts are in optimal balance. To ensure proper
establishment, it is recommended to use seedlings with a height below
30 cm and a AGB/BGB (same as our) ratio below 2.5, especially in dry
site types (Boyer et al., 1987), the AGB/BGB ratio should not be
greater than 3:1 (Aldhous, 1994); the ratio 2:1 is taken as an ideal
(Bernier et al., 1995). From this respect the findings from the current
study (Figure 2) suggest that a notable amount of plants exceeded one
or both of these limits.
Comparing the AGB and BGB of the same species, we determined an
essential difference: bare-root seedlings had a 2 times higher AGB
compared to that of container plants, but they had the same BGB.
Disproportionately small root biomass may cause a poor establishment
of 2-year-old pine seedlings (Lopushinsky, 1976). Plants with a
balanced AGB/BGB ratio are more resistant to snow and frost
damage, especially in the case of bare-root spruce planting stock
(Sarvaš, 2003).
It was hypothesised that the main quality characteristics of bare-root
stock have better conformity with the standards and known optimal
values than those of container stock. However, this was not supported
by the findings. Plants from both stock types met the minimum height
requirement, but this did not automatically guarantee balanced
AGB/BGB and H/RCD ratios. Bareroot pines had often quite a high
AGB/BGB ratio while bareroot spruces were often too high.
Container plants, on the other hand, tended to be too slender (had a
high H/RCD ratio), especially in the case of pine.
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6.2. Reforestation
Overall, we did not detect any major differences in the performance of
bare-root and container pine and spruce plants in terms of height
growth and survival. In the case of pine the growth and survival of the
two stock types did not differ significantly. This agrees with some
earlier studies reporting no differences between bare-root and
container plants (Griswold, 1981, Rasanen, 1981; Hunt, 2001). Other
studies report better growth and survival of container plants in
reforestation (e.g. Nilsson and Ördlander, 1995; Folk, 2000). This is
usually related to their better stress resistance, while in non-stressful
conditions both stock types can have comparable field performance
(Grossnickle and El-Kassaby, 2015). Various technologies are applied
in the production of container plants, and containers of different size
as well as substrates with different component ratios are used (Williams
and Strope, 2002; Thiffault et al., 2014). In this study, containers of the
same type were used for one tree species.
In the case of Norway spruce, however, we detected a negative
although not a considerably big height difference between container
plants and bare-root stock. Further surveys of these stands will show
whether this effect is increasing with time also after the first eight
years. Generally, the roots of Norway spruce are considered to be
weaker than the roots of Scots pine in terms of root rot damage, wind
damage and resistance to water-logging (Laas, 2011). Some earlier
studies have shown root deformations of container stock at an older
age, although in our study the type of containers should have avoided
this. However, root deformations have been observed mostly in Scots
pine (Linström and Rune, 1999; Rune, 2003).
The better initial growth acceleration of Scots pine container plants
during the first two to three years is in accordance with other studies
with conifers (South et al., 2005; Davis and Jacobs, 2005) and is
probably caused by less stressful planting compared to bare-root plants
which are more prone to root injuries and desiccation. Container plants
are less sensitive to damage caused during transportation and planting
(Stjernberg, 1997; Rikala, 2002; Singleton, 2011). In contrast, bare-root
plants first have to restore the functioning of their root hairs in order
to ensure sufficient intake of minerals and water after having been
planted in a clear-cut area (Nilsson and Örlander, 1999). As a
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consequence, the height growth of bare-root plants decreases in the
first and second growing season (Hallman et al., 1978).
After the third growing season, differences between the height growth
of both stock types of Scots pine became less marked, which is in
accordance with many earlier results indicating that notable differences
between the heights of stands established with different planting stock
disappeared 3–5 years after planting (e.g. review by Nilsson et al.,
2010).
Our results suggest that despite the smaller initial height of container
plants, their survival in the second growing season was almost equal to
that of bare-root plants. Similarly, also Metsämuuronen et al. (1978)
and Sluder (1979) found good results with Scots pine container plants
with a small initial height (3–6 cm). Some studies have also shown that
the initial height of plants affects their future height growth for at least
the first 13–15 years following planting (Sluder, 1979; Kiiskila, 2004;
Hytönen and Julhä, 2008).
Average survival was not affected by stock type. Interestingly, a trend
occurred which indicated that in more adverse sites container plants
performed slightly better than bare-root plants (II). A similar
relationship has been observed in longleaf pine, P. palustris Mill.
(Southet al., 2005). The growing substrate may provide sufficient
moisture for seedlings (Rikala, 2002; Singleton, 2011), which is why
container plants are more resistant to possible extreme conditions,
including draught (Boyer, 1989).
It has been previously found that since bare-root plants have a larger
root collar diameter at planting compared to container plants, they may
also be more resistant to damage caused by the pine weevil (Nilsson et
al., 2010). Based on the results of this research, we cannot draw
specific conclusions on the advantages of the performance of bare-root
plants with respect to weevil damage, because the latter was detected
both in container and bare-root plants.
Good performance and height growth of forest establishments are
dependent on many factors, primarily on plant quality and suitable
growing conditions (Johansson, 1996; Ekö et al., 2008; I). Moreover,
successful forest regeneration requires soil scarification (Nilsson et al.,
2006, Heiskanen et al., 2007; Nilsson et al., 2010; Lehtosalo et al., 2010;
Johansson et al., 2013). Soil scarification was performed in all studied

46

plots, which ensured equal initial growing conditions. Future
development of planted trees is significantly influenced also by weed
control (Wang et al., 2000; Götmark et al., 2005; Saksa and Miina, 2007;
Sharma et al., 2010). Moderately moist fertile soils encourage intense
competition between ground vegetation, the brush layer, naturally
regenerated undesirable broad-leaved tree species and planted trees
(Sarvaš, 2003, Götmark et al., 2005; Nilsson et al., 2010). Ground
vegetation also affects Norway spruce the most in the second year after
planting (Nilsson et al., 2010).

6.3. Natural regeneration
6.3.1. Scots pine
In this study, the number of pine plants was significantly higher and
their growth better on sample plots on scarified mineral soil than on
untreated mineral soil after 11 years. Thus, as expected, soil
preparation had a beneficial effect on pine natural regeneration in pine
stands on mineral soil. The expedience of using disc trenchers for
promoting natural regeneration on peatsoil requires further research.
Five to ten seed trees per ha were kept in the studied pine stands,
therefore the seed resources can be considered quite similar.
Similarly, the results of the research carried out in Sweden indicated
that the number of naturally regenerated pine plants in clear-cut areas
scarified by a disc trencher had almost doubled (ca 5,000 plants per ha)
compared to untreated clear-cut areas (<2,500 plants per ha) after 4–7
years from scarification. Naturally regenerated pine plants alone are not
enough for the formation of closed young pine stands; however, a
relatively rich natural regeneration of pine supports planting and
therefore the initial density of plantations can be reduced in some site
types (Nilsson et al., 2006).
The findings of the research by Hyppönen and Kemppe (2001) also
showed the positive effect of soil scarification on the natural
regeneration of pine: 12 years after scarification, the number of pine
plants in the untreated area was 3,500 per ha, but 7,200 in the
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disturbed area. It was also pointed out that an exceptionally good pine
seed year followed the scarification. According to another, similar
study (Hyppönen et al., 2001), the number of pine plants in the area
scarified by the disc trencher was a little higher after the 18th growth
year than in the untreated area (2,400 and 2,300 plants per ha,
respectively).
Karlsson and Nilsson (2005) generalised the results of earlier research
and concluded that soil scarification has a positive influence on the
natural regeneration of pine, spruce, and birch. These results coincide
closely with the outcome of this research, according to which soil
scarification gave the best results in pine stands on mineral soil – the
number of pines increased in furrows as well as on slopes and ridges.
Thus, soil scarification produced desired results. In Sweden (Nilsson et
al., 2006), it is suggested that dry or mesic site types on nutrientdeficient or moderately fertile soils be left to pine natural regeneration.
It would be useful to also follow similar recommendations for
enhancing pine natural regeneration in site selection in Estonia.
Although the abundance of pine natural regeneration in the first years
following scarification may also be great on damper soils, for example
in furrows in the Vaccinium uliginosum site type, the regeneration will
perish within the next few years due to periodic excessive moisture.
The research by Oleskog and Sahlen (2000) observed moisture
conditions and pine seed germination capacity in four substrates
(feather moss, mineral soil, humus and organic material on soil). It
appeared that the germination capacity of pine seeds is the highest in
the humus layer (40%) and in a moderately moist and warm
environment.

6.3.2. Norway spruce
According to this research, the impact of soil scarification on the
natural regeneration of spruce on mineral soils was initially only slightly
positive; however the beneficial effect became stronger with time.
Similarly, in Finland, the effect of soil scarification on the natural
regeneration of spruce is positive in boreal forest site types (Empetrum
nigrum, Rhodococcum site types), ensuring a larger number of trees
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(approximately 500 plants more per ha), which will secure good
formation of the regeneration after 12 growth years (Hyppönen and
Kemppe, 2001). On the other hand, in Sweden the number of naturally
regenerated spruce plants (ca 1,000 plants per ha in untreated clear-cut
areas) was significantly smaller than that of pine, with scarification
having no remarkable effect compared to the existence of shelterwood
(Nilsson et al., 2006). Soil scarification did not increase the density of
spruce plants also according to Karlsson and Nilsson (2005). One of
the reasons behind such results is the rapid post-scarification weed
invasion in fertile soils in spruce stands. At the same time, weed
invasion could vary depending on the microsite and be restricted in
furrows by shade and falling litter of more vigorously growing weeds
on ridges (Seemen and Pikk, 1997), which may partly explain why
shade-tolerant spruce seedlings eventually became more abundant on
scarified soil, especially in furrows and on slopes. Valkonen and
Maguire (2005) found that the number of spruce germinations on a
unit of area was positively related to the shrub cover (Vaccinium myrtillus
L. , Calluna vulgaris (L.) Hull ) and yet negatively to general vegetation
(Calamagrostis Adans. spp., Salix L. spp., Rubus idaeus L.). During the
first growing years, germination capacity in scarified conditions was
4.3–6.9 times higher than in unscarified conditions (Valkonen and
Maguire, 2005). The growth of coniferous trees is also hindered by the
natural regeneration of deciduous trees in clear-cut areas (Piatek and
Allen, 2000).

6.3.3. Deciduous trees
Results of this study proved that the abundance of deciduous tree
seedlings showed a slightly positive response to soil scarification.
Different microsites contributed to the abundance of natural
regeneration especially in the case of Silver birch. Eleven years
following soil preparation, the growing density of birches on slopes on
mineral soil was significantly higher than on untreated soil. Birch seed
trees were usually not left growing in clear-cut areas (before the year
1998). Birch as a typical pioneer species arrives easily at disturbed sites
(Hynynen et al., 2010); however the abundance of seed-producing
birches in the surrounding forests obviously had some effect on the
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observed regeneration densities. At the same time vegetative
regeneration of European aspen was not affected by soil scarification.
Based on Finnish studies, the number of pines, spruces and birches
started to decrease after the 10th year following soil scarification
(Hyppönen and Kemppe, 2001). Consequently, furrows provided more
unfavourable conditions for the survival of both coniferous and
deciduous trees, as did ridges for the growth of deciduous trees,
compared to slopes. It is likely that plants perished on ridges due to
low soil density and percolation. However, Heiskanen et al. (2007)
show that water retention and air-filled porosity were significantly
higher and the density lower in ridges than in the untreated area. Their
results indicated that changes in the physical characteristics and organic
substance content of soil may affect the water regime in the soil and,
thus, also preconditions for forest growth after over 20 years from soil
scarification in Lapland (Heiskanen et al., 2007).
Soil scarification probably causes no significant effect on the survival
of regeneration due to the increased leaching of nutrients, because it
influences soil fertility only slightly (Piirainen et al., 2007) or not at all
(Nohrstedt, 2000).
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7. CONCLUSIONS
Due to the development of nursery management during the last two
decades, the production amounts of container and bare-root planting
stock are almost equal in Estonia. The first hypothesis was partly
confirmed, as the main quality indices of bare-root stock exceeded
minimum requirements more or were closer to the optimal values
compared to container stock (I). However, both stock types met the
current planting stock standards, which prescribe just the minimum
height. Average height differed nearly 20% between spruce bare-root
and container plants. The RCD of container pine seedlings formed
70% and the corresponding index of container spruce planting stock
formed 48% of the bare-root planting stock diameter growth. The
average H/RCD of spruce container seedlings was too high (7.9),
which makes plants less resistant to physical damage in plantations. To
summarise, the current height standard alone could be insufficient to
guarantee the production of the best quality planting stock.
The second hypothesis was rejected in the case of Scots pine. The
post-planting growth and survival of Scots pine bare-root and
container seedlings were similar, which suggests that container
seedlings should be preferred as planting stock because they possess
several other advantages (II). For example, container stock is produced
more easily using intensive propagation methods; it enables more
convenient transportation and is less sensitive to planting stress. When
using bare-root pine plants, the ones with a smaller initial height have
better quality since their survival rate is higher but their growth rate is
similar to that of plants with a bigger initial height.
The second hypothesis was partly accepted in the case of Norway
spruce. Although the survival of Norway spruce bare-root transplants
and container seedlings was similar, height growth tended to be slightly
lower in container seedlings; therefore, further research is required to
determine how much this affects stand productivity in the long term
(II). The survival of spruce plants did not depend on the initial height,
although height growth was more rapid in plants with a bigger initial
height. To conclude, in more fertile sites, which are planned to be
reforested with spruce plants, bare-root stock should be preferred over
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container stock, as it has sturdier characteristics for competing with
understorey vegetation.
The third hypothesis was accepted as the soil scarification effect on the
density of natural regeneration depended on both tree species as well
as site type. Soil scarification had a positive effect in typical sites for
pine rather than spruce (III). Deciduous trees regenerated sufficiently
also without any intervention. Spruce stands containing deciduous
trees are likely to form in Vaccinium myrtillus, Oxalis and OxalisRhodococcum site types.
The fourth hypothesis was supported by the results as the natural
regeneration density differed between the microsites created by disc
trenching (III). After 11 years since clear-cut and soil scarification, the
number of pines had decreased and the number of spruces had
increased in furrows, while the abundance of both species had risen on
slopes. The regeneration of deciduous trees was more abundant on
slopes and ridges and smaller in furrows. Therefore, the mechanical
settings of the disc trencher could be adjusted in order to ensure the
maximal regeneration in the given site. For sites where deciduous trees
and conifers grow together and natural conifer stands are preferred, it
is important to carry out soil scarification and later pre-commercial
thinning to contribute to the growth of conifers.
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SUMMARY IN ESTONIAN
ISTUTUSMATERJALI JA MAAPINNA
ETTEVALMISTAMISE MÕJU METSA
UUENDAMISELE
Sissejuhatus
Intensiivse metsamajandusega piirkonnas on lageraie kõige efektiivsem
viis puidu varumiseks. See tingib omakorda vajaduse uuendada
lageraiealasid, sh kultiveerida, et võimalikult kiiresti taastada uue
metsapõlve ökoloogiliselt ja majanduslikult väärtuslik liigiline koosseis
ning samas luua mitmekülgne metsamaastik. Euroopas metsastati 2010.
aastal lageraietest ca 30%. Aastatel 2005–2014 tehti Eestis lageraiet
rohkem kui 240 000 hektaril, millest enam kui 64 000 hektaril korraldati
metsauuendamise töid istutamise teel (Keskkonnaagentuur 2016).
Hariliku kuuse istutuskultuurid moodustasid 71%, hariliku männi
istutuskultuurid 24% ning arukase ja sanglepa istutuskultuurid ligi 5%
kogu rajatud metsakultuuridest (Keskkonnaagentuur, 2016).
Kuusekultuurid rajatakse Eestis peamiselt 3–4-aastaste paljasjuureliste
taimedega või 2-aastaste konteiner- ehk potitaimedega, männikultuurid
2-aastaste paljasjuureliste ja 1-aastaste konteinertaimedega. Sobilikes
kasvukohtades tehakse ka männikülvi.
Kui Põhjamaades on konteinertaimede osakaal küündinud 95%-ni
istutusmaterjalist (Helenius, 2005; Nilsson et al., 2010), siis Eestis on
see ca 50%. Ühtekokku toodetakse meil metsakultiveerimiseks aastas ca
25 mln sobilikku taime, millest poole moodustab paljasjuurne
istutusmaterjal (I; Klavina et al., 2013).
Paraku ei ole siinsetes tingimustes tehtud pikaajalisi metsauuendamise
katsetöid eri tüüpi juurestikuga kultiveerimismaterjaliga. Kahtlemata on
metsauuendamise korral konteinertaimedel mõnel juhul eelis
avamaataimede ees (Kerr, 1994). Samas on osad uurimused näidanud
konteinertaimede puudusi, eriti seoses konteinertaimede piiratud
kasvuruumist tingitud juurestiku puuduliku arenguga (Lindström ja
Rune, 1999; Seemen, 2001). Seega ei saa väita, et konteinertaim on
metsauuendamisel paljasjuurelise taimega võrreldes parem (Grossnickle
ja El-Kassaby, 2015).
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Umbes pooled lageraiealadest jäetakse Eestis looduslikule uuendusele,
eriti lehtpuu enamusega kasvukohtadel (Keskkonnaagentuur, 2016).
Looduslikule uuendusele kaasaaitamiseks ja uuenduse arengu
soodustamiseks on üks võimalus maapind mineraliseerida. Viimasel
paarikümnel aastal on maapinna ettevalmistamiseks edukalt kasutatud
erinevate tootjate ketasatru. Ketasadra töö tulemina moodustuvad
uuendusraiealale puutaimedele uued mikrokasvukohad – vagu, nõlv ja
viil – ning ketasadra tööorganite poolt mõjutamata metsapinnas ehk
töötlemata ala. Nendele eriilmelistele mikrokasvukohtadele tekib
erineva arvukuse ja liigilise koosseisuga looduslik uuendus (Seemen,
1997; Seemen ja Pikk, 1997). Käesolev uurimistöö on Eestis
esmakordne pärast seda, kui riigi- ja erametsades on laialdasemalt
hakatud kasutama nii erineva juurestikuga istutusmaterjali kui ka
hakatud rakendama suuremahuliselt maapinna mineraliseerimiseks
ketasatra. Varasemad samalaadsed uuringud tehti mitmekümne aasta
eest (Paal 1991; Terasmaa, 1991; Seemen 2001). Vahepealse aja jooksul
on täienenud eeskätt konteinertaimede tootmise tehnoloogia ja
meetodid (Helenius, 2005). Näiteks on Eesti metsataimekasvatuses
võetud paberpottide asemel kasutusele plastikpotid ja kui kogemused
paberpoti taimedega ei olnud väga head, siis plastikpotis kasvatatud
taimede kvaliteedi ja istutusjärgse kasvu pikaajalised uuringud seni
puuduvad.

Eesmärk

Doktoritöö peamine eesmärk oli hinnata hariliku kuuse ja hariliku
männi istutusmaterjali kvaliteeti (I) ning poti- ehk konteinertaimede ja
paljasjuureliste ehk avamaataimedega rajatud okaspuukultuuride kasvu
ja säilivust erinevates kasvukohatüüpides (II). Samuti analüüsiti
maapinna ettevalmistamise mõju loodusliku uuenduse arvukusele
erinevates mikrokasvukohtades (III).
Uuringu detailsed eesmärgid olid:
1. välja selgitada okaspuu istutusmaterjali peamised kvantitatiivsed
ja kvalitatiivsed parameetrid (kõrgus, juurekaela läbimõõt, maaaluse ja maapealse osa kuivmassid) (I);
2. analüüsida hariliku kuuse ja hariliku männi kasvu kuni kaheksa
aasta vanustes metsakultuurides sõltuvalt kasutatud
istutusmaterjalist (poti- või paljasjuureline taim) (II);
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3. hinnata maapinna mineraliseerimise mõju metsa looduslikule
uuenemisele sõltuvalt ettevalmistamise tulemusel tekkivatest
maapinna mikroreljeefidest (töötlemata ala, vagu, nõlv ja viil)
viljakates aru- ja soometsa kasvukohtades 11 aastat pärast
lageraiet (III).
Uuringu hüpoteesid olid järgmised:
1. paljasjuurelise istutusmaterjali kvaliteedinäitajate vastavuse määr
kehtestatud
kõrguse
standardile
ja
üldtunnustatud
optimaalsetele väärtustele on suurem võrreldes potitaimedega
(I);
2. esimestel kasvuaastatel on metsakultuurides paljasjuureliste
taimede säilivus kõrgem ja kasv kiirem kui potitaimedel (II);
3. maapinna mineraliseerimise mõju metsa looduslikule
uuenemisele sõltub puuliigist ja kasvukohatüübist (III);
4. loodusliku uuenduse rohkus erineb ketasadra kasutamisel
moodustuvate maapinna elementide vahel (III).

Materjal ja metoodika
Istutusmaterjal (I )
Doktoritöö käigus uuriti okaspuu istutusmaterjali neljas Riigi
Metsamajandamise Keskuse taimlas (Reiu, Räpina, Marana,
Koeru/Kullenga) aastatel 2001–2007. Nimetatud aja jooksul analüüsiti
nii välitöödel kui ka laboratoorselt hariliku männi ja hariliku kuuse
paljasjuureliste ja konteinertaimede olulisemaid kasvunäitajaid ja
parameetrid (kõrgus, kõrguse juurdekasv, juurekaela diameeter, maaalune ja maapealne kuivmass). Uuritavate taimede kõrgust ja viimase
aasta kõrguse juurdekasvu (kuusel) mõõdeti 0,1 cm intervalliga,
juurekaela diameetrit 0,1 mm intervalliga ning kuivmassid kaaluti 0,01 g
täpsusega. Kokku mõõdeti 2000 taime.
Katsekultuurid (II )
Uurimistöös analüüsiti kaheksat hariliku männi ja nelja hariliku kuuse
kultuuri. Okaspuukultuurid olid rajatud aastatel 1997–2009. Kultuuride
rajamisel kasutati nii paljasjuurelisi kui ka konteinertaimi.
Katsekultuuris kasvavatel taimedel mõõdeti kõrgus, sh harilikul kuusel
ka viimase aasta juurdekasv ning esimesel kahel kasvuaastal määrati ka
puude säilivus. Taimede kõrgus mõõdeti 1–2-aastastel taimedel 1 cm
täpsusega, vanematel taimedel 5 cm intervalliga.

67

Maapinna ettevalmistamise mõju looduslikule uuendusele (III )
Uurimistöö käigus analüüsiti maapinna mineraliseerimise mõju metsa
looduslikule uuendusele. Vaatluse all oli hariliku männi, hariliku kuuse
ning
lehtpuu
uuendus
erinevatel
ketasadraga
rajatud
mikrokasvukohtadel. Mikrokasvukohtadena eristati ketasadra liikumise
järel tekkinud vagu, nõlva ja viilu ning töötlemata ala. Uuringu objektid
olid nii aru- kui ka soometsa noorendikud, mis olid seemneliselt
uuenenud 11 aasta jooksul pärast maapinna ettevalmistamist.
Ühtekokku uuriti töö käigus 28 eraldist 93 hektaril. Mõõtmistöödes
kasutati nelinurkseid proovitükke, mille küljepikkused varieerusid
vahemikus 10–15 × 10–20 meetrit.
Andmete analüüs
Erinevate taimetüüpide (paljasjuurelised ja potitaimed) keskmisi kasvuja kvaliteeditunnuseid võrreldi Studenti t-testiga (I). Lineaarse
regressioonanalüüsi abil selgitati taimede kõrguse ja indeksite (H/RCD
ning AGB/BGB suhted) vahelisi seoseid.
Erinevate taimetüüpide istutusjärgse kõrguskasvu analüüs kuni kaheksa
aasta vanuseni (II) tehti lineaarse segamudeliga, mis arvestas mõõdetud
taimede ruumilise paigutusega (igas kultuuris oli üks või mitu
katsekordust ehk blokki, mis sisaldasid teatud hulgal mõlema
taimetüübi isendeid), seetõttu arvestati blokki juhusliku faktorina.
Vastav analüüs tehti funktsiooniga lmer R paketis lme4.
Erinevates mikrokasvukohtades kasvavate taimede arvukuse
võrdlemiseks rakendati ühefaktorilist dispersioonanalüüsi ja t-testi
(III).
Tekstis on esitatud keskmised väärtused koos standardveaga. Testide
tõlgendamiseks ja hüpoteeside kontrolliks kasutati olulisusenivood
α=0,05. Esmane andmetöötlus ja enamik jooniseid koostati
programmiga MS Excel. Statistiline analüüs tehti vabavaralise
statistikapaketiga R (R Core Team, 2014).
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Tulemused
Istutusmaterajali kõrgus ja juurekaela diameeter
Hariliku männi ja hariliku kuuse peamised kasvuparameetrid sõltusid
enamikul juhtudel taime tüübist. Usaldusväärselt erines hariliku kuuse
kõrgus – paljasjuurelisel kuusel oli see 33,3±0,3 cm ja konteinerkuusel
27,2±0,3 cm, erinevus 19% (p<0,05). Samas oli hariliku männi puhul
taimetüüpide erinevus vastupidine – konteinertaimede kõrgus oli
usaldatavalt suurem, keskmised näitajad 16,7±0,3 cm ja 13,8±0,2 cm,
erinevus ca 20% (p<0,05).
Teine oluline kasvuparameeter – juurekaela diameeter – oli
paljasjuurelise kuuseistiku puhul konteinertaimest 108% võrra suurem
(p<0,05) (7,3±0,1 mm ja 3,5±0,03 mm). Hariliku männi keskmine
juurekaela diameeter erines 43% – paljasjuureliste seemikute diameeter
oli 4,0±0,1 mm ja konteinertaimedel 2,8±0,03 mm (p<0,05).
Taimede maa-aluse ja maapealse osa kuivmassid
Kuivmasside analüüs näitas sarnast tendentsi kõrguse ja juurekaela
diameetriga. Paljasjuureliste taimede keskmine kuivmass ületas
märkimisväärselt konteinertaimede vastavat näitajat. Hariliku kuuse
istutusmaterjali puhul oli paljasjuureliste taimede maapealse osa
kuivmass 5,1 korda suurem konteinertaimede omast (11,29±0,23 g ja
2,18±0,05 g) ning männi puhul oli erinevus umbes kahekordne,
vastavalt 2,22±0,07 g ja 1,06±0,03 g.
Maa-aluse osa kuivmass hariliku kuuse paljasjuurelistel taimedel oli
5,20±0,12 g ja potitaimedel 0,86±0,02 g, seega proportsionaalselt
võrreldav maapealse osa erinevusega. Hariliku männi maa-aluse osa
kuivmassid aga usaldusväärselt (p>0,05) ei erinenud, olles keskmiselt
paljasjuurelistel taimedel 0,57±0,02 g ja potitaimedel 0,53±0,01 g.
Taimede säilivus katsekultuurides
Hariliku männi konteinertaimede algkõrgus jäi vahemikku 5–15 cm
ning paljasjuureliste taimede kõrgus oli 9–23 cm. Esimese kahe kuni
kolme kasvuaasta keskmine juurdekasv osutus konteinertaimedel 5–20
cm võrra suuremaks kui paljasjuurelistel männitaimedel. Kaheksa
kasvuaasta järel erinevused männi paljasjuureliste ja potitaimede vahel
sisuliselt kadusid. Männi katsekultuurid olid rajatud pohla, mustika ja
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jänesekapsa-pohla kasvukohta, üks kultuur kasvas ka soomullal,
kuivendatud siirdesoos.
Hariliku kuuse algkõrgus konteinertaimel jäi vahemikku 11–29 cm ning
paljasjuurelistel taimedel 22–34 cm. Ka kaheksa istutusjärgse kasvuaasta
vältel jäi konteinertaimede kõrgus paljasjuureliste omast väiksemaks.
Kuusekultuurid olid rajatud viljakatesse kasvukohtadesse – jänesekapsa,
jänesekapsa-mustika,
naadi
ja
kuivendatud
sõnajala
metsakasvukohatüüpidesse.
Okaspuukultuuride säilivus esimesel kahel kasvuaastal oli küllaltki suure
varieeruvusega, jäädes esimese aasta järel hariliku kuuse puhul
vahemikku 63–99% ja hariliku männi korral 43–98% piiridesse. Teisel
kasvuaastal vähenes kultuuride säilivus veelgi, olles kuuse ja männi
puhul vastavalt, 52–97% ja 21–92%. Istutusmaterjali tüüp säilivust
statistiliselt usaldusväärselt ei mõjutanud. Vähest säilivust põhjustas
mõnel juhul männikärsaka kahjustus. Samuti mõjutas kultuuride
säilivust rikkalik rohukasv, kuid otsest seost madala algkõrguse ja
säilivuse vahel statistiliselt ei leitud.
Maapinna mineraliseerimine ja looduslik uuendus
Okaspuud
Hariliku männi rikkalik looduslik uuendus tekkis männile tüüpilistes
kasvukohtades – pohla, mustika ja sinika kasvukohatüübis. 11 aastat
pärast maapinna mineraliseerimist oli maapinna elementide lõikes
männitaimede arvukus ühtlustunud – töötlemata pinnasel 22%, vaos
34% ja nõlval 30%, ning väikseim taimede arvukus, ehk 14% taimedest,
paiknes viilul.
Parim tulemus hariliku kuuse looduslikus uuenduses esines kuusele
sobilikes kasvukohatüüpides – mustika, jänesekapsa-pohla ja
jänesekapsa metsakasvukohatüüpides – kus loodusliku uuenduse
arvukus küündis üle 2200 taime/ha. Mikrokasvukohtade arvestuses
paiknes kuuse uuendus 23% ulatuses töötlemata pinnasel ning 77%
ulatuses töödeldud mikrokasvukohtades.
Lehtpuu-uuendus
Võrreldes okaspuu-uuendusega, esines arukase looduslikku uuendust
oluliselt rohkem (kohati üle 13 000 taime hektaril) nii

70

mikrokasvukohtades kui ka erinevate kasvukohatüüpide lõikes. Üle
40% arukaskedest kasvasid töötlemata pinnal, 10% vaos, 30% nõlval ja
20% viilul.
Hariliku haava uuenduse arvukus oli samuti suurim töötlemata pinnal,
kus kasvas 75% taimedest, 18% nõlval ja 7% vaos. Lisaks arukasele ja
harilikule haavale kasvasid aladel veel sang- ja hall-lepp, harilik pärn,
harilik toomingas ning erinevad pajuliigid. Ka nende lehtpuuliikide
uuendusest oli põhiline osa (71%) tekkinud töötlemata maapinnale.
Üheteistkümne kasvuaasta järel oli lehtpuude arvukus turvasmuldadel
enamasti oluliselt langenud, kuid erandiks oli kuivendatud siirdesoo,
kus kase arvukus tõusis.

Kokkuvõte
Taimlamajanduse arengu tulemusel on konteiner- ja paljasjuureliste
taimede tootmiskogused viimasel kahel aastakümnel peaaegu
võrdsustunud. Esimene töös püstitatud hüpotees leidis osaliselt
kinnitust, sest paljasjuureliste taimede kvaliteedinäitajad ületasid
miinimumnõudeid rohkem, või olid optimaalsetele lähemal, kui
potitaimede vastavad näitajad (I). Siiski ületasid mõlema taimetüübi
näitajad Eestis kehtivaid normatiive, mis sätestavad ainult taimede
miinimumkõrguse. Keskmine kõrgus erines paljasjuureliste ja
potitaimede
vahel
20%,
juurekaela
läbimõõt moodustas
kuusepotitaimedel 48% paljasjuureliste taimede vastavast näitajast.
Männi potitaimede juurekaela läbimõõt moodustas 70% paljasjuureliste
taimede omast. Kuuse potitaimede kõrguse/diameetri suhe (7,9) oli
optimaalsest oluliselt suurem. Seega võib ainult miinimumkõrguse nõue
olla ebapiisav, tagamaks parimate omadustega istutusmaterjali tootmist.
Hariliku männi paljasjuureliste ja konteinertaimede seemikute
istutusjärgne kasv ja kordaminek metsakultuuris osutusid sarnaseks,
lükates seega männi puhul ümber teise töös püstitatud hüpoteesi, et
paljasjuureliste taimede kasv ja säilivus ületavad potitaimede oma (II).
Seega võiks männi potitaimi istutusmaterjalina eelistada, kuna nende
tootmine on efektiivsem ja intensiivsem, transportimine mugavam ning
potitaimed taluvad ka paremini istutusjärgset stressi.
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Hariliku kuuse puhul leidis teine hüpotees osaliselt kinnitust. Hariliku
kuuse paljasjuureliste taimede ja potitaimede säilivus metsakultuuris oli
sarnane, kuid kõrguskasvus esines konteinertaimedel mõningast
mahajäämust, seega on vajalik täiendavalt uurida, kui oluliselt see puistu
tootlikkust pikas perspektiivis mõjutab (II). Seejuures ei sõltu
kuusetaimede kordaminek algkõrgusest, kuigi suurema algkõrgusega
taimede kõrguskasv on kiirem. Viljakamates kasvukohtades võiks
eelistada paljasjuurelisi kuusetaimi, kuna neil on väiksem
kõrguse/diameetri suhe, mis muudab nad alustaimestikuga
konkurentsis vastupidavamaks.
Kolmas esitatud hüpotees leidis samuti kinnitust – maapinna
ettevalmistamise mõju metsa looduslikule uuenemisele sõltus nii
puuliigist
kui
ka
kasvukohatüübist.
Männile
sobilikes
kasvukohatüüpides osutus maapinna ettevalmistamise mõju suuremaks
kui kuusele sobilikes kasvukohatüüpides (III). Lehtpuud aga uuenevad
jõudsalt ka ilma igasuguse sekkumiseta.
Ka neljas hüpotees leidis kinnitust – 11 aastat pärast maapinna
mineraliseerimist
erines
loodusliku
uuenduse
arvukus
mikrokasvukohtade lõikes (III). Töö tulemused näitasid, et
männitaimede arvukus vähenes vaos, samas kui hariliku kuuse arvukus
selles mikrokasvukohas suurenes. Mõlema okaspuuliigi puhul oli
märgata taimede arvukuse tõusu aga nõlvadel. Lehtpuude puhul oli
mineraliseeritud pinnal arvukus suurim nõlvadel ja viilul, vaos osutus
see väikseimaks. Seega on ketasadra ketaste töönurga seadistamisega
võimalik kaasa aidata antud kasvukoha ja puuliigi uuenduse tekkele,
näiteks suurendades nõlvade osakaalu kogu mineraliseeritud alal.
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Abstract
The present research is a comparative analysis of how the main quality indices of containerized and barerooted planting stock
(plant height, root collar diameter (RCD), and their ratio, above-ground biomass (AGB), below-ground biomass (BGB), and
their ratio) conform to the existing planting stock standards in Estonia. Data were collected from nurseries in various state
forest regions in 20012007. Containerized Scots pine (Pinus sylvestris L.) and Norway spruce (Picea abies (L).Karst.)
seedlings were grown in Ecopot containers with 450 and 360 plants m 2, and barerooted pine seedlings and spruce
transplants were grown using the traditional field-grown technology, with 400 and 65 plants m 2. The height of Scots pine
containerized seedlings exceeded that of barerooted seedlings by 20% (p B0.05). The height of barerooted Norway spruce
transplants exceeded that of containerized seedlings by 19% (pB0.05). The RCD of containerized pine stock formed 70% and
the corresponding index of containerized spruce stock formed 48% of the RCD of the barerooted plants of the same species.
The AGB of containerized spruce stock was on average 5.1 times smaller than that of barerooted transplants. The AGB of
containerized pine stock was 1.9 times smaller than that of barerooted seedlings. The proportional development of various
plant parts is also essential. It emerged that the BGB of 2-year-old barerooted pine seedlings was relatively small compared
with their AGB (ratio 4.61), which may decrease plant establishment in cultivation. The ratio between the height and the RCD
of containerized spruce stock was too high (7.9), making plants less resistant to external damage in cultivation.

Keywords: barerooted plants, containerized plants, Norway spruce, quality of plants, Scots pine.

with 4-year-old spruce transplants. Estonia has more
than 100 years of experience in growing barerooted
seedlings and transplants. This long-running afforestation experience confirms the successful use of
such planting stock. In Nordic countries, however,
9095% of forest planting stock has been taken over
by containerized planting stock during recent decades (Helenius, 2005). It has also influenced silviculture in Estonia.
The first experiment with container-grown stock
in Estonia was conducted in the 1980s. Although
nursery pine and birch paperpot plants were grown
and several vast forest plantations were formed in the
Estonian Forestry Institute, the production of paperpots was stopped owing to negative feedback from
foresters. This emanated from the low productivity
of paperpot plants and their low resistance to
external damage (Paal, 1991). Although hundreds

Introduction
The main use of forests in Estonia lies in timber
production. In intensive forest management regions,
the most advantageous timber stocking takes place
through clear-cutting. This enables reforestation,
which is the safest and the fastest method of forest
generation. Natural regeneration takes years and
results in broadleaved forests of varying age (Harmer,
1994). Considering Estonia’s climatic and soil conditions, coniferous stands should be preferred. This
requires the establishment of more high-quality Scots
pine (Pinus sylvestris L.) and Norway spruce (Picea
abies (L.) Karst.) plantations (Dunsworth, 1996).
Until now, barerooted planting stock has mainly
been used for afforestation in Estonia. Pine plantations are traditionally established with 2-year-old
seedlings (sowing is also used) and spruce plantations
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of hectares of paperpot plantations were established
in the 1980s, only a few of them have remained,
because of the poor root system of paperpot plants
(Seemen, 2001).
Despite the negative results, the growing of containerized planting stock in Estonia started again in
1995. In 2009, the production of containerized
planting stock reached 9 million plants per year.
Undoubtedly, the growing and use of cell-grown
plants has some advantages over that of barerooted
plants (Kerr, 1994). Nevertheless, their dimensions
need to be compared and contrasted because both
containerized plants and barerooted plants can be
used in forest regeneration in the same conditions
(Yeiser & Paschke, 1987). Therefore, first, the
most important growth indices of planting stock
types should be determined and compared, and
the growth and development of forest cultivations
established with plants of different quality should
be examined (Palacios et al., 2009). It is only
in this way that motivated quality standards of
planting stock can be met. This helps to keep
low-quality plants away from markets and to estimate plant growers’ work according to the requirements.
Until 1998, Soviet Union standards applied to
barerooted plants. It was only in 2006 that standards
were first established for containerized planting
stock.
The aim of this research is to determine the
differences between the main quality indices of
spruce and pine plantings and to compare the results
with valid standard requirements. The results will be
considered in the compilation of development strategies for forest plant growing that are suitable for
Estonian conditions.

low nitrogen and organic matter content, but a high
phosphorus and potassium content. In containerized
nurseries, the pH level of the growing substrate is
close to neutral. Owing to the considerable use of
mineral fertilizers, the substrate is rich in nutrients
(Table I).
To estimate the planting stock quality, the following indices of the plants were fixed: height (last year’s
height increment of spruce plants was also measured), root collar diameter (RCD), above-ground
biomass (AGB) and below-ground biomass (BGB).
In addition, the nutrient content (nitrogen, phosphorus and potassium) in different plant parts was
determined. According to the measuring results, the
ratios between height and RCD and between AGB
and BGB were calculated.
In field-grown nurseries, the plants were dug out
along the diagonals on fields at fixed intervals (10
15 m), and containerized plants were chosen at
random from the seedling trays. Peat substrate was
removed from the roots of containerized stock, soil
was removed from the roots of field-grown stock and
they were cleaned. The height of dug-out seedlings
and transplants and their RCD were measured.
Plant height was measured at 0.1 cm intervals from
the root collar to the top bud, and RCD was
measured at 0.1 mm intervals with a digital millimetre calliper. The above-ground and below-ground
parts of the plants were dried in a thermostat up to
constant weight at 708C, in a Memmert furnace,
model 100-800. Biomasses were determined with
the digital scale Kern EW 150-3M at 0.01 g intervals. In total, 2050 plants were measured. The
measuring results were processed using the statistical
software R.

Materials and methods

Results

The material for the analysis of the main quality
indices of planting stock was collected from four
different state forest nurseries in Estonia (Kullenga,
Marana, Reiu and Räpina) in 20012007. The
locations of the nurseries are presented in Table I.
Kullenga and Marana nurseries grow containerized
planting stock on Lännen line, using Ecopot and
Plantek containers (spruce in PL64F, pine in PL81F
containers). Reiu and Räpina nurseries grow barerooted planting stock using the standard field-grown
nursery method. The research explores the growing
indices of 10 Ecopot pine seedlings, 20 Ecopot
spruce seedlings, 20 barerooted pine seedlings and
22 barerooted spruce transplants. All the abovementioned planting-stock types are used for forest
cultivation in Estonia. On average, open-field nurseries have acid to neutral loam soils with a relatively

Height and root collar diameter
According to the standards applied to forest planting
stock in Estonia, the height of barerooted plants is
subject to the following requirements: 2-year-old
Scots pine seedling, at least 8 cm; 4-year-old Norway
spruce transplant, at least 22 cm. Minimum requirements for the height of containerized planting stock
are dependent on their growing density: 1-year-old
pine seedling, at least 12 cm (maximum density 500
plants m 2); 2-year-old spruce seedling, at least
18 cm (maximum density 600 plants m 2).
Comparison of the mean heights of the planting
stock with different root systems shows that barerooted spruce stock (33.3 cm) was 19% significantly
(pB0.05) higher than containerized spruce stock
(27.2 cm), whereas the height of containerized Scots
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Table I. Nursery characteristics.
Soil
Nursery

Name

Location

Type of plant

Texture

pHKCl

N (%)

P2O5
(mg 100 g �1)

K2O (mg 100 g �1)

Koeru

58857? N
26801? E
58809? N
24856? E
58820? N
24836? E
58806? N
27829? E

Containerized pine
Containerized spruce
Containerized pine
Containerized spruce
Barerooted pine
Barerooted spruce
Barerooted pine
Barerooted spruce

Peat
Peat
Peat
Peat
Loam
Loam
Loam
Loam

5.7
5.8
6.3
6.1
4.6
4.5
5.5
5.8

0.49
0.45
0.45
0.45
0.06
0.10
0.08
0.08

83.4
79.8
98.1
97.8
7.4
5.7
8.6
8.6

82.1
59.7
86.1
46.5
8.5
11.7
11.1
16.3

Marana
Reiu
Räpina
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Nutrient content

mainly on the growth space during the previous
growing period. The minimum requirements for the
RCD of coniferous planting stock in Estonia are as
follows: 2-year-old barerooted Scots pine seedlings,
2.0 mm; 4-year-old Norway spruce barerooted transplants, 4 mm. The RCD distribution by seedling
species and growing technology is given in Table II.
Contrary to the height standard, no minimum
requirements have been imposed on the RCD of
containerized planting stock in Estonia.
The RCD of barerooted seedlings (4.0 mm) and
transplants (7.3 mm) was 43% significantly larger
(pB0.05) in pine (2.8 mm) and 108% in spruce
(3.5 mm) than in containerized stocks (Table II).
According to the standard applied to the RCD of
barerooted planting stock, the conformity in the
measurements was as follows: 96% of pine seedlings
and 100% of spruce transplants.
The ratio between plant height and RCD is a
complex index that represents the effects of both
important quality indices. Plantek pine and spruce
plants had normal height, but their RCD was
relatively small (Table II). It was mainly triggered

pine seedlings (16.7 cm) exceeded that of barerooted
seedlings (13.8 cm) by 20% (pB0.05).
A significant index of the height dynamics of
spruce transplants is the last year increment. The
last year height increment of 4-year-old barerooted
spruce transplants should be close to the sum of
heights of the first 3 years (Laas, 1962). Thus, the
last year height increment of 4-year-old spruce
transplants should constitute about 50% of the plant
height. According to this research, it made up 37�
59% of their height during the measurement years.
The mean last year increment was 16.9 cm. The
above suggestion does not apply to containerized
spruce seedlings. The last year increment of containerized spruce seedlings constituted about 78�85% of
their height, with a mean increment of 22.2 cm.
According to the standard applied to plant height,
the conformity in the measurements was as follows:
94% of barerooted spruce transplants, 90% of containerized spruce seedlings, 84% of barerooted pine
seedlings and 72% of containerized pine seedlings.
The second essential standard index of plants is
the RCD. The RCD at the given height depends
Table II. Mean values of the main growing characteristics.
Spruce
Bareroot
Year
2001
2002
2003
2004
2005
2006
2007
Mean
CL9

Pine
Containerized

Bareroot

Containerized

H (cm) RCD (mm) H/RCD H (cm) RCD (mm) H/RCD H (cm) RCD (mm) H/RCD H (cm) RCD (mm) H/RCD
36.6
26.0
30.4
32.3
33.0
38.1
38.9
33.3
0.7

8.2
6.7
7.2
7.0
6.9
7.7
7.0
7.3
0.1

4.6
4.0
4.3
4.7
4.8
5.1
5.6
4.7
0.1

32.3
23.3
26.3
25.0
26.5
25.7
29.5
27.2
0.6

4.1
3.5
3.2
3.0
3.3
3.5
3.6
3.5
0.1

8.0
6.6
8.3
8.5
8.1
7.4
8.3
7.9
0.1

13.7
10.9
16.8
14.7
13.2
16.7
10.7
13.8
0.4

4.8
3.3
4.2
4.2
3.6
4.1
3.2
4.0
0.1

Notes: H�planting stock height; RCD�root collar diameter; CL �95% confidence limits.
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3.0
3.6
4.0
3.6
3.8
4.1
3.4
3.6
0.1

12.3
10.8
12.7
16.3
21.0
21.1
17.1
16.7
0.7

2.8
2.9
2.4
2.5
3.1
2.8
2.7
2.8
0.1

4.5
3.7
5.3
6.3
6.9
7.7
6.2
6.1
0.1

Growth parameters of planting stock

The nutrient content of containerized plants compared with that of barerooted plants was anticipated:
the NPK content of containerized plants was higher,
yet not always to a significant extent. Among the two
separate plant types, nitrogen (N) content was significantly different only in roots (pB0.05) (Table IV).
Phosphorus (P) content was significantly different
only in roots, with containerized plants containing
more than two times more P than barerooted plants.
Potassium (K) content was significantly different in
the roots of both tree species and in the stem of
containerized pine (p B0.05) (Table IV).

by a high growing density. The average ratio in
containerized stock was substantially higher (by
53%) than that in barerooted plants.
Above- and below-ground biomass
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The AGB of different types of spruce planting stock
varies greatly (Table III). When the corresponding
index of containerized spruce stock was, on average,
2.18 g, the average mass of the 4-year-old spruce
transplants was 11.20 g, i.e. 5.1 times greater. The
relative difference between the AGB of Ecopot pine
plants and barerooted seedlings was smaller (nearly
two times), the respective indices being 1.06 g and
2.22 g.
In general, the BGB of spruce planting stock
distributed proportionately with AGB: the mean
biomass of Ecopot plants’ roots was 0.86 g, whereas
that of barerooted seedlings was 5.20 g. The mean
mass of Ecopot pine roots (0.53 g) did not differ
significantly from the mass of 2-year-old barerooted
seedlings (0.57 g) (p �0.05).
According to these data, the Ecopot spruce shoot/
root ratio was 2.73 and the ratio of 4-year-old
transplants was significantly lower, at 2.30 (Table III).
A surprisingly high disproportion could be seen in
2-year-old pine seedlings, with a shoot/root ratio of
4.61. The corresponding index of pine Ecopot plants
was 2.13. The high value of barerooted pine seedlings was achieved by their great AGB.

Discussion
The quality of planting stock has a strong effect on
plantation establishment and growth in the preclosing phase. The proper type of planting stock helps to
minimize the effects of growth-limiting factors during planting and in the early growth stage, but it may
also affect future stand management.
Growing barerooted planting stock has a history of
more than 100 years in Estonia. The good establishment and successful growth of forest cultivations
show that these plants are suitable for forest regeneration. However, the effect of using containerized
planting stock is obscure; the experience in the
1980s was rather negative. The production volumes
of containerized planting stock were relatively small
until 2004 and no quality requirements were established. Today, there are some general practices for
using containerized planting stock depending on site
types.
The size of a plant (measurements and mass) is
one of the most important morphological characteristics of planting stock. Viable plants of great height
are more resistant to various physical damage factors
(snowpack effect, vegetation pressure, damage

Nutrient content in different parts of the plants
The results of comparing the content of the main
nutrient ratio were anticipated. Fertilization directly
affects the nutrient content of plants because barerooted nurseries are established on loam, whereas
containerized plants are grown on peat substrate.

Table III. Above-ground biomass (AGB) and below-ground biomass (BGB) (g).
Spruce
Bareroot

Pine
Containerized

Bareroot

Containerized

Year

BGB

AGB

Ratio

BGB

AGB

Ratio

BGB

AGB

Ratio

BGB

AGB

Ratio

2001
2002
2003
2004
2005
2006
2007
Mean
CL9

5.81
5.10
5.27
4.48
4.84
5.31
5.32
5.20
0.23

8.62
10.53
11.70
10.42
10.48
15.37
14.27
11.20
0.48

1.56
2.30
2.26
2.39
2.36
3.18
2.79
2.30
0.08

1.07
1.06
0.92
0.66
0.69
0.92
0.87
0.86
0.04

1.70
2.17
2.37
1.79
2.18
2.29
2.76
2.18
0.09

1.67
2.20
2.65
2.82
3.29
2.55
3.45
2.73
0.10

0.76
0.42
0.56
0.64
0.43
0.68
0.36
0.57
0.04

1.13
2.12
3.02
2.97
2.00
3.07
1.98
2.22
0.12

1.73
5.48
5.75
5.54
4.93
4.66
6.12
4.61
0.19

0.54
0.62
0.50
0.60
0.53
0.46
0.51
0.53
0.02

0.35
1.56
0.94
1.13
1.48
1.15
0.88
1.06
0.06

0.69
2.65
2.05
1.95
2.83
2.73
1.97
2.13
0.10

Notes: CL95% confidence limits.
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Table IV. Nutrient concentrations (%) in different parts of the plants (mean9CL).
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Pine

Spruce

Plant faction

Bareroot

Containerized

Bareroot

Containerized

Nitrogen (N)
Needles
Root
Stems

1.93190.133
0.81690.183*
1.08390.126

1.83690.213
1.26890.146*
1.30490.199

2.00490.287
0.77990.138*
0.80990.118

2.01590.149
1.31690.210*
0.91990.090

Phosphorus (P)
Needles
Root
Stems

0.18390.017
0.12790.026*
0.12890.026

0.19090.048
0.25990.035*
0.18290.065

0.19890.031
0.08590.037*
0.15290.118

0.24990.026
0.25290.046*
0.14090.073

Potassium (K)
Needles
Root
Stems

0.90190.177
0.54090.190*
0.64990.134*

1.06690.147
0.86690.181*
1.08790.160*

0.78090.157
0.36790.076*
0.42690.078

1.02190.297
0.65290.130*
0.51090.143

Notes: CL 95% confidence limits.
*Bareroot and containerized mean values are significantly (p B0.05) different within the same species.

caused by insects and wild animals). A large trunk
diameter helps to avoid bent plants. Such trees are
browsed less and they are also more resistant to pine
weevil (Hylobius abietis L.) and rodent damage.
In Estonian silviculture it is old wisdom that the
use of bigger planting stock on fertile site types will
give better results. The advantages of tall planting
stock and good quality spruce transplants and the
disadvantages of 2-year-old seedlings for spruce
cultivation are repeatedly stressed (Laas, 1962,
1973; Paal, 1962; Paas, 1962). In 19541955, the
use of spruce transplants was regarded as a breakthrough in Estonia. In foreign corresponding literature, it is mentioned that the growth and
development of taller plants is faster and more
successful than that of smaller ones (South et al.,
1985; van den Driessche, 1991). According to
research by South and Mason (1993), smaller plants
cannot reach the growth of taller trees and they
remain in undergrowth in crown association. Longterm growth studies on Norway spruce have demonstrated that size differences at planting remain for 9
years or more. The Estonian research (Laas, 1984;
Margus, 1988; Terasmaa, 1991) has confirmed that
growth preferences remain for at least 1012 years
after cultivation. However, greater measurements
may reduce the establishment and growth of barerooted as well as containerized planting stock owing
to water stress. A deformed root system cannot cover
increased transpiration which, in turn, leads to
decreased transpiration, declining assimilation, and
worsening establishment and growth (Lamhamedi
et al., 1998). Thus, 23 years after planting, the
growth increment of taller pine seedlings was less
than the corresponding index of smaller plants, and
the differences in seedling height had levelled off
(Valtanen et al., 1986). In Lithuania, 1-year-old

small (height 4.5 cm and RCD 2.3 mm) and 2year-old large (height 21.4 cm and RCD 4.2 mm)
pine seedlings were used for an experimental plot,
but their establishment did not differ much. In the
first 2 years after planting, the increment of small
plant height was longer, but owing to the greater
initial height, tall plants remained taller (Suchockas,
1999). At the same time, it was found that enlarging
leaf area increases plants’ sensitivity to water stress
only in extreme conditions where air humidity and
soil moisture are in deficiency (Lamhamedi et al.,
1998; Stewart & Bernier, 1995). When cultivating
loblolly pine (Pinus taeda L.), it has emerged that
plant height affects establishment negatively only in
unfavourable growing conditions, whereas in good
growing conditions, the connection is slightly more
positive (Tuttle et al., 1987). Taller plants have an
advantage on more humid soils where plant height
has little influence on their establishment, but taller
plants have a certain preference in competition with
under vegetation. So, preferring taller plants compensates for their lower vitality. On dry soils, the
mortality of taller plants is high in summer and their
height increment is low in the first year of growth
(Stewart & Bernier, 1995).
The height of pine and spruce containerized
plants grown in Estonia was close to the requirements set on containerized plant height in other
countries, e.g. Finland and Canada (Helenius et al.,
2002; British Columbia Ministry of Forests, 1998;
Metsähallitus, 1992). However, the RCD of plants
with different root systems differed significantly: in
the case of barerooted pine seedlings it was 1.4
times, on average, and in the case of barerooted
spruce transplants, it was two times larger than that
of containerized plants. At the same time, the RCD
of containerized pine seedlings formed 71% of the
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on the type of container. The height/diameter ratio
in Finland is 3.54.7 in containerized spruce plants
based on the minimum height and RCD; the
recommended height and RCD is 5.46.4 (Rikala,
2002). In British Columbia, the values of the height/
diameter ratio of 1-year-old seedlings were 5.68.0,
based on the standard height and RCD for containerized spruce stock (British Columbia Ministry of
Forests, 1998). The value in 2-year-old plants was
5.35.4, respectively. In 1-year-old plants of Douglas
fir (Pseudotsuga menziesii Mirb.), lodgepole pine
(Pinus contorta Dougl.) and white spruce (Picea
glauca Moench.) seedlings grown in 3-12A Styroblock containers (volume 60 ml), the value of the
height/diameter ratio was 6.28.6 (van den
Driessche, 1991). However, in Nordic countries,
the reciprocal value of this ratio (root/shoot) is used
(Vapaavuori et al., 1992; Flykt et al., 2008).
Besides plant height and the RCD, AGB and
below-ground biomass BGB and their ratio are also
considered important in cultivation. For plant characterization the horizontal projection area root
system to shoot mass ratio is also used (Martinsson,
1986). In this research, it was found that both
barerooted pine and spruce stock had an essentially
larger AGB than that of containerized stock. Moreover, 4-year-old spruce transplants had an essentially
larger root mass than that of containerized spruce
plants. In the case of pine with different root systems
there were no significant differences between their
BGBs.
According to US research data, the establishment
of Douglas fir and ponderosa pine (Pinus ponderosa
Dougl.) seedlings of equal height depends on their
root system spread. The establishment of Douglas fir
seedlings with a large root system was 2226% and
that of pine seedlings was 616% higher than that of
plants with a smaller root system. For both species,
the height increment of plants with a large root
system exceeded the height increment of plants with
a smaller root system by 1.21.7 times (Lopushinsky
& Beebe, 1976).
In the case of a higher biomass ratio, too large a
canopy may be expected compared to the root
system. The establishment of plants is better when
their above-ground and below-ground parts are in
balance. After planting, such unbalanced plants tend
to lose much water from transpiration because a
higher proportion of foliage is shade adapted, lacking
sufficient cuticular waxes. Disproportionate aboveground and below-ground plant parts are considered
the main reason for planting shock. Experiments
with Douglas fir, lodgepole pine and white spruce
containerized seedlings demonstrated a shoot/root
ratio of 1.772.25, whereas a low shoot/root ratio
had helped plant establishment in dry soils (van den

same indices of barerooted stock; the respective
number of containerized spruce plants was 48% of
barerooted transplants. In general, the great height
of a plant has been considered more important than
its large RCD; however, according to earlier research, the RCD is considered an even more
essential value than plant height on which the
establishment of both containerized and barerooted
planting material depends (Savill et al., 1997). South
et al. (1985) have generalized many research results
and concluded that seedlings with a larger RCD have
better initial establishment. This conclusion was
reached in studying cultivations of loblolly pine
and slash pine (Pinus elliottii L.). However, there is
a lack of information in the literature about the
standards on the RCD of Scots pine and Norway
spruce. In Finland, the RCD of 15 cm high barerooted pine seedlings is at least 4.0 mm and that of
27 cm high 2-year-old containerized spruce plants is
at least 4.0 mm (5.0 mm is recommended) (Rikala,
2002). In Canada, the required minimum RCD of
1-year-old containerized spruce seedlings is 2.4 mm
(British Columbia Ministry of Forests, 1998).
According to the former EEC Standard for Nursery
Stock (1994), the minimum RCD of 2-year-old
615 cm high pine seedlings was 3 mm, and the
respective number of 4-year-old 2540 cm high
spruce plants was 5 mm. The RCD of 2-year-old
barerooted pine seedlings grown in Estonia is equal
to the minimum requirement set in different countries. The RCD of 4-year-old spruce transplants,
however, is generally higher than the minimum
requirement. The RCD of containerized spruce
plants in Estonia is slightly smaller than the minimum index established in Finland.
The height/diameter ratio of plants (which indicates sturdiness) characterizes their resistance to
several types of physical damage. Plants with a
smaller ratio value are more resistant to physical
damage, e.g. vegetation pressure and snowpack
effects; it enables better stand development during
the first 3 years (Vaario et al., 2009). Comparing the
height/diameter ratio of containerized and barerooted pine seedlings in Estonia, it can be seen
that barerooted seedlings are sturdier, with a ratio
value of 3.6. In Finland, 1015 cm high barerooted
pine seedlings had a height/diameter ratio of 3.33.8
(Rikala, 2002). Containerized spruce plants had a
very high height/diameter ratio, 7.9 in Estonia,
whereas according to specialist literature, it should
be between 5.0 and 5.5 (Rikala, 2002). The respective average number of 4-year-old spruce transplants
was 4.7. Therefore, containerized plants were
stretched out too much. To avoid an inappropriate
height/diameter ratio, maximum height limits are set
on containerized spruce stock in Finland, depending
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the volume of maintenance work, which makes
cultivations established with containerized spruce
plants more expensive than those established with 4year-old barerooted spruce transplants.
The NPK content of nutrients was, in most cases,
the highest in containerized plants owing to the great
intensity and accuracy of their fertilization. The
controlled fertilization of containerized plants enables them to maintain a more stable nutrient
content. Intensive fertilization adds more nitrogen
(N), especially to the below-ground part of plants
rather than the above-ground parts. In containerized
plants, the NPK content remains stable almost
throughout the first year of growth after planting,
which can be seen from the relatively high nutrient
content of their root system (Krazowski et al., 1999).
A higher supply of nutrients in the roots helps
containerized seedlings to grow up to 34% faster in
the spring (Idris et al., 2003).
In conclusion, the height indices differed by nearly
20% between barerooted and containerized plants.
The RCD of containerized pine seedlings formed
70% and the corresponding index of containerized
spruce planting stock 48% of the barerooted planting stock diameter growth. The differences between
dry masses were also determined. The AGB of
containerized spruce stock was, on average, 5.1
times smaller than the same number of barerooted
transplants, while the relative difference between the
AGB of pine containerized stock and barerooted
seedlings was 1.9 times smaller. The root mass of 2year-old barerooted pine seedlings was small compared with the AGB (the AGB/BGB ratio was 4.61),
which may decrease plant establishment in plantations. The height/RCD ratio of spruce container
seedlings was too high, 7.9, making plants less
resistant to physical damage in plantations.
Since 1999, the 1999/105/EC Directive has regulated the planting stock quality and international
planting stock market. There are no specific numerical quality indices for planting stock. So, at present,
in Estonia, it would be untimely to ignore the quality
standards for forest planting stock; however, they
should be changed: the minimum height of barerooted pine seedlings should be 10 cm and that of
spruce transplants 25 cm. The lowest limit of the
RCD of pine seedlings should be higher than the
present range of 2.0 3.0 mm. The present RCD
range of spruce transplants is 45 mm. The next step
should be to set standards on the RCD of containerized plants that also allow a lower growing density,
especially for Norway spruce.
As many researchers have proven, the establishment of planting stock can be influenced by plant
choice, and it would be expedient to divide pine
and spruce barerooted planting stock by plants’

Driessche, 1991). It is important to raise the root/
shoot ratio and the quantity of fine roots before
planting barerooted spruce transplants (Flykt et al.,
2008). Other evaluations of the shoot/root ratio as a
plant quality index can be found in the literature.
Bernier et al. (1995), who have generalized the
research results about the shoot/root ratio, have, in
most cases, found that an increased shoot/root ratio
index does not affect the establishment and growth
of coniferous containerized seedlings. According to
US research results, the afterplanting establishment
of loblolly pine plants is negatively connected to
plant height (R 0.48 to 0.50) and shoot/root
ratio (R 0.75 to 0.76) and positively to plant
root mass (R 0.63 to 0.64) (Larsen et al., 1986).
To ensure proper establishment, it is recommended
to use seedlings with a height below 30 cm and a
shoot/root ratio below 2.5, especially in dry types
(Boyer & South, 1987). In the UK, the following
rule applies: the shoot/root dry mass ratio should not
be greater than 3:1 (Aldhous, 1994) and a ratio of
2:1 is taken as ideal (Bernier et al., 1995).
The difference between the height/diameter ratio
of Ecopot and barerooted pine plants was about
1.7 times. Comparing the planting stock biomass of
the above-ground and below-ground parts of the
same species, an essential difference was determined: the barerooted seedlings had twice the
above-ground biomass of Ecopot plants, but they
had the same root system mass. This means that
barerooted seedlings have a root system with a
relatively small mass. Therefore, the shoot/root ratio
of barerooted pine seedlings was 5.4 and that of
containerized plants was 2.5. Barerooted jack pine
(Pinus banksiana Lamb.) seedlings had a shoot/root
ratio of 3.5, whereas containerized seedlings had a
ratio of 1.6, while black spruce (Picea mariana Mill.)
plants had a ratio of 2.0 and 1.4 (Grossnickle &
Blake, 1987). This may cause a poor establishment
of 2-year-old pine seedlings. According to data in the
corresponding literature, the balance between the
shoot/root biomass seems to be less important in
pines than in spruces. Experiments with 2-year-old
barerooted ponderosa pine seedlings can be regarded
as proof (Lopushinsky & Beebe, 1976). A possible
reason may be the higher drought resistance of pine.
Balanced shoot/root ratio plants are more resistant to
winter damage and frost, especially barerooted
spruce planting stock (Sarvas, 2003).
The AGB and BGB of 4-year-old spruce transplants were essentially larger than those of containerized plants, but the ratio between these indexes did
not differ essentially. Therefore, high establishment
in cultivating containerized spruce plants can be
predicted. In order to decrease the effects of the
above-mentioned factors, it is necessary to increase
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potential, seedling morphology and bud dormancy correlate
with survival of loblolly pine seedlings planted in December
in Alabama. Tree Physiology, 1, 253263.
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ponderosa pine seedlings. USDA Forest Service Research
Notes, PNW-274.
Margus, M. (1988). Metsakultuuride kasvu sõltuvus istutusmaterjalist [Forest cultivation growth dependence on planting
stock]. Mets Puit Paber [Forest, Wood and Paper], 2, 2325. (In
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ratio of Pinus contorta and Pinus sylvestris. Scandinavian
Journal of Forest Research, 1, 233242.
Metsähallitus (1992). Päätös metsänviljelyaineiston kaupasta [Conclusion of forest cultivation material]. Metsähallitus, No.
1533. (In Finnish).
Paal, H. (1962). Kuuse kultiveerimise kogemusi Võru Metsamajandis [Spruce cultivation experience in Võru Forest District]. Metsamajandus [Forest Management], 5356. (In
Estonian.)
Paal, H. (1991). Paberpoti taimed Eesti metsades [Paperpot
plants in Estonian forests]. Eesti Mets [Estonian Forestry], 5,
2731. (In Estonian.)
Paas, L. (1962). Küngaskultuurid Kastre metskonnas [Mound
plantations in Kastre Forest District]. Metsamajandus [Forest
Management], 6062. (In Estonian.)
Palacios, G., Cerrillo, R. M. N., Campo, A. & Toral, M. (2009).
Site preparation, stock quality and planting date effect on
early establishment of holm oak (Quercus ilex L.) seedlings.
Ecological Engineering, 35, 3846.
Rikala, R. (2002). Metsätaimiopas, 107 [The guideline for seedlings]. (In Finnish.)
Sarvas, M. (2003). Change of cold hardiness in bare-rooted
Norway spruce planting stock during autumn and its effect
on survival. Journal of Forest Sciences, 49, 133139.
Savill, P., Evans, J., Auclair, D. & Falck, J. (1997). Plantation
silviculture in Europe. Oxford: Oxford University Press.
Seemen, H. (2001). Mis on saanud 1980. aastatel paberpotitaimedega rajatud männikultuuridest? [What happened to
paperpot pine plantations planted in the 1980s?] Eesti Mets
[Estonian Forestry], 46, 911. (In Estonian.)
South, D. B., Boyer, J. N. & Bosch, L. (1985). Survival and
growth of loblolly pine as influenced by seedling grade: 13year results. Southern Journal of Applied Forestry, 9, 7681.
South, D. B. & Mason, W. L. (1993). Influence of differences in
planting stock size on early height growth of Sitka spruce.
Forestry, 66, 8396.
Stewart, J. D. & Bernier, P. Y. (1995). Gas exchange and water
relations of 3 sizes of containerized Picea mariana seedlings
subjected to atmospheric and edaphic water stress under
controlled conditions. Annals of Forest Science, 52, 19.

above-ground and root system measurements. Such
division would make it possible to use plants
according to soil moisture and fertility in future
growing places.
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Abstract
Planting is a preferred method for establishing Scots pine (Pinus sylvestris L.) and Norway spruce (Picea abies (L.) Karst.).
The stock types for these species include bareroot and container plants. However, only a few long-term trials have been established
to compare the performance of the different modern stock types within the large distribution range of these conifers. Our aim was
to analyse how the growth and survival of P. sylvestris and P. abies was influenced by planting stock type up to eight years after
planting in 12 experimental plantings established at prevailing sites for the test species in hemiboreal Estonia. Typically, container
plants had better initial growth increment during the first two to three years but this difference disappeared during the latter years.
The growth of P. sylvestris bareroot and container seedlings were similar while growth of P. abies container seedlings were slightly
inferior compared to bareroot plants. Survival of both test species was independent of planting stock used. Overall, the similar
growth performance of the two stock types suggests reforestation with container seedlings may be a preferable option, since they
are produced more easily using intensive propagation methods, which will enable more convenient transportation and cause less
planting stress.
Keywords: forest planting, planting stock type, Norway spruce, Scots pine.

Introduction
In conifer-dominated forests of Northern Europe,
planting is the most important means for establishing a
new forest generation with desired species (Nilsson et al.
2010). In 2010 the estimated area of forest plantings in
Northern Europe was 29% of the harvested area (Europa
Forest 2011). Containerised planting stock has been produced in Norway, Sweden and Finland since the 1960s
(Rasanen 1981) and covers today about 95% of the coniferous regeneration (Nilsson et al. 2010). In the Baltic
States, conifer stands are established with either container
or bareroot plants in a 50:50 ratio (Jäärats et al. 2010,
Klavina et al. 2013). However, the many years of experience with containerised plants in Norway, Sweden and
Finland is not fully applicable to the whole of Northern
Europe including the Baltic States, e.g. Estonian forests
offer somewhat more fertile growing conditions (Jäärats
2016, Vol. 22, No. 2 (43)

et al. 2010, Johansson et al. 2012). Besides that, comparisons of the performance of container and bareroot seedlings have not provided consistent results, depending on
the level of planting stress caused by the particular site
conditions (Grossnickle and El-Kassaby 2015). For example, Hunt and McMinn (2000) and Griswold (1981)
suggest an equally good or even a slightly better performance of container plants compared to bareroot plants.
However, South et al. (2005) found that in longleaf pine
(Pinus palustris Mill.), container seedlings had a 20%
higher performance during the first growing season, although in the next year their mortality rate exceeded that
of bareroot seedlings by 9%. By contrast, Thiffault et
al. (2012) pointed out that the height growth of bareroot
white spruce (Picea glauca (Moench) Voss) seedlings was
comparable to that of container seedlings during the first
eight growing seasons, although survival rate of container
seedlings was 13% higher than that of bareroot seedlings.
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In Estonia, Norway spruce, Scots pine, Silver birch,
Black alder (Alnus glutinosa (L.) Gaertn.), and European
larch (Larix decidua Mill.) have been produced as containerised seedlings in the last 20 years. Mainly Norway
spruce and Scots pine seedlings have been grown in bareroot nurseries. The ratio of barerooted plants and container plants currently used in forest regeneration is 55%
and 45%, respectively.
Long-term trials comparing the performance of bareroot and container stocks type in Northern Europe are
scarce and scattered being more extensive in Scandinavia
but almost absent in the Baltic region, which has different
climatic and soil conditions.
The main reasons for the increase in the proportion
of container plants are the longer planting period, faster
production of a more uniform stock in greenhouses as
well as better and more symmetric root systems and less
expensive and much faster planting in the field (Idris et al.
2004, Davis et al. 2005, Luoranen et al. 2005, Vaario et al.
2009, Nilsson et al. 2010).
The aim of this study was to analyse how the growth
and survival of Scots pine and Norway spruce used in forest regeneration depends on stock type (container seedlings or bareroot plants) up to eight years after planting.
It was hypothesized that bareroot and containerised plants
of both tree species did not differ significantly in terms of
growth and survival.

Growth rate is often compared only in the first years following planting and there are only few long-term studies.
Experiments, which compare the growth rates of different modern stock types in similar growing conditions,
are scarce; rather, we have seen studies that focus on one
stock type or different growing conditions (Pinto et al.
2011, Johansson et al. 2012, Heiskanen et al. 2013).
Earlier research demonstrated that a disadvantage of
stands established with container plants may lie in higher
incidence of a deformed root system. Root deformation
may persist for at least the first 20 years (Lindström and
Rune 1999, Seemen 2001). This may result in tree instability at a more mature age and increase susceptibility to
windfall. Previously, stands were widely established with
plants grown in paperpots (Scarrat 1990), but in recent
decades the use of plastic multi-cell containers has helped
improve the root form of seedlings and significantly increase the proportion of root hair in the growing substrate
(Rosvall et al. 1998, Gruffmann et al. 2012). Modern container types allow and support air-pruning to promote the
development of symmetric root systems with as little root
deformation as possible, which aims at better future wind
stability for the forest stands. Nevertheless, few long-term
comparative studies have been compiled about the growth
and survival of container seedlings and bareroot plants.
Estonia is located in a region of intensive forestry,
where most forest management is carried out using clearfelling and clear felled areas are reforested by three different methods: planting, direct seeding and natural regeneration. Among reforestation methods, planting in suitable
growing sites provides the best results in Estonia; direct
seeding is only an option for Scots pine and natural regeneration is common in growing sites suitable for deciduous trees. Coniferous stands form 53% of the total stand
volume in Estonia. In 2004−2013, more than 64,000 ha
of forests in Estonia were reforested by planting. Norway
spruce is the dominant species used for planting − 70% of
the area planted in 2013 was with Norway spruce, 24%
with Scots pine, and 5% with silver birch (Keskkonnaagentuur 2014). In general, the growth of Estonian forests
is 12 million m3 per year, which corresponds to 5 m3 per
hectare annually (Keskkonnaagentuur 2014).
Next to traditional open-field nurseries, the production of containerised seedlings has been strongly developed during the last two decades. Today, altogether up to
30 million plants are produced annually for domestic use
in Estonia or for export, and in 2012, 51% of the produced plants were container seedlings (Keskkonnaagentuur 2014). Countries in the Nordic region have adopted
the technology of growing container seedlings in order
to shorten the period of plant growth, thus enabling more
flexibility in responding to market needs as well as more
efficiency in forest regeneration (Heiskanen et al. 2007).

Material and Methods
Study area and experimental design
The study was conducted in eight experimental
plantings of Scots pine (Pinus sylvestris L.) and four experimental plantations of Norway spruce (Picea abies (L.)
Karst.) with a total area of 5.6 hectares (Table 1). The
experimental plantings were established during the period
of 1997−2009 in various parts of Estonia representing a
hemiboreal forest zone. The planting sites were selected
as typical sites for the focal tree species based on forestry
practice in Estonia. In each experimental planting, trees
were planted in blocks consisting of two rectangular subplots (25 × 35 m), one sub-plot was established with bareroot and another with container plants. The number of
sub-plots within one planting varied from 2–12 (Table 1).
Planted bareroot P. abies transplants were 3−4 years
old (grown in nurseries for 2 years in transplant lines with
10 × 25 cm spacing); the age depended on whether the
seedling was a 2-year-old open-field seedling (2+2) or a
1-year-old greenhouse one (1+2). Prior to planting, bareroot P. sylvestris seedlings had been growing on an open
field for two years (2+0) and were selected from 1 m seedbeds with 25 cm between the rows. Container seedlings
had been grown in containers of different sizes – Plantek
64F (volume 115 cm3) was used for 2-year-old Norway
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with a height of more than 1 metre. In P. sylvestris plantings, the mean initial height of container plants varied
from 5 to 15 cm and the mean height of bareroot plants
ranged from 9 to 23 cm. In P. abies plantings, the mean
initial height of container plants varied from 11 to 29 cm
and the height of bareroot plants varied from 22 to 34 cm.
In total, 15,399 height measurements were recorded –
69% for Scots pine and 31% for Norway spruce. Survival
rate of trees was evaluated after the first and second growing seasons.

spruce seedlings (2+0), Plantek 81F (volume 85 cm3) was
used for 1-year-old Scots pine seedlings (1+0). Container
seedlings were grown in greenhouses for about 6-7 weeks
after germination and then transported to growing field
with trays. All planting stocks overwintered in nurseries.
As a rule, bareroot plants originated from seeds collected
from near-by managed stands and container plants originated from seed orchards.
All experimental plantings were established in
clearfelled sites during spring. Sites were scarified with
various disc trenchers, such as Donaren 190, TTS10 and
Bräcke T26, which resulted in rows of scarified mineral
soil planting beds. The plants were planted in the bottom
of these furrows.
In most of experimental plots, the heights of all trees
were measured at planting and after each growing season
up to the age of eight years. In five earliest trials (year
of establishment ≤ 2001), measurements with consistent
methodology were initiated 1, 2 or 5 years after planting.
A measurement interval of 1 cm was used for 1−2-yearold plants, whereas an interval of 5 cm was used for plants

Data analysis
The aim was to compare the growth performance of
trees established with two different types of planting material (bareroot or container seedlings). As the plantings
had been monitored up to various ages (max. eight years),
we analysed the effect of seedling type separately in each
planting. The effect of seedling type on tree height was
tested each year, when data was available, using the linear
mixed (random intercept) model accounting for the random effect of a block. Analysis was performed with the

Table 1. Characterisation of experimental plantations
Planting
identification
number

Forest site
typea

Site index,
H100,
m

Coordinates

Density, plants ha-1

Planting
establishment,
year

Area,
ha

No. of
sub-plots

barerooted

containerised

2009

0.5

2

4000

4100

2001

0.7

6

4000

4000

2007

0.3

6

3800

3800

2008

0.1

6

3700

3600

2001

0.1

2

3600

3600

2006

0.9

6

4400

4000

1997

0.5

12

4200

4200

2004

0.4

6

3840

3840

1997

0.1

6

1800

1700

2005

0.5

8

1800

1800

2007

0.4

6

2500

2200

2000

1.1

2

2500

2200

P. sylvestris plantings:
JS288-06

MT

23.6

JS237-06

d-bog

17.5

JS301-02

MT

23.6

JS301-02B

MT

23.6

QT111-12

RH

23.6

RP013-07

OXRH

27.6

XX151-02

OXMT

27.6

SJ320-03

OXMT

27.6

TT042-01

AE

27.6

SJ177-01

d-DR

25.5

PA469-13

OX

29.5

JS285-15

OXMT

27.6

58o12’25’’ N
27o19’36’’ E
58o16’22’’ N
27o17’59’’ E
58o15’17’’ N
27o18’30’’ E
58o15’15’’ N
27o18’31’’ E
58o14’27’’ N
26o57’6’’ E
58o10’17’’ N
27o8’6’’ E
58o35’55’’ N
25o45’4’’ E
58o14’47’’ N
24o37’32’’ E

P. abies plantings:
58o24’59’’ N
26o35’34’’ E
58o15’47’’ N
24o43’56’’ E
58o1’56’’ N
25o33’16’’ E
58o14’35’’ N
27o18’17’’ E

Notes: a Site type according to the Estonian forest site type classification (Lõhmus, 2004) – MT: Myrtillus, d-bog: drained raised
bog, RH: Rhodococcon, OXRH: Oxalis-Rhodococcon, OXMT: Oxalis-Myrtillus, AE: Aegopodium, d-DR: drained Dryopteris.

2016, Vol. 22, No. 2 (43)

ISSN 2029-9230

177
367

91

BALTIC FORESTRY
GROWTH AND SURVIVAL OF BAREROOT AND CONTAINER PLANTS OF PINUS SYLVESTRIS /.../

function lmer in package lme4 with the R Statistics software (R Core Team 2014). In plantings, where trees were
planted in one block, the general linear model was used
(function lm). We analysed also the relative height difference between the average height of container plants and
bareroot plants in the same block. In this case the abovementioned models were run as intercept-only models. The
effect of stock type on survival was tested with the Student’s t-test for dependent samples (survival of two stock
types in each block).
Normality of model residuals was checked from residual distributions and Q-Q plots. The level of significance, α = 0.05, was used for rejecting null-hypothesis in
statistical tests.
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erally became less evident. An exception was in planting
XX151-02 where container seedlings were the shortest (5
cm) at planting and their difference from bareroot seedlings increased during the eight-year study period. Based
on aggregated data from all plantings and study years, the
average height development curves of P. sylvestris from
both stock types coincided (Figure 3).
Most of the plantings were growing on sites of medium fertility for P. sylvestris, representing dry and fresh
boreal forests (Rhodococcum, Myrtillus and Oxalis-Myrtillus forest site types); as an exception, JS237-06 represented poor conditions of a drained peatland forest (Table
1). Although the height growth of the trees after eight
years was the slowest in this planting, the site conditions
were not reflected in the mean height difference between
the two stock types, which was comparable to other plantings (the lowest pair of growth curves on Figure. 3a).

Results
Height growth
Scots pine
In three P. sylvestris plantings, the mean initial height
of container plants was significantly higher and in two
plantings significantly shorter than bareroot plants (Figure 1). After the first two to three growing seasons, the
height of container seedlings was from 5 to 20 cm greater
than that of bareroot seedlings, while in relative terms the
difference could be 50% or more (Figure 1). Generally,
the height after the second growing season was not related to initial height in P. sylvestris of both stock types
(Figures 2a and 2b). However, the lowest height increment of bareroot plants during the first two years (13 cm)
was observed in the planting SJ320-03, where their initial height had been the highest (23 cm). During the latter
growing seasons, the difference between plant types gen-

Norway spruce
In two P. abies plantings, where initial height had
been measured, container plants were initially significantly shorter than bareroot plants. After the first two to three
growing seasons, the discrepancy disappeared in two
plantings while in one planting container plants remained
significantly shorter (Figure 1). Afterwards (between the
ages of four to eight) a slower growth of container plants
was observed in two plantings, especially in TT042-01.
In this plantings also the initial height of container plants
was the lowest (Figure 3). Generally, the height after the
second growing season was significantly positively correlated with the initial height of P. abies of both stock
types (Figures 2a and 2b). Based on aggregated data from
all plantings and study years, the average height develop-

Figure 1. Total (a, b) and relative (c, d)
height difference between container plants
and bareroot plants (used as reference) in
the studied plantings of P. sylvestris (a, c)
and P. abies (b, d). Annual mean differences are shown as filled circles when the
difference was statistically significant (p <
0.05), as empty circles when no difference
was detected or with no marker when only
mean height data was available; error bars
indicate 95% confidence intervals for the
mean difference
2016, Vol. 22, No. 2 (43)
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ment of P. abies container plants never exceeded that of
bareroot plants and the height difference increased gradually during the first eight growing seasons (Figure 3).
Most of the plantings were growing on highly fertile
sites for P. abies, representing fresh boreal and boreonemoral forests (Aegopodium, Oxalis and Oxalis-Myrtillus
forest site types); as an exception, planting SJ177-01 represented somewhat poorer conditions of drained paludified forests (drained Dryopteris forest site type) (Table 1).
Nevertheless, in this planting the growth rate of trees was
very good and the height difference between the two stock
types was comparable to that observed in other plantings.
Survival
Survival of P. sylvestris and P. abies varied between
43−98% and 63−99%, respectively, after the first year,
and between 52−97% and 21−92%, respectively, after
the second year (Table 2). Thus, survival was higher in P.
abies plantings although it dropped slightly faster by the
second year compared to P. sylvestris (Figure 4, Table 2).

A. JÄÄRATS ET AL.

In both P. sylvestris and P. abies plantings, tree survival
after the first two growing seasons was not affected by
stock type (Figure 4, Table 2).
In three P. sylvestris plantings with the lowest survival, significant damage by the large pine weevil (Hylobius abietis) was observed. In those plantings ca. 50% of
damaged plants eventually died while the remaining 50%
survived although their growth was suppressed.
Survival of bareroot P. sylvestris after the second
year was negatively affected by the initial height of seedlings, while survival of P. sylvestris container plants as
well as survival of P. abies from both stock types was
not significantly affected by initial height (Figures 5a and
5b). Even in the study block, where P. sylvestris container
plants had the lowest initial height (5 cm), their survival
was relatively high (80%). At the same time, the height
of P. abies after the second year was positively correlated with the initial height in both stock types while no
such relationship was detected in the case of P. sylvestris,
whose heights had equalized (Figures 2a and 2b).

Figure 2. Linear effect of initial plant
height on height after the second year of
bareroot (a) and container (b) P. sylvestris
(empty circles) and P. abies (filled circles)
plants (sub-plot-level data)

Figure 3. Development of average tree
height (a, b) and current-year height increment (c, d) of bareroot (solid lines) and container (dashed lines) seedlings in the studied
plantings of P. sylvestris (n = 8) (a, c) and
P. abies (n = 4) (b, d); inset figures show the
average values for all plantings
2016, Vol. 22, No. 2 (43)
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The highest survival of P. sylvestris plants after the
second year was observed in plantings XX151-02, JS28806 and RP013-7 (the average value of both stock types
ranging from 76 to 81%), which represent the most fertile
sites for pine within our study (Table 1). As an exception,
survival was low in planting SJ320-03 (39%) representing
also a fertile site, but with high pine weevil damage. The

A. JÄÄRATS ET AL.

lowest survival (38%) was observed in planting JS237-06
on a poor drained peat forest site, where also pine weevil
damage had occurred. All P. abies plantings represented
highly fertile sites for spruce, thus no reliable conclusions
about the interaction between site fertility and survival of
different stock types can be drawn.

Table 2 Mean and range of survival (%) after the first and second growing seasons by tree species and stock type (based on subplot-level data)
Tree species

Stock type

First growing season

Second growing season

Mean

SE

Min-Max

Mean

SE

Min-Max

P. abies

Bareroot

89

3.8

70−98

74

5.1

58−88

P. abies

Container

89

5.1

63−99

71

7.9

52−97

P. sylvestris

Bareroot

71

4.6

43−98

61

4.9

36−92

P. sylvestris

Container

72

4.6

43−95

58

5.1

21−92

Figure 4. Box plots of mean survival after the
first and second growing seasons of P. abies
(a) and P. sylvestris (b) plants representing two
stock types, p-values are based on a t-test

Figure 5. Linear effect of initial plant height
on survival after the second year of bareroot (a)
and container (b) P. sylvestris (empty circles)
and P. abies (filled circles) plants (sub-plotlevel data)
2016, Vol. 22, No. 2 (43)
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Discussion
The main aim of this study was to analyse whether
significant differences occur between bareroot and container P. sylvestris and P. abies plants in terms of height
growth and survival. Overall, we did not detect any major
differences in performance. In the case of P. sylvestris the
growth and survival of the two stock types did not differ significantly. Thus we agree with some earlier studies
reporting no difference between bareroot and container
plants (Griswold 1981, Rasanen 1981, Hunt and McMinn
2000). Other studies report better performance of container plants, this is usually related to their better stress resistance, while in non-stressful conditions both stock types
can have comparable field performance (Grossnickle and
El-Kassaby 2015). Various technologies are applied in the
production of container plants, and containers of different
size as well as substrates with different component ratios
are used (Williams and Strope 2002, Thiffault et al. 2014).
In our study, containers of the same type were used for
each tree species. It is often stated that container plants
demonstrate better growth and survival (Nilsson and Ördlander 1995, Grossnickle et al. 2000). Bareroot plants can
be more sensitive to poor plant handling (root drying and
excessive root clipping), which was avoided in the establishment of the experimental plots for our study.
In the case of P. abies, however, we detected a negative although not a considerably big height difference
between container plants and bareroot stock. Thus, in
the case of P. abies we cannot completely accept nor reject the hypothesis. Further surveys of these stands will
show whether this effect is increasing with time also after
the first eight years. Generally, the roots of P. abies are
considered to be weaker than the roots of P. sylvestris in
terms of root rot damage, wind damage and resistance to
water-logging. Some earlier studies have shown root deformations of container stock at an older age, although in
our study the type of containers should have avoided this.
However, root deformations have been observed mostly
in P. sylvestris (Linström and Rune 1999, Rune 2003).
The better initial growth acceleration of P. sylvestris
container plants during the first two to three years is in
accordance with other studies with conifers (South et al.
2005, Davis and Jacobs 2005) and is probably caused by
less stressful planting compared to bareroot plants, which
are more prone to root injuries and desiccation. Container
plants are less sensitive to damage caused during transportation and planting (Stjernberg 1997, Rikala 2002,
Singleton 2011). Better initial growth of container plants
is ensured by the growing substrate, which protects the
roots from any possible injuries and drying during transportation and planting. In contrast, bareroot plants first
have to restore the functioning of their root hairs in order to ensure sufficient intake of minerals and water af2016, Vol. 22, No. 2 (43)
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ter having been planted in a clear-cut area (Nilsson and
Örlander 1999). As a consequence, the height growth of
these plants decreases in the first and second growing
season (Hallman et al. 1978). In P. abies container plants
never exceeded bareroot plants in height; however, usually container plants were initially smaller than bareroot
plants and this difference diminished during the first two
to three years before they started to slightly increase again
at an older age.
After the third growing season, differences between
the height growth of both stock types of P. sylvestris became less marked, which is in accordance with many earlier results indicating that notable differences between the
heights of stands established with different planting stock
disappeared 3−5 years after planting (e.g. review by Nilsson et al. 2010).
In contrast to Sluder (1979), who found larger seedlings demonstrated a faster growth, better performance
and greater resistance to various physical factors (ground
vegetation, game, insects), our results suggest that despite
the smaller initial height of container plants, their survival
in the second growing season was almost equal to that
of bareroot plants. However, a difference was detected
between spruce and pine seedlings: the height growth of
spruce plants of both stock types during two years after
planting correlated positively with the initial height of
the plants, while no reliable correlation was evident between the growth rate and initial height of pine seedlings,
although smaller bareroot pine seedlings showed better
survival. Similarly, also Metsämuuronen et al. (1978) and
Sluder (1979) found good results with Scots pine container plants with a small initial height (3−6 cm). Some
studies have also shown that the initial height of plants affects future height growth for at least the first 13−15 years
following planting (Sluder 1979, Kiiskila 2004, Hytönen
and Julhä 2008).
The performance of pine plants of different stock
type was very different among experimental plantings
and was presumably dependent on the conditions prevailing in clear-cuts, reflecting both the weather in different
years and damage caused by the pine weevil. Survival was
not affected by stock type but was negatively affected by
the initial height in P. sylvestris bareroot plants. Apparently bigger bareroot stock was more sensitive to possible
drought or other sources of stress during the planting year.
The growth of trees is directly dependent on the soil water
level as optimal moisture content in the soil is extremely important (Kozlowski 1999). The growing substrate
may provide sufficient moisture for seedlings (Rikala
2002, Singleton 2011), which is why container plants are
more resistant to possible extreme conditions, including
draught (Boyer 1989).
Damage by pine weevil was observed in some plantings. However, it affected both stock types and did not
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influence the comparison between them. It has been previously found that since bareroot plants have a larger root
collar diameter at planting compared to container plants,
they may also be more resistant to damage caused by the
pine weevil (Nilsson et al. 2010). Based on the results of
this research, we cannot draw specific conclusions on the
advantages of the performance of bareroot plants with respect to weevil damage because the latter was detected
both in container and bareroot plants.
The provision of favourable site conditions is essential for ensuring successful establishment, however, specific conditions and factors limiting growth – e.g. ground
vegetation, pine weevils – often become significant from
the point of view of seedlings performance in a clear-cut
area (Löf et al. 2005, Pitkänen et al. 2008, Ostry et al.
2010, Nordlander et al. 2011).
Although the experimental sites were chosen as typical sites for P. sylvestris and P. abies regeneration in Estonia, some variation existed in soil fertility. However,
we could not detect any interaction between site quality
and planting stock type. Good performance and height
growth of forest establishments are dependent on many
factors, primarily on plant quality and suitable growing
conditions (Johansson 1996, Ekö et al. 2008, Jäärats et al.
2010). Moreover, successful forest regeneration requires
soil scarification (Nilsson et al. 2006, Heiskanen et al.
2007, Nilsson et al. 2010, Lehtosalo et al. 2010, Johansson et al. 2013). Soil scarification was performed in all
studied plots, which ensured equal initial growing conditions. Future development of planted trees is significantly
influenced also by weed control (Wang et al. 2000, Götmark et al. 2005, Saksa and Miina. 2007, Sharama et al.
2010). Moderately moist fertile soils encourage intense
competition between ground vegetation, the brush layer,
naturally regenerated undesirable broad-leaved tree species and planted trees (Sarvaš 2003, Götmark et al. 2005,
Nilsson et al. 2010). Based on visual observation, a single
experimental plot (TT042-01) with such properties was
included in this study, where it was found that new abundant ground vegetation in a clear-cut area led to a decrease in the spruce height growth. Some literature sources also suggest that the use of bareroot planting stock in
clear-cuts with abundant ground vegetation and thickened
soil gives the desired result compared to container plants
(Kiiskila 1998). Ground vegetation also affects Norway
spruce the most in the second year after planting (Nilsson
et al. 2010).

A. JÄÄRATS ET AL.

ferred as planting stock, since it is produced more easily
by the intensive method, it enables more convenient transportation and planting is less sensitive to planting stress.
When using bareroot pine plants, the ones with a
smaller initial height have better quality since their survival rate is higher but their growth rate is similar to that
of plants with a bigger initial height.
The survival of Norway spruce bareroot transplants
and container seedlings is similar and the height growth
is only slightly lower in container seedlings; therefore,
further research is required to determine how much this
affects stand productivity in the long term.
The survival of spruce plants is not dependent on
the initial height, although height growth is more rapid in
plants with a bigger initial height.
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