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Introduction

The main forest usage in Estonia is timber pro-
duction. In intensive forest management region the
most rational timber stocking takes place through clear
cut. Using clear-cut system the safest and fastest
possibility for a new forest generation will be refor-
estation. The natural regeneration lasts for years, the
result of which will be the majority of different aged
broad-leaved forests. Considering Estonian climatic
and soil conditions, coniferous stands should be pre-
ferred. Establishing pine and spruce plantations can
only make it possible.

Hitherto mainly bare-rooted planting stock has
been used for afforestation in Estonia: as tradition pine
plantations are set with the 2-year-old seedlings (sow-
ing is also used) and spruce plantations with the 4-
year-old spruce transplants. We have more than 100-
years experience in growing bare-rooted seedlings and
transplants. Long-running afforestation experiences
confirm the successful use of such planting stock. But
in Nordic countries (Finland, Sweden, Norway) dur-
ing the last decades 80-90% of forest planting stock
has been taken over by cell-grown planting stock. It
has left its effect on the silviculture in Estonia. The
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Abstract

The present research is a comparative analysis of how the main quality indices of cell-grown and bare-rooted planting
stock - plant height, root collar diameter and their ratio, above-ground biomass, below-ground biomass  and their ratio
- conform to the existing planting stock standard in Estonia. Data were collected from the nurseries in different state
forest regions in the period 2001-2003. Pine and spruce cell-grown plants were grown in Ecopot containers with the
density of 400 plants per m2, bare-rooted pine seedlings and spruce transplants were grown using traditional field-grown
technology.

The mean height of the same species container-grown and bare-rooted plants differed relatively little (7-14%).
The root collar diameter of pine container-grown stock formed 69% and the corresponding index of spruce container-
grown stock 51% from the root collar diameter of the same species bare-rooted plants. The above-ground mass of
container-grown spruce stock was on average 4.7 times smaller than the corresponding number of bare-rooted transplants,
the relative difference between above-ground mass of pine container-grown stock and bare-rooted seedlings was smaller
(2 times). Beside measurements the proportional development of different plant parts is essential as well. It turned out
that the root mass of the 2-year-old bare-rooted pine seedlings was relatively small compared with above-ground biomass
(above-ground and below-ground dry mass ratio was 4.9-6.4), which may decrease plant establishment in cultivating.
Spruce container-grown stock had too high height and root collar diameter ratio (6.6-8.3), which make plants in cultivation
less resistant to physical damage factors.
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first experiment with container-grown stock here was
made in the 1980s. During that time at the Estonian
Forestry Institute nursery pine and birch paperpot
plants were grown and hundreds of hectares of forest
plantations were established at least in 9 years. That
time the paperpot plants were not approved by for-
esters and due to additional technical problems the
production was stopped. There is little data on culti-
vation growth of that period. Some initial growth anal-
ysis has been made by H. Paal (1991). According to
his data during the first decade of planting, paperpot
plants grew a little worse than the 2-year-old bare-
rooted pine seedlings and much worse than same age
plants of natural regeneration. H. Paal has attributed
it to poor root system of the paperpot plants. Later
H. Seemen (2001) has studied the position of pine
cultivations planted with paperpot plants in the 1980s.
The author has found only some left cultivations,
some of them had totally perished and cultivated the
second time or left for natural regeneration, some
mostly filled in by repair planting.

In the same period cell-grown planting stock was
tried to grow by rolling method. Using the suitable
agrotechnology spruce plants up to 70-cm high were
grown in two years. Still most of the plants in the
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cultivations were perished. Their crowns were herba-
ceous and weakly developed, shoots and needles
softer and more elastic than those of open-field grown
plants. Therefore wild animals and vermin attacked
these cultivations. Their root system was badly de-
formed (Terasmaa 1981, 1985).

Despite negative results in Estonia the growing
of cell-grown planting stock was started again in 1995.
By 2007 the production may rise up to 7 million plants
per year. Undoubtedly the growing of cell-grown plants
has some advantages compared with the growing of
bare-rooted plants. The main point is that the plant
production can be taken at the industrial level with
fully checked growing conditions that will ensure sta-
ble production capacity. Planting with such material
is very comfortable and fast, but these are initial ad-
vantages. The production of planting stock cannot
be the goal by itself, it is only the first stage in silvi-
culture. Therefore it is important to know which plant-
ing stock qualities will give a new normal forest gen-
eration. That is why, at first, the most important growth
indices of planting stock types should be found out
and compared, the growth and development of forest
cultivations established with plants with various qual-
ity should be examined, and only then motivated qual-
ity standards to planting stock should be set. This
helps keep low-quality plants away from a market and
estimate plant growers work by the standards.

When Estonia regained independence temporary
standards for the estimation of planting stock were
used. After passing the law of seed and plant repro-
duction (1998), the regulation by Minister of Environ-
ment laid down requirements for forest planting stock.
These were based on the standards valid in the former
Soviet Union. The changes in silviculture as well as
in forest cultivation technologies force to reconsider
the requirements for planting stock. In Estonia new
quality requirements for planting stock are being
worked out.

The aim of the research work is to find out the
differences in main quality indices of spruce and pine
plantings and to compare the results with valid stand-

ard requirements. The results will be considered in
working out the development strategies of forest plant
growing suitable for Estonian conditions.

Materials and methods

The material for the analysis of main quality indi-
ces of planting stock was collected from 4 different
state forest nurseries in Estonia (Koeru, Marana, Reiu,
Räpina) during the years 2001-2003. Koeru nursery
grows container-grown planting stock on Lännen line,
using Ecopot and Plantek type containers. Marana,
Reiu and Räpina nurseries grow bare-rooted planting
stock on the standard field-grown nursery regime. In
the research the growing indices of 1+0 Ecopot pine
seedlings, 2+0 Ecopot spruce seedlings, 2+0 bare-root-
ed pine seedlings and 2+2 bare-rooted spruce trans-
plants are dealt with. All the above-mentioned plant-
ing-stock types are used for forest cultivation in Es-
tonia. The data characterising the nurseries are given
in Table 1. The open-field nurseries have moderately
acid to neutral loam soils with relatively low nitrogen
content, but with high phosphorus and potassium
content.

To estimate the planting stock quality the follow-
ing indices of the plants were fixed: height (the last-
year height increment of spruce plants was measured
as well), root collar diameter, above-ground dry mass,
root length and root dry mass. According to measur-
ing results the ratios of height to root collar diameter
and shoot to root mass were calculated. The height
of seedlings and transplants and root collar diameter
were measured on dug-out plants. In field-grown nurs-
eries the plants were dug out along the diagonals on
fields with fixed intervals (10-15 m); pot-grown plants
were chosen at random. The plant height was meas-
ured with 0.1 cm interval from root collar to a top bud,
root collar diameter was measured with 0.1 mm inter-
val. The roots of container-grown stock were cleaned
from peat substrata, field-grown stock roots from soil
and they were washed; the above-ground and below-
ground parts of the plants were dried in thermostat

Nursery  Soil 
  Type of plant   Nutrient content 

Name Place  Texture pHKCl N % P2O5 
mg/100g 

K2O 
mg/100g 

Koeru 58°57'N  
26°1'E 

cell-grown pine 
cell-grown spruce 

peat 
peat 

    

Marana 58°9�N  
24°56�E 

bare-rooted pine 
bare-rooted spruce 

loam 
loam 

4.6 
4.6 

0.13 
0.13 

21.4 
21.4 

12.3 
12.3 

Reiu 58°20�N  
24°36�E 

bare-rooted pine 
bare-rooted spruce 

loam 
loam 

5.5 
5.0 

0.08 
  0.1 

14.4 
10.9 

23.5 
35.0 

Räpina 58°6�N  
27°29�E 

bare-rooted pine 
bare-rooted spruce 

loam 
loam 

6.7 
6.0 

0.08 
  0.1 

22.4 
31.2 

23.0 
34.3 

 

Table 1. Nursery characteristics
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up to the constant weight at +60 oC. 30 plants were
measured from each treatment. The measuring results
were processed by Microsoft Office Excel (Kiviste
1999).

Results

Height of plants
The height of plants is one of the most essen-

tial quality indices. By the laid-down standards for
forest planting stock in Estonia there are the following
requirements for the height: the 2-year-old pine
seedling - at least 8 cm, the 2-year-old spruce seed-
ling - at least 8 cm, the 4-year-old spruce transplant
- at least 22 cm. The survey about planting stock
heights in the nurseries is given in Figure 1.

eral the plant height in 2002 was less than that in
2001 and 2003, in most cases the difference was sta-
tistically important. Probably the reason for that was
the hot and dry summer in 2002.

By comparing the mean heights of planting stock
with different root system it can be seen that both pine
and spruce field-grown stock were higher, although for
spruce the difference was not statistically essential
(Table 2).
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Figure 1. Height of cell-grown and bare-rooted pine and
spruce plants
Key:     Pi 1+0 - 1-year old cell-grown pine seedlings
Pi 2+0 - 2-year old bare-rooted pine seedlings
Sp 2+0 - 2-year old cell-grown spruce seedlings
Sp 2+2 - 4-year old bare-rooted spruce transplants

The mean height of pine container-grown stock
in Koeru nursery in 2001-2003 was 10.8-12.7 cm,
the height of spruce plants in the same period was
23.3-32.3 cm. Thus the height of container-grown
stock corresponded to the existing standards.

In Reiu nursery the fixed height criterion by the
standard for bare-rooted plants was followed with the
2-year-old pine-seedlings as well as with the 4-year-
old spruce transplants, the mean height was 10.3-16.7
cm and 25.3-36.6 cm, respectively. In Räpina nursery
pine and spruce plants with the standard height were
grown too. They had the mean height 14.3-14.4 cm and
29.5-34.1 cm, respectively. The height of the 2-year-
old pine-seedlings varied remarkably in Marana nurs-
ery. In 2002 the height of pines was 7.9 cm, in 2003 it
was already 19.4 cm. The difference in spruce height
was not essential (23.6 and 24.9 respectively). In gen-

  Pine Spruce 
Parameter Statistic cell- 

grown 
bare-
rooted 

t-
Stat* 

cell-
grown 

bare- 
rooted 

t-
Stat* 

 x±Sx 11,9±0,4 13,8±0,6 4,8 27,3±0,9 29,4±1,1 1,4 
H, cm CV 21 25  21 21  
 P 3 4  3 4  
  x±Sx 2,7±0,1 3,9±0,2 12,9 3,6±0,1 7,1±0,2 24,9 
D, mm CV 16 31  18 21  
 P 4 5  3 3  
 x±Sx 4,5±0,2 3,7±0,2 6,8 7,6±0,2 4,2±0,1 22,1 
H/D CV 20 25  15 18  
 P 4 5  3 2  
 x±Sx 1,38±0,06 2,76±0,19 11,0 2,52±0,16 11,78±0,82 25,3 
Mabove, g CV 37 49  37 41  
 P 4 7  6 7  
 x±Sx 0,55±0,03 0,53±0,06 1,2 1,02±0,08 5,23±0,41 24,9 
Mbelow, g CV 38 65  46 45  
 P 5 11  8 8  
 x±Sx 2,8±0,2 5,5±0,3 11,5 2,8±0,2 2,4±0,1 0,2 
Mabove/M
below 

CV 45 28  34 27  

 P 7 5  7 4  
 

Table 2. Growing and mass average parameters of pine and
spruce plants
Key: H - height
D - root collar diameter
H/D - height and root collar diameter ratio
Mabove - shoot dry mass
Mbelow - root dry mass
Mabove/Mbelow - shoot and root dry mass ratio
x - mean value
Sx - standard error
CV - coefficient of variation
P - relative standard error
t - Stat - t-Test value
* - p<0,05

The significant index of spruce transplants height
dynamics is the increment of the last year. The height
increment of 4-year-old bare-rooted spruce trans-
plants measured last year should be close to the
height sum of the first three years (Laas 1962). Thus
for the 4-year-old spruce transplants the height in-
crement of the last year should form about 50% of
the plant height. In this research it was found out that
the last-year increment formed about 80% of contain-
er-grown spruce height and 25-59% of the 4-years
old spruce transplants height.

The proportion of standard transplants in whole
production enables to estimate agrotechniques used
in plant husbandry. 95-100% of pine container-grown
stock and 70-87% spruce container-grown stock had
the height required in the height standard. From bare-
rooted pine seedlings 70-100% of the plants had the
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required quality, from the 4-year-old spruce trans-
plants 67-100%.

Root collar diameter
The second essential standard index of plants is

root collar diameter. Root collar diameter at the given
height mostly depends on growth space during the
previous growing period. The minimum requirements
for coniferous planting stock root collar diameter in
Estonia are the following: the 2-year-old pine seedlings
- 1.5 mm, the 2-year-old spruce seedlings - 1.5 mm, the
4-year-old spruce transplants - 4mm. The planting
stock root collar diameters grown in various nurser-
ies are given in Figure 2.

stock (in case of pine seedlings it differed by 1,5
times; in case of spruce 1,9 times) (Table 2). The
diameter conformed 100% to the bare-rooted and
cell-grown pine seedlings and spruce transplants
standard. Spruce container-grown seedlings con-
formed 10-54% to the diameter criterion for trans-
plants.

Plant height and root collar diameter ratio
Plant height and root collar diameter ratio is a

complex index, which represents the effect of the both
important quality indices. The results of this research
have shown that Ecopot pine height and root collar
diameter ratio on average is a little bigger than that
of the 2-year-old seedlings - 3.7-5.4 and 2.7-4.5, respec-
tively. There were some differences between nurser-
ies. Reiu nursery plants had height and root collar
diameter ratio 2.7-3.9, Marana and Räpina plants had
3.7-4.5 (Figure 3). The 2-year-old spruce container-
seedlings had height and root collar diameter ratio 6.6-
8.3 (in 2000 even 8.3-8.8). Thus Ecopot spruce plants
had normal height, but the root collar diameter was
relatively small. The dealt index of the 4-year-old bare-
rooted spruce transplants grown in different Estoni-
an nurseries was 3.6-4.7. The average values of height
and root collar diameter ratio of container-grown plants
were essentially bigger than those of bare-rooted
plants (Table 2).
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Figure 2. Root collar diameter of cell-grown and bare-root-
ed pine and spruce plants
Key as in Figure 1

In 2001-2003 the root collar of Ecopot pine
plants was 2.4-2.9 mm, at the same time the indices
of container- grown spruce stock were 3.2-4.1 mm.
Thus pine root collar diameter was about 2 times
higher and spruce plants were nearly according to the
standard.

In Reiu nursery during 2001-2003 the bare-rooted
the 2-year-old pine seedlings had the root collar di-
ameter according to the standard (the correspond-
ing index 4.0-4.8 mm). The same can be seen in Räpi-
na and Marana nurseries in 2002 and 2003 with pine
plants (accordingly 3.7-4.0 and 2.2-4.4 mm). The root
collar diameter of spruce transplants was higher than
the required minimum in all cases. The root collar di-
ameter of spruce transplants exceeded the standard
index in Reiu nursery by 78-105%, in Räpina nursery
by 58-90% and in Marana nursery by 43-65%.

By comparing the average numbers of root collar
diameter of container-grown stock and bare-rooted
seedlings it was found out that the according number
of bare-rooted both pine and spruce seedlings was
essentially bigger than the number of container-grown
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Figure 3. Height and root collar diameter ratio of cell-grown
and bare-rooted pine and spruce plants
Key as in Figure 1

Above-ground and below-ground dry mass of
plants
The above-ground dry mass of different types of

spruce planting stock varies greatly. When the corre-
sponding index of container-grown spruce stock on
average was 2.5 g (2.2-3.0 g), the 4-year-old spruce
transplants mass on average was 11.8 g (7.2-15.7 g),
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the difference was 4.7 times (Figure 4, Table 2). The
relative difference of the above-ground mass of Eco-
pot pine plants and bare-rooted seedlings was small-
er (2 times), the indices 1.4 g (0.9-1.6) and 2.8 g
(0.9-3.9 g), respectively. The root masses of spruce
planting stock distributed in general proportionately
with above-ground masses: the mean mass of Ecopot
plants� roots was 1.0 g (0.9-1.1 g), whereas that of
bare-rooted seedlings was 5.2 g (3.6-6.1 g). The mean
mass of Ecopot pine roots (0.6 g) did not differ
much from the mass of the 2-year-old bare-rooted
seedlings (0.5 g) (Figure 5, Table 2).

ues of shoot and root ratio of container-grown and
bare-rooted spruce plants did not differ essentially
(Table 2). Surprisingly high disproportion could be
seen with the 2-year-old pine seedlings, shoot and
root index 4.9-6.4. The corresponding index of pine
Ecopot plants was 2.1-3.8. The average value of shoot
and root ratio of bare-rooted pine seedlings was es-
sentially bigger than that of container-grown seed-
lings (5.5 and 2.8, respectively).
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Figure 4. Above-ground dry mass of cell-grown and bare-
rooted pine and spruce plants
Key as in Figure 1
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Figure 5. Below-ground dry mass of cell-grown and bare-
rooted pine and spruce plants
Key as in Figure 1

Above-ground and below-ground dry mass ra-
tio of plants
According to our data the Ecopot spruce shoot

and root ratio was 2.2-3.4 and that of the 4-year-old
transplants was 1.6-3.2 (Figure 6). The average val-
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Figure 6. Above- and below-ground dry mass ratio of cell-
grown and bare-rooted pine and spruce plants
Key as in Figure 1

Root length
There are no standards set to plant root system

length in Estonia at the moment. By the former val-
id standards root system length was recorded. Pine
and spruce seedlings root system length was differ-
entiated by the cultivated soil moisture - in overmois-
tured soils it could be shorter (10-20 cm), in dry soils
longer (20-30 cm) (GOST 3317-77). Thus the root
length of spruce transplants should have been at least
20-25 cm.

The root system length was limited by a contain-
er volume with cell-grown pine and spruce plants. Pine
as well as spruce plants had a main root reaching up
to 5-8 cm. The root system of bare-rooted plants was
different. The 2-year-old pine seedlings had clearly
formed main root, the length of which was 13-19 cm.
There was no main root in the 4-year-old spruce trans-
plants. The length of fibrous root system was between
23 and 29 cm. Thus root system length was according
to valid standards. Expedience of the root system
length of bare-rooted plants was problematic as at
preplanting stage roots were cut. Therefore the deci-
sive factor for plant establishment may be not the
initial root length, but the extent of root cutting.
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Discussion

The quality of planting stock has a strong effect
on cultivation establishment and growth in the pre-
closing phase. The proper type of planting stock helps
to minimise the effect of growth limiting factors dur-
ing planting and at early growth stage, but it may also
affect the stand management in future. Plant compet-
itiveness is estimated by the combination of morpho-
logical and physiological qualities.

Growing of bare-rooted planting stock has more
than a hundred-year history in Estonia. Good estab-
lishment and successful growth of forest cultivations
show that these plants are suitable for forest regen-
eration. But the effect of using container-grown plant-
ing stock is not clear, experiences in the 1980s are
rather negative. As the production volumes of con-
tainer-grown planting stock have been small, the qual-
ity indices of such plant have not been studied and
the requirements have not been worked out. Also
there is no suggestion how to use container-grown
plants depending on growth site type. As container-
grown plants are used in the same conditions as tra-
ditional planting material these are estimated accord-
ing to the same quality indices. In countries where
container-grown plants have been used for longer
time, special requirements have been worked out.

The size of a plant (measurements and mass) is
the most important morphological characteristics of
planting stock. The size of plants must make up for
the effect of limiting factors in tree growth. A high
strong plant is more resistant to various physical dam-
age related factors (snowpack effect, vegetation
press, insect and wild animals´ damages). A bigger
trunk diameter help to avoid plant bent. Such trees are
less browsed and more resistant to weevil and rodent
damages.

In Estonian silviculture it is old wisdom that use-
age of bigger planting stock on more fertile woodlands
will give better results. The advantages of taller plant-
ing stock, good quality spruce transplants and disad-
vantages of the 2-year-old seedlings for spruce culti-
vation are repeatedly stressed (Laas 1962, 1973, Paal
1962, Paas 1962). In 1954-1955 the transplants use in
spruce cultivation was regarded as breakthrough in
Estonia. In foreign corresponding literature it is men-
tioned that taller plants establishment is better and
they grow faster than smaller ones (South et al. 1985,
van den Driessche 1991). By D. South and W. Mason
(1993) research smaller plants cannot reach the taller
tree growth and in crown association they remain in
undergrowth. Long-term growth studies with Norway
spruce have demonstrated that size differences at
planting can last for 9 years or more. The Estonian

research has confirmed that growth preference stays
at least for 10-12 years after cultivation (Laas 1984,
Margus 1988, Terasmaa 1991). But there can be found
the research showing a big plant height may reduce
the establishment and growth of bare-rooted as well
as cell-grown planting stock due to after-planting water
stress. A bigger planting stock has a bigger leaf area.
Deformed root system cannot cover the increased tran-
spiration, which, in its turn, leads to transpiration
decrease, assimilation decline and establishment and
growth worsening (Lamhamedi et al. 1998). Thus af-
ter 2-3 years of planting the growth increment of tall-
er pine seedlings was less than the corresponding
index of smaller plants, the differences in seedling
height were levelled (Valtanen et al. 1986). In Lithua-
nia for an experimental plot the 1-year-old small (height
4.5 cm and root collar diameter 2.3 mm) and 2-year-old
big (height 21.4 cm and root collar diameter 4.2 mm)
pine seedlings were used, but their establishment did
not differ much. In the first two years after planting
the increment of small plant height was more, but due
to the greater initial height big plants remained taller
(Suchockas 1999). At the same time it has been found
the enlarging leaf area increases the plant sensitivity
to water stress only in the extreme conditions where
air humidity and soil moisture are in deficiency (Lam-
hamedi et al. 1998, Stewart et al. 1995). It has turned
out when cultivating the loblolly pine, the plant height
affects negatively establishment only in unfavourable
growing conditions, in good growing conditions the
connection is slightly positive (Tuttle et al. 1987).
Bigger plants have advantage on more humid soils, the
plant height has a little influence on its establishment,
but taller plants have certain preference in competi-
tion with herbs. So the preferring of taller plants com-
pensates its lower vitality. On dry soils taller plants
die more in summer and their height increment is less
(Stewart et al. 1995).

The height of pine and spruce container-grown
plants grown in Estonia was only 2 cm smaller than
that of bare-rooted plants and comes up to require-
ments on cell-grown plants� height in other countries
(Finland, Canada) (Helenius et al. 2002, Provin-
cial�1998, Päätos�1992). But root collar diameter of
plants with different root system differed essentially
� in case of bare-rooted pine seedlings it was on
average 1,4 times and in case of bare-rooted spruce
transplants 2 times bigger than that of cell-grown
plants. At the same time the root collar diameter of cell-
grown pine seedlings exceeded 1.8 times of this giv-
en in standard (1.5 mm), the according number of cell-
grown spruce plants was close to standard (4.0 mm).
According to the literature the root collar diameter is
taken even more essential value than plant�s height on
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which the establishment of both cell-grown and bare-
rooted planting material depends (Savill et al. 1997).
D. South et al. (1985), who have generalised many
research results, concluded the seedlings with bigger
root collar diameter have better initial establishment.
The conclusion was reached in studying cultivations
of loblolly pine and slash pine. But there is lack of
information in the literature about the standards on
root collar diameter of Scots pine and Norway spruce.
In Finland the root collar diameter of bare-rooted
pine seedlings of 15 cm high is at least 4.0 mm and
that of the 2-years old container-grown spruce plants
of 27 cm high is at least 4.0 mm (suggestion is 5.0
mm) (Rikala 2002). In Canada the demanded mini-
mum root collar diameter of the 1-year-old container-
grown spruce seedlings is 2.4 mm (Provincial�1998).
According to the EEC Standard being valid in former
times in European Union the minimum root collar di-
ameter of the 2-year-old pine seedlings of 6-15 cm high
was 3 mm; according number of the 4-year-old spruce
plants of 25-40 cm high was 5 mm (EEC�1994). Root
collar diameter of the 2-year-old bare-rooted pine seed-
lings grown in Estonia is equal to minimum values of
that put into force in different countries for the plants
with equal height, root collar diameter of the 4-year-
old spruce transplants is probably bigger. Root collar
diameter of container-grown spruce plants in Estonia
is a little smaller than minimum index valid in Finland.
There were no data in the literature for comparison root
collar diameter of container-grown pine plants.

The height and diameter ratio (sturdiness) of
plants characterizes their resistance to several phys-
ical damages. The smaller is ratio�s value the stronger
are plants and less they suffer under physical dam-
ages, vegetation suppression and snowpack effect. If
to compare height and diameter ratios of container-
grown and bare-rooted pine seedlings in Estonia it can
be seen that bare-rooted seedlings are more sturdy
(3.7). In Finland 10-15 cm high bare-rooted pine
seedlings had height and diameter ratio 3.3 - 3.8
(Rikala 2002). Container-grown spruce plants had
very high height and diameter ratio (6.6-8.3) in Es-
tonia, according to the literature it should be between
5.0-5.5. The according average number of the 4-year-
old spruce transplants was 4.2. So the container-grown
plants were too stretched out. To avoid inappropri-
ate height and diameter ratio, in Finland the maximum
height limits are set for container-grown spruce
stock, depending on the container type. The height
and diameter ratio in Finland is 3.5-4.7 given for
container-grown spruce plants based on minimum
height and root collar diameter, in case of recom-
mended height and root collar diameter it is 5.4-6.4
(Rikala 2002). In British Columbia (Provin-

cial�1998) on the basis of the standard height and
root collar diameter for container-grown spruce stock
height and diameter ratio values of the one-year-old
seedlings were 5.6-8.0, the values of the 2-year-old
plants were 5.3-5.4. The Douglas fir, the lodgepole
pine, the white spruce seedlings while growing in 3-
12A Styroblock containers (volume 60 ml) height and
diameter ratio values of the 1-year-old plants were
6.2-8.6 (van den Driessche 1991).

Besides plants� height and root collar diameter,
above- and below-ground biomass and their ratio are
considered to be important in cultivating. In Nordic
countries the reciprocal value of the mentioned ratio
(root/shoot) is used (Vapaavuori et al. 1992).  For plant
characterisation the horizontal projection area root
system and shoot mass ratio are used as well (Mar-
tinsson 1986). In this research it was found out that
bare-rooted both pine and spruce stock had essential-
ly bigger above-ground biomass than container-grown
stock. Also the 4-year-old spruce transplants had es-
sentially bigger root mass than container-grown
spruce plants. In case of pine with different root sys-
tem there were no essential differences in root mass.

In accordance with the U.S.A. research data the
establishment of Douglas fir and ponderosa pine seed-
lings with the same height depends on its root sys-
tem spread. The establishment of Douglas fir seedlings
with large root system was 22-26% and the establish-
ment of pine seedlings was 6-16% higher than the
plants with smaller root system had. In case of both
species the height increment of plants with large root
system exceeded 1.2-1.7 times that of plants with small-
er root system (Lopushinsky et al. 1976).

Obviously the establishment of plants is better
when their above-ground and below-ground parts are
in balance. Shoot and root ratio is the morphologi-
cal index, which is used mostly to estimate bare-
rooted planting stock, less to estimate container-
grown planting stock. Generally smaller shoot and
root ratio is considered to be better. In case of a
higher index, too large canopy compared with root
system may be expected. After planting such plants
tend to lose much water from transpiration because
a higher proportion of foliage is shade adapted,
lacking sufficient cuticular waxes. They are also less
sturdy hence more prone to being damaged by veg-
etation or snowpress. (Provincial�1998). Dispro-
portionate plant above- and below-ground parts are
taken as the main reason for planting shock. Exper-
iments with Douglas fir, lodgepole pine and white
spruce containerised seedlings showed the shoot and
root ratio as 1.77-2.25 whereas a low shoot and root
ratio had favoured plant establishment in dry soils
(van den Driessche 1991). From the corresponding
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literature other evaluations to shoot and root ratio
as the plant quality index can be found. P. Bernier
et al. (1995) who have generalised the research
results about shoot and root ratio, have found in
most cases an increased shoot and root ratio index
does not affect coniferous containerized seedlings
establishment and growth. In accordance with the
U.S.A. research the afterplanting establishment of
loblolly pine plants is negatively connected with
plant height (r= -0.48- -0.50) and shoot/root ratio
(r= -0.75- -0.76) and positively with plant root mass
(r=0.63-0.64) (Larsen et al. 1986). To ensure proper
establishment, it is recommended to use, especial-
ly in dry types, the seedlings with the height below
30 cm and shoot/root ratio below 2.5 (Boyer et al.
1987). In England there is the current rule of thumb:
the shoot/root dry mass ratio should not be greater
than 3:1 (Aldhous 1994), ratio 2:1 is taken as ideal
(Bernier et al. 1995).

If to compare our Ecopot and bare-rooted pine
plants height and diameter ratio, the difference was
about 20%. Comparing above-ground and below-
ground part of same species planting stock biomass,
there turned up an essential difference: the bare-root-
ed seedlings had 2 times higher above-ground part
biomass compared with that of Ecopot plants, but the
same root system mass. It means bare-rooted seedlings
have the root system with relatively small mass. There-
fore the shoot and root ratio of bare-rooted pine seed-
lings was 5.5 and that of cell-grown plants was 2.8.
From the literature similar data can be found. So the
bare-rooted jack pine seedlings had shoot and root
ratio 3.5, cell-grown had ratio 1.6; black spruce plants
had ratio 2.0 and 1.4 (Grossnickle et al. 1987), re-
spectively. This may cause worse establishment of the
2-year-old pine seedlings. According to the data in
the corresponding literature the shoot and root bio-
mass balance seems to be less important to pines than
to spruces. The experiments with the 2-year-old bare-
rooted ponderosa pine seedlings have demonstrated
(Lopushinsky 1976). It is possible that the reason is
pine�s higher drought resistance. But there have been
cases showing the ratio between establishment and
height and diameter ratio or shoot and root dry mass
ratio has been low in types and in years when soil is
humid enough and it is high, when soil humidity acts
as a limiting factor (Stewart et al. 1995).

Above- and below-ground biomass of the 4-year-
old spruce transplants was essentially larger than those
of cell-grown plants but the ratio of these indexes did
not differ essentially. Therefore high establishment in
cultivating with cell-grown spruce plants can be pre-
dicted. Due to high height and diameter ratio and less
developed canopy cell-grown spruce plants are prone

to several unfavourable factors such as competition
with herbs and natural regeneration of deciduous, veg-
etation and snow press, damages of wild animals and
insects. To decrease bad results of mentioned factors
it is necessary to increase the volume of maintenance
works, which makes cultivations established with cell-
grown spruce plants more expensive than in using the
4-year-old spruce transplants. Also cell-grown spruce
plants are more expensive than bare-rooted plants and
it causes the increase in cultivation�s cost.

Conclusions

The height indices differed relatively little between
the bare-rooted and container-grown plants (7�14%).
The root collar diameter of container-grown pine seed-
lings formed 69% and corresponding index of contain-
er-grown spruce planting stock 51% from the bare-
rooted planting stock diameter growth. The differenc-
es between dry masses were also found out. The
above-ground dry mass of container-grown spruce
stock on average was 4.7 times smaller than the same
number of bare rooted transplants, the relative dif-
ference between above-ground mass of pine contain-
er-crown stock and bare-rooted seedlings was small-
er, 2 times. It was turned out that the root mass of
the 2-year-old bare rooted pine seedlings was rela-
tively smaller as compared with above ground biomass
(above-ground and below-ground dry mass ratio was
4.9-6.4), which may decrease plant establishment in
plantations. Spruce container-seedlings had too high
height and root-collar diameter (h/d) ratio (6.6-8.3),
which make plants less resistant to physical damag-
es in plantations.

Since 1999 1999/105/EC directive regulates plant-
ing stock quality and international planting stock
market. There are no concrete numerical quality indi-
ces for planting stock given. Presently in Estonia it
would be untimely to ignore the quality standards for
forest planting stock, but they should be changed -
minimum height of bare- rooted pine seedlings should
be 10 cm and for spruce transplants 25 cm. The lower
limit of pine seedlings root collar diameter should be
much raised - from the present 1.5 mm to 3.0 mm, the
root collar diameter of spruce transplants to 5 mm.
There should separately be worked out quality stand-
ards for container-grown stock.

As many researchers have proved the establish-
ment of planting stock can be influenced by plant
choice, it would be expedient to divide pine and spruce
bare-rooted planting stock by a plant�s above-ground
and root system measurements. Such division would
make it possible to use plants according to soil mois-
ture and fertility in future growing place.
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ÊÀ×ÅÑÒÂÎ ÏÎÑÀÄÎ×ÍÎÃÎ ÌÀÒÅÐÈÀËÀ ÑÎÑÍÛ È ÅËÈ Â ÝÑÒÎÍÈÈ
Õ. Ñýýìåí, À. ßýðàòñ
Ðåçþìå

Â ñòàòüå ïðèâåäåí ñðàâíèòåëüíûé àíàëèç ñîîòâåòñòâèÿ îñíîâíûõ ïîêàçàòåëåé êà÷åñòâà ïîñàäî÷íîãî ìàòåðèàëà ñ
çàêðûòîé è îòêðûòîé êîðíåâîé ñèñòåìîé. Ñîîòâåòñòâåííî äåéñòâóþùåìó â Ýñòîíèè ñòàíäàðòó íà ïîñàäî÷íûé
ìàòåðèàë ðàññìîòðåíû âûñîòû, äèàìåòðû êîðíåâîé øåéêè, ñîîòíîøåíèÿ âûñîòû è äèàìåòðà êîðíåâîé øåéêè,
íàçåìíûå áèîìàññû, ïîäçåìíûå áèîìàññû, è ñîîòíîøåíèÿ íàçåìíîé è ïîäçåìíîé áèîìàññû ðàñòåíèé. Ìàòåðèàë äëÿ
èññëåäîâàíèÿ áûë ñîáðàí â ðàçíûõ ðåãèîíàõ Ýñòîíèè â ëåñíûõ ïèòîìíèêàõ ñèñòåìû ãîñóäàðñòâåííûõ ëåñíûõ
ïðåäïðèÿòèé â ïåðèîä 2001�2003 ãã. Ðàñòåíèÿ ñîñíû è åëè ñ çàêðûòîé êîðíåâîé ñèñòåìîé âûðàùåíû â êîíòåéíåðàõ
Ecopot ñ ïëîòíîñòüþ 400 ðàñòåíèé íà ì2, ñåÿíöû ñîñíû è ñàæåíöû åëè ñ îòêðûòîé êîðíåâîé ñèñòåìîé � â ñîîòâåòñòâèè
ñ òðàäèöèîííîé òåõíîëîãèåé âûðàùèâàíèÿ íà îòêðûòîì ãðóíòå.

Ñðåäíÿÿ âûñîòà ðàñòåíèé îäíîé è òîé æå äðåâåñíîé ïîðîäû ñ çàêðûòîé è îòêðûòîé êîðíåâîé ñèñòåìîé
ðàçëè÷àëàñü îòíîñèòåëüíî ìàëî (7�14%). Îäíàêî, äèàìåòð êîðíåâîé øåéêè ñîñíû, âûðàùåííîé â êîíòåéíåðíûõ
óñëîâèÿõ, ñîñòàâëÿë 69% è ñîîòâåòñòâóþùèé ïîêàçàòåëü êîíòåéíåðíûõ åëîâûõ ðàñòåíèé 51% îò äèàìåòðà êîðíåâîé
øåéêè ðàñòåíèé ñîîòâåòñòâóþùèõ äðåâåñíûõ ïîðîä, âûðàùåííûõ ñ îòêðûòîé êîðíåâîé ñèñòåìîé. Ìàññà íàçåìíîé
÷àñòè êîíòåéíåðíûõ åëîâûõ ðàñòåíèé áûëà â ñðåäíåì â 4,7 ðàçà ìåíüøå ÷åì ó ñàæåíöåâ ñ îòêðûòîé êîðíåâîé ñèñòåìîé.
Íàçåìíàÿ áèîìàññà êîíòåéíåðíûõ ñîñíîâûõ ðàñòåíèé áûëà äâà ðàçà ìåíüøå ïîñðàâíåíèè ñ ñåÿíöàìè ñ îòêðûòîé
êîðíåâîé ñèñòåìîé. Íàðÿäó ñ óêàçàííûìè ðàçìåðàìè ñóùåñòâåííûì ÿâëÿåòñÿ ïðîïîðöèîíàëüíîå ðàçâèòèå ðàçíûõ
÷àñòåé ðàñòåíèé. Âûÿñíèëîñü, ÷òî ìàññà êîðíåâîé ñèñòåìû äâóõëåòíèõ ñîñíîâûõ ñåÿíöåâ ñ îòêðûòîé êîðíåâîé
ñèñòåìîé áûëà îòíîñèòåëüíî ìàëîé ïî ñðàâíåíèþ ñ íàçåìíîé áèîìàññîé (ñîîòíîøåíèå ñóõîé ìàññû íàçåìíîé è
ïîäçåìíîé ÷àñòè ñîñòàâëÿëî 4,9�6,4), ÷òî ìîæåò ñíèçèòü ïðèæèâàåìîñòü ðàñòåíèé ïðè êóëüòèâèðîâàíèè. Ó
êîíòåéíåðíûõ åëîâûõ ðàñòåíèé ñëèøêîì áîëüøèì áûëî ñîîòíîøåíèå âûñîòû è äèàìåòðà êîðíåâîé øåéêè (6,6�8,3), ÷òî
äåëàåò ðàñòåíèÿ â êóëüòóðå ìàëîóñòîé÷èâûìè ê ôèçè÷åñêèì ïîâðåæäåíèÿì.

Êëþ÷åâûå ñëîâà: ñîñíà (Pinus sylvestris), åëü (Picea abies), ðàñòåíèÿ ñ îòêðûòîé êîðíåâîé ñèñòåìîé, ðàñòåíèÿ ñ
çàêðûòîé êîðíåâîé ñèñòåìîé, êà÷åñòâî ðàñòåíèé
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