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The nutritional status, growth, yield, and technical quality of mixed stands of silver birch (Betula pendula Roth)
and downy birch (Betula pubescens Ehrh.) plantations in Northern Karelia, eastern Finland, were studied 20 years after
planting. Soil samples were taken from all 45 field-afforestation sites and foliar samples from 23 stands.

Silver birch was greater in diameter, height and mean volume than downy birch on all the soil types studied. The

difference in tree size diminished with increasing proportion of organic matter in the soil. The growth of silver birch
decreased and that of downy birch slightly increased with increasing soil organic matter content. The concentrations of
Ca, Mn, Fe, Al, and B in the leaves of downy birch were higher than these in silver birch leaves. Both birch species
exhibited a nutrient-based growth disturbance when the foliar boron concentration was very low (below 5 mg/kg). With
increasing soil organic matter content, the foliar potassium concentrations decreased and those of Mn increased. The
vitality and technical quality of both downy and silver birches were at their maximum on mineral soils and much poorer
on peat soils. The most common external stem defects were forks. Crown deformation was especially common on peat

soils. Downy birch grew equally well regardless of what tree species grew as its neighbouring trees.
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Introduction

Silver birch (Betula pendula Roth) and downy
birch (Betula pubescens Ehrh.) differ from each other
in terms of their number of chromosomes, certain mor-
phological properties (Kujala 1946), wood anatomy
(Bhat & Karkkdinen 1980), and also partly in regard
to distribution and site preferences. Downy birch
grows naturally on peatlands and poorly drained soils,
while silver birch grows mostly on moist and rich
upland forests. The total volume of the stock of downy
birch in Finland is five times higher than that of sil-
ver birch (1180 mill. m* /227 mill. m*) (Kuusela & Salmin-
en 1983, Kuusela et al. 1986).

The growth and yield of silver birch (Koivisto
1959, Ilvessalo & Ilvessalo 1975, Oikarinen 1983, Nie-
mistd 1996) and downy birch (Keltikangas & Seppéla
1977, Saraméki 1977, Ferm 1990, Niemisto 1991) has

been widely studied in stands composed of either of
these species. Silver birch is generally higher-yield-
ing than downy birch (e.g. Koivisto 1959, Mielikdinen
1980, 1985, Karlsson et al 1997). However, studies
comparing these two species are rare. Raulo (1977) has
suggested relying on the development of dominant
height that the yield of 30-year-old or older silver birch
stands is up to two times higher than that of downy
birch. It is obvious that on moist, organic soils downy
birch thrives better than silver birch, and that silver
birch is faster-growing on fertile upland soils.

The management guidelines for the two birch
species also differ from each other (Oikarinen 1983,
Ferm 1990, Niemisto 1991, 1997). The recommended
growing densities for downy birch are higher than
those for silver birch because the aim in growing
downy birch is mainly to produce pulpwood while sil-
ver birch is grown to provide raw material for the pro-
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duction of veneer and plywood. There are also indi-
cations that downy birch is more shade tolerant than
silver birch (Kujala 1946, Thomas & Kenworthy 1980,
Atkinson 1984, Ferm 1990). The self-thinning of natu-
ral downy birch stands is slower than that of silver
birch (Ilvessalo & Ilvessalo 1975).

The choice of tree species is one of the most
important decisions to be made in field afforestation.
The classification of old agricultural fields into min-
eral soil and peatland types based on vegetation, as
applied in Finnish forestry, is often impossible since
the field vegetation retains its dominant status for a
long time (Hytonen & Ekola 1993). Both the culti-
vation of silver birch and downy birch in Finland was
boosted by the increase in field afforestation in the
beginning of 1990s. Over 220,000 ha of agricultural
fields in the country as a whole, and over 33,000 hec-
tares in North Karelia alone, have been afforested since
1969 (Finnish Statistical ... 2000). Downy birch has
been recommended for problematic sites, these being
mostly peatland fields. It is believed that some eco-
logical characteristics of downy birch, e.g. good tol-
erance for soil anaerobic conditions (Huikari 1954,
1959), make it suitable for especially wet sites. Also,
silver birch has been found to be susceptible to God-
ronia multispora on peatlands (Kurkela 1973). How-
ever, growing downy birch is also problematic on
former peat fields, especially if the soil’s nutrient sta-
tus is unfavourable (Hynonen & Makkonen 1998). Both
birch species on agricultural lands run a high risk of
being damaged by voles, moose, hares and fungal
diseases. Thus, there are difficulties often involved
when choosing to grow birch.

The aim of this study was to compare the nutri-
tional status, growth and yield, and technical quality
of downy birch (Betula pubescens) and silver birch
(Betula pendula) grown on afforested former agricul-
tural land. The effects of soil characteristics and foli-
ar nutrient concentrations on the growth and yield of
these two birch species were also studied.

Material and methods

Study stands

Field afforestations were done in North Karelia in
1971 using mixture of silver birch and downy birch.
Approximately 10-20% of the birch seedlings delivered
from the nursery were downy birch seedlings the rest
being silver birch. The seedlings had undergone the
same treatments in the nursery and their height at
planting varied between 20-80 cm. The planting den-
sity was 1600 seedlings/ha. The field afforestation sites
varied from 0.3 — 5.0 ha in size with the mean being

1.5 ha. The study stands were selected by accessing
archives and only successful plantations were includ-
ed. These stands were mostly stands still not thinned
at the age of 20 years. Of the forty-five stands, eight
were growing on deep peat soil, four on shallow peat
soils or peat mixed with mineral soil, and thirty-one
on mineral soils.

Stand measurements

Stand measurements were done 20 years after
planting. For the measurements, twelve sample plots
were established in each stand using a systematic
network of circular sample plots. Each stand had six
plots with a living planted silver birch at the centre
and another six plots with a planted downy birch at
the centre. Some of the stands had relatively few
downy birches and in these cases a silver birch was
accepted as the centre of the plot. In three of the
stands, sample plots did not contain any downy birch-
es. Altogether 526 sample plots were measured.

Within a 4-metre radius of the plot’s centre all
trees were mapped (direction and distance). Diame-
ter at breast height (d 1.3, mm) and height (h, dm) and
as well as the length of the centre tree’s living crown
were measured. Each tree was classified by crown lay-
er, technical quality of the stem and tree vitality us-
ing standard classification (Metsikkdkokeiden... 1987).
The volume of each measured tree was calculated using
the volume equations presented by Laasasenaho
(1982). Based on the data from sample plots, the re-
sults for each stand were then calculated. The volume
of silver birch trees in the stands averaged 77.3 m*/ha
and that of downy birch 7.6 m?/ha.

Soil and foliar analysis

Soil samples from the top tilling layer (0-10 cm)
were taken from the centre of each plot near the sam-
ple tree (within 0.5 — 1.5 m) and these were formed from
four subsamples. The means for the whole stand were
calculated.

Soil samples were analyzed for their pH (H,0), total
nitrogen (Kjeldahl), and acid ammonium acetate extract-
able (pH 4.65) P, K, Ca, and Mg (Halonen ef al. 1983).
The mineral soil’s particle size distribution was deter-
mined after drying the soil samples by sieving (sieve
mesh size: 20, 2.0, 0.63, 0.2 and 0.063 mm). The organ-
ic matter content of the topsoil was highest in peat
soils and lowest in mineral soils. This was not tested
(Table 1) since the classification in the field was based
on the assessed content of organic matter. The nutri-
ent concentrations were highest in peat soil, except
for potassium, which had the highest concentrations
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in soils formed of a mixture of mineral soil and peat
soil (Table 1); in the latter, the nutrient concentrations
were in between those of mineral and peat soil. The
soil’s pH was higher in the mixture than in the other
soil types.

Table 1. Soil nutrient concentrations (acid ammonium ace-
tate extractable P, K, Ca, Mg), pH and organic matter con-
tent by soil type

Nutrient Mineral soil Peat soil Mixture F p
n=29 n=10 n=4

Ntot. % 0.3 1.4 0.7 3947 0.000
P, mg/100 g 0.5 1.6 0.4 1746  0.000
K, mg/100 g 7.4 14.1 15.0 10.95 0.000
Ca, mg/100 g 633 296.6 187.0 1541 0.000
Mg, mg/100 g 6.2 245 209 1456 0.000
pH 5.2 4.8 53 8.19 0.001
OM, % 11.7 51.9 25.6 -

Leaf samples were taken from both birch species
in twenty-three stands (eleven on peat based fields
and twelve on mineral soils) during mid-August 1990.
The leaf samples were stripped from the most recent
leaders, from just above the mid-point of the crown
from the south side of the sample trees serving as the
mid-point of each sample plot. In each study stand six
separate samples for silver birch and downy birch were
collected for analysis. The standwise means for silver
and downy birch were subsequently calculated.

The birch leaves were analyzed for their ash con-
tent, N concentration using the Kjeldahl method, P and
B concentrations were measured spectrophotometrical-
ly, and, K, Ca, Mg, Fe, Mn, Zn, Cu, Na, and Al concen-
trations were measured using ICP (Halonen ef al. 1983).

Statistical analyses

The differences between the mean volume of trees,
mean height and the diameter of the two species were
tested with analysis of variance (model included: spe-
cies, soil type and interaction) and t-test and differ-
ences between the soil types with analysis of variance.
Since the number of soils classified as mixtures was
only four, they were combined with peat soils and clas-
sified as organic soils. The effect of particle size dis-
tribution, the soil’s nutrient concentrations and the pH
on the size and volume of the trees were tested with
correlation analysis.

Results

Foliar nutrient concentrations

The differences between foliar nutrient concen-
trations in regard to nitrogen, phosphorus, potassi-

um, and magnesium were small (Table 2). Silver birch
had 0.7 mg/g higher nitrogen concentration than
downy birch, but this difference was significant. The
maximum values of foliar nitrogen concentration ex-
ceeded 30 g/kg. Downy birch had significantly higher
calcium, manganese, iron, aluminum, and boron con-
centrations than silver birch.

Table 2. Foliar nutrient concentrations of silver birch and
downy birch. Means, standard deviations and minimum and
maximum values. F and p statistics

Nutrient Silver birch Downy birch F P
X s Min. Max x s Min Max

N, mg/g 274 1.7 235 317 26.7 1.9 227 299 8.68 0.007
P, mg/g 2.65 0.41 2.01 3.47 2.71 0.37 2.15 3.55 1.57 0.223
K, mg/g 1022 2.67 5091 1835 1037 234  7.10 1588 0.21 0.650
Ca, mg/g 9.93 117 7.88 1222 1077 144 758 1396 5.33 0.031
Mg, mg/g 2.95 049  2.16 419 2.8 0.45 2.15 4.11 3.19 0.088
Mn, mg/kg 1001 654 195 3072 1214 715 169 3407 1698  0.000
Fe, mg/kg 77 16 54 121 90 13 69 128 3219 0.000
Al, mg/kg 71 13 48 95 82 13 66 117 3476  0.000
Cu, mg/kg 6.1 0.7 4.3 7.1 6.3 0.7 4.7 7.4 0.93 0.339
Zn, mg/kg 176 79 69 335 187 87 88 366 2.73 0.113
B, mg/kg 12.9 8.1 3.6 37.2 17.2 103 42 49.6 2574 0.000

In 22% and 48% of the stands downy and silver
birch foliar boron concentrations were below 10 mg/
kg deficiency limit set by Ferm and Markkola (1985).
Of the twenty-three stands examined, four exhibited
obvious macroscopic nutrient-based growth distur-
bance symptoms (Raitio 1983, Ferm & Markkola 1985)
with concurrent extremely low (average value 4-5 mg
kg) boron concentrations in the leaves. Even in these
cases, downy birch exhibited boron concentrations
values slightly higher than those of silver birch. The
nitrogen boron ratios in the leaves were also high
(6000-8000).

The soil type had a statistically significant effect
on the concentrations of some of the nutrients. The
foliar phosphorus and potassium concentrations of birch
decreased with increasing proportion of soil organic
matter. This was statistically significant only for silver
birch (Table 3, Figure 1). When the share of soil organ-
ic matter increased, the foliar N/K-ratios of both silver
birch (r=0.743, p = 0.000) and downy birch (r=0.602,
p=0.002) also increased with statistical significance.
Also, the foliar iron concentrations of silver birch in-
creased when the share of organic matter in the soil
increased (Table 3). Both species showed marked and
significant increase in their manganese concentrations
with increasing soil organic matter (Figure 1). Thus, the
concentrations of manganese were highest in peat-based
fields. Downy birch had in 30% and silver birch in 17%
of the stands manganese concentrations over 1500 mg/
kg. The highest manganese concentrations exceeded
3000 mg/kg. The corresponding soil and foliar nutrient
concentrations did not correlate statistically significantly
with each other.
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Table 3. Correlation coefficients be-
tween soil organic matter content and

foliar nutrient concentrations

Species N P K Ca Mg Mn Fe Al Cu Zn B
Silver birch ~ 0.196  -0.474* -0.522* -0.015 0.222  0.807** 0.443* -0.114 0.208 -0.133  0.216
Downy birch  0.227  -0.380 -0.380 -0.247 0.021 0.815* 0.063 -0.153 -0.165 -0.252  0.125
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Figure 1. Correlation between soil organic matter content
and foliar potassium and manganese concentrations

Tree and stand characteristics

Mean diameter

The mean diameter of silver birch on all soil types
and in all stands was higher than that of downy birch
(Figure 2, Table 4). The differences between the spe-
cies were statistically significant (F=136.57, p=0.000).
Soil types did not differ from each other, but there was
significant interaction between soil type and tree spe-
cies (F=14.58, p=0.000). The diameter of silver birch
was higher on mineral than on organic soils, and that
of downy birch was vice versa (Figure 3). The differ-
ences in the mean diameters between the dominant
individuals of these two birch species were much
smaller than the diameter of all trees. On mineral soils,
the mean diameter of all planted silver birch was 5 cm
larger than that of downy birch. The corresponding

Volume/free dm3

Table 4. Standwise mean characteristics and minimums and
maximums

Characteristics Mean Standard Minimum Maximum N
deviation
Mean diameter (cm) Silver birch 12.0 1.6 8.8 16.1 45
Downy birch 74 1.7 45 115 42
Mean height (m) Silver birch 11.6 1.5 8.2 145 45
Downy birch 8.8 1.6 55 127 42
Mean Vo}lume Silver birch 729 247 329 1434 45
(dm’/tree) Downy birch 238 128 6.0 63.1 42
Stocking (stems/ha) Silver birch 1124 334 82 1940 45
Downy birch 324 235 17 1144 42
Volumettree, dm? d,mm h,m
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Figure 3. The correlation between soil organic matter con-
tent and volume, mean diameter and mean height of silver
and downy birch (n=23 stands)

difference in the mean diameter of the dominant trees
was only 2.6 cm. The corresponding figures for peat
soils were 2.7 cm and 1.7 cm.

The mean diameters of both tree species did not
correlate statistically significantly with the particle size
on the mineral soils nor with the soil nutrient concen-
trations.

Diameter, cm Height,
sor 141 12 ’
121 I 10}
sor 10} 2%
8| VA
ol 7
a0 A7 6
ol
7 of
Figure 2. The mean volume, mean diame- 201
ter and mean height of silver birch and 2f 2r
downy birch growing on mineral and organic . . .
soils. Standard deviation marked inside the Mineral Organic Mineral Organic Mineral Organic
columns soil soil soil soil soil soil
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Mean height

Independing of the soil type, silver birches were
taller than downy birches (F=50.10, p=0.000) (Figures
2, 3, Table 4). The differences in heights were bigger
on mineral soils than on peat soils, but the differenc-
es were not statistically significant. Also, the interac-
tion between the soil type and tree species was not
significant (F=4.01, p=0.052).

The mean heights of both silver and downy birch
decreased slightly when the share of silt and clay in
the soil increased. However, these correlations were
not statistically significant.

The height of downy birches on average was 82%
of the height of all trees in the stands and that of sil-
ver birch trees correspondingly 111%. Downy birch
was in intermediate or suppressed position in almost
all plantations. However, on peat soils downy birch
was in a more competitive position compared with sil-
ver birch (Table 5).

Table 5. The distribution of trees (%) into crown classes
by soil type

Crown class

Site type Dominants Co-dominants Intermediate Suppressed
Mineral soils

Silver birch 50.8 25.0 16.9 7.3

Downy birch 55 14.5 41.4 38.4
Peat soils

Silver birch 57.0 24.5 15.1 34

Downy birch 19.6 26.0 429 114

Mixture of peat and mineral soil
Silver birch 424 27.8 21.7 8.1
Downy birch 5.1 11.9 47.5 35.6

Mean volume of tree

The mean volume of the average silver birch was
higher than that of downy birch (F=107.43, p=0.000)
(Figures 2, 3, Table 4). The differences between soil
types were not statistically significant (F=0.52,
p=0.436), but there was significant interaction between
the species and soil type (F=10.18, p=0.000). The mean
volume of the average downy birch was higher on peat
soils than on mineral soil fields, and the mean size of
silver birch was higher on mineral soil and lowest on
peat soils. On all fields, silver birch was bigger than
downy birch. The ratio between the mean volumes on
mineral soils was 3.3 and on peat soils 2.3. In stands
where top soil was mineral (organic matter content <
20%), silver birch was at least three times larger than
downy birch, and in some cases over ten times larger
(Figure 2). Even when the soil organic matter content
was high, the average size of silver birch was 2.5-1.5
times greater than that of downy birch. No statistical-

ly significant correlation, however, was noted between
the soil nutrient concentration and tree size.

Stand volume

The volume of silver birch in stands was at its
maximum on mineral-soil sites and at its minimum on
peat-based sites. The maximum stand volumes of
downy birch were recorded on peat-based fields.

When the amount of soil organic matter increased,
the total volume of birch stands decreased (r=-0.441,
p=0.035). This is explained by the decreasing size of
dominant silver birch trees with an increase in the
organic matter content. The positive correlation with
soil pH and stand total volume (r=0.429, p=0.009) was
probably due to pH being at its lowest on peat-based
fields. Soil potassium, as well as other measured soil
parameters, did not correlate with stand volume. The
foliar potassium concentrations in both birch species
correlated significantly with the mean stand volume
(rpendu]a=0.783***, rpubescens=0.728***) (Figure 4). This
was most probably due to silver birch growing less
on peat-soil sites than on mineral-soil sites.

Volume, m3/ha

90
|
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I [ i
L ]
60 -
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. . 50
Figure 4. Correlation - m n
between silver birch’s fo- 4ok .' b |
liar concentrations of po- L
3 30 1 1 1 1 1 1 1
tassium and stand mean 4 6 8 10 12 14 16 18 20
volume Foliar K, mg/g

Technical quality and vitality of trees

The most common external defects in both birch
species were abnormalities of the stem and of the
crown: crooked or forked stems and bushy appearance
of the crown. The proportion of dead trees was, how-
ever, small. On mineral soils, 71% of the silver birch
trees were assessed as being normal in terms of tech-
nical quality and the corresponding figure for downy
birch was 65% (Table 6). On peat-based sites, the pro-
portion of normal trees was lower, with only 46% of
the trees of both species being normal in terms of
technical quality. Forking was the most general tech-
nical defect lowering technical quality (Table 6). Forking
in silver birch was more common than in downy birch
on all soil types. Silver birch was more crooked on
all site types than was downy birch.
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Table 6. The technical quality of stems (%) by site type

Technical Mineral soil Peat soil Mixture
quality Silver b. Downy b Silver b. Downy b.  Silver b. Downy b.
Normal 71.4 65.2 46.0 45.5 524 60.6
Branchy - - - 0.4 - -
Crooked 11.2 10.1 14.2 10.3 20.3 12.8
Forked 13.3 20.8 23.3 333 22.0 22.9
Branchy+ - - 0.5 - - -
crooked
Crooked+ 4.1 39 14.6 10.1 5.1 3.7
forked
Branchy+ - - 1.4 0.4 - -
crooked+forked

100.0 100.0 100.0 100.0 100.0 100.0

The vitality of the trees was better on mineral soil
sites than on peat-based sites (Table 7). Deformation
of the crown was the most general disorder. It was
especially common on peat soils in both species. Other
disturbances related to vitality were rare.

Table 7. The distribution (%) of tree vitality by site type

Vitality Mineral soil Peat soil Mixture
Silver b. Downyb.  Silver b. Downyb.  Silver b. Downy b.

Healthy 69.6 72.1 46.6 51.6 644 70.3
Dead 6.4 1.7 0.9 2.6 1.7 0.5
Stem injury 1.1 1.0 0.9 1.9 - 0.2
Top broken 1.1 0.6 0.9 0.4 5.1 0.2
Abnormal crown 132 213 36.5 413 254 254
Defoliation 86 33 14.2 22 3.4 3.4

100.0 100.0 100.0 100.0 100.0 100.0

Effect of species mixture

The numbers of downy birch were highest and the
numbers of silver birch lowest on peat-based fields.
On mineral-soil-based fields the numbers of both birch
species were almost the same. The total numbers of
trees on mineral-soil and peat-based fields were 1480
and 1417 trees/ha respectively.

Downy birch was of the same stem size both on
mineral-soil-based and peat-soil-based fields, independ-
ent of the neighbouring tree’s species (silver or downy
birch). The stem size of downy birch did not appear
to depend on the mixture of downy birch in the stand.
However, the more downy birch there was in the stand,
the bigger the average size of silver birch in those
stands. This was observed both on mineral-soil and
peat-soil fields. This could be due to downy birch being
smaller than silver birch and therefore not presenting
such heavy competition to silver birch as do other
silver birch individuals.

Discussion

There were great differences in the growth and
development of the two birch species. Silver birch grew
better than downy birch in all the examined stands to
the extent that on the best sites silver birch appeared
to subdue the admixture of downy birch. The growth
of silver birch corresponded, on average, to height
index 26 (Oikarinen 1983), which is equivalent growth
to be expected on the Oxalis-Myrtillus site type ac-
cording to the Finnish site classification (Cajander
1926). As downy birch was not in a dominant posi-
tion in the stands examined, their site index could not
be defined. In western Finland, the growth of silver
birch on afforested fields has also corresponded to
height class 26 (Kinnunen and Aro 1996).

The growth of birch varied quite a lot between the
stands. Silver birch grew better than downy birch on
mineral-soil-based fields, where its arithmetic mean
volume (73.4 dm’/tree) was clearly higher than the
arithmetic mean volume of downy birch (22.4 dm®/tree).
Silver birch grew better on mineral soils than on or-
ganic soils, and its growth decreased with increasing
soil organic matter content. This is in agreement with
earlier results, according to which the yield of silver
birch on soils suitable for it has been better than that
of downy birch. According to Raulo (1977), the yield
difference at the age of 30 years can be as much as
50% in favour of silver birch. The mean volume of
silver birch was also higher on peatland sites mostly
considered to be suitable for downy birch. The arith-
metic mean volume of silver birch on peat-based fields
was 71 dm3/tree and that of downy birch was 31 dm?/
tree. Heiskanen (1957) has also reported that the mean
diameter of silver birch on peatlands is higher than that
of downy birch of the same age. The size of individu-
al downy birch trees slightly increased with increased
soil organic matter content and the size difference
between silver and downy birch decreased. Karlsson
et al. (1997) found that on moist sites in central and
southern Sweden the site index for downy birch was
as high as the site index for silver birch.

The various defects impairing the technical quali-
ty of birch stemwood and the vitality of the trees ap-
peared to be related to the site. The proportion of nor-
mal trees (silver birch 65%, downy birch 72%) was high-
est on mineral-soil fields. On peatland fields, the pro-
portion of normal trees was less than 50%. The main
defects lowering the technical quality of birch stems
were forks and stem crooks as have been reported for
silver birch in other studies (e.g. Kinnunen and Aro
1996, Niemistd 1996, Hynonen and Saksa 1997a, 1997b,
Hytdnen 1999). In this study, one-third of the silver
birches growing on peat-based fields were forked.
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Downy birch stems had more crooks than silver
birch stems. The reason for this remains unexplained,
but it could be related to moose damage, for example.
According to Heiskanen (1957), old downy birch indi-
viduals are more crooked and the crooks are often
worse than in silver birch of similar age. Also in the
study of Verkasalo (1988), the most common single
defects in veneer-log-sized downy birch stems on
peatland forests were crooks.

The soil pH was relatively high (4.7-5.3), and close
to the average pH of Finnish arable soils as recorded
in the 1960s (Lakanen ef al. 1969). The soil pH corre-
lated with the stand volume of the birches. However,
according to Ferm and Hytonen (1988) and Rikala and
Jozefek (1990), pH does not limit the growth of birch.
Thus, the positive correlation between pH and growth
is probably linked to pH being lowest on peatland soils.

None of the measured soil nutrient concentrations
correlated with stand growth. The nutrient amounts
in the peat soil of afforested former agricultural peat-
lands are often quite high compared with the soils of
peatland forests (Kaunisto & Paavilainen 1988,
Hytonen & Ekola 1993, Wall & Hytonen 1996, Hytonen
& Wall 1997, Hyndénen & Makkonen 1999). Agricul-
tural treatments have been found to increase the bulk
density, ash concentration, pH, and the total amounts
of phosphorus, calcium and iron in the cultivation layer
of the soil, but these treatments have had only a mi-
nor effect on the amounts of potassium, magnesium,
and boron (Hytonen and Wall 1997). The use of min-
eral soil as a soil improvement agent was common
practice when these peat fields were under cultivation.
Mineral soil has a long-term positive effect on the
thermal conditions and fertility of peat, especially on
the potassium status of soils, even though it has usu-
ally not increased soil boron amounts (Wall & Hytonen
1996, Hytonen & Wall 1997). In this study, the soil’s
organic matter content correlated with the foliar po-
tassium concentrations of birch. Further, it was shown
that both the soil’s organic matter content and foliar
potassium concentrations correlated with stand vol-
ume. Even though the soil’s potassium concentrations
in this study did not correlate with the growth of birch,
Hynonen and Makkonen (1999) reported a statistical-
ly significant correlation between the soil’s extracta-
ble potassium concentrations and the height increment
of 3 to 7-year-old downy birch on peat-based fields.
Also, in cutaway peatland areas potassium has been
shown to be a critical nutrient for the growth of downy
birch (Ferm & Kaunisto 1983). Thus, it seems that on
the peat-based fields potassium can limit the growth
of birches.

Scots pine growing on afforested fields has been
shown to be susceptible to nutritional growth distur-

bances and boron deficiencies (Raitio 1979, Veijalain-
en 1983, Ferm et al. 1992, Hytonen & Ekola 1993,
Hytonen 1999, 2003). Liming of fields during cultiva-
tion can also contribute to an increased risk of boron
deficiency (Lehto & Milkonen 1994). In this study, the
foliar boron concentrations in birch were low (below
10 mg/kg, see Ferm and Markkola 1985) in 22% and
48% of downy and silver birch stands, respectively.
Low boron and high nitrogen concentrations were
associated with nutrient-based growth disturbances.
Crown defects were mostly connected to nutritional
disorders (see Ferm and Markkola 1985) and clearly
visible when foliar boron concentrations were close
to 5 mg/kg. As with nutrient-based growth disorders
in Scots pine and Norway spruce, typical features in
birch are frequent diebacks, leader damage and bushy
crowns (Raitio 1982, Veijalainen et al. 1984, Ferm and
Markkola 1985). Crown deformations were more com-
mon on peatland sites than on mineral-soil fields. The
defects had in some stands also clearly affected the
growth and yield of trees. For example, trees with se-
vere canopy defects had almost ceased to grow in
height and their volume growth was reduced.

The two birch species studied differed from one
another in their calcium, manganese, iron, aluminum
and boron concentrations. These concentrations were
higher in downy birch than in silver birch. Both iron
and manganese are far more soluble in anaerobic soils.
Manganese in excessive concentrations can be toxic
to the plants. Raitio (1982) found mild and severe in-
juries and disturbances in silver birch on growing al-
luvial soil with foliar manganese levels of 1650 and
3590 mg/kg. He related the disturbance symptoms to
excessive moisture and manganese intoxication (Rai-
tio 1982). In this study, such high manganese con-
centrations were common in both birch species. The
higher manganese and iron concentrations in downy
birch compared to those found in silver birch could
be an indication of downy birch having better toler-
ance of the anaerobic conditions occurring on peat-
land growing sites.

High soil moisture content could be one of the
significant factors affecting the growth of silver birch
even on mineral soil fields. Excessive moisture of the
growing site has been assessed to limit the growth of
silver birch on mineral soil fields in western and east-
ern Finland and central and southern Sweden (Kin-
nunen and Aro 1996, Hyndnen and Saksa 1997b, Karls-
son ef al. 1997). Hynonen and Saksa (1997a) report-
ed that the volume of silver birch stands was fivefold
when the drainage of stands growing on mineral soils
was good. The soil’s physical properties in the case
of afforested former agricultural peat soils are gener-
ally fairly unfavourable considering the adequacy of
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aeration for forest growth (Wall and Heiskanen 1998).
This could favor the use of downy birch in field af-
forestation. The roots of downy birch seedlings are
able to grow better than those of silver birch in anaer-
obic conditions according to the results obtained in
laboratory studies (Huikari 1954, 1959). Grosse ef al.
(1992) have also shown that downy birch can trans-
port oxygen-rich gases to its root system when the
oxygen content of the soils decreases.

Silver birch grew better than downy birch on all
sites, but the growth of silver birch decreased and
that of downy birch slightly increased with increas-
ing soil organic matter content. On good mineral soil
sites, silver birch is the recommended choice. Gen-
eral opinion, supported by research results (e.g. Rau-
lo 1981, Karlsson et al. 1997), indicates that on moist
or silty and clayey mineral soils the growth of silver
birch is poorer. According to the present and sever-
al other studies, silver birch does far more poorly on
peat-based fields than on mineral-soil-based fields
(Valtanen 1991, Rossi et al 1993, Hytonen 1999). Peat-
lands are generally considered unsuitable for grow-
ing silver birch (Lehtiniemi & Sarasto 1973, Raulo
1981), albeit that studies reporting large numbers of
naturally regenerated seedlings and good initial de-
velopment of planted silver birch on fertilized or rich
sites have also been published (Mannerkoski 1972,
Kaunisto 1973). However, even though silver birch
grew better on mineral-soil-based fields, its growth
still surpassed that of downy birch also on peatland
fields, even though the relative difference decreased
with increasing soil organic matter content. Silver
birch has regenerated and grown well on cutaway
peatland sites where the substrate has been fertilized
or where the stand is able to utilize the nutrient re-
serves, especially potassium, of the mineral soil (Kau-
nisto 1981, Ferm & Kaunisto 1983, Hytonen & Kaun-
isto 1999). Also, when single silver birch trees are
found in peatlands, they are usually larger than
downy birch trees (Saraméki 1973). Growing of downy
birch (Heréjarvi 2002) and probably also growing of
silver birch for high-quality veneer on peatland sites
is questionable. According to the present results
growing of silver birch besides mineral soil fields also
on well-drained peatland fields could be feasible.
However, since soil characteristics in peatland fields
differ considerably from those of normal peatland
sites these results can’t be applied to peatland for-
ests. Both birch species planted on agricultural land
are susceptible to similar problems related to damage
(especially by moose and voles and stem spot dis-
ease), competition from ground vegetation, and nu-
tritional disorders (Hytonen 1998a,b, Saksa et al.
2003).
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COCTOSAHMUE ITOYBEHHOI'O IIMTAHUSA U PABBUTUE CMEIIAHHBIX BEPE30BbBIX
BETULA PENDULA ROTH U BETULA PUBESCENS EHRH MOJIOAHAKOB HA
BBIBIINX CEJIbCKOXO3AMCTBEHHBIX IMOJISX

10. Capamsikn, M. Xurénen

Pestome

B Cesepnoit Kapenuu 20 et Tomy HazaJ ObUIM CO3/IaHBl CMELIAHHBIE HACAXJEHUs, MpeJCTaBICHHbIe Oepé3oi
6opomaBuaroii (Betula pentula Roth) u Oepé3oit mymmctoit (Betula pubescens Ehrh.). Ha 45- Tu y4acTkax mcciieoBaioch
COCTOSIHHE TIMTATENBHBIX BEIIECTB, POCT, IPOAYKTUBHOCTh M TEXHUIECKOE KaueCTBO JIPEBECHHBI ATUX MOJIOIHSIKOB.

Ha Bcex y4acTkax uccieoBaHUS HA PHIXJIBIX OCAJOYHBIX TOPOAax y 6epé3bl O0poIaBUaToi AUAMETp, BHICOTA M CPEIHUMA
00BEM CTBOJIA MpPEBBIILIATN COOTBETCTBEHHBIC MOKa3zaTesnn Oepés3nl mymucTtoil. PasHuna mexnay obbémamu nepeBbeB
YMEHBIIATACh IPH HOBBIILICHUH KOJINUYECTBA OPraHNYECKHUX BEIIECTB B MOYBE.

B ymctesax mymmctoit 6epésnl conepxkanue Ca, Mn, Fe, Al, u B 0b110 GosbIe, 4eM COOTBETCTBEHHO Y OOpOIaBUYATOM

Oepésel.

YV 06oux BuaoB Oepé3bl HAOMOAATOCH YTHETEHHE POCTa, KOTa coAepkaHne 00opa B IUCTHAX OBUIO OYEHBb HU3KOE (HIKE

SMI/KT).

[Ipu Bo3pacTaHuM KOJIMYECTBAa OPraHMYECTKHUX BEILECTB B IIOYBE NMOHU3MIOCH COIAEpKAHHE KaJIMs B JIUCTAX, a
cozepKaHue Mapranna Bo3pocio. CocTosHIe U TEXHUUECKUe KauecTBa y 6epé3bl MynucToi 1 'y 6epéssl 6oporaBuaToit ObUTH
JydIIie Ha MUHEPAIBHBIX ITOYBAX, M HAMHOTO Xye (Oobinas gedopManust KpoH) Ha TOP(QSHBIX MOYBAX.

KunioueBble cj1oBa: DKOHOMHUKA TTUTATEIBHBIX BCILIECTB, MPUPOCT, TEXHUICCKUE KAYECTBA, CMEIIIaHHBII JIiec, obnecenune

CENIbCKOXO03SHCTBEHHBIX MOJIEH
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