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The biomass production and nutrient uptake of silver birch (Betula pendula), downy
birch (B. pubescens). grey alder (Alnus incana), native willows Salix triandra and S.
phylicifolia and exotic willows S. x dasyclados and S. *Aquatica’ growing on a clay
mineral soil field (Sukeva) and on two cut-away peatland areas (Piipsanneva, Valkeasuo)
were investigated.

Biomass production of downy birch was greater than that of silver birch, and the
biomass production of the native willows greater than that of the exotic ones. The
performance of S. phylicifolia was the best of the studied willow species. Exotic willows
were susceptible to frost damage and their winter hardiness was poor. The production of
all species was lower on the clay mineral soil field than on the cut-away peatland areas.
Fertilization of birches and alder — or the double dose given to the willows — increased
biomass production. After 6 growing seasons the leafless biomass production of fertilized
silver birch at Piipsanneva was 21 t ha™!, of downy birch 25 t ha! (at Valkeasuo 34 t
ha™') and of grey alder 24 t ha™!, and after five growing seasons the leafless biomass
production of S. triandra was 31 tha™!, of S. phylicifolia 38 t ha™! and of S. X dasyclados
16 tha !,

6-year-old stands of silver birch bound more nutrients per unit biomass than downy
birch stands. Grey alder bound more nitrogen, calcium and copper but less manganese
and zinc per unit biomass than silver birch and downy birch. On the field more
phosphorus was bound in grey alder per unit biomass compared to downy birch. The
willows had more potassium per unit biomass than the other tree species, and the exotic
willow species more nitrogen than the native ones. Less nitrogen, potassium and magne-
sium were bound per unit biomass of S. phylicifolia compared to the other tree species.
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1 Introduction

Short-rotation forestry refers to the cultivation
of fast-growing deciduous tree species, regener-
ating through sprouts, using short rotation peri-
ods, intensive methods and dense stocking. In
Finland the short-rotation cultivation of willows,
birches and grey alder has been studied most.
Cut-away peatland areas that are relatively rich
in nitrogen, but poor in phosphorus and potassi-
um, and relatively infertile agricultural fields in
the central and northern parts of Finland have
been considered to be suitable sites for short-
rotation forestry (Energiametsitoimikunnan ...
1979, 1981). However, now large areas of agri-
cultural land are being set aside from conven-
tional use for afforestation or alternative crops
(Ferm et al. 1993).

Silver birch (Betula pendula Roth) and downy
birch (B. pubescens Ehrh.) differ from each oth-
er in their chromosome number, many morpho-
logical properties, growth rhythm and, to some
extent, also their geographical distribution (Rau-
lo 1981). Silver birch grows almost exclusively
on mineral soils, whereas downy birch is also
common on peatlands (Ferm 1993). Downy birch
thrives on the wet and poorly-aerated sites where
silver birch cannot grow (Raulo 1981). When
growing in the same habitat, silver birch is larger
and of better quality than downy birch (Heiskanen
1957), although there are no significant differ-
ences between the growth rates of these two
species until they have reached an age of 15
years (Raulo 1981). The cultivation of birch is
somewhat problematic owing especially to vole
and moose damages and fungal diseases (Hytonen
1995). Also the feasibility of utilizing coppice
management in naturally regenerated downy
birch stands in Finland has been studied (Ferm
1990a).

Grey alder (Alnus incana (L.) Moench) is a
vigorously sprouting and fast growing species.
Its biomass production is high at a young age on
both mineral (Saarsalmi et al. 1985) and peat
soils (Rytter et al. 1989). Nitrogen fertilization
does not increase the production of grey alder
(Saarsalmi et al. 1985, Rytter et al. 1989), but
can even have a detrimental effect (Sgrensen
1936, Saarsalmi et al. 1992). What makes alder
especially important is that it is capable of fixing
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atmospheric nitrogen. Phosphorus also plays an
important role in this process (Sprent 1979), and
has been the only nutrient which has increased
the growth of alder in fertilization experiments
(McVean 1956, Themliz and Behrens 1957, Ju-
nack 1961, Saarsalmi et al. 1991). Morcover,
alder leaf litter is rich in nitrogen and easily
mineralized (Slapokas and Granhall 1991).

Alder’s ability to fix nitrogen can be utilized
by growing it together with other tree species.
An admixture of alder has increased, e.g. the
biomass production of poplars (Populus spp.)
(Hansen and Dawson 1982, Coté and Camir¢
1987, Radwan and DeBell 1988) and the growth
of Scots pine (Pinus sylvestris L.) (Mikola 1966,
Schalin 1966, Kaunisto and Viinamiki 1991).
However, alder can suppress more slowly grow-
ing tree species; for instance, growing silver birch
(Saarsalmi et al. 1992) or Norway spruce (Picea
abies (L.) Karsten) (Hoglind and Nilsson 1989)
together with alder has not been successtul due
to differential growth patterns.

Much work has been done in short-rotation
forestry in Finland with exotic willow species;
such as Salix ‘Aquatica’, S. x dasyclados Wim-
mer which are morphologically very similar spe-
cies, and S. viminalis L. There is serious prob-
lem with cultivation of these species in central
and northern Finland because of poor winter har-
diness (Pohjonen 1977, Lumme et al. 1984, Lum-
me and Tormild 1988). Little is known about the
biomass production of native Finnish willow spe-
cies in dense cultivations. S. phylicifolia L., which
grows throughout Finland, is the most common
native willow species (Jalas 1965b). S. triandra
L. occurring on a wide range of sites is grown
for basketry in United Kingdom and central Eu-
rope (Nordberg 1919, Stott 1956, Jalas 1965a).
It is also a native — although rare — species in
Finland, the most extensive stands occurring in
the Liminganlahti watercourse area and along
the banks of the Torniojoki River (Siira et al.
1981).

Studies on the nutrient uptake of willow spe-
cies in Finland have mainly concentrated on S.
‘Aquatica’. It requires large amounts of nitro-
gen, phosphorus and potassium to grow well
(Kaunisto 1983, Hytonen 1984, 1986, Saarsalmi
1984, Ferm 1985). The growth of S. ‘Aquatica’
on cut-away peatland areas is very poor without
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fertilization (Hytonen 1982, 1986, Ferm and
Hytonen 1988, Lumme 1989). On mineral soils
and even on nitrogen-rich cut-away peatland ar-
eas nitrogen fertilization has increased the pro-
duction of willow (Hytonen 1987, Kaunisto 1983,
Ferm and Hytonen 1988). On limed cut-away
peatland areas the phosphorus fertilizer has to be
in an easily soluble form (Kaunisto 1983,
Hytoénen 1986). Special attention should also be
paid to soil pH when cultivating willows (Lattke
1969, Aldhous 1972, Ericsson and Lindsjo 1981,
Ferm and Hytonen 1988).

Comparative studies on the biomass produc-
tion and nutrient uptake of decidious tree species
used in short-rotation forestry have not so far
been made in Finland. Therefore in this study
the biomass production and nutrient uptake of
silver birch (Betula pubescens), downy birch (Bet-
ula pendula), grey alder (Alnus incana), Salix
triandra, S. phylicifolia, S. x dasyclados and S.
‘Aquatica’ grown on a mineral soil field and two
cut-away peatland areas were compared. Also
the effects of fertilization on the biomass pro-
duction and nutrient uptake of these tree species
was studied. In addition, whether part of the
nitrogen requirements of S. triandra can be sat-
isfied by growing it together with grey alder was
also studied. The study lasted for 6 years.

2 Material and Methods

2.1 Establishment and Management of the
Experiments

Field experiments were established in spring 1984
on cut-away peatland areas at Piipsanneva, Haa-
pavesi (64°06'N, 25°36'E), and at Valkeasuo,
Tohmajirvi (62°19'N, 30°14'E), and on an aban-
doned mineral soil field at Sukeva, Sonkajirvi
(63°54'N, 27°29'E). The field had been ploughed
in autumn 1983. Before planting all the areas
were harrowed. The cut-away peatland areas were
limed (6000 kg ha™') before harrowing, and at
the beginning of the second growing season the
field was limed (2500 kg ha™') using dolomitic
limestone.

Several deciduous tree species were planted at
all sites in the latter half of May 1984 (silver

birch, downy birch, grey alder, S. triandra (clone
P6010 originating from Liminka), S. phylicifo-
lia, S. x dasyclados (clone P6011) and S. ‘ Aquat-
ica’ (clone E4856). Mixed stands of grey alder
and S. triandra were also established. However,
grey alder stands and mixed stands were not
planted at Valkeasuo. 1-year-old silver birch
transplants used at Piipsanneva (height 47 + 19
cm) and Sukeva (height 55 + 8 cm) originated
from Pyhinti, and 2-year-old transplants used at
Valkeasuo (height 69 * 14 c¢m) from northern
Savo. The downy birch transplants, originating
from Punkaharju, were planted as 1-year-old
seedlings at Sukeva (height 71 £ 16 cm) and 2-
year-old seedlings at Piipsanneva (height 78 +
19 cm) and Valkeasuo (height 70 £ 17 cm). The
birch seedlings had been grown in polystyrene
blocks. The grey alder transplants (height 23 to
25 cm) originated from Suonenjoki and were
planted as 1-year-old containerised seedlings. The
willows were planted as 20 cm long cuttings
with 1 cm of the cutting length above ground.

The planting density of silver birch, downy
birch, grey alder and mixed stands was 20 000
plants ha!, and that of willows 40 000 cuttings
ha-!. In the mixed stands, grey alder and S. trian-
dra were planted in alternate rows. The presence
of actinomycete Frankia in the mineral soil was
ensured by adding soil containing root nodules
from a neighbouring alder stand around the root
balls of the grey alder transplants during plant-
ing. At Piipsanneva soil from an alder stand was
spread around the transplants after outplanting.
After the first growing season the willows were
cut back to 5 to 10 cm long stumps in order to
increase the sprouting. Dead willow cuttings at
Piipsanneva were replaced with new ones during
the first two years, and at Valkeasuo during the
first year. At Piipsanneva weeds were controlled
during the first three growing seasons by hand
and mechanically and at Valkeasuo by hand dur-
ing the second year. At Sukeva weeds were con-
trolled during the first growing seasons chemi-
cally: in the middle of July paraquat (10 %) and
at the end of July glyphosate (18 %) were ap-
plied using wipe method (Weed Wiper). During
the second, third and fourth growing seasons
weed control was done mechanically.

Two different NPK fertilizer application rates
for willows were studied (Table 1). The treat-
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Table 1. Fertilization treatments.

Nutrient Salix B. pendula® A. incana®
kg ha™! B. pubescens® Mixed stand®
(A. incana and S. triandra)
Treatment 1 N 50 - #
P% 20 - -
K 40 - -
micro® 30 - -
Treatment 2 Nb 100 100 #
P2 40 40 40
K?» 70 70 70
micro® 40 40 40

1) Ammonium nitrate with lime (N 27.5 %, Ca 4 %, Mg 2.2 %)
2) Superphosphate 1984—1988 (P 8.7 %, Ca 20.5 %, Mg 0.2 %)
Double superphosphate 1988-89 (P 19.6 %, Ca 15.2 %, Mg 0.3 %)

3) Potassiumsulphate (K 41.5 %, Ca 0.6 %, Mg 0.4 %)

4 Micronutrients in 1984 and 1986 (K 7.1 %, Mn 5.5 %, Cu 12.8 %, Zn 5.5 %, B 1 %)

Fertilization every year except micronutrients

ments for the birches were control and NPK
fertilization, and for alder and the mixed stands
control and PK fertilizer application. Micronu-
trients were also applied (Table 1). The willows
were fertilized annually, and the other tree spe-
cies and mixed stands every second year. The
fertilizer treatments were started in the year of
establishment. The experimental design consist-
ed of randomized blocks with two replications at
each locality. The plot size was 100 m? and
unplanted buffers between the plots were 3 m,
except at Valkeasuo where buffers were 1 m
wide.

At Sukeva the air temperature was monitored
during the growing seasons at a height of 1.5 m
above the ground using a thermograph and a
precision thermometer. Measurements of Nivala
(close to Haapavesi) and Tohmajirvi weather
stations were used for Piipsanneva and Valkeas-
uo respectively. Frost occurred every growing
season (June—August) at all three localities: two
times in the cut-away peatland areas each year,
and on the field 14 times. The statistical proba-
bility of frost is greater at Sukeva than at the
other localities (Solantie 1987). Sukeva field was
located in a less favourable growing zone for
woody ornamental plants than Piipsanneva and
Valkeasuo with respect to the effective tempera-
ture sum and frost (Solantie 1986).
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Fertilization every second year except micronutrients

2.2 Soil Fertility

Soil samples (0 to 10 ¢cm topsoil) comprising
five sub-samples were taken from each plot on
the cut-away peatland areas before liming and
fertilization. On the field soil samples (0 to 20
cm topsoil) consisted of seven sub-samples tak-
en before liming and fertilization, and ten sub-
samples at the end of the experiment. pH was
measured from a soil-water suspension (15:25
V/V) and soluble nutrients were determined by
extraction with acidic ammonium acetate at pH
4.65 (Halonen et al. 1983) with atomic emission
spectrometry (ICP/AES ARL 3580). Total nitro-
gen was determined from the cut-away peatland
area samples by the Kjeldahl method, and from
the field samples using a CHN analyser (LECO
CHN 600).

The mean thickness of the peat layer at Piip-
sanneva was 81 cm, and at Valkeasuo 94 cm.
The pH and available calcium content in the cut-
away peatland areas before liming was low from
the point of view of willow cultivation (Table 2).
According to the guidelines for field cultivation
(Viljavuustutkimuksen ... 1991), the contents of
phosphorus and potassium in both cut-away peat-
land areas were rather low for agricultural pur-
poses.

The field soil was mainly clay, overlaid by a
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Table 2. The concentrations of total nitrogen and carbon, acid ammonium acetate extract-
able phosphorus, potassium, calcium and magnesium and pH 4,0, in the 0~10 cm soil
layer at Piipsanneva and Valkeasuo and in the 0-20 cm soil layer at Sukeva. n.d. = not

determined, s = standard deviation.

Nutrient Piipsanneva Valkeasuo Sukeva
1984 1984 1989
X B b ¢ s s X s

N % 1.7 0.1 1.8 0.2 1.0 0.5 1.2 0.6
C & n.d. n.d. n.d. 24 12
P mgl!’ 1.1 0.9 1.1 0.3 13 N 21 5
K v 12 5 37 9 159 57 161 65
Ca 7 742 103 465 54 1596 355 1481 303
Mg n.d. n.d. 275 92 253 57
pH 4.8 0.1 4.2 0.3 4.6 0.2 4.7 0.2

layer of mull of variable thickness. According to
the guidelines for field cultivation (Viljavuustut-
kimuksen... 1991), the contents of phosphorus,
calcium and magnesium in the Sukeva field pri-
or to liming and fertilization were satisfactory
for agricultural purposes, and of potassium pass-
able but the pH of the field soil was rather low.
At the end of the study period the phosphorus
content of the field soil was higher, but the other
nutrients and pH were of the same order of mag-
nitude as at the start of the experiment (Table 2).
Fertilization had no clear effect on the nutrient
content in the soil. The mean C/N ratio of the
soil was 20, indicating that nitrogen was not a
limiting factor for the growth of micro-organ-
isms decomposing organic matter.

2.3 Determination of Biomass and Nutri-
ents Bound in the Biomass

The stand biomass was determined at the end of
August when the leaves were still green after the
sixth growing season; the willow sprouts were 5
years old due to cutting-back. Four sample trees
representing different diameter classes were tak-
en from each birch and grey alder plot, five from
each willow plot, and four alders and five wil-
lows from each mixed stand plot. The sample
trees were cut at a height of 10 cm above the
ground, and their height and stump diameter (d, ;)

measured to an accuracy of 1 cm. The breast
height diameter (d, 3) of the birch and grey alder
plants was also measured from two sides to an
accuracy of 1 mm. The same parameters were
also measured on the other trees on each plot at
the end of the sixth growing season. The border
rows were excluded to eliminate the edge effect
(Zavitkovski 1981).

The sample trees were divided into stem,
branch and leaf compartments, except for wil-
lows whose stem and branches were kept as one
woody compartment. Stem, branch and leaf sam-
ples (representing the base, central and crown
portions) were taken from the sample trees at the
same time for the determination of nutrient con-
centrations. After drying (leaves 60 °C, other
compartments 105 °C) the dry mass of each sam-
ple tree was determined by weighing to an accu-
racy of 0.1 g.

Biomass equations were calculated for the bi-
omass compartments on the basis of the sample
tree material (Table 3) (Hytonen et al. 1987,
Hytonen 1986). The product of the square of the
stump diameter and height (d’h) was used as the
independent variable in the equations because it
gave a slightly higher coefficient of determina-
tion than the diameter alone. The coefficients of
determination of the stem and branch mass equa-
tions were higher than those of the leaf mass
equations (Table 3). The equality of the regres-
sion lines were tested with F test. Because some
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Table 3. Biomass equations for different tree species and compartments. Equations have the form Y = aXP’, which have been corrected
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of the equations at the different localities dif-
fered statistically significantly from each other,
locality-specific equations were used. The ef-
fects of fertilization and tree species on biomass
production was studied using analysis of vari-
ance.

After drying, the samples taken for the deter-
mination of nutrient concentrations were com-
bined by tree compartment and sample plot. To-
tal nutrients (P, K, Ca, Mg, Mn, Cu, Zn, B) were
determined by ashing at 550 °C followed by ex-
traction of the ash with hydrochloric acid (Halo-
nen et al. 1983). The concentrations were deter-
mined by atomic emission spectrometry (ICP/
AES ARL 3580). Total nitrogen was determined
using a CHN analyser (LECO CHN 600). The
differences in nutrient concentrations between
the tree species and the effects of fertilization on
the nutrient concentrations were investigated us-
ing analysis of variance. The amounts of nutri-
ents bound in the stand were calculated using the
dry masses and nutrient concentrations of the
different compartments.

3 Results

3.1 Survival and Number of Sprouts

Survival of the birches remained high at all the
localities throughout the course of the 6-year
period apart from that of downy birch grown at
Valkeasuo (Fig. 1). After 6 growing seasons, the
survival of alders was 57 to 75 %. Fertilization
treatment had no clear effect on the survival of
any tree species.

Survival of the willows varied between spe-
cies and between the localities (Fig. 1). The sur-
vival of all willows was highest at Piipsanneva
and lowest at Sukeva field. The survival of na-
tive willows (S. phylicifolia, S. triandra) was on
each locality almost without exception higher
than survival of exotic willows (S. *‘Aquatica’, S.
x dasyclados). Even at Valkeasuo the survival of
S. triandra was at the end of the first growing
season higher than the survival of exotic wil-
lows, but due to complete destruction of the
plots by hares after the first growing season the
survival was later very low. Survival of S. x

4444 00
LSS0

Fig. 1. Survival of different tree species after the sixth
growing season. Alder and mixed stands were not
planted at Valkeasuo. m = mixed stand.

Fig. 2. Number of sprouts per square meter in willow
stands after the sixth growing season.

dasyclados was clearly higher than that of S.
‘Aquatica’ at all localities. At Valkeasuo and
Sukeva almost all S. ‘Aquatica’ had died before
the end of the sixth growing season.

The number of sprouts of the willow stands
was the highest at Piipsanneva and lowest on the
field at Sukeva (Fig. 2). S. triandra sprouted the
best at Piipsanneva. The high density of the S. x
dasyclados stands at Piipsanneva was due to
resprouting after frost damage. Doubling the
amount of fertilizer had no statistically signifi-
cant effect on the number of sprouts.
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3.2 Biomass

The production of downy birch was greater than
that of silver birch at all three localities, although
the difference was small at Piipsanneva (Fig. 3).
The production of the native willows (S. trian-
dra, S. phylicifolia) was greater than that of the
exotic ones at all localities.

There were large differences between the lo-
calities in the biomass production of the individ-
ual tree species (Fig. 3). The production of all
the tree species at Piipsanneva was greater than
that at the other localities, apart from downy
birch which grew best at Valkeasuo. The results
on the Sukeva field were the poorest. The rela-
tive differences between the productivity of the
different species were smaller at Sukeva than at
the other localities.

Fertilization increased significantly the produc-
tion of birch and alder when all the localities were
tested together. The interaction between the treat-
ments and localities was statistically significant.
The effect of the double fertilizer dose given to
the willows in a corresponding analysis was near-
ly significant owing to the death of certain wil-
lows in the experiments. At Piipsanneva the ef-
fect of the quantity of fertilizer given to the wil-
lows on production was relatively greater than at
the other localities. However, only the increases
in production for alder (p <0.001) and S. x dasycla-
dos (p < 0.05) were statistically significant. At
Valkeasuo fertilization increased significantly
(p < 0.001) biomass production of downy birch.
Biomass production of S. X dasyclados at Valkea-
suo decreased (p < 0.05) when fertilizer dose dou-
bled. At Sukeva the fertilizer treatments had no
significant effects on biomass production.

The leafless biomass production of NPK ferti-
lized downy birch was 24.9 t ha! at Piipsanne-
va, 33.7 t ha! at Valkeasuo and 13.9 t ha™! at
Sukeva and the productivity of silver birch was
20.5t ha™!, 33.9 t ha'!, 13.8 t ha! respectively.
Biomass production of grey alder in pure stands
was 24.1 t ha! at Piipsanneva and 7.2 t ha™! at
Sukeva. The leafless biomass production of S.
phylicifolia was 37.7 t ha™! at Piipsanneva, 21.3 t
ha~! at Valkeasuo and 12.1 t ha™! at Sukeva. Bio-
mass of S. triandra was 31.2 t ha™! at Piipsanne-
va and 9.4 t ha™! at Sukeva. Biomass production
of exotic willows at all localities was very low.
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Fig. 3. Biomass of different tree species after the sixth
growing season. Willow stands S-year-old. See
Table 1 for explanation of treatments 1-2. m =
mixed stand.

At Piipsanneva the mean annual biomass pro-
duction of S. phylicifolia was 7.5 t ha! and of S.
triandra 6.2 t ha”'. The proportion of leaves of
the total above-ground biomass was 19 % for
grey alder, 16 % for silver birch, and 12 % for
both S. phylicifolia and downy birch.

S. triandra did not grow well in the mixed
stands at either locality. The production of un-
fertilized grey alder at Piipsanneva in the mixed
stand was double that in the pure stands, and in
mixed stands with PK-fertilization the same as
that in the pure stands. The production of both §.
triandra and grey alder on the field at Sukeva
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was clearly lower in the mixed stand than in the
pure stand.

3.3 Nutrient Uptake

In general, the nutrient concentrations in the trees
growing on the field were higher than those on
the cut-away peatland areas (Appendix 1). The
differences in the nutrient concentrations between
the treatments were usually apparent only in the
leaves, and on the cut-away peatland areas more
clearly than on the field. The foliar potassium
concentrations of all the tree species were higher
and the corresponding magnesium concentrations
lower in treatment 2 than in treatment 1. On the
cut-away peatland areas the foliar nitrogen and
phosphorus concentrations and at Piipsanneva
also the calcium and manganese concentrations
were higher in treatment 2 than in treatment 1.
Statistically significant differences between the
treatments were mainly restricted to the foliar
phosphorus and potassium concentrations of
birches growing on the cut-away peatland areas
(Appendix 1).

In the Sukeva field, the foliar phosphorus, mag-
nesium, copper and zinc concentrations and the
stem and branch nitrogen, phosphorus and zinc
concentrations of silver birch were significantly
higher than the corresponding concentrations in
downy birch. The differences in the nutrient con-
centrations between silver birch and downy birch
on the cut-away peatland areas were lower than
those on the field. At Piipsanneva the foliar ni-
trogen and zinc concentrations of silver birch
were significantly higher than the corresponding
concentrations in downy birch, and at Valkeasuo
the foliar boron concentration of silver birch was
significantly lower than in downy birch.

The foliar, branch and stem nitrogen concen-
trations of grey alder were significantly higher
than the corresponding concentrations in the
birches. Similarly, the foliar calcium and copper
concentrations in alder were significantly high-
er, but the manganese and zinc concentrations
significantly lower than in the birches. On the
field at Sukeva the foliar potassium concentra-
tion of grey alder was also significantly higher
than that of the birches. At Sukeva there were
also differences in the nutrient concentrations of

the other compartments between grey alder and
the birches. Stem and branch potassium, calcium
and copper concentrations were significantly
higher in grey alder, and the zinc concentrations
lower than in the corresponding compartments
of the birches. Similarly, the stem and branch
phosphorus concentrations in grey alder were
significantly higher, but the leaf phosphorus con-
centration significantly lower than in the corre-
sponding compartments of the birches.

The foliar nitrogen, phosphorus, potassium and
magnesium concentrations of S. phylicifolia were
lower than those of the other willows. However,
at Piipsanneva and Sukeva the foliar calcium
concentrations of S. phylicifolia were clearly the
highest. The foliar manganese and boron con-
centrations of the exotic willow species were
significantly lower than those of the native wil-
lows. In contrast, there were no differences be-
tween the exotic and native willows in the nutri-
ent concentrations in the woody compartments.

Differences in nutrient concentrations between
mixed and pure stand were small. Only on the
Sukeva field the foliar potassium concentration
of 8. triandra was significantly lower in the mixed
stand than in the pure stand.

Less copper and zinc, but generally more of
the other nutrients, had been bound in the leaves
of silver birch, downy birch and grey alder than
in the other tree compartments (Fig. 4a, b and c).
Nitrogen, phosphorus, potassium, calcium
and magnesium had been bound in the bio-
mass in the ratio 100:13:36:37:13 in silver
birch, 100:10:36:39:11 in downy birch, and
100:8:28:33:9 in grey alder. The fertilizer treat-
ments did not have any effect on the amounts of
nutrients bound in unit biomass produced, but
the different localities did (Tables 4, 5 and 6).

Nitrogen, phosphorus, potassium, calcium and
magnesium were bound in the willows in the ratio
100:15:58:53:14. More calcium was bound in re-
lationship to nitrogen in S. phylicifolia than in the
other willows (100:67). More nitrogen was bound
in the leaves of all willows at Piipsanneva, but
less calcium, copper, zinc and boron than in the
woody compartments (stem and branches) (Fig.
4a). More phosphorus potassium and magnesi-
um, but less manganese were bound in the woody
compartments of the native willows than in the
leaves: the nutrient ratios in the wood and leaves
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Table 4. Amounts of nutrients bound in one tonne of above-ground biomass in the 6-year-old
stands at Piipsanneva. Willow stands 5-year-old. 1 = treatment 1, 2 = treatment 2. See Table 1

for explanation of treatments. m = mixed stand.

Tree species N P K Ca Mg Mn Cu Zn B
kgt! gt!
B. pendula 1 9.8 1.1 3.6 3.0 1.5 546 4 66 9
2 7.7 1.1 3.3 3.0 1.1 493 5 91 ]
B. pubescens 1 6.8 0.8 3.0 2.7 1.1 484 5 49 9
2 6.6 0.8 2.7 2.5 0.8 542 3 61 8
A. incana 1 12.6 0.9 3.1 4.0 1.2 214 7 32 8
2 123 1.0 34 4.1 1.1 186 10 44 9
A.incanam. 1 12.6 0.9 33 4.0 1.3 155 8 52 9
2 13.1 1.1 35 5.1 1.2 240 7 52 10
S. triandra 1 73 1.4 7.1 34 1.5 513 12 87 12
2 7.9 1.3 4.8 3.8 1.2 726 6 98 12
S. triandra m. 1 7.8 0.9 4.1 2.6 1.2 443 5 112 11
2 8.1 1.3 5.0 el 1.3 521 6 145 14
S. phylicifolia 1 54 13 41 48 L 437 9 60 11
2 6.5 1.3 44 45 1.0 468 9 55 10
S. dasyclados 1 9.1 1.4 6.6 4.3 21 417 6 120 11
2 9.2 1.4 5.8 42 1.7 374 8 83 9
S. ‘Aquatica’ 1 14.3 1.7 8.6 43 1.7 437 6 129 11
2 18.2 23 9.1 5.7 2.3 807 8 144 11

Table 5. Amounts of nutrients bound in one tonne
stands at Valkeasuo. Willow stands 5-year-old.
for explanation of treatments.

of above-ground biomass in the 6-year-old
1 = treatment 1, 2 = treatment 2. See Table 1

Tree species N P K Ca Mg Mn Cu Zn B
kg t! gt
B. pendula 1 6.1 0.7 1.4 2.7 1.0 91 3 66 7
2 7.3 0.8 24 ey 0.7 138 2 67 8
B. pubescens 1 5.9 0.6 1.7 25 0.7 87 2 57 7
2 6.6 0.6 2.2 24 0.6 71 2 47 8
S. phylicifolia 1 72 0.8 23 4.8 0.6 61 3 62 7
2 8.1 0.9 2.8 3.8 0.5 65 3 62 7
S. dasyclados 1 11.2 1.7 4.7 4.1 1.0 41 4 99 8
2 12.5 2.2 4.8 4.1 0.4 45 5 94 8
S. ‘Aquatica’ 1 12.6 29 7.2 5.7 1.7 46 7 147 9
2 13.6 1.8 6.0 6.1 1.2 58 4 95 12
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Table 6. Amounts of nutrients bound in one tonne of above-ground biomass in the 6-year-old

stands at Sukeva. Willow stands 5-year-old.
explanation of treatments. m = mixed stand.

1 = treatment 1, 2 = treatment 2. See Table 1 for

Tree species N P K Ca Mg Mn Cu Zn B
kg t! gt!

B. pendula 1 10.1 1.5 34 3:2 12 198 5 134 7
2 9.9 1.3 3.1 3.3 0.9 421 5 128 8

B. pubescens 1 7.4 0.7 2.7 2.7 0.7 292 4 856
2 7.5 0.7 2.8 2.8 0.8 268 4 738

A. incana 1 13.5 1.2 39 48 1.1 171 10 407
2 13.9 1.4 4.0 4.7 1.1 186 10 449

A.incanam. 1 13.8 1.4 33 53 1.2 388 8 417
2 139 1.3 44 4.6 1.1 172 9 379

S. triandra 1 11.4 1.5 5.5 3.8 1.3 315 7 173 14
2 11.0 1.3 6.0 35 1.1 421 5 140 12

S. triandram. 1 10.4 1.5 3.9 4.1 1.7 296 7 170 11
2 10.8 1.0 4.8 3.3 1.0 272 5 129 13

S. phylicifolia 1 7.8 0.9 3.1 5.6 0.7 351 6 887
2 7.2 1.0 39 5.7 0.6 261 5 858

of the exotic willows were the opposite. There
was as much nitrogen and potassium in the leaf
and woody compartments of the exotic willows at
Valkeasuo: the amounts of all other nutrients in
the willows were greater in the woody compart-
ments than in the leaves (Fig. 4b). In general there
was more potassium and manganese and in S. tri-
andra also magnesium and boron in the leaves of
the willows on the Sukeva field, and less of the
other nutrients than in the woody compartment
(Fig. 4¢). Most of the nitrogen in S. phylicifolia
was bound in the woody compartment, and in the
other willows in the leaves.

4 Discussion
4.1 Growing Conditions
Frost and poor winter hardiness hindered the

growth of the exotic willows at all the localities,
and especially at Sukeva. The clay soil at Suke-

va also presumably slowed the rooting of the
cuttings. Although S. triandra and S. x dasycla-
dos grow on land subjected to flooding, they
require a well-aerated, light soil (Skvortsov 1968).
This requirement is presumably also the case
with S. ‘Aquatica’ and S. X dasyclados. Clay
soils have traditionally been avoided in willow
cultivation (Nordberg 1928). The heaviness of
the field soil at Sukeva was also most probably
reflected in the low productivity of silver birch
compared to downy birch (cf. Raulo 1981). Grey
alder presumably does not thrive well on clay
soils, either. However, the fertility of the soil in
the Sukeva field was considerably better than
that of afforested mineral soil fields in western
Finland (Wall, oral comm.).

Because some willow species are very demand-
ing with respect to pH, the soil pH may have had
an effect on the growth of some willow species
(Skvortsov 1968, Lattke 1969, Alhdous 1972).
At Sukeva the pH was below 5; the limit for the
good development of roots and shoots of S. vim-
inalis (Ericsson and Lindsjo 1981). The pH of
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Fig. 4a. Amounts of nitrogen, phosphorus and potassium bound in the tree biomass after the sixth growing
season. Willow stands 5-year-old. See Table 1 for explanation of treatments 1-2. m = mixed stand.

the cut-away peatland areas was not determined
at the end of the experiments. Of the willows
included in this study, the native willows S. tri-
andra and S. phylicifolia presumably grow bet-
ter at lower pH values than S. x dasyclados and
S. ‘Aquatica’.

4.2 Biomass

When comparing the biomass production of dif-
ferent tree species, besides different spacings for
willows and other tree species it should be noted
that willow sprouts were one year younger than
alders and birches. There were also some differ-
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ences in fertilization treatments between the tree
species.

Downy birch clearly grew better on the cut-
away peatland areas than on the clay field, and
on all the localities better than silver birch; silver
birch is not suitable for cultivation on wet and
poorly aerated soils (Raulo 1981, Ferm 1993).
The comparability of the birches was reduced to
some extent by the fact that the transplants of
silver birch and downy birch were not the same
age at all the localities, and there were differenc-
es in their geographical origin. Downy birch ap-
pears to have gained competitive advantage over
silver birch due to its more southerly origin.
Based upon the mean annual production, downy
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Fig. 4b. Amounts of calcium, magnesium and manganese bound in the tree bi0ma5§ after the sixth growing
season. Willow stands 5-year-old. See Table 1 for explanation of treatments 1-2. m = mixed stand.

birch grew better at Valkeasuo, and as well at
Piipsanneva, than naturally regenerated young
downy birch stands on peat soils (Bjorklund and
Ferm 1982, Ferm 1990b). Silver birch, on the
other hand, had a higher production on the cut-
away peatland areas than a 9-year-old silver birch
plantation on a mineral soil field in southern
Finland (Saarsalmi et al. 1992). Although fertili-
zation has not increased the production of ma-
ture birch stands (Viro 1974, Rosvall 1980, Oika-
rinen and Pyykkonen 1981, Puro 1982, Moila-
nen 1985), N fertilization has increased the
growth of young birch stands on mineral soil
(Viro 1974, Saarsalmi et al. 1992), and PK and
NPK fertilization on cut-away peatland areas

(Kaunisto 1987, Ferm and Hytonen 1988). The
results of this study suggest that the production
of young silver birch and especially downy birch
can be increased by fertilization.

Fertilization significantly increased the bio-
mass production of grey alder on the cut-away
peatland area. The main explanation for this result
appears to be phosphorus, such sites usually hav-
ing rather low phosphorus contents (Kaunisto
1982, 1986, Ferm and Hytonen 1988). High phos-
phorus availability promotes the formation of root
nodules and hence nitrogen fixation (Sprent
1979). Grey alder did not thrive as well on the
Sukeva field as on the cut-away peatland area, and
phosphorus had no effect on its production (see
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Fig. 4. Amounts of copper, zinc and boron bound in the tree biomass after the sixth growing season. Willow
stands S-year-old. See Table 1 for explanation of treatments 1-2. m = mixed stand.

also Saarsalmi et al. 1985 and 1992). On mineral
soils phosphorus fertilization has significantly in-
creased the production of a coppiced grey alder
stand following whole tree harvesting (Saarsalmi
etal. 1991). The biomass production of fertilized
grey alder on the cut-away peatland area was 24 t
ha!, i.e. about the same as the production of a 9-
year-old grey alder plantation of the same plant-
ing density on mineral soil in southern Finland
(Saarsalmi et al. 1992), or the production of an 7-
year-old grey alder plantation of double the stock-
ing density on peat soil in central Sweden (Rytter
etal. 1989). The 5-year production of a grey alder
plantation on a field in southern Finland has been
as much as 30 t ha™! (Saarsalmi et al. 1985) with a
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stocking density twice that of the grey alder plots
used in this study.

The native willows grew better than the exotic
ones at all the localities, apart from the S. trian-
dra stands at Valkeasuo which were damaged by
hares. Frosts damaged willows during the grow-
ing season. The continued growth of the willows
of southern origin late in the autumn slows down
the onset of hardening and makes them suscepti-
ble to frost damage at the end of the growing
season (von Fircks 1992). The survival of S.
‘Aquatica’ was especially low at all localities.
Winter damages of S. ‘Aquatica’ have been re-
ported to be common in the province of Oulu
(Hytonen 1982 and 1986, Lumme et al. 1984).
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Eventhough S. x dasyclados seemed to be cli-
matically better adapted than S. ‘Aquatica’ its
growth was poor and survival low. Thus cultiva-
tion of S. X dasyclados can be recommended
only in more favourable conditions than those
prevailing in the study areas.

It would appear that the production of native
willows on cut-away peatland areas in central
and southern Finland, using a 5-year rotation
period, can be as high or even higher as that of
exotic willows, because they are considerably
better climatically adapted. S. phylicifolia grew
the best of all the willows at all three localities,
but clay soil was not suitable for this species.
The annual production of S. phylicifolia at Piip-
sanneva was almost as high as that of exotic
willow species in southern Finland (Ferm 1985,
Hytonen 1988). Biomass production of S. “Aquat-
ica’ and S. X dasyclados can be considerably
increased by fertilization (Hytonen 1982, 1984,
1988, 1994). According to the present study it
also appears that the production of native wil-
lows can be increased by fertilization on both
cut-away peatland areas and on field soil.

Growing S. triandra and grey alder as mixed
stands was not successful: on the field at Sukeva
both species grew poorly, and on the cut-away
peatland area grey alder occupied all the grow-
ing space. Planting density for grey alder could
be lower than that employed in the pure stands
of this study (20 000 plants/ha). Although the
density of grey alder in the mixed stand was one-
half that in the pure stand, there were no differ-
ences between the production of grey alder in
either type of stand on the cut-away peatland
area. A similar result has earlier been obtained
by Saarsalmi et al. (1992). Special attention
should be paid in experiments with mixed stands
to the growth dynamics of the tree species. The
tree species grown together with grey alder in a
mixed stand should be either fast-growing ones
or species that withstand shade. Another alterna-
tive is to plant grey alder at a later stage in the
mixed stand.

4.3 Nutrient Uptake

The foliar nitrogen, phosphorus and potassium
concentrations of young silver birch and downy

birch in this study were generally higher than
those of mature birch stands (cf. Viro 1955,
Milkonen 1977, Milkonen and Saarsalmi 1982).
On mineral soil field the foliar phosphorus con-
centration of silver birch were especially high
compared to mature stands but in agreement with
results from young silver birch stands on miner-
al soil field (Saarsalmi et al. 1992), in seedling
nurseries (Rikala and Petdisto 1986), and on cut-
away peatland areas (Lumme and Tormald 1988).
The foliar manganese concentrations of silver
birch and downy birch at Piipsanneva were high,
but no signs of toxicity were detectable (cf. Rai-
tio 1982).

Fertilization increased the foliar phosphorus
concentration of silver birch and downy birch on
the cut-away peatland areas, but not on the clay
mineral soil field. Birch foliar phosphorus con-
centration have increased on drained peatlands
with wood ash fertilization (Tamm 1951) and
on mineral soils with phosphorus fertilization
(Schmitt et al. 1981).

The nutrient concentrations of the leaf, branch
and stem compartments of grey alder did not
differ from the values presented earlier (Viro
1955, Mikola 1966, Saarsalmi et al. 1985, 1991,
1992). In contrast to the findings of Saarsalmi et
al. (1991), PK fertilization did not increase the
phosphorus concentrations of the different grey
alder compartments in the study in hand.

The foliar nitrogen, phosphorus and potassium
concentrations of S. ‘Aquatica’, S. X dasyclados
and S. triandra were of the same order of magni-
tude, and those of S. phylicifolia lower than the
values earlier presented for S. ‘Aquatica’ (Nisi
and Pohjonen 1981, Kaunisto 1983, Ferm 1985,
Hytonen 1986, 1987, 1994). Fertilization has usu-
ally increased the nutrient concentrations of wil-
lows on cut-away peatland areas (Kaunisto 1983,
Hytonen 1986, 1987, 1994, Ferm and Hytonen
1988), but in the study in hand the effect of
fertilization was not statistically significant.

There were differences between the localities
in the amount of nutrients bound in unit bio-
mass. For example more of all the nutrients were
bound in the biomass of silver birch and downy
birch per unit biomass at Piipsanneva than at
Valkeauso, apart from zinc which was bound in
similar amounts. The fertility of the substrate did
not explain these differences. There were no dif-
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ferences in the nutrient uptake of the willows
between the two cut-away peatland areas. On the
Sukeva field all the tree species had more nitro-
gen and zinc per unit biomass and, apart from
grey alder, less manganese than at Piipsanneva.
More phosphorus, potassium and calcium were
bound in the biomass of grey alder per unit bio-
mass on the field than on the cut-away peatland
areas.

The tree species included in this study had
differences in nutrient uptake. In the 6-year-old
stands more nutrients were bound in the biomass
of silver birch per unit biomass compared to that
of downy birch, which is in agreement with ear-
lier findings (Sarvas 1956). On the field as much
as twice the amount of phosphorus was bound in
the biomass of silver birch per unit biomass com-
pared to that of downy birch. On the Sukeva
field clearly more manganese was bound in the
biomass of silver birch per unit biomass, and the
same or to some extent smaller amounts of other
nutrients (e.g. calcium, magnesium) than on min-
eral soil in the study of Saarsalmi et al. (1992).
Manganese is in a water-soluble form in acidic
soils. The soil pH at Sukeva was considerably
lower than that in the study of Saarsalmi et al.
(1992), which would explain the difference in
manganese uptake.

On the Sukeva field as much nitrogen, potassi-
um, calcium and boron were bound in the bio-
mass of grey alder per unit biomass and greater
amounts of the other nutrients compared to that
of the grey alder plantations on mineral soil fields
in southern Finland (Saarsalmi et al. 1985, 1992).
The amounts of nitrogen, calcium and copper
per unit biomass produced were higher, but man-
ganese and zinc lower for grey alder that for
silver birch and downy birch. According to hy-
droponic studies (Ingestad 1981) grey alder uses
more phosphorus but less potassium than silver
birch. However, on the mineral soil field at Su-
keva and in an earlier study (Saarsalmi et al.
1992) more potassium was bound in the biomass
of grey alder per unit biomass compared to that
of silver birch.

S. “Aquatica’ had more nitrogen, phosphorus,
potassium, magnesium and zinc per unit bio-
mass than the other willow species, and S. phy-
licifolia had the smallest amounts. The high nu-
trient uptake of S. ‘Aquatica’ was most probably
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due to low biomass production and high bark
content. More potassium and also more phos-
phorus on the cut-away peatland areas were
bound in the biomass of different willow species
per unit biomass compared to that of the other
tree species. The high potassium uptake of wil-
low has been also reported in other studies (Viro
1955, Ingestad 1979, 1980, Ericsson 1981a,
1981b, Elowson and Rytter 1988).
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Appendix 1 continved.

(2)67 D21uuay DAJIS

6¢1

N P K Ca Mg Mn Cu Zn B
gkg! mg kg~!
X S X s X S X S X S [ 4 L} X S X S b g ]

Branches

Piipsanneva

B. pendula 6.7 0.7 0.7 0.1 1.9 04 2.1 04 0.6 0.2 206 100 43 1.1 56 34 59 22

B. pubescens 54 04 0.6 0.2 29 1.8 1.9 04 0.6 0.1 214 147 3.5% 0.6 56 12 54 22

A. incana 104 09 0.7 03 2.1 1.0 23 07 0.7 04 177 80 7.4 4.7 38 5 6.0 3.6

Valkeasuo

B. pendula 6.6 1.0 0.7 0.1 1.7 0.5 29 04 0.7 0.1 86 45 28 0.7 83 72 09

B. pubescens 6.1 05 0.6 0.1 1.8% 0.3 3.0 02 0.6 0.1 66 6 24 05 72 11 7.0% 0.8

Sukeva

B. pendula 11.0 08 1.0 0.1 2.6% 0.3 32 03 0.7 0.1 176 85 6.5 04 141 11 75 09

B. pubescens 8.1 0.6 0.7 0.1 22 02 3.1 02 0.6 0.0 186 72 52 1.3 100 17 6.9 0.5

A. incana 13.6 09 1.4 0.1 3.1 0.2 7 0.1 0.9 0.0 175 88 13.4 05 55 3 94 14

Stem

Piipsanneva

B. pendula 32 0.7 0.8 0.5 2.7 14 1.6 0.3 0.6 0.3 145 71 3.2 0.7 64 26 45 1.1

B. pubescens 28 03 0.4 0.1 1.6 04 1.2 0.2 0.3 0.1 150 65 4.0 22 40 13 4.1 0.6

A. incana 53 04 0.6 0.1 20 0.2 1.6 0.3 04 0.1 72 30 6.5 20 21 4 44 0.6

Valkeasuo

B. pendula 3.6 06 04 0.1 1.2 0.3 1.4 0.2 0.4 0.1 61 36 1.7 03 49 9 48 1.0

B. pubescens 36 04 0.4 0.0 1.1 0.1 1.3 0.1 0.3 0.0 39 10 1.6 0.3 38 4 4.6 0.5

Sukeva

B. pendula 47 04 0.6 0.1 1.5 0.2 1.4 02 0.3 0.1 79 37 39 06 69 8 4.7 0.3

B. pubescens 36 02 0.4 0.0 i 0.1 1.2 0.2 0.3 0.1 8 32 35 05 48 8 39 0.2

A. incana 6.7 0.6 1.0 0.1 1.9 0.1 22 03 0.5 0.1 84 44 6.5 1.0 24 3 51 0.7 -
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Appendix 1 continved.

N P K Ca Mg Mn Cu Zn B
gkg ! mg kg!
x S X S X S X S X S X ) X S X S X S

Stem (including branches)

Piipsanneva

S. triandra 4.1 0.7 1.1 02 4.1* 1.7 32 12 09 04 295 166 9.0 74 90 25 8.7 33

S. phylicifolia 3.2* 0.6 1.2 0.7 32 1.6 35 06 0.8 0.5 210 69 95 5.2 53 8 7.8 4.5

S. dasyclados 38 0.5 0.9 0.1 3.0 03 3.1 09 0.9 0.2 318 235 73 28 100 60 8.6 34

S. ‘Aquatica’ 6.8 29 09 04 29 09 33 1.8 09 04 512 338 6.4 25 103 28 9.1 33

Valkeasuo

S. phylicifolia 56 12 0.7 0.1 1.7 0.2 38 0.6 04 0.0 40 8 33 0.6 60 10 5.1 0.6

S. dasyclados 83 14 14 0.2 28 0.5 39 0.6 0.8 0.1 35 3 39 1.1 9 6 7.6 1.0

S. ‘Aquatica’ 7.1 1.0 0.3 43 1.7 52 05 09 0.1 33 10 4.7 1.7 111 32 8.6% 1.7

Sukeva

S. triandra 6.9 0.6 1.2 0.1 32 04 28 0.3 0.7 0.1 168 72 5.8 1.5 122 26 78 1.4

S. phylicifolia 51 03 0.8 0.1 21 02 44 05 0.5 0.1 137 65 55 11 71 5 59 03
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