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Abstract
Forest harvesting and removal of logging residues implies loss of essential soil nutrients
and may in the long-term endanger site productivity. Compensatory fertilization is now
recommended in Sweden for such sites. As wood ash contains all the mineral elements
that were withdrawn from the forest ecosystem by harvest, the ash is often suitable as a
compensatory fertilizer. Peat is also a fuel that is used to some extent in Sweden. After
peat harvesting is terminated, the cutover peatland should be reclaimed. The most
common re-use of cutover peatlands is forestry. However, as the nutrient pool in the
remaining peat is usually low, especially for P and K, nutrients need to be applied to
establish and maintain a sustainable biomass production. As wood ash contain the most
necessary nutrients, it is a suitable fertilizer for forestry on cutover peatlands. This thesis
investigates how wood ash fertilization on a cutover peatland affects i) the distribution of
ash elements in the peat, ii) the leaching of these ash elements and iii) the biomass and
nutrient allocation in different compartments in 3-7 year-old trees of seven different
species; and how the application of different wood ash and lime products on a mineral
soil affects iv) the uptake of nutrients and heavy metals in bilberry fruit.
To achieve soil nutrient conditions suitable for forest growth, wood ash (23 000 kg ha'1)
was applied to a cutover peatland in west-central Sweden. Seven tree species were
planted and for all of these except two Salix species, the increase in soil pH and nutrient
pools seemed sufficient to maintain a sustainable biomass production. The crucial growth
limiting nutrients, K and P, were applied in large quantities, 670 and 210 kg h a1
respectively. However, these two elements will probably be growth limiting in the next
tree generation, as an marked increase in the output of K was observed in the stream
water, and as phosphate ions could be adsorbed to the large amount of Fe compounds
present in the peat.
In the short-term, the application of different wood ash products on a mineral soil did
not significantly affect the content of different nutrients or heavy metals in bilberry fruit,
even if high doses were applied.
It can be concluded that wood ash fertilization on cutover peatlands and compensatory
fertilization with wood ash on mineral soils are both suitable soil improvement measures
that have relatively small effects on the environment if precautions are taken concerning
the quality of the wood ash product.
Key words: Alnus incana, Alnus glutinosa, base cations, Betula pubescens, heavy metals, leaching,
Picea abies, Pinus sylvestris, Salix dasyclados, Salix viminalis, Vaccinium myrtillus
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Forest harvesting and removal of logging residues implies loss of essential soil nutrients
and may in the long-term endanger site productivity. Compensatory fertilization is now
recommended in Sweden for such sites. As wood ash contains all the mineral elements
that were withdrawn from the forest ecosystem by harvest, the ash is often suitable as a
compensatory fertilizer. Peat is also a fuel that is used to some extent in Sweden. After
peat harvesting is terminated, the cutover peatland should be reclaimed. The most
common re-use of cutover peatlands is forestry. However, as the nutrient pool in the
remaining peat is usually low, especially for P and K, nutrients need to be applied to
establish and maintain a sustainable biomass production. As wood ash contain the most
necessary nutrients, it is a suitable fertilizer for forestry on cutover peatlands. This thesis
investigates how wood ash fertilization on a cutover peatland affects i) the distribution of
ash elements in the peat, ii) the leaching of these ash elements and iii) the biomass and
nutrient allocation in different compartments in 3-7 year-old trees of seven different
species; and how the application of different wood ash and lime products on a mineral
soil affects iv) the uptake of nutrients and heavy metals in bilberry fruit.
To achieve soil nutrient conditions suitable for forest growth, wood ash (23 000 kg ha'1)
was applied to a cutover peatland in west-central Sweden. Seven tree species were
planted and for all of these except two Salix species, the increase in soil pH and nutrient
pools seemed sufficient to maintain a sustainable biomass production. The crucial growth
limiting nutrients, K and P, were applied in large quantities, 670 and 210 kg ha'
respectively. However, these two elements will probably be growth limiting in the next
tree generation, as an marked increase in the output of K was observed in the stream
water, and as phosphate ions could be adsorbed to the large amount of Fe compounds
present in the peat.
In the short-term, the application of different wood ash products on a mineral soil did
not significantly affect the content of different nutrients or heavy metals in bilberry fruit,
even if high doses were applied.
It can be concluded that wood ash fertilization on cutover peatlands and compensatory
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that have relatively small effects on the environment if precautions are taken concerning
the quality of the wood ash product.
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Introduction
The harvesting of peat for fuel or horticultural purposes can usually only proceed
for 20 - 100 years on a peatland site. When peat harvesting is terminated, the
cutover peat area has to be reclaimed in one way or another. One after-use
alternative for cutover peatlands is to afforest the site. However, the remaining
peat at a harvested area is usually very poor in plant nutrients, especially P and K,
as well as with low biological activity. Consequently the site must be treated with
some type of fertilizer to achieve a sustainable forest growth.
The increased use o f bioenergy in Sweden and other countries has also led to
increased production of biofuel ash, peat ash and other waste products such as
green liquor sludge, lime mud etc. These ashes and waste products can be looked
upon as disposal problems or as lime products, fertilizers or soil amenders in
agriculture or forestry. In Sweden, the National Forestry Board and the
Environmental Protection Agency issued a policy in 1994 stating that wood ash
from forests should be recycled to the forest. Effects of such wood ash recycling
have been studied since the end o f the 1980s in Sweden.

Background
Oil crisis and bioenergy
The oil crises in 1973/1974 caused an increase in research on, and use of,
domestic energy sources in many countries. An increased understanding o f the
negative effects o f fossil fuels has also led to an aspiration to use renewable
energy sources. Different geographical and climatic conditions mean that there is
a reliance on varying domestic energy sources, and sometimes also renewable
energy sources, in different parts of the world.
In Sweden, crude oil and oil products accounted for 77 % of the total energy
supply in 1970. The substantial increase in crude oil prices in late autumn 1973
consequently affected the Swedish economy very badly. The energy policy had to
be changed drastically and large investments were made in nuclear power plants.
The energy supply from crude oil and oil products decreased from 350 TWh in
1970 to about 210 TWh in the middle o f 1980s, while nuclear power increased
from zero to about 70 TWh. Today, 15 years later, the energy supply from these
two energy carriers is about the same (Anon., 2000a). A referendum in 1980 led
to a decision that the nuclear power plants in Sweden should sooner or later be
shut down. As a consequence of this, environmental and energy policies in
Sweden during the last 20 years have aimed to increase the use of domestic
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renewable energy sources and to replace as much as possible of the imported
fossil fuels and the nuclear energy with domestic bioenergy1 carriers.
A lot o f research about renewable energy resources was begun in Sweden after
the oil crisis. Biofuels and peat soon appeared to be the energy carriers that could
make up the main part o f renewable energy supply in Sweden. Since the 1980s
many bioenergy systems, especially district heating plants, have also been
developed. Before the oil crisis, nearly 100% of the fuel input for district heating
plants was in the form o f oil. In 1999, biofuels and peat accounted for over 50%
of this input, while the portion o f oil was only 10% (Anon., 2000a). The use of
biofuels has also increased in the industry. As a consequence, the supply of
biofuels and peat has increased from 43 TWh in 1970 to almost 94 TWh in 1999,
or from less than 10% of the total energy supply in 1970 to almost 20% in 1999
(Anon., 2000a).

Peat harvesting
Peatlands belong to the world’s least exploited terrestrial habitats. Nevertheless,
they have experienced large losses in the past few centuries. Europe has, for
example, lost 60% of its original 530 000 km2 o f peatland. These losses are
primarily attributable to agriculture (50%), forestry (30%) and peat extraction
(10%) (Joosten, 1997).
About 6.4 million hectares or 15% of Sweden’s total land area is covered by a
peat layer that is more than 30 cm thick. A further 3.7 million hectares o f the land
area are covered by a thin peat layer, less than 30 cm thick. Consequently, about
25% or 10 million hectares of the total land area is covered by a layer of peat of
varying thickness. More than 1.5 million hectares have been drained for forestry
and 0.6 million hectares drained for agricultural purposes (Hânell, 1989).
Already in the 19th century, peat was used in Sweden as fuel and litter. In the
years between the two world wars, the production of peat litter reached a peak,
but nowadays it is rather low. The production of peat for horticultural purposes
increased in the second part of the 20lh century and is at present about 1 million m3
(Fredriksson, 1996; Anon., 2000b). During the two world wars production of
energy peat peaked, but decreased during the 1950s and stopped totally at the end

1The term bioenergy is often defined as renewable energy produced from organic matter.
This means that many energy carriers can be included in the term bioenergy; wood fuels
(logs, bark, chips and energy forest), black liquor in pulp mills, peat, straw and energy
grasses and refuse. The term biofuel is often used as a synonym for bioenergy, but in
Sweden peat is usually not included in the term biofuel.
o f 1960s. After the oil crisis in the seventies, the Swedish government gave
support to the production of domestic fuels such as wood and peat and in 1980 the
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production of energy peat started again in Sweden. From a small scale in 1980,
the production of fuel peat increased to more than 3 million m3 in 1988. Since
then, production has remained rather stable at around 3 million m3, except for
some wet and cold summers. In 1999, 2.65 million m3 of fuel peat and 1.46
million m3 o f horticultural peat was harvested in Sweden. The amount of fuel
peat, which was used mainly for production o f hot water in district heating plants,
corresponded to an energy supply of 2.8 TWh (Anon., 2000b).
In 2000, peat was harvested on 10 400 hectares for energy purposes in Sweden
(Anon., 2001b). On 85% o f that area, the peat is harvested by the sod peat
method, and on the remaining area the peat is harvested by the milling method.
Peat for horticultural purposes is harvested on approximately 500 hectares
(Fredriksson, 1996). By 1999, concessions for fuel peat harvesting had been
granted for 45 900 hectares. Larsson (1982) estimated that the potential peatland
area available for large scale energy peat production was 350 000 hectares,
corresponding to 5.5% of the peat areas in Sweden with more than 30 cm peat
depth.
After about 20-50 years o f peat harvesting, the remaining peat layer is usually so
shallow and o f such bad quality (high ash content) that peat harvesting must
cease. According to information from Swedish peat producers in 1999, about 70
hectares of cutover peat had been reclaimed and peat harvesting had recently been
terminated on approximately 160 hectares (Anon., 2000b).

After-use alternatives for peat harvesting areas
The total global peatland area previously and currently used by the peat industry
can be estimated at 2.5-4 million hectares according to figures from Lappalainen
(1996) and Kreshtapova et al. (2000). According to Nyronen (1995) the area
being used for harvest was 252 000 hectares in 1994. Large peat harvesting areas
have consequently been terminated during the 20th century and peat harvesting
will cease on more than 150 000 hectares currently being used in Ireland and
Finland alone within the next 30 years (Selin & Nyronen, 1998; Rowlands &
Feehan, 2000). Peat harvest often results in the creation of large fields that are
almost totally devoid o f vegetation, even many years after exploitation has
ceased.
The increased interest and awareness of the importance o f wetland ecosystem
conservation for water, carbon and nutrient cycles and for biodiversity have also
led to increased efforts to conserve natural intact peatlands, but also to restore or
reclaim peatlands used for agricultural, forestry, industrial or other purposes. In
some countries, such as Germany, The Netherlands and Great Britain where bogs
have become rare, the restoration of bogs has become a central practice in nature
conservation (Wheeler & Shaw, 1995). In most o f the countries where peat
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harvesting occurs, laws or regulations nowadays also exist which state that cut
away peat areas must be restored or reclaimed in one way or another.
While peatland restoration can be defined as “the managed restoration of
harvested peatlands to their original wetland vegetation and functional wetland
status”, peatland reclamation can be defined as “the management of harvested
peatlands to achieve a beneficial end use, often with the potential for economic
return” (Malterer & Johnson, 1998). Restoration o f peatlands is usually restricted
to regeneration of fens or Sphagnum bogs, or construction of lakes and wetlands
suitable as bird sanctuaries, fish ponds or water reservoirs (Nick, 1984;
Eggelsmann, 1988; Havelka, 1988; Selin, 1996; Vasander & Roderfeld, 1996;
Vikberg, 1996). Reclamation of peat cutover areas can include several land use
alternatives; e.g. agriculture (crops, grassland), horticulture (berries, herbs,
medicinal plants, flower seeds), but the most common land use so far is forestry
(Podzharov, 1983; Stenbeck, 1985; Ferda, 1975, 1986; Krasilnikova et al., 1986;
Valk, 1986; Selin, 1996; Kaunisto & Aro, 1996; Virkajarvi & Huhta, 1996;
Gradeckas et ah, 1998; Aman et ah, 1998; Kukkonen et ah, 1999; Uosukainen &
Aman, 1999; Vestberg, 1999). However, the suitable land use of a cutover
peatland depends on several criteria, such as topography, hydrology, geology,
climate, and land ownership (Aman et ah, 1998). Sometimes the wetland
conservation policy overshadows these criteria.
A fforestation o f cutover p e a tla n d areas
The most common re-use o f cutover peatlands in Finland and Sweden is
conventional forestry. Scots pine (Pinus sylvestris L.), downy birch (Betula
pubescens Erh.) and silver birch (.Betula pendula Roth.) are the most common
species grown in cutover peatlands (Kaunisto & Aro, 1996). Short-rotations
plantations, mainly willows (Salix spp.), have also been established on cutover
peatlands (Nilsson et ah, 1987; Olsson, 1990; Hytonen, 1995b).
A main prerequisite, especially for willows, is that the nutrient status in the
remaining peat and the drainage conditions are regulated. In natural or drained
peatlands, the highest concentrations o f P and K are found in the 0-10 cm surface
peat layer. The concentrations of P and K are considerably lower below this layer
and usually stay at a very low level downwards in the peat profile. Some 10-20
cm above the mineral soil material, the P and K concentrations increase again. As
the remaining peat layer after peat harvesting is usually less than 1 m deep, the
amount of P and K in the remaining peat is often very low. Consequently, it is
hazardous to establish tree plantations on cutover peatlands, without applying PKfertilizers.
The soil pH in the remaining peat is usually below 5 and often below 4. As the
fast-growing willow species have a high demand for nutrients and an optimum
soil pH between 5.5 to 6.5, a willow plantation on a cutover area must be
preceded by thorough soil amelioration measures (liming, fertilization,
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rotovation). Peat cutover areas are also exposed to late spring and summer frosts
as these areas are located at lower elevations than the surroundings. Furthermore,
the mineralization of the organic matter is usually low, mainly as a consequence
o f small populations of micro-organisms and soil animals in the remaining peat
(Dooley & Dickinson, 1971; Ferda, 1975). Establishing tree plantations on
cutover peatlands consequently necessitates comprehensive fertilization, but
sometimes also other treatments such as complementary drainage and rotovation.
Fertilization of conventional forestry tree species on peatlands usually implies
that PK- or NPK-fertilizers are used (Paavilainen and Paivanen, 1995).
Fertilization with PK is generally sufficient in relatively nitrogen-rich sites, while
nutrient-poor sites also need N to increase tree growth (Holmen, 1969; Kaunisto
and Paivanen, 1985; Paavilainen and Paivanen, 1995). Trees growing on
peatlands receiving low amounts o f B via deposition may exhibit growth
disturbances due to B deficiency (Brsekke, 1979; Kolari, 1983) and consequently
may require a fertilizer containing B. As deficiencies o f P, K and micronutrients
are usually pronounced on cutover peatlands, these sites need a more
comprehensive supply of nutrients than PK- or NPK-fertilizers can provide.
Furthermore, soil pH must often be raised on cutover peatlands before
afforestation, especially if short-rotation plantations are to be established.
Consequently, liming agents also often have to be applied. Fuel ashes are
examples o f possible fertilizers on cutover peatlands, as these ashes often contain
all the important nutrients (except N) needed for tree growth and in addition have
an alkalising effect. However, coal and oil ashes usually also have high contents
of heavy metals and are therefore often not suitable as fertilizers. Biofuel ashes,
on the other hand, generally have lower contents of heavy metals than coal and oil
ashes.

Wood fuels and nutrient balance
The use o f wood fuels (logs, bark, chips and energy forest) implies that wood
biomass has been taken away from different sites in the forest. This biomass
harvest also causes an export of nutrients from the site. Whole-tree harvesting
(WTH), which involves the removal of logging residues, increases the export of
nutrients. Swedish investigations have shown that WTH may decrease the pH
value in the humus layer by up to 0.4 pH units, compared to conventional
harvesting (CH) (Nykvist and Rosen, 1985; Staaf and Olsson, 1991; Egnell et al.,
1998). This pH difference may persist for up to 20 years after harvest (Nykvist
and Rosen, 1985). The soil pool o f base cations and the base saturation usually
also decrease after WTH (Olsson et al., 1996; Egnell et al., 1998) and a theoretical
model showed that weathering would not compensate for the losses o f base
cations through WTH on most forest sites in Sweden (Olsson et al., 1993).
Consequently, the harvesting o f logging residues may endanger the long-term site
productivity. Small reductions in tree volume growth on WTH sites in Sweden
have also been observed, but these growth reductions are usually temporary
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(Egnell et al., 1998). A series of field experiments in Finland, Norway and
Sweden indicated that WTH in thinnings o f Scots pine and Norway spruce stands
would result in a production loss, averaging 5-6%, during the first 10-year period.
This production loss was thus probably an effect of reduced N supply (Jacobson
et al., 2000). However, as there is a risk of negative base cation balance after
WTH, the National Forestry Board in Sweden has recommended that
compensatory fertilization should be done after WTH (Anon., 2001a). Several
compensatory fertilizers may be used, but in Sweden wood ash is often used as it
has a comprehensive composition o f base cations, phosphorus and micronutrients.
Applying wood ash to forest soils can also be looked upon as a recycling of
elements removed from the forest during harvest.

Wood ash composition
Combustion o f biofuels occurs at district heating plants, forest industries (paper
mills, sawmills) or in single house boilers. Different kinds of ash are produced
depending on the type o f fuel and the combustion technique used. Among the
biofuel ashes annually produced in Sweden, wood ash constitutes the largest
quantity, about 200 000 tonnes. These large volumes were formerly, and to some
extent still, looked upon as a solid waste disposal problem. Consequently, almost
all of this annually produced amount of wood ash was, and still is, deposited in
landfills. As wood fuels are often co-combusted with other fuels, such as peat,
coal, oil, and refuse, these ashes are often polluted with heavy metals and organic
contaminants and are consequently not suitable for application on forest soils. The
present amount of wood ash that can be recycled annually to Swedish forests is
calculated to be about 50 000 tonnes (dry matter) (Findkvist, 2000).
Compared to peat ash and coal ash, wood ash usually has higher contents o f P, K,
Ca, Mg and Mn and a lower content o f heavy metals (Table 1). As wood ash is a
highly alkaline material with pH-values and lime effects that normally range from
pH 11-13 and 20-45 % of CaO respectively (Femer & Utzinger, 1986; Campbell,
1990; Eriksson, 1992; Muse & Mitchell, 1995; Someshwar, 1996; Mitchell &
Black, 1997; Obemberger et al., 1997), it has been evaluated as a liming agent in
agriculture (Femer & Utzinger, 1986; Naylor & Schmidt, 1986, 1989; Ohno &
Erich, 1990; Etiegni et al., 1991; Saarela, 1991; Clapham & Zibilske, 1992;
Huang et al., 1992; Muse & Mitchell, 1995). Wood ash has also been tested in
agriculture as a source of K, P and micronutrients (Naylor & Schmidt, 1989;
Ohno & Erich, 1990; Saarela, 1991; Huang et al., 1992; Ohno, 1992; Krejsl &
Scanlon, 1996; Mitchell & Black, 1997; Meyers & Kopecky, 1998; Voundi
Nkana et al., 1998). In some studies wood ash has also been used as an
amendment in municipal sludge, yard waste and pulp and paper composting
operations (Logsdon, 1989; Campbell et al., 1995, 1997; Carpenter & Beecher,
1997; Hackett et al., 1999).
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Table 1. Concentration ranges for selected major and minor elements in fly ashes from
combustion of wood, peat and coal. Data from Nilsson and Timm (1983), Kofman
(1987), Eary et al. (1990), Mattigod et al. (1990), Saarela (1991), Eriksson (1992), Misra
et al. (1993), Pohlandt & Marutzky (1993), Veijalainen et al. (1993), Greger et al. (1995),
Muse and Mitchell (1995), Someshwar (1996), Tammela et al. (1996), Vance (1996),
Obemberger et al. (1997), Steenari and Lindqvist (1997), Zollner & Remler (1998),
Lindkvist (2000), Demeyer et al. (2001). Values between brackets are extreme values,
probably caused by contamination from waste material incineration.
Element

Wood
fly ash

Peat
fly ash

Coal
fly ash

P
K
Ca
Mg
Na
A1
Fe
Si

0.03-2.80
0.11 - 16.2
0.58-54.9
0 -1 1 .7
0 -1 3 .4
0 -1 2 .2
0 -1 2 .6
0 -3 1

- — % .................
0.57-1.24
0.39-5
4.0 - 25
0.58-4.9
0 -1 .4 8
2.9-11.2
1.5-14.7
10-27

0-0.2
0.17-6.72
0.11-45
0 - 7.72
0-7.1
0.1-21.7
1.0-27.6
0-31.8

As
B
Cd
Cr
Cu
Hg
Mn
Mo
Ni
Pb
Se
V
Zn

0 -1 1 0
7 .7 -4 3 0 (800)
0 - 3 0 (140)
3 .4 -2 5 0 (1 040)
1 -6 0 0 (2 050)
0 - 1 (2.8)
0 - 2 3 000 (47 000)
< 0.25-3 (123)
0 -2 5 0 (360)
1.2-500 (1 000)
0 -1 0 0
3.4 -1 2 0
1 5 -5 000 (10 000)

- mg kg'1----------2 -4 4 0
1 0 - 4 800
0 -8 0
<5 - 500
5.7-650
0 -5
7 0 0 - 15 000
5 -2 0
<5 - 700
<5 - 970
3 -5
<5 - 590
6 - 2 600

1 - 1 700
5 - 5 000
0-250
1 - 7 400
0 - 3 000
0 -8 0
2 5 - 4 400
0.1-500
1 - 4 300
1 - 2 100
0.2-130
10-1 200
<8 - 13 000

Wood ash fertilization on peatlands
As wood ash contains relatively high concentrations of P and K, but also some
important micronutrients, it was used as a fertilizer in peatland forestry
experiments from a rather early stage. The first known wood ash fertilization
trials on peatlands were established in the beginning of the 20,h century on two
drained peatlands, Södra Hällmyren and Norra Hällmyren, both located near
Umeå in northern Sweden. In 1918, an area o f 0.3 hectares on Södra Hällmyren
received approximately 1 000 kg of loose wood ash, corresponding to a dose o f 3
300 kg h a '. In 1926, approximately 2 000 kg of loose wood ash were spread on
an area of 0.16 hectares on Norra Hällmyren. The amount spread on Norra
Hällmyren corresponded to a dose o f 12 500 kg h a 1. Malmström (1935, 1943,
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1952) investigated the vegetation, soil chemistry and the development o f the tree
stands on these two trials. He found a marked changed in ground vegetation and,
especially on Norra Hällmyren, a vigorous growth of birch (Betula pendula Roth,
and B. pubescens Erh.) on the ash fertilized plots. More than 20 years after the ash
application on Norra Hällmyren, the pH and Ca content were still increased down
to 20 cm depth. The concentrations of K and P were also raised in the upper 10
cm o f the peat.
The results from Hällmyrama inspired Malmström and other researchers to
establish some small ash experiments on Swedish peatlands in the 1930s and
1940s (Malmström, 1952). However, in spite of the good experiences from
Hällmyrama, no large-scale application o f wood ash was performed on peatlands
in Sweden until 1984.
In Finland on the other hand, the results from Hällmyrama and their own
domestic research inspired, the Finnish Forest Research Institute among others,
and during the period 1937-1959 about 30 ash experiments were established on
drained peatlands. The introduction of commercial forest fertilizers decreased the
interest in ash fertilization in the 1960s but as several of the Scots pine stands that
were fertilized with wood ash in 1937-1959 were still growing vigorously in the
1970s, a new interest in wood ash fertilization on peatlands started in Finland at
that time. About 170 ash experiments were established during the period 19771985 by the Finnish Forest Research Institute. Wood ash was mainly used in these
experiments, but peat ash was also applied alone or together with wood ash
(Silfverberg, 1996).
In Finland, some peat cutover peatlands were also fertilized with wood ash and
afforested with Scots pine, downy or silver birch, grey alder and different Salix
species (Kaunisto, 1987; Ferm and Hytönen, 1988; Kaunisto & Viinamäki, 1991;
Hytönen, 1995a; Hytönen and Kaunisto, 1999). The application of wood ash
usually has a substantial effect on the growth of these species.

Wood ash application on forest mineral soils
During the last 15 years several investigations have been performed in different
forest ecosystems of Sweden, Finland, Germany, USA, Brazil, to study effect of
wood ash application on the
soil chemistry (Martikainen, 1984; Unger and Fernandez, 1990; Clarholm,
1994; Fritze et al., 1994; Bellote et ah, 1995; Bramryd and Fransman, 1995;
Kahl et ah, 1996; Williams et ah, 1996; Eriksson, H.M. 1998; Eriksson et ah,
1998; Eriksson, J. 1998; Ring et ah, 1999),
soil biota (Martikainen, 1985; Bååth and Amebrant, 1994; Fritze et ah, 1994,
2000; Clarholm and Rosengren-Brinck, 1995; Clarholm, 1998; Lundkvist,
1998; Haimi et ah, 2000; Mahmood et ah, 2001),
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water chemistry (throughfall, soil water, groundwater and runoff) (Westling
and Hultberg, 1990/91; Fransman and Nihlgârd, 1995; Kahl et ah, 1996;
Williams et ah, 1996; Büttner et ah, 1998; Parkman and Munthe, 1998;
Chirenje and Ma, 1999; Ring et ah, 1999),
ground vegetation (Gyllin and Kruuse, 1996; Kellner and W eibull, 1998;
Jacobson and Gustafsson, 2001),
plant and tree uptake (Unger and Fernandez, 1990; Clarholm and RosengrenBrinck, 1995; Clarholm, 1998; Jdnsson, 2000),
germination and plant establishment (Thomas and Wein, 1990, 1994; Neéman
et ah, 1993; Karlsson, 1996),
fine-root growth (Persson and Ahlstrdm, 1994; Clemensson-Lindell and
Persson, 1995) and
tree productivity (McDonald et ah, 1994; Bellote et ah, 1995).
To summaries the results from all these studies very briefly, the environmental
effects of wood ash application in moderate doses (1-3 tonnes h a 1), are small
compared to the corresponding effects following the harvest. Negative effects
usually decrease with stabilisation treatments of the ash; loose ash > hardened and
crushed ash > granulated ash.

Objectives
The main objective of this thesis was to evaluate how wood ash application
affects elemental turnover on a cutover peatland and the uptake of elements in
bilberry fruits on a mineral soil. Most o f the work was conducted on a cutover
peat area and the main questions in that study were:
1.

Is there a vertical translocation o f elements in the remaining peat and is this
different for different elements?

2.

How fast and in what amounts do the elements in ash leach to groundwater
and stream water?

3.

Is there a difference in nutrient plant uptake between different tree species
and in what tree compartment do the elements accumulate?

4.

Is there a difference in plant uptake o f nutrients between lime-treated and
wood ash-treated sites?

The main objective in Paper IV was to investigate how the application o f different
ash and lime products affects the uptake of nutrients and heavy metals in bilberry
fruit. The main questions in this study were:
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5.
6.

Has ash treatment (hardening, granulation) any effect on the short-term
uptake of nutrients and heavy metals in bilberry fruit?
Is there a dose response for uptake of nutrients and heavy metals?

Study sites
The field work was conducted on two different sites in central Sweden (Fig. 1).
Papers I, II and III are based on results from an abandoned peat harvested area on
the Flakmossen mire, that was drained, fertilized with wood ash, raw phosphate,
superphosphate, and rotovated. Paper IV is based on results from a field plot
experiment on a mineral soil at Àrentuna, where different wood ash and lime
products were applied in a 70-year-old mixed stand o f Norway spruce and Scots
pine. The site is described in Paper IV.

Fig. 1. Location of the study sites: Flakmossen in Papers I-III, Ärentuna in Paper IV.

The Flakmossen mire, being the main investigation site, is situated 10 km W of
the city o f Karlstad (59°23’N, 13°18’E, 65 m a.s.l.) in west-central Sweden (Fig.
1). The total area of Flakmossen mire is 160 ha and the surface slopes weakly
towards south. As the area receives groundwater from an adjacent glaciofluvial
deposit, the peatland can be characterised as a minerotrophic fen. Karlstad uses
the glaciofluvial deposit as a water supply. In order to augment the natural
replenishment of groundwater in this aquifer, surface water is pumped from Lake
Vänern and infiltrated into the groundwater via special basins in the deposit. An
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unknown amount o f the natural and artificial groundwater is transported to the
peat area.
During the first half o f the 20th century, peat harvesting was carried out on 34 ha
o f Flakmossen. The original peat layer on the peat harvesting area was 1-2.5 m
thick and consisted mainly of sedge peat (Magnusson & Sandegren, 1933). At the
end o f the second world war, peat harvesting ceased and the main part o f the
cutover peat area was not used until the 1980s. In the beginning of the 1980s large
areas were still bare peat surfaces and on the revegetated areas the field layer was
dominated by a few species, Phragmites communis, Rynchospora alba,
Eriophorum angustifolium, Carex rostrata, Calluna vulgaris and Drosera spp.
(Fig. 2) (Eriksson, 1983). The thickness of the remaining peat layer on the
abandoned peat harvesting area varied from 0.1 m up to nearly 2 m. A relatively
undecomposed reed peat commonly constituted the main part o f the remaining
peat, while Sphagnum and woody peat often formed a minor part. Below the peat,
a glaciofluvial medium sand was found. The soil type on the cutover peat area
was classified as a Fibric Histosol (FAO, 1988).

0

50

100m

1----1
-----1____.___ I

Dominating vegetation of
Flakmossen

ES231 Betula pubescens
I Phragm ites communis
KSS3 Carex spp.
IH+HI Rynchospora alba
L

I Eriophorum angustifolium
Calluna vulgaris
B d
D rosera spp.

Fig. 2. The dominating vegetation on 14 ha of the cutover peat area before soil
treatments. About 40 % of the area was bare peat surfaces, with some spots of vascular
plants.
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A small afforestation experiment (0.16 ha) was started in 1957 in the northern
part of the cutover peat area (Fig. 3). Three plots (20x20 m) were fertilized with
different doses of potassium sulphate and thomasphosphate. These plots,
including a control plot, were broadcast sown with seeds from Norway spruce and
Scots pine.

Flakmossen mire. C = location of climate station, E and I = location of discharge gauging
and water sampling stations. A, S and U = location of water sampling stations.
In 1982, 19 ha of the cutover peat area were drained and ploughed and a
conventional pine plantation were established in 1983 by root-ball planting with
Scots pine in the furrow slices (Fig. 3). The effects of different drain spacings (20
m, 30 m and 40 m) and PK doses (the pine seedlings were spot fertilized in 1984
with 0, 50, 100 or 200 g PK per seedling) were studied in that experiment.
The results in Papers I, II and III in this thesis are related to an intensively
managed forest experiment that was established in 1983 on 14 ha o f the cutover
peat area (Fig. 3). The area was divided into 45 strips (90x30 m) by 0.7 m deep
(on average) ditches. The soil spoil from the ditches was levelled out on the strips.
As the thickness o f the remaining peat layer varied between 0.1 to nearly 2 m, the
bottom of the ditches extended into mineral soil (medium sand) in some areas.
Consequently, some sand was excavated and spread on some of the strips.
Fertilization with loose wood fly ash (23 000 kg ha'1) and raw phosphate (400 kg
ha ') on 42 strips was started in 1983 and ended in 1984. Two o f the remaining
strips received lime (7 500 kg h a 1), potassium chloride (1 500 kg h a 1) and raw
phosphate (400 kg ha'1), while the last remaining strip received only 800 kg raw
phosphate per hectare. The wood ash was obtained from a pulp mill at Skoghall,
10 km SE of Flakmossen, and the chemical composition o f the ash is described in
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Papers I and III. The ash was applied with a tractor-drawn manure spreader. The
amount of ash applied on the ash-treated strips was monitored by weighing the
ash amount collected in vessels of a known area that were set out on the strips
before fertilization. The amount o f wood ash applied ranged from 16 000 kg dry
weight to 33 000 kg dry weight per hectare. After fertilization the peat was
rotovated to a depth of about 30 cm in 1 m wide strips with a tractor-drawn
rotovator (Danfors et al., 1985) and superphosphate (250 kg h a 1) was applied
during the rotovation. The distance between the rotovated strips was 1.2 m. The
45 strips were divided into 97 plots (40 x 30 m). In late autumn 1983, 36 o f these
plots had been soil treated and were planted in spring 1984. The soil treatment on
the remaining 61 plots was finished in summer 1984 and these were planted in
spring 1985. Different tree species were planted on the plots: four-year-old Picea
abies ((L.) Karst.), three-year-old Pinus sylvestris (L.), two-year-old Betula
pubescens (Ehrh.), two-year-old Alnus incana ((L.) Moench), A Inns glutinosa
((L.) Gaertn.), 25-30 cm long cuttings o f Salix viminalis (L.), and Salix
dasyclados (Wimm.). The plants were placed in the rotovated strips.

Results and discussion
Effects of wood ash fertilization on cutover peatlands
Large doses o f fertilizer are usually needed to establish a forest stand on a cutover
peatland. Wood ash is a suitable fertilizer on such sites as it contains many
nutrients and has an alkalising effect. However, applying large doses of wood ash
on a cutover peatland will o f course have some effects on the chemical
composition o f the soil, groundwater, stream water and eventually also on the
vegetation and the fauna that may occur on such sites. On recently terminated peat
harvest areas, the soil surface is mainly bare peat and the only vegetation found
on such sites is usually growing in the ditches. Plant colonization of harvested
peat surfaces is usually slow (Salonen, 1990) and this probably also results in a
very low population of animals on these sites.

Effects on field layer vegetation
On the cutover peat area at Flakmossen, more than 35 years had passed after peat
harvesting had terminated before a comprehensive soil treatment (drainage,
fertilization with wood ash, raw phosphate and superphosphate, and rotovation)
occurred. Consequently, some vegetation had succeeded in establishing on the
cutover peat area before soil treatments were applied. However, about 40 % o f the
cutover peat area was still bare peat surface. Eriksson (1983) found 22 different
vascular plants on this site before soil treatments and from that investigation the
site could be characterized as a poor low sedge type (Hânell, 1984).
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Drainage, supply of P with raw phosphate and superphosphate, and rotovation
favour plant colonization of course, but the main reason for establishment of
vegetation on the peat surface after the soil treatments was the large supply of
wood ash (on average 23 000 kg h a 1). Different weed species, especially
Epilobium angustifolium, rapidly colonized the wood ash fertilized area. Similar
effects have also been observed after silviculture measures with wood ash
fertilization on drained peatlands (Malmström, 1935; Silfverberg, 1996).
An investigation on the vegetation cover performed in 1991, 7-8 years after the
soil treatments, showed that the vegetation was dominated by pioneer and
nitrophilic species (Eriksson, 1992). In total, 74 different vascular plant species
were found and the most common and often dominating species were
Calamagrostis canescens, Tussilago farfara, Rubus idaea, Epilobium
angustifolium, Circium arvense, Stellaria media and Urtica dioca. The following
nine species that occurred on the cutover peat area before the soil treatments were
not found 7-8 years after the treatments; Andromeda polifolia, Carex rostrata,
Potentilla palustris, Scheucheria palustris, Empetrum nigrum, Rhynchospora
fusca, Rhynchospora alba, Drosera anglica and Drosera intermedia.
The changed vegetation cover after the soil treatments resulted in the site now
being characterized as a low herb type according to the system by Hånell (1984).
The observed changes in vegetation cover can probably mainly be ascribed to the
wood ash fertilization.

Translocation within the peat and leaching o f elements (Papers I and III)
The application of on average 23 000 kg wood ash, 400 kg raw phosphate and
250 kg superphosphate per hectare resulted in a large supply of different elements
to the soil on the cutover peatland (Table 2 in Paper III). For all elements except
P, the wood ash application was responsible for more than 90 % of the supply of
different elements. Raw phosphate and superphosphate contributed about 34 % o f
the P supply. The fertilizer effect on the vertical distribution of elements in the
peat was consequently mainly dependent on the wood ash supply. In Paper III, the
concentrations and pools o f N, P, K, Ca, Mg and Mn were investigated before soil
treatments and one and three years after the treatment. Compaction o f the peat,
induced by the drainage, caused an increase in the pools for all elements down to
40 cm depth. This compaction-induced increase in the elemental pools down to 40
cm depth was estimated from the increase in the N pool to be about 50 %. After
the soil treatments, the soil pools o f the mineral elements studied (P, K, Ca, Mg
and Mn) had increased by 63 - 1150 %, indicating that fertilization also increased
these pools. However, three years after the fertilization, the main proportion o f the
elements supplied was still left in the upper 40 cm of the peat. After correction of
the elemental pools for the peat compaction, there was even an increase in the P
pool down to 40 cm depth o f 160 kg ha which to some degree can be explained
by spatial variation in the amounts o f fertilizers applied and an uncertainty in P
concentration o f the whole amount o f wood ash applied (300 tonnes). For the
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other mineral elements studied, losses were observed if the soil pools o f these
elements down to 40 cm depth were corrected for peat compaction. These losses
amounted to between 27 % and 44 % of the fertilizer supply of these elements.
The losses could not be explained by plant uptake (Paper II) or leaching to the
stream water (Paper I). There are several explanations for the unaccounted losses.
Some amounts are probably leached down to deeper soil layers and/or are
dissolved in the large groundwater aquifer that is located in the mineral soil.
There was also a large spatial variation in the amounts of wood ash applied.
Furthermore, as there were only two chemical analyses of the wood ash material
applied, a large uncertainty exists as regards the actual amount o f elements
supplied.
After the soil treatments, increased contents of K, Ca and Mn were found in both
peat groundwater and stream water (Paper I). An increased content of Mg was
also found in the stream water. However, the total leaching losses o f these
elements in stream water were at most only some percent of the losses found in
the soil pool down to 80 cm.
The most obvious increase in groundwater and stream water concentrations of an
element was found for K. Even 6-7 years after the fertilization a substantially
higher K concentration was observed both in groundwater and stream water. The
low degree of transport o f P downwards in the peat and the low losses o f P to
stream water indicates an extensive adsorption o f phosphate to iron compounds in
the peat (Papers I and III). Other studies, especially on nutrient-poor bogs, have
found substantial leaching o f P after P fertilization (Karsisto and Ravela, 1971;
Tamm et al., 1974; Harriman, 1978; Ahti, 1983, 1990, Malcolm and Cuttle, 1983;
Kenttamies and Laine, 1984; Lundin and Bergquist, 1985; Nieminen and Ahti,
1993). The leaching o f P from P-fertilized forests on peatlands may, according to
these studies, vary between 0.1 - 2 kg ha 1year '. Extremely high leaching losses
of P (up to 30 kg h a 1 year'1) have been reported from P fertilized peatlands used
for agricultural crops (Duxbury and Peverly, 1978; Miller, 1979; Scheffer et al.,
1981; Kuntze, 1984). The output o f P from the intensively managed forest area on
the cutover peatland at Flakmossen was only 0.02 kg P h a 1y e a r1 which was even
lower than the amount of 0.06 kg P ha ' y ear1, that Sallantaus and Patila (1983)
stated as normal P outputs from virgin peatlands in Finland.

Plant uptake and tree growth (Paper II)
The study on biomass production and nutrient uptake in the trees on the
intensively managed forest area was performed on 3-7 year-old trees. The total
biomass of these trees was consequently low and the proportions o f foliage, bark
and roots were high. The high proportion of foliage and bark in these trees
resulted in a high uptake o f nutrients per unit biomass (Table 5a,b in Paper II).
There was a substantial difference in the above-ground biomass between the tree
species (Table 3 in Paper II). The highest above-ground biomass was found for
the stands of Salix dasyclados (9 300 kg DM ha'1), while the lowest was found for
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stands o f Salix viminalis (670 kg DM ha '). The difference can to a large degree be
explained by the fact that the Salix dasyclados stands were planted in 1984 and
the stands o f the other tree species were planted in 1985. The growth of all tree
species was much higher from for the plants planted in 1984 compared to those
planted in 1985.
The Alnus sp. accumulated more N per unit biomass than the other tree species
(Table 5a,b in Paper II), probably depending on the N-fixation capacity of Alnus
sp. The uptake o f P, K, Ca and Mg per unit biomass was also highest for the
Alnus sp. The highest uptake o f Zn were noted for the Salix clones. A high uptake
of heavy metals in fast growing trees, like Populus species and Salix species, has
been found in many studies (e.g. Landberg and Greger, 1996; Alriksson, 1998).
Trees on plots, treated with lime (7 500 kg ha'1) and KC1 (1 500 kg ha ') instead of
wood ash were also sampled and analyzed. A comparison between these two
treatments showed that three years after the treatment the above-ground biomass
of B. pubescens was significantly higher on the limed plots compared to wood ash
treated plots. The conifers and the Salix clones were, on the other hand, somewhat
larger on the wood ash treated plots. The content o f P in the foliage was, on
average, much higher for trees on the wood ash treated plots compared to the
limed plots.

Potassium budget after wood ash fertilization on a cutover
peatland
Potassium is a rather mobile nutrient and from many studies it is well known that
large amount o f applied K can easily and rather rapidly be leached from organic
soils (e.g. Kenttâmies and Laine, 1984; Lundin and Bergquist, 1985; Lumme,
1988; Braekke, 1990). By making a budget study for K it is possible to forecast
the depletion o f the K pool in the soil and plan for prospective fertilizations,
thereby maintaining a sustainable biomass production. As K is a nutrient with low
abundance in peatlands, and especially in cutover peatlands, it is often a major
limiting growth factor on these sites. Case budget studies of K on such sites are
therefore particularly interesting.
By using the information from Papers I, II and III and adding information about K
deposition, it is possible to make a simple budget for K for the wood ash fertilized
part of the cutover peat area on Flakmossen. The structure of this simple K budget
can be described as transfers of K to or from a pool o f K in the soil. I have only
used the soil K pool in the upper 80 cm of the soil, as the soil was only sampled
down to this depth. This is o f course a restriction, as the total soil depth probably
exceeded 3 m over the whole area. However, we expected that most o f the
mineralisation and root uptake occurred in the upper 80 cm of the peat since
deeper soil layers were saturated with water during the whole or significant parts
of the year.
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Transfers o f K
Potassium was added to the soil K pool by wet and dry deposition, and on this site
also by wood ash fertilization, and transferred from the soil by leaching. In this
part of Sweden the mean concentration of K in the precipitation was about 2 /¿ekv
l'1 during the period 1983-1987 (Granat, 1989). During this period the mean
annual precipitation amount at Karlstad was 730 mm. This means that the mean
annual wet deposition o f K on this site was about 0.57 kg ha'1. The total wet
deposition of K during the first 3-year period after soil treatments was
consequently 1.7 kg h a '. As all the trees on the site except the willows were quite
small during this period, the dry deposition over the whole site was probably
rather low (<50 % o f wet deposition). Consequently, the total atmospheric
deposition (wet + dry) on the wood ash fertilized area was probably less than 3 kg
h a 1for the first 3-year period after soil treatments.
On the wood ash fertilized area, the wood ash was the only fertilizer that
contained substantial amounts o f K. The mean concentration of K in the ash was
2.9 % of dry weight. With an average dose of 23 000 kg dry wood ash per
hectare, the total K amount supplied was about 670 kg h a '.
The loss of K from the upper 80 cm of the soil pool through leaching can be
calculated by comparing the output o f K in stream water from the wood ash
fertilized area before and after fertilization. Runoff from the intensively managed
area was measured continuously with a discharge weir and water samples were
taken in that weir once a month. Before soil treatments, the K concentration in the
stream water averaged 1.07 mg l 1. In the first 3-year period after the soil
treatments, the mean K concentration in stream water increased to 1.99 mg l'1. In
the stream water from a control area, the mean K concentration decreased
somewhat during this period, which indicates that the increase in K concentration
in stream water from the wood ash fertilized area was mainly caused by the
fertilization. As other studies have observed increased leaching of K after
drainage o f unfertilized peatlands (Kenttamies and Laine, 1984; Ahtiainen, 1988;
Lundin, 1988, 1992; Lundin and Bergquist, 1990), a proportion o f the increased
K concentration found in our study (Paper I) may have been caused by the
drainage. However, the increases in K in stream water in our study coincided
more closely with the fertilization events than with the drainage treatment. The
mean annual runoff during the first 3-year period after the soil treatments was 260
mm year'1. The mean annual excess leaching of K from the wood ash fertilized
area during this 3-year period was consequently about 2.4 kg ha'1 y e a r1 or 7.2 kg
h a 1 for the whole 3-year period. Several other peatland studies have also found
increased K concentrations in stream water after application o f fertilizers
containing K (Burke, 1975; Harriman, 1978; Ahti, 1983; Malcolm and Cuttle,
1983; Lundin and Bergquist, 1985; Lumme, 1988; Breekke, 1990; Piirainen and
Finer, 2000).
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From the tables of concentrations in different tree compartments (Tables 4a-b in
Paper II), the proportion of different compartments to the total biomass (from
Table 3 in Paper II) and values of measured or calculated stem dry weight of the
different tree species on the plots within the wood ash fertilized area, a rough
figure could be estimated for the net biomass uptake of K. Three years after soil
treatments, the age of the planted trees was only 3-7 years and the total biomass of
the trees was therefore low and consequently also the total uptake (Paper II) and
the net biomass uptake o f K. The accumulated net biomass uptake of K within the
wood ash fertilized area (13 ha) was estimated to be on average about 20 kg ha'1.
There were no measurements performed on the biomass or nutrient content of the
field layer vegetation. A rough estimation is that the uptake of K was in the same
order as for the trees, but as most of this K in the field layer vegetation was
probably returned to the soil in late autumn, no value for K uptake by the field
layer vegetation was used.

Soil Kpool
Before soil treatments, the pool of K down to 80 cm depth was only 130 kg ha '
(Table 3 in Paper III). The drainage caused a compaction, especially o f the
superficial peat layers, resulting in the fact that the peat sampling down to 80 cm
depth after drainage encompassed a larger soil mass than before drainage. This
also led to the fact that the nutrient pools of a depth-specified peat layer within the
compacted zone increased after drainage. The compaction-induced increase in the
K-pool down to 80 cm depth was calculated to be about 35 kg ha'1.
Three years after the soil treatment, the total K pool down to 80 cm depth was 580
kg h a 1. Correcting this value for the increase caused by the compaction gives a
value of 545 kg h a 1. The increase in the soil K pool of 415 (=545-130) kg ha 1 is
mainly a result of the wood ash fertilization. As 670 kg K per hectare was applied,
the loss of K from this soil pool during the 3-year period was about 255 kg K h a 1
or 38 % o f the applied amount.

Input/output budget
For a system in balance the input fluxes should equal the output fluxes. However,
in field experiments it is hard to exactly define all the fluxes and with increasing
spatial scale the uncertainty usually also increases. The input/output budget for K
at the wood ash fertilized area was as follows:
F + D - U - L-AS = 0
where F denotes K applied through fertilization, D deposition, U net biomass
uptake, L leaching and AS the change in the soil pool down to 80 cm depth.
Inserting the values from the wood ash fertilized area for the first 3-year period
after soil treatments gives as follows:
670 + 3 - 2 0 - 7 - 4 1 5 = 231

24

This means that in this system, a loss of 231 kg K h a 1 cannot be accounted for.
However, a groundwater leakage out from the system can be one probable
explanation.

Uptake of elements in bilberry fruit (Paper IV)
As wood ash also contains small amounts o f heavy metals, fears have been raised
that wood ash application on forest soils might increase the uptake o f heavy
metals in edible berries and mushrooms gathered and consumed by humans. In
Paper IV, we investigated the concentrations of nutrients and heavy metals in
bilberry fruit that was sampled two and thirteen months after application o f the
following eight wood ash and lime products: loose ash; well-hardened ash
granules; fly ash that had been hardened, crushed and sieved; two different
particle size fractions of the hardened and crushed ash mixed with lime; two
different particle size fractions of a hardened bottom ash; and lime. The normal
dose were 4 000 kg ha'1, but the loose ash and the hardened fly ash were also
applied in doses o f 2 000 kg h a 1and 8 000 kg ha'1.
Two months after treatments, bilberries from treated plots tended to have higher
contents of K, Mg, Ca and Cu, and lower contents of Cd, Pb and Zn compared to
bilberries from control plots. Thirteen months after treatments, the bilberries from
almost all treatments tended to have higher contents of Cd, Cu, Pb and Zn than
berries from control plots (Table 3, 4 and 6 in Paper IV). However, all these
possible treatment effects were only tendencies and no significant treatment effect
could be found. Consequently, this study showed that the short-term effects of
wood ash application on the concentrations of nutrients and heavy metals in
bilberry fruit is negligible. Possible long-term effects remain to be tested.

Conclusions
At afforestation on cutover peatlands wood ash fertilization is a suitable soil
improvement measure, because wood ash contains large quantities of nutrients,
especially P and K, that are growth-limiting factors in such areas. Furthermore, as
wood ash is an alkalising agent it raises the soil pH, which is often low in
peatlands. However, as large doses of wood ash are often needed, negative effects
may occur. The negative effects on cutover peatland sites are mainly effects on
the water quality in downstream watercourses. A large proportion of the K in
wood ash is in the form o f soluble salts, so large quantities of K can be leached
from the ash. Potassium is a mobile element in organic soils and substantial
amounts o f K may therefore be exported to the water courses. However, within
reasonable bounds, increased concentrations o f K in the watercourses do not
cause any harmful effects on the ecosystem. On the other hand, the continuous
transport of K from the soil pool may in the long-term cause a negative effect on
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tree growth. The wood ash product used on cutover peatlands sites should
therefore be in such a form that the K release from the ash is relatively low.
The uptake o f different ash elements in trees planted on the wood ash treated area
o f the cutover peatland seemed to be specific for different species. A high uptake
o f Zn, and probably also other heavy metals, was observed for the two Salix
clones. The conifers, on the other hand, had a low uptake of Zn and Mg, but a
high accumulation of Mn in the biomass. The largest uptake per unit biomass of
N, P, K Ca and Mg was observed for the alder species. If this condition persists in
the long-term, alder may not be a suitable tree species on this kind of site.
Wood ash application on a mineral soil may cause more problems than the
corresponding measure on cutover peatlands as the populations of different plant
and animal species are usually higher on the mineral soil site. From the work
presented here, it can be concluded that in the short-term there are no significant
negative effects on the uptake o f nutrients and heavy metals in fruit o f bilberries
growing on sites treated with loose ash, hardened and crushed ash, or granulated
ash products in different doses. Flowever, longer term studies are needed to
confirm this finding and to monitor the composition o f other edible forest flora
and fauna, such as fungi and game animals.
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