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Abstract

In the future, with problems of global warming and acidification and with an increasing
need to recirculate wastes of the community in an ecologically acceptable and economically
sound manner, the cultivation of broadleaved species (birch, aspen, poplar, alder and
willow in particular) on suitable forest land and on former agricultural land is of utmost
interest if following the recycling philosophy. The wood produced could be used primarily
for short fibres and for energy. Also of interest is the production of methanol, biogas and
electricity, chipboard and laminates, in the context of a forest industry concerned with the
further development of the raw materials.

The main advantages of cultivating fast-growing, broadleaved trees on former
agricultural land are that:
• in Sweden it has been shown possible to produce 10-12 tonnes of dry matter of woody

biomass per hectare and year by cultivating willows and hybrid poplars,
• in such plantations, the energy efficiency ratio will be 1 to 15-20, meaning that for every

energy unit used, 15-20 can be harvested,
• some residual products from society, such as sludges, ashes, and wastewaters can be

used as fertilisers in such plantations.
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Introduction • ideas, thoughts and visions

Sweden is a country with a long-standing tradition and well-developed methods of
production and use of raw materials in forestry and agriculture. At present, about 18 % of
the total energy use is covered by bioenergy. Development in the paper industry implies
that more and more short fibres will be needed in the future industrial processes. Today 2 to
4 million m3 of hardwood is annually imported mainly from the Baltic States, Finland, and
Russia, and this will continue for, at least, 15 years. Because of an increased demand and
an expected decrease in imported timber from the tropics of species such as teak, jacaranda
and mahogany, there is also a bright future for home-grown broadleaved trees for furniture
and constructions. Biomass production for energy purposes by cultivation of fast-growing
broadleaved species can result in an ecologically interesting and economically viable crop.
Afforestation of suitable forest land and unused agricultural land with broadleaf short-
rotation trees, such as birch, aspen, alder, and willow can, therefore, readily be suggested,
although it may at first strike many people as strange. Such a development would have a
number of environmental effects, which would be very positive for the Swedish
community, bringing with it interesting consequences for the economy and for the
employment, particularly in the countryside.

The price paid by communities in the developed countries for their high material
standard of living is the increased carbon dioxide content of the atmosphere, the
acidification of lakes and water courses, unusable ground water, and radioactivity in the



seas. A cause of major ecological problems and considerable economic demands in the
future will be the ubiquitous municipal landfills of various types with their potential risk of
leaking nitrates and phosphates into the ground water and other water courses. The price
has been set, the invoice is written, but we have not worked out how to pay it. If the price is
not to go up still further, this progress must be controlled and either we, our children or our
grandchildren, must take preventive measures against all these pollutants. The longer we
wait, the higher will the costs be.

Sweden has good possibilities for taking precautions against some pollutants both
rapidly and effectively, because we have a large land area in relation to the population. We
also have an infrastructure which allows production and handling of increased amounts of
biomass. The fact is that many so-called pollutants contain substances needed by trees and
shrubs, and other plants, for normal growth and development; nitrogen, phosphorus,
potassium, and calcium are examples. However, some pollutants contain substances which
are directly harmful to plants, such as heavy metals and organic chloride-containing
compounds.

Afforestation of some of the arable land in Sweden would markedly affect the
landscape. In forest and mixed forest and farming communities, we would like to retain the
existing open areas, so that a gentle approach is recommended. In communities in flat
agricultural regions, large continuous arable areas, so-called "arable deserts", should be
diversified and the monotony broken up more than it is today. Through careful landscaping,
it should be possible to retain the attractive appearance and charm of the open landscape.
By taking the opportunity to create so-called wildlife corridors (continuous planted belts of
broadleaved trees, carefully placed in the landscape), the conservation and spread of
animals and plants could be encouraged and significant lengths of woodland edge
established. This would mean that the towns and villages in the agricultural plains would
have areas for walking and for picking berries and mushrooms, together with opportunities
to watch and experience wildlife near at hand. Opportunities for hunting would also be
considerably improved.

It is not only carbon dioxide which is released when fossil coal, oil and gas are
burned; also sulphur dioxide and nitrogen oxides are formed. The sulphur dioxide is
converted in the air and in the soil into sulphuric acid and causes acidification of weakly
buffering soils. Many of the tree species which we suggest to be planted have leaves which
are basic in character, in contrast to the pine and spruce needles. This means that large scale
planting of broadleaved trees would combat acidification, at least locally.

The nitrogen oxides, deposited with the rain, are converted into nitrates in the soil
and leak into the streams and lakes and finally to the sea. The largest measured amounts of
nitrogen annually deposited by rain in Sweden lie between 25 and 30 kg per ha. Our
hydrological system is thus exposed to over-fertilisation, which we do not at present know
how to deal with.

The reason that these amounts of nitrogen input leak out from various soil types is
considered to be that the vegetation growing on these soils does not grow fast enough to
take up the supplied nitrogen. Nitrogen is bound very weakly to the soil particles implying
that the major part of it is not taken up by the plants but leaks into the ground water. The
tree species of interest here, birch, aspen, alder and willow, all have a considerable growth
potential, and a large proportion of the nitrogen deposited as nitrate will be taken up by
these fast-growing species, with the possible exception of alder, which is a nitrogen-fixing
tree species, i.e. fulfils its nitrogen requirements mainly from the air.

The nitrates leaking into the ground water do not only origin from the road traffic
but also from the Swedish agriculture. This is because of the large use of manure, chemical
fertilisers and of pig slurry. These circumstances can give rise to considerable leaking of
nitrates both to ground water and to streams and rivers. It is possible to avoid these inputs



of nitrate into the water courses by planting fast-growing broadleaved species which act as
a vegetation filter along the banks of streams and rivers (cf. the earlier discussion of
wildlife corridors). The root systems will efficiently take up the nitrates and thus form a
barrier against a possible leakage into the water courses.

Large amounts of the community's waste products in the form of different types of
sludges and ashes are currently deposited on landfills. This method has a very large inbuilt
risk of future leakage, of nitrates and phosphates, and also of other substances which are
required for plant growth. The risk also applies to heavy metals to a large degree. In such a
situation it is an obvious suggestion that there should be a selective classification of the
waste products so that those containing essential plant nutrients should be separated and
spread in broad-leaved plantations as fertiliser and soil improver. Those which contain
heavy metals and other toxic substances should be separated and managed under controlled
conditions away from cultivation systems.

In some regions of our country the ground water is so polluted by nitrates that the
content exceeds the health authority's suggested upper limits for drinking water. A well-
developed root system of fast-growing trees can take up as much as 200 kg per ha of
nitrate-nitrogen annually. The possibility exists, therefore, of pumping up nitrate-polluted
ground water into well-established broad-leaved plantations, allowing it to flood the soil
and percolate down through the root-zone and into the soil. The roots take up the nitrate
ions in the water, thereby purifying the water, while the plantation would be irrigated and
fertilised with nitrogen. On sandy soils, very high production can be expected in plantations
treated in this way.

Large "arable deserts" exist within agricultural areas of Sweden today. Every stream
and ditch is filled in, every marl-pit and pond drained by covered drainage channels, most
avenues and groves of trees have been felled. The wind blows unhindered and causes soil
erosion and snow drift. In Denmark, the positive effect of shelter belts on agricultural
production has long been known. In Skane, on the plains of Vastergotland and
Ostergotland, and in some areas of Uppland the potential for producing energy and fibres
by shelter belts should be good, at the same time as the shelter belts have a positive effect
on the production of other agricultural crops and on the flora and fauna (cf. the earlier
discussion on wildlife corridors).

One of the fundamental ideas behind the planting of broadleaved trees on suitable
forest and agricultural land has its origin in the recycling philosophy. The community is
today well on the way to an unsustainable environmental situation. However, in Sweden we
have the good luck to have a small population on a large area, in contrast to, for example,
central and southern Europe. It is still possible to solve some of our environmental
problems in a rational and perhaps even an economic way by utilizing suitably located
forest land and former agricultural land for energy, fibre and timber production at the same
time as some of the waste products of the community can be added into the cycle again.
However, we must take the greatest possible care not to exploit soil or forest land in such a
way that its future utilization is made difficult or impossible. Further research in this area
must show the way.

We can now describe some examples of attempts to apply recycling considerations
in broadleaved tree cultivation.

Production of short fibres for pulp by cultivation of hybrid aspen and hybrid poplar

The results of crossing Swedish aspen (Populus tremula) with American aspen (P.
tremuloides) are in Sweden called hybrid aspen. Such crosses were made and the
cultivation started in Sweden in the 1930s. The main intention was to utilize these fast-
growing hybrids on fertile moraine land for production of wood for producing matches.



10

Since the appearance of cigarette lighters on the market resulted in the disappearance of the
demand for matchsticks, interest in this type of forest plantation decreased significantly.
Also, it became apparent that these hybrids are very susceptible to infection by Hypoxylon
mammatum. New plantations with more intensive management in the establishment stage
(careful soil preparation, spacing 1 x 2 m, weed control, fencing, etc), using carefully
selected material from Ekebo Research Station attained production of up to 25-30 m3 per
ha and year after only 5 years of growth.

Crosses between two American species of poplar, Populus trichocarpa and P.
deltoides, the European P. nigra and the Japanese P. maximowitchii, called hybrid poplars
in Sweden, have been grown here since the 1930s. They grow particularly well on
sediments and production exceeds that of hybrid aspen by up to 25 %. Unfortunately there
is damage by early autumn and winter frosts almost every year. The reason for this is that
the American parent species are from Oregon and Washington, which are at a latitude
corresponding to that of Paris. We are, therefore, growing these hybrids at least 1000 km
too far north compared to the areas from where the parents originate. However, we are now
co-operating with foresters in northern British Columbia and Alaska, i.e. at latitudes similar
to Sweden, and there is already some plant material being tested in our greenhouses.

At the end of the 1980s, economic calculations showed an annual remuneration of
up to 500 SEK per ha of land for an annual production of 18 m3 per ha achieved by the
current methods. Today, hybrid aspen and hybrid poplar are being grown in an
experimental set-up using methods involving considerable soil preparation, closer spacing,
fencing and weed control, resulting in considerably greater production.

Production of willow for energy purposes on former agricultural land

Research on short-rotation willow coppice (usually called energy forestry) was started by
Emeritus Professor Gustaf Siren in the middle of the 1970s. Today the area under
cultivation is about 16000 ha. The very high growth potential of carefully selected species
and clones of willow is used by planting cuttings at very close spacing (18000 per ha).
Success requires good biological knowledge and green fingers, together with intensive
management (careful choice of site and soil preparation, weed control, fertiliser
application). Harvesting is performed in winter time every 3 to 5 years, preferably when the
ground is frozen. The willow stumps then produce new shoots in the following year. We
reckon to have six harvests from each plantation, giving an average rotation of ca 25 years.
The production capacity in southern and central Sweden is up to 10 to 12 tons dry matter
per ha and year (equivalent to the energy content of 4 to 5 m3 of oil). The major problem is
to disseminate information to the growers about the careful management required,
especially in the establishment phase. In many cases, the land selected is too dry, or
susceptible to frost, the soil preparation is not careful enough, machine-planting leaves
much to be desired, weed control (mechanical, chemical, or a combination of the two) is
too late, fertiliser application is neglected, and harvesting is by machines which badly
damage the stumps. A problem arising during cultivation, not directly related to
management, is damage by rust (Melampsora) and by late spring and summer frosts.
Considerable research effort is now being put into producing rust-resistant and frost-hardy
clones. It is considered that willow cultivation can successfully compete economically with
wheat cultivation (winter wheat 1.05 SEK per kilo; spring wheat 1.30 SEK per kilo in
1995) on agricultural land where the expected annual yield of woody biomass is up to 12
ton per ha (518 SEK per ton delivered to the heating plant). The machine costs are then
included in the charges of the machine contractors. If 8 tons or more of dry woody biomass
per ha and year are produced, the plantation has past the point of economic break even and
will thereafter yield a profit.



11

Cultivation of birch for production of short fibres, saw logs and veneers

There has been very little research on silver birch (Betula pendula) or downy birch (B.
pubescens) since the 1950s but now that situation is changing. With Sweden's large import
requirements for short fibres and a growing market for sawn hardwood and veneers, many
forest owners are now asking older foresters what they did in "the old days" about
regenerating birch. Many are convinced that birch is a species which will become more
significant in Swedish forestry.

Downy birch grows mainly in wet areas in central and northern Sweden and is
mainly used for the production of short fibres and for household requirements. It is
sometimes used by the furniture industry because of the greater figuring of the wood. In
contrast, silver birch grows on good forest land throughout Sweden and is used for sawlogs
and veneers as well as for short fibres and household requirements. The cultivation of curly
birch (B. pendula var Carelica) has the extra incentive of a higher price per kilo of wood
(17-30 SEK per kg wet wood in 1995). Any knowledge we lack in Sweden, we can learn
from our Finnish colleagues and competitors. In a few places in Sweden, Finnish birch is
grown alongside Swedish, and the comparison is impressive.

Purification of ground water and drainage water using willow cultivations

Willows grown in energy forests develop a superficial, well-branched root system in the
first year after planting. This can be used as an effective purification system for ground
water and drainage water from arable land polluted with nitrate, for example. Such a
system can be found just outside Laholm in Halland. A 3-hectare willow plantation on
relatively level ground (sandy medium clay) was planted in 1993. Using an old-fashioned
potato planting plough, furrows were made between the rows of willows to enable drainage
water to be dispersed. During two growing seasons, the drainage water from 700 ha of
agricultural land has been collected into a dam (already in place), and some of the water has
been pumped out in the willow plantation.

The nitrate-nitrogen content in this water has at times been up to 15 ppm. We know
that the root system of a willow on this type of land can take up 200 kg of nitrogen in the
form of nitrate in one growing season, and this has determined the amount of water
pumped out in the plantation during the year. The water not taken up by the willow roots
penetrates down passing the roots to the ground water or into drainage pipes for further
transport into streams, rivers and the sea. It has been shown that an effective root system in
these conditions has the capacity to remove almost all the nitrate ions from the water
moving past. By this mean, large amounts of water, tens of thousands of cubic metres per
ha and year, can be treated and the polluting nitrate ions removed. At the same time, very
large amounts of biomass are produced (10 to 20 tonnes of dry matter per ha per year) for
energy purposes. It is thus the combination of biomass production and water purification
which is interesting, particularly from an economic point of view. All this will also apply to
treatment of municipal waste water.

Utilization of sludge for fertilisation and soil improvement in energy forest cultivation

The height of the stumps in an energy forest after harvesting varies between 5 and 15 cm.
Thus in the spring following the harvest it is possible to spread various types of sludge over
the land. The sludge often contains amounts of nutrients, mainly of nitrogen and
phosphorus, required by willow. The problem is that it sometimes also contains toxic
substances such as heavy metals and organic solvents. However, nowadays the sludge is
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categorised at the sewage works so that useful information is available in advance to the
grower about the contents of the sludge before he decides to use it. The sludge is often
spread free, considerably reducing the fertiliser cost to the grower and markedly improving
the economy of energy forest cultivation. However, the sludge must be incorporated in the
soil, which can be difficult in an established energy forest, even if it is newly harvested.
New methods need to be developed.

Cultivation of common alder and grey alder

In the same way that birch has long been an unimportant species for forest production in
Sweden, both common and grey alder have also been of little interest. The situation today
is rather different. In addition to the usual sites for these alders, we know that grey alder
can achieve amazingly high production if cultivated on heavy clay in southern Sweden.
Some saw mills pay good prices for roundwood (2.5 m, 15 cm diameter under bark, at the
top) of these species. Neither species is very suitable for pulpwood, because of the red
colour of the wood, but they are a good source of energy. The big advantages of alder over
other deciduous trees are its nitrogen-fixing capability and its better frost hardiness in the
growing phase. Both alder species are much better than spruce in this respect. They are also
relatively unappetizing to grazing by wild animals so they can be grown without the need to
fence. A problem is that in some plantations damage is caused by the leading shoot
breaking off 1 to 2 metres below the shoot tip. As yet, the reason for this is not known.

At the moment, growing alder in mixtures with other deciduous species and with
conifers is being tested at various sites, with varying success. So far, the results achieved
are inconclusive.

Mixed forest of hybrid poplar, Douglas fir and spruce

Multi-layered mixed forests of conifers and broadleaved trees can be of great interest in
regard to production ecology theory and also to practical forestry for maximum production
of woody biomass on fertile soils and development of the theory behind the technique of
having nurse trees. Simultaneous planting of alternate rows of hybrid poplar and either
Douglas fir, Norway spruce or Sitka spruce is one of the new techniques being tried in
Southernmost Sweden. The results so far show the expected very rapid growth of the
hybrid poplar in the first years. At Bulstofta, near Helsingborg, five-year-old poplars are 10
m high with a diameter of 10 cm. The Douglas fir and Sitka spruce planted at the same
time are 1 to 2 m high. The rows are 2 m apart, with trees in each row 1 m apart. The
poplar canopy in this situation is closed so that the conifers are completely covered by the
poplar canopy and their leading shoots are whipped by the poplar branches in the wind.
However, the protection effect is optimal. The diameter of the poplars is not judged to be
big enough for pulp to be obtained from every tree, so that final felling of the poplars must
wait another one or two years. We can already now experience that the spacing is too close
for this type of plantation. However, there is a possibility of cutting some of the poplars and
pruning those remaining so that they can eventually be used for veneer. This would favour
the continued development of the conifers, while almost all the protective effect would be
retained.
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Summary conclusions

In the future, with problems of global warming and acidification and with an increasing
need to recirculate wastes of the community in an ecologically acceptable and economically
sound manner, the cultivation of broadleaved species (birch, aspen, alder and willow in
particular) on suitable forest land and on former agricultural land is of greatest interest if
following the recycling philosophy. The wood produced could be used primarily for short
fibres and for energy. Also of interest is the production of methanol, biogas and electricity,
chipboard and laminates, in the context of a forest industry concerned with the further
development of the raw materials.
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