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INTRODUCTION 

Throughout much of Canada, forestry and agriculture are not well coordinated. 
Whatever the reason for the divergence of these closely related activities in the past, 
it is apparent that, through an increasing environmentalism and the pressures for 
multiple land use, they are being reunited under what we now call agroforestry. 
There are many definitions of agroforestry, here we will take it to mean the 
diversification of economic opportunities through multiple use of the landscape. It 
means not only the production of biomass (i.e., wood and food) but also the spinoff 
benefits derived from the conservation and production of biomass in a landscape. 
Williams (1991) provides an extensive overview of agroforestry in North America.  

Whether by chance or design, many of the pastoral landscapes in the Atlantic 
Provinces noted for their mixture of forestry and farming have as much, and in many 
cases more value, in terms of Tourism - an additional economic benefit which many 
landowners take good advantage of to increase their income. For example, a 
substantial portion of the profits from apple orchards in the Annapolis Valley and 
strawberry farms in the Humber Valley of Newfoundland, is derived from the tourist 
trade.  

Another source of income which has received little attention is that which could be 
derived from woody biomass production for energy, fodder and silvichemicals. The 
harvesting of wood for energy is quite extensive in the region. But harvesting wood 
for energy is mostly done in a haphazard and quite often unsustainable fashion. In 
the realm of economic activities and land use policies, harvesting wood for energy 
from the forest has much less priority than the production and harvesting of wood for 
forest products like pulp, paper, fibreboard and construction, and furniture lumber.  

Environmental policies aimed at sustainable land use, include reduction of 
agricultural over production and protection of natural forests. To meet these 
challenges, landowners may find alternative economic opportunities in agroforestry 
that includes woody biomass production in a range of crops. High value agroforests 



have an important role in commercial wood production to sustain major wood 
product industries in Atlantic Canada. In fact, the transition to agroforestry has 
already begun where many landowners profit from growing or exploiting woody 
biomass, including fruit trees and shrubs, maple syrup, Christmas trees, ornamental 
trees and shrubs for the landscaping market, and even pulpwood on abandoned 
fields and uncultivated land. 

This paper presents a rich tapestry of ancient and modern agroforestry methods of 
which cultivating short- and medium-rotation woody biomass plantations for energy, 
fodder, and silvichemicals plantations is part of the integrated agricultural practices 
in Scotland, Iceland, Sweden, and eastern Canada their relevance to the economic 
diversification of the Atlantic Provinces. 

HIGH YIELDING AGROFORESTRY PLANTATIONS 

Short-Rotation Coppice 

In northern regions, with cold winter climates, the most researched short-rotation 
crop in recent years is willow (Salix). The use of willows for short-rotation woody 
biomass production for energy and wood products is of great antiquity and, despite 
scientific and technological advances, the basic principles of cultivating short-
rotation willow coppicing have not changed much over the centuries. The 
agroforestry plantations of willows harvested in 1 to 4 year rotations, for example, is 
well documented in ancient medieval literature. Theophrastus, Ovid, Virgil, 
Herodotus, Dioscorides and Pliny have extolled the many virtues of willows.  

In England, as long ago as 1198, willow coppicing was important enough to warrant 
legislation for its management. During this period, The Crown granted the right to 
gather firewood, much of it willow, as part and parcel of the pasture rights in the low 
lying fen districts of England. Many of the fast growing and hardy clones used in the 
modern basket industry in England, and continental Europe, are derived from these 
ancient coppice. 

It is only within the last few decades that short-rotation woody biomass crops have 
been introduced to boreal regions of eastern Canada and Scandinavia, notably 
Sweden and Finland. Although there has been considerable research done on 
willows for short-rotation energy crops in many parts of the world, including eastern 
Canada (Mitchell et al. 1990), only farmers in Sweden have adopted them as a 
commercial enterprise. Sweden has no oil, gas or coal resources, so in order to 
produce the total energy demand of 440 TWH, it relies on nuclear power stations 
and hydro to produce 33% of the power, 52% from imported oil, gas and coal and 
15% from biomass. These proportions are about to change as a result of a major 
environmental policy. Because, the legislators have decreed that, by the year 2010, 
the power stations will be closed. In the meantime, the five remaining major rivers in 
Sweden which have not been harnessed for hydro power will remain free from 
development, emissions of carbon dioxide will not be allowed to increase above the 
1988 level, and sulphur and nitrogenous gas emissions will be reduced by 20% and 
70%, respectively. Obviously, apart from a vigorous energy efficiency program, the 
only alternative and acceptable source of large-scale power that can replace nuclear 
power and coal is woody biomass.  

In 1950, Sweden had 4 million hectares of over production in agricultural land. The 
over production has been reduced to 3 million and expected to be reduced to 2.5 
million hectares by the year 2,000 - and perhaps lower if the international tensions 
over agricultural subsidies are not resolved. Since the infamous oil crisis of the 
1970's, energy plantations have been proposed as an alternative use for the surplus 
land (Christersson 1990). 



There are about 140 district heating plants in Sweden that provide electricity and hot 
water to towns and villages. About 50 of these rely mainly on wood, plus some 
garbage, for fuel. These heating plants range from 5 MW to 65 MW and their wood 
consumption ranges from 70,000 to 450,000 cubic metres per year. A 60 MW 
heating plant, for example, requires 5,000 cubic metres per day. 

Of course, there are many similar wood heating plants in Atlantic Canada; although 
they are institutional, such as the Gander Hospital and the Nova Scotia Agricultural 
College plants, and not district heating plants per se. But what is interesting about 
the Swedish plants is that they are owned and operated by Farmers Energy 
companies. So the farmers in the region have a great deal of incentive to cultivate 
biomass energy crops for the current market. And, in light of the strict environmental 
regulations that will eliminated other options such as nuclear power, hydro and a 
reduction of the use of coal, oil and gas because of their so called greenhouse gas 
emissions, Farmers Energy companies could become the major suppliers of energy 
in Sweden. And since there are very strict laws on forest harvesting, their only 
option to supply wood for energy is to grow it in short-rotation energy plantations. 

Some farmers in the Kalbeck district in central Sweden have, in fact, begun to 
cultivate short-rotation willow energy plantations for the Farmers Energy market. 
Currently there is about 6,000 hectares of short- rotation plantations in cultivation. 
This is expected to increase to over 100,000 hectares within the next decade. By 
early next century we may see close to 1 million hectares of energy plantations as 
part of the general fabric of agriculture in Sweden. The typical yields from these 
energy plantations is about 26 tonnes (50% moisture content) for the first coppice, 
i.e., 4 year old stand, and 45-50 tonnes (50% moisture content) on 4 year coppice 
rotations thereafter. The standing volume of 48 tonnes of wood energy from one 
hectare of willow energy plantation, is currently (March 1993) worth roughly 10,000 
SEK ($1,700 CAN). It costs between 10,000 to 12,000 SEK ($1,700 to $2,000 CAN) 
to establish the plantation. Which means that with every harvest after 5 years or so, 
the profit margin will increase dramatically since the maintenance costs of coppice is 
minimal compared to other agroforestry crops. 

Given the many economic, social and environmental similarities between Canada 
and Sweden, similar energy plantations may develop in the Atlantic provinces as 
agricultural policy makers strive to diversify the farm economy. Wood energy, after 
all, is as important a commodity as food and its production seems a natural 
extension of the farmers skill on farms or sections of farms that have been 
abandoned or taken out of production. An advantage, like any short-rotation crop, 
willow plantations can be replaced by other, more traditional crops with a minimum 
of effort. Unlike many other tree species, willow plantations do not spread, are easily 
contained, and are low enough to be intercropped with traditional vegetable crops 
and pastures. Since willows are often used in shelterbelts, intercropping of short-
rotation plantations to provide shelter as well as raw materials is a valuable 
technique in agricultural regions with windy climates. 

The Growing Stock 

Willows are predominantly a northern genus with a wide ecological amplitude and 
high genetic variability, and are admirably suited to short, mild and humid growing 
season and cold winters typical of the Atlantic provinces. About 3,000 clones are 
being tested in Canada, Britain, Sweden, and Finland. The author has a collection of 
about 200 clones of various types of willow ranging from dwarf, to osier (i.e., the 
kind used for short rotations), and tree types. About 15 of these, obtained mainly 
from the Swedish Biomass Energy Program at the Swedish University of Agricultural 
Sciences at Uppsala and 5 or so collected from old Newfoundland communities, are 
suitable for short-rotation energy crops in the Atlantic region. 

European clones with Salix viminalis parentage, such as Salix viminalis "Bowle's 



Hybrid" and Salix x elegantissima are prime candidates for energy crops because 
they are easy to establish from cuttings, produce a uniform crop and coppice well. 
Salix x smithiana and Salix x aquatica "Korso," both of which have Salix viminalis 
parentage, are exceptionally good candidates for fodder because of their large and 
copious leaves.  

The great utility of basket willows or osier was such that many of the tried and 
trusted species were brought to Canada. Indeed, in most fishing communities of 
Newfoundland there is the ever present ancient basket willows, notably clones of S. 
viminalis, most probably brought over by early settlers from the West Country of 
England and southeast Ireland.  

North American species are often referred to as the hard willows because of their 
relatively high density wood. They cannot be established as easily from cuttings and 
tend to produce plantations of variable survival and growth patterns and produce 
yields much lower than most of the best European and Chinese clones. However, 
American willows grow to a large size (i.e., 10 to 15 metres in 15 to 20 years), 
coppice quite well, and are probably better suited to medium-rotation (8 to 12 years) 
energy plantations. 

Willow can be established with ease from 10 to 20 centimetre cuttings, depending 
on the depth of the soil. Actually, the ability of a cutting to grow well depends more 
on the temperature profile and the level of the water table following spring thaw than 
the depth of the soil and length of the cutting, per se. For example, in 
Newfoundland, with its cool spring and warm, moist summer and generally shallow, 
stony soils, short cuttings (about 10 centimetres) are sufficient since the initial root 
mass sprouts from the top 5 centimetres of the cutting to produce yields of above 
ground biomass comparable to yields obtained in temperate climates like Britain.  

Planting varies from a simple dibble for hand planting to mechanical planters 
attached to regular farm tractors that can plant several hectares a day. 

In practice, the best yields are obtained at planting densities of 15,000 to 18,000 
cuttings per hectare. The first year shoots are cut back to ground level in favour of 
promoting a larger and stronger root mass that will produce much better yields in the 
second year and successive years thereafter.  

The elimination of herbaceous weeds, particularly grasses, in the first couple of 
years of growth, that is, until the canopy closes, is absolutely essential. Generally, 
on new ground, an application of 60 kilograms of nitrogen and 10 tonnes of dolomitic 
limestone per hectare is added to promote good early growth. 

Once the plantation is well established and produces its own humus layer from litter 
fall, which encourages the growth of symbiotic mycorrhiza and other microflora, the 
requirement for inorganic fertilizers is minimal. Incidentally, providing the energy 
plantations are not used for fodder, they can be used as vegetation filters both as a 
biological purification process and for extracting nutrients from municipal sewage 
sludge, waste water, and wood ash (Perttu 1992). 

For small heating plants, about 5 to 10 MW in size, the wood needs to be dried to 
50% moisture content. In this case, the unchipped bundles are stockpiled out in the 
open over the summer. Larger heating plants can accept wood with a much higher 
moisture content, but still pay a premium on woody biomass with a low moisture 
content. 

Medium-Rotation Coppice 

Fast-growing genera like alders and poplars, which tend to spread from seed but are 



less tolerant of very short-rotation coppicing, are best suited to woodland situations 
and harvested in 5 to 10 year. Ironically, alder, though it is a nitrogen-fixer is much 
less tolerant of coppicing at shorter rotations than willows, but experience with 
coppicing of alders in central Newfoundland indicates an optimum rotation of 8 to 10 
years. Alder, i.e., native species, are not suited for energy plantations because they 
spread from seed and may be difficult to contain within the plantation zone and, 
even though they are nitrogen-fixers, the stools do not respond as rapidly to cutting 
shock as willows do. Because alders are nitrogen-fixers, many people assume they 
will produce a great deal of biomass on poor sites. On the contrary, productivity of 
alders, like any other woody plant, depends on the soil conditions, microclimate, and 
vegetation cover of the site; that is, their nitrogen fixing advantage makes them good 
colonizers of wasteland, but not necessarily good producers of biomass.  

Poplars native to the boreal forest region, such as aspen and balsam poplar and the 
exotic silver-leaf poplar become less tolerant with each successive coppice. 
However, they spread profusely by adventitious shoots from subterranean roots 
and, so can be cultivated to produce energy crops in 5 to 10 year rotations and 
sawlogs in 15 to 20 years.  

In terms of its energy value, wood from birch is considerably better than willow and 
poplar, slightly better than alder and second only to maple. However, birch is 
comparatively slow growing, it coppices well and is suited to 8 to 15 year rotations. 
And although birch produces abundant seed, its spread is much easier to control 
than the invasive poplars. This means that birch is ideally suited to shelterbelts as 
well as woodland coppice that could provide high quality biomass for energy, timber, 
and other products. Other well known trees that can be used for the dual role of 
providing biomass in woodland coppice and shelterbelts in the Atlantic Provinces 
are maples, beech, horse-chestnut, red oak and ash. 

Most people generally think of conifers as long-rotation tree crops. However, there is 
at least one genera, i.e., the larches that can be cultivated to produce an average of 
5 to 8 tonnes per hectare of biomass energy crops in 5 to 10 year rotations and 
sawlog timber in 20 to 25 years. Another advantage of larch is that it tolerates 
grasses. Indeed, in Scotland, larch was planted around perimeters of plantations as 
a fire belt since it promoted early green grass which retarded the spread of roadside 
fires into plantations with more valuable timber species. However, because of root 
pathogens, it is not advisable to replant with larch. So the usual practice is to thin 
out the large stands for poles or fuel wood, and under plant with shade tolerant 
conifers such as fir. In fact, many fir species, balsam fir included, are also relatively 
fast growing and can be considered for medium-rotation crops. Because it is shade 
tolerant, fir can also be mixed in shelterbelts to provide protection and snow control, 
and of course, aesthetics, in winter. 

Long-Term Rotations 

Until recently, long-term rotation usually meant a timber harvest every 60 to 100 
years - the so-called biological rotation age of most timber and pulpwood crops. The 
problem is that this is much too long, and unnecessary, considering the ever 
increasing demand for wood and the large areas of clearcutting that are necessary 
to sustain a major industries based on such a rotation. There have been enough 
advances in producing high-yielding monoculture, though their environmental 
aspects leave a lot to be desired, to make general purpose long term rotations 
obsolete.  

Assuming that "sustainable multiple use forest environments" means that most of 
the forest cover can be retained even though timber may be extracted on short- or 
medium-rotations, long-term rotations are desirable, not so much for their biomass 
production, but for many other intrinsic social, economic, and environmental values, 



such as tourism, watershed, and wildlife conservation.  

There are many examples of forest plantations that have aesthetic and biological 
diversity, satisfy stringent environmental criteria for multiple land use, and produce 
substantial amounts of commercial wood. A good example is the preservation of 
ancient forests and the creation of new (i.e., 150 year old) plantations on the 
Buccleuch and Queensberry Estates which include Drumlanrig Castle, Bowhill and 
Dalkieth in south Scotland. Dalkeith, near Edinburgh, has two generations of oak - 
both of which are older than the Dalkeith Palace which was built in 1710 by Anne, 
Duchess of Buccleuch and wife of Charles II's son, the Duke of Monmouth. These 
forests demonstrate the longevity of coppiced oak woodlands. The youngest 
generation of oak woodlands dates from the mid-1600's and were not coppiced. The 
older generation of oaks have trunks which were last coppiced between 1580 and 
1617 and represent regrowth from coppiced stools 3 metres in diameter. This 
means that the older Dalkeith oaks were already ancient when they were last 
coppiced 400 years ago and indicate a medieval woodland management practice 
dating back at least to the reign of King Robert de Bruce in the 13th century.  

In fact, in 1322, King Robert rewarded the loyalty of Clan Douglas with lands around 
Drumlanrig Castle (the present and comparatively new castle built upon the 
foundations of much older ones in 1679-91 by the 1st Duke of Queensberry). On the 
Scott side of the family, Anne, 1st Duchess of Buccleuch purchased Bowhill Estates 
between 1708-26. Her first act was to appoint foresters to curb illegal wood cutting. 
When the two great families of Buccleuch and Queensberry were united through 
marriage, Bowhill and Drumlanrig Estates were integrated, although the forests of 
each estate are still managed as separate operations. 

Little remains of its ancient oak and pine forests of these two large estates. But both 
are examples of successful agroforestry. What is particularly interesting is a 
demonstration of 150 Years of Rural Harmony on the Drumlanrig Estate. This 
involves 10,000 hectares and shows the practical cohesion of farming, forestry, 
wildlife conservation, landscapes, sport, public recreation, and good living standards 
for those who live and work on the estate. Even the houses and buildings for those 
who live and work on the estate, including management personnel, farmers, farm 
workers, foresters, gamekeepers, works and services staff, retired employees and 
their widows are considered an important part of the landscape and are kept in 
immaculate condition.  

Bowhill Estate has a similar program called Bowhill Woodland: Centuries of Vision. 
In the foreword in a pamphlet outlining the scheme, The Duke of Buccleuch and 
Queensberry writes: 

There is much talk these days about " The National Heritage " and " 
Conservation."Yet for hundreds of years we, at Bowhill, have not 
simply talked about it, we have DONE something about it. You can 
see the results for yourself. 

For landowners and policymakers interested in long term economically viable and 
environmentally sustainable integrated land use, the Buccleuch and Queensberry 
Estates are well worth visiting. 

What the traveller sees at Bowhill and Drumlanrig Estates today is, in effect, an 
example of landscaping of valleys and mountains on a grand scale carried out by 8 
generations of Buccleuchs. At first sight it is hard to imagine that woodlands cover 
25% of Drumlanrig estate, it seems much less than that considering the expanses of 
well kept pastures at middle and lower elevations and grouse moors on the higher 
elevations (uplands). It is also hard to visualize that 90% of the woodlands are fast-
growing, monoculture Sitka spruce plantations. Sitka spruce is by far Scotland's 
most successful timber species. Drumlanrig Sitka spruce plantations have a growth 



rate in excess of 20 tonnes per hectare per year even though wind storms limit the 
rotation age to 40 years. Although the woodlands provide a constant supply of 
timber, it is done in such a way that the casual observer is unaware of the daily 
routine of intensive forestry practices.  

The silvicultural plans take into account the sensitivity of wildlife habitats as well as 
the potentially high risk of wind damage. Several centuries of experience have 
taught the Buccleuch foresters that mixtures of tree species and age groups has a 
distinctive advantage in providing suitable habitats for flora and fauna. Wetlands 
(bogs, fens, and small lochs) are also considered to be important to the extent that 
20 man made lochs have been created to increase aesthetic and biological diversity. 
Given the British public's distaste for the blankets of high-yielding monoculture Sitka 
spruce, which appear to have a low level of aesthetic and biological diversity, most 
of the Buccleuch's Sitka spruce plantations are concentrated on the uplands in such 
a way that they blend into the overall scenery inconspicuously and with minimal 
effect on other land users. 

Like many large family estates in northern Europe, agroforestry on the Buccleuch 
and Queensberry Estates is a 1,000 year old tradition of land stewardship that has 
both the advantage of continuity of ownership for several hundreds of years and the 
judicious application of all that science and technology has to offer. It is a model of 
agroforestry that balances the multiple, and often competing, demands of farming, 
forestry, nature and heritage conservation, hunting and fishing, public recreation and 
tourism. It is one of the best examples of agroforestry that ensures land resources 
are put to the fullest and most diversified use in terms of social stability and 
economic sustainability over the centuries. 

TREES AS ALTERNATIVE FEEDSTOCKS 

Most grazing animals will browse on foliage and bark of trees. In fact, the 
destruction of forests by man and livestock has ruined many landscapes. It is a 
global environmental problem and is the primary cause of many natural disasters, 
economic collapse, and social unrest.  

When the Norse settled Iceland in 847 A.D., at least 60% of the island was covered 
by vegetation, 25% of which was birch woodland. Due to the vulnerability of 
vegetation and soils in a harsh environment, excessive cutting for fuel and timber, 
and persistent grazing by sheep and cattle, Iceland has lost 25% of its vegetation 
cover and less than 1% of its original birch woodland remains.  

The infamous Highland Clearances that occurred in 17th century Scotland to make 
way for an expansion of sheep pastures, also led to the removal of much of the 
Caledonian pine forest and the creation of barren mountains that we have come to 
accept as typical of Scotland. In fact, it is only within the last 50 years or so that the 
forest cover of Scotland has risen from a dismally low 3% to 15% as a result of a 
major reforestation effort by the Forestry Commission (formed in 1921) to replenish 
home-grown timber supplies and to diversify the rural economy. Under this scheme, 
the Forestry Commission went to considerable expense to protect their plantations 
from livestock and wildlife. 

Despite livestock's obvious appetite for many species of woody plants, few 
agricultural policymakers recognize that trees can be grown to provide fodder. Nor 
do they appreciate the attributes of woody plants in providing a more balanced 
natural diet that improves the health of the livestock and reduce the dependence on 
expensive drugs. In Iceland and Scotland, for example, the earlier a farmer can 
release sheep from the cultivated meadows to hill pastures with natural forage such 
as sedge and willows, the better their survival and healthier the animals and, hence, 
the better their wool and meat. And despite the destruction of birch forests in the 
past, Icelandic and Scottish hill farmers still give sheep access to birch woodlands, 



which would include foraging on birch regeneration, but they limit grazing intensities 
to levels that ensure sustainablilty of the woodlands.  

Eastern European countries, Ukraine, Poland, and Russia produce about 100,000 
tonnes of a feed called muka mainly from both coniferous and broadleaved trees, 
such as willow and poplar. In Canada, there are pilot commercial plants which 
produce muka for poultry and cattle feed supplement (Goldstein 1981). Muka is a 
"technical foliage" of leaves and young shoots of trees and saplings which consists 
mainly of lignin and hemicellulose that can be processed into a fodder supplement. 
The leaves and young twigs of birch is a good example of natural sources of 
technical foliage grazed by sheep. The moose's insatiable appetite for balsam fir 
regeneration and other native trees and shrubs is an example of technical foliage 
that is important to the survival and health of wildlife.  

High-yielding short-rotation willows plantations are prime candidates for technical 
foliage production. The protein content of technical foliage from willows ranges from 
13% to 20% depending on the species. By comparison, the protein content of poplar 
is 20% and alfalfa 18%.  

Livestock can be fed on a diet of molasses from steamed-wood residues. Yeast 
proteins can be propagated on a growth medium of sulphite pulping waste liquor 
and wood hydrolysed to sugars which can be eaten by humans and livestock. After 
all, we already consume tree proteins in the form of maple syrup, apple juice, spruce 
beer and a wide range of other products derived from tree proteins.  

In a typical willow plantation, the top one-third, or so, of growth is unlignified wood 
and is best suited to technical foliage, while the lower levels are lignified wood and 
best suited for energy biomass. Hence, it is possible to have at least a dual-purpose 
biomass crop for a short-rotation plantation. Because they produce large amounts of 
biomass and have a high proportion of technical foliage in their first and second year 
of growth, the hybrid willows in the Salix dasyclados group, which includes S. x 
aquatica "Korso," S. x calodendron, and S. x smithiana, are prime candidates for 
technical foliage production. Of the approximately 200 clones in the authors 
collection being cultivated in Newfoundland, these clones, and about 20 others are 
among the fastest growing and most tolerant to 3 year rotation coppicing. 

BIOCHEMICAL PRODUCTS 

Wood provides an enormous range of biochemical products - pulp and paper being 
the best known biochemical product of wood. Ethanol fuel has long been produced 
from spent liquors in the pulping process, but is not widely marketed. 

Most people do not usually associate many other products in everyday use as 
biochemical derivatives from trees. Thousands of organic compounds, including 
pharmaceutical, are derived from tree biomass. For example, Acetylsalicylic (ASA), 
the basic ingredient of aspirin, is a byproduct of willows (the salicic part of the 
chemical name is a reference to genera Salix). The interest in taxols, extracted from 
the bark of yew trees, in the treatment of cancers and other diseases has focused 
attention on tree compounds generally for their important pharmaceutical properties.  

Pentachlorophenol wood preservatives, cellulose acetate and waterproof resin glues 
are major commercial biochemical products derived from wood. Wood composites 
for furniture, particle board may provide a convenient market for sawmill wastes and 
opportunities for short-rotation plantations as harvesting from natural forests 
become restricted in the future. 
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