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POSSIBLE IMPLICATIONS OF CLIMATIC CHANGE
ON BROADLEAVED FORESTRY IN BRITAIN
D.A. Rook, Forestry Commission Research Division,
Roslin, Midlothian, EH25 9SY

Summary
As part of a report to the Forestry Research Co-ordination Committee, submissions were
sought on the effect of climate change on forestry. This paper includes some of the
topics discussed in that review. Predictions of the climate of Britain about the year 2050
were used to speculate on the effect on growth, composition and health of broadleaved
forests. The beneficial roles of forests and wood utilisation in reducing the accumulation
of greenhouse gases in the atmosphere are briefly noted.

Introduction
Reflecting the concerns of forest growers and the forest industry generally, the Forestry
Research Co-ordination Committee (FRCC) set up a Review Group to report on Climatic
Change and Forestry in the UK. This Group consists of: Dr DC Malcolm, Institute of
Ecology and Resource Management, University of Edinburgh (Chairman); Dr MO Morris,
Institute of Terrestrial Ecology, Furzebrook; Professor TML Wigley, Climatic Research Unit,
University of East Angl,ia and myself. We solicited the views of a number of specialists in
forestry, trees, soils, entomology, marketing, etc. These contributions were most valuable and
form the major part of this paper.
It would be premature, and inappropriate, to present any of the recommendations of our
report at this stage. Most of these topics were discussed by the Review Group and invited
participants during meetings, so the generous contributions of the scientists we contacted and
fellow members of the Review Group must be acknowledged. Although the title of my paper
is on implications of climate change on broadleaved forestry in Britain, I will take a broader
view and note some possible changes in forestry generally as the balance of broadleaves to
conifers could be affected. I will deal with broadleaved forestry in the widest sense, ie
plantations as well as semi-natural populations of broadleaves. However before speculating
about these effects, predictions of the climate in the early 21st century will be discussed in
the fIrst part of the paper.

Predicted Changes in Climate
The changes in climate being predicted will result from a build up in the so-called
"greenhouse gases", ie carbon dioxide, methane, ozone, nitrous oxides and certain
chlorofluorocarbons. These gases are transparent to incoming short wave solar radiation, but
absorb outgoing infra-red radiation. This causes heating of the atmosphere. Without this
effect the earth would be about 33°C colder than at present.
Over a period of 160,000 years, atmospheric carbon dioxide concentrations have fluctuated
between 200 and 300 ppmv and have been associated with fluctuations in the earth's
temperature. Cannell (1990a) points out that carbon dioxide concentrations have risen in
recent times from about 300 ppmv in 1750 to 350 ppmv in 1988. Global mean surface
temperature has increased by 0.45°C ± 0.15 over the last 100 years with the five global mean
wannest years being in the 1980s (IPCC, 1990). Carbon dioxide contributes to over half of
the greenhouse effect. The continued build up in atmospheric concentrations of these gases

is expected to cause further increases in mean global temperatures. Agriculture and forestry
have been estimated to account for some 23 per cent of the total carbon equivalent
greenhouse gases from anthropogenic sources in the 1980s. Carbon dioxide levels are rising
because of its release in burning fossil fuels and in the clearance of tropical forests.
Methane contributes about 14 per cent to the greenhouse effect and concentrations have
doubled since pre-industry times due to fossil fuel burning and increases in area of rice
cultivation and in numbers of ruminant animals. Nitrous oxide is estimated to provide about
5 per cent of the greenhouse effect and is increasing by 3 per cent per decade resulting from
the use of nitrogen fertilisers and loss from soils. Chlorofluorocarbons, which are used as
propellants and solvents, have been increasing at a rate of about 4 per cent per year, but an
international agreement restricting their use should have lessened their rates of increase. The
effect of ozone and its interaction with other pollutant gases is less well understood.
Currently some 5 gigatons (5 x 1015 g or 5 thousand million tons) of carbon are being
released into the atmosphere from fossil fuel burning with another 1 gigaton from
deforestation including breakdown of organic matter (Cannell, 1990a). The oceans are the
major sink for atmospheric CO2 and probably absorb some 3 gigatons of carbon per year,
leaving the remaining 50 per cent in the atmosphere. To place these figures in perspective,
the sizes of the four important reservoirs of carbon are as follows:

Reservoirs of carbon

gigatons
37000
1400
725
560

Oceans
Organic matter in soils
Atmospheric CO2
Plant biomass

Fossil fuel reserves (coal, oil, gas) have been estimated as between 5000 and 10000 gigatons.
The major problem is to quantify the effect of increased greenhouse gas concentrations on
climate and individual climatic factors. There is a great deal of uncertainty and dispute
concerning this.
Nevertheless the FRCC Review Group felt that to make any progress we had to start with
the best possible predictions of climate change. The predictions listed below were provided
to the Review Group by Professor T M L Wigley, Climatic Research Unit, University of East
Anglia and Dr J Mitchell of the Meteorological Office.

Temperature
0.2°e + 0.1 °C increase per decade over the next 40 years. No evidence of changes in season
to season variation. No evidence of significant changes in day/night temperature differentials,
but depends on cloudiness. Incidence of frosts should decrease.

Winds/Storms
Suggest changes will be small, ie less than present annual variability. Probably no significant
changes in air flow pattern in UK over next 30 years.

Precipitation
Possible slight increase (15 per cent) over 40 years during winter over UK and also (+12 per
cent) in North Scotland over summer. Present annual variation is about 25 per cent. Rain
periods may be shorter but heavier rain events.
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Humidity
Relative humidity similar to present but as air temperature increases, saturation vapour
pressure deficits would increase

Cloudiness
Highly uncertain.

Radiation
Depends on cloudiness and therefore highly uncertain

Pollution
Very slight improvement if any change.
It should be noted that the uncertainties in predictions increase as spatial scale decreases, ie
global predictions are more accurate than regional predictions.
It is recognised that variability of weather and the frequency of extremes will have
important, perhaps have more impact, than changes in the mean climate at a particular
location. An increase in temperature by 1 or 1.5°C by the year
2040 may be thought insignificant compared to the usual year to year changes. However as
is pointed out in CCIRG (1991) if this mean temperature increase is accompanied by the
present year to year variability, then the probability of a hot, dry summer as of 1976
occurring increases froIl). 0.1 per cent to 10 per cent by the year 2030. Such summers are
predicted to occur every third year on average by the year 2050.
A southwest to northeast gradient of increasing winter temperature change is predicted,
which would result in more uniform average winter temperatures over Britain. By 2030
severe winters such as 1946/47 would be unlikely to occur, while warm winters, e.g. 1988/89,
would have a 20 per cent probability of occurrence, ie increased by a factor of ten (CCIRG,
1991). These predictions illustrate the magnitude of the possible climate changes.
There is no doubt that we should take these forecasts seriously, although there are major
uncertainties especially a) at the regional level; b) with the occurrence of extreme events and;
c) how climatic factors other than temperature will change.

General Effects on Tree Growth and Species Composition
If we accept that the climate change predictions noted above are reasonable we may move
to the next level of speculation. Trees and forests are more vulnerable to climate changes
than annual crops, because of their long life cycles (Cannell, Grace and Booth, 1989). The
generation time for tree breeding especially for most of the important UK broadleaved species
is several decades. Within the rotation or life-span of most British broadleaved forests mean
annual temperatures are expected to increase by at least 2°C. The genotypes on the ground
now will have to adapt to the changed conditions.
The predicted increased average growing temperatures are generally expected to favour
broadleaves in Britain relative to conifers. Many tree species, particularly conifers, are known
to be very sensitive to atmospheric vapour pressure deficits, which could further favour
broadleaves at the expense of conifers. However even within broadleaves species composition
is expected to change. It is well known for example that beech can encounter serious
problems with drought especially on dry, limestone country. It is suggested that future
climates will be more favourable for lime, sweet chestnut, hornbeam, walnut and hybrid
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poplars, but northern species, e.g. bird cherry, might decline. If moisture availability is also
limiting, more dramatic changes could be expected.
Many native populations will have difficulty in adapting sufficiently rapidly to the rate of
change of average growing season temperature. It has been suggested that the length of the
growing season for trees will increase by about 15 days per °C increase in mean temperature.
Billington and Pelham (1991) conclude from their study often Scottish Birch populations that
a mean annual temperature increase of 0.7°C every 20 years is too rapid for native birch
populations to evolve unless genes with earlier dates of budburst are present. Birch is a genus
with a short response time compared to other important broadleaves in this country, so many
British broadleaved forest tree species could have difficulty in adapting genetically to the rate
of change. This raises questions about the management and conservation of these forests and
whether corridors and linkage between populations is desirable.
Experiments with various tree species in controlled environments have demonstrated that
an increase in CO2 concentration increases growth by 20 to 120 per cent (Eamus and Jarvis,
1989), but the results have been very variable and these authors discuss the problems of
extrapolating these results to the forest scale and growth over decades. There is considerable
genotypic variation, and response to CO2 depends on other environmental factors such as
nutrition, light and temperature. Increased CO2 levels appear to allow plants to tolerate stress
from lack of water, nutrients or low light better.
Although there may be consensus that increasing CO2 will increase the productivity of most
species, there is inadequate infonnation about the growth performance of larger trees.
Increasing temperatures especially those during winter and perhaps even wanner nights might
be expected to increase respiration rates, particularly maintenance respiration rates. The
increasing importance of the respiratory load with increasing size as the tree grows could well
cause a change in shape of the current annual and mean annual growth curves of stem volume
over age and of course yield class. This would affect the silviculture and management
including rotation length of many broadleaved species. At present we are not in a position
to estimate whether this will happen or how significant an increased respiratory load will be
on older, larger trees. This example highlights one of the limitations of research in that it is
concentrated on small sized seedling or juvenile material usually growing in pots.
The potentially higher rates of growth from increased CO2 and higher temperatures might
well be limited unless nutrient supplies are also enhanced. Genotypes have different strategies
to deal with inadequate nutrition and these responses will be affected by the other growing
conditions. For example, birch under low nutrient supplies will tend to continue height
growth but increase nutrient turnover through increased rates of leaf senescence, while
sycamore under nutrient stress will tend to set a donnant bud and maintain its foliage
(Wareing, 1980).
Higher temperatures may result in more rapid decomposition of organic matter in soils,
although it is recognised that other factors such as availability of water and chemical
composition of the organic matter may well determine these rates. Although less a problem
on sites planted with broadleaves than some conifer sites, there could even be a net loss of
CO2 from some forest crops.

Some speculations on effects on broadleaved forestry
Species
As was noted above many broadleaved species could be expected to increase in commercial
importance. A greater area of a species such as sweet chestnut would probably be welcomed,
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but there could be public resistance to any substantial use of faster growing broadleaves such
as nothofagus or eucalypts. Oak and ash would also be expected to be more economic than
at present.
To find better adapted genotypes for the future we will tend to use more southerly seed
origins. We should remember that day length will not change and the response of a tree to
day length is involved in its development of winter hardiness and flushing in the spring.
Unless this is taken into account the growth of the tree will not be synchronised with its new
environment and it might still suffer severe frost damage even although the intensity of frosts
have decreased as a result of climate change. Cannell (1990b) notes that species which flush
relatively late in the growing season, e.g. beech, have a high winter chilling requirement and
they might flush equally late in wann winters and therefore not use the full growing season.
On the other hand species which flush early, e.g. some poplar species, might flush even
earlier in the spring under mild winters and thus still be susceptible to frosts.

Establishment and Early Growth
Regional predictions of rainfall are very vague. However without any increase in summer
rainfall and higher temperatures, soil moisture deficits could be critical to survival and early
growth, so special care might have to be taken to alleviate problems. Drier conditions in
spring and summer will also increase the risk of fITe, especially if early spring conditions
favoured vigorous growth of the ground vegetation. On the other hand there will undoubtedly
be advantages as one might expect more prolific and frequent seed years, thus natural
regeneration could be more reliable.

Pathology and Entomology
Changes in climate can be expected to provide increased problems from many of our current
insect and fungal pathogens as well as allow new ones to become established. Presumably
some of our present entomological and pathological problems may disappear, but no one is
confident enough to make these predictions. Mild winters in which trees are dormant for long
periods are often associated with greater injury from biotic damaging agents. Diseases such
as the sooty bark disease of sycamore is a serious pathogen in this country in hot, dry
summers; interestingly it is not a serious pathogen on the continent under similar conditions.

Wildlife
New relationships will develop between broadleaved forest and its animal and bird
populations which could be critical to the sporting value of these woodlands. Birds and
animals will be indirectly affected by the amount and quality of the food as well as by the
direct effects of the changed climate. Thus warmer, drier conditions which are expected to
encourage flowering and seed set, will presumably favour those populations of birds and other
animals which feed on seed. Any expansion in area of broadleaves will increase problems
caused by grey squirrels and deer. Populations of deer are affected by the weather conditions.
Cold wet weather in summer reduces numbers of roe deer, whereas woodland red deer are
affected more by wet autumn weather.

Possible Roles of Broadleaved Forestry to Ameliorate Climate Change
Forests can be both a source and a sink of some of the greenhouse gases, and thus offer the
possibility to ameliorate climate change by minimising their emissions and encouraging
greater quantities of these gases to be removed from the atmosphere. Four options are
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considered below. None of these will solve the problem of increase in greenhouse gases, but
each contribution, although small and in some cases temporary, can help reduce or stabilise
greenhouse gas concentrations.

Increased Planting
Freer-Smith (1990) notes that the 4 billion ha of global forest contain approximately the same
amount of carbon as is present in the atmosphere. Many people (e.g. Schroeder and Winjum,
1990) have advocated increased planting to lock up more carbon and this would in the short
term assist in reducing or at least slowing down the rate of increase of atmospheric CO2
concentrations. However others argue that this approach is unrealistic as providing any
significant long tenn solution, because net carbon storage steadily declines as the forest
matures (Sedjo, 1989).

Sequestration of Carbon
Although planting forests can be an efficient means of locking up or sequestering carbon, the
type of tree crop, its management and the subsequent use of the product significantly affect
the length of time before the carbon is returned to the atmosphere. Long lived broadleaved
species with dense durable timber sequester significantly greater amounts of carbon than
conifers. Thompson and Matthews (1989) present data which indicate that oak will store
some 118 tonnes ha-l when maximum storage is reached, whereas birch will have a value of
61 tonnes ha-I, ie approximately half. The time period to maximum carbon storage was
estimated as 300 and 90 years for oak and birch respectively.

Substitution of Materials
Thompson and Matthews (1989) highlight the importance of use of timber in sequestration
of carbon. Many products, e.g. pulp, particle board have a mean longevity of a few years,
while solid timber beams can be expected to last well in excess of 100 years. Solid timber
also uses less energy to produce and thus provides further savings in CO2 emissions and so
can certainly be tenned "environmentally friendly". Where appropriate, substitution of wood
for other products which require considerable amounts of energy to produce would appear to
provide a realistic and worthwhile contribution to reducing CO2 levels in the atmosphere.

Energy Forests
The Department of Energy has initiated research on short rotation coppice for biomass which
will be used for energy. Willow and poplar are the species of most interest as energy crops.
The wood produced is burned to provide energy and thus saves the use of coal or gas. In
growing the coppice carbon is stored in the crop and on being used to provide energy the
carbon is returned to the atmosphere, thus provided coppice continues to be grown and
harvested the carbon is recycled with only a small net loss (R W Matthews, personal
communication). Matthews notes that energy crops grown on a four year rotation will store
some 4 tonnes carbon per hectare per year, ie equivalent to some 8 tonnes oven-dry weight
ha-I year-I. When he takes into account emissions of carbon involved in establishment and
harvesting, Matthews considers there would be a saving of 3 tonnes ha-l of carbon emissions
per year in terms of unbornt fossil fuels. Within Britain, almost 1.5 million hectares of land
suitable for growing biomass for energy could be available by the year 2000, so that
potentially this programme could have some impact in reducing Britain's contribution to the
6 gigatons of carbon returned to the atmosphere each year.
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Conclusions
Climate change is seen as having important implications for forestry including broadleaved
forestry in Britain. Better predictions of future climates are urgently required to allow more
precise forecasts to be made of their effects on forestry. Present predictions would suggest
a more favourable climate for broadleaves than at present but some species will thrive better
than others and a changing climate presents particular problems for tree breeding and
conservation of genetic resources. Even greater difficulties are encountered in guessing the
impacts of fungal pathogens, insects and other biotic damaging agents. Forestry has a role
to play in helping to ameliorate the rate of climate change by locking up carbon and
providing an alternative energy source to fossil fuels.
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THE ECOLOGY AND SILVICULTURE OF SYCAMORE
T.L. Waters, Oxford Forestry Institute, Department of Plant Sciences,
University of Oxford, South Parks Road, Oxford OXl 3RB

Introduction
Sycamore has much potential as a commercial forest tree. The wood is versatile, the tree has
a high yield even on unpromising, exposed sites and it is not prone to any major structural
defects or damaging diseases. It is potentially very profitable to grow, but despite this, the
tree is often ignored or even despised. Examination of the reasons for such attitudes reveal
the most significant factor to be a prevalent opinion that the tree is an invasive "weed" which
threatens the native woodlands of Britain. Such fears appear not to be based on hard facts
but on speculation and superficial observation. Nevertheless, these attitudes are persistent and
will not change unless challenged with facts and rational argument. Thus, without prior
examination and rationalisation of the true ecological status of sycamore, any attempt at
encouraging its use is likely to meet with little or no success. This paper examines the
evidence available relating to the major areas of concern regarding sycamore and then
considers its silvicultural potential.

The ecological reasons for sycamore's unpopularity
1. The fact that it is non-native.
2. Concern about the invasive threat it presents.
3. Concern about its effect on flora and fauna in woods in which it is present.
The first reason is a valid one in situations where conservation of pure native woodland
types is a priority. However, in most instances this is not an issue. In the majority of areas
of the country, sycamore has naturalised and will remain present whether we like it or not.
It behaves and looks like a native tree such that we would surely mistake it for one were we
not to know otherwise. Excepting areas of particular ecological importance, the fact that it
is non-native is, in practical tenns, almost irrelevant.
The second two concerns need to be examined more closely. In neither case are there many
facts, but the evidence available suggests that the case against sycamore has been greatly
overstated.

The invasive threat from sycamore
The woodland types most threatened by sycamore are considered to be the ash/wych elm
woods of stand type 1 (Peterken 1981) and the calcareous beechwoods. There may be some
threat to other stand types but these have received little attention. I will examine the present
understanding of the threat that sycamore poses to stable stands and will then consider the
question of disturbance.

Ash woodlands
The ecological requirements of ash and sycamore are similar and this has lead to speculation
that ash woodlands are under particular threat. However, many ash woods are on soils that
are too heavy or wet for sycamore and it is only the type 1 ash-wych elm stands that are
under particular threat. The worry has been that sycamore will succeed ash on such sites and

eventually oust it. However, Taylor (1985) reviewed the literature relating to ash/sycamore
cohabitation and conducted studies of his own, suggesting that there was evidence that ash
and sycamore did not have a successional relationship but that they tended to regenerate in
cyclic fashion. This prompted work by Waters and Savill (in press) on the phenomenon.
This work demonstrates that where seed trees of both species are present, areas of canopy of
one species are most likely to be succeeded by the other species, regeneration of sycamore
and ash being poor under their own canopies.
The implication of this is not that whole areas of woodland will have a canopy which
switches back and forth between species with the passage of time. Such alternation is the
pattern which is manifest in the area occupied by a single tree, but when a large area of
woodland is considered what will be found is an equilibrium between the two species. The
exact position of such an equilibrium is unclear at present, but seems likely to be an
approximately equal mix of the two species, with sycamore becoming less abundant in the
wetter areas. The two species will co-exist with neither species ousting the other.

Calcareous beech woodlands
Whilst the ranges of these two species do overlap, beech can tolerate soils which are more
acidic and drier than sycamore can. The moister calcareous beechwoods are the only
beechwood type at particular risk from sycamore invasion. Not a great deal is known about
the interaction between the two species. Brotherton (1973) and Taylor (1985) found some
evidence to suggest that the two species may alternate as with sycamore and ash. I am at
present studying this relationship, but it is too early yet to draw fmn conclusions from the
results.

Other species
Little work is available on the threat posed by sycamore to other woodland types. Some oak
woods on suitable soils may be prone to invasion, however it seems that sycamore has
difficulty surviving much beyond the seedling or small pole stage in stable oak woods.

The effect of disturbance
Sycamore encroachment in woodlands is hastened by disturbance. It is commonly found on
the edges of established woodlands of oak or beech and in many cases is confined to these
areas, seeming unable to establish very well under closed canopies of these species. What
encroachment is apparent is small and generally associated with large disturbances. As an
ecological threat, it seems that the tree is at its least potent in those woods with the lowest
levels of disturbance ie. those which are least artificial and most likely to be of ecological
importance.

The effect of sycamore on woodland flora and fauna
Sycamore is generally perceived to be detrimental to wildlife. Its presence is considered by
many to result in impoverished ground flora and lowered habitat value for most fauna.
Comparison of these perceptions with the facts again suggests that sycamore has an
undeservedly poor reputation. I will briefly outline the available evidence.

Sycamore and ground flora
The work conducted on this demonstrates that whilst the herbaceous ground flora beneath
sycamore may differ from that of other species, labelling such differences as detrimental is
9

hard to justify. Taylor (1985) found that the ground flora under sycamore appeared
intermediate in type between oak: and ash, being slightly richer than that of ash and
considerably richer than under beech. Stem (1989) found a rich and diverse ground flora
under sycamore in the Wessex woods, very similar to that of ash. This concurs with the
findings of Waters and Savill (in press) that there is little difference between the herbaceous
ground flora of sycamore and ash. In addition to this, woodland in which sycamore is present
supports a remarkably diverse bryophyte ground flora, richer than that under oak, ash or
beech (Taylor, 1985). It supports 170 epiphytic lichen taxa, which places it behind ash, oak
and beech, but ahead of lime, hombeam and field maple.
If this is so, why does sycamore have such a poor reputation? The answer may lie in the
fact that sycamore is often a significant component of very recent secondary woodland.
Ground flora is generally very poor in such woods, regardless of canopy type, as most
woodland ground flora species will take considerable time to re-establish in areas which have
been denuded of woodland cover for a lengthy period. Also, in such areas, saplings and trees
are often found growing in dense thickets which further serve to suppress ground flora. The
evidence suggests that in established woodlands, sycamore does not impoverish the ground
flora and that in woods where the ground flora is poor and sycamore is present, it may well
be the wood that is the problem rather than the sycamore.

Sycamore and associated fauna
Again, sycamore is perceived to be a poor habitat for associated species. However, closer
inspection of the little that is known shows this assessment to be far from fair.
Comparison of the value to insects of different tree species is often made, with sycamore
quoted as being poor. The source of data for such comparisons is frequently the paper by
Southwood (1961), which indicates that the species diversity supported by sycamore is poor.
However, the comparison is only between phytophagous insects found in the canopy and takes
no account of insects found on other parts of the tree. In addition, some of the species are
grouped into broader "genera" classifications which serve to blur the differences further. The
question must also be asked as to whether comparing merely species numbers gives an
adequate measure of the trees ecological value. It would seem sensible also to consider
whether any particularly unusual or rare species were supported. Also, an idea of the biomass
of insects supported would be of value. Sycamore supports a very large population of aphids,
which can be a useful food source for other fauna.
Sycamore does have some particularly good qualities for some insect communities. Its
flowers are an excellent source of pollen for bees. Condry (1981) refers to the roaring of
bees to be heard around the tree when in flower, whilst Howes (1952) ranks it as one of the
thirteen most important pollen sources for bees. It is also an excellent riverside tree,
contributing a greater quantity of insect biomass to rivers than any other common riverside
tree (Mason et al. 1984). In addition, the presence of otters in rivers surveyed by Mason et
al. (1984) showed very strong correlation with the presence of sycamore and ash on the
banks.
Sycamore appears to have mixed qualities as a habitat for birds. It supports many aphids
in the summer which provide a useful source of food, particularly for great tits. Condry
(1981) noted that the aphids and insects under sycamore bark provide food for tits, nuthatches
and treecreepers. However, its relatively smooth bark and clean branching habit make it of
little use as a nesting site. The tree is of value in exposed upland areas where it provides
shelter where often no other exists. Simms (1971) studied such a pure sycamore wood in
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eastern Scotland and found the bird population to be similar to that of Irish sessile oak and
beechwoods.
Sycamore seeds provide a good food source for small mammals (Ashby, 1959) and it
appears from studies under way at Oxford that the seedlings may also be of considerable
value.

The silvicultural potential of sycamore
Sycamore has a great deal of untapped potential as a timber tree. It is fast growing with an
average yield class of 6, with 8 to 10 attainable on good sites. Rotations are short, with
minimum final crop diameter of 45 cm being attained or exceeded in 50-90 years. It is the
only large broadleaved timber tree in Great Britain that will grow well at high altitudes and
in exposed places, its success being determined more by soil requirements than by climate
or exposure. This is often overlooked. Its soil requirements are less exacting than those of
ash. It performs best on deep, moist but freely drained, nutrient rich loams of neutral or
slightly basic pH. However, it will grow well on most soils that are not too waterlogged or
too acid. It regenerates freely.
The tree has good form and is not susceptible to any major growth defects such as shake.
It is not affected by any serious disease problems but does suffer damage from squirrels,
although squirrels can effectively be controlled with the use of warfarin, in areas where it can
legally be used.
Growing sycamore in mixtures with larch appears to be promising. Stevenson (1985)
considered them to be well matched in terms of growth rate. Many years of experience on
the Bolton estates in Yorkshire with this mixture shows that it works and can produce
sycamore with excellent form and high yield.
The timber is white or pale cream in colour normally with no well-marked figure or grain,
although "wavy grained" sycamore (which is particularly valuable) arises occasionally. It is
a hard, strong wood whic~ is easily worked and can produce a very smooth finish. It is
widely used for furniture, joinery and flooring. There is a good market for white timbers
such as sycamore and ash, which may expand as consumer concern over tropical deforestation
affects the tropical hardwoods market. There is a market for all grades of sycamore timber,
but, as with all British hardwoods, second grade timber can fetch poor prices. The "wavy
grained" sycamore can fetch very high prices, being prized for use in the manufacture of
violins and other musical instruments. Veneer quality sycamore, particularly of the wavy
grained type is always in great demand.
As a result of its potential high yield for a broadleaved species and saleability sycamore is
a very profitable tree to grow.
The Forestry Commission's (1984) consultative paper
"Broadleaves in Britain" found that Nothofagus and sycamore are the only broadleaved
species that could be more profitable to grow than Corsican pine. Stem (1989) considered
it more profitable than any other broadleaf except, perhaps, ash and possibly cherry.

Conclusions
Concerns about the threat posed by sycamore have been overstated. Many woodland types
are not under threat from the tree, being on unsuitable soil types. Those that are under threat,
are not in danger of being replaced by a sycamore monoculture, as the tree seems unable to
regenerate particularly well under its own canopy. In ash woodlands, the phenomenon of
alternation is apparent, with an equilibrium between the two canopy species being the likely
result once sycamore has invaded and the woods have stabilised. In other woodland types,
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the threat has not been fully assessed but seems to be far smaller than had been feared.
Where high levels of disturbance are found, the threat from sycamore is increased. However,
objecting to sycamore's presence in such un-naturally disturbed areas on the grounds that it
is "un-natural" seems more than a little hypocritical.
The effect of sycamore on wildlife is not as negative as has been suggested in the past.
Admittedly, it does not support a wide variety of phytophagous insects, but its presence on
riverbanks is good for aquatic invertebrates. It supports many aphids, which provide food for
other wildlife, and it provides pollen and nectar for bees. Its ground flora may differ from
that under oak and ash, but seems not to be impoverished, indeed it supports more bryophytes
than oak, ash or beech. In exposed upland areas it is often the only tree that will grow to a
reasonable size and provide shelter for wildlife. If one wishes to judge the relative merits of
different tree species, the way the scales tip is detennined by the arbitrary weighting one
chooses to give to different factors. At the very least, the tree would add diversity to some
of our artificially pure broadleaf monocultures.
With the low economic returns currently to be expected from broadleaved forestry,
sycamore is a welcome extra option. Even if the tree is not specifically encouraged as a crop,
at the very least those specimens that regenerate of their own accord could be welcomed as
an opportunistic bonus, rather than being cut out.
It seems that the species has much potential, on suitable soils, as a tree for middle and
higher elevations. It is one of the hardiest of our native or naturalised broadleaved species
and grows at a relatively high rate. Certainly, it has been shown to grow well in mixes with
larch. Sycamore may be an ideal species for the uplands to include in patches of woodland
fringing streams and rivers.
There is no dispute with the policy of controlling the presence of sycamore in ecologically
significant areas, but for most parts of the country, its establishment on suitable sites is
inevitable. In such areas we must accept the tree and ought to treat it more positively. We
should consider the benefits that it may bring and the diversity it will add to our woodlands.
Sycamore is part of the future of British forestry and we must account for that instead of
trying to hide from it.
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PLANTING THE NEW NATIONAL FOREST
Susan Bell, Director of the New National Forest Development Team
Countryside Commission, Donisthorpe, Swadlincote, Derbyshire DE12 7PS
Back in 1987 the idea of a New National Forest was frrst proposed by the Countryside
Commission. The thrust of its policy document, Forestry in the Countryside, was that UK
forestry should become increasingly multi-purpose. Trees should be planted not only to
produce timber but also for public recreation, to enhance landscapes and wildlife habitats and
to provide an alternative productive use for agricultural land.
What better way of demonstrating the concept than creating a new forest in that multipurpose image?
Government has expressed its purpose of "bringing forestry down the hill" onto the better
lowland farmland. To do so successfully a whole new set of criteria will have to be met.
For one thing the environmental goalposts have shifted considerably.
The shortcomings of the upland commercial softwood plantations have been exposed and
vociferously condemned by environmentalists and those seeking greater access to the
countryside for recreation and enjoyment. UK forestry policy has widened gradually to take
account of objectives in addition to meeting higher home-grown timber targets. But if
lowland forestry is to be acceptable and avoid the same pitfalls as that in the hills, it must
better accommodate the interests of a wider public and overtly set out to do so.
The financial goalposts have also shifted dramatically. We are no longer talking of
commercial timber-growing on cheap upland land. We are dealing with environmentally
sensitive planting on good quality, highly-priced farmland. Since the ~emoval of the major
tax incentives for the outside investor in forestry in the 1988 budget, Government is
depending on a range of forestry grants to encourage woodland planting by existing
landowners and farmers. Judging by the drastic downturn in the planting figures these have
proved in no way adequate to the task.
To persuade owners and farmers to convert substantial areas of farmland to woodland, or
to encourage others to do so on their behalf, the proposition and incentives package must be
attractive.
So we come back to the saga of the birth of the New National Forest concept. Having
proffered the idea, the Countryside Commission were encouraged enough by the response to
carry out a feasibility study and a public consultation on the concept and location.
As a result, out of five possible locations in the Midlands, the present site - identified as
the NeedwoodlCharnwood site - was announced in October 1990. Later in the same month,
the then Secretary of State for the Environment, declared the Government's intention of
backing the project by allocating funds for a development team to draw up a realistic strategy
for bringing the concept to fruition.
That team is now in place, based in the heart of the area where the new forest is to be.
Under my direction are three professional staff and the necessary support staff. We have
three years to complete our work and, hopefully, to launch a going concern that is the New
National Forest.
We are guided by the Advisory Board chaired by Sir Derek Barber, fonner Countryside
Commission Chairman and now Chairman of Booker Countryside. The Board is made up of
ten individuals, rather than organisational representatives, each of whom has a wide
knowledge of rural and land use issues as well as a specialist knowledge of a particular
relevant field of interest. We also hold a regular forum of local and national interest groups

and organisations. Here local councillors, the business community, fanners, landowners,
voluntary bodies, statutory agencies, foresters and individuals come together to hear of our
activities and pass comment on their fears and submit constructive ideas. And, of course, we
are directly answerable to the Countryside Commissioners themselves to whom we regularly
report. The major relevant Government Departments - DOE, MAFF and the Forestry
Commission are also consulted by means of an inter-departmental Consultative Committee.
At present we are still looking at an "area of search" encompassing some 450 square miles
lying roughly between Binningham to the south-west, Derby to the north and Leicester to the
south east. The two ancient woodland sites of Needwood and Charnwood bound the west and
east of the area respectively.
The idea is to create a new, predominantly broadleaved forest - in the old sense of a
wooded landscape framing open land, farms, settlements and commercial developments - a
concept modelled on the Hampshire New Forest rather than a dense, uniform plantation. The
final size will be some 150 square miles (40,000 hectares), about the size of the Isle of Wight,
with about half the area actually planted. It will be a major new landscape feature and a
massive resource for the nation as a whole. Its local importance is huge but it is to be in
every sense a national forest.
The first tree planting, undertaken by an Environment Minister, local dignitaries and a mass
of enthusiastic school children, took place in December 1990. Now we have some 30 million
trees to go. Obviously this will take decades but our aim is to get 70 per cent of it planted
in the fust 10 - 20 years.
My job and that of my team is, within the three year period:
1. to find out and propose how best to get the forest under way - where, with what
species, with what consequences. This we call the forest strategy
2. to draw up a business plan to demonstrate what package of measures, from the
public, voluntary and private sectors, will pay for the forest - its planting and
management
3. to recommend the nature of the future organisation that will have responsibility for
the forest
4. and last but by no means least - keep planting and enthusiasm going. The three year
development phase will not be a period of paper shuffling. We shall be instrumental
in getting planting under way and we shall encourage others - the voluntary sector,
local authorities, the farming and landowning community.
At present we are still dealing with an "area of search" of some 450 square miles. A frrm
boundary encompassing the 150 square mile forest will need to be established as part of our
work for the strategy. That does not preclude voluntary planting outside the boundary of
course. But we need to look at and assess the area of search thoroughly before going fmn
on the final boundary. This we plan to do sooner rather than later as many will be
disappointed. The four county and eight district local authorities need to know how much or
little of their areas are in, investors, too, want to know which land lies within the boundary
as do residents. We hope to be able to make an announcement early in the 1992.
We are talking about an area of the country that is s~risingly little known considering it
lies within a half-day's travel distance of five million people and is threaded by major trunk
routes, motorways and railway tracks. It is an area dominated by agriculture. Its
quintessentially English fanned landscapes contain much of value, if under-prized for being
unspectacular. It is surprisingly varied and consultants in earlier stages have identified six
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quite distinctive landscape character areas some of which are of significant historic, landscape
and ecological value. At the same time parts of the area have been worked over the centuries
for a variety of minerals and aggregates. The north west Leicestershire coalfields bear the
scars of past and present workings and sand and gravel extraction in the Trent Valley is still
much in evidence.
We always emphasise that we are not dealing with a massive area of degradation and
dereliction in need of restoration. But undoubtedly the forest could do so much to repair the
damage that has been done that it was a major consideration in the choice of site. The fact
that even by UK standards the area is desperately under-wooded, with tree cover at a mere
6 per cent, was another weighty consideration.
As for the forest strategy our aim is to produce a draft by Spring of next year. We are
undertaking a significant programme of environmental assessment work. Forestry is a key
aim for us. We do not wish to see it relegated to residual land where it does "least harm".
We want to see trees planted where they grow well, are suited to their location in every sense
and enhance the scene. Nevertheless we must be thoroughly aware of what is there in
landscape and habitat terms already and retain what is of value. It is not our job to mask a
landscape but to integrate forestry within it. Our strategy will therefore not only indicate
where trees would ideally be located, in the way of indicative strategies, but also recommend
the nature of the forestry best suited to the specific landscape type concerned. For example
some of our area is well suited to the smaller scale fann woodland plantings, or simply
enhancement of hedgerows and hedgerow trees, or field corner planting whilst the scale and
nature of other scenery lerids itself to sizeable plantations. We cannot dictate nor will there
be a master plan. But we can, on the basis of our researches, proffer guidelines so that this
vision can be brought into being.
I should also say that while the New National Forest takes as its model the original New
Forest in terms of land use mix, it will also be a forest of the end of the 20th Century. We
must explore new uses of timber and other woodland products and grow appropriate trees.
In other areas a more romantic image may prevail where beauty and wildlife take precedence.
Not that a working woodland excludes amenity but there are gradations along the spectrum
and different locations may accommodate different purposes. As a country we must re-find
the value and usefulness of wood as a product. We must also explore its compatibility with
other land uses, such as agroforestry, integration with the built environment and development
and potential for providing a home for recreational activity. The concept of the New National
Forest provides the focus for this re-exploration.
I turn now to the funding of the forest. First, there will be no compulsory purchase of land.
While it is our belief that in the present agricultural climate, the forest will open up new
opportunities for fanners and landowners, it is also clear that new measures will be needed
to encourage them to plant and manage trees on a scale and at a rate commensurate with
realising the aims of the New National Forest. Money for the forest will need to come from
a variety of public and private sources - government, industry, commerce, individuals - all
have their part to play. It is the job of our business plan to provide the mechanisms whereby
all investors, for all their various motives, can contribute. Reclamation of derelict land,
restoration after mineral extraction, too, will provide opportunities. New development could
contribute by incorporating forest planting and creating public open space.
A very rough guide to the cost is that it will take £2 million to £3 million a year for the
next 30 years in a funding pattern that will rise to a peak over the fIrst ten years, then taper
down. The private sector must play a major role but we need to know what will spark the
investment or sponsorship interest. It is also essential that Government gives a clear lead and
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demonstrates its commitment by steadfast political as well as financial support. At present
UK policy towards forestry is tentative and equivocal. But all the pointers - including those
from Brussels - are that we must take forestry more seriously and that there is great scope for
expansion, better management and the creation and full utilisation of new markets for all
woodland products - tangible and intangible.
We, as a team, firmly believe that this new forest must have purpose and inherent viability
in all senses. Without that we are in danger of planting the next generation's unkempt,
unmanaged and un-cared for tree-cover. We want, instead, to inspire a working woodland
that also provides a haven to humans and wildlife alike.

Postscript
At the time of writing this paper we were still talking about an area of search. By January
1992, the boundary of the forest had been defined, and for those who are interested, a
newsletter with infonnation on it is available from the author.
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MARKETING OF BRITISH HARDWOODS
Nigel Braden, Managing Director, Timber Management Ltd,
The Woodland Centre, Whitesmith, Lewes, E. Sussex BN8 6JB

Summary
An examination of the market for UK grown hardwoods, with reference to timber uses,
developments and requirements for the forestry industry to respond to the challenge of
growing quality timber.

Introduction
There have been encouraging changes towards the growing of more broadleaved trees in
lowland areas of Britain in recent years, in particular since the introduction of the broadleaves
policy by the Forestry Commission in 1985. Recent statements, particularly with the Forestry
Policy Statement of September, 1991 (Forestry Commission 1991), now seems to emphasise
the planting of broadleaved species more for their recreation and conservation values than for
timber production.
I feel more attention needs to be given to growing timber for future markets, not just trees.
I am amazed that our future hardwood resource is being planned with little thought to the
potential market and maybe that the planting of broadleaves for timber has a lower priority
than providing recreation and amenity. Surely broadleaves grown for quality timber will
create a valuable growing capital asset, at the same time providing good amenity and wildlife
benefits. A continued incentive will be provided to the woodland owner to sliviculturally
manage the woodland to increase the value of the timber crop, without compromising
conservation and landscape importance.

Markets
The market for hardwood timber in the UK is considerable. The nation's consumption of
sawn hardwoods annually exceeds 1.1 million m3 , valued at over £250 million, of which less
than 10 per cent is home produced. The UK consumes more than 10 per cent of the total
world trade in timber. Why is it that we have devoted so little attention to supplying a
greater proportion of this demand from home produced hardwoods?
As a major trading nation we have traditionally imported large volumes of hardwood
timber. Prior to the Second World War, 70 per cent of imports were of temperate hardwoods
from Europe and north America, the remainder consisted of tropical hardwoods, mainly from
the colonies.
In the past 50 years a great increase in the use of tropical timbers has occurred, brought
about by the opening up and exploitation of the world's rain forests. Wonderful timbers with
superior mechanical working properties become readily available and tended to down-grade
our own native resources. Our technical organisations responded by providing mechanical
testing data and promotion to fuel the demand. Less attention was given to our own
broadleaved timbers.
Training originally in the architectural profession, I found if easier to specify and obtain
tropical hardwoods than home grown timbers for construction. Even the British Standards
gradually dropped reference to British hardwoods. The main timber structural standard,
BS5268 (British Standards Institution, 1984), omitted any reference to our native hardwoods,
concentrating entirely on tropical species and softwoods, thereby making it almost impossible
to design easily using non-listed species. Admittedly the long, clear, defect free timber

coming from the world's tropical forests was very difficult to compete with, but not
impossible. Traditional native hardwood-using markets tended to convert to tropical timber,
and the hardwood processing industry in this country went into decline. The combination of
a realisation that this tropical timber was being supplied at a tremendous environmental cost,
and the accompanying public awakening to the destruction of tropical forests, together with
depletion and restriction of exports from some countries, has caused a major re-evaluation of
the marketplace. Now considerable interest is being shown in the ability of our hardwood
forestry resource to meet a greater proportion of the country's hardwood demand.
An examination of the imported hardwood trends (Table 1) supports a major shift in
demand towards temperate timbers from tropical species.

Table 1 Imports of tropical and temperate broadleaves (thousands of m3).
Year

Volume
(m3 x 1(00)

Tropical broadleaved imports
1980

650

1990

478

Reduction of 172,000m3

Temperate broadleaved imports from Europe and north America
1983

198

1990

307

Increase of 109,000m3

Source: Compiled from Customs and Excise statistics for sawn timber.

Based on Customs and Excise statistics for sawn timber it is evident that from a high point
in demand in 1980, when 650,000 .m3 of tropical timber were imported, by 1990 this had
reduced to 478,000 m3 , a reduction of 172,000 m3 • Temperate imports from Europe and north
America, on the other hand, increased from 1983, when 198,000 m3 were imported, to 1990
when 307,000 m3 were imported, an increase of 109,000 m3 • These temperate hardwoods
consisted of 140,000 m3 of European timber and 164,000 m3 of north American hardwoods,
which were valued at over £50 million. Changes in demand for quality timber also tended
to require a return to the lighter coloured timbers, well represented by temperate hardwoods.

UK Production
The UK hardwood sawmilling industry's ability to increase its volume market share largely
depends upon the supply of round timber. The 1990 Forestry Commission (1989/90) figures
indicate that in Great Britain there is 576,000 ha of broadleaved high forest mainly in private
ownership. A very approximate estimation can be applied taking a conservative potential
increment of 3 m3/ha/year, which would indicate a total growth capability nationally of
1,728,000 m3 of hardwood timber. Realistically only a small proportion of this is likely to
be realised, but it indicates that a potential exists for increasing supplies.
The effects of the great storm of October 1987 created a temporary glut of hardwood logs
in the marketplace. The 1990 British Sawmill Survey (Forestry Commission 1990),
undertaken by the Forestry Commission (Table 2) lists the current volumes being sawn
compared to the pre-stonn figures.
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Table 2 Comparison of hardwood sawlog consumption for 1987 and
1990 for species sawn in England and Wales l only (thousands of m 3
underbark).
Species

1987

1990

166

223

Beech

92

184

Elm

55

18

Ash

39

34

Oak

Sycamore

26

Others

83

32

Totals

435

517

Source: Forestry Commission sawmill survey, 1990.

1

Total consumption in the UK in 1990 was 582,000m3 •

The total volume of hardwood logs sawn in the UK in 1990 was 582,000 m3, an increase of
18 per cent on pre-storm figures. Species mainly affected were oak and beech. The public's
attention was focused on the realisation that there was a home grown option to timber
supplies and damage caused by the stonn both contributed to stimulate demand.
Sawn wood production for 1990 from UK hardwood sawmills totalled 338,000 m3, indicting
a 58 per cent conversion rate from log measure. The markets for the sawn timber, shown in
Table 3, reflect the highest proportion of timber was utilised in orders for mining, pallet
making, fencing and other, totalling 56 per cent of the total.
The higher grade furniture joi~ery sections only occupied 36 per cent of the total sawn
timber. The volume of hardwood construction timber used amounted to 8 per cent of the
total. The majority of viable windblown timber has now been processed and supplies of saw
logs are expected to return to pre-storm figures of approximately 450,000 m3• A reduction
is expected in the lower quality material and to an extent in the high grade logs until the
demand increases and price levels motivate a resumption of felling of parcels held back from
the pre-storm period. Table 3 also indicates that percentages of high grade logs available
amount to approximately 36 per cent of the total volume. My experience over the past 12
years of timber buying for our hardwood sawmill has shown that an average oak log parcel
usually consists of the proportions of log grades shown in Table 4.
The proportion of high grade saw logs has gradually fallen to below 25 per cent of the total.
The majority of the timber from traditional woodlands has consisted of the lower grades with
over 50 per cent at fencing and below.
No precise log grading rules apply in the UK hardwood sawmills. Some use classes require
either higher or lower log grades. For example, sawing fencing posts is quite acceptable from
fencing graded logs, but production of featheredged pales and arris rails require logs up to
second planking. Some sawmills specialising in heavy construction may use whole tree
lengths including the butt and planking grade and continue to the fencing grading crown end
in order to achieve the lengths required.
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Table 3 Market uses: hardwood consumption (sawn volumes in m 3 x 1000).
Sawn volume
(m3 x 1000)

%

122

36

Mining timber

77

23

Fencing

43

13

Pallets

37

11

Building

26

8

Other

33

9

Total

338

100

Category
Furniture and joinery

Source: Forestry Commission sawmill survey, 1990 (unpublished).

Table 4 Grades of average oak log parcels in southern England in 1990 (excluding
cordwood).
Grade

per cent
(by volume)

Veneer

5 or less

1st planking

10

2nd planking

15

Beam and scantling

20

Fencing

32

Pallet and mining

18

Total

100

Source: Timber Management Lld

Utilisation
The market for hardwood veneer logs is notoriously fickle and specialised with rapid changes
in demand and price fluctuations. Even so, there exists a sizeable trade in veneer logs with
almost all of our most highly prized hardwood timbers being exported to the continent, much
then being re-imported as veneers. The species most in demand are sycamore, cherry, oak,
ash and walnut.
The prime quality saw logs of the major species are also much in demand for conversion
into sawn through and through planking. The principal timbers of oak, ash, beech, sycamore
and chestnut fmd markets within the UK furniture and joinery industry, although overall this
industry has contracted in recent years. Strong competition from north American hardwoods,
with favourable exchange rates, have absorbed possible market advantages favouring native
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hardwoods resulting from the changes away from tropical timbers. The American timber is
also sold as dried, graded and dimension sawn lumber with minimum waste, compared to
traditional waney-edge sawn boards from the UK mills. Many specialist companies exist
requiring supplies of quality timber, specially selected for grain and colour characteristics,
duly supplied by our home grown timbers. Improvements in sawing and drying standards
within the trade should expand the market opportunities.
The joinery trades form a major user of planking grade hardwoods in the UK. Quality
building projects have always been a main source of sales for prime grade English oak which
is ideally suited for external and internal joinery staircases and flooring. A wider appreciation
of our timber species could stimulate demand within this industry. An awareness of the
durability of chestnut for instance, could promote demand for external joinery applications
of this species, and internally white woods could enjoy increased use. When converting my
own house, I built a semi-circular staircase in English ash with stringers and handrails in glue
laminated sawn 6mm ash strips with matching white and olive ash treads. Architects should
be encouraged to be creative in the use of native hardwoods in quality joinery, and good
examples now exist of home grown hardwoods being used in prestige projects. Our technical
organisations could assist in promoting the working properties of native hardwoods to the
trade.
There has been a wider use of hardwoods in the construction industry in recent years,
brought about by an increase in restoration projects such as the York Minister rebuilding, and
the demand for barn conv~rsions. The middle grades, the main species for structural use
English oak, constitute 20 to 25 per cent of the total volumes available in the species. The
construction industry now accounts for 8 per cent of the total demand. As previously
mentioned, no current British Standards exist for structural use of British hardwoods. Figures
for the mechanical properties did exist, but these were based on measure~ents obtained from
small test samples and are considered inaccurate.
This has caused a major restriction in the design and use of our two main species which
are suitable for structural use, oak and sweet chestnut. After much lobbying, we have
succeeded in obtaining structural testing of these two species, currently being undertaken by
the Building Research Establishment, the results of which will be incorporated in a revised
British Standard. The test samples are being supplied by the hardwood sawmills in the
British Timber Merchants Association. This revision should promote demand for the use,
particularly in conversion and restoration schemes, but also in new construction projects. I
consider that chestnut could be used more widely in new buildings. My company sawed and
constructed a 50 x 40 m span bolted pitched roof design building at our site, using home
grown chestnut from hurricane blown timber. As no accurate mechanical data existed for this
species, we had to carry out deflection tests on site to prove to the inspectors that the building
would stand up.
Recently there has been a resurgence in the use of traditionally built green oak buildings.
These craftsmen-made jointed structures in unseasoned oak could be more widely used as new
houses and extensions to period homes and increase the market opportunities for fresh sawn
timber.
Traditionally the lower grades of saw logs have been used to supply the fencing trades.
Oak and chestnut are classified as durable with heart wood based on a 20 year life span.
Although a sizeable proportion of capacity, currently 13 per cent of the sawn output, it is
unlikely that this market will increase. Traditional hardwood fencing has largely been
replaced by treated softwoods. Although quality fencing will always be required, this usually
requires a higher grade of saw log.
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The pallet making industries could absorb a greater proportion of the lower grade timber,
but reluctance to use hardwoods in production processes with automatic nailing machines and
the recent low prices of imports from Portugal and eastern European countries of softwoods
have slowed demand. A greater success has been achieved in using home grown poplar and
a potential exists for development of this trade, in particular with the advent of the faster
growing hybrid varieties.
The largest user of low grade hardwoods has been the mining industries with 23 per cent
of the total hardwood sawn outputs. Singly this is the most important source for the sale of
the tops and lower grades of saw logs. Unfortunately, with the mining industry in decline,
the demand for timber has fallen in recent years. The establishment by British Coal of the
5750 Quality Assurance Scheme has restricted the number of mills sawing to contract tender.
Sawn chock wood for all major species is acceptable, apart for poplar and willow. With the
closure of the Kent coalfield, demand is now situated mainly in the Midlands, north east and
Scotland, further away from the main sources of hardwoods, and in consequence higher
transport costs reduce the viability of supplies from further south.
A similar situation exists in the pulp and particle board industry, with all the principal
manufacturing industries now based in the main softwood growing areas of Wales, northern
England and Scotland. The closure of the Bowater Plant in south east has seriously reduced
the returns for low grade timber and cordwood from southern England owing to the much
higher transport costs now incurred to ship to other processing plants.
The total volume of timber supplied to the processing industries was 1,975,0000 m 3 in 1989,
of which 20 per cent was from hardwood.
Large volumes of windblown material were processed following the 1987 storm and the
volumes processed are not likely to increase dramatically unless the prices increase.
Other options for marketing top wood and lower value material are by in-forest wood
chipping, cutting transport costs and enabling low value woodland and scrub to be cleared for
replanting.
Specialist markets exist in the UK hardwood industry for timber supplied for boat building.
Also as a result of the 1987 storm, considerable damage was incurred to the country's sea
defences. A large proportion were repaired using English oak sawn from trees blown down
in the same stOnll. Increasingly local authorities had been tending to use tropical hardwoods
for marine purposes, and efforts continue to reverse that trend. Historically our broadleaved
forestry was developed to provide timber supplies for the navel boat-building yards and
periods of high demand, particularly in the eighteenth century, caused shortages which lead
to increased plantings, especially of oak. It is important that this historical connection is
maintained.

The Future
Although in the depths of the current recession with most industries facing severe reductions
in markets, the home grown hardwood sector has maintained demand for quality sawn
hardwoods. An optimistic future exists for an expansion of demand providing that the
industry addresses the following issues:
1. accurate sawing, grading and handling of all sawn material, particular attention being
addressed to proper seasoning and kiln drying of planking grades;
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2. improvements in conversion with greater productivity and optimising the potential yield
from the timber;
3. sawing the correct species for particular applications and developing and maintaining
generally accepted quality standards;
4. promotion of the use of British hardwoods and developing new product areas particularly
in the use of the lower grade timber.
The hardwood sawmilling industry can respond to the growth potential of the market, as
has been seen in the allied softwood sawmilling industry, and will be able to compete with
other temperate hardwood-producing countries in Europe and north America. Exciting trade
possibilities exist within the European community, which could be fulfilled from British
hardwoods.
The major limitation to growth in the hardwood market is the available supply of round
timber. It is important that the forest industry continues to undertake improvements in
management of our broadleaved woodlands. So often management is neglected after planting,
and little thought is given to growing for quality timber. I am concerned that recently planted
hardwoods are being grown from seed stocks which are from trees of unknown timber quality.
Seed gathering is easy from Dutch street trees, but it is unlikely to produce veneer and
planking grade English ,oak. Correct silvicultural treatment of plantations need careful
management to produce long, straight timber tree lengths without knots and misshapen growth
to fetch the premium prices. Research to prevent shake in oak and chestnut would
dramatically increase supplies of saw logs from these two species, which, if badly affected,
are unsaleable. The sorry sight of any apparent prime grade log fall~ng apart on the saw
bench and being reduced to firewood is too regular an occurrence.
New plantations will not yield saw quality timber until well into the middle of the next
century, so every effort should be given to managing our existing woods to yield improved
quality grades. It is essential for our industry to demonstrate its ability to grow hardwoods
profitably, to encourage larger plantings which will be self-sustainable, if they provide a good
return to the owner.
My vision is to see far larger areas of our country growing prime hardwoods, maybe up to
the European average of 25 per cent covered in forest land with its creation of wildlife rich
habitats and recreational benefits, and for the establishment of a strong sustainable trade in
our native hardwoods.
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A POSSmLE ROLE FOR THE ASH BUD MOTH PRAYS
FRAXINELLA (LEPIDOPTERA: YPONOMEUTIDAE) IN THE
DIEBACK OF HEDGEROW ASH TREES
Andrew Foggo, Department of Zoology, University of Oxford
Introduction
Ash dieback is a deleterious condition affecting mature common ash trees growing in
hedgerows throughout Britain, but predominantly in the central and eastern regions of
England. Dieback takes two fonns which may occur either independently or in concert. The
[lfst fonn is a gradual death and retreat of the crown of the tree which commences with the
tenninal buds of the twigs failing to flush. This process may progress up to the point where
only a nucleus of living tissue surrounding the trunk remains. The second fonn of dieback is
a thinning and clumping of the foliage where the basal buds of the twigs produce no growth.
Dieback itself is not thought to be responsible for tree death, but the process may so weaken
the tree that it is unable to defend itself against pathogenic attack or survive the rigours of
drought, cold, frost damage etc.
Diebacks of Fraxinus spp. have also been reported from other countries; in the United
States F. pennsylvannica and F. americana have been undergoing periodic diebacks since
the 1930s (Ribben and Silverborg, 1978; Houston, 1967). These diebacks however are known
to be linked to periods of drought and subsequent invasion of the bark of the stressed trees
by canker fonning fungi, notably Fusicoccum and Cytophoma spp. The same pattern of stress
and fungal invasion has been ruled out as a sole cause of dieback in Britain (Hull pers. corn.),
but cannot be discounted as playing some role. A dieback similar to that in the V.S. has been
reported from the Netherlands (Hiemstra et al., 1986), and the health of ash in both the
Forests of Wallonie and the hedgerows of the Maredsous region of Belgium is also declining
(author's own observations).
In the late eighties a series of forestry commission surveys quantified the extent and
severity of dieback in Britain, and made great inroads into elucidating the underlying causes
of the condition. Foremost amongst factors shown to be of concern as potential causal agents
included land use strategies, particularly the techniques used in cultivation and upkeep of the
drainage systems of fields (Pawsey, 1983; Hull and Gibbs, 1991). Prevalence of dieback was
shown to be related to the type of agriculture practised in fields bordered by the hedgerows
in which the trees were growing. Where land was used for arable production, and hence was
regularly tilled, the incidence of dieback was higher than in hedgerows bordering fallow or
long tenn pasture. Similar correlations were found between severity of dieback and the
presence of ditches, roads, and other disturbances. Trees growing in isolation showed a higher
prevalence of dieback than those growing in groups.
Of particular interest was the fact that patterns of dieback showed variation within this
overall picture; the various practices of cultivation used by different landowners seemingly
having differing effects upon the health of the tree. Thus where one landowner would plough
close to the hedgerow, dieback would be more prevalent on this land than on that of a
neighbour used to leaving a wide margin. The evidence points to the physical disturbance of
the roots being a likely culprit in this case. Diebacks such as this are however often the result
of a complex of stressing factors rather than just one, and the internal hierarchy of these may
be very difficult to detennine. Thus root damage may only precipitate the dieback response
in trees predisposed by prior exposure to other stressing agents.

Implicit in the studies of many diebacks in broadleaves has been the assumption that dying
back is a passive process resulting from the deleterious effects of stress. However, it is also
assumed that the aim of the tree is to maximise its own inclusive fitness in toto: that is to say
that the fitness of the tree at anyone time may be reduced in order to achieve a higher overall
fitness in the long run. Costly induced defenses which limit energy expenditure on
reproduction, and even the cessation of reproductive activity in times of stress are examples
of this. It is possible therefore that dying back may, in cases where the process appears to be
non-fatal, be an adaptive response on the behalf of the tree to conditions of stress too severe
to be overcome by less drastic measures. By reducing the volume of living crown that has to
be supported, the tree may be able to sUlVive periods during which maintaining a full crown
would prove to be too great a drain on resources.

The role of insects in diebacks
Insect pests have been implicated in the etiology of diebacks throughout the world (Doane
and McManus, 1981; Landsberg and Wylie, 1983; Houston, 1973); they are often important
secondary causal factors taking advantage of trees already stressed by other primary, often
climatic, agencies. Factors such as drought, mechanical damage, and pathogenic attack can
alter the nature of a tree as a resource for herbivorous insects, often diminishing the capacity
of the tree to defend itself against attack (White, 1969). The result of this may include
increased damage incurred as a result of insect herbivory in both the short term due to higher
insect feeding rates, and in the long term through increased insect reproductive success. The
ultimate result is a decline in tree inclusive fitness through loss of vegetative and reproductive
structures and depletion of energy stores, which in turn may render the tree more susceptible
to further stresses bearing upon it. This vicious circle of stress is the key to the downward
spiral in fitness that manifests itself as dieback.
The surveys of the mid eighties showed that one particular insect, the ash bud moth Prays
jraxinella was responsible for a considerable amount of damage to growing structures such
as buds and shoots, but this damage was not quantified. The details of the life cycle of the
insect were later found to be unclear also, with different authors offering conflicting opinions
of the timing of the stages of development and the plant parts attacked (e.g. Escherich, 1923;
Gillanders, 1908; Schwenke, 1978). An entomological study was therefore embarked upon
with the following aims: to elucidate the details of the life cycle, to quantify and qualify the
damage caused to the trees, and to investigate possible links between moth damage and
dieback. The information learned during this study also proved to be of interest to those
planting Fraxinus excelsior as a crop in farm forestry or nursery situations, as the same moth
has been found to be a significant pest of young trees, causing stunted, forked growth that
markedly reduces the timber potential, value, and aesthetic appeal of the tree.

The life cycle of Prays jraxinella
Prays jraxinella is the only English species of the genus, but two of its congenerics P. oleae
and P. citri are well known in Europe as major pests of olives and citrus fruits respectively.
Closely related species include members of the genus Yponomeuta (the small ermine moths)
which may be pests in orchards and gardens. The life cycle of P. jraxinella in Britain is
usually univoltine with a second generation produced only in exceptionally wann years.
The females lay the eggs singly on the underside of the leaves next to a major vascular
bundle. They are tiny, less than 0.2mm in diameter, and undetectable with the naked eye. Egg
dormancy lasts in the region of 5 to 8 weeks depending upon the time of oviposition, and the
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newly hatched larvae mine straight into the leaf and commence feeding adjacent to the egg.
This leaf mining phase lasts for approximately two weeks usually spanning late September
to early October. Eventually the larvae grow large for the mine and eat their way out of the
leaf and travel down the leaf petiole to the stem. The next stage of development takes place
either in a mine in a bud or under the bark. In either case, the animal causes a
disproportionate amount of damage for its size.
Favourite sites for bark mines are at the basal scars of new twigs, and the mines may often
girdle the twigs and kill them. Buds are mined by the larvae throughout the winter, and mined
buds are very difficult to detect. Although the larvae at this time are still very small, they
can cause a great deal of damage. The entry holes and wounds they create give means of
ingress for fungi and other pathogens as well as providing homes for a species of parasitic
mite. In some cases the larvae eat out the inside of the bud, killing the flower and shoot
primordia, and ultimately the bud itself.
When the animal attacks the terminal bud of a twig, the results are the most damaging for
the resultant growth of the plant. Over sixty percent of the buds attacked by the moth over
the course of the winter will die, and if there are terminal buds amongst these, the result is
that subordinate buds may assume dominance, and a fork or kink will fonn. In a laboratory
study, Prays larvae were capable of attacking and killing up to six buds in a two week period
when temperatures were held around October/November daytime mean. Bud mining
continues throughout the winter whenever the temperature allows (daytime temperatures over
approx. 6 deg. C). Early spring is the peak bud mining time, and bud mining ends as the sap
starts to rise and wounded buds produce exudate that would drown the larvae.
For a week or two the larvae feed on the flowers, then as the new shoots start to elongate,
they commence the final stage of feeding. The late instar larvae are about lcm long, and are
a mottled redlbrown/green colour with a black head. They mine into the base of the shoots
and eat out the pith, often killing the shoot. Dead shoots desiccate quickly and hang limply,
soon turning black. This period of damage ends in May, when the animals pupate in a loose
cocoon in the forks of the twigs.
The pupal phase usually lasts for some 3 to 4 weeks, but some individuals remaining
dormant considerably longer. The adults are small, with a wing span of no more than 25mm.
There is no visible sexual dimorphism, but the adults are polymorphic with coloration ranging
from black and white variegated to wholly black.

The nature and extent of P. fraxinella damage
Damage caused by P.jraxinella was investigated both in mature trees and in saplings. Mature
trees provide a better overall picture of the role of moth damage in dieback, but are far more
difficult to sample and may give misleading infonnation based on their past history and
widely divergent states of health, age etc. Saplings on the other hand are less relevant to the
dieback story as a whole yet give easy access to the sites of attack and are far more
homogeneous as a group of individuals, whilst being small enough to allow the whole tree
to be monitored.

1. Studies using small trees
Fate of damaged buds

Q.

100 6-7 year old ash trees growing in a clear felled compartment in Bagley wood,
Oxfordshire, were studied from winter 1989 to summer 1991 to assess the impact of P.
jraxinella damage on the growth of the saplings. The trees in question were all natural
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regeneration and were chosen at random from a larger sample of 150 saplings to ensure that
little obselVer bias affected the results. The tenninal bud of every twig on each tree was
examined at monthly inteIVals from December to July, and its state of health and development
recorded.
During the period of observations, which spans that of peak moth damage, 24.3 per cent
of the terminal buds examined were attacked by the moth. Of these 76 per cent subsequently
died, which represents 18.5 per cent of all the tenninal buds present on the trees. The heaviest
damages occurred during the time periods December-January and March-April when activity
of bud mining larvae was probably less constrained by low temperatures.
The effects of moth attack on the subsequent growth of the saplings was also recorded. In
over 60 per cent of the cases of attack of tenninal buds, both subdominant lateral buds
assumed shared dominance and produced shoots, thus creating a fork in the twig. In 22 per
cent of attacks one subdominant grew creating a kink in the twig, and in the remaining 18
per cent of cases the growth of the twig was completely arrested.
Moth attack causes extensive bud loss and growth deformities in young ash saplings. A
further consequence of moth attack is that energy and matter invested by the tree in vegetative
structures is lost. Photosynthetic area produced in the growing season is therefore reduced,
and the potential for further growth and hence increase in photosynthetic capacity is curtailed.
This can result in slow growth, and the tree's capacity to defend itself against natural enemies
being reduced. Further damage may thus be incurred as a result of attack by herbivores,
pathogens etc., and through a reduced capacity to respond to environmental pressure such as
climatic harshness.
b. The effect of moth damage on shoot growth.
The response of experimental saplings to artificial damage mimicking that of P.jraxinella was
examined in a series of experiments again conducted in Bagley wood. Forty saplings between
6 and 7 ft. tall were selected from a larger group that had previously been scrutinized for P.
jraxinella damage. Only trees with less than 1 per cent of buds attacked were used in
experiments, and they were randomly assigned to two groups. The fITst group were kept as
controls, and the second group were artificially damaged in March of 1989 to mimic heavy
moth attack. This artificial damage took the form of the removal of 20 per cent of all the buds
from the twigs with a scalpel. Buds to be removed were chosen at random from those on each
twig rather than from all buds because P. jraxinella larvae do not concentrate attacks on
twigs, preferring to migrate to other sites to escape overcrowding.
In March 1990 the elongation of the twigs produced in 1989, and the proportion of new
buds attacked by P. jraxinella were measured. The experimental manipulation was then
repeated on ten of the original twenty treatment trees (again chosen at random), to create a
nest of treatments: Control (20 trees), damaged 1989 (10 trees), and damaged 1989 and 1990
(10 trees). Data were collected again at the corresponding time in March of 1991.
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The results show that after one year (1989 data), the treatment trees produced higher mean
shoot elongation than the control trees (Fig. 1). After two years however (1990 data) the mean
shoot elongation of the doubly damaged group had fallen below that of both the control
group. End of season observations for the current year suggest that this trend is heightened
after a further year's damage.
Observations of moth attack subsequent to artificial damage were also made, and they
suggest that heavy levels of damage lead to a reduction in the success of P.jraxinella attack
(proportion of larvae surviving to the bud and shoot mining phases) in immediately
succeeding years, with this trend being reversed after two or more years of artificial damage
as the trees become successively weakened. Fraxinus excelsior may therefore be capable of
responding to damage with some fonn of induced defence that bears too high a cost to be
sustained over a protracted period by such young trees.

2. Studies of mature trees
Data from experiments with saplings shows the potential for damage that P. jraxinella has
as a pest of common ash, but this cannot be taken as implying a role for the insect in the ash
dieback scenario. Links between moth damage and dieback were therefore investigated with
a series of sample swveys of trees in the Oxford area. One problem that persists to confuse
such studies is that the process of dieback appears to be discontinuous, thus at anyone stage
the tree mayor may not be dying back, whilst always appearing died back. It is difficult if
not impossible to identify active dieback, and therefore sample surveys may at the least only
tell us about the suitability of dying back or died back trees as a food source for insects in
comparison with healthy trees (Fig. 2).
The results of the original Forestry Commission swveys indicated land use as a factor
affecting the prevalence of dieback, therefore the frrst sample survey conducted was a
comparison of trees in arable and pasture hedgerows, and in woodland. Woodland trees were
included in order to compare hedgerow trees in general to a different environment. Branch
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samples were cut from the trees using long anned pruners, removed to the laboratory and
frozen until the buds thereon were scrutinized for moth attack. Moth attack was quantified
as proportion of all buds over 3mm in basal diameter attacked by P. fraxinella.
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The result shows that there was no difference between the two land use states as far as P.
fraxinella damage was concerned.
The next survey compared trees in arable hedgerows growing alongside a regularly
maintained ditch with those in similar hedgerows lacking a ditch. The results show that trees
with a ditch support a higher damage level due to P. fraxinella compared to those growing
in undisturbed ground (Fig. 3).
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Discussion
Prays fraxinella exerts a considerable amount of pressure on its host over a wide time period.
The amount of damage caused by the moth is considerably greater than was previously
thought, and the damage itself takes a wider diversity of forms than was previously known.
By attacking buds during winter dormancy the moth reduces the tree's potential for growth,
and rapidly diminishes the potential photosynthetic area available during the summer, as well
as causing growth deformities such as forking and kinking. Shoot feeding by the moth has
a similar effect to bud mining whilst bark mining larvae may ring-bark twigs and kill them.
Young saplings are attacked as well as mature trees; contrary to previous accounts (Gent,
1955) there appears to be no pattern of moth preference for any particular age of tree.
Trees growing in all kinds of environment are attacked by P. fraxinella, and there are no
apparent correlations between the type of land use practised in fields bordering the hedgerows
containing trees, and the densities of moth populations supported by the trees. There is thus
no inferred connection between land use effects, moth damage, and ash dieback. The same
is not true however of the effects of ditches on moth population densities, with trees bordered
by a ditch supporting considerably higher population levels of the moth than trees unaffected
by the presence of a ditch. Ditches are also known to be associated with dieback (Hull,
1991), and given the marked effect of P.fraxinella on the growth patterns of trees illustrated
by the experiments discussed above, it must be considered a possibility that P. fraxinella in
some way contributes to the dieback of ash trees in such cases.
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DECLINE AND DIEBACK OF OAK IN GREAT BRITAIN
B.J.W. Greig, Forestry Commission,
Alice Holt Lodge, Wrecclesham, Farnham, Surrey GUIO 4LH
Introduction
Over the past decade there have been many reports of death and dieback of oaks (Quercus
robur and Q. petraea spp.) in various European countries (Anon, 1990). In Britain only a few
cases of oak decline had been reported prior to 1988, but in 1989 the Forestry Commission
Pathology Branch received several enquiries about dieback in woodland oak and also on
individual parkland trees. In 1990 an investigation into the problem was started. This paper
is a preliminary report of current knowledge about the condition.

Oak decline in Europe
At an European Plant Protection Organisation meeting held in Hungary in 1989, significant
oak decline in the 1980s was reported from Austria, Czechoslovakia, Federal Republic of
Germany, Hungary, Italy, Netherlands, Poland and Yugoslavia. In France oak decline
occurred mainly earlier in this century and only localised decline was seen in the 1970/80s
(Anon, 1990). In most c9untries with significant oak decline, water stress due to severe
droughts in the 1980s was considered to be the main cause. The water stress was thought to
predispose trees to attack by fungi (e.g. honey fungus (Armillaria spp.), oak mildew
(Microsphaera alphitoides)) and insects.
In parts of eastern Europe, especially in the USSR and Romania, the oak decline, at least
in part, has been attributed to a 'vascular mycosis', a vascular wilt type of disease involving
various fungi in the Ophiostoma (formerly known as Ceratocystis) group, but in western
Europe although fungi in this genus occur on declining oaks they are not considered to be of
primary importance. In other reports winter frosts and air pollution have also been cited as
contributing to the decline.

History of oak dieback in Britain
In the early 1920s considerable mortality among oaks in southern England, this was attributed
to several years of defoliation by the oak leaf roller moth caterpillars (Tortrix viridana),
attacks of oak mildew and root infection by honey fungus (Jones, 1959). There are no more
reports of oak decline after 1927 until 1958 when death of young oak occurred in several
woods in Norfolk. After an investigation it was postulated that the damage was initiated by
the combined effects of drought and persistent northerly winds in July 1955. The continuing
deterioration of these trees was probably caused by defoliating insects and oak mildew in the
following years (Young, 1965).
The next cases to be reported were in 1982 at Chiddingfold, Surrey, and from the Forest
of Dean in 1985. At Chiddingfold the damage was attributed to several years of severe
defoliation by caterpillars, oak mildew on the epicormic shoots and subsequent invasion of
the weakened trees by honey fungus. In the Forest of Dean, no apparent cause could be
found for the dieback and death of the trees. Both sites were inspected again in 1990 and
although there were many standing, long dead trees, the surviving trees were in good
condition and a few of the affected trees had recovered. In both cases it appeared there had
been a period of 2- 3 years in which a number of trees had declined and died, and that this
had been followed by some recovery by other trees.

The sessile oak in Wyre Forest, Worcestershire, have suffered locally what is known as
'Wyre Pox'. The scale insect Kermes quercus colonises the branches and fungi, such as
Sphaeropsis spp., invade the bark of the trees stressed by the insect, leading to small branches
suddenly wilting between July and September. This leads to a progressive decline of the trees
over several years. In 1985, 18 per cent of trees surveyed in Wyre were significantly affected
by dieback, but only 8 per cent were affected in 1986. However, in 1990 and 1991 dieback
has again occurred and the area will be resurveyed in 1992 to discover if the problem is more
extensive than in previous years.
Two recent surveys into tree condition have provided some more infonnation on the health
of oak in Britain. A survey of non-woodland ash (Fraxinus excelsior) and oak in 1987 found
that 18 per cent of the oak showed more than 10 per cent crown dieback with East Anglia,
the south Midlands and south-east England being the worst affected areas (Hull and Gibbs,
1991), but the causes here may be related to agricultural practices. The Forestry Commission
monitoring programme of forest condition in 1990 surveyed 73 plots of oak woodland and
found that an improvement in oak that had occurred in 1988 and 1989 continued in 1990,
(Innes and Boswell, 1991) with a decline in the proportion of sparsely foliaged trees. The
mean crown density score for all trees was 27 per cent, but 41 per cent of them had more
than 30 per cent reduction in density.

Symptoms of dieback and decline
The frrst symptom usually to be observed on a declining tree is an overall deterioration of the
foliage. The leaves, which are often smaller than normal, are pale green or yellow and may
be rather sparse. Subsequently, dieback of fine twigs may occur leading to death of small
branches, by which stage the foliage will be very sparse. Eventually most of the large
branches may die back, so that only the trunk and a few branches remain alive. Epicormic
shoots may develop in tufts from these remaining branches and on the stem. Even at this late
stage of decline the roots are normally still alive. The whole process can occur within 2 3 years, although some trees may remain in the final stage for several years and of these a
proportion can recover. In the final stage of decline, various insects may attack the tree.
These include the Buprestid beetle (Agrilus pannonicus), the oak bark beetle (Scolytus
intricatus), and various longhorn beetles.

The current situation
There are about 30 known sites in southern England where oak decline is causing concern,
mostly in the east Midlands but also from as far apart as Devon and Kent. The trees range
from 40 to 200 years old and occur on a range of soil types. About half are in woodlands
and the remainder are in parkland. The symptomatology of the declining trees is broadly
similar on all sites and the onset of the problem is generally thought to have been around
1987/8 according to a number of reliable observers. However, increment cores taken from
declining trees on a number of sites have indicated that the radial growth started to decline
around 1984/5 and that annual ring growth was very small in the following years. A series
of plots have been set up in several areas in which the health of individual trees will be
assessed annually to monitor the developments.
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Causes of the decline
At present a variety of factors appear to be involved in the decline syndrome but the same
factors may not be involved on each site. It has not been possible to determine if climatic
conditions, such as the droughts in the summers of 1983/4 or the severe winters of 1984/5/6
and, have been crucial factors in acting as triggers in causing stress in trees which
subsequently become attacked by insects and fungi. The role of defoliating insects such as
the oak leaf roller moth and Winter moth caterpillars (Operophtera brumata), (see
Arboriculture Research Note 60, 'oak defoliation', by T G Winter) is also unclear. Although
healthy trees nonnally recover even after several consecutive years of defoliation, stressed or
weakened trees may succumb to other infections such as honey fungus. On some sites the
trees appear to be suffering from line-induced chlorosis which again may have been induced
by droughts in previous years.
The root systems of 10 affected trees were excavated on 3 sites and even the very fine roots
on all 10 trees were found to be alive. However a few declining trees have been found with
extensive root-rot caused by honey fungus and in one case by Collybia jusipes.
No evidence of a vascular wilt disease similar to Dutch elm disease has been found in the
trees examined to date. Leaves from severely affected trees, with conspicuous yellow foliage,
were tested at the Rothamstead Laboratory for viruses and related pathogens with negative
results.

Prognosis and management of affected stands
Previous outbreaks of oak dieback in Britain have been isolated episodes with subsequent
periods of recovery. The present instances may be more widespread than has occurred in the
past, but it is too early to say if it is a developing situation. In most areas in 1990 and in
1991 oak trees were in good condition and as attacks by defoliating insects were generally
very light, many foresters remarked that oak woods were looking remarkably green and
healthy. The current advice to woodland owners with an oak dieback problem, is that
severely affected trees seem unlikely to recover. It may be prudent to restrict thinning these
woodlands removing only dead or dying trees until a clearer picture emerges.
Parkland trees can be left standing until dead, unless public safety is a consideration. Dead
trees should be felled and the timber can be utilised. Some of the dead wood could be left
on the ground to provide a very important wildlife habitat.
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THE ECONOMICS OF BROADLEAVED FORESTRY IN THE 1990s
Roy Lorrain-Smith, Forestry Consultant
9 Fyfe Grove, Baildon, Shipley, West Yorkshire BD17 6DN
Summary
During the 1990s broadleaf forestry will have to adjust to grants replacing tax incentives;
to an agricultural policy which includes tree planting; to growing environmental pressures;
and to new insights from developments in economic analysis designed to investigate
whether private and state sectors are getting value for money out of forestry. A crude
comparison between available grants and the financial and other benefits from forestry
suggest that both sides do benefit from forestry - perhaps the state more than private
owners. In the near future it seems likely that grants will become more surrounded with
regulations but that they will encourage participation in forestry from lower income
groups than before. Farmers are likely to overcome their fears that forestry will lower
land values, and will find ways round the problem of low receipts in the early years after
planting. Broadleaved silviculture will be amended to produce more environmental gain,
with increasing use made of native species, and public access will become much more
acceptable. A great deal of work remains to be done in the analytical field to enable
environmental factors to be taken into account in management decisions, and management
data is likely to assume much greater importance both for managers and policy makers.
In the longer tenn, an increasingly wide range of the potential benefits from broadleaved
forestry is likely to become recognised and appreciated, but with consequent problems for
foresters who will have to optimise an even more complex benefits stream.

1. The changing circumstances of broadleaved forestry
Whatever else may happen during the -1990s, broadleaved forestry will have to catch up with
the changes of the 1980s. Of these, perhaps four are of particular relevance to economics fiscal changes, agricultural policy, environmental awareness, and developments in economic
analysis.

Fiscal treatment of forestry
In 1988 forestry was removed from the income tax/corporation tax net, and tax incentives
were replaced by higher grants. Financially, the adjustments may have balanced out in
Scotland, though not in higher-cost English broadleaved forestry (Lorrain-Smith, 1988a), but
planting dropped substantially throughout Britain and has not yet recovered. The reduction
was greater for coniferous planting than for broadleaves: this may be due in part to more
favourable broadleaf grants, but perhaps also landowners plant broadleaves for their higher
non-timber benefits.
The fiscal changes which began in 1988 are continuing. The Woodland Grant Scheme
(WOS) has been enhanced by management grants, a higher Better Land Supplement (BLS)
(Forestry Commission, 1991a), and by a new planting -grant supplement for planting near
urban areas (Forestry Commission, 1991b). A revision of the Fann Woodland Scheme (FWS)
is expected in 1992 with improved grants or conditions. Time will tell whether these
improvements will promote enough planting to meet the targets· of a continuingly expansionist
national forestry policy, which shows growing favour towards broadleaved forestry (Forestry
Commission, 1991c).

Agricultural changes
It has become part of European policy to reduce agricultural production. This cannot be done
by reducing subsidies and waiting for the weakest to go to the wall, because farm land
changes hands and remains productive even after bankruptcies. It must be turned to nonagricultural uses, and one of the more favoured is forestry (Agriculture Committee, 1990).
As forestry moves down onto agricultural land there is increasing scope for broadleaved
forestry.

Environmental awareness
We hardly need telling that environmental issues have come to the fore, and that forestry has
been under pressure to change, but it is also true that almost every outdoors environmental
improvement scheme involves planting trees: trees can contribute invaluably. Moreover, they
usually do so in many different ways simultaneously so that their various benefits can be
added up, and skilful management can very often ensure that the same trees also produce
saleable timber at the end of the day. Thus whereas commercial silviculture may have to
alter, trees are likely to be increasingly in demand - particularly broadleaved trees.

Economic analysis
Economic analysts are developing techniques to enable them to be progressively more
comprehensive in the scop~ of their studies, and one result of this trend has been to show
forestry in an increasingly favourable light.
One example of this development is the input-output analysis conducted recently under the
aegis of the Forestry Industry Committee of Great Britain (FICGB), which studied the forestry
industry as a whole - growers and processors together - within the context of the entire UK
economy. This showed forestry to be five times as important as had' been indicated by
previous narrower enquiries (FICGB, 1989; McGregor and McNicoll, 1989). A second
example has been the research promoted by FC into the evaluation of non-market benefits
emanating from forestry (eg, Forestry Commission, 1991d). This work enables us to begin
to see in figures what has long been felt intuitively, that timber is but one of the benefits of
forestry. The development is of particular relevance to the future of broadleaf forestry which
tends to produce a greater crop of non-timber benefits than do conifer forests.
The great driving force behind such economic research is the desire to discover whether one
side or the other - private or state sectors - is getting value for money. If the private sector
can show clearly that it provides a greater public benefit than had been realised, it can argue
realistically for more public support. And when state support is forthcoming, government
wants to ensure that it is getting what it pays for. These points are considered further in
Section 2.

2. Public and private value for money
Grant aid for forestry
First, what is the value of the grants currently available for private forestry? The answer
varies according to the size and location of the planting, on the species planted and the type
of forestry practice, and on whether the planter is a farmer, as Table 1 shows.
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Establishment
A planting grant of between £615 and £1575 per ha is payable in three instalments over a 10
year period. To this may be added in Year 0 a supplement of £400 or £600 per ha if better
agricultural land is planted (BLS), though this is not available under FWS. Also, for
community woodlands near urban areas, an additional payment of £950 per ha may be made,
but it is not yet clear whether this will be a single payment or three instalments.

Table 1 Grants under the Woodland Grant Scheme (£/ha)
Conifers
Area (ha)

<0.9

Broadleaves
Area (ha)

0.9-2.9

3.0-9.9

>10.0

<0.9

0.9-2.9

3.0-9.9

>10.0

Establishment grants

Standard

1005

880

795

615

1575

1375

1175

795

BLS

400

400

400

400

600

600

600

600

Corn Fori

950

950

950

950

950

950

950

950

Totals

2355

2230

2145

1965

3125

2925

2725

2345

<10.0

>10.0

<10.0

>10.0

Management grants

Standard

(yr 11-20)

15

10

(yr 11-40)

35

25

Special

(yr 11-50)

45

35

(yr 11-100)

45

35

lCommunity Forestry Supplement

Management
If sufficient expenditure is likely to be required, an annual management grant may be payable
from Year 11, for 10 years for conifers and 30 years for broadleaves, and with a higher level
for areas under 10 ha. Areas of especial environmental value may be eligible for the special
rate which is also available from year 11 but without limit of time. Estimating the value of
this higher rate must be based on assumption, and in Table 1 it has been assumed that it
would be paid for 50 and 100 years for conifers and broadleaves respectively.
Farm woodland payments
Fanners may also be eligible for annual payments in compensation for lost fann income. The
level varies according to the grade of land planted, and the duration of payment varies with
the species planted. The levels, summarised in Table 2, are taxable as fann income, which
the other forestry grants are not
If all these grants are added together, a very variable picture emerges, as shown in Table
3. Total grants for a crop of trees may vary between £1315 and £14,625 per ha. These are
all cash figures; discounting would reduce present values considerably, as shown in (Table
4).
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Table 2 Farm Woodland Scheme payments (£Iha)
Woodland type
Annual payment

>90%
oak:/beech
(payment for
40 years)

>50%
broadleaved
(payment for 30
years)

Other species
(payment for
20 years)

Coppice
(payment for
10 years)

Unimproved

30

1200

900

600

300

Severely
Disadvantaged Area

100

4000

3000

2000

1000

Disadvantaged Area

150

6000

4500

3000

1500

Other

190

76rIJ

5700

3800

1900

Land quality

Table 3 Maximum and minimum grant levels (£/ha)
Grants

Broadleaves

Conifers
Minimum

Maximum

Minimum

Maximum

Establishment

615

2355

795

3125

Management

100

2250

750

4500

FWS pa)ments

600

3800

1200

7600

Totals

1315

80051

2745

Deducted BLS of: 1£400; 2£600

Table 4 Total values of grants for 2.5 ha (£/ha)
Actual cash

Discounted at 6 %

Conifer

Broadleaf

Conifer

Broadleaf

Planting

880

1375

797

1245

BLS

400

600

400

600

Corn Fort

950

950

950

950

Management

2250

4500

396

417

FWS payment

3800

7600

2179

2859

WGS

2543

3212

FWS

4322

5671

WGS

153

193

FWS

259

340

Individual grants

Present values

Equivalent annual values

tCommunity Forestry Supplement
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Finally, in Table 4 the case of a typical 2.5 ha block of planting is considered,
optimistically assuming that it is eligible for both BLS and the new community forestry
supplement, as well as management grants at the special rate and FWS payments at the top
rate for the longest period (although in this case BLS is deducted).
The figures in Table 4 are for conifers and broadleaves, in cash and discounted at 6 per cent
(the Treasury rate for forestry), and totals of both present values and equivalent annual values
are shown. The chief effect of discounting is to reduce the present value of management
grant and FWS payments.

The value of non-timber benefits from forestry
The next stage is to compare these grant levels with the value of non-market benefits
produced by forestry. No such data are available for private forestry, but a very useful set
of figures for the Forestry Commission is provided by a cost benefit analysis of FC forest
replanting in east England (Whiteman, 1991). We shall start with the bold assumption that
private forestry benefits might be as high as those from FC, and then vary the assumption as
may be considered appropriate. Whiteman' s estimated non-market values are set out in Table
5, expressed in tenns of annual equivalents, calculated with a 6 per cent discount rate.

Table 5 Equivalent annual values of forestry
benefits
Commodity

£

Timber alone (net)

-180

General recreation

204

Specialist recreation

5

Sporting pursuits

1

Carbon fixation

39

Nature conservation

100

Water/ soil

-1

Landscape

n/a

Shelter

n/a

Employment

n/a

Historical importance

n/a

Total non-timber

348

Grand total

168

nla = not available

Of greatest value is general recreation, which generates a value equivalent to £204 per ha
each year. Other quantifiable benefits are shown, and it can be noted that soil and water
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interactions impose a small cost. Several items are listed as having some value, which may
well be substantial, but techniques of analysis have not yet been devised to cater for them.
Even without these the total annual value comes to £348 per ha, which comfortably exceeds
the grants in Table 4 - and those figures were based on optimistic assumptions.
However, we have to consider carefully how valid it may be to apply these FC figures to
private forestry. Several things can be said. First, they probably apply fairly well to local
authority woods to which the public has free access - such woods are not privately owned but
they do receive FC grants. Second, on privately owned woods access is usually much more
restricted unless there happens to be a good network of public footpaths, and the figures for
recreation should be reduced, although it is not clear by how much. Third, offsetting that
decrease is the probability that private forestry may in fact have greater environmental value
because of their higher broadleaf proportion, and some grants are conditional upon public
access being agreed. Fourth, even if the Table 5 figures should be greatly reduced it is also
true that the Table 4 grants were optimistic, and in any comparison care should be taken not
to overestimate those payments. Finally, care should also be taken not to leave out of account
the unquantifiable listed in Table 5 - landscape, shelter, employment, and historical factors and the many others that could be added (see Section 4).

The profitability of forestry with grant aid
The purpose of Whiteman's analysis was to discover whether the existence of non-market
benefits made Fe forest replanting worthwhile. Without these values, replanting made a
financial loss at 6 per cent equivalent to £180 per ha each year. Obviously the non-market
benefits are more than sufficient to make the financial loss into a handsome gain for society
as a whole.
It must be made clear that Whiteman was only considering FC woods, but we can continue
to use his figures as a guess for private forestry if this time we assume that private costs and
timber receipts would have been broadly similar to FC levels. Such an assumption is very
rough and ready, partly because the composition of private woodlands may well not be the
same as FC, and partly because extra expenditure will be expected if management grants are
to be paid. Nevertheless, if we do assume comparability in order to show the need for better
figures and how they might be used, the loss figure per ha of £180 can be compared with the
annual equivalent values of grants payable, as in Table 4. These were compiled using
favourable assumptions which would certainly not apply in all cases but, having said that, it
would appear that grants may perhaps just about make forestry pay for the private owner and as measured at a discount rate of 6 per cent. FWS appears better than WGS, but the
payments have not been reduced to allow for taxation.
The conclusions that can be drawn from comparing these figures can only be very general
and tentative. If private forestry is producing non-market benefits on a level comparable with
FC, it would appear that the state is doing better out of the arrangement than private owners,
but that assumes we can with acceptable approximation apply Whiteman's figures to private
forestry, which was no part of his intention in doing the study. Much more research would
be needed to produce figures allowing frrm conclusions to be drawn.

3. Economic responses in the 1990s
Section 1 briefly indicated some of the recent changes which broadleaved forestry has to
come to tenns with, and Section 2 compared the scale of grant aid with one estimate of the
environmental value of forestry, for which public benefits the grants may be considered
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payment But we also want to consider how broadleaved forestry may respond to these
influences, and that is the subject of Section 3.

Responses to fiscal changes
Before 1988, woodland owners were sometimes accused of managing their woodlands solely
for tax advantage, and doubtless some will similarly be accused in the future of having eyes
for nothing but grants. However, tax concessions in forestry came to an end, eventually, and
forestry geared solely to grants might be similarly vulnerable. A more stable approach would
perhaps be to manage woods for a mix of market and fiscal receipts. If that approach were
adopted, we might expect foresters to continue to seek new and better value markets for
timber as at present (eg, Forestry Commission, 1991e) but there may also be a strengthening
of desire to fmd out how to market small-sized hardwood produce as the broadleaf plantings
encouraged by the more favourable grants come into the thinning stage. Alternatively, nonthin regimes for broadleaves may be sought.
The higher the levels of grant paid, the more certain it is that they will be accompanied by
guidelines or other regulations designed to ensure that forestry practice is of a kind likely to
produce the non-timber benefits required (Forestry Commission, 1985, 1988, 1989, 1990;
TGUK, 1985). It has been shown that such guidelines can significantly reduce profits in
some circumstance (Lorrain-Smith, 1988b), and it is fully to be expected that these guidelines
and the silvicultural practices they encourage will be progressively challenged and refined
both by conservationists and foresters. The best result of such a debate would be a movement
towards more cost effective practices with benefit to everyone, but a more pessimistic view
might be that grant aid will become bedeviled by bureaucracy.
Income tax incentives were based on actual costs, but planting grants are strictly per ha.
Moreover, whereas tax incentives were automatically higher for high tax payers, grants do not
vary in that way. Accordingly, high tax payers now find forestry less attractive, but it has
become potentially more rewarding than before to those in lower income brackets, especially
those who already own land. That such groups have not yet taken to planting trees may mean
simply that time is needed for this increased attractiveness to be fully appreciated, or that
forestry even with the higher grants is not yet attractive enough to induce widespread
planting.
In some circumstances it may prove too expensive to persuade landowners to plant
sufficient areas of land: they may never be responsive enough to the levels of grant on offer.
If that proved to be the case in areas regarded as important for forestry, perhaps in community
forest areas near towns, it might be cheaper for FC or some other agency to buy land and
plant trees. Thus it is not impossible that FC might follow forestry down the hill and become
a key player in community broadleaved forestry.

Responses to agricultural changes
Fanners in Britain have not traditionally been interested in forestry, and although attitudes
may alter in time, fear is often expressed about the effect of afforestation on fann income and
capital value. There is no doubt that land planted up with trees no longer yields agricultural
income, and if that land could have continued to be profitably farmed (despite reducing fann
subsidies) forestry is usually the poorer option. FWS payments are specifically designed to
offset that loss, and there is some evidence that it already does so satisfactorily in some
circumstances (Appleton and Crabtree, 1991). The capital structure of the fann may be
altered if the buildings and machinery have to be applied to fewer acres as tree planting
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proceeds. More research may be needed to find out how important that factor may be, but
it seems likely to be a short tenn effect.
Additionally, it is often claimed that afforesting farm land reduces its value. The veracity
of that claim may need testing by empirical studies, but even if it is true, it ignores the effect
on the whole farm or estate: judicious planting may increase the value of the total property.
Near towns agricultural land prices may be inflated by hope value which, it is said, would be
lost if the land were to be planted with trees. It is possible to imagine scenarios in which this
might happen, but difficult to see as generally likely. Individual farmers in treeless zones
near towns may be unwilling to plant land, fearing that to do so would direct development
to neighbours' land from where the view of their trees may be adniired. However, that would
be much less likely if quite large scale planting took place, of a kind that could at some future
date accommodate development, which would be all the more valuable for having been
environmentally improved by trees.
Attached to these fears is the assumption that the change of land use from farming to
forestry is technically irreversible, but such a fear (or hope) is nonsense. The very land now
farmed was once woodland and has been cleared, and much concern is continuingly expressed
over the clearance of ancient woodland for agriculture. There is no reason why the
boundaries of plantations should not be adjusted to allow for development, or the land turned
back again to farming if circumstances altered and such a course of action seemed desirable.
Grant aid might even be offered to offset the necessary costs.
Farmers may well doubt the permanence of the present shift of opinion towards lowland
forestry, noting both hunger for food in much of the world and, closer to home, hunger for
development land. Even if a change of land use to forestry is not irrevocable, these
influences are nevertheless likely to reduce the alacrity with which farmers embrace trees,
except perhaps on marginal land unsuited to building.
Another brake on the rate of afforestation is declining agricultural incomes, leaving fanners
unable to finance tree planting, even with the grants. Such problems may in fact turn out to
be opportunities for the enterprising, and the 1990s may perhaps see the extension of
initiatives combining a volunteer work force with available agricultural land, perhaps similar
to the Woodland Trust's Licence Scheme, and perhaps in exchange for legally agreed rights
of public (or membership) access.
For the less penurious who do undertake extensive tree planting programmes on their farms,
there may also be a trend of relocating fann boundaries as efforts are made to optimise capital
structures. In community forests and other areas where the policy is to encourage quite high
proportions of farms to be planted, it may prove necessary to facilitate such adjustments by
empowering some managing agency to buy and resell land.

Responses to growing environmental pressures
Perhaps three developments seem likely to flow from current influences. The fIrst is a search
for tree species better suited for forestry in the environmental age, especially native
broadleaves. A very clear example of this is provided by the proposal by FICGB that birch
should be given fresh consideration as a commercial forest species, especially in Scotland
(Lorrain-Smith and Worrell, 1991). Long regarded as a weed, changing circumstances mean
that it might after all be made useful in plantations if it could be developed as a result of
silvicultural and genetic research backed by better marketing, as has already happened in
Scandinavia. Birch is a good tree to start with, but interest may soon extend to other native
broadleaves - perhaps alder, aspen and hazel.
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A second development that seems quite likely is the amendment of silviculture and
management to improve the production of those benefits which earn grant support, while at
the same time (hopefully) maintaining or even improving timber values. One way this has
already been done has been the widespread adoption of tube shelters to speed broadleaf
establishment. A second possibility that might be encouraged in the future is high pruning.
This operation does not seem to be justifiable by improved timber receipts alone, but it also
improves the look of trees for visitors. Thus on environmental grounds it might justify the
receipt of management grant, and thus both commerce and conservation would be improved.
Third, it seems more than likely that efforts will be made to improve relations between
foresters and others. On the one hand many foresters who want to receive grant aid are
simply going to have to learn to manage public access, coping with the problems of public
demand and private concerns about vandalism and lost privacy. This may be eased if
entrepreneurial pioneers can discover ways of marketing more of the benefits of forestry
profitably, or access may increasingly become a condition of receiving grant aid. It is also
to be hoped that improved relations also prove possible between forestry and
environmentalists (see Section 3.1), though that may be longer term and depend on how well
forestry can win public sympathy for what it provides (see Section 4).

Responses to developments in economic analysis
A vast amount of work remains to be done to improve (let alone perfect) techniques of
economic analysis, and it seems very likely that this will continue to be an important area of
research. Efforts may be expected towards evaluating those benefits currently defying
quantification for cost-benefit analysis (eg, landscape, shelter, employment, and historical
factors, as noted in Section 2.2), as well as refining existing techniques for greater precision
in evaluation. Ideally, though this may be a long way off, it should eventually be possible
to take account of changes in environmental values within individual management decisions
as easily as costs and profit levels.
The trend towards increasing comprehensiveness will also lead to economic analyses
embracing whole farms or estates, with forestry, agricultural and other interactions all built
in - including land value changes, lost agricultural revenue and capital structure adjustments.
The national intention to plant up part rather than all of fanns emphasises the need to
facilitate rational decisions about where and how much to plant.
As well as more refined data about environmental values, all the foregoing developments
need basic management data, eg, costs. Before 1988 costs were automatically reduced by
income tax concessions but now they assume the importance of their full face value. Costs
are offset directly by grants which are now much higher than before 1988, and therefore for
these two reasons knowledge about costs becomes much more important. Such information
is needed both at the estate level for management decisions and at national level when grants
are being reviewed. It is ironic in the extreme that this need should become apparent just as
a 40 year old cost recording programme by Oxford and Aberdeen University Forestry
Departments is being dropped.
Costs, however, are only one of the basic types of management data needed, timber prices
and predicted volume outturns are also important when engaging in discussion about
guidelines which alter management practices for environmental gain but at some cost in profit
foregone. If the discussions are to be informed, estimates of that lost profit will be needed.
If forestry is simply a hobby then management data may be irrelevant; but if it is to be a
business then basic management data must become increasingly important. It will be up to
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individual farms or estates to keep records which can yield the necessary information for their
own decisions; but some central authority may be required to take the initiative of collecting
and collating data at national level.

4. Longer-term trends
Those seem possible, even likely, responses to the changes that have recently come to affect
forestry - a swing towards payment for benefits produced, a more intimate linking with
agriculture, a fuller contribution to life's environs, and more soundly-based analytical
techniques that give credit where credit is due. But perhaps these are only steps in a longerterm trend of public recognition of the benefits of trees, broadleaved in particular. For
instance, the proposals for community woodlands and the new national forests in Central
Scotland and Midland England have proved very popular with the general public. Most
people quite obviously want more trees closer to home, which they and their children can
enjoy. One can begin to see the reason for such public interest by working out a list of all
the benefits trees can provide for people: it is a very long list, as the following brief summary
indicates.

Direct financial effects
· Timber as a raw material for industry.
· Sports and pursuits (eg, mountain biking, orienteering, war games).
· Tree planting increases site values, industrial or residential.

Indirect financial effects
· Shelter belts may improve fann productivity.
· Forestry may be cheaper than farming urban fringe areas.
· Forestry takes fann land out of agricultural production.
· Growing timber fixes CO2 •
· Timber can be substituted for more polluting raw materials.
· Forestry provides jobs.
· Forestry training provides transferable skills.
· Forests are important educationally at all levels.
· Forest study areas close to schools save busing costs.
· Community involvement may reduce vandalism.
· Trees in hospital grounds may speed patients' recovery.
· Tourism may be enhanced by well landscaped afforestation.
· On the other hand there may be adverse soil and water effects.

Environmental effects
· General recreation is improved by access to woodlands.
· Landscapes can be enhanced by woods and trees.
· Nature conservation places high value on woodland habitats.
· Green belts near towns are enhanced by tree planting.
· Urban tree planting makes more pleasant places to live and work.
· The image of a whole region can be improved by good forestry.
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lnter-generational effects
· Financial fruits of afforestation are provided for future generations.
· Forestry is sustainable, and does not reduce future options.
· Future environments are improved by planting now.
· A home grown timber resource is a cushion against trade interruptions.
· Home grown timber reduces the impact of worsening terms of trade.

Political effects
· Planted farms are evidence of Government cooperation with CAP.
· Forests show Government commitment to reducing CO2 levels.
· Forests are evidence of other international commitments being met.
· Welfare of greened areas can be seen to have been raised.
· Similarly, social deprivation can be seen to have been reduced.
· Forests are evidence to the electorate of green policy in action.
Some of the items on the above list items are quite obvious, like timber and recreation, but
other benefits are far less well known. For instance, it is claimed that patients in hospitals
recover more quickly and with fewer drugs if they can see trees from their windows (Ulrich,
1979), and a few pioneers are discovering that trees can be used to help strengthen
community links. What is being tried, eg, by the Woodland Trust (Worrall, 1989) and some
of the Groundwork Trusts, is to encourage local people of all classes to begin to take
responsibility for particular woods in their own locality. And what they are finding is that,
as they do, respect develops for the trees, for property generally, and for each other.
Vandalism of all kinds diminishes. Community woodlands which could begin to provide
benefits of that order (along with all the rest) would certainly be something more than a new
name for woods near towns, and in such woods broadleaves would play a very important part.
Such thoughts provide great encouragement, but also daunting challenges.
The
encouragement is that demand for the benefits provided by broadleaved forestry is going to
grow. It is instructive to compare the points listed with the aims of the national
environmental strategy, noting in how many ways broadleaved forestry provides the benefits
the country desires (HMSO, 1990). But the challenge is twofold: forestry interests have to
make clear to all concerned that broadleaved forestry can indeed provide the benefits so
greatly in demand, because this has not yet been fully recognised by those in power at
national and regional levels; and secondly, foresters must work out how to deliver the goods.
Trees can't do much on their own except grow, and foresters are those who know how to
direct that growth to beneficial ends; but this they cannot do unless or until they work out
how to meet the new pattern of public demand - tailoring silviculture and management inside
the wood, and winning from policy makers instruments of encouragement and control which
enable such practices to flourish. The task is not to be underestimated. It is hard enough to
manage a wood for timber alone, and designing a new forestry package which successfully
combines the production of timber with all these environmental and social benefits will
continue to challenge forestry long after the 1990s have flowed into the next century.
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SHAKE IN OAK
(QUERCUS ROBUR L. AND Q. PETRAEA LIEBL.)
R.A. Mather, P.J. Kanowski, P.S. Savill
Oxford Forestry Institute, Department of Plant Sciences,
University of Oxford, South Parks Road,
Oxford OXl 3RB, England
Summary
The term 'shake' describes the presence of longitudinal separations in the wood of living
trees. Predisposition to shake in Quercus robur and Q. petraea increases with the cross
sectional areas of earlywood vessels. Investigations suggest that vessel area is under
strong genetic control, and is related to provenance, the timing of leaf emergence in the
spring and the onset of leaf senescence in the autumn. These results are promising for
those concerned with selecting oak varieties less prone to shake or wishing to recognise
and remove shake-prone trees early in rotations.

Introduction
The timber defect known as shake is described by Panshin and de Zeeuw (1980) as
.longitudinal separations of the wood which appear in the standing tree". Ring porous oaks
are frequently affected by shake. In a questionnaire survey designed to evaluate the present
timber quality of British oak, growers reported shake to be the most serious form of degrade
with, on average, 21 per cent losses by volume to star and ring shake. Savill (1986) found
that the mean cross sectional area of the large earlywood vessels was significantly greater in
shaken trees than in sound ones. With the information that large vessels predispose oaks to
shake, our objectives were to; a) estimate the heritability of vessel size; b) detennine
provenance variations in vessel size; and c) to find a means of recognising shake-prone trees
so that they could be removed during early thinning operations. Some of these aspects have
been discussed further by Savill and Mather (1990).
tt ••

Materials and methods
Tree mean vessel areas were detennined from measurements of vessels obtained from 5 mm
wood cores and expressed in pm2• In each case, 5mm increment cores were taken at 1.3 m.
Heritability studies utilised material collected from a half-sib progeny trial, located in
Bramwald forest near Kassel in Lower Saxony, Gennany. The experiment, established in
1950, consisted of 32 half-sib families of Q. robur planted in an unreplicated design.
The principal provenance trial, established by Krahl-Urban in 1950, was also located in
Bramwald forest. In 1951 seedlings were planted on a second site at Syke near Bremen. The
sample objective for each site was 12 trees per provenance, five provenances per species (Q.
robur and Q. petraea). The sample obtained fell short of the objective by 32 trees due to
fewer surviving trees at Syke.
Investigations into the association between the progress of flushing and vessel size were
undertaken on 20 early and 20 late flushing trees of indigenous Q. petraea stored coppice at
Bagley wood, Oxford.
The progress of leaf senescence was also assessed for 75 sessile oaks at Bagley wood from
9 October until 18 November 1989, and expressed as the percentage of the full crown
compliment of green leaves before the onset of leaf senescence, as follows:

1, 100% of green leaves still on the tree; 2, 96-99%; 3, 91-95%; 4, 81-90%; 5, 76-80%;
6,51-55%; 7, 26-50%; 8, 0-25%.
Trees were ranked according to mean vessel size and then allocated to three equal sized
groups of 25 trees possessing small, intermediate and large vessels respectively.

Results and discussion
Heritability studies
The model fitted to vessel area data from each trial may be expressed as:

where VA ij is the observation on individual j of genotype i, J.l is the overall mean vessel area;
gi is the effect of genotype i; eij is the normally and independently distributed random
deviation of genotype i, with a mean of zero. Differences between families were highly
significant (p <0.001). Variance components were estimated from analyses of variance and
narrow sense heritabilities were estimated from variance components according to the
expression:

ere

erg

where
and
are the components due to within-family and between family variation
respectively. Acknowledging the limitations of unreplicated trials, estimated values, at 0.60
± 0.25 on an individual tree basis and 0.79 ± 0.21 on a family mean basis, indicate that vessel
area is under strong additive genetic control. This is consistent with results reported for wood
characteristics in many species (Burley, 1982; Zobel and Buijtenen, 1989), as well as from
similar material in oaks (Nepveu, 1984). These results are discussed in more detail by
Kanowski et al. (1991).

Provenance studies
The analysis of variance for the provenance trial data is presented in Table 1, from which it
can be seen that the factors significantly influencing vessel size are the width of annual rings
and provenances. There is also an interaction of provenance with sites which reinforces
Kleinschmit's (1986) opinion that selection of desirable provenances should be specific to
particular sites.

Relationship between flushing dates and vessel sizes
The analysis of variance, summarised in Table 2, shows highly significant differences between
early and late flushing trees (P>O.OOOl) which accounted for almost 20 per cent of all
variation. Means and standard errors for vessel areas for early and late flushing trees were
67134 ± 3090 pm2 and 83754 ± 2854 pm2 , respectively.
Results show clearly that early-flushing trees tend to have vessels of smaller cross sectional
area than late flushing ones. In oak, new vessels are fonned about one week after buds break.
Indole-3-acetic acid (IAA) is believed to provide the stimulus for vessel growth (Longman
and Coutts, 1974), and has been shown to produce earlywood vessels with larger lumen areas

47

Table 1 Analysis of variance for vessel area with provenance effects
df

Source of variation

Sum of
squares

mean
square

F-ratio

p

Species

1

400

400

0.71

0.422

Provenances within species

8

4424

553

6.61

0.000

Site

1

14

14

0.16

0.688

Species x site

1

148

148

1.77

0.185

Provenance within species x site

8

2338

292

3.49

0.001

Covariate (ring width)

1

12489

12489

149.31

0.000

Residual

197

16478

84

Total

217

Table 2 Nested analysis of variance for vessel area with time of flushing
No.

Source of variation

2

Flushing categories

20

Trees in categories

2

df

Mean square

F-ratio

Variance
component

p

1104.9

15.65

1.29

19.64

38

70.6

5.39

1.44

21.81

Cores within trees

40

13.1

3.05

0.44

6.69

10

Rings within cores

720

4.3

1.72

0.91

13.78

2

Vessels within rings

800

2.5

2.51

38.08

Table 3 Analysis of variance for leaf senescence with vessel area group
Date

Source of variation

Sum of squares

df

Mean square

F-ratio

p

9/10

Between groups
Within groups

2.48
70.24

2
72

1.240
0.976

1.27

0.2867

12/10

Between groups
Within groups

9.15
41.52

2
72

4.573
0.577

7.93

0.0008 1

14/10

Between groups
Within groups

13.55
61.12

2
72

6.773
0.849

8.00

0.0007 1

16/10

Between groups
Within groups

12.67
66.00

2
72

6.333
0.917

6.91

0.0018 1

18/10

Between groups
Within groups

7.23
76.32

2
72

3.613
1.060

3.41

0.0385 1

21/10

Between groups
Within groups

5.63
72.16

2
72

2.813
1.002

2.81

0.0670

1

indicates days on which shedding scores of the three vessel groups were significantly differenL
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in ash (Doley and Leyton, 1968). The fact that IAA is also known to inhibit the emergence
of buds in Q. alba (Vogt and Cox 1970) strongly suggests that leaf emergence and earlywood
formation are inextricably linked through a common association with IAA.

Associations between leaf senescence and vessel size
An analysis of variance (Table 3), shows that the three vessel size groups were most
effectively distinguished by their leaf senescence scores during the early stages of senescence
from 12 to 18 October. Thereafter differences between vessel size groups became less distinct.
Examination of mean senescence scores for each vessel size group of sample trees, indicated
that the onset of leaf senescence was earliest in the large vesselled, therefore shake-prone,
group, followed by trees with intennediate sized vessels, and was most delayed in the small
vessel group. The useful functional life span of large earlywood vessels is a maximum of one
growing season (Longman and Coutts, 1974) and is related to their cross sectional area
(Zimmennann, 1983). It may therefore be the case that trees with larger than normal vessels
suffer water stresses earlier than those with smaller vessels. The corresponding earlier onset
of leaf senescence in such trees may partly be to avoid physiological drought.

Conclusions
Results from progeny and provenance trials suggest that selection and breeding at the level
of provenances and individuals should both be effective in reducing the frequency of shake
in oaks. Meanwhile the tendency of trees with large earlywood vessels to flush latest and
exhibit leaf senescence earliest provides a useful means for the early recognition and removal
of shake prone individuals.
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