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INTRODUCTION

HERE HAS NEVER BEEN A TIME when the debate
regarding the use of rural land has been so intense, and
| |covering every secloral interest,

going severe economic pressures, particularly in the livesiock

Agriculture is under-

sector and is facing the prospect in the longer term of prices no
longer being protected or supported o the same extent under CAP.
The public perception of agriculture has also been damaged by
ill-balanced and poorly informed presentations regarding food
quality and health. Pressure on the land market, the volume of
agricultural borrowing and the fact that farmers continue to leave
the land are indicative of the constraints under which many farmers
now operate.  Nevertheless significant parts of the indusiry con-
tinue to respond o technological opportunities w0 improve the
efficiency of crop, meat and milk production, to increase profitab-
ility and compete more effectively in the European, and indeed, the
world market place.

Mew planting of forests has slowed down and the uptake by
farmers and landowners of the Farm Woodland and Woodland
Grant Schemes is also slow: it can be concluded that this will only
be improved on the basis of per-

review of Geographic Information Technology as a means of
objectively assessing land use options and land use planning.
Twao further articles deal with aspects of strategic research on
animal and plant ecology which are relevant to hill and upland
ecosystems.  One addresses the question of how ruminants,
whether they be sheep, cattle or more novel species such as deer
and goats, are affected by changes in the seasonal cycle of day
lemgth in relation to reproduction, growth and the build-up and
break-down of body fat, and how these interact with the digestion
and metabolism of the natural food supply. The other is
concemned with aspects of plant competition and the sustainability
of grazed grass/clover pastures in low input and more extensive
systems, and the potential
communities.
progress in the research progromme as a whole,

The practical means wherehy a range of land use objectives can
be achieved was the subject of the 14th Macaulay Lecture given by
Sir Robert Cowan, Chairman of the Highlands and Islands
Development Board (pages 60-65). Sir Robert explains how the

Board has tried 1o achieve an

for creating more diverse plam
The remainder of the report highlights areas of

ceived future beneficial investment
opportunitics in forestry which s
dependent  upon
market demand for timber products,
by improved financial
from Government or as a result of
diminishing agricultural fortunes.

Al the same time concern for the

projections  on

mcentives

protection and conservation of the
environment is uppermost in the
minds of the public, The agriculiure,
forestry and recreation industries are
increasingly that
continued development must be in
the context of land
policies which are environmentally
sensitive.  And yet it is crucial that
these industries find acceptable ways
of contributing to and sustaining the social and economic fabric of
reral areas, and in particular, for agriculture 1o remain in a position
whereby it can contribute to the future world demand for food as
the world population continues to expand rapidly into the next
century. Technological opportunitics which improve the efficiency
of agriculture and forestry require 1o be developed and applied in
an appropriate context. Equally, opportunities to provide access in
a controlled, and environmentally sensitive manner e facilitate the
enjoyment of the countryside have to be found.

The success with which this multitude of objectives for land
use can be achieved depends on our ability to analyse critically
the various options and strategies based on as much ‘Thard

aware their

I'I'l:lllilgl.'ll'll'ri[

information as possible. The Institute’s central role is o develop
information technology and modelling systems, underpinned by
the knowledge derived from relevant programmes of strategic
science to do this,

This Annual Report has four amicles which reflect this
approach. The first article examines the factors which influence
Agriculture and Land Use Change and reviews some of the
prospects and opportunities for change: this is followed by a

imegrated  approach o rural
development in relation to Farming,
Forestry and the Environment’ in the
Highlands and Islands. It is
important to note Sir Robert's thesis
that rural land use integration will
only be successfully achieved if it
invalves those people who reside in
rural communities and make their
living off the land - the 'bottom-up’
approach. Clearly the
dimension is central to almost every
policy to do with land use.

During the year two substantial
EEC Contracts have been awarded
under the EEC programmes STEP
and CAMAR, and the Institute is
participating in others in collab-
oration with other rescarch centres in Europe. Income from
sources other than DAFS for research and consultancy has
continued 10 grow, A Resource Consulancy Unit (RCU) which
markets a range of consullancy services on land evaluation and
Regional

social

assessment o serve  farmers, foresters,  estates,
Authorities, Government Agencies, and other public and commer-
cial bodies is being formed which will be fully launched in April
194,

There has been an increase in the number of visiting workers
from many parts of Europe, from Japan, Sri Lanka, the Middle
East, South America and Australasia.
academic year there are twenty-five posi-graduate swdents
working in the [nstitute in close collaboration with both Aberdeen
and Edinburgh Universities, and Universities elsewhere in the UK.
Working relationships and collaborative research projects and
proposals with the Scottish Universities, the Scottish Agricultural
College, the Forestry Commission, the Instite of Terresinal
Ecology. the Rowett Rescarch Institute, the Moredun Research
Institute, the Scottish Crop Research Institute and the AFRC
Institute of Grassland and Environmental Research, and the

As we enter the current
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INTRODUCTION

Institute of Animal Physiology and Genetics Research, are a
significant feature of the Institute’s activities and multidisciplinary
research.

The major political changes which have taken place recently in
Eastern Europe have opened the door for increased collaboration.
The Institute in common with its sister SARI Institutes and with
SASS launched an initiative to promote a range of scientific
exchanges and joint projects 1o be funded by intemational funding

agencies and by the EEC. A brochure was prepared and a series of

pathfinder and fact finding missions have been arranged 1o visit
Poland, Czechoslovakia and Yugoslavia. Scientists in all these
countries have responded positively to the SARI East European
Initiative. Project areas of mutual interest have been identified:
programmes of training visits, scientific and technical exchanges
and cooperative experimental programmes for which funding can
be sought are being developed.

Topics appropriate for collaboration already raised by scientisis
in Poland and Czechoslovakia as of imponance to their countries
and relevant to MLURI expertise range from grass physiology,
through monitoring changes in environmentally sensitive areas, the
atipinment of sustainable plant production with low inputs,
foraging behaviour and vegetation dynamics, land use in hill,

upland and marginal land, to the use of remote sensing as an aid in
land use monitoring and planning. Since all are of key importance
in the programme of research commissioned by DAFS there are
clearly mutual benefits to be realized in developing cooperative
scientific work in these areas.

The Institute continues (o review its programme of research in
relation o the changing requirements of R&D funding, new
opportunities and the roles of research organizations throughout the
UK and Europe. Achievement of scientific excellence and the
relevance of research are the criteria which will influence our
programme of work and the establishment of an international
reputation in four key areas. These are:-

Land use information and modelling
environmental impact assessment

Acidification and pollution of spils and waters, organic matter
wrnover and soil mineralogy

Soil-plant relationships, including microbiclogical aspects and
nutrient cycling.

Vegelation dynamics and foraging strategies of grazing
animals.

systems, and

T.J. MAXWELL, Director




AGRICULTURE AND LAND USE CHANGE

AGRICULTURE AND LAND USE CHANGE
T.J. MAXWELL

Introduction

Land use and land use change is increasingly influenced by
Government and EEC policies and these policies are largely
determined by the way in which economic and social issues, and
environmental considerations and technology interact (Figure 1)
The final outcome, however, is largely determined by the way
land owners and those responsible for managing the land respond
1o these policies in the choices and decisions that they make.

In order to understand the nature of this decision-making
process it is important o consider, first, the impact that ECOMOMIC
and social policies have had on land use change; second, the
implications of the increasing influence of environmental
considerations on land use: third. how the hill and upland sector of
agriculture might respond: and the means whereby the

development of these areas can be secured.

The impact of economic and social policies

As a result of changes in the profitability of different agricultural
enterprises, changes in the balance of use of land between these
enterprises are inevitable; secondly, within enterprises land
management practices will also respond 1o changes in profitability
by adjustments to inputs and the adoption of new technologies.
Thirdly, some forms of agricultural production may be less
profitable relative to other land uses and therefore land will be
removed from agricultural wse altogether.

This analysis is derived from an economic view based on the
assumption that the motive for farming 15 o maximize profits
Though farmers invariably have other motives, it 15 axiomatic that
if they are to stav in business and remain on the land, revenues
must exceed costs by a sufficient margin to justify the employ-
ment of labour and the use of capital in the farming business

3
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AGRICULTURE AND LAND USE CHANGE
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Figure I, Land use interaction.

During the last 25 years the revenues which farmers have been
able 1o expect have encouraged practices which have increased
output to maintain income, 10 the point at which, for some
commaodities, surplus levels of production have been reached.
Economic theory would suggest that surplus output would bring
about a reduction in price and a fall in revenue, justifying a
redection in inputs. This would reduce output and consequently
restore the balance between supply and demand and a stabilization
of price. However, the sources of revenue to farmers extend
beyond the market price and include significant financial support
from Government. Support is used as a means of implementing
sirategic economic and social policies. In concert with the
European Community’s Common Agricultural Policy (CAP) the
aim has been until relatively recently to:

I. increase agricultural production

2. guarantee regular supplies

3.  ensure reasonable prices 1o consumers, and

4, ensure a fair standard of living for the agricultural

population.

In general the CAP has achicved its objectives by guarantecing
minimum prices, and providing grants. Consequently, farmers
have often increased output because they have farmed land which,
in a free market economy, they would not have found profitable 1o
farm. Equally, some have found it profitable to farm their limited
land resources more intensively, Farm price support through CAP
has raised both the extensive and intensive margins of land usc.

However, the CAP has also brought problems, of which
surplus output is the most important, While improvements in
technology have been a major force in the creation of these
surpluses, the improvements would not have been so readily
adopted had it not been for the price suppon received through the
CAP. Consequently the principle aim of the policy is now the
stabilization of production and the limitation of budget cost, The
objective is to attain this within a framework which calls for
economic development in depressed areas and has due regard for
social and enviromental factors,

Perhaps the most significant changes in land wse in the hills
and uplands have been brought about, until recently, by the way in
which Government have balanced their support policies as
between agriculture and forestry and the extent to which planning

guidelines have protected agricultural land from both urban and
forestry development. During the last 30 years, most afforestation
has taken place on land which has become less economic 1o farm
in the hill and upland areas of Scotland, with a more modest
expansion in Wales and northern England. Just over 10% of land
is now in forests. To an extent, the rates of afforestation have
reflected the economic fortunes of the hill farming sector in
relation to the introduction of the various policy instruments 1o
encourage investment in forestry. The fiscal advantages to high
tax payers, who found it financially rewarding to make long-term
investments in forestry, however, were removed by the Chancellor
in his 1988 Budget. The expectation is that the Government's
planting targets of 33,000ha per annum will now be more difficult
to achieve despite the introduction of new grant-aided planting
schemes: these being the Woodland Grant Scheme and Farm
Woodland Scheme. The schemes were designed to be attractive to
owner-occupiers. Both schemes have the potential 10 encourage a
greater degree of integration of agriculture and forestry activities.
The Farm Woodland Scheme is designed 1o encourage the
planting of arable and improved grassland, with planting grants
being paid by the Commission under the Woodland Grant Scheme
and agriculural income foregone is compensated until the likely
time of the first returns from timber appear. However, the uplake
of these schemes so far has been very modest, Planting is being
done for a varicty of reasons, the most popular being for
landscape, amenity, conservation, sport and game, It is noable
that the production of timber appears to be of less importance.

It is difficult 1o assess whan the future rate of transfer of land
from agriculture to forestry is likely to be. As in the past much
will depend upon the balance the Government chooses 1o adopt in
its support policy for cach of the industries. IF a significant
amount of land is to come out of agriculture and still be used in
the production of a tangible product, then of these options Forestry
must rate quite highly. The support for a continued expansion of
forestry rests on the current high import bill for wood products
(£7.0 billion) and the strategic view that a greater degree of
self-sufficiency is a prudem policy for the future.

However, Government and EEC economic and social aims for
agriculture still appear to be orlented towards maintaining the
stability of rural populations. Until recently these aims have
largely been achieved through the suppont of production
objectives but during the last six years the CAP has been
increasingly designed 1o bring production levels down. This has
been done by sefting production limits {e.g. quotas), reducing
support prices, often in association with stabilization
arrangements and developing incentives to take land out of
agriculture, for example 'set-aside’ and the Farm Woodland
Scheme. The free-marketeers will continue to argue for further
reductions in price support, believing that this would enable
agriculture in the future to compete more effectively in a world
market: by reducing support, agriculture would be encouraged 1o
use its resources, including land, more efficiently and reduce i1
unit costs. In Europe as a whole, the political price for such a
policy would be high, since it would inevitably lead to an exodus
of people from rural areas. European policies are therefore likely
to be more measured; certainly they will be concerned to reduce
budget costs which support excess production: but policy makers
will wish to find ways of diverting the conseguent savings into

4



AGRICULTURE AND LAND USE CHANGE

other kinds of support like the Farm Diversification Scheme and
the anticipated Extensification Schemes in order o secure the
viahility of rural areas.

Land use and the environment

While much of the rationale for change in the CAP is based on the
need to contain its budge, the recent political willingness to bring
about change has been as much influenced by the environmental
as by the economic issues which have o be addressed.

Until relatively recently financial support has been such as to
encourage the adoption of methods which have aimed to
maximize the output of crops, milk, meat and other livestock
products. Hedges have been removed, wetlands drained,
herbicides and pesticides have been used extensively. and
increased amounts of fertilizers, in particular nitrogen, have been
applied. Many of these practices have had a significant effect on
landscape and reduced the diversity of wildlife in our countryside
and polluted streams and rivers. Higher stocking rates in some hill
and upland areas have damaged indigenous vegetation and
destroyed moorland habitats for wildlife.

j\ W

Count .
mu:mryaide i

Agricultural support

Figure 2, Policy instruments and competing objeciives (adapted
[from Josling, [969).

The relationships described by Josling (1969), Figure 2,
provide a useful framework in which to consider the competing
objectives between agriculture and countryside conservation.
Progress towards support of countryside conservation is measured
on thie vertical axis while the suppont for the agricultural industry
iz on the horizontal axis. The curves OC and OA represcnt
different policy instruments which influence the iwo objectives.
Up to a certain point policy A, which is the kind of palicy
represented by deficiency payments, is illustrated as having
beneficial effects on preserving the countryside as well as
supporting agriculiure - excessive support ultimately leads to
environmental degradation. Policy C represenis a deliberately
‘green’ policy, for example, paying for hedgerows and dry stone
walls and penalizing intensive agriculture.

The extremes of these relationships clearly imply that
agriculture and the natural environment are in conflict, But this
ignores the possibility of a symbiosis between agriculiure and the
environment and the possibility of joint prodection of bath
agricultural goods and environmental goods and services (Harvey
and Whithy, 1988). The challenge is to design a policy instrument
which would produce a course lying between A and C, ie. H.

Many of the policy instruments more recently inroduced for
agriculture and forestry require specific management protocols o
be followed in order to safeguard the environment. At one
extreme there are Sites of Special Scientific Interest (5551s) for
which the Nature Conservancy Council (NCC) is responsible and
specific management agreements have to be adhered to, while at
the other extreme there are the effective voluntary efforts of
individuals who are guided by bodies like the Farm and Wildlife
Advisory Groups, More recently the introduction by the
Agricultural Departments of the Farm and Conservation Grant
Scheme which encourages positive environmental investment, and
the Environmentally Sensitive Arcas (ESAs) where farmers
volunteer to manage their resources according to specific
protocols and are paid 1o do so, are examples of a direct way of
managing the countryside to achieve both agricultural and
conservation objectives.

Several important questions arise out of all of this. First, are
the costs involved and the consteaints placed on agriculture and
forestry justified by the benefits achieved? As yel no entirely
satisfactory way of answering this question in economic terms has
been developed because many of the benefits are intangible. It is
possible to caleulate the cost of pollution but it is proving difficult
to find ways of putting a quantitative value on a landscape or on
wildlife diversity.

The responsibility for land use ultimately rests with the land
owner or his tenant: their livelihood depends upon the decisions
they make about what crops 1o grow, how they manage them,
what livestock to keep and the stocking rate and so on. Socicty is
prepared to pay for the food he produces and the timber that he
grows, But he is also responsible for creating much of our
landscape, habitats for wildlife, and contributes o the general
amenity of the countryside which is enjoyed by those who seck
the recreation that it offers, The question that remains of course is
should society pay for this?

While a precedent has already been set. the extent to which
economic incentives can continue 1o be used to achieve a balance
berween agriculture, forestry, conservation and recreational
objectives will require careful handling. There seems litthe doubt
thar European Policy development will be based on such a
mechanism 1o secure its environmental objectives and at the same
time secure its social objectives for rural communities. But wall
society, in times of economic difficulty, be prepared 10 support
such policies? While compensatory and direct payments in
relation to the Wildlife and Countryside Act and the creation of
the ESAs have their place. are these the appropriate mechanisms
in the long term to bring about a widespread acceptance of what
constitutes environmentally sensitive land use? The latter requires
policies and management strategies which sustain the use of the
primary resources of soil and water on which plants, animals, fish
and ultimately man depend. Such policies and strategies are not
only designed to meet his nutritional and habitat needs, but also
the cultural, aesthetic and intrinsic needs, which ogether
determine the overall quality of life. These are vexed issues
which society and its policy makers will have to 1ackle in the
vears ahead.

Never has there been a greater need for research and
technological development to ensure that agriculture can continue
10 respond to an increasing world demand for food at less cost and
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AGRICULTURE AND LAND USE CHANGE

do so with a greater degree of environmental sensitivity, Yet this
is at a time when R&D funding is being seriously eroded. There
continues to be a need (o provide basic information about the land
resources themselves and there is a need 1o know a good deal
more about the physical. biological and ecological processes that
either naturally or through their management bring about change.
Equally it is imperative that the socio-economic CONsequences are
investigated and understood,

Impact of technology - hills and uplands

Agriculture is of course of particular importance to the hills and
upland which, in Scotland, constitute the largest agricultural
sector in land use terms. Research continues to be necessary to
provide information which will allow the wraditional sheep and
cantle enterprises 1o operate with a greater degree of efficiency
across a range of inputs, o suppon agricultural incomes and
employment and potentially reduce the need for financial support.
For example, there is a continuing need to improve the

Weight of animal weaned Area closed for 1st silage cut

{kga) (%)
Sheep  Cattle Sheep  Caule Sl
Cheviot Beulah Cheviot Beulah date
B35 538 k i3 S0 16 May
Gl 542 0 56 26 May
609 42 18] 8§May

Table I. Quiput and proportion of area closed.

establishment and utilization of grass/clover pastures and the
operation of efficient extensive pastoral agriculwre. The
sustainability of plant growth will increasingly have 1o depend
upon the natural availability of nutrients from the soil, leguminous
plants. and those minimal inputs of fertilizer which can be
economically and environmentally justified.

The biology of hill and upland soils is influenced by high
acidity and low temperature resulting in a relatively low level of
microbiological activity and a low rate of organic matter wrnover,

It is of fundamental importance that there is a continued and
sustained effort to elucidate and quantify the background
processes and pool sizes which determine acidification on the one
hand and the availability of nutrienis on the other, so that more
precise predictions can be made about the level of plant growth
and range of vegetation mix which is likely 1o occur in the
changing circumstances of the future. Further, with a continuing
increase in atmospheric CO, concentration and a potential
consequential rise in temperature, a knowledge of these processes
1% 4 prerequisite to research which aims 1o predict the future
imphcations. of chimatic change for agriculture, forestry and the
ecology of hill and upland resources.

As new lechnologes emerge and environmenital objectives
become more precisely defined there will be a need 1o investigate
the input:output relationships of these pasture-based traditional
and novel livestock systems managed s different intensities. On
sown upland pasture, for cxample, it is possible 10 show that
across a range of inputs there is the potential to achieve a
consistent level of animal performance (Table 1) and choose a
stocking rate which balances winter forage supply with summer

grazing requirements (Figure 3). This kind of information allows
on the one hand a critical assessment as 1o the level of inpuls, e.g.
fertilizer and bought=in feed, needed to sustain an economically
viable agriculture, and on the other hand provides an assessment
of the cost of meeting environmental objectives. Mathematical
maoxlels of these systems provide greater scope for investigating an
extended range of input:output relationships.

In relation to indigenous hill vegetation it has been possible
also 1o characterize the potential outputs that can be achieved
from hill sheep systems using a range of inputs (Table 2),
(Sibbald, 1990).

On the better hill farms improved income levels can be
generated by introducing grazing control and it may be possible
on these holdings o generate enough income 10 undentake land
improvement. But on poorer hill farms which are predominantly
found in the north and west of Scotland and encompass the
Crofting Counties where land improvement is still supported by
grants, significant increases in incomes are possible but more
difficult to achieve. These farms are the most vulnerable from an

201
Production
1.5¢
Winter
fodder
{t/ha) 1.0 '/. Requirement
M b
; . Y " -
S00 700 G0
Stocking rate (kgL'W ewe'ha)

Figure 3. Optimum stocking rate in relation to winter fodder
production and requirement.

economic point of view and the land 15 not ideal For forestry
either. Yet the presence of sheep and cantle in these areas
contributes to the conservation of the vegetation mix which is a
wital part of the landscape. Without livestock the character of the
landscapes would change dramatically.

Towards rural development

Ever since the World Commission on Environment and
Development (WCED) published its repont Owr Common Future
in 1987 the wea of 'sustainable development” has become central
to any debate which aims 1o find a balance between economic and
environmental objectives. Pearce ¢f af. (1988) have suggested that
sustainable development 'invelves devising a social and economic
systern which ensures that real economies rise, educational
standards increase, that the health of a nation improves and the
general quality of life 15 advanced’. The WCED defines the
concept as ‘development that meets the needs of the present
without compromising the ability of future generations 1o meet
their own needs’.

Itis not that long ago when University Departments of
Agriculture taught courses in animal and crop husbandry. The

6
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word ‘husbandry’ has all the connotations. of sustainability; it
implies that production should take place with a proper regard for
the conservation of resources for further use. For the practical
land manager, "hushandry’ conveys most meaningfully that which
has to be achieved to secure the long—term future of our primary
resources of soil and water and other features of the countryside
which together contribute o the overall guality of rural life.

I the hill farming areas and in terms of conservation, there is
a strong desire to protect wildlife habitats and the visual amenity
inherent in the visitas and visions presented by expanses of
indigenous vegetation maintained in their current state of low
fentility. Open hill landscapes that have evolved through time as a
consequence of varying degrees of agricultural activity are highly
valued. For agriculture it is important o understand the impact of
grazing on plants. It is necessary to evoelve a management regime
which secures their continued presence, productivity and
contribution to the nutrition of the animal populations utilizing
them. Thus, though different emphasis may be placed on
management strategies for conservation and productive

Farm code Dominant sward species
Farm 21 Cw, Tc, Er spp
Lephinmore Cv. Et, Ev, Ea, Te
Glensaugh Cv

Farm 03 Cv, Te, Er spp, Mc, A/F
=Farm 10 AfF, Mc, I spp

Sourhope AJF, Ns, Mc

Cv - Calluma vulgaris

pp - i-rhu.qun.rﬂ
Te - Trichophorem cespitosum E:

Tahle 2. The potential physical production from farm improved
management sysiems, of a range of resource type ranked in order
of famb outpur per hectare (Sibbald, 1990).

agriculture, ultimately the objective in both cases must be the
definition of a management regime which attains a sustainable
balance between the plant species in panticular communities, and
between the plant and animal populations in a particular locality,
(Hodgson, 1985).

A useful way forward in developing management systems 1o
meet conservation, amenity and agricultural goals is o use
acquired knowledge 10 develop computer models. A good
example of this approach is a model which has been developed in
the Institute to predict the consequences of grazing sheep on the
vegetation dynamics of heather moorland. The model descnibes
the effects of sheep stocking rate and burning regimes on the
productivity of both heather and sheep (Sibbald er af., 1988).
hias been used already in a practical way by NCC officials in
setting stocking rates in the north of England. It is currently being
enlarged to take account of the seasomality of grazing different
plant communitics and the impact of other herbivores such as red
deer on these communities (Armstrong, 1990). This is the kind of
approach which requires to be extended to other important
indigenous communities.

Maodels are also a useful means of assessing the poential of

new approaches to land use and assessing the potential for change,

For example, on the basis of present suppont policies for foresiry
and agriculture a modelling analysis of the potential for change in
land use carmied out by the Institute and the College suggests that

Eu Eri W Vgl anium
E'n:ﬁxm a':fﬂﬂﬁ#rm

it 15 the upland type of farm which has the potential 1o be
attractive for afforestation (Crabtree and Macmillan, 1989). This
also implies that farm forestry investment would be very
worthwhile in these arcas. Equally, the potential for agroforestry
or more correctly silvopastoralism in which grazing animals make
use of pastures grazing between widely spaced trees may also be
relevant for this type of land, A preliminary modelling study has
indicated the way in which agricultural income might be
exchanged for forestry income over the lifetime of such a project
(Sibbald er af.. 1989). This proposition is now undergoing field
testing and validation at a number of sites in the UK. The impact
of such change in land use on the visual and amenity aspects of
the environment and the effects on wildlife, water balance and
nutrient outflows are the subjects of current research by a number
of groups throughout the country.,

Techniques are being developed in the Institute for handling
the information required 10 make some of these impact
assessments. Current work is aimed at developing the capability
for the visualization of different planting schemes. Digital terrain

Subjective assessment Total weight of lamb weaned

Extent (kg/ha/anmum)
AJF area of inputs Trad. Impr.
. 35 13
e 17.2 238
#as 17.9 34.1
LE L] & 17.9 491
shEE LR 62.1 T 1
e L #ikk 275 76.5

- inid ¢ 1 g

Xedohepne  {prjngs e

models can be combined with terrain cover data for visual impaci
analysis, Information of this kind can be used to identify areas of
focal points of potential recreational value, and the intervisibility
of planting from designated viewpoints or access routes can also
be examined (Miller and Morrice, 194900, The technigque is being
further developed 1w investigate where atmospheric deposition of
air pollutants may occur. Environmental assessment provides a
series of options on which informed decisions can be made with
regard 1o planting proposals.

There is also a need to develop technigques to investigate
changes in land use at the regional and national scale 1o link
physical resource evaluation with socio-economic and
environmental impact assessment. Such investigations can lead 10
the formulation of indicative strategies for forestry, agriculiure,
recreational development and so on. The use of geographic,
knowledge-based and spatial-inductive models are important
developments. These technigques have the potential 10 be used as a
pant of the policy formulation process.

Using this approach, for example, my colleagues, using a
series of biological, environmental and economic analyses
imerpreted through a geographic information system have
assessed the potential extent and future afforestation in Grampian
Region, for Sitka spruce. Land can be analysed to identily the
main areas of opportunity for new planting and areas where there
are sensitive issues (for example landscape and conservation) o
e considered (Aspinall, 1989},

The map output of where changes may be expected 10 occur
can also be used as an input to analyse the possible impact of
change on wildlife disiribution. For example the location of
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expected changes as a conseguence of afforestation can be used to
identify areas which may become more suitable for red deer and
other wildlife species. These few examples demonstrate ways in
which our knowledge and understanding can be used effectively
W provide greater objectivity to land use decision-making on the
farm and at the much larger scale of the district and region.In
Scotland much of our land area is already used for a multiplicity
of purposes (for example agriculiure and forestry, alongside
recreation and sport, and conservation). Mechanisms have 1o be
found whereby decisions about the management of such land can
be made with the greatest degree of objectivity. and through
active participation and collaboration by those with a justifiable
interest. There has 1o be a realization that what can be achieved
overall, indeed globally, depends crucially on what can be
achieved at the scale of the farm, forest, nature reserve or national
park. At this level, the use of expert systems. modelling and goal
programming supported by the necessary biological, ecological
and sociological research are a means by which mational approach
to land management and policy development can evolve,

At the larger scale geographic information systems and the use
of knowledge-based, inductive and spatial modelling procedures
can provide a strategic framework in which the outcome of the
integration of potential land wses at the smaller scale can be
examined. Thus the impact of land use change within districts,
regions and at a national level can be assessed with increasing
objectivity and policies and planning implemented in ways
whereby rural development that meets the needs of the present
without compromising irrevocably the needs of the future can be
made possible,

(Pans of this article formed the basis of a paper presented to the
Royal Society of Edinburgh in May, 19909,
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GEOGRAPHIC INFORMATION SYSTEMS

GEOGRAPHIC INFORMATION SYSTEMS:
A NEW TOOL FOR
RURAL LAND USE PLANNING

R. J. Aspinall, D. R. Miller and R.V. Birnie

Introduction

The use and management of rural resources has become a key issue
with increasing demands from agriculture, forestry, and conser-
ing and other urban and indusirial uses.

ration as well as for hoy
The reconciliation of conflicts between these demands can involve
awide range of individuals and agencies and many of the solutions
are provided through decisions taken as a result of planning and
management procedures operating at national, regional and more
local levels. The planning process, however, tlends 1o operate
sectorally, reflecting the nature of existing land use interests.

This anticle explains how a Geographic Information System

(G5} is being developed at the Macaulay Land Use Research
Institute for application in land use planning. The GIS is used 10
monitor land use changes, assess impacts of changes, predict the
location and extent of possible future changes, their likely impact,
and evaluate the consequences of a variety of policy options. The
examples presented illustrate the variety and potential for these
applications of geographic information system-based techniques
and the support which this ool can provide for decision-making.
Planning is interpreted in s widest sense and includes both
established planming activity, as camied out by a regional or
district council for example, and individual decision-making as it

affects the management and use of resources,
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The rural planning context

The planning system in Britain is dominantly urban in its origins
and direction with attention focussed on development control.
Although the Scott Report { 1942) argued for a system of planning
controls which protected the agricullural use of the countryside,
and the Town and Countryside Acts place a system of
development plans and controls on land wse, the focus of these
systems is narrow and the major rural land wses of agriculiure and
forestry are oulside this system (Mather, 1986), The reasons for
this stem largely from the political and economie conditions of
post-war Britain. The Scott Report argued that land should remain
in agriculture except where an alternative use could be shown to
be of greater benefit to the nation. Agricultural use was also
assumed to be benign and that a healthy countryside was an
automatic consequence of a prosperous agriculture (Mather,
1986).

Al present. therefore, there is no coherent framework for rural
land use planning, major rural land uses requiring no planning
permission and being able to respond relatively freely to 'market
forces’. In practice, however, both agriculture and forestry are
subject 1o sectoral planning influences. For many years UK
agricultural policy has been designed to support and increase
production; more recently, with surplus in many areas of
agricultural production, production-directed incentives are being
replaced by a range of policy instruments designed to curb growth
in commuodity supply and increase environmental benefit.

There is also some evidence to support the idea thal increasing
awareness exists of the need for goals to be explicit in land use
policy. Land use planning is beginning 1o reflect this change in
attitude towards an approach based on multilateral consensus. For
example, regional authorities in Scotland are being encouraged 1o
produce ‘Indicative Forestry Strategies’ (SDD, 199(); these adop
the aims of the Woodland Grant Scheme both 1o create
‘multi-purpose’ forestry and achieve the annual tree=planting
target. The strategies are also intended to proeduce a balance
between forestry and other land use interests, although achieving
balance will require careful consideration of strategies as they are
produced and monitoring as they are implemented.

Despite these changes in emphasis and increasing awareness of
the need to state objectives more explicitly, there is still a
tendency to take a sectoral view of rural land use. Additionally, a
social dimension is notably ahsent (Phillips and Williamson,
1984} and the Government is being urged to .. recognize its
dominant role and try o integrate its rural policies into a coherent
framework or rural land use strategy’ (HMSO, 1990 p, xliv).

Although there are various instruments available for
implementing policies and planning decisions, integration of
policies into a coherent framework requires clear definition of
objectives. There is also, however, a place for a system which
allows those involved in developing rural land use policy
critically to evaluate alternative policy options during formulation
stages. The rapid increase in pressure on land resources and need
for sound planning decisions has been paralleled by improvements
in information technology. This technology can provide such a
system of support for discussions and decision-making procedures
(Chorley, 1988), In particular, geographic information systems
offer a means of managing and analysing a wide range of land

——————=x

Climate

Mean annual rainfall [:625 (00

Accumulated frost 1:625 (00

Accumulated temperature 1:625 (00

Potential water deficit 1:625 (00

Mean annual windspeed 1:625 000
Toy aphy

Altitude 1:250 000

Landform 1:250 000
Soils

Components soil 1:250 000 |
Gienl

Sand and grave o]
Biology

Semi-natural habitats 1:50 000

Red deer 1 km resolution

Vegetation type 1:250 000
Mature conservation

Mational Nature Reserves 12500 000

Sites of Special Scientific Interest 1:50 000

Sites of interest o the natural sciences 150 000

Protected coastal areas 1250 000

Royal Society for the Protection of Birds/ 1:50 000

Scottish Wildfowl Trust

and other nature reserves

A
Scheduled ancient monuments 1:50 D00
Archaeological sites of regional significance 1:50 D00

Landscape

MNational Scenic Areas 1:50 000
Areas of regional landscape significance 12500 (00
Areas of local landscape significance 1:250 000
Land use/cover
Green plate forestry 1:50 (00
Woodland grant scheme approved 1:500 D00
Forestry grant scheme 1:50 000
Urban areas 1:50 000
Administrative areas
Regions 1:63 360
Districts 1:63 360
Agricultural parishes 1:63 360
Forest districts 1:50 (00
M. East River Purification Board catchments 1:50 000
Agricultural development areas 1:63 360
Estates and large farms 1:50 000

Tahie |, Example spatial datasets in a geographiceal information
SVEFEH,

resource information and interpreting the possible consequences
of decisions before they are implemented (Jeffers, 1980; Worrall,
1989; Aspinall, 1990a). Potentially this provides planners,
policy-makers, resource managers and decision-makers with a
powerful ool for understanding the possible consequences of their
actions and decisions (Chorley, 1988),

At MLURI a large amount of research is concemned with
development of geographic information systems for application
across a range of land use planning issues and activities. Before
describing some of the applications however, it is necessary to
describe what a geographic information system is.

Drefimition and basic funciions of GIy
Geographic information system (GIS) 15 a term which describes
computer facilities (hardware and software) used 1o handle data

10
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1: 50 000 Scale
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Table 2. Disteibution of soil map wnits af 1250 000 scale as
percentages of units at 1:250 0. {See Table 3 on next page for
descriptions of mdp wnits.

referenced to particular places (spatial domain). The main
functions of a GIS are data input, storage, retrieval, manipulation,
analysis, and output. These functions can be used 10 answer a
variety of questions and present the solutions in map and table form,

Questions suited to GIS analysis range from simple ‘where' and
‘how much’ to more complex “what i’ types. Many planning
applications of GIS are based on questions of these forms. In
addition, a range of more sophisticated facilities can also be
imtegrated with these basic functions, including a range of spatial
muodelling procedures.

The information used in GIS typically is that traditionally
presented on maps and can refer to propenties of the physical and
human environments, to surveys (for example, agricultural
statistics collected for parishes, population density in census
wards}), or 1o flows of materials, distances between places, and
any other feature which can be linked 1o areas or places. The
wealth and variety of information which can be stored in a GIS
(Table 1) provides potential for a wide range of integrated
analyses and evaluations with relevance to many aspects of land
use planning.

Data gquality
As with all computer-based analyses, a GIS can only be as good
as the data which it contains (this applies equally 1o any resource
assessment carmied out by planners and decision-makers who are
also constrained by the quality of data available), A GIS has
access o the same resource data as might be interpreted using
more traditional cartographic methods; the principal advantage of
GIS is in the flexibility and speed with which data can be accessed
and interpreted. GIS also has the ability for data analysis which is
unavailable with more traditional methods of map manipulation.
Two basic aspects of data quality are map scale and
information content. Map data are arranged around cartographic
objects and fundamental to this is the way in which objects are
represented at the map scale used. For example, objects may be
too small 1o be represented at the map scale used (and are
therefore not shown on the map) or they may be of special
significance and are therefore exaggerated. Maps of different
scales also show the same basic information with different
amounts of detail. The effect of map scale on representation of
objects can be seen in Table 2. The table shows the overlap
between soil map units shown on soils maps of 1:250 000 and
1:50 000 scale, the extent of overlap between the two maps
indicating the effects of generalization.

(2] L] i) o] el of 2] d ] Y o) ol o] <] |
DDIEIIIIEIEIEIDDD
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Apart from map scale and information content, data quality is
also affected by the way in which data are held in the computer
memory. The digital representation of lines can be more accurale
than the original lines drawn on the source maps. This can instill a
false understanding of the accuracy and precision of the data and
it should be remembered that data quality is derived from the map
rather than from the representation in the computer.
Computer-based analysis of data is also subject to arithmetic emor
due to the ways in which computers represent numbers. In all
G1S-based analyses the sources of data must be acknowledged
and the limitations of the data being used recognized. This
demands an understanding and analysis of error as it relates to the
limitations of data.

Analysis of error can become highly complex. Transformation
of a dataset using GIS results in a new dataset; this has an
associated error arising from the original data and from the
transformations to which these data are subject in the GIS
operation. For example, some analyses require transformations
which alter both the position and definition of boundary data or an
analysis may modify both the location of lines describing the
position of features derived from topographic maps and change
the meaning of classes represented by data interpreted from
satellite imagery and which refer to larger areas, These both are
subject to error which may be magnified by GIS analysis. GIS
analyses can provide estimates of these errors and indicate an
error ‘envelope’ which accompanies the result of analysis.,

The GIS being developed at MLURI is designed to follow and
manage the different types of error and the way they are
influenced by the analyses being carried out. The product of the
GIS analysis is both the result of the operation requested and an
indication of the associated errors. The error provides bounds on
the result of the GIS analysis and indicates the confidence which
can be placed on the answer produced. The GIS is also based on
extensive data, much of which has been derived from detailed and
long-term survey of land resources in Scotland. Although this
large amount of resource information is already available, there
remains a need 1o improve the quality of that information, This
can involve both field survey and use of different types of
remotely-sensed data.

Sources of land use/cover data

Two important projects using remotely-sensed data to provide
detailed data are the Land Cover of Scotland and mapping the
distribution of bracken ( Preridium aqueilinum) in Scotland, These
projects provide baseline information for monitoring present and
future changes in the countryside of Scotland and will also allow
rates of land iransfer between major land uses such as agriculture

11
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GEOGRAPHIC INFOR

S0IL ASSOCIATIONS  PARENT MATERIALS LIMI\"I‘IFF COMPONENT SOILS LANDFORMS
Recent riverine and lacustrine alluvial Alluvial soil Flood plains, river terraces and
ALLUVIAL SOILS ; I 1al souls
deposite former lnke beds
3 Basin and valley peats Basins and valleys
i Oirganic deposits
ORGANIC SO1LS 4 Blanket peat Uplands and nosthern lowlands with
gentle and strong shopes
20 Humus-iron podzols; some brown fosest Unduslating lowlands and valley sides with
soils, moncalcareous gleys and peaty gleys gentle and srong slopes; fon-rocky
22 Peaty podrols, peal; some peaty gleys and Hills and valley sides with strong skopes;
hsurmus-iron p-ndmdn rm—mcl:y
23 Pean, pealy gheys, peaty podzols Undulating lowlands and uplands with
genile and strong shopes; non-nocky
26 Peaty podaols, peat, peaty gleys Hummocky valley and slope moraines;
ofien bouldery
KAIG Drifts derived from schists, gneisses, I8 Peaty podzols, humus-iron podzols: some Hills and undulating lowlands with gentle
ARKAIG granulites and quanzites principally peaty gleys and rankers and strong sbopes; moderalely rocky
of the Moine Series
3 Peaty gleys, peaty podeols peaty rankers Hill sides with steep and very steep slopes:
moderalely and very rocky
33 Subalpine soils; some peat, rankers and Mountains with genthe o very steep
alpine soals slopes: non— o very racky
34 Peat, subalpine soils; some alpine soils Mountains with gentle and strong slopes;
nom- o moderately rocky
35 Alpine soils Mountain summits with gentle and strong
slopes: non— and slightly rocky
| 36 Rankers, lithosols; some alpine soils Mountain summits with strong 1o very
[ steep shopes: very rocky
9% Humus-iron podzols, alluvial soils Valley foors, terraces and mounds with
gentle and swrong slopes
| : -
CORBY/BOYNDIE! Fluvioglacial and raised besch sands 100 Humus-iron podzols: same peaty Mounss and ridges with gentle 1o steep
| DINNET and gravels derived from scid rocks gleys and humic gheys slopes
101 Peaty podeols: some humus-iren Mounds, ridges and terraces with gentbe
podzols and peat 1o steep slopes
118 Peaty podeols, peat; some peaty gleys Undulating uplands with gentle and
strong slopes; nos—rocky
COUNTESSWELLS/ Drifis derived from granites and 126 Peaty podzols. humus-iron podzols; Hills and valley sides with strang 1o very
DALBEATTIES granitic rocks some peaty gleys and rankers sagep slopes; moderately rocky
PRIESTLAW
129 Rankers, peaty podzols: some Rugged hills with strong and steep
humus-inon podzols and peaty gleys slopes: very rocky, some scree
DULSIE Partially sorted gravelly fine sands 175 Peaty podzols, peat, peaty gleys: Hummocky valley moraines
derived from acid schisis and some humus—iron podeols
granites

Table 3. The soil map units shown in Table 2 on previous page.

{Exrract of §:250 (8N scale soil map legend).

and forestry to be established accurately. Much of the data

collection phase of the project makes use of GIS, although GIS
will be of greatest use during analysis and application of the data

to a wide range of guestions,

Laned cover of S otfand

The Scottish Development Department has contracted the

Macaulay Institute 10 map the land cover of Scotland. Mapping is
carried oul through interpretation of aerial photographs, a choice

guided by the requirements o map presence and exient of land

cover Iyvpes throughout rural Scotland. The project adopts a census

approach and is planned around identification of land cover
classes which will be most important in future analyses.

Six principal fealures are identified and mapped at a scale of
1:25 (WD, these six being subdivided into a large number of

this report),

detailed land cover categories (as described on pages 32 and 33 of

The categories reflect the information required for present and
future application as well as maximizing the information which
can be obtained from black and white (panchromatic) acrial

coverage of Scotland.

photography. Photography is at a scale of 1:24 000 while mapping
is at 1:25 (N, About 800 base maps are required for complete

The analysis and mapping procedure consists of four steps

12
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including interpretation of acrial photographs, map digitizing,
digital databank formulation. and accuracy assessment. The first
two steps in this procedure are labour imensive while the third
involves extensive use of computer lime. Accuracy assessment
requires the interpretations to be checked by field survey. Once
data are available in the GIS they can be subject to a full range of
analyses and imerpretations.,

Mapping bracken distribution in Uplard Scotland

An alternative approach to rapid collection of land cover
information over large areas involves the use of satellite remotely
sensed data. For example, seven satellite image scenes are
required for complete cover of mainland Scotland compared to
approximately 12,000 aerial photographs. Assessing the relative
utility of aerial photographs and satellite imagery must balance
accuracy and information content against cost, saellite imagery
having a lower level of accuracy in delimiting boundaries of land
cover categories and making greater use of computer time than
aerial photography but having much reduced labour inputs.

The distribution of bracken ( Preridinm aguilinwem) in Scotland
has been mapped through analysis of LANDSAT Multi-Spectral
Scanner imagery in association with large area masking and
probability mapping using G15 (Miller er al., 1989). The
GlS-based masking and probability analyses are developed on an
extensive sample of sites, abour 19 500 km? or almost a quarter of
the land area of Scotland, and information gained from these arcas
is then used to guide mapping of bracken throughout Scotland.
The sample sites are generally within the hill and upland areas of
Scotland but include some arable and built-up land. The sample
sites are used both as training data, acting as controls for the
highest level of classification, and for checking the final
classification, separate subsets being used for each analysis.

Mapping bracken from satellite imagery is carried out in
several stages. These are field mapping. sample site image
classifications, a national classification of bracken, and error
checking. Information gained from field mapping is used to
develop a series of maps which show areas in which bracken does
not grow and which are of no interest; these maps are used as
masks in image analysis. A series of weightings are also
developed based on map information held in a GIS.

These show the suitability of habital conditions for bracken
growth, the datasets of most value for these analyses being
topography, soils, climate and current land use. The effect of the
masks and weights is to focus image classification and analysis on
certain arcas by excluding other areas of little or no interest and
allows mapped environmental data to be integrated with satellite

Foresiry type
Coniferous Broadlealf Mixed
Brown forest soil 0.4 (L& 7.4
Humus-iron podzol 44.3 48.6 44.2
Peaty podzol 3n3 26.7 12.8
Noncalcareous gley 0.7 08 0.0
Peaty gley 58 1.1 9.6
Peat 6.3 20 22
Alpine soils 10.2 17.0 0.6
Alluvial soils | .6 3.0 6.9
Tahle 4. Associations between forestry and major seil subgronps

in Badenoch and Serathspev Diserics, Valves are percentages af
edeh foresiry ivpe,

image analysis (Aspinall er al.. 1990).

The accuracy of the bracken map produced was checked for
consistency in classification across Scotland and for confusion
between bracken and other plant communities. Classification
consistency was high, and the greatest confusion with other plam
communities was with bent-fescue grasslands and where heather
and grassland communities border each other and bracken is
invading.

These projects illustrate potential sources of data and the ways
in which GIS can be used in data collection. The Land Cover of
Scotland project is expensive, however, largely because of the
labour costs, and is unlikely to be repeated. In contrast, satellite
imagery is relatively cheap and future mapping of land cover
across Scotland will increasingly depend on this data source. Uses
of land cover maps include monitoring land cover changes as well
as resource inventory, both uses being able to draw on functions
available within G15. However, the greatest strength of GIS
applied o land use planning is in its ability to analyse spatial
information objectively.

IMustration of GIS applied to land use planning

GIS can be used in a variety of ways for land use planning. They
include monitoring and inventory, resource evaluation and assess-
ment and more complex modelling and analysis which can be
used for predicting impacts of policies or effects of change in land
use. An important application of GIS considers the environmental,
biological and socio-economic impacts of past and present trends
in land use while GIS can alse serve o carry oul resource
assessments for managing and directing future land use changes,
Two examples from the Badenoch and Strathspey District of
Highland Region illustrate these applications of GIS,

Environmental, biological, and cultural information for
Badenoch and Strathspey have been compiled into a databank
from maps, aerial photographs and satellite imagery. Maps with a
scale of 1:250 000 provide data for soils (Walker er al., 1982),
land capability classifications for agriculture (Walker o1 af., 1982)
and forestry (Gauld er af., 1988); digital terrain data are obtained
from the 1:250 000 data produced by the Directorate of Military
Survey (Smith er al., 1989). Land use (buildings, foresiry, roads,
view points, tourist attractions) are derived from Ordnance Survey
1250 () sheets.

Additional land cover data are derived from aerial photography
and satellite imagery. Raster and vector diginal formats are used
for storage and manipulation of the dutasets. The raster data and
satellite imagery are held with 25m pixel resolution while the
digital terrain data have 100m pixel resolution. These data provide

No. of

conservation designations : 0 4 Toml

Forestry type % ufmh f-:mu typc 1-4
Broadleaf 70 t} 30
Coniferous 69 I-I 3l
Mixed woodland | 51 14 49

Table 5. The percentages of differemt forest rvpes in land .'-Hh_fr'n:'.r

for conservalion designalions.

the basis for GIS-based evaluation of land cover and land use with
respect o the environmental resources of the district.

Monitoring land wse change

The location, extent and rate of recent and current land use

13
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changes are of considerable interest. For the Badenoch and
Strathspey District, a variety of maps, aerial photographs and
satellite imagery (LANDSAT Thematic Mapper) have been used
1o map change in land use between 1970 and 1988, For example,
the distributions of broadleaf, conifer and mixed woodland are
mapped and changes compared with datasets in the databank, This
helps to answer a variety of questions about the distributions of
the existing resource and the location and extent of past changes,
For example, the distribution of the different forest types in 1988
can be compared with a map of soil types (Table 4). This provides
an indication of the soil types with which forestry is panticularly
associated and allows other areas with similar soils, but which are
not afforested, o be identified.

Land cover and use 15 not concerned only with resource
information. For example, the extent of conservation designations
influencing forested areas also have to be considered. Table 4
shows the percentage of forest associated with land falling under
different numbers of conservation designations out of six applying
in Badenoch and Strathspey. The conservation designations
comsidered are National Scenic Areas, National Nature Reserves,
Sites of Special Scientific Imerest, Glenmore Forest Park, land
managed by the Scottish Wildlife Trust and reserves of the Royal
Society for the Protection of Birds. No land is under more than
four of these six designations. The majority of woodland of all
types 15 on land where there 15 no conservation designation
although some 30% of broadleaf, 31% of conifer and 49% of
mixed woodland 15 on land subject 1o one oF mMore conservation
designations { Table 5).

These types of comparison enable associations between land
resources and land vuses and land use changes to be established.
This has value in easing the monitoring of past changes and
providing information which can help to explain how decisions
producing land use change are made in relation 1o the resources

and environmental 1ssues considered.

Figwre |, The numher of vien [H RN fecarrt wliiede different ML anf

Badenoch and Strathspey Disirict can be seen.

Assessing landscape impacts of land use change

In addition 1o monitoring and describing the distribution of a land
use against a range of designations or resources the GIS can be
used to compare land use changes with landscape. This has
potential not only for evaluating past changes but also for
predicting how future land wse change may influence landscape
and the scenic attractions of an area. Such changes and impacts,
although not easily measured, may be of major importance 1o the
economic and social structure and future of an area with respect 1o
the wourism and recreation industries.

Two ways of evaluating landscape and the visual impacts of
land use changes involve considering the location of an observer
and the location of the change.

Observer location can be classified by the amount of land
visible from it. Such a classification can then be used 1o rank
impacts of any changes in land use on an observer at the location.
The processes of calculating the area visible from a location is
readily carmed out within GIS, allowing the location 10 be
evaluated according 1o the extent and context of land uses in its
envelope of total visible land'. Land use changes throughout an
area are assessed aganst their impact at a poinl or range of points,
This approach derives from the question “what can be seen from
here? Converscly, the impact of a land use change can be
assessed against the wotal area from which it will be visible. an
approach deriving from the gquestion 'where can this be seen
from?

Analysis of visual impact does not depend on an uninterrupted
view alone. The procedure for evaluating visual impact of land
use changes also incorporates a weighting for distance which
relates the clarity of view with the location of the observed
feature, For example, forestry located on a distant horizon or
break of slope has greater impact than if it is located closer o the
observer but below a horizon.

A survey of casual visitors to Badenoch and Strathspey
District showed 67% o rate scenery as the most “anractive/
enjovable’ visitor altraction on Speyside (Watson, 1988) while a
second study identified ‘drives, picnics and outings’ 1o be the
recreational activity participated in by the largest proportion of
visitors (39% ). These results suggest that useful approaches to
determining the potential visual impact of land use change would
be 1o measure
- impact on ‘scenery” from selected focal points for visitors
- impact with respect to a popular road access roule used by
VISILOrS,

Both of these approaches can be answered using the two
methods of rating impact on landscape outlined. The focal points
selected for this study are viewpoints designated on an Ordnance
Survey 1:50 000 map and the road route is the A9,

The digital terrain model and GIS are used 1o identify the arcas
within Badenoch and Strathspey which can be seen from each of
the viewpoints. These are combined within the GIS 1o produce a
single map describing the District according to the number of
viewpoints from which it can be seen (Figure 1), This map
identifies areas within the District where impact of land use
changes on landscape can be expected o be
- low : areas which are not visible
- medium : areas which are visible from very few locations or are

at great distance from viewpoints
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Forestry development approved

Land capahility for forestry class F7

Land capability for agricultine classes 1-3.1

Biological or mixed Site of Special Scientific Interest
Scheduled ancient monument

Geological Site of Special Scientific Interest

Foresiry strategy class Criteria

Already planted or Existing forestry
approved for forestry
Unavailablefunplantable

Urban area
Sensitive

Mational Nature Reserve
Potential

Mational Scemic Area
Preferred

Areas with no major constraints on forestry and where
forestry would be welcome subject to good forestry practice

Table 6. Rules for allocaring land to indicative forestry strategy
cfasses.

- high : areas visible from up to eight locations and close to the
viewpaoints,

This methad for analysis of landscape impact is not only of use
in interpretation of past land use change, however, but may make
a contribution to forward and strategic planning. In the example
presented in the next section, the method is applied to an
indicative forestry strategy in order to evaluate the consequences
for landscape should future afforestation follow the guidelines
expressed in that strategy.

Indicative land use strategies

A recent development in planning procedures intended 1o address
possible conflicts of interest over use of land resources is provided
by Indicative Forestry Strategies. These strategies are currently
being produced by several regional councils in Scotland, and are
presented in the form of maps showing areas of land with
different sensitivities for forestry. The concept of indicative
strategies has been welcomed by a wide range of organizations
and individuals concerned with use of land resources in Scotland.
Apart from the strategy map, one of the more useful aspects of
indicative forestry strategies is the extent to which the
consultation procedure involved in their production encompasses
a wide range of views and positions. Consultation allows many
conflicts to be partially resolved and has encouraged wider
dialogue between land users with potentially conflicting interests
and objectives.

GIS offers an efficient and fexible means of producing
indicative forestry sirategies, replacing more traditional
cartographic overlay for interpretation and synthesis of resource
information, A sieve mapping procedure is used o zone land
according 1o a series of conditions, this being readily carried out
using GIS overlay functions, The process of dialogue and
consultation can also benefit from use of GIS, the fast processing
of data with the GIS allowing a range of strategies to be produced
and discussed. The range of strategies evaluated may include
differemt imerpretations of sensitivity and a variety of
interpretations of the importance of particular features or
resources. This allows both the imponance of particular sirategy
inputs and the weights ascribed to each dataset 1 be identified.

The data required for producing an indicative forestry strategy

are diverse and available from a wide range of sources. National,
regional and local designations relating to agriculture, nature
conservation, landscape and archaeological interests are
considered in addition to physical limitations of land with respect
to tree growth., Other demands which may be incorporated include
walter abstraction and existing forestry operations. Many of the
data are available in map form at a range of scales and their
preparation for overlay can be laborious; GIS allows relatively
casy preparation of data. Datasets are then overlaid according to a
series of rules. This produces a map showing the distribution of
sirategy classes within a region and effectively answers a 'where’
question. Rules can be modificd and data re-mapped 1o identify
effects of each dataset and the importance of the priorities
expressed in the mule base. Geographic information system
overlay can also be used (o summarize map output according 1o a
variety of administrative units; this answers "how much’ questions.
As an example of this approach, the rules described in Table 6
have been applied 1o the geographic datasets for Badenoch and
Strathspey District. These rules are based on the guidelines for the
production of regional foresiry strategies issued by the Scottish

Figwre 2. fndicarive forestey stvategy for Badenocl and

Strathspey Disfrice.
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Development Department (SDD, 1990). These rules produce the
map shown in Figure 2.

In addition 1o the production of a strategy using a variety of
rules, geographic information systems can also be used to
consider other issues closely related io forestry. For example,
infrastructure requirements {roads, bridges, sawmills) and social
and economic aspects of afforesiation can be investigated at both
regional and more local level. Foresiry can also be compared with
alternative land use enterprises to assess its likely contnibution to
the regional and local economy. The ability o integrate such
ecconomic and social appraisals within development of an
indicative strategy greatly enhances the use of the strategy for
forward planning. This is particularly the case in the context of
rapidly changing subsidy, fiscal and gramt measures imended to
attract investment into forestry, with overproduction in some
agricultural products, and with policies such as set-aside.

As currently described, an indicative forestry strategy is a
single—use policy although it incorporates a range of other
demands on land resources. The manner in which this is achieved
falls between land allocation, in which land use in an area is
prescribed or excluded, and land sccommodation, in which land
use is agreed through consultation between different interested
parties (Mewson, 19900 Importantly, GIS offers the possibility for
the development of multiple objective land use strategies.

FEvalwating the landscape impact of implementing the indicarive
forestry stralegy

The methods developed for landscape assessment can be used 1o
evaluate possible visual impacts of land use changes which may

Wisibility ranking
Forestry type Area (ha) 4 i 2 1 0
Current planted 30456 (32 41]f 22 61
Unplantable 111971 3|20 15
Sensitive 11 196 3 0 2
Potential 4012 Bl 2 I8
Preferred 70 220 [N | ] 4

Table 7. Visibilitv of land in indicative forestiy strategy classes.

occur as a result of implementing an indicative foresiry strategy.
Table 7 shows the proportion of land in exch of the indicative
forestry strategy categories which is within the scene of view of (),
1. 2. 3, or 4 out of five view-points shown on a 1:50 000
Landranger map of Badenoch and Strathspey. This provides an
indication of the potential visual impact of implementing the
forestry strategy and can assist in understanding the consequences
of the strategy as formulated. For example, 419% of the land in
areas which are ‘preferred’ in the strategy are visible from three or
more of the viewpoints, This contrasts with 73% of existing forest
which is visible from at least three of the five viewpoints (Table 7).
These examples show how the use of GIS overlay technigues
for production of new information from combinations of varied
dara layers can be used for planning purposes. Although the
evaluation of landscape impact of the forestry strategy presented
is simple it also serves 1o illustrate the way in which a GIS can be
used to investigate potential impacts of future land use changes,
This offers the potential for applying GI1S-based analysis and
procedures o the planning and management of future changes in
land use by allowing the consequences of a variety of strategies

and plans 1o be evaluated before those strategies are implemented.
As such, GIS has a role as a planning tool bevond that offered by
its capabilities for data preparation, storage, retrieval and overlay,
valuable though these capabilities may be. Part of this potential
for use of GIS in planning integrated land use rests on linking G185
to models {Jeffers, 1980).

Land vse modelling and GIS

Models can be used io predict both the direct and indirect
consequences of a policy and a framework showing a sequence
for using land use models and models for impact assessment is

Land use policy

Land use models

{e

Impact assessment models
Environmental Socio-economic
Physical Economic
Biological Social
Hydrological Cultural

Landscape Political

This framework is intended to provide a logical sequence
for evaluating a plan or policy. Direct LENCES CHn
be predicted using land use models while indirect
consequences on the biophysical and socio-economic
environments are predicted using models for impac
assessment. This allows plans and policies to be tailored
to produce desired effects. [t is a contribution to decision-
making processes and policy formulation rather than
merely a system for policy interpretation.

Figure 3. Framework for applyving models for predicting impace of
land use palicies.

shown in Figure 3. Land use models are used to predict the
lecation and extent of possible land use change. This provides a
means of evaluating possible direct consequences of a policy.
Models for impact assessment are then applied to the predicied
pattern of land use change 1o predict possible effects on other
aspects of land use. The examples shown above follow this form

of analysis.

Rule-based Rules are used 10 weight
danasets in the

geographic database

Knowledge-hased Equations/relationships
developed outside the
GIS are applied to
dtasets in the
geographic database

The GIS leamns’
relationships between
datasets in the
geographic database

Inductive-spatial

Describe pattern in
datasets of the datiabase
in terms of location

Geographic

Fieure 4. Mdels which cain b tsed wirthin geogiaplic
information svstems.

16



GEOGRAPHIC INFORMATION SYSTEMS

A variety of models are currently being developed and
incorporated into GIS at MLURIL. Four main types of model
currently are available (Figure 4) and these can be applicd 1o
different aspects of land use change prediction and impact
assessment as appropriate, Rule-based modelling makes extensive
use of GIS overlay and identifies areas where particular
combinations of conditions exist within the basic datalayers of the
geographic database. Rule-based models can also be modified
within GIS 1o allow use of weightings. both for different data
layers being overlaid and for the different features represented
within a datalayer (Quarmby ef af., 1988). Models using
rule-based weighting of data can be developed for many
applications from experience in land evaluation (Davidson, 1986;
Bibby er al.. 1982: Bibby et al., 1988); and from results of
scientific experiment. Allernatively existing planning and
development constraints from a variety of sources can be
integrated within the system: indicative forestry strategies are an
example of models of this 1ype.

Apart from models employing rules, models which transform
data are required (Newson, 1988). Knowledge-based models use
established cquations and relationships wo interpret datasets
(Sivertun ef al., 198%), these being developed from detailed
scientific study. These models can be applied 1o pollution
prediction, hydrological forecasting and aspects of ecological land
management.

Geographic information systems also allow data analysis and
resource assessment through application of inductive spatial
models (Walker and Moore, 1988: Aspinall, 1990b; 1990c¢), This
form of data analysis is relatively new but has many applications
including analysis of patch dynamics, conservation evaluation
over wide areas, and investigating environmental health
{Openshaw ef al., 1987; NERC, 1988). Spatial pattems in datascis
are analysed against other data held in GIS 1o identify important
explanatory relationships. These relationships can then be used 10
provide weights for datalayers in models (Walker and Moore,
1988) and 1o improve the analytical power of GIS.

Geographic models are essemtially descriptive and provide a
means for mapping sparse spatial datasets across wider areas o
allow incorporation imo G18, For example, climatic information is
frequently mapped using geographic madelling procedures, these
data being important for understanding growth of crops in
different arcas, planning for tourism and recreational activities
such as skiing. or as a basis for understanding the possible impacts
of climatic changes on land use, and land management as well as
for predicting social and economic consequences.

Applying these models within GIS allows some of the direct
and indirect impacts of policies and plans 1o be predicted and
considered. This permits a systematic evaluation of policies and
plans and, within the limits of the models used, allows a variety of
proposals to be compared. Given such a role for models in guiding
decision-making, the limitations of the models used need to be
emphasised in order that they are not given undue weight and
considered a substitute for eritical evaluation. Models do however,
provide a form whereby thinking and analysis can be structured
and discussion focussed. These applications of GIS in
decision-making through the type of analyses described above
require wider use among those concerned with decision-making
and policy formulation and evaluation. The GIS methodology

being developed at MLURIT will provide the potential whereby
plans and policies can be formulated on the basis of a wide
evaluation of their likely consequences. It has the potential to lead
1o the evolution of a more integrated approach to land use
planning. and, with appropriate developments in systems and
modelling, one which is based on a holistic understanding of
environment and human activity.
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PHYSIOLOGICAL ECOLOGY

CONCEPTS of PHYSIOLOGICAL ECOLOGY
and their importance in hill and upland
ecosystems
J.A. Milne

Physiological Ecology is concemed 1o answer the physiological

question of how organisms function and the ecological question of
why they function in the way that they do in relation to the environ-
ment that they inhabit. Ruminants, as a sub-set of organisms. can be
considered as resource transformers that acquire resources through
the processes of diet selection and ingestion and then partition their
intake into such functions as the maintenance of tissues, growth,
reproduction and storage. A knowledge of the factors which deter-
mine the effectiveness with which nutrient resources are captured
from a given environment and transformed is central to the study
of physiolagical ecology. From this study it should be possible 1o
determine the optimal strategies for resource acquisition and
allocation for any environment. These propositions are developed
further by Calow and Townsend { 198 1), particularly in the context
of the development of evolutionary theory, but it is the intention of
this article o show that they have equal relevance and value in the

study of how farmed ruminants use the pastoral resources of
[emperale regions.,

Farmed ruminants, be they sheep, cattle or more novel species
such as deer or goats, occupy a range of environmental conditions
in terms of the pastures that they graze, the weather conditions
that they encounter, the degree to which they are provided with

supplementary feed and shelter and the amount of management by

man that they receive. As systems of animal production have
developed in the last 20 years in the northern hemisphiere at least,
the degree of management control exerted over the environment
of animals has increased with more ruminants being housed and
more supplementary feeding being given. This reflects the
economic conditions whereby increased costs could be met from
the prices that could be obtained by producers either from the
miarkel or as a consequence of government policy, These
cconomic circumstances are likely 1o change. Morcover, with the
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consumers’ preference for more natural products and with their
desire for the maintenance of high animal welfare standards and
the achievement of conservation objectives, it will become more
important to match currently important ruminant livestock species
1o a wider range of environments, for example those associated
with lower inputs, than has been the case in the last 20 years,
Moreover, the introduction of novel farmed species, such as deer
and goats, begs the gquestion as to how their physiology inferacts
with that of land and other resources that they utilize.

Although there are a number of important areas in which the
physiology of the animal interacts with the way that land and feed
resources can be utilized, iwo examples, which relate to current
and recently completed work ai the Macaulay Land Use Research
Institute, are dealt with in some depth to illustrate the value of the
approach. These relate to (a) the seasonality of important animal
functions and how these interact with the natural supply of feed
resources and (b) how adaptations to the physiology of digestion
and metabolism influence the acquisition of nutrients from natural
feed resources.

Seasonality

Most ruminant species which have evolved in temperate regions
have seasonal cycles in many physiological traits, such as intake.,
reproduction, coat growth, metabolic rate and anabolism and
catabolism of adipose tissue, which are partially under
photoperiodic control. The degree to which different species
exhibil these cycles varies. Red deer have pronounced cycles of
intake, oestrous activity and coat growth (see Figure 1). Intakes

Breeding Sae® —— s —wm|
Pire David's Deer C——] [ ]
120

- ed deer
s0f J., 4\/{\\'\/
Intake i
(%]

eDM/kgL.W ol Pare David's Deer

| N T T SN TR TN ST T ST VAN T O B |
nNuv Jan Mar May Jul Sept Nov Janm

1

Figure I. The seasonal patterns in volduntary food intakes,
reproductive activity and coar growih in a) red deer and b) Pére
David's deer (from Loudon et al., 1989).

reach a zenith in July and have a nadir in January. They exhibit
oestrous cycles between October and April and have two annual
cyeles of coat growth and shedding. There is also evidence of a
pattern in metabolic rate, which mirrors that of intake, and there is
a suggestion that catabolism of adipose tissue is greatest in the
spring and anabolism of adipose tissue greatest in the autumn,
although gquantitative evidence for this is not available yet. As can
also be seen from Figure |, different species of deer vary in the
timing and to a lesser extent the amplitude of these cycles. Sheep
on the other hand show a eyele in imake and metabolic rate of

+300
+200 -
Other genotypes
+100t 4] /
Mean
deviation ¢ \
=100 - ;
(g/day) Scoltish
Blackty
200F o s L el
Blackf:
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Figure 2. The seasonal winter pattern in viduntary intake by
lambs of a nimber of different genotypes offered the same diet
(from fason and Mantecon, 199},

lesser amplitude than that in deer (see Figure 2). The onset and
termination of oestrous activity in the sheep is also slightly less
seasonally pronounced than in the deer. There are differences
between genotypes of sheep in the seasonality of intake (see
Figure 2) with the Scottish Blackface breed and its crossbreds
being particularly seasonal. [t is also interesting to note that the
Sconish Blackface breed is one which shows the most pronounced
seasonalily in oestrous activity.

Although it has been established for about 10 years that the
onset of oestrous activity is controlled by changes in the release of
a hormone, melatonin, from the pineal gland in response o
changes in daylength, it has only been shown recently that the
decling in intake and changes in coat growth that takes place in

3.0
28}
Voluntary
intake :
(kgDM/iday)
2.4l
m L
u i 1 i L ‘\ i
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Figure 3. The effect of melaionin treaiment on the veluntary

intake by red deer hinds compared to wntreated hinds (from Milne
et al.. [990).

Control

Melatonin

the autumn are also under the control of melatonin. Evidence for
this comes from a study where red deer were given daily doses of
melatonin in the late afternoon 1o extend the period in the day
over which plasma melatonin levels would be elevated. The onset
of the decline in intake in the autumn was brought forward by two
weeks (see Figure 3) and an incomplete winter coat was grown,
These studies were all conducted under housed conditions where
the animals had an unlimited supply of forage 1o allow them
exhibit their physiological responses 1o the full.

The pattern of the annual changes in the physiological
variables described above corresponds closely to the supply of
nutrients that is likely to be available to free-grazing ruminants in
temperate regions. Nutrient supply from herbage is most abundant
in the summer and autumn when intakes are at their highest and
the propensity for adipose tissue deposition is al its greatest. In
winter, with the cessation of herbage growth, nutrient availability
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Figure 4. Herbage intake by melatonin-treated and untreated red
deer hinds prazing swards of low and high availability (from
Hevdon et al., 1991

declines, which is when metabolic rate is at its lowest. It is
atiractive to hypothesise that these physiological eycles are in an
evolutionary sense an adaptation to long-term predictable changes
in resource availability from the environment (Kay and Staines,
198 1). In terms of agricultural systems these putative
physiological adaptations could also be used to match animal
species and genotypes to environmental constraints more closely.
Previous studies on genotype-environment interactions had 1o
adopt a descriptive approach, but the increase in our
understanding of more of the physiological mechanisms now
allows a more prescriptive means of defining the efficiency with
which resources can be used.

A fundamental assumption in the discussion above is that the
physiological responses obtained in indoor studies would be
expressed fully under grazing conditions. This may not hold true;
there could be interactions with nutrient availability or weather
conditions. Weather conditions could lead to greater increases in
metabolic rate and adipose utilization in some genotypes or
species than in others and override seasonally driven responses.
Similarly, the low availability of herbage in the autumn or winter
could reduce the ability of the animal to express, for example, the
seasonally controlled intake cycle.

This latter hypothesis was tested in an experiment conducted
in the autumn with red deer hinds. Hinds were gither treated with
melatonin, as described previously. to bring forward the period
during which they would exhibit low intakes or given no
treatment so that they exhibited the onset of low appetence at the
usual time in the autumn and carly winter. Hinds from both of
these groups were grazed on sown swards maintained at two
surface heights, 3.5 and 5.5¢m. to provide different levels of
nutrient availability, which were anticipated would lead 1o
different levels of herbage intake in untreated animals. Figure 4
shows that this indeed was the case with a difference of 40% in
herbage intake by hinds grazing the two swards, It also shows
that, whilst there were lower herbage intakes by the hinds treated
with melatonin compared 1o the untreated animals at the higher
sward height, as would be predicted from the indoor studies
described previously, there was no difference in the herbage
intake by melatonin-treated or untreated hinds grazing at the
lower sward height, This shows that the expression of an
endogenous seasonal appetite cycle can be suppressed where
herbage availability is limited. The mechanism whereby intake is
reduced by low sward availability is by a reduction in the mass of
cach bite ingested, even though grazing time, and in some
experiments biting rate, increases. How the changes in seasonal

appetite are manifested through these mechanisms have not been
explored and could vield an understanding of how the seasonal
rhythms of intake are controlled.

There are several implications of these results. Doubt is thrown
on the extent to which the scasonal cycles in physiological trs
in animals can be related in an evolutionary sense 10 seasonal
patterns of nutrient availability. OF course, it may be that low
nutrient availability, which is created by ample herbage but of low
quality, may give a different result. In these circumstances it will
be the ability of the animal to select its diet that will be 1ested and
a different set of mechanisms will be involved. Our limited
knowledge would suggest that differences in the diet selected by
melatonin-treated and untreated hinds might be small a1 both high
and low nutrient availabilities, when created through differences
in diet quality, but this hypothesis has yet 1o be tested
expenimentally,

The seasonal control of one physiological trait, intake, was
shown to be overidden by nutrient availability from grazed
herbage in the autumn. In a funther experiment with lactating red
deer hinds in the summer it was found that there was again no
difference in herbage intake between melatonin-treated and
unireated animals under circumstances of low nutrient availability

but that the date of onsct of the breeding season was altered
(Hevdon, e af., 19901),

This implies that it is possible to separale under natural grazing
circumstances, seasonal cvcles which tend 10 be closely linked 1o
one another and difficult to separate even pharmacologically. It
should be clear from this example and its discussion that by
developing an understanding of seasonal biology in relation 1o the
pattern of resource availability in lemperate regions that a decper
understanding can be obtained which has the potential o have
imporiant applications 1o land usage by ruminant specics,
Economically imporant ruminant species, other than deer, such as
goats and to a lesser extent sheep and cattle, also exhibit seasonal
cycles in physiological traits, Our understanding of these cycles is
extending such that it should be possible in the future 10
manipulate their timing and extent o make more effective use of
the seasonal pattern of feed resources.
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Adaptation of physiology of digestion and metabolism

The seasonal pattern of increase and decline in inake described
for red deer above might be thought 1o be associated with
differences in the extent to which food is digested. Under many
circumstances an increase in the intake by a ruminant of a feed is
associated with a decline in digestibility of that feed, attributable
o a faster passage of food residues through the gut, which reduces
the time available in the gut for digestion (Milne eral.. 1978).
Seasonal differences in intake do not produce such effects with
digestibility and rate of passage of undigested residues remaining
constant as intake changes (see Figure 5), The reasons for this do
not need 10 be considered here, but with the two herbages that

 DMI/kgW 075 DMD
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S0 0.50
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Figure 5. The volumiary intake and digessibilite of heather and
Agrostis/Festuca by sheep and red deer in Sanuwary. Nove! in
refation to Agrostis/Festuca, feather was digested better by deer
than by sheep (from Milne et al., [975).

were investigated, heather and Agrostis/Festuca species, digestion
of the two herbages by sheep and red deer differed. The heather
was digested more efficiently by the red deer than the sheep
(Figure 5). At the time that the resulis were obtained it was not
clear why this was the case. The high content of tannins found in
heather, which complex with proteins in the ramen, is known o
reduce the digestion of heather by sheep (Milne, 1974).
Subsequent research has shown that these tannins are rendered
less damaging in the deer than in the sheep because deer have a
higher concentration of prolines in saliva entering the rumen
iRobbins er af.. 1987). This provides a good demonstration of
how different species can adapt their digestion to deal
successfully with food items which may be important in their diet.
It 1% this issue that 15 now discussed with reference o the ways
that ruminants deal with the potentially toxic substances found in
forage brassicas.

Forage brassica crops accumulate relatively large quantities of
sulphur-containing compounds in their leaf, stem and root issues
and 1 is postulated that they act as protection mechanisms against
a wide range of predators from aphids to sheep! The two main
sulphur-comaining compounds are S-methyl cysteine sulphoxide
(SMCO) and the glucosinolales, However, 1t is their breakdown
products in the rumen which lead to inappetence and poor growth
rates in lambs through alterations in the animal’s digestion and
metabolism. Dimethy] disulphide is the breakdown product of
SMOCO, which causes a haemolytic anaemia (Smith, 1974). The
severity of the symploms will depend on the copper and selenium
status of the amimals, since these are constituents of important
enzymes, superoxide dismutase and glutathione peroxidase, which
help protect the red blood cells from the free-radical effects of
dimethyl disulphide (McPhail and Sibbald, 1990). There are

differences between species in the severity of the haemolytic
anaemia with sheep being more wlerant than cattle or goats.
Recent research with red deer fed oilseed rape (see Section 7 of
the research summaries of this Annual Report) has shown that red
deer are more akin to sheep than other species in the development
of haemolytic anaemia. On the basis of reports from Europe, roe
deer are more susceptible than red deer and this observation is
currently being studied in a joint project between MLURT and the
Scottish Crop Research Institute. The reason for the different
susceptibilities between species has not been identified. Among
sheep there exists a penetic deficiency in red blood cell
glutathione. In most breeds only 2-3% of animals are affected but
a) b}
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Figure 6. The effect of rumen fluid source on the degradation of
aflvl cvanide in rumen (from Duncar and Mine, [989),

in the Finnish Landrace breed 20% of animals may be deficient
(Tucker and Kilgour, 1973), It may be that this could offer an
explanation for the between-species differences.

The other main sulphur-containing compounds, the
glucosinolates, produce two main breakdown products,
isothiocynates and nitriles. There are a number of glucosinolates
which produce a range of breakdown products in differem
proporions depending on the precise conditions in the rumen.
Research at MLURI has concentrated on one of the more common
glucosinolates, sinigrin, which is. for example, the predominant
glucosinolate found in cabbages, and which produces allyl
isothiocyanate or allyl cyanide as the isothiocyanate and nitrile
compounds respectively. When these compounds were given by
continuous infusion into the rumen of sheep, allyl cyanide, in
particular, produced variable effects on intake with the pattern of
intakes suggesiing that adaptation to the presence of the
compound was taking place {(Duncan and Milne, 1989). Further
rescarch has shown that adaptation was taking place in the rumen
with the micro-organisms adapting to the presence of the allyl
cyanide by developing the ability to degrade i1, Evidence for this
was obtained in in vitre studies by injecting allyl cyanide into
rumen fluid obtained from sheep fed either on cabbage or a
non-brassica diet, dried grass. As can be seen from Figure 6, the
allyl evamide disappeared from the rumen fluid of the cabbage-fed
animal but not from that of the animal fed dried grass.
Confirmation that it was the micro-organisms that were causing
the disappearance of allyl cyvanide was obtained when the
micro-organisms were removed by centrifugation. Adaptation can
also ake place in the metabolism of the tissues of the animal, by,
for example, the induction of enzymes, and evidence of this has
also been oblained in lambs ingesting forage brassicas (Duncan
and Milne, 1990).
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Adapations 1o such secondary compounds in some farming
situations could be potentially speeded up, for example by
supplying the animal with an innoculation of micre-organisms
already adapted to the compound, using a concentrate supplemem
as a vehicle to deliver the innoculant. In more free-ranging
situations such an approach is not possible. There are no doubt
many adapiative mechanisms of the type described above which
still await to be discovered and which may lead 1o the
identification of animal species which are more suited 1o grazing
some plant communities than others. Secondary compounds can
also have important effects on the acceplability of plant species,
as another form of defence mechanism, o ingestion by
herbivores. Our understanding of the relative importance of these
cffects in relation to the effects described above is a central
challenge to those that study chemical ecology.

These two cxamples give an indication of how the physiology
of individual genotypes or species of grazing ruminant interacts
with gither the amount of food supply or ils composition. From
this understanding not only can animal-based systems be designed
1o wtilize land and vegetation resources more effectively, but also

the resources themselves can be more successfully sustained.
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PLANT SPECIES BALANCE

PLANT SPECIES BALANCE
IN SOWN SWARDS IN LOW INPUT AND
EXTENSIVE GRAZING SYSTEMS

C.A. Marriott and S.A. Grant

Introduction

The manipulation of multi-species swards o ensure sustainability
of a desired .\pu-.'iu.'-\ composition depends upon an understanding
of factors which determine the balance of species. The balance
achieved is largely a result of mtéractions between the inherent

capacity for growth of the component species, climatic and sward

microenvironmental conditions and the impact of grazing ammals,

With a knowledge of such interactions it s possible 1o predict the
consequences of a wide range of circumstances on species
composition. In sown swards, for example, particular intérest is
currently focused on the effect of reductions in fertilizer inputs.
This review discusses recent work related 10 sustaining white
clover (Trifolivm repens) in low input swards and considers the

implications of extensive grazing systems for species balance.

Grass/clover balance in low input systems

The species composition of grass/clover swards is ultimately
determined by the balance between the performance of individual
grass and clover plants. Basic morphological and physiological
differences between grasses and clover affect the nature of the
competitive relationships that develop in mixtures. Environmental
or abiotic factors have a key role in determining the outcome of
such competitive interactions but the effects are modified by the
presence of ammals in grazed swards, An understanding of the
imteractions between plant species, together with information on
selective grazing, is necessary for the prediction of the outcome of
manipulation of timing, frequency and severity of defoliation on

species balance in grassfclover mixiures,
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Seasonal growth differences

Perennial rvegrass (Lolitwm perenne) has a lower optimum
temperature for growth than white clover, 18-21°C compared with
24°C; it also inftiates growih at lower lemperatures than does
clover (Williams, 1970). Ryegrass thus has an advantage over
clover both carly and late in the growing season when
temperatures are low., Onece white clover is actively growing,
however, its proportion in the sward steadily increases. indicating
that it has a higher rate of growth than grass. This advantage may
be related to differences in specific leafl area and pattern of leaf
expansion { Parsons ef al.. 1990). The growth rate of grass in
summer depends on whether Noral tillers are allowed Tull
expression in taller swards or are decapitated during close grazing.
In tall swards, growth is initially very rapid; a reduction of growth
in the summer then occurs because of apical dominance

Clover position in grass/clover canopy
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Figure 1. Clover position in grassic lover canapy,

suppressing development of daughier tillers. New leal growth is
restricted 1o existing vegetative tillers and the new daughter tillers
which are initiated from axillary buds, Defoliation by grazing or
cutting allows 1illering 1o proceed because decapitation of [oral
tillers removes apical dominance and more light reaches the base
of the sward; the annual growth curve of grass is, therefore, highly
dependent on these factors { Maxwell er al., 1988). Clover. though
mare susceptible to drought, does not show a mid—season decline
in growth in response to height manipulation. The differences
between grass and clover in their seasonality of growth and
response o manipulation of sward conditions provide
opportunities to minimize inter—specific competition, and a
greater stability of sward composition may result.

Canopy effects

Clover leaves are arranged horizontally in the sward and thus their
ahility 1o intercept light is strongly influenced by their position
within the canopy (Figure 2). Grass leaves, on the other hand, are
generally ercet, so that light is more evenly absorbed throughout
the canopy. While the horizontal arrangement of clover leaves is
advantageous when clover petioles are able to extend and
maintain the laminae near the sward surface, it is disadvantageous

in carly spring and autumn (Figure 1). AL these times low
temperatures inhibil petiole extension (Marmion er al.. 1988), so
that clover laminae occupy a low position within the canopy. The
early work of Jones { 1933a,b,c.d), wogether with more recent work
(Laws and Newton, 1987; Grant and Barthram, 19%0a), shows that
allowing herbage o accumulate in early spring leads o reduced
white clover content of grassfclover swards compared with swards
which are closely grazed at this time. This is because both clover

leat appearance and stolon branching rate are less under shaded
conditions { Solangaarachichi and Harper, 1987; Davies and
Evans, 1440).
In late spring. clover petioles can extend and maimain laminae
sar the surface of the sward; periods of herbage accumulation,
for example prior to a silage cut (Dennis ef @l 1984; Grant and
Barthram. 1990 b, are now advantageous for clover. Clover

I& _‘

Frewre 2. Horizontal arrangement of clover loerrnintate ot Dty aof

the sward canopy allows efficient imferveption of light.

laminae are intact and unshaded, and the branching rate of clover
stolans is unaffected by shade at the base of the sward (Davies
and Evans. 1990}, The stolons accumulate energy reserves and, on
cutting the sward, the high light levels at the base of the sward
encourage a flush of siolon branch production: grass, on the other
hand, is adversely affected as the tillers have extended and
defoliation temporarily reduces tillering (Grant and Barthram,
1990b). Thus a period of rest from grazing in late spring or early
summer, when clover has a growth advantage over grass, should
lead o increases in clover content, and indeed this has been
shown frequently in systems which incorporate a hay or silage cut
{Wolton er al.. 1970; Curl] and Wilkins, 1985; Sheldrick ef af,
1987).

The extent to which individual species in the sward are grazed
is a function of grazing preference as modified by the way that
canopy structure affects selection opportunity. Thus, even if
clover was not preferentially grazed, its posinon in the canopy
(with proportionately more of its leaves in the grazed upper
horizon of the sward than grass) means that a greater severity of
defoliation of clover than grass occurs (Milne er af.. [982)
However, during the main part of the growing season in
continuously stocked swards, this disadvaniage appears to be
maore than offset by a greater capacity Tor growth and clover
increases its contribution 1o the sward (Parsons ef ol 1990).
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Nitrogen nutrition

Clover has access to two sources of N, it can fix atmospheric N,
and. like grass, take up mineral N from the soil. Competition for
M between grass and clover is complex because N uptake by grass
can be influenced by clover in two opposing ways. Clover may
increase the supply of available N through transfer of fixed N but
it may also compete for mineral M. The balance between
competitton and transfer is not constant, but varies during the
growing season (Yallis, 1975).

Barthram ¢f al.. (unpublished) showed that even small
applications of N fertilizer, applied repeatedly, reduced clover
content; the rvegrass population, on the other hand, remained
constant where N was applied but declined slightly in the absence
of N fertilizer (Figure 3). Other grasses, such as Pog and
Alapecwrus, increased substantially in both cases. Both the
absolute numbers of clover growing points and their contribution
1o the wtal population were less when N was applied. Initially 8%
of the growing points were clover; after 3 vears a simillar
percentage was found in the swards given no N fertilizer, but it
had declined in the N-fertilized swards to only 195, Fertilizer N
also reduced N» Iixing acoivity of clover on both a ground area
1

therefore, has the potential to alier species balance and reduce the

and a plamt unit basis (Grant ef ol 1986). Nitrogen fertilizer,
content of clover, in addinon o increasing 1otal herbage

production.

Treading and stolon burial

Apart from defoliation. there are inevitable conseguences of the
presence of grazing animals on swards, Treading can cause
different degrees of damage to different plants (Edmond, 1964;
Curll, 1980), Especially in wet weather, treading disturbs the soil
and can lead 1o burial of stolons of clover, Burial has little effect
on stolon growth and death of stolon branches if leaves remain on
the plants (Grant and Marriot, |989), Removal of leaves,
however, caused a reduction in stolon growth in both buried and
unburied treatments, with a greater reduction in the buried
treatment, A substantial increase in death of stolon branches
oceurred when stolon burial and leal removal were combined,
These responses are attnbuted to acropetal translocation of energy
reserves 1o new growth on main stolons, and @ reduction in the
partitioning of assimilates to support smaller buried branches.

Number of growing points (m?*

B Ryegrass
Bl Crther grass
O Clover

On wet, heavy soils, burial of stolons can be quantitatively
significant. For example, on a poorly drained noncalcareous gley
soil, within 5 weeks of marking stolons, over 50% were buried
and after 29 weeks all marked stolon sections were buried,
Changes in species balance, resulting from a reduction in clover
content associated with stolon burial, are likely 1o occur on wet
heavy soils, under high grazing pressures.

Excretal return

A further inevitable consequence of the presence of animals is
excretal retum, Urine return is particularly important because the
bulk of the N excreted is in wrine, and adverse effects of even
small amounts of fertilizer N on clover have been clearly shown,
One important feature of addition of N in urine is the patchy
pattern of its deposition (Hilder, 1966), Only small arcas of the
sward are affected at any one time, but they can receive the
equivalent of 300600 kg N/a. In a series of experiments, urine
was applicd in either spring, summer or autumn, to areas protected
from subsequent excretal return by graze through cages (Marrion
ef al., 1987 Grant and Marriott, 198%). Such cages allow animals

4000 CSummen>
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Figure 4. Urine adversely affects clover popudations. Clover
prepuilations are adversely affected by spring and summer

applicarions of wirine bur tie effecr on grass is variahle,

to graze a strap along the edge of the cage, but neither tread nor
excrete on this area. After uring application in the spring and
summer, there were dramatic reductions in the number of clover
growing points, which were not necessarily accompanied by
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refirm.
increases in the population of grass tillers (Figure 4). The effects
on clover were most pronounced when urine was applied in the
spring, when clover was growing more slowly than grass, and
reductions in populations to 209 of those in untreated areas were
found. Changes in clover populations are due 10 increased death
of clover stolons, as well as reductions in the production of new
growing points through branching of stalons (Grant and Marrion,
1989}, In the autumn, when growth of both grass and clover is
slow, there was very little effect of urine on either plant species.
This work shows the extent o which urine can affect clover and,
without doubd, it plays a major role in creating patchiness of
clover in mixed swards (Figure 5). The results suggest that, in
grazed swards, the adverse effects of wrine retum on clover will
partially offset the advantages of short swards in spring.

To summarize this section, owr understanding of the effects of
sward conditions and N ferilizer application on clover content in
grassfclover swards suggests three ways which favour the

sustainability of clover content. These are: to use hay and silage
harvests al appropriate times of the yvear, to minimize fertilizer N
inputs and to avoid high siocking rates on wet, heavy soils,

Species balance in extensive systems
Moaost recent research on grass/clover swards has been conducted
under conditions which maintained optimal pH and levels of

mineral nuirients, especially N, P and K. However, likely changes

to lower levels of input, and removal of pasture from grazing.
require that studies are extended o include less than optimal
conditions (Figure ). A greater understanding of interactions
between a much wider range of species than simply ryegrass and
clover is needed to enable prediction of the effects on species
balance and clover content. There would be implications for
animal diet selection, which could in turn affect species
composition of the sward. In addition the rates of soil processes
such as mineralization and immobilization of nutrients could be
affected. Such changes and possible differences in soil physical
parameters, for example bulk density and  porosity, will also
influence plam dynamics. In the following sections some general
cffects of nutrient stress and grazing on plant growth and species
composition are considered.

MNutrient stress effects

In the absence of fertilizer additions, plant growth will be
increasingly limited by the supply of plant available nutrient
resources. The relative growth rate of individual plants will
decling and the life span of leaves will increase; a seasonal peak
of shoot expansion may be difficult to detect (Grime ef al.. 1988),

When nutrient supplies are restricted, the balance between
uptake and internal recycling of nutrients in plants will change 1o
favour an increased component of intermal recycling {e.g. Simpson
etal., 1982). In such circumstances, those species which have
efficient and well-developed mechanisms o conserve nutrients
within the plant, defined by Grime (1974} as stress tolerators,
should be most successful. Nevertheless the nutrient comtent of
hoth herbage and plant litter may be less when nutrient levels are
lower. For example, the N content of ryegrass in unfertilized
swards was 30-40% lower than that in N-fertilized swards
{ Marrioi, unpublished).

Im addition to effects of nutrient stress on individual plants,
there will be effects on species composition. I is predicted from
resource competition theory (Tilman, 1980) that numerous species
can persist only if they are differentiated in their abihities o
compete for different limiting resources. Interspecific differences
in factors such as rood morphology, rom cation exchange capacity
arwd rhizobial and mycorrhizal infection are likely 10 be involved.
Evidence that species composition can be controlled, or at least
influenced, by nutrients comes from three sources: surveys of
plant distribution in the field, experiments involving the addition
of nutrients in the field and amecological studies of species which
occur in habitats of differing fenility.

The positive relationship between soil pH (a simple guide to
nutrient status) and species density for grasslands in the Sheffield
area shows that optimum density occurs at around pH 6.5 (Lloyd
et al., 1971). Surveys show the different environments occupied
by individual species. For example, Nardus stricta is found
predominantly at low pH, Agrostis temis over a wide pH range.
but with a peak around 4.5-5, and Festuea ovina is evenly
distributed across the range (Grime and Lloyd, 1973).

Classic experiments which show the effect of application of
ferilizer are the Park Grass experiment at Rothamsted (Thurston,
1969 and Milton's (19400 experiment in Wales. In the Park Grass
experiment, in the absence of grazing and with two hay cuts per
year, fertilizer application led to dominance by a few fast-growing
grasses, whereas unmanured plots retained a diverse population of
over 40 species. In Milton's experiment. by contrast, an infertile
Welsh grassland dominated by a few unproductive species was
changed to a species-rich mixed grassland in response to N, PL K
and lime applications. Controlled grazing accelerated the process
and helped 1o maintain the changes initiated by the nutrients.

Experiments with individual species in isolation show they
have very distinctive growth responses to nutrients (Bradshaw
ef al., 1960, 1964), but caution is needed in extrapolating such
information to field conditions. Dry matter responses of L,
perenne, A, fenuis, F. ovieg and N. stricta o a range of N and P
levels suggest that L. perenne will always be the most successiul
species regardless of nutrient level, But in a mixture, low yielding
species have an advantage under conditions of nutrient stress and
L. perenne is outcompeted by A. fenwis {Bradshaw, 1969; van den
Bergh, 1969), White clover has a higher regquirement for P and K
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Figure 6. Swards consaining a wide range of species will becane
increasingly imporians when fertilizer inpats and grazing are

reduwced

than associated grasses, and, in general, it becomes more
competitive with companion species as nutrient status increases
(Harris, 1987). However, as shown earlier, the response to N is

rather different and clover is favoured when N availability is low,

(zrazing elTects

In an ungrazed sward the major effects on species composition
will arise through competition between plants for light, water,
space and nutrients. Grazing, or mowing, will modify this
competition. For example, uniform defoliation alters the
competitive balance between L. perenne and Holous lanatus. The
taller Holeas dominates under light or infrequent defoliation, but
Laodiwm is the most successful competitor under frequent severe
defoliation {Wan and Haggar, 19800)

It is unlikely that each plant suffers equally when swards are
prazed. Many factors intervene, including patchy plant
distribution, heterogencity in plant size, plant form and life
history, differences in nutrtive value and resultant effects on
patterns of grazing, These factors will ultimately determine the
effect of defoliation by herbivores on species dynamics and sward
composition. It can be postulated that, if grazing preferences for
particular plant parts or species exist, the full impact will be felt
when availability of food is high, since animals may be less
selective when food supply is low,

Selective grazing could reverse the relative competitive

abilitics of plant species. For example, Navdus in Agrostis-Festica
grassland is normally uncompetitive in the absence of grazing, but
it becomes aggressively competitive when its competitors are
caten and it is avolded (e.g. Nicholson ef al., 1970).

If the herbivore prefers the least competitive species, the plant
will suffer a dual disadvantage and may be greatly reduced in
abundance or may even disappear from the sward. Some minor
annual herbs, particularly in Mediterranean environments, might
respond in this way. Reductions in Desclampsia flexuosa. a minor
component in the sward, occur under grazing, whereas the
dominant F. oving increases (Grant ef al., unpublished).

The herbivore may switch between species depending on their
relative abundance and accessibility; as the herbivore reduces one
species it may transfer to the newest dominant. An example of
switching is the change in preference shown by grey and fox
squirrels; they switch between acomns of black and white oak
depending on their availability (Smith and Follmer, 1972).

Plant species may be removed by the herbivore in proportion
to their abundance in the grazed horizon (e.g. Milne ef af., 1982):
the effect on sward composition will depend on the relative
grazing tolerances of the individual species, on their ability 1o
regrovw and their morphological responses (o grazing. However.,
this situation is only likely to obtain in simple swards under
nutrient sufficicncy, where the range in feeding value between
species is very small. As nutrient stress increases and a wider
range of species coexist, the drive 1o select species with igher
digestibility will increase. For example, in contrast to the situation
in sown swards, clover is strongly selected by sheep in
Agrostis-Festea grassland (Gram e af., 1985).
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The timing and mnter

ity of grazing are also vitally important,
Seasonal grazing will alter diet selection, because selection will be
strongly influenced by plant life history. Grazing in winter only
will interfere litle with seed setting stages, and so might be
expected to increase numbers of species. Treading may
incorporate dead material and increase nutrient tumover and, in
addition, light conditions in the sward may be improved and

spring growth encouraged. The effect of summer grazing on

multidisciplinary long—term experiment conducted at three sites
on soils of differing inherent fentility. Detailed studies of plant
interactions, aspects of diet selection and animal behaviour, and
the soil component of the system are included. The experimental
treatments include a ferilized positive control, and a range of
unfertilized treatments, which represent the most severe
experimental nutrient siress which can be imposed and, therefore,

will accelerate any changes which are likely to occur, Different

Mowenng will be stromgly influenced by the mensity of grasng

and, in short swards, seed heads will oceur only on prostrate
species. Al low levels of wilization, ingress of taller species can
occur, whereas closely grazed swards will be dominated by
prostrate, rhizomatous, stoloniferous or basal rosetie habits. The
imponance of the grazing animal is again evident when
considering microheterogeneity in the sward environment.
Hoolprints, faeces patches and patchy grazing can all provide
areas for colonization, and nutritional heterogeneity is created as a

result of excretal return and camp areas.

Conclusions

Many studies have examined foristic change in communities in
response to grazing, but comparisons have not been made before
M S0wWn _I;F:I\-H'L']':I‘- er swards \lth_i;.'x‘lL'd 1o nuirient stress |i:il_'l|[i.‘ 7.

This subject area is being addressed at MLURT i a

Fignre 7. Flovistic change in anfertilized grass/clover swards i

examined under different seasoral grazing regimes

combinations of intensity of winter and summer grazing are
superimposed, which will allow a range of hypotheses relauing the
grazing animal to floristic change 1o be tested. Support culling
experimenis will determine plant physiological responses (o
nutrient stress and defoliztion: research will include biomass
partitioning, and nutrient acquisition and remobilization studies

From this work the sustimability of grass/fclover systems
without fertilizer inputs will be determined, and the responses of
grassiclover swards to inputs of fertilizer lower than those
currently applied may be predicted. On a more general level. o
will allow the testing of many of the theories of plant-herbivone
dynamics which, a5 Crawley (1983) has pointed out, greatly
outstrip empirical understanding.
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1: LAND RESOURCES

Soil and environmental properties examined
by geostatistical methods

The continuous spatial and temporal vanation
that characterises the environment has been
examined through the application of geostiist-
ical concepts, with particular focus on soils,
topography and climate.

O the Scottish Crop Rescarch Instituie
farms sonl |_1rs1l'i||.'_' available water for polatoes
has been calculmted s 25 m intervals along
transects and at the nodes of a 10 m square grid
fromm soil observations and resulis of .'|!I.'.1!}'M.‘h.

] ABOvE  500.0
Bl 3000 - 5000
Bl co0o - 3000
1BE | 5.0 — 100.0
B ccow 5.0

Fi vaire § . Comlenr g .-.llflpr.;.'f rthickness ar
Coallwrn apencast coal site, erdinary kriged
eslimates, prear depls in om.

The relationship, expressed as the average
swemivariance, between pairs of observations
separated by 25, 50, 75, 100 m distances was
"-'I-'iﬂll|1ut|.'<| and |'|!|||||:d axa w|11'wuri1|i_':r:ull.
Combining this relationship between
semivariance and separation distance with field
values probabilistic estimates (kriged values)
have been derived for mnterpolated closely
spaced points, Contoured maps of soil available
waler for potatoes prepared using these
estimmes will aid experimental plot selection
and farm management. For agroforestry
expenmental sites at the Glensaugh Research
Station similar contour miaps of soil available
water have been prepared from data collected at
10" m spacing along transects and at the nodes of
a 50 m grid. The results will assist the analvsis
of fisture measurements of tree growth in

relation to soil propertics and moistune stress.

A contour map of peat thickness on an
opencast coal site al Coalburmn, Lanarkshire, has
been derved from messurements on a 100m
square grid (Figure 1), The semivanograms for
four directions and the fitted soropic model
(Figure 2) show:
ak nugget variance of 035 m?, accounting for
small scale variation and chservational or

experimental error

b sill semivariance of 2 m* consisting of the
nugget vanance plus the range of vanance due
o spatial dependence

c)range of 1050 m, bevomd which peat depihs
are independent,
Peat depth spatial relationships on this

lowland site fit a pentaspherical isstropic model.

This comrasts with an anisodropic linear model
found at Lephinmore hill farm and indicates th
the lowland peat can be charactenised by fewer
measurements. Using weighting coefficients
derived from the semivariogram model and an
ordinary knging procedure, the conlour map of
peat thickness has been computer gencrated.
The procedure will find application in mapping
pn::-|1|N'|:|. OPemCis] coal xines Carrying peat

The nisk of windthrow poses a major danger
to timber production and the economics of
forestry, From observations of wopex, soil
charactenstics and elevation dunng a
preplanting survey of Rannoch Farm,

Penhshire, the windthrow hazard score
semivanogranm has been modelled (Figure 3)
and estimated values mapped (Figure 4) by
disjunctive kniging. OF particular relevance (o

silviculiural management are the conditional
probabilities mapped in Figure 5 that valises will
exceed o ortical value, so allowing choice 1o the
forester in the kevel of nsk sccepeed.

The long-term average of accumulated
LETPEralure is an imponant parameter in
modelling the land capability for forestry and
values are available at 200 recording stations
throughout the UK. Modelling the vaniation
beiween the stations gives different semi-
varnograms in the north-south and east-west
directions reflecting the diffening effects of
longitude and laiitude on incoming solar

Semiv -
of ,"
~ /
fem=) 1 /
80001 /
a000/
0 i i 5 i j
0 300 M 15003
Distance in metres

Figure 2. Isatrapic semivariogram of pear
depris at Coalburn opencast coal site
Lanarkshire, incliuding fined pemaspherical
mdel.

radiation. Applying a standard lapse rate for
temperature change with elevation o give data
at a standard elevation, sea level, for each site
reduces varability in the data (standard

3o
25

Direction of least
0 spatial vanability
1 (50" Monh of East)

0 400 800 1200
Distance in metres

|r' ”,:"rf _* ! f]f.‘-fl‘\“'l'n'll'.lrl P .‘-q'n’ﬂr\'h'rrl"‘_l,:'i'l'.fhlr I'Fﬂ-
windscore assessments af Bonnoch Farm, Loch
Rannoch, showing envelope of fitted model.

deviations, site = 298, sea level = 277) and the
nuggel semivanance reduces considerably. A
structural analysis of the semivaniogram is
requined before deciding the most appropriate
form of kriged estimates 1o produce, When
interpolated estimates of sea level temperatune
have been prepared for Scotland digital
elevation data will be used o prepare an
accumulated temperature map,

Contact name: Gordon Hudson

(Figures 4 amd 5 are on the next pagel
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ABOVE 25.0
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Figure 4 {above ), Rarmnoch Farm, Lock
Ranniech. Windthrow hazard scoves (di siumetive
Lripredd extimanes )

Figure 5 {hefow), Rammoph Farm, Lol
Ramnock. Conditional prohalality that
witkdlscewre dx geecter o P90 disfuenciive

krrgged @ xfimates )

Hural land cover in Scotland by air photo
interpretation

The Scoatish landscape and environment are the
focus of major public interest and concern in
government policy formulation. A crucial
element amoengst many imteracting factors is
land cover o which the appearance of the
countryside, the use of the land and the wildlife
i \up:pnrh. I.Ii"'\l.'l:. relate,

The aim of the research objective is to
compile, through the interpretation of scrial
photographs, a comprehensive database of the
land cover throughout Scotkand 10 form a
baseline against which future or past changes
can be measured. The project is funded by the
Scodtish Development Department (SDD) which
o miml“im'u,'d I|'||: iﬁrl!‘FriII“IﬂL" of aerial
photography Nown duning [985-89. Prancipally
panchromatic, but of colour in the Midland
Walley, the photos are 1:24 (0 scale.

Applying experience gained over long
pertods in the use of air photographs to ad soil
and land mapping, MLURI staff, in discussion
with SDD, formulated categories for 124 1ypes
of land cover (Tabde 1) Inricate pattemns of
twio or maore types of cover are recognized as

MIOERICS,

The clarty of appearance in air photographs
and ease af interpretation depend on the 1vpe of
feature being identified, the tonal characienstics
[ the photograph and the time of year it was
|L':||:u|| ;|,|1|,| |'||;|_i|;:-r I-L"illl,lr!._'\ i l!n:; |.'|h|-e.'
are generally interpreted readily with high
degrees of accuracy. However, semi-natural

e field and in

1_'||.:-uru| 1.1,:1;1;1:.|I1m| A% |r1'|~.|:r1. el
its appearance on air photographs can merge
gradually over wide zones. Chher features such

H 1Y Iw:u.-!u;n -.1;.1\-.-.« l::ll'll} 4 j’!lhllll.h taken whien the
plams are well-grown

Most agriculural land is enclosed by fences,
hedges or walls and is readily recognised in
phatos, Distinction between ley pastures and
winter-sown grain crops can be difficult and
although interpretations For agncultural land can
be made readily, discrimination within this
|1ri|1|;rp;]|. Category s i|1'||:'rr|;4.'i\.{' and 5 :|II<;|r'|;|!|I1.'-.|
only for generalised categories of improved
grass land and arable land.

Interpretations are made for a wide range of
sub-categories based on nateral features such as
rockiness, presence of scattered trees or erosion
ol F‘I-;;.l[._ and omn |'|i:l|'|:|.g|.'h'||_'ﬂ1 features such as
muirbum. ploughing for forest plamation
establishment or tree felling. A miscellany of
minor CAlCEOrcs such as (JUATTECS, OPEn waldr,
golf courses and cemeteries ane recognized and
have clear air photo appearance. Minimum
sizes have heen assigned for individual
occurrences of each feature o be interpreted, for
example 2 ha for woodland, 10 ha for
semi-natural ground vegelation. Lesser areas of
many types of feature are recorded as line or
point dita

Interpredations are carmied oul under
standard good-gquality mirror stereoscopes and
lard cover features are delimeated on transparcnt
overlays on photographs.  Interpreted
mformation is ransferred by Skeichmaster on 1o
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e e

Principal features Major features

vegetation

e ———— ——e
Main features Sub-categories based on
Semi-natural ground Heather and dwarf shrub heathland Dry heather moor Muirburm

i Wer heather moor Rock outcrop
Undifferentinted heather maoor Scattered trecs

Undifferentiated coarse grasslnds Undifferentized coarse grasslands Rock outcrop
Scattered tnees

Smooth grasslands Smaxcthy grasslands with rushes Rock outcrop
Smooth grasslands with low scrulsy Scattered trees

Blanket bog and other peatland
vegelation

Undifferentiated salt marsh

Wetlands

Duine lands

Montane \'l.,‘;_"l.:lu['ll.'ln

Undifferentisted smooth grasslands
Uneliffergniised bracken

Blanket bog with dubsh lochans Erosion

Undifferenfiated blanket bog Scattered trees :
Mechanised exploigation
Domestc explonation

Undiffierentiated salt marsh

Wetlands Scattered trees
Bare dunes

Partially stabilised dunes

Links with grassland

Links with heathland

Undifferentiated montane vegelation Rock oulcrops

Woodland Coniferous woods

Broadleaved woods
Mixed wooads
Undifferentiated low scrub

Management features

Plantations Mapped arcas
Lines of trees
Semu-nitural Clumps of trees

Broadleaved woods

Muixed wodids

Undifferentiated low scrub

Management features Recently ploughed land

Former woodland recently felled
Open canopy young plantation

Agriculiural land Agriculiural land

Farms and developed Isolated farmsteads and other
rural land buildings

Improved pasiune Rock oucrop

i Scattered trees
Avrable lund Scattered farmsteads
Isolated Farmsteads eic. With trees

With no trees

Miscellaneous developed features Factories
Airfields
Giolf courses
Cemgleries
Bare ground Miscellaneous bare ground Cliffs, crags & screes Mapped areas, lines or points
Chiarries
Bings
Paths
Hill rogds
Water
Miscellaneous Buili-up land
features _
Transpor features in a rural context E.Uilld
ai
Clowd-obscured arcas
Snow-obscured aneas
Table I Land cover features for interpretation. creation of a raster data set stored on the VAX Fife, the Midland Valley and Galloway.
3600 compaier. The project has attracted mapor interest from
1:25 000 Ordnance Survey Pathfinder Series Interpretation has been completed for 26000 a number of public bodies, including local
fiaps for checking and compilation. km? in regions throughout Scotland: the authorities, the Forestry Commission, Nature
Wector digiticing of the compiled Morthern [sles, Caithness and Sutherland, the Conservancy Council and Countryside
information is the first step o conversion 1o Outer Hebrides, the arca around Inverness, the Commission for Scotland.
Quadiree formar using SPANS software and Western Highlands, Grampean. Perthshire and Contact name: Cyril Bown




The bracken problem in Scotland

Bracken infests significant arcas in the hills and
uplamds of Scotland. It frequently occurs on the
better soils of these regions and over post-war
decades has been generally perceived as
increasing im extent.
The aim of this research objective has been
1o establish:
I. rate of spread of bracken
2, the envirenmental niche with which it is most
commaonly associated
3. the national distribution of
bracken-dominated plant communities
4, how bracken is perceived by farm holders.
This report deals with each topic in terms of
its mapping and geography. Biological,
botanical or economic studies are related and
on-going in other research groups.

Rare of spread of bracken

Chamges in the area of bracken cover were
mieasured a1 four sites: Poltalloch (Argyll and
Bute); Glensaugh ( Kincardine and Deeside );
Sourhope (Roxburghshire) and Gatehouse-
of-Fleet {Stewartry ). Land survey observations
and photogrammelric MEasurements were made
1o determine long-term rates of change in
bracken cover (over a period of 40 vears) and
annual bracken front measurement.

Bracken fronts were observed io be different
locations up 1o 10 m apan from one vear o the
next. On average retreats of 0.1 o 3 m were
ohserved between 1985 and 1986, compared to
mdvances of 0.1 to | m berween 1986 and 1987,
These differences comespond to a later
occurrence of frosts in the early spring of 1986,
and illustrate the perturbations o be expected in
bracken front location over a year.

The area of bracken-dominated plant
communitics changed in a range of +3% 10
-.5% per annum over a 35 to 40 year period.
The restrictions on areal change depended upon
stocking rates, drainage and climatic factors.
The greatest decrease was, however, more likely
tov be due to the growth cycles of vegetation
1vpes. Average change in the area of bracken
cover wis an increase of 1.0% per annum.

Enviranmental niche most commonly associated
with Bracken presence.
Bracken-dominated plant communities were
mapped from field survey and air photographs
in seven sample areas. Satellive image
classification of bracken was then extended over
cach area and checked, This provided the basis
for observing charactenstics of the environment
that were most commonly associated with
bracken presence.

The results indicated bracken is most
commonly found where:
I, landd is of an easterly or southerly aspect
2, land is below 450 m above mean sea level
3. the dominant soil types ane humus-iron
podzols or brown forest soils
4, the accumulated temperatune is greater than
P day™C per annum
5. there is a low oocurrence of late froses.

Multivanate analysis of bracken presence
with respect to the environmental characteristics
meeasiired provided a basis Tor assigning prios
probabalities w each element of data for
probability mapping of bracken. This improved
image classification resulis and highlighted
geographical differences in the miche of land
available for bracken.

Narional distribusion of bracken-dominared
plant commumities

The sample areas provided controls on
classification of bracken-dominated plant
communities across Scotland. The sample areas
were augmented with three satellite image
classification test areas and extensive field
mapping. The clussification excluded land
interpreted as improved grassland, arable land
or built-up areas and land above 430 m above
miean sea level, This left 63,250 ha of bracken-
dominated plant communities, which is 1.3% of
the land available for bracken in the marginal
hill and uplands. equivalent to 1.8% of the total
rough grazings in Scotland.

The figure of 63,250 ha includes a
cormection in area due 1o 1he angle of slope on
which bracken is found and an estimate for
bracken presence in Sheiland, Orkney, the
Western Isles and north-west Skye which were
not included in the image clssification, The
Borders, Galloway and Argyll have the highest
proportions of bracken to rough grazings,
compared 1o Highland Region which has the
lowest. In general, in eastern Scotland. bracken
is confined to higher altitudes compared 1o
western Scotland because of the greater
agricultural land use of the lowlands,

The perception of bracken by farm-kolders

A guestionnaire survey of a representative
sample of 1600 farm holders in upland Scotland
revealed 29% with bracken present on their
land. Of these, 68% considered bracken 1o be o
problem and some 62% had actually undenaken
some form of bracken control.

When the replies for farm holders with
bracken present are studied, four groups are
identifiable:

1. half the holdings consider bracken a problem
and have attempted bracken control

2. one quarier do not believe bracken a problem
and have not atempted bracken control

3, one cighth believe bracken a problem but
have not taken control measures

4, one eighih do not believe bracken a problem
and have not taken control measures,

Bracken was considered a problem, in
particular, by those holdings with toal grazing
tand of less than 5 ha or more than 765 ha and a
high proportion of land as rough gracings,

Bracken control measures were, generally,
at least parally effective, Successful control
was more likely with chemical methods (54%
total clearance ) compared with cutting methods
(15% 1otal clearance),

A report on the bracken problem in Scotland
hirs been produced on behalf of DAFS.

Contact name: David Miller

Development of a land use modelling and
information system

The remit of the MLURT requires that spatially-
defined attributes of the land be amenable 1o
mathematical manipulation, according 1o
statistical, physical, biological, political or
socic-economic models, There is therefore a
need 1o bring together the necessary elements of
compauter hardware, software and data, 10 enable
data input, storage. processing and presentation,
for any selected region, scale and anributes,

An information and modelling system is
bing created o satisly these requirements. [t
will noi consist of a single program running on a
single computer: rather, it will comprise a
collection of software and data, eperating on i
network of hardware resources, and asccessible
via any user's terminal.

The hardware will consist of o set of SUN
work-staticns with high-resolution colour
monitors, linked by a local area network (LAN)
with the Institute’s general-purpose VAX
computer. Storage for large quasi-static spatial
data sets will be on optical disc, w supplement
storage on magnetic disc for mose frequently
changed data, as well as working data sets. A
high-resolution electrostatic colour plotter will
provide the means for producing plots up o AC
sige, Figure & shows an overview of the
supporting hardware for the system; Figure 7
shows the software and data elements.

Metworking software, together with
windowing protocols (x-windows ) will enable a
wser at a work-station (o manage multiple
processes on work-stations and the VAX
computer al the saime tme, Other users with
ordinary werminals or networked PCs will have
acoess (o only one process at a time, but on any
ApPropriale Computer.

A number of software packages are being
installed 1o handle the major tasks of
cataloguing information of various Kinds, and
manipulating spatial data. The aim is 1o avoid
writing software which simply duplicates
already-available packages. Extensions to these
packages will be written or commissioned as
reguined.

The thesawrus developed by the
Commonwealth Agricultural Burcau (CAB) will
be used as the basic set of keywaords for
cataloguing data. Other keywords will be added
as meeded, particularly 1o suit the needs for
cataloguing progranms.

The CARTONET/PHOTONET packoge,
developed in the Geography Department at
Edinburgh University, has been installed 1o
provide cataloguing facilities for all spatial daa
sets, including those in non-computer-readable
fesrm (miaps and serial photographs), This
program stores bibliographic data in a standard
form (UKMARC) so that records may be
exchanged with other institutions, A user will be
able 1o search the catalogue for data sets within
a selected geographical area. which satisfy
specified content criteria,

The ORACLE relational dwa base
management sysiem (RDBMS) holds the
Institute’s extensive soils inventory data set,

[ e T e
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Spatial data processing

Figure 6. Hardware to support a land-nse
mdelling and fformation systen,

comprising attributes of soils sampled at
intervals of 5 km across the national grid, All
tabislar data are held under ORACLE, and
spatially located data will also be catalogued
under CARTONET.

PAMAP) and a single image-analysis package
{possibly ERDAS) An essential requirement fior
the GIS puckage is the facility 1o perform any
desired computations on the comesponding
pizels associated with two or more spatial data
se1s, i1 each point within the geographical area
being considered, thereby generating a new
spatial data set. Such computations define

- Modell
Cataloguing Data Data
(VAX) (VAX, PC, WORK/STA) (VAX, PC, WOR Al
Oracle Oracle

Cartonet/
Photonet

Figire 7. Software and data for the information
amd modelling svsiem.

The principal software for manipulating
spatial data will comprise Geographic
Information System (GIS) and Image Analysis
packages, executing in the work-stations. The
aim is (o have a single GIS package (possibly

Non-spatial tabular (VAX)----..

Spatial tabular (VAX)-.-cooeune
o QO Gazetteer (VAX) «-vovevennnnen:
General Gls
resOurce Thesaurus of keywords (VAX) - O

VAX

WORK/SSTN

Image
analysis
WORK/SSTN

mixdels of physical, biological or socio-
economic aspects of the land and s use, The
GIS package then serves o manage the details
of storing, sccessing and presenting the data,
leaving model specification and implementation
proper io the user. The ability 1o generate and
use digital elevation models is also essential.

The PAMAF package as it stands appears o
offer most of the required Facilities.
Megotiations are being conducted with the
developers of the package (PAMAF Graphics
Lad.. a Canadian company } to enable the full
range of required modelling capabilities 1o be
implemented. These facilities will then enable
staff to develop models pertaining to any
geographical extent from a small unit such as a
farm, to the whole of Scotland, limited only by
ihe availability of data of the required scale and
precision. Models which have no spatial
component (such as those describing chemical
and biologecal processes) will stand alone, as
independent programs.

Dxata sets for Scotland, relevant 1o the
modelling work of the Institute, are being
assembled. These include:

- 5015 (both national inventory point

samples and boundary data)

- land cover (boundary data)

- iopography

- palitical and statutory boundaries

= climare

- roads and rivers

- farms census data

- place names

In erder o bring the various ¢lements
together, and provide comprehensive assistance
1o the user, a program has been designed 1o
serve as a high-level catalogue of data programs
and information aboat data-manipulation
procedures. This will include a gazetteer.
Comact name: Chris (sman
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Land suitability for the disposal of sewage
sludges and farm slurries

Disposal of sewage sludge to the sea is now
regarded as environmemally unfrendly and is
likely 1o be phased out over the next eight years.
Of the fiew alternatives disposal on land is the
most cost-effective. Disposal on landfill sies
amd in forestry plantations are alse viable altemn-
atives. The amount of sewage disposed on land
is likely to increase considerably in the next few
vears, especially in the Glasgow and Edinburgh
areds. Farms with intensive livestock- rearing
units, or where the wintering of cattle is
practised, ofien have to store large volumes of
slirry wil spreading conditions are suitable, In
1989, Council Directive 86/2T8EEC. concemed
with protection of the environment and in
particular of the soil when sewage sludge is
used in agriculiure, 1ok effect, It considers the
agronomic value of sewage sludge but
recognizes the possible deleterious effect of
heavy metals on plant growth and for human
nutrition. The Directive sets maximum
permissible values for the concentrations of
heavy metals in soil (including Cd, Cu, Ni, Pb,
Zn, Hg and Cr). It is proposed either 1o set
maximum quantities for the amounts of sludge
used per year (expressed intonnes of dry matter
per unit area per year) while observing limit
values for heavy metal concentration in sludge.
or o enswre that limit values for the quantitics
of heavy metals that can be added 1o the soil on
the basis of a 10-year average are mol exceeded.
Also, up-to-date records must be kept on
quantities of sludge produced, quantitics
supphied for agnculral use, composition and
propertics of sludge, type of treatment Guried
out, recipiems of the sludge and locations where
the sludge is applicd.

Alzo in 1989 the Code of Practice for
Agricultural Use of Sewage Sludge was
published, and complements the Sludge (Use in
Agriculiure) Regulations 1989, which enforces
the provisions of the above EC Directive.

A number of factors penaining (o site
conditions, soil physical and seil chemical
characteristics, wgether with recent literature.,
have been considered. It has been decided o
base the suitability classification on three
categories of suitability or degrees of risk, plus a
category for land unsuitable or of unacceptable
risk. The factor assessed in the category of least
suitability or greatest risk will determine the
overall rating. Some of the factors are easily
assessed in the field or are easily quantifiable,
whilst others are based on interpretative
systems. A number of the fwctors and
assessments are already well proven in the Land
Capability Classification for Agriculiure. The
gusdelines will be underlain by a number of
assumptions periaining o management,
economic and logistical considerations.

Site factors such as slope, rockiness,
frequency of Mooding and potential for run-off
inlo waterwiys must be considercd. Soil
phyvsical factors such as bulk density. 1exiure,
porosity and drainage stitus affect the ability of
a sl 1o accept the water contained in wastes

{frequently 93% ), and also 10 wlerate Ferm
machinery used for disposal. Estimates of
wielness class, relation of retained water
capacity 1o panicke-size class, number of days of
field capacity, number of machinery work days
amd poaching niskfraffcability may be adapied
fior use in this classification. Direct injection of
wastes into the soil may be made mandatory in
order to reduce odour nuisance and potential
spreacd of puhogens, in which case slope.
rockiness, soil stoniness and exiure will affect
the special machinery used.

Porentially woxic elements { PTEs) and soil
pH are the mam soil chemical factors to be
considered. Soil pH alfects the availability of
elements to plants: crop damage is more likely
o ocgur on agid soils, The Code of Practice sets
limits for the potentially toxic elements at
different pH levels Land with a soil pH less than
5 must pot be used for sludge application and is
classed as unsuitable. Land where the soil
content of one or more of these elements already
excoeds this limit is also classed as unsuitable.
Work in PU3 RO 021810 will provide informa-
tion on the movement of FTES in a range of
Scottish sl series of agronomic significance.
The sampling programme continued in | 9839-4%0,
It is hoped thar metal concentrations in sludges
will decrease as mndustrial waste pre-reatments
and new production techmigues are infroduced.

The possibility of using the microcomputer
programme Autemated Land Evaluation System
{ALES) which is based on FAD land evaluation
methodology, and further develop and test the
classificaton, is 10 be investigated,

Comtact name: Andrew Hipkin

Upland sheep systems - Bronydd Mawr

Mincteen cighty nine was the first year of a new
three-year project 1o investigaie the effecis of
level of nitrogen (N) fertilizer applied to
grassfclover swards. Another innovation is that
lambs are now finished within the experiment as
opposed 1o previous phases which have
produced store limbs, Two levels of mirogen
{200 kg Nohafyear in four dressings (N200) and
50 kg Nihayear as a single spring dressing
(M50} are being run in combinaticn with four
stocking rates (18, 15, 12 and % ewes with
lambs/ha) in five treatments {82001,
MO0 S5, NSOJS, NSOS2 and NSO, Ader
weaning. lambs are retained within reatment
plots but on separately fenced areas, Sward
height on the grazing arcas for cwes are giw:n
the highest priofity: any area surplus o the
separate requirements of ewes and lambs is
consgrved for silage, Lambs are remioved at o
finishing live weight of 34 kg; all unfinished
lambas are removed 10 weeks after weaning,

An estimate of clover content in April
showed no significant differences between
treatrnents or replicates, Large differences in
clover content of the N200 and N30 swards
were measured in August (1510 vs, 4133
growing pointsfm?2y; however, because of large
differences between replicates these are
significanmly different only o the 10% level of
probability.

Some berween-treatment differences in
swiaird height did occur during the season. partly
due to diffeculty of munagement during a
droughty year. However, there were no
significant tresment differences in estimates of
individual animal performance to weaning,
Sward height differences afier weaning resulted
in the ewes on the N30/15 reatment being in a
significamtly lower condition than these on mher
treatments i mating, Howewer, there was no
difference in subsequent reproductive
performance. There wene no significam
ireaiment differences in the perceniage of lambs
finished.

Early season differences in rates of herbage
prosduction resulted in treatment differences in
silage vield (kg DMfMa) and in the proportion of
the tonal area pasture ¢closed for silage. These
twior factors led 1o very highly sigmificant
differences i yicld of silage per ewe; N3
(266,53 kg DM/ewe) produced most and N30/15
(65.9 kg DMfewe) least,

Contact names: Alan Sibbald, John Roger
Jones*® and Elaine James*

® IGAP, Welsh Plant Breeding Station, Bronydd
Mawr Research Centre

Grrazing control experiment

Surface height has proven to be a reliable
indicator of the capacity of continuously grazed
swards 1o provide fodder for ihe grazing animal.
Many experiments now adjust the stock density
1o controed sward height and mamtaim this
capacity relatively constant. In the past.
experimenters have either controlled sward
height using decision rules and labour-intensive
sward measurements or have resorted to trial
and eror, This experiment measurcd the
performance of simpler sets of decision rules.
One set changed stock density by a percentage
of the currem density {Percentage method)
whilst a second required changes thar depended
on the concentration of mass near the surface
sward and an cstimate of the rate of
consumplion of grass by the animals (Absolufe
method). A third set was similar 1o the second
but with the addition of a growth anticipation
facror (GAF) which allowed foreseen changes in
the growth rate o be pre-cmpled by the
experimenter. The decision rules were tested on
an upland sward and a reseeded heather hill
using sheep, The target sward height was 4 cm
and sward measurements and stock changes
were made weekly.

The Percentage method failed to control
sward height of the upland sward, whereas both
variants of the Absolute method performed
acceptably, except during periods of rapid
acceleration of growth (Figure 1). The Absolute
method also achieved bener contral of the sward
height of the hill reseed during the spring.
Druring much of the summer, this sward was
seriously droughned, limiting the control thay
could be achieved. The use of e growih
anticipation factor led o a marginal
improvensent in the control achieved at both
sites.
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Figure I. The effect of using three different sets
of decision rides to comtrod sward heighe at
Gzl amd Harowood,

It is expected tht the Absolute method will
provide an adequate degree of control for many
experimenis, Where sward height must be very
tightly controlled, more frequent sward heighi
measurements/stock changes may prove mone
effective than the use of a growth anticipation
factor.

Contact nume: Nick Hutchings

The establishment phase of silvepastoral
production systems

In common with other sites in the UK a large-
seile silvopastoral experiment was set up in
1988 as a basis for evaluating the establishment
phase and as a long-term resource for
silvopastoral research. Three tree species
(sycamare (SY), hybrid larch (HL), and Scots
pine (SP)b are used over a range of planting
densities (100, 2000, 400 and 2500 stems/ha).
The latier is a fenced forest control with ne
graging: lower densities are on grazed plots, and
trees are individually protecied by shelters. An
agriculiural control (AG) with grazing and no
trees s also included. Ten treatment
combinations, replicated three times, are wsed as
follows: AG, SY 100, 5400, 5% 2500, HL 1.
HLIO0, HLAM0, HL2500, SP400 and SP2500.
The sycamore treatments and the agricultural
comtred wre in common with the other sites in the
UK.

There are w0 significant reatmaent
differences in sward height during the growing
season, though, in kate season, swands were
lower than the requined seasonal sward height
profile as a consequence of a drought n June

and July. Stocking rates were reduced 10 core
animal mumbers (12,5 ewes plus lar
much of the season and supplementary feed was
supplied 1o these animals throughout July.
There were noe significant tremmen differences
in ewe or lamb live weights throughout the
season. Lamb live weights at weaning and ewe
pre-mating live weights from 1989 compure
well with those from 19838,

Following the replacement of trees lost in
1988, survival in 1989, based on data collected
by the Forestry Commission (Figure 2§, was
good with an overall mean of 86%, though the

Tree species
HL SY SP Mean
. 100 [62.0 92.7 773
Planting 200 |74.3 74.3
f‘“" , 400833 983 793 [87.0
2500 |94.7 98.7 90.3 |94.6
Mean 786 966 848 860

Table 1. Survival (% agel of irees in 1989 (Data
provided by the Forestry Commnssion

wide-spaced treatments had significantly lower
survival levels than the foresiry controls (B1.7%
va, 94.6%, P<0U01 ). This is probably dee 1o the
activities of the grazing animals. Howewver,
there appeiars o be a differential effect of tree
density and tree species on survival rates
(Tabde 1).

= Tree in shelter

B Forest control
(Mo shelier)

40 5Y

ext lsp
1

Figure 2. Height extension rate of trees in T9589
{Dara provided by the Forestry Commission),

Hybrid larch shows a reducing rate of
survival with reducing tree density while
sycamone shows much less of a rend. This
could indicate a positive preference of animals
for hybrid larch, resulting in browsing damage
1o exposed roois by sheep or rabbits, or o greater
resistance of sycamore 1o similar levels of
browsing damage. 1t might also indicate a
greater resistance of sycamone o non-selective
trampling damage of exposed roots or soil
compaction around trees, The reduced survival
of hybrid larch with reducing tree density
confirms previous observations thal the
sheepctree ratio in establishing agroforestry
systems may be an mportant factor in tree
survival. Further measurements will be made in
an attempt 1o identify the apparent differences in
the responses of sycamore and hybrid larch.

Trse extension rates were good, trees of all
species in sheliers extending significamly faster
in 1989 than the unprotected trees in the forest
controls (418 cmfumnum vs, 1023 omyvear,

pe 001 k. Extension rtes in sheliers of hybrid
larch (49,7 emyvears3.27) were sigmificantly
greater (P<0,03) than sycamaore (369 congyear
5,22y and sycamore significanly gremer than
Scots pine {280 cofannum 20,37}

Contact names: Alan Sibbald, Chris Nixon®
* Foresiry Commission

Development of methods of data handling for
a national Geographic Information System
1GI5)

Geographic Information Systems have shown
themselves to be importamt 1ools for
mianipulating geographical and oiber spatially
related datascrs. Current work has developed o
a regional level and the extension o the national
scale is reguiring further research and
development in handling of the large datasets
inviodvied.

In principle, working with datasets ot the
national level hias a number of advantages, For
instance. there are no artificial boundaries
dividing datisets into manageable ponions.
These can cause probbems when making an
assessment thiat crosses such a boundary. Also,
data mamagement should be simpler as all datiy
relating fo a given parameter are held as a single
umil,

For such an approach to be feasible o duta
structure that can allow GIS manipulations
without excessive overheads is needed. The
chosen diata struciure, the quadires, has been
extensively used for GIS in both research amd
commercial systems, This struciure is created by
dividing the data into quadrants and then
continuing 1o divide the regrons created into
quandrants until each region can be represented
by only one data value, The regions created by
this method are ina range of sizes that depends
on the complexity of the original data. Only the
information on the position of the regions and
their data value is kept. This creates a structure
that has the advantage of requiring considerably
less storage than the orginal raster data format,
while maintaining the required Mexibility for
cabculation.

A number of different approaches to stonng
andd handling quadiree data have been
investigated and a system has been designed 1o
meet the special requirements of large datasets,
Developments so far have been in the creation
of an appropriate file strecture and the
development of the algorithms to extract data
from this structure efficiently. This prototype
demonstrates the feasibility of the approach
used and will provide the central core of the
fimal system. The prototype system is curnently
being used w investigate the limits of the
available computer systems and the design of
file-handling algorithms for more advanced
processing.

Thie svstem under development is based on a
guadtree structure with & minimum region sie
of 25 m sguare. Initial investigations with the
darasers from the national peatland database
have shown a reduction 1o approximately 3% of
the oniginal storage requirements. Tests of
simple GIS procedures 1o overlay datasets held
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in this format have shown that considerable time
savings are possible when l"l.:'ll'lrlilll.'ll with the
currently available facilities,

Alongside the development of the system for
!|.|:||II|1|.t_' the nationdal datases there i a
programme of data collection underway
huilding on the foundations of the GIS datasets
i!|IL'..II.|:|. produced for the north east of Scotland.
stair Law

Contact mume:

Impact of changes in land use in scenic
upland areas on vegetation, wildlife and
landscape

The |;I||;||1:'._'1;-\. N vegetation \'illl'l;'h\\llii'lrl and
stracture an nllsicles Follow ng thie =hon
medium- and long-term removalreduction of
sheep are being studied at 11 sites in eastern,
weslern and morthem Scaotland, These data are
h-:|||!_' L'nr||]'-;|r|_'-.1 wilh l.,'|i;II1;_|_'|;,'x in inclices of
abundance of key wildhife species. Each sie has
anea where h|'||.'cp WETe

reduced/removed between one and 20 vears ago

and a ‘control’ area which 1= sull grazed by
livestock, Four or five main vegetation Lypes
have been defined at each site (for cxample

!:r._|\.n.|;|_|'||,|_ ush, w Ir_l. heahy, The \::r|||\|i.|'|1:
proscedure involves measuring the height, cover
and layering of individual species and the main
viertical strata withun ench of these vegetanon
units. The number of sheep, deer, lagomonph
and growse droppings in the standing crop of
dung were counted and signs of vole (Microus

agrostis) activily (runs, food caches, nests and

droppings) recorded on a presencefabsence
basis, This year measuremenis wene taken once
at each site between lute May and early July

Wole assessments were repeated on six of the

stbes in late autumin
Comparison of sheep dung counts showed

that there was significantly less sheep dung on

the reduced versus control areas at all but two of
the sites. Amounts of red deer (Cervies elaphius)
dung were approximately equal 1o those of
'\.hn'p on five sites and at three of these
locations there was significantly more deer dung
on the reduced sheep treatments, Elsewhere deer
|,||.|n;; amounts were much lower than '~|'||.‘1.'|'l
|_||,||:|;_' and no difference berween conrel and
reduced was found. This mdcates thit where
deer are already numerous, reduction of sheep
numbers is followed by an increase in the
utilization of the ground by deer

Al the same five sites where significant
amounts of red deer dung were found, virtually
mo |_h.\,||:l:_'l_' mney l,".El_"liﬂtll‘II L'I'\IIII'I"lI\iJHlII N1
structure was found, even after up o 20 vears
without sheep grazing. This highlights the
ahbility of wild herbivores, and particularly red
deer, 1o mainain upland sheep g
virtually unchanged ste. Repeated burning on

AZINES IN &

parts of four of the sites appears to have
produced a similar effect (Figure 33, A two of
these with total exclusion of grazing for nearly
Wi wears, serub birch, willow and rowan have
become established (Figure 1)

O the six sites where amounts of deer dung

were low, many Lypes of vegetation have

Figure 3 top) AF site A where sheep ave

treen kepr off the vighe-hamd side of the face fov
mearly 24 vears. vegetation s virtually the samie
ax ot the sheep-grazed side fo the left due 1o
elther comiinned biarsing or o Wiy by red deer
Fipnre 3hibottenn i I contrast of sile B where
hewrly sheep amd deer have been excluded frim
the Frehr-hamd side af the face Jow awer 26 yararrs,
heather cover and bkt have inereased
sigmificarily amd bircl serah has developed.
responded rapidly to the reduction in sheep
numbers {particularly the grasslands and drier
dwarl shrub communities), Consistent increases
in vegetation height were found, bath for
individual species and for the main vegetation

layers or strata . particularly at the lower levels,
for example moss, litter, herb and grass lavers
iFigure 41

Furthermaore, al these same six siles

-‘|_|_'|141|-;';||||t:1 Mmore SIgns of vole actwany
{panticularly runs) have been found - even
where grazing has only been reduced for one
year, The mcrease in vole sign abundance is
positively commelated with increases in overall
volume of vegetation; a similar association has
been found with voles on & range of grasshands
in North America ( Bimey of af.. 1976, Grant &
il 19825, Our resulis suggest that the volumse
ol vegetation i the lower strata (moss, litber and
grass) may be particulardy impontant, Plos with
i tussocky structure, and particularly tussocks of
tall Jernews species, also contained significantly
mare viske signs thun plogs without lussocks

Measurement of the horaonial sireciure of
the vegetation wis made by estimating the
rll.'l'i.'i.'l'llil_!.'.,t' cover of the main strata
combinations, Comparison of the differences

between control and reduced areas on different
siles suggests that there is a broad trend from
homageneous grass swards at high grazing
levels, 10 increasing heterogeneity and
fragmentation ax dwarf shrub communitics
increase their cover, until with very low levels
aring a homogeneous sward 1s again
attained, this rime dominated by dwarf shrubs.
However, it appedrs Al some (.'hiII'IEt,'h inthis

of

herizental heterogeneity and the cover of indi
vidual species are being underestimated

because of the way the sampling was stratified
within broad vegetation 1ypes. Sampling dunng
the second field season will therefore
concentrme on guantifying changes in
vegetation patch size at a larger scale. Vole and
dung measurements will also be repeated, and it
i intended to guantify the repeatabiliny and
ion methods used
in measuring vegelation cover and structure,

accuracy of the visual e
Contact name: Diane Hope

Site A
>
50 Reduced

r Control
i side

ﬂ-l-ﬂ]‘ side
Height -
intervals |
{em) 21-30

11-20
6-10]
0-5),

100 0 100

W Moss & hitter % Cover
B Cirassgs
oL
L]

Liwart shrubs
Trees

Site B

Reduced

Control
i side

spde

em) 21-30( 1T

11-20(
6-10
0-5]

-1

e

100

Figwre 4, Veperarion prafiles for the heaths
shown in Fiewre 3. The p.".-.l.f'n'q' fow sire A shows
the similarite in the keighr and cover of
vegetation, Ar sice B, dwarf shrwhs, moss and
|l|'rr:'f are l‘.;.'|||'|_'.l' aan rlll" _l'|"1]l.'|'£ 1'I'.|I 'al'l'.lll' I'J'.ll'l.lI I'IIJI" (R

TrNTN TP Ciner
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3: LAND USE CHANGE & SOIL CONSERVATION

Changes in drainage water gquality during
afferestation of deep peat

Cuthacks in agricultural production in the EC
have resulied in affosesiation currently being the
greatest single land use change takimg place in
the UK. The impact on the environment is a
matter of considerable controversy, and in
certain areas of the country, hydrological and
hydrochemical effects ascribed 1o foresiry
practices can extend for considerable distances
downstream, About 90% of all forestry activity
in the UK is iaking place in Scotland; in
19T7-87, 1950 km” were planted in Scotland,
the majorty of which comprised Sika spruce
and lodgepole pine, These species and their
adrmiature ane at the focus of anguments
concerming the presently-arrested afforestation
of the deep peats of Cuthness and Sutherland,
in the so-called 'Flow Country’.

twice those from the controls, After the dry
summer of 1989, the flowrate pattern switched,
with the dramage Trom ihe controls becoming
twice that of the planted plots. Planting was
carried out in spring 1QRG, i|l_'|.1|r|'|]!li|.|1||.1! |\}'
standard hand-applicd ferilizer, equivalem 1o &0
kg Pfha on the Sikaflodgepole mixiune plots, 6l
kg Piha and 100 kg K/ha on the pure Sitka (85)
plos, and zero on the pure lndgepole (L) and
contral plots

The most viswally obviows effect of the
cultivation of the peat, even in the control areas
with a simple penimeter drain, has been seen in
the increased colowr amd |ur|1i.|,!|:|} of the
dranage waters, This applies to the control as
well as to the planted plots. FC data For
suspended sediment vields from the outlel weirs
in e plamed plots were almast twice those
from the control plots, Samples from the firsy
sediment collection have a high proportion of

= Ditched drain

Weir, Now gauge
¥ & water sampler
o Borehole

55m

f 1 20m !
0 LP sSSP 58
& o B o o o o o & &8 @
tnpu
L
pole
Ornflow

Figure 1. Plov layour ar Bad a” Cheo. Four
retndonn=ed r'q'.r:.f.':'r:n'.-. Plenieredd pfrl.".-. Ny 9
trees at 2 m x 2 m spacing.

Im thee [983-89 Annual Report, a preliminary
description was given of a collaborative
experiment with the Forestry Commission,
Morthern Research Station, aimed at quantifying
various effects of the afforestation of deep peat
at Bad o’ Cheo. Rumster Forest, Canthness (see
plot layout in Figure 1), part of the famous
Causey Mire. Since that report was wrillen,
initial effects of site preparation have been
observed, such as sediment losses and increased

-l
555.'] P

=— Control

-
-
iy

i i i de *;
o i
Figure 2. The relative ontpurs of antmoninm-N
L l|'I||'r|'\l' rh'.g.lruugr wilers

mineralization of C, N, and 5. The hydrology of
the plots has changed dramatically durning the
interval, the ploughing of the afforested plots
allowing an accelerated water drawdown
compared with the control plots, drainage
fMowrates from the ploughed plots being mearly

fibeous (=1 mm b fracrions, rnmbahlg.- denived
from large particulate peat caused by
disturbance during site cultivation. The
sediments present in water samples comprise
mistures of humified materials, with
polysaccharide, lignin, peptide and long-chain
hydrocarbon components. The yields of humic
substances from the drainage waters are
different from those in the water extraction of
the pem, with a greater proportion of the organic
acids in a truly soluble form.

The Bad &' Cheo peats are relatively high in
both N (1.9-2.2%) and 5 {1.1-1.6%) compared
to caheer blanket bogs; the 5 conment reflects the

=55
SSLP
LFP

= (Comirol

3 ¢#‘.§ﬁ Fﬁo’i}qﬁ 'E‘F@"é*
-+ »
Fignre 3. The relattve outpits of sulphare-5 in

o drafnage warers

large manne influence on the inputs to the bog.
rather than any anthropogenic effect.
Flow-weighted output of ammoniem won in the
draimage waler {Figure 2§ shows that the control
output lageed behind the planted plots up o the
fow switch discussed above, and this wis

sccompanied by a peak of N mineralization and
AT L |:-r|_u!|_n_'|!|||r| m J'I.IIFII.'\I -HL‘pll:mh;r
1989, in which the production from the control
plot ourstripped its planted counterparis. In the
I.'ill'l} part of 150, outputs ol gmmioaium-MN
wiere remarkably simnlar from all of the plots
To maintain a relative picture of N-release. the
content of organic N in the drainage waters
varied between 2-3 times greater than the
AMMOeNIUm ion concentrations, and nitrate ion
Wl rilrci}' encountered 10 concentnEions greater
than ome-tenth of the ammaonium,

The behaviour observed for S (Figure 315
that two maximal outputs can be observed, In
the plamted plos, the firs rewetting after the
dryving elfect of summer 1989 FI.'I'II.!'ri.![I.'d an S
mineralization at the end of July, followed by :
definite decline in output during Seplember-
Ocrober, The control plot lagged behind in its
procluction of S, until ke August-Sepiember,

The appearance of ochre in thee dlvaing ox Pvpical
aif rrailEzatan provesses aevempanying the
drainage of deepr peai.

probably a reflection of the lower hydrauhic
conductivity of the mass of the block of
l.I!t|1|Il'|,lE'|g'l.| peal, Pt nhee towal |1rm1m'||un
appears o be greater than the planted plots, A
December-January. a very defimite peak
production of sulphate in the mixed plot is
m‘g‘unqmniﬂl h:,- similar, less evident
S-minerahization in the other planted plols and
the control.

Future work at the Bad a’ Cheo site will
concenirald on |.||.|ur'|[|l"'. il'li.__' I!hL' ralés al
mineralization of C, N and 5, in onder 1o
construct budgets for these elements, inaddition
1o the overall hydrochemical budgets. Detailed
reactions of the SysIEm 1o storm iI'IF'rtII\ wall also
b studied.

Contact names: Hamish Anderson,
Juhn Miller

Enhanced atmospheric interception by Sitka
Spruce

The size amd stnectune oF [ree CANOPICS Cirsune
that they are efficient simks for atmosphernc
peollutants, generally leading to mereased rates
of deposinion due to the wrbalbence indwsced by
camopies. Hy dﬂlll!é'_i\'ili angd ||;|.|.|.||.r\'hl."lllin;ui daana
have been collected from several sites with
mature coniferous irees in ceniral Scotland,
including Sitka spruce (555, Norway spruce
(MN5). European larch (EL) and Scors pine
(5P, all more than 35 yvears obd, a1 sies an
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3: LAND USE CHANGE & SOIL CONSERVATION

Sitka MNorway
Bark Spruce Spruce
YOung (00 0.079
old (L6 0.044
Balgquhidder
st vear necdles 0137 0,05
=>2nd year needles [_0.124 | 0,096
Loch Ard (Kelty)
15t year needles 0.180 (.08
2 ,,3'“' needles | (155 0,108
>Ind year needles | o130 | | 0106
Loch Ard (Chon)
151 year needles (0.149 0.008
P n&‘ear needles | 0,148 0,107
>2nd year needles | 0,136 0,120
| errr—— | PTrE—————

Table I Concentration of § in bark and foliage.
Balgquhidder and Loch And (Kelty and Chon).
Examination of sulphur chemistry in inputs and
tree throughfall showed higher concentrations of
sulphate-5 under Sitka spruce compared to all
other species, In fact throughfall + streamflow
amounts under Sitka spruce are greater than
recommended critical loads 1o these soils of
A=16 kghafyear

0.2

015
Loch

Ard

%5
0.1

0.05

S5 Kelty

Al Loch Ard additional sulphur is required
1o balance inputs and throughputs, either
through increased interception of wet and/for dry
deposition, enhanced leaching of foliage-
sulphur or some combination of all factors,
Calculations using chlonde ratios for data
collected ininterception gawges with an inern
capiure surface could only accouni for an
additional 2-3 kpS/hafvear as intercepled wet
deposition. Analysis of tree components for
total sulphur showed that although there wene
o species differences for some components, for
example bark, there were considerably higher
concentrations in Sitka spruce folinge of all ages
i Table 1). Needle litter, however, showed litile
species differences in total sulphur, and
generally spruce needle litter samples were all
in the range 0,080, |05,

To satisfy amino-scid/protein requirements,
the 5N ratio Gram atoms ) should be
0.028-0.030 and this was confirmed by amino-
acid analysis of spruce needbes and needie liner
which were all in range 0.026-0.02%. However,
calculations of 3/N ratios in foliage from both
spruce species showed excess sulphate in Sitka
spruce, @ finding confirmed by the determination
of boah water-soluble and extractable (0,01 M
NaCl) sulphate (Figure 4)

Sitka Norway
spruce spruce
peg S
Throughfall summer| 129.5 459 I
winter | 179.7 04,1
kghaf).5 years
Throughfall summer| 13.0 8.0
+ sternflow winter | 232 14.1

Table 2. Conventrations amed amounts -’.{f.ﬁ "
Sirka and Norway sproce throughfall
{erewn—drip )

Further examinaion of the hydrochemical
dma also suggests a seasonal pattern in sulphur
behaviour, particularly higher winier
concentrations and amounts for Sitka compared
with Nl'll\k.il:r' Apruce {Table 25 A pum.ihll:
mechanism is mterception of sulphur as
ammonium sulphate acrosol formed by
reactions between NH, and 50, These aerosols
waould be effectively scavenged by forest
canopies and the efficiency of collection would
depend on size, canopy streciure and perhaps
species. Spruces carry large amounts of needles

WTos
@ 50l 5
COExS

Figure 4. Water-soluble, extractable and torgl §
i sprice necdles

compared to other studied species, with Sitka
bearing more current, st vear needles which
would form the outer structure of the conical
canopy (Table 3).

Examination of data from an extemded range
of sites across Scotland under different S0,
loadimgs, all forested with mature Sitka,
indicated that the highest /N ratio in needles
wis found in the area with the highest 30, levels,
and thit the greatest enhancement of throughfall
sulphate compared to inputs occurmed in sites
with the highest foliage S/M ratio.

kg/ha

Ist needles 48 2% 02 28

armeedles |47 5.1 05 3.l
=>2nd year needles [12.2 136 1.0 2.7
Total needles 21,7215 1.7 96

Tatle 3. Iverspecies comparisons of outer and

HRHET CEREY CORiEOe RS

These observatons strongly suggest that
sulphate accumulines on Sitka spruce foliage
mainly by enhanced imerception of dry
deposition,

Conact names: JohnMiller, Hamish Anderson

The effects of source area limestone
application on stream chemistry

The Kehty stream system, trtbutaries of the
River Forth near Aberfoyle in central Scotland,
was identificd during the Surface Water
Acidification Programme (SWAFP) as an area
which historically was capable of sustaining a
vinble fish population, but with current stream
conditioms now unsuitable for fish survival,
Stream pH values are now in the range 4.1-4.3
{50-T0 peg HY1 ) with calcium concentrations of
0.5-0.7 ppm (25-35 peq Cafl), The siream
catchment soils are predominantly peats and
peaty gleys developed on mica-schists and most
of the carchments areas {70 ) are mature
forest, manly Sitka spruce planted between
1950 and 1955, with some new planting (P86)
in the upper catchments,

Heavy rates of limestone { 10 yha), as an
amelioration tremment were applied 1o the
source areas of two acidificd sireams A & B
(8A in Figure 5) in Seplember 1988, Stage
height, pH, temiperature and conductivity were
continuously monitored at G1 and G2 (Figure
5), along with daily composite sampling for
complete chemical analysis. The combined
outflow is being monitored at G3 by the Forth
River Punification Board (FRFB), and the
Freshwater Fisheries Laboratory (FFL) has
carried oul surveys of stream bista wt G3-5,
along with periodic stream hydrochemical
IOOFIE.

Stream conditions from September 1988 10
spring 1990 improved with calcium concen-
trations now 1,0-1.2 ppm (50-60 peqg Cafl) and
raised pH values of 4.5-4.6(25-30 peqg H), but
during periods of high streamiflow during
rainfall events {(average annual rainfall is around
25000 man], the conditions generally dechined
with reduced calciem concentrations and
lowered stream pH values. Penodic vegetation
and soil surveys and sampling of the reated
source areas have indicated no major changes in
the vegetatnion o diate and that there has been an
appreciable incorporation of the limestone into
the upper organic 10 cm of the soil profile.
Exchangeable calcium is now 30:50 meg/ 100 g
in the upper 5 cm of the treated soils compared
to 5- 10 meg/100 g in the soils of adjacent
control areas, There are also evidence that
although il the limestone s pliced directly into
the streams it will be completely dissolved in
1 50- 1800 days, there are still appreciable
amsoarnits of limestone on the vegetation/soil
surface available for dissolution even after 18
momths.

A funther treatmient of limestone was applied
10 the source areas of stream A only in May
195K). This fine limestone fAowr (90465 less than
75 microns) was applied to selected stream
source areas by air (MD Air Services belicopier)
at 10 yhato 15 ha in a tetal corchment area of
about 150 ha. The aim is to raise and maintain
calcium concentrations 1o above 2 ppm and pH
values to =5.5; even duning storm events. these
conditions should ensure fish survival. Curment
predictions from a survey of published data by
the Morth of Scotland Hydro-Eleciric Boand
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3: LAND USE CHANGE & SOIL CONSERVATION

Fignre 5. Kelty carchmeny,
(NSHER) suggested that applications at this rate

to the percentages of the catchment area would
improve stream conditions for 3-5 vears,

| | 1 | 1 ‘

5

3

Calcium

(ppm) 2|

5.5

S ——
e = —

—

—r

A5 .6

Fignre 6 jir) rapr d ) Phefeewe Cenmiparative
lvdrechenisery in June 1990 berween Fmed and
urtlimed streams

Stream hydrochemisiry 1o date is
satisfactory, Figure 6 shows a typacal ron of data
lor June 1990, there being one major rainfall
event on the Gth followed by a dry spell and
wulmwtucn[l} some funher rainfall events on the
2dth and 26th Companson of some stream
chemistries between stream A and stream B
shows that calcium concentrations have now
been increased from around | ppm o 34 ppm

i
14.6

Corrie

Co { D50- 200 poeg CafT) (Figure 6{a)) and that pH
values are now greater than 5.5 (<5 peg HA)
(Figure 6ih1), To date there has been no
evidence of dramatic reductions in concen-
tritions dunng rain-fall evenis; whereas

| ' Unlimed

B Limed

18.6 22.6

26.6

"

186 6 26.6

comditions in stream B do decline ]|||.|_:r| ow,
thase i stream A improve, with increased
calcium conditions at higher flows.

The hydrochemistry of the combined
sircams A and B an their confNuence an G are
also satisfactory (Table 4) with calcium
concentrations being maintained above 2 ppm
with pH values of 5.4-5.6 under different Now
conditions

I these conditions are muntained a GS-0G5,
then CApCriments in fizh survival, inc |u||iil'; L4
I|;|Ich|||g amdl fish Fl'.,ﬂ.'l.'llh,'lll_ will be carned ot
by FPL im late 1Y early 1991, Monitormg at

-

mgHppm)
Ca 25-3.1
Ma 3.7-4.2
K 0.2-0.4
Mg (1.4-0.5
Fe 0.5-0.7
Mn 0.05-0.06
Al 0.07-0.08
5i
504-8
Cl
pH

Tirhie 4, Stream chemisiey of comiwned srreams
A+8 and G

G5 weill also allow the Wentification of any
migration of fish stocks from the Comie stream
system mibo the Kelty stream (Figure 5)
Ouinflow measurements al the £
Gi3, along with measured input and output

g slalnon

hydrochemstry, will allow the calculation of
annual calcium hul.l_l.'i.'l'i o wssess the 'ilm:.'_-!l.'lrll
cffectiveness of this amelioration

Penodic egelaton and s;l "“""|15“'!-' will
continue in order o assess any imposed changes
i vegetation structure, including tree foliar

analysis of the limited remted source areas

which have r(rl:nl!]_l. -|'|i|;||1|-_'-:1 Irees
Contact names: John Miller,
Hamish Anderson

Cyeling of caesium in organic soils

Very little movement of L “l,'il\.“\lllﬁ:l occurmed
dovwn the profile of pealy podeals over the

I Pty
peniod of 1K months after soil application on

Peaty podzol
Improved Rough

pasture razin
Root mait (0-6cm) .00
0-3cm 54.3
3-6cm 6.8
6-9cm 2.1
9-12cm 0.4
=12 cm 0.4

Talle 5. Disteibution (% ) off s goniviry in
Fidy Mihwn sod Blovks T3 monihs after ._.'lrl_l':-n'_l. ARl
ter the freld ar Som depth

baoth an improvied reseeded J__'r;r‘-..".. lover site and
L1 1|.|'I.l[!h ErLZIng sile supportimg II1I.|I!.'|.'I!'lllI'1
grusses and heather ( Table 5). Only a small
proportion of the cacsium behaved as though it
WEre ex |.'|'|:||:!,'_|.':|I'| le as Jui Ip,'-:! 11:. chemcal
..'\I:lin;'l.ll'-illl:} About 2% of the caesium was
found in the above-ground plant material
harvested from the reseeded site during the 18
miomth period and there was no discernable
progressive a_'lum'!:u i ,'w..|||;qh:.||l:\. willly Limie
Consuderable differences in the extractability
of "Meaesium were ohserved for the peaty
|1m|.r-:1| w0l l_'||:||.|'|,,1rg'|,| il lowe-ash peat: lizss
than 15% of the coesium in the pealy podisl
wins relessed by extraction with 1M ammonium
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weetane, whereas all the caesium was released

Prowm thie vy Thes reagent. Owe major
difference between the soils is the relatively

igher minernl matter content of 1

poany

polzol
he resulis support the concept that initially

ldhed cacsium ooy

O O |I|||I_:'l.'

ranic matter from which i would

ily availiable 1o plants. With time the

d grodually move 1o bess availabl

sites which may include fixed forms on soil

als amd
Lonlact names "l.l;gr!i|11"h|-n.hirq-1
Charles Shand

s

BRI malicn

Atmaspheric deposition of lead on Scotiish
hill amd wpland soils

mg public concem about the

miresduction of heavy meral [k

environment, in pari menis such

as lead and n cury. It is well known that

zetation have high

concentrahions of bead dervied from petrol

sciated thit

additives but it is not s0 widely ap

remoie upland soils have enhanced surface

s of lesd, wp to SN ppam 1o some

instances. As sopls s G4y shovw

niple

1S etlect, i s nal ahiriba o the use

tives bt pi v resulls

of B peetrol ade

from the heavy atmosphernc pol
th

lustrial era

Cx perenced dunng

The lemd sotopic composition varies in

ture secording 1o arigin of the lead and
il vl 1 M 1 -
nis 15 being used 10 try 1o differentiate berween
the va 15 components of atmospheric npuis,

in particular between anthropogenic and

(1} 1.

mical sources, Three small

I have been set L at the Glensau

Besearch Station, Two phots are at a distance

from the road, one on the reseeded wnid ome

i indigenous vi high on the

s third is immediately beside the road on the

climb 1o the Carrn o Mouant, This is a road wi

relatively low traffic levels bal with ha

, Lk
m grass in the roadside plot, had a very low

0 D

working vehicles climbing the hill, Le

Pl ratio of 109 which is aboat the

same as the lead collected in rain-waler in

ETe areas of S ingd, This would sugges

that these two lewds have the same or

Foii, thal 1%

that lead in rin-water in rer reas has s

angmn in petrok additives and is camied over a

I ge in the almosphene i% impuil of

v Rainwater  Stream
Waters it Ao
Cairngonms 1O8-1. 10
Chon 1.09-1.11 1.140
Sourhope 1.1 1.164
Hartwood ].13

af Surface Dee
Soils e P

Listonshiels No, 3 | 1.1

Cairnsmore of
Fleet No. 4 1. 160 1.202

Easter Cringate
Mo. 2

of petrol ongin is

muous. I is noteworthy, hos

ted at Hartwood in the Central

rain=waler colles

her isolope ratio which indicates

ey has o

other sources of lead inpuls, As the rain-water

ARS O ined particulite matter with a migh

ihle 1o diduce

concentration of Iron i s reaso
that this cther source of lemd 15 industrial,

possibly the Ravenscra 2 Stee] Works

! imotope ralios in the surface

horieon of three selecoed profiles, known o

have hagh surface concentralions, are

considerably lower th 1sbogse Falios 1In

:|-.'|.'|'|.'| honzons. This ke 1o the conclusion

that the surfuce, organically-bound, lesd is of a

R, LRRENR I||.|r|

erent, probably anthropog

¢ deeper mineralized lead. This would

perceh b from industrial sources

wer many decades as the soils

aceumulnte
were sampled before the major increase in the
wse of lewd perrol sdditives. These prof les will

be resampled to check for further reduction in

s0tope ratios through subsequent deposition of

The three profiles sh

MO pein| el

racterisiics and 11 15 particularly
il the B honizons in the Easter
ite No. 2 profile had considerably lower
(1135 10 1.145) th

horizom (1.154), This might have resulied from

1 26

1S0MRE ralios 2 surface

pedological or hydrological processes within the

profile and suggests than bead sotope

compositions may be used o investigate soil
formanon processes

A few stream-water samples have been

concentration s often (o0
it

be achieved. In some cases, however, the

unalysed but the le

Fow |-‘;-||h||.-l T wkis [0

IS0IOFIC &

concentrations ane considerably higher (50 pph)

and the isotope ratos (1.14 are compar
able to the ratios in the surface horizons of the

5. The data available so far are 1oo

thiree prod
limited to draw definite conclusions but

ainly the lead in stream water is not the same

[+
as n rarn-water and must be denived manly from
soils, most probahly the highly enriched surface

horizon, This su

esls that a slow

of =oil lead may take place and the lead is not so

ghily bound as 1o be irremovable
Contact name: Jefl Bacon
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Nitrogen and phosphorus dynamics in
reseeded blanket bog peat

On an area of poorly drained, reseeded blanker
bog at Forsinard, Sutherland, ol annual dry
matter production of grass/Clover swards on
experimental plois continued 10 improve

fol lowing treatment with 5 Mg/ha of ground
limestone in November 1988 (Figure 1). In

I"IL NPE
& fx1gul
o w Total yacld

Mfhafyear @ “H‘CR

/\f

._—...

A .ﬂ"%‘lg
0 m"" smiha
B5 ﬁ 87 BR B9 9

Year

5_

matier

f2

Figure I, Dy marter vields, Mgiha, at the firse
cut and the teral yield for grass and grassiclover
plorx af Forsinard, Sutherland.

contrast, the dry matter production for the firse
cut taken in June showed a decline compared
with the yield in 1988 suggesting that nutrient
immobilization stimulated by the application of
lime wias competing with plant uptake during
spring. Yield of gruss receiving 75 kg N/ha as
wrest, 30 kg P as granular superphosphate and 60
kg K as potassium chlorde was not sigmificantly

following applications of 75 kg MMa as unca
{Table 1). Mitrate concentratons were also
small indicating yet again that nitrification is not
active in this peat. In contrast, phosphate
concentrations increased sharply following
dressings of 60 kg P/ha in April and were
significantly increased by the addition of wre,
In spring 1989, only 30 kg Pfha was applied and
there was no marked increase in concentrations
of phosphate in samples of run-ofl and no effect
of femiliser-N. In sddition to the lower
application of P, increased retention of P in the
peal may have resulied from the application of
lime the previous autumn either directly by
chemical combination with calcium or indirectly
by immobilization in the microbial biomass.,
Contact name: Berwyn Williams

Importance of sell profozoa, nematedes and
earthworms in the mineralization of nitrogen
from soil organic matter

Protosoa and nematodes are the major
secondary grazers in the soil and implicated in
the release of mineralized nitrogen. The study of
the environmental factors in the soil imfluencing
the release of nitrogen by protoeoa has been
extended w include the effect of nitrogen-
deficient bacterial prey. The bacierial culiures
were grown initially in a continuous flow
culure apparans whene the nutrient content of
the whole bacterial populition can be carefully
controlled. Subsequently. the bacteria were
harvested and fed 1o ciliated protosos in a

_ 1988 1989
Treatment NH,4 NO3 POy NH4 NO3 PO,
PE .06 (02 3.1 0.05 .04 019
NPK 5.35 0.04 9,95+ 0.24 .05 0.30
SE 1.19 0.032 080 0.155 0006 0013

* Significantly different from PK at P<0.05

Table I, Concentrations, mgil of NH *_ aid
NGy N and PO P in ran-off water collected
frome PK and NPK treated plors af Forsinard in
T9ER griet 1989 for 4 weeks following fertilizer
applications in Apeil,

different from that of grass/clover reated with P
and K alone at the same rates. This was largely
due to the healthy growth of clover in plots not
given N. Current studies of the faie of the
fenilizer N applied to these plots have used N
lubelled mincral nitrogen,

For the first 3 years of this experinment a
total of 180 kg Pfha were applied as granu lar
superphosphate, but cut herbage accounted for
only 14 and 34 kg P/ha on PK and NPK reated
plots, respectively, Microbial-P, measured by
the chloroform fumigation method,
comesponded to 40 kg Piha in the surface Scm
of the peat and was not influsnced by
applications of M, This value is greater than the
21 kg P/ha measured in the microbial biomass
beneath unfertilized indigenous vegetation. This
leaves a considerable proportion of unsccounted
fertilizer P,

Concentrations of NH,*® in run-off wier
were low even during the period immediately

mineral salts medium where o bacterial growth
was possible. When fed nitrogen-deficient soil
bacteria (Arthradacter globiformis) with a
nitrogen contem of 3.7%, the common soil
ciliute (Calpeda steinii) did not release any
nitrogen for the first 140 hours despite feeding
on bacteria from the start of the experiment.
Aditer 3080 hours, these ciliates had released
(06mM of (NH. "IN when fed nitrogen-
deficient, A, globiformis,

When C. steinif ciliates were fed the same
species of bacteria with a larger nitrogen content
(8.7%), the protozoan release of (NH, YN
occurred immediately and 0.35mM (NH, ") was
released by B0 hours, Similar attempts 1o
produce mitrogen-deficient populations of
another common soil bacterum (Piendomonay
fneweseens) failed as these bactena ceased 1o
grow in pitrogen-limited media, Clearly, in
nitrogen-stressed sl environments specific
shilfts in the bacterial community can occur and
the nutrient content of the bacterial prey is an
important factor in protozoan recycling of
nitrogen. Such, considerations have yet 1o be
incorporated in any simulations of nitregen
transformations in soil.

Contact name: John Darbyshire

Interactions between soil enzymes and clay
minerals in relation to nitrogen availability in
pastures

Excretal returns comprise a valuable source of
organic nitrogen which, after engymatic
transformation. can provide plant available M.
The enzyme urease, which hydrolyses urea 1o
MH," and CO,, plays a major role in this
process. The clay mineral components of the
soil can adsorb urease with a resulting decrease
n eneyme gctivity, Within the soil system, clay
minerals can also adsorb soi1l organic maner,
particularly humic and fulvic scids which
usually comprise over 604 of the wial organic
matter in pastures. Thus within the soil, there
are intersctions between clay minerals, wrease
amd soil organic matter, but these interactions
are poorly understood in relation o an effect on
urease activity.

Humic and fulvie acids inhibit the activity of
urease, the effect increasing with increasing
concentrations of humic substances in selution.
This inhibition resulis from interactions between
the humic substances with both the enzyme and
the uren substrate. The inhibition of urease
activity produced by humic subsiances
decreases with an increase in soil pH and ceases
completely above pH 7.0, The inhibition is,
therefore, greater in the acidic soils found in
upland and marginal areas than in those soils
found in the better class of agricultural land,
Another consequence of adsorption of unease by

um
cugcmim gciwmlrfﬁ:gn

{pgiml} {pgfml)

0 10 100
0 o) +74 +11
0.05 71 28 -5
010 =38 Aol <11
.50 -0} B (0

Tabie 2. Influence of interactions between
Tenrnic aidd with cuprisc copper fons on iregse
activities af pfl 7.1 expressed as pesitive (+ ) or
gt (=) rm'rh_

humic substances is that the eneyme is protected
from being destroved by proteolytic eneymes
and can thus remain active for long perods in
the soil,

Urease activity is also inhibited by cupric
ivas. At pH 7.1, humic acid slightly enhances
urease activity (Table 23 and can abolish the
inhibitory effect of the copper. The precise
amonmt of inhibation depends on the
concentration of the copper ion anmd the ratio of
this won relative to humic acad, The wdsorption
of copper by humic substances, and the
internctions with urease, have considerable
implications for the disposal on 1o agriculiural
land of sewage sludges, pig slurmes and
distillery wastes, all nch in copper.

Comtact name: Derek Vaughan
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sulphur status of hill and upland sodils

Sulphur deficiencies are likely 10 ocour in
regions of relatively low simospheric inputs, on
leached, light-texiured soils of how absorption
Capa il:h- and where Farming practices utilize
high analysis (low 5) fertilizers. Such is the
situation in nonh-cast Scotkand and though
'\.l.|||'lh||I defic it;m.:. has been II.K'“E_':I!I,‘-;,';' for
soamee e in Uhe low landfrable context, it has
not been fully appreciated in the hill and upland
contexi. The sur ey of ihe -\.||||'i|'|||r spatus of ol
on hill and upland farms has been extended
bevomnd those aken in 1988 (o include over 160
=01l and herbage samples from the arcas of Glen
Esk, Glen Clowva, Glen Moy, Tomintoul,
Correen Hills and Glen Foudland. The major
sontl associations sampled were Corby, Sinichen,
Tomintoul and Foudland. A microbiological resi
showed fewer soils ;._'i-.'mg a response to sulphur:
12% for 1989 compared with 2005 for [958,
Amnalysis of the herbage for total sulphur fors
boils 198K and 1989 sury EVE RAVE 0 THIFTOW
range of values between 001 and 0.3 %5,

A summary for the two
plant-available sulphate sulphur in those

zars of the range of

associations where sufficient data are available
15 shown in Figure 2. Owver 4066 of soils for the
Tarves and Countesswells A s S \hu'-.-g'-:!
either low or very R LTS aulp\hur content. Just
umder one third of the Corby soils were in this
category and less for the Insch and Sirichen
Asgociations, {'11r|ul:~.c!:-. these Ler two
associnlions contamed a small number of soils
i ihe exc essively hjz! h« AEgary, Girassland
might be expecied to respond 1o sulphur
additions when the soil content is as high as 10
mg S/kg sail,

S0
40

o 30+

of

soils
m-

10+
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B 3nd cut
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dth cun

8
Dry
weight
yiel
itha) 4 |
2
120 mesh S 30 mesh S KaS0y Gypsum Control
Sulphur form added (20 kg S/ha) ne %)

Figure 3. Response of a miced sward o sulfphing
crelelitioons ar aon pplendd sive {Wartle)

have been used. However, these formulations
tend 1o be expensive. Cheaper forms of
elemental sulphur, produced by grinding and
sSIevInE processes, are available.

A field trial using two different mesh sizes
of elememal 5 and two forms of sulphate-5
{gypsum and potassium sulphate) on
grassfclover were set up in 1989 on an upland
site at Wartle ( 28 miles west of Aberdeen), In
adddition, a pot experiment was carmied oul to
assess the response of both rvegrass and clover
to elemental sulphur, The results of the Neld
experiment are surnmarized i Figure 3. The site
was very responsive to sulphur additions: toial
dry matter offtake was increased from 8.4 v/ha
1o 11.5 vha (a mean increase of about 37% over
the control . Elemental sulphur was found, over
the whole scason, to be as effective as either
potassium sulphate or gy psum. Early advantages

=] <4
B 4-<8
B 5-<14

14-<30)
| 30

:I':n'es -éuudniesswells

Corby

Insch Strichen

mg S’kg sail

Figure 2. Plam-availaile sulphur in fTve hill

ined wpplanad xond associations

Hq|||1|||.Lr dehciencies can be remedied |1} the
application of elemental sulphur to soil or
herbage. This is converted to a plant-available
form -Zw.'.|||1h,|lu i ||1r|:'-u;_._'|1 oxlihiion, [|:||||1::r||_n. |13~
microbaal action. In the UK, and particularly m
Seothand, finely-divided (micromzed) forms of
sulphur, which were onginally Formulsted as
fungicides and wre applied as a foliar spray.

of 1the '\u!pl:ilk_' forms were counler-balanced I:-:L
u greater residual effect of the elemental 5 later
in the yvewr. There were no differences between
the two mesh sizes of elemental sulphur used
{10 and 3000, Both caused a vield increase s
the second and third cuts though this was less
tham that caused by the sulphate forms, At the
Tourth cut the response o elemental sulphur was
greater than that 1o sulphate. both potassium
\t;ll|1||,||:|; and E¥psum shioww INE s1gns ool running
out. The pol expenmenis confirmed the
response of both rvegrass amd clover 1o added 5

Improved wpland pastures on a significant
fraction of soils in norh-east Scotland may well
benefit from the addition of sulphur, applied as
elemental 5 or otherwise, which will give
improved vield and unilization of the nitrogen
applicd as well as possible improvements in
herbage quality.

Contact names: Denise Donald,
Steve Chapman

Determine factors controlling the availability
ul selenium From sails to plants

Selenium is an essential element in the diet of
sheep and cattle and has been shown 1o be
involved in a number of importam physiological
processes most notably ogether with vitamin E
in the protection of the animal tissue from
oxidative stress. It has been estimated than 105
of Scotland is Se deficient and that fodder
growm in these areas may contain insufficient Se
for animal health. Deficiency can be prevented
by adding S¢ 1o the soil but 10 be effective
practically and economically, soil treatments
reguire o be long lasting, Since the margin
between \l.|1't'|L'||,"|:||,':u e excess 15 narrow, such
methods must avord producing herbage with
initially high bevels of 5e. A comparison has
been made between the efficacy of soil
treatments with sodium selenite { 100g Sefhal,
sodium selenate (10g Se/ha) and a prill
formulation comaining 1% S¢ (20g Sefha) on
sites of the Countesswells, Foudland and
Stonehaven Soil Associations known o produce
Se-deficient herbage.

The uptake of Se by herbage on the three
siles following soil application in the spring was
monitored by taking four herbage cuts through
the year in May. June, Seplember and October,
The pattern of uptake on the three soils was
similar with a rapid initial uptake producing
herbage with relatively high concentrations
Tollowed by a rapid exponential decline
producing herbage with near background
concentrations in autumn, the levels depending
on the form of Se trewtment. Thus the pnll
formulation which contained Se as sodium

selenate was added 1o the soil a1 a rae
calculmted to provide twice that of the pure
sodium selenaie treaiment, but by the end of the
seasod the levels of Se in herbage were closely
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T

1.5
Selenium
img/kg DM)

1.0

0.5

Figire 4. High mitrogen treatment cul {4,
TORS: 5-8, 1986 Q.12 JOX7.

similar although the initial levels of Se in the
herbage were roughly doubled, The sodium
selenite treatment wis al a rate 10 times that of
the equivalent selenate as it was anticipated that
it would be rapidly fixed in soils, The effect of
the application of nitrogenous fertlizers was o
change sward compasition, to substantially
increase dry matter yields and 1o change Se
concentration levels in herbage. Figure 4 shows
the 5S¢ levels found in the herbage over three
successive years on the Foudland Association
soil treated with different Sc compounds during
1985 and again in 1986, Figure 5 shows the

2.0-

f"rs"u.l'q‘." .‘. Lawi PR ER IFEaliienl cul I-J. I‘Jﬂﬁ.
58, F986; 9-12, 987

effect of high nitrogen ferilizer treatment
(Blig N/ha) ot the outset and repeated after each
harvest cut, Stutistical analysis shows that Se
concentrations are significantly higher in the
first harvest of herbage on plots receiving high
N and thar there was evidence of a negative
effect of N on Se concentraiions at the secomd,
third and fourth harvest where Se concentrations
were lower than in comesponding herbage from
plots receiving low N. However, there wis
strong evidence that total Se uplake was
significantly higher over the four harvests of
1985 on those plots receiving high N. Similar
trends were also observed following the second

B Seprills |
I Selenate
B Sclenite

| 2 Mo selenium

(1]
Cut number

7 8 9 10 1 12

treatment in 1986 although the positive effect of
nitrogen on herbage Se levels in the first harvess
was ot statistically significant, Figures 4 and 5
alse show that even after tremment in two
successive vears there is no resicdual effect in the
herbage produced in the third vear,

The results of this study show that sodl
treatmient with sodium selenite or sodium
selenate alone or incorporated i prills can be
used to increase Se levels in Se—deficient
herbsige in a controlled way and that ihe
treatments employing the rates used inthis
experiment last over one sexson without
producing toxic levels but with no apparent
residual effects in the subsequent year,

Although the prills gave no advantage in

Se prills
Sclenate
Selenite

[ |
=
=]
3 No selenium

[ 7
Cut number

i 9 10 11 12

70 -,
60 1l
S0

T
_.__‘._-r-""

40 +

mEg/m 2/
yYear 3+

marntaining Se levels in herbage compuared with
stnlium selenate, they do offer safer handling,
less risk of I'k:li\uliing_ and the option of
distribution in conventional fertilizer spreaders
The nature of the matrix of the commercial
prall formulation wsed in ihese studies was
investigated by electron microscopy-microprobe
analysis, This technigue, in addition 1o
determination of 3¢ and Ca content by ICP
spectroscopy, showed the prills w be calcium
carbonate with a coating of a sodium Se salt,
The amount of Se (15 and its oxidation stae
(V1) was confirmed by hydride generation
atcamic absorption spectroscopy.
Contact name: Charles Shand

Chemical weathering of minerals in upland
calchments

Chemical weahering of soil minerals provides
inorganic nutrient cations o soil solutions, and
1% the main long-term mechanism by which the
acid neutralizing capacity of a soil is
replenished. The rates at which base cations are
rebeased from soils have been determined in five
upland catchments from the chemical analyses
of a number of soil profiles in each catchmemnt
by calculating the amount of the element lost
fram each profile and dividing by the age of the
profiles, assumed io be 10U00 years as they are
post-glacial,

These long-term weathering rates indicate
that base cations are lost at rates of 26-72
|l|l_"4|fm1|"3'c1r {Table 3). Poassium is the
element which has been lost in greatest quantity
in most catchments, followed by Ma, Mg and Ca
in every catchment except Sourhope where the
order 1= Mg, Ma and Ca, In each catchment the
weathering rate reflecis the abundances of the
bases in the parent material of the soils.
However, when base weathering rates are
adpusted for abundance in the parest material,
then Ca and Na are the most mobdle cations in

Figure 6. Plow of weathering rare of Ca againse
the ape of toil J’H'Hf].'lq'..fi.lr chrovoseguence of
seven prifiles from Gillen Feshie, The
mathremaltical expression aof the calcwlared cuwrve
is y=74 35 exp (0L e ), where v is the
M'r':.'nlu'u.u_l; rare ol 1 s the aee.

Calculmed curve

Measured data points

[

— L J

B 10 12 14

Age (vears x1000)
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Catchment Bedrock Ca Mg K MNa Sum
Mharcaidh Granite 2 3 14 13 32
Kelty Quartz-

mica-schist 2 3 11 {¥] 26
Chon Quartz-

mica-schist 5 12 23 32 72
Glensaugh Quartz-

mica-schist 5 9 25 17 36
Sourhope Andesite 15 I8 ] 47

Tahle 3. Chemical w n:';:t.rrq'.r.ury Forfes
ur.ln‘.'q-':ur: Ve

the catchments located in quartz-mica-schist,
with Mg being the most mobile cation in the
catchments on andesite and granite.

ppm Fe released
(mean of 6
replicate flasks)

The loss of base cations is due mainly to the
wwﬂiwnng of three minerals: (i) plagioclase
feldspar which releases MNa and Ca; (i) chlorie
which releases Mg, (iii) mica which releases K.

The bong-term weathening rates in Table 3
are rates of loss averaged over 10,000 vears, In a

Diry wi mycelium (mg) pH
{mean of 6 (mean of 6
replicate flasks) replicate flasks)

Tﬂfj'ﬂﬂf‘-;ﬂdinm Unidentified sp. Unidentified sp. Unidentified sp.
: geodes

ﬁ:ﬁ:xﬁ:at: 37 (sDetd) 17 (so=s.5) 109 (spei24) 2.7
Flasks without .

iron phosphate <l 52 (sp=223)

Mole |. Less than | ppm Fe detected in uninaculated controls

MNote 1. 1
mycelia and spores form resadual iron

Diry wi. mycelium of T. geades not given, because of difficultics in separatin
phosphate .

Note 3. pH of filtrates {mean of six replicates) from uninoculsed Nasks-4.6

Table 4. Iron release in culture fMricls af fin |;J'.__r'rmu rall-rf(ur.;f_'.'r'nu;.l'.l.-.uj_'\.'_ BrowW in presence or abience
of strengite {iron phosphate ), Drv weights of fungal marerial in flasks alse given

Potential of soil micro-organisms as
big-inoculants to improve phosphate and iron
release in hill and wpland situations

In acid soils, the availability of phosphate 1o
plants s limited because of s fixation by free
oxides and hydroxides of aluminium and iron,
and the formation of insoluble metal

phosphates. We are studying the solubilization
and utilization of iron phosphates by soil
micro-organisms and Table 4 shows the extent
1o which Fe is released into the culture media
whiere strengite, an iron phosphate, was supplied
as sole source of iron and phosphate 1o the
organisms. In the case of the unidentified fungus
(no conidia formed. only chlamydospores
produced, even on exposure o UV light),
Although little phosphate was detected in the
culture filtrates, the microbial bismass was high
in phosphate. An indication of the extent 1o
which the sterile fungus solubilizes iron
phasphate 15 shown in Figure 7. A proportion of

Figure 7. Sodubalizarion af irow pleosphare fafter
& weeks incwbation ar 23 C ) by an unidensified
Sungal species (in flask o left of photograph).
Flask to right of photograph, with iron
phosphare bt not inoculated

the mon was also associated with the fungal
biomass and was characterized by electron
paramagnetic resonance (EPR) spectroscopy
which pointed 1o complex organic chelates
being formed. Under soil conditions [vsis of this

chronosequence of soil profiles on alluvial
lerraces from Gilen Feshie dated ar 13,000,
UKD, 5,500, 3,500, 1000, 430 and 80 vears
before present, the rate of loss of each base
cation was shown to decrease exponentially with
time (Figure &), The rate for Ca decreases from
an initial value of 70 1Ii|51+-'|1'|:.":. eir o less than
5 mEq/m’fyear after 2000 years. This is
probably due to rapid initial weahering because
of exposure of fresh mineral surfaces, and the
presence of fine mineral particles in the newly
laned cbown alluvial material, followed by a
slowing down in the raie of weathering afier the
highly reactive particles have been depleted and
weathering reaches a steady state. As a result,
current weathering rates will be less than those
listed in Table 3.

Contact name: Derek Bain

Figure 8. Scanning electron micrograph of
F.II'I'J Illﬂﬂlrlr'l' .'ll.lllrllru.h.:["qI EIIFH"'III:“I.H' I'THJ.' rr.rﬂ'rﬁp;rﬂr{'
grain (xf 000,

biomass by other micro-organisms (mainly
Actinomiveetes ) could make the phosphate and
iron mere readily available 1o higher plants

Examination of the culture Muid of the
above fungi by high performance liquid
chromatography (HPLC) has tentatively
identificd oxalic, Keto glutaric, citric, malic.
succimic and fumaric acids and such acids would
be actively involved in the solubilization of the
iron phosphate, Preliminary siudies show that
the unidentified fungal species is able to
solubilize rock phosphate from Sri Lanka
{Figure 8) which contains some apatite (CaPO,)
but is mainly composed of calcium, aluminium,
iron and pheos phate. It s feasible that the fungi
under study could be used as bio-insculants o
improve plant growth in bill and epland
situations where plant nutrients are limited,
Contact name: David Jones
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The effect of nitregen supply on the internal
nitrogen cycling and leal demography of
deciduous irees

The imtemal cycling of nitrogen (N} in
deciduous trees can be considered us the
withdrawal of N from senescing beaves and
storage overwinter in perennial woody tissues,
until remobilization in the spring for leaf (and
ront) growth. Such imemal cycling is important
to the tree as a means of increasing the
efficiency of N use and also in allowing spring
growih to occur with littke reliance on uptake of
native soil M, The dynamics of the scasonal
imernal cveling of N in sycamone {Acer
peewdoplatanus L.) have been studied in relation
o N supply and leaf demography.

5: PLANT

Nim? in 1988 but receiving only 1.0 mol Nfm*
in 1989 were unable 1o sustain their leaf growl:
after remobilization of M finished there was
premature canopy sencscence, [n contrast, trees
preconditioned with 1.0 mol N/m® in 1958 but
receiving 6.0 mol N/m' throughout 1989 gremly
increased their leal growth once the internal
eycling of M had finished. This was brought
about by M uptake stimulating the growth of
many small leaves on axillary shoots at the base
of the canopy, Leal numbers, therefore,
increased but mean arca per leaf decreased.

The trees were inefficient at withdrawing ¥
from senescing leaves in both years, allowing
most of the N to fall from the tree with the
moribund leaves. The overwinter storage of N
and subsequent spring remabilization for leaf

M' ;I'......'ff'--__-.:l r
Fmﬁlmth i ¥ i
mg per i
I
100} High Nhigh 1> \
n "l A Il i ll
S0 -
i
3001 el
N content  Low N/high N> I
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200 - L N content —
/. Remobilisation of ' s
L] I
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Figure 1. The effect of N supply in J988 and
1989 an tie N coment and remebilization of (5N
S leaf growsk in 1989 {Low N=§ 0 meal Nim?,
High N=6.0 maf Nim.

Four-year old seedling trees were grown in
sand culture through 1958 with either a poor
(1.0 mol fm’y or generous (6.0 mol mh N
supply provided with the irrigation, 1o
precondition their growth and capacity for N
storage over winter. Throughoan 1988 all the N
provided was labelled with "N (10 5.0 atom %).
In 1989 recovery of "N in the leaves showed
that their initial spring growth was independent
of the current N supply of either 1.0 or 6.0 mol
Nim® and depended only upon the N supplicd in
1988 (Figure 1) A net boss of '*N from
perennial tissues and recovery of "N in the
growing leaves confirmed that the current M
supply had no effect on the remobilization of N
from overwinter stores in the roots and stem.,

Alfter the first eight weeks of growth,
remaobilization of stored N had finished and leal
demography was influenced by the curmrent N
supply only, Plants preconditioned 1o 6.0 mol

Date
growth was dependemt largely upon the direct
uptake of N into the stem and roots during late
summer and autumn. The trees had a high
nitrogen use efficiency (NUE), ranging from
49-125 gDm/gN for the plants receiving 1.0 or
6.0 mol Nim® throughout both vears,
respectively. Methods for assessing NUE im the
field rely upon measuring the withdrawal of N
from senescimg leaves (as indicated by leaf litter
N concentration). Such measurements would
have significantly underestimaied NUE, as no
account of the direct N uptake late in the season
for storage would have been made.
Contact name: Peter Millard

Influence of soil phosphorus concentration,
pH and aluminium on uplake of phosphorus
by ryegrass

Uptake off P by rvegrass seedlings has been
measured as functions of time, concentralion
amd pH, as a basis for determining effects on P
uptake and transport. 1t has been established tha
uptake of P, from (.1 mM P in nutrient
solution, is much steeper in the first two hours

when | ppm Al is present in the solution {Figure
2). This is considered 1o be due to adsorption of
AP complexes in the root cell walls,
Subsequent linear uptake of P represents
transport to the shoots and accumulation of P in
root cell vacuoles, The rites of both these
processes are doubled in the presence of | ppm
Al Intermediate Al concentrations produce
intermediate effects, At higher Al
concentrations, ioxic effects on reot growth and
phosphate uptake occur, Measurements on more
mature ryegrass plants gave similar resalis (o
those from seedlings.

It 15 known that pH has a major effect on
AI* activity, though pH itself had no significant
eifect on P uptake, ol least in the short term.
However, although a number of experimental

5~
1ppm Al
‘..
pn mol 2P
T m
/ 0 Al

4 B 12 16 20 24

Hours

Figure 2. Toral 2P uptake by rveprass seediings
a3 d function of time from mriens solution
cevetaining 0.0 mM P and 0o | ppm AL

treatments were run al pH values above that
considered favourable for the maintenance of
free AL activity, the resulis showed effects
proportional to the Al supplied. It scems
possible that the P accumulated in root cell
vacuoles, and even that ranspored, may occur
in the form of alumino phosphate complexes.

Exchange rates for P in various
compartments of the root cells can be measured
by allowing the root to absorb P for a few
hours, and then following the appearance of
radisisotope in unlabelled solution used to wash
the roots. Recent experiments of thiz kind show
that P absorbed in the cell walls is readily
exchangeabde and therefore available for
subsequent uplake, supporting the view that
uplake may occur in complexes with Al Further
examination of elution data indicates that a
major proportion of absorbed P is soon
assimilated into organic compounds which
exhibit extremely slow rates of P exchange.
Contact name: Alan Macklon

Girowth and nutrient dynamics within
contrasting short rotation farm-foresiry
management syslems

A collaborative experiment between MLURI
and the Central Scotland Countryside Trust has
been established 10 evaluate the nutnitional
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Figwre 3. Short roravion poplar ar Hariweod

Researeh Sialion

implications of il'ill_"|'|\iu"|} managed short
rotation forests, Such plantations provide an
opporunity for the establishment of woodlands
on isolated or difficult areas of agriculral land.
Chwners may expect an income in 5 to 20 vears
rather than the 20 or more vears required 1o
generate substantial income in conventional
forest systems. The intensive management
required to implement shor—rotation forestry
includes heavy weed control and removal of
whole-tree produce. Rates of nutrient remowval
miay increase several-fold under such manage-
meent regimes and the aim of this project is (o
quantify rates of biomass production and relate
these to rates of nutrient loss, Species of willow,
poplar and alder have been planted at 1.0m
spacing for the production of coppice malerial
on three-year cutting cvcles, (Figure 3)
following an initial cut-back i year one, Poplar
and alder are also being grown as single stems
at bodh |.0Om and 1,5m spacings on a rotation of
10 wears, Rates of production and partition of
biomiass within the different management
systems are being quantified annually through
destrective sampling. Light interception
measurements are being taken weekly o
LI.H'I:IFh!n’.' rhl."' \'.‘il.“lr"ill L';tl'll,l!!_ﬁ dl_‘\.’L‘]L!I‘Il'l'll_'l“
across species for both coppice and single
stems. These will be supplemented by gas
c\Lhun;;_:-e: stuches made |_||.|r|n-‘|_' each year to
Quantly rates of net photosynthesis and
respiratory losses of carbon associated with each
|Jr:n|l:|a.'!||.:-|'| syslem,

Contact name: Mike Proe

The effects of widely spaced conifers on
understorey pasture production

An expenment was set up with Sitka spruce
trees at three heights (oniginally 3m, Sm and
B thinned o three spacings (4m, 6m and 8m)
cquivalent 1o 625, 278 and |56 stems per
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Fignre 4. Relavionship berween RPY and VGCA.

hectare. The tallest rees had the lowest four
whiorls of branches removed. Sward boxes sown
oul with rvegrass were disiributed in a stratified
pattern beneath the nine tree-canopy structures
created. Sward boxes in an open (control)
situabion were also set up. Herbage growth was
measured directly from the sward boxes for two

120

Both regressions are very highly significant.
However, the equation with HGCA gives the
better it suggesting that under regular conical
crowns of conifers in the uplands of the UK
there may be a greater component of lateral
shading than vertical shading affecting
understorey pasture production,

Contact name: Alan Sihbald
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Figure 5. Relavionship berween RPY and
HGCA,

Tull growing seasons, 1987 and 1988, In
addition a limited number of boxes were
maonitared for a range of microclimate
parameters,

Simple quantification of the canopy
struciure of the trees has been calculated in two
ways assuming them to be regular cones. Firstly
as a Honzontal Green Crown Area (HGCA the
summ of the horizontal projections of the
individual tree canopics (trianglesy per unit area
in m'-,"h:ll and secondly as a Vertical Green
Crown Area { VOCA, the sum of the vertical
projections of the individual tree canopies
{circles) per unit area in m*/Ma). Both of these
estimates take account of the densiiy of the
trees, the size of the trees and the extent 1o
which the crowm has been modified through
removil of brasches by pruning.

A regression of data for anmual herbage
production (expressed as a Relative Pasture
Yield (RPY), the percentage of open v ebd b from
the treatment combinations, including open sites,
for each of two years (n=20) with VGCA is
shiovwn in Figure 4, and with HGCA in Figure 5.

Measurement of ryegrass leal extension rate
within a controlled environment

A system has been developed which allows ihe
simultaneous measurement of the beafl extension
rate of four ryegrass plants whilst situated
within a controlled environmental cabiner. It is
based on the use of linear variable differential
transfommer (LVDT) devices which iransduce a
change in linear displacement of the LVDT core
to a change in voltage outpaut.

A single ryegrass beal is attached by a small
piece of sticky 1ape 10 a nylon monofilament
line. The line is looped over a rod of
polyvterrafluoroethyvlene (acting as a low friction
pulley ) and aached to the LYDT core. In um
the LVIOT core 15 attached with similar line 1o a
small weight which ensures the ling is kept taut
and the plant leaf is held erect. As the attached
ryegrass leaf extends, the LVDT core falls an
cquivalent distance causing a change in the
LVIDT volage output. In the LYDT model used,
a | mim displacement of the core gives a 0.5y
change in voltage. The voltage output of all four
LVDT channels is recorded every 90 secomds
for up to 24 hours on a data bogger. Several runs
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Figure 6. Two LVDT devices within a controlled
environmental calinet also show 1R aftached

data logeer and visual display wnir

or one run for several days, of all four channels,
can be stored on the data logger before it is
necessary o down-load the data into a computer
allowing easy subsequent data manipulation, A
visual display unit connected 1o the data logger
allows the output of the current run over the
previous 1.5 hours 1o be displaved for e
Chunnel.

Figwere 7. Detail show trre artaeheear of LVET

cewe o plaan

The nowvel aspects of this system are the
simulianeous use of four independent LVDTs
which make the system amenable 1 processing
large plam numbers and lo ating the LYDTs

within a controlled environmental cabinet
{Figures 6 and 7) allowing independent control
of lemperature, hLl:l!I.idll}' and light of the plams
environment, The cabinet’s temperature control
system causes slight vibrations within it making

isticing 1o

1 necessary o add small beads of p
the nylon ling above the plant leaf to avoid
resonance '|I|'I[.\,|:'Il,!i|'|_

This system is currently being used to

investigate the extension of ryegrass leaves afler
being exposed 1o periods of cold temperature
and also the regrowth of ryegrass leaves after
defoliation.

Contact names: Barry Thornton,

Giraham Gaskin

A maodel of the canopy development of grass
under grazing

Current models erFr;n-.I,ﬂuI neglect the uneven
spatial distribution of nitrogen and herbage that
results from selective grazing and the uncven
distribution of dung and urine. This becomes
particularly important when considering low
ing

inpal grazing systems where selective grs
could have a profound effect on the rte of
cycling of nitrogen, is loss or retention within
the svslem and on the growth of grass.

The first step towards including spatial
variation in a grass model has been to describe
the distribution of Iu,'lhqi_'c in the vertical plane,
This 13 important because this largely
determines how much of that herbage can be
hitien h_-. ihe grazing ammals. Grass grow th is
predicted using an existing model (Johnson and
Thomiley. 1983) and then this growth is
translated into the I"-“E-Ih- height and orientation
of new leaves, the factors which determine the
vertical distribution. The model of Ungar and
Noy-Meir { 1988} 15 then used to graze this
swinrd

The fate of grass leaves is either to be

0.75
Proportion
of growth

0.50

SENesCence

Consumption

.00 L
0.25

0.07 0.4 0.03
Grazing frequency
(bites per day)

Figire 8. Model predicrion of the refarionship

hetween grazing frequency amd comsimmption or
FERCSOERCE GVer o ramge of grovwnh rafes Jor a
sheep=grazed sward maintained of o he ipht af

X

consumed by the grazing animal or to die of old
age (senesce ), The balance between the
propartion of growth which is consumed or
senesces depends on the growih rate, the
environment and the wity in which the sward is
managed. The model can be used to look o the
result of changing the stock density 1o maintain
a constant sward height in the face of varying
growth rate. To maintain o constant sward
height as the growth rate increases demands an
increase in the frequency with which any
partscular area is grazed, Figure 8 shows that as
the frequency of grazing decreases, more of the
grass senesces and less is consumed by the
animals,

Contact name: Nick Hutchings
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Potential productivit
shrubs

and use of N, fixing

The bioltogical potential of three nitrogen-fixing
shrubs {gorse, broom and ree lupin) in different
upland systems has been considered in three
experiments, The first continued an
imvestigation of growth and wiilization of gorse
by goats; the 1n.'|:|||r|F value of gorse, and also
broom, was measured ina I."lJI'I'IFl|I."|'|'IL'I"I1:!r_'.
nckoor irial, Inthe final experiment, partof a
study to determing the potential of nitrogen
fixing shrubs as nurse species in tree systems,
the seasonal pattern of j_.:II.H\IlI and winter
survival of tree lupin in an upland enviconment
wis investiganed.
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Figure 9. Tree luping growing in an upland

EMVIFENERNERL.

Measurements of hiomass production and
utilization of gorse by goats were continued for
i second season at Nether Kidston, Peebles. Met
DM production over a 24—weck growing season
was 14.4 vha, of which 6.8 vha was green
fsliage. This greanly exceeded net production of
herbage on an adjacent pasture, which was 2.7
1."|I.| over the same p-\.'l'iud. Th-:; r|'|.|i|.s| |'|it|"| of the
diet of gouts in both summer and winter was
green foliage of gorse,

In I|'|\_' indoor rl-u.linl: irial, the m;'._'::rli-.'
matier (OM) intake of gorse by goats was
greater than that for broom, 670 giday compared
with 374 g_.:;l.|.|:. The -:;|||::.|i|:.-' of the broom
herbage offered 1o the animals was higher than
that of gorse; OM digestibility of broom was
B while ROTSE Wis S1%

The seasonal growth and winter survival of
twir ages of tree lupin plants (1 vear old and
\&'l_'l.“ll'lh_'\'. which wene F:-I._1|||-g'-:! Lo 5:-{'||.'||:||.'||
ryegrass sward at Glensaugh in June 1989, was
investigated. Morphological measurements of
|1|i|::I-. were madde an r|||:-||.||1:|} imtervals until
September and destructive harvests were made
d in September, During the

;._'IIH'LI:TI!_' SE0s0n, Main siEm II,'|'|:'|_'||:I iI1L rL':'.'\‘l,'II

at planting

from 50 to 799 mm and above-ground DM
increased from 0.7 g 1o greater than 130 g in
MI,'{'(:.“II:!_' |1!;||1I,\. All '|:l|,'|r||'\ survived the winler
and contimued to grow well during the following
vear, Future work will involve planting of tree
lupans alongside trees

Contact name: Carol Marriott

CQuantification of rou system development
usimg a microrhizotron

The root growth of several tree species has been
studied using a non-destructive mic rorhizoiron
system. A miniature borescope (diameter 10
mm} is placed in glass whes which allows root

wlh b b viewed o sein, Uounts of prints ol

contact with grid squares can be made al any

chosen time interval, Treatment differences can

be examined by performing an analysis of
variance on the counts themaelves or rool
densily can be estimated from counts when
roots are nod uniformly orentated by using
gither bes angled at arpund 35° 1o the vertical
or if both vertical and Bhorzontal tubes are used
The effect of nitrogen on the development of
the root system of Sitka Spruce and sycamone
wias investigited using gliss wbes w angles of

Forwre N, View o cfierey oingd @0gas Fois

Fhradiel @ mncrorfhizofrong Rl

TI'{'I.'
Trea+clover
Tree+grass
Tree+grass
+Clover

Total
white
s

10

50 1 150 200 250
Days from 1/ 389

Fignreld . Seasonality af white cherry root

(RS

45% and (7 1o the vertical. :‘\':[rug-.'rl had the
effect ol increasimg white rool counts, fresh
weight and diameter in both species. The
correlation between fresh wei i:_'hl'h and Courts ol
white roots wis high for sycamore (r = (LES;

P < (00 ), whereas for Sitka spruce it was nol

significant at the 5% level (r = 0.44). The counts
and fresh weights of white roots showed similar
trends amd mirrored penods of leal and needle
produchion. Counts have the advantage of
measuring changes in the same tree, and are less
T L‘III:I\I,lIIIiII.F than whole tree hary csling

The effect of grass and clover competition
on root growth and seasonality of cherry roots
has been siudied both in the field and in the
laboraory, Counts of first and Lt poim of root
contact were made on vertical and horrzontal
tubes placed in square pots. Figure 10 shows a
brovwn cherry rool with branches and another
dark brown cherry rool. Also shown are finer
diameter white grass roots in the same zone of
soil showing two points of contact. This
highlights how a visual classification can be
made using this method when roots of different
types are grown together. Seasonal changes can
b studied (Figure 1) and related 1o shoot
growth, With cherry, the masimum period of
shoot extension precedes the maximum point of
white new tree root growth. The greatest
aumiber of white unsuberized \_'hl.'H} TS Wiére
consistently found where grass and clover were
also growing in the same pot, The least were
r'l.:-l,lrld Wwhere IFees Weng |._~_nmn :|.|l.:-|!u,'. This L1II.I|L||
indicate a competitive effect of the grass and
clover on the cherry growth with the cherry
plamt having 1o pul more carbon resources into
reants i order to Keep up adegquate nutrnen
when competition exists. A similar trend was
found in the field where trees grown in
competition with grass fertillized with higher
levels of N had produced significantly maore
mew white roots than the trees under grass with
lewer rates of N fenilizer,
Contact name: Lorna Dawson

Sutrient availability beneath pure and mixed
tree species

It has now heen shown in previous studies at
Culloden Forest, Inverness, that net mineral-
ization of N was significantly greater in the
foresi floor beneath a mixed stand of Scols pine
and Sitka spruce than under spruce planted in
pure stands, [t was not possible 1o say whether
this was a cause or a consequence of the
improved growth of the trees in mixture because
the stand was 15 years old and the differences in
growth rate had staned to emerge when the trees
were about 9 years old, Current work is aimed at
obtaining unequivocal evidence that both gross
and net rates of mineralization of N are greater
ini =01l and humus bencath the mixed species and
that enhanced mineralization is the reason for
the improved tree growth. Studies have been
extended to an experimental site ol Speymouth
forestry where plots of Sitka spruce in mixiure
with either Scoas ping or larch were planted in
198 1. In these investiganons the fie xirn
incubation technique which causes some sample
disturbance is being replaced by one that uses
the dilution of °N labelled pools of mineral-M
o measure rates of both gross mincralication
and immobilization of N

Contact name: Berwyn Williams
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Determine the scope for manipulation of the
Moristic composition and nutritive value of
Molinia grassland by grazing

The effect of defoliation by grazing or cuting
on the productivity of Molime grassland and on
changes in the flonistic composition has been
researched 10 determine the sustainability of
Merlisniar grassland under grazing.

The study consists of a long-term grazing
experiment with dry hill cows, and suppaor
cutting experiments. The grazing experiment
began in |985, and is replicated a1 two sites;
Riccarton Junction, Roxburghshire, and Cleish,
Fife. There are two grazing treatments and plots
are stocked during the period of Molinia growth
only. The treatments are designed 1o utilize
approximately one-third or two-thirds of the
Molinia leal production, and cattle numbers are
adjusted twice weekly to maintain targe
Medistia lamina lengihs until growth stops. A
number of small grazing enclosures werne set up
al the start of the study.,

Cleish Malinia utilization:
e
Biomass

(®/m?)

LU (]

Molinia uilization:

£ Molimia
B3 (her grasses

Figure I, Biomas (DM} of green Molinia and of
otfer green grasses af the end of the grazing
period, after | vear (1985 ) and after 3 vears
{19890 grazing.

Animal measurements (dier selection, intake
and live-weight gain) 1o establish feeding value
were completed after three years, and the resulis
were reported in 1987, The grazing treitments
and sward measurements were continued to
establish the effects of grazing on the plam
community. Annual floristic records indicate
thit Molinia cover showed an initial decline on
4l grazed plots compared with the ungrared
exclosures. After four seasons of prazing its
Cover appears 1o be stabilizing an around 60%
under light grazing bu is continuing to decline
under heavy grazing. The main increased
species are the other broad-leaved grasses. A
comparison of the end of grazing biomass cuts
For 1985 and 1989, vear | and year 5
respectively (Figure 1), indicite an order of
reduction in Malinie comparing 1989 with 1985
of 25-35% under light grazing and 38-65%
under heavy grazing,

A cutting experiment, which was replicated
ot two sites (Cleish and Sourhope), investigated
the effect of removing 33% or 66% of lamina
length either once only in June, July or August,
or repeatedly in June, July and August. An
uncut control was also provided, The treatments
were imposed for three successive years afier
which the planis were allowed an uninternapted
seazon’s growth before harvest. Plant biomass,
leaf mass, tiller number, weight per tiller and
weight per basal intemnode were all significanily
reduced by repeated cutting compared with
single or uncut wreatments. The effects of light
defoliation {33% leaf removal) were variable
between experiments, but three vears of
repeated hieavy defoliation (66% leaf removal)
reduced tiller size by 51% at Cleish and by 59%
at Sourhope compared with uncut controls;
tillering capacity {estimaied by counting the
filler buds on the basal internodes) was reduced
by 34% at Cleish and by 26% at Sourhope,

The results show thal grazing to remove
G6% of Molinia leaf in summer will fead 1o
greatly reduced Malinia cover and productivity,
and o the development of a grassland with an
increased proportion of other broad-leaved
grasses, Light grazing to remove 33% of the
leaf, though leading to reduced Medinia cover
compared with initial amounts, may be
compatible with sustaining Malinia as a major
species of the grassland community,

Contact name: Sheila Grant

EMects of rest periods from grazing on
species balance in ryvegrass'white clover
swaris

The hypothesis being tested in this study is that
in mixed species swards provision of a rest
pericd from grazing will lead o a change in the
species balance in favour of the species which
currently have the greatest capacity for growth,
In the case of rvegrass/white clover swards, the
responses of the grass and clover o iemperatures
are such that in early spring and autumn ryegrass
is able 1o grow faster than white clover while ihe
reverse is the case in summer, I was postulated,
therefore. that the oulcome of incorporating a
silage cut in an odherwise continuously stocked
regime would vary depending on timing. The
timing of conservation was vaned by growing
cach of two clover vanieties (the small-leaved
Kent or medium-leaved Milkanova) with either
avery carly Mlowering ryegrass { Aurora) or a
late flowering variety (Melleh. The cutting dates
for silage were 1T May {Aurora) and 29 June

i Melle).

The consequences of the different responses
to temperature of grass and clover for their leaf
distribution in the canopy, and hence ability 1o
intercept light, in relation o timing of the rest
periods is illustrated in Figure 2.

The effects of the treatments on clover
content, whether expressed as biomass of clover
or as clover as a proportion of wial live mass
(see Figure 2) were us predicted, ic. clover
comtent was decreased by early conservation and

increased by late conservation when compared
with continuously stocked controls, The
treaiment effects persisted and were evident in
the population densities of grass and clover at
the end of the year. Total grass populations were
higher on plots sown to Aurora than Melle grass
cultivar and on those sown 1o Milkanova than to
Kent clover cultivar. Conservation was
associuted with reduced grass tiller density,
Examination of the change since the stan in
sown amd weed grass densities suggests thit the
increase in grass density on plots sown to
Milkanowva was mainly an improvement in the
sown grass, while the reduction associated with
conservation was mainly due 1o loss of weed
grasses. Comparing the conserved and grased
plots, elover papulation density was reduced by
carly conservation but was increased by late
conservation {Figure 2). The smaller cultivar,
Kent, had a higher population density than the
larger Milkanova, By Ociober the biomass of
kent was also increased compared with
Milkanova.

Sward sown
to Aurora

Continuous]y

stocked plus

single silage
et #

E:nminwsuw.l}
stockesd

ulation
sﬁsﬂi&s
{"000s/m *)

]

“vnbinuowsly
sbocked plus
single silage

Sward sown
to Melle 1

Continuousdy
spocked

Population

densities

{"00s/m ¥) _l rl

* Silnge cutting dates: [~ — " oo [
‘:ﬁrﬁﬁr 0 Total grass

Figure 2. Effect of incorporating a silage cut on
species balance of rvegrassiwlive clover swards
as influenced by carfiness of rvegeass Towering
and hence, timing af the conservation period.

The experiment, which confirmed the
hypothesis that the specics balance in
rvegrassfclover swards can be altered ina
prediciable way, will be continued for a second
season when, in addition to repeating the
measurements made in the first vear,
information on seasonal variation and treatment
effects on ihe relative behaviour of grass and
clover with respect to mean height within the
canopy and rates of vertical height increment,
the respective order of expansion of keaf area
during the rest periods, and specific leal area
(leal area per unil weight) will be collecied o
undherstand more fully the mechanisms involved.
Contact names: Sheila Grant, Titus Barthram
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Figure 3. '3 Cs concentrations in unseparated
herbage

Effects of sward conditions on radiscaesium
cycling in hill and upland sheep systems

Prior to the nuclear accident a1 Chernobyl in
1986 little attention had been given to the
potential effects of mdioactive fall-out on the
sheep production on Britain's hill and upland
pastures, After the accident, predictions of the
extent of contamination in sheep considerably
underestimated the radiocaesiurm levels found in
sheep grazing grass and moorland vegetation on
organic soils in parts of Cumbria, Wales and
Scotland. To study the effects of soil and
pasture 1ype on the soil-plant-animal transfer of
radiocacsium under field conditions, an
experiment was set up on a site al Glensaugh
Research Station on a grass/clover reseed on a
peaty podzol. On the reseed a number of small
subplots were artificially contaminated by
injecting '“Cs directly into the topsoil in onder

Mg |

Festura

Lalium

—

T

L Jf Dead matter

July Aug Sept Oct Nov
Figure 4. '7Cs cancentrations in Lolium

perenne, Festuca rubra, Trifolium repens and
dead matter on the tall sward in 1988

1o study the long-term effects Caused by root
uptake and transfer of radiocaesium o
above-ground plant parts.

The effects of grazing intensity on pasture
contarmination were investigated on two
continuously graeed swards on the reseed,
maintained at sward heights of 3 and Scm from
May to September in 1988 and 1989, In both
years the "“Cs concentrations in the vegetation
were consistently lower on the short sward than
on the tall sward. This may have been caused by

differences in growth and sward structure
between swards of different height and herbage
miass, The seasonal changes in the "MCs
conceniration in unseparated herbage and
individual plant species followed very similar
patterns on both swards (Figures 3 and ). The
concentrations increased in spring with the onsci
of growth and decreased in autumn. Dunng the
summer, considerable fluctuations ocourred
which were possibly related to changes in
growth conditions, There were only small
differences in IMes concentrations between
Lolirmi peresie, Festiwca rubea and Trifolism
repens, but 4-5 nmes higher concentrations
were measured in Cerasiiwm fonsanun and
regencrating Callivig vilgaris,

Sward species composition. and herbage
intake and dictary compaosition of the sheep
were measured to estimate the daily M0 intake
and the contribution made by differem plant
species, Seasonal variations in plant My jevels
as well as differences in plant "*Cs levels
between swards had a strong influence on the
M2 intake. In summer the caleulated daily
'M{g intake of a sheep was up to 50% higher
than in autumn, and on the tall sward the intake
was up to 6% higher than on the shon sward.
Despite its low proportion in the diet of the
sheep, Cerasiium forrarment, with its high levels
of 05, contributed up 1o 30% 10 the daily
'H05 intake in summer.

The annual plant uptake of the My injected
into the soil was about 3.1% on the shon sward

and 6.5% on the all sward, most of which was
cycled back 1o the pasture via senescing plant
material and excreta. Only approximately 0.14%
of 1the L ”{'s on both swards would be contained
in the sheep at the emd of the grazng season in
September. The results confirm that the soil -
plamt transfer of radiocacsium on orgamc soils s
particularly high compared 1o mineral soils and
may bead 1o high tissue levels in sheep,

Future work will enable us 1o compare the
radiocaesium transfer on the reseed with that on
adjacent indigenous and permanent pastures.
Contact names: Carol Sali, Bob Mayes

Assessment of diet compasition of goats
grazing mixed indigenous hill vegeiation

The use of dosed Cy; n-alkane and 4 alkane,
which is present in the cuticular wax of herbage
plants has enabled reliable estimates of herbage
intake 1o be made. There may be as many as 12
iypes of alkane in plani waxes. with over %k
having odd-numbered carbon atoms. Different
plants exhibit differing patterns of alkanes; it
may thus be possible to estimate the plant
composition of the diet of the grazing ruminant
by examination of the alkane panterns in the
faeces. However, it has been shown that the
recovery of alkanes in the facces increases as
the carbon chain-length increases. Thus,
estimuates of diel composition may be biased ina
manner dependent upon the chain-lengths of the
predominant alkanes in each component plant.
IF the faecal recoveries of dosed even-chain
alkanes follow the same relationship with
chain-length as do the herbage odd-chain
alkanes, it would be possible 1o adjust the faccal
patterns of herbage odd-chain alkanes according
1o faecal recovery, by dosing with a mixture of
even-chain alkanes: this would not only allow
unbiased estimates of diet compaosition 1o be
made, bui also intake fo be determined. In order
1o validate the technique direct estimates of
faecal recovery of both dosed amnd herbage
alkanes are required. It is also necessiry 1o
compare diet composition estimates with actual
composition, These aspects were examined
using housed adult goats fed differing
proportions of perennial ryegrass and rush

Figure 5. Effect of chain lengrh on faecal
recovery of alkanes in goats.

100+ e
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{demcwes effusus). Gows can be used o remove
rushes from grass swards and. therefore, it is
important 1o know whether diet composition can
be assessed from faecal alkane patiems.

The faecal recoveries of dosed and herbage
alkanes were compared in 16 housed adult feral
goais given rush/ryegrass mixiures ranging from
(¥ to 609 rush ot two different feeding bevels
(600g DM and 200z DM per day), The animals
were dosed daily with a pellet of shredded filer
paper containing 80mg each of Cay Cag, Cas
and Cy, n-alkanes for 18 days, with total faccal
collections caried out over the Tinal 10 days.

Figure 5 depicts the mean faecal recovernies
of the dosed and herbage odd-cham alkanes.
Clearly, the recoveries of the dosed alkanes
follow & well-defined curve: the herbage

0.6
f’?
o I:1 -/'
Eatlmatﬁ
proportion
of rush
indiet 03
0.2 -,/
01+

1 1 [
T L
Actual proportion of rush in diet
Figure 6, The relavionship beoween estinated
anid aoinl [PrORAr TN rf.l" raish e diev af misrks
{Alkanes wsed: Cag. Caz. Cige Cipe Cral

odd-chain alkanes deviated slightly from this
relationship.

Since, in practice, absolute faccal recovenies
canmit be estimated, the relationship between
C-chain length and dosed alkane recovery
relative to that '-"I.{-'«h was used to adjust the
faccal patterns of natural alkanes such that the
diet composition could be estimated. Figure 6
shows the rc'l;]l,ivl,m\'llip between estimated and
actual proporions of rush in the diet.

These results suggest that n-alkanes can be
effectively used 1o estimaie the compositicn of
the diet from two plant sources. However, the
efficacy of the technigue is dependent upon the
degree to which the alkane patterms of the
component plants in the diet differ. Rush and
ryegrass have alkane patterns which are
sufficiently different to allow good estimates of
diet compasition 10 be made.

Contact name: Bob Mayes

Develop and test foraging strategy theories
for ruminants grazing mixed indigenous hill
communitics

In order 1o be able 1o advance our understanding
of the foraging strateg kes of herbivores ranging
across mixed hill plant communities we need 1o
determine the factors affecting relative prefer
ence for these communities on offer. We predict
that the preference between commumnities will be
related 1o their relative forage biomass and
nutrsent avatlabilities, Testing this prediction
reqquires an cxperimental approach offering

animals, in the first instance, relatively simple
choices.

A previous expenment showed thin the
sward height on the preferred species of o
community {Agrosiis'Festica) affected the
proportion of time tha sheep spent foraging on
il bess '|1r|_-r'rr||.'|.| SpeECies | Nargis ). When the
sward height on the Agrosiis' Festnea
community was maintained a1 3cm, the sheep
spent a greater proportion of their time on the
Noardies community than where the Agrostiz
Fesfuca COMmunIty wis maintained at 4.5¢m
Previous research had also shown that the level
of wtilization of Nardus community affects the
proportion of live leaves and digestibility on
that community in the following year; high
utilization in one year increasing the proponion

The experiment wias conducied on plois
esiablished across Pwo hill :._'l:|~.~.l.:|.|'||.|
communitics, namely Agrastis'Fosnnea and
predominantly Nardus, which each occupied
separate halves of a plo, Measurements were
mude of the distribution of sheep across the two
vepelation communities using time-lapse
phodography. Measurements were also mde on
the extent (proportion of leaves graced ) and
severity {lengih of lamina remaining after
grazing} of grazing on the Nardis community in
the middle and end of the grcng season.

The resulis ane presented in Table 1 The
sheep spent a greater extent of thewr tme on the
MNarelus L'|r|1:||1|.|:|ii1} anil gl’:t.‘l:d i greafer
proportion of Mardes leaves on plots in which
the Nardus community had been heavily utilized

Sightings of sheep  Proportion of Mean length of
o r:&;[dn.t Nardus Nardus leaves
Wardus community (%)  leaves grazed  after grazing (cm)
treatment June August June August June August
Previously lightly grazed 245 225 | l 246 11 0.3 65
Previpusly heavily grazed 6 310 33 173 6.4 5.1

of digestible forage in the next year.

An experiment conducted in 19EE a
Sourhope Research Station examined further the
factors affecting relative preference between
two magor hill communities by investigating the
effect of varying the proportion of digestible
material on a less preferred Nardus communily
while maintaining the height of the preferred
Aprosiis Festina community il 4.5¢m

Tahble I, j’r'.rll:.-l.-.'.'mr oo srgfrnirgs of u'.-.u-_r- it e
Nardus commmrmity and grozing records for
Nardus nillers

it hie prevEous Year. These results o b
evidence in support of the hypothesis tha
nutrient density alters foraging choices, even
when it is the nutrient density of the normally
less preferred species that has been changed.
Contact names: laln Gordon, .\Iurra} Heattie
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The effect of grazing management strategies
on cattle performance and fMoristic
composition in Nerdus-dominated swards

Nardus siricta {white bent) is curmently
estimated 1o dominate 5% of the hill and upland
areas of the UK and it 15 generally accepted thar
this area is increasing. Nardus is a grass of
relatively low nutritive value for grazing
livestock and if unchecked can dominate large
areas of hill land, leading 1o a reduction in
species diversity. Previous work at MLURI has
indicated that sheep avoid Mardis but with
cattle the propartion of Nardies in the diet

Cow live-weight gain (kg/day)
Milk yield (kg/day)

Calf live-weight gain (kg/day)

% Nardus in diet (1988 data only)

% Nardus leaves grazed
July

September

Grazed leaf length (mm)
July

September

Table 1. The effects of inter—tussack sward
height om cattle performance and Nardus
wfifizarion

increases with grazing pressure, and the
proporiion of Mardus in the sward declines with
time. Present evidence indicates tha
inter—tussock sward height can be used as an
objective criterion on which o base the
management of these plant communities,
However, if cattle have a role in the manage-
meent of these communities there is a need to
quantify the levels of performance that can be
sustanned.

An experiment was started at the Sourhope
Research Station in 1988 1o measure the level of
performance that can be achieved from lactaing
cows and their calves when grazing
Nardus-dominated grassland at two grazing
pressures, and 1o investigate the long-term
changes that sccur in flonistic composition.

Each summer lactating Blue-Grey cows and
Charolais-cross calves graze plois where the
inter—tussock sward surface height is maintained
at either 4-5 ¢m (high grazing pressure) or
&-Tem {low grazing pressure). These heighis are
maintained by the addition and removal of
nos-experimental cows and calves,

The cattle are put on the plots when the
appropriate heights are reached in spring
(usually @ the end of May) and numbers are
gradually reduced i late sumamer o maimtain
imter—tussock sward heighits. The last cattle are
usually removed in late August or carly

Seplember.

Inter-tussock sward height
4-5cm 6-Tem
0.02 0.39
57 6.5
0.70 0.83
22.1 18.9

e
51.9 228
4.4 1.5
70.2 1118
9.4 Bi.6
——

Some results, obained in 1988 and 1989,
are given in Table |, The cows on the 4-5cm
inter—tussock sward height treatment gained
vinually no weight over summer, while those on
the 6-Tem treatment gained 0,39k g/day.
Similarly the calf live-weight gain was reduced
by 15% on the 4-5cm treatment, mainly as a
consequence of redeced cow milk yield, A
much higher percentage of Nardies leaves wis
grazed on the 4-5cm treatment, and those leaves
which were grazed were grazed 1o shorter
lengths. This was reflected in the diet of the
cows, with those on the 4-5cm treatment having
a higher percentage of Nardus in their diet.

The preliminary results from this experiment
suggest that whilst the amount of Nardis
consumed by cattle can be increased by
increasing the grazing pressure, this can only be
achieved at the expense of animal performance,
particularly in terms of cow live-weight gain.
Contact name: Lain Wright

Muodelling land and feed resource use by
weaned suckled calves

Information currently available on resource use
by weaned suckled calves is mainly restricted to
the responses of individual animals 1o feed
inputs dunng discrete pans of the vear, and,
although relationships exist between level of
individual animal performance at different times
of the year, they take no account of the
consequences for land use. For example it is
difficult to assess the effect of changing animal
numbers, in relation 1o the abaliny of the sysiem
1o produce feed on a vear round basis, o
individual animal performance and 1o1al outpul.

To help examine some of these relationships
a model of land and resource use by weaned
suckled calves has been developed. A simplified
version of the concepiual model is illustrated in
Figure 1. The model assumes weaned suckled
calves coming in to the sysiem at the stan of the
winter feeding period, being overwintered on
silage and concenirate, and then grazed at
pasture duning the following summer, The
winter rationing part of the programme is based
on standard rationing procedures, During
summer, sward height is maintained at S3cm by
weekly adjustiment of the area available 1o the
herd and pwo cuts of silage are removed from
the remaining area in June and Awgust. This
silage is then fed 1o the next batch of cattle
during the following winter, Currently a fixed
herbage growth curve throughout the summer is
used, Herbage imake and live-weight gains are
calculmed from relationships derived from
experimental data.

The model can currently operate in one of
two modes - it can predict either a) the number
of animals of a given type that can be kept for a
given set of resources and inputs or b) the
amount of additional feed that needs 1o be
brought in to the system (in the form of
concentrale feed in winter) to sustain a given
number of canle m a specified level of
performance on these resources.

Table 2 shows some output from three runs
of the maodel, For a given arca of grassland
Figure 1. Simplified model aof resource wse by
weaned suckled calves.

start of winter

Weight a1

IO e
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Winter live-weight gain (kg/head/day)
Live weight at end of summer (kg/head)
Total live-weight gain over winter plus
summer (1/50ha)

Table 2. Predicted response 1o keeping 200, 225
o 250 weaned, suckled colves on g grasslamd
area of 30 ha with 1280 concertrate heing
Iwonghe i,

{S0sa) and a fixed wotal amount of concentrite
fo be fed in winter (1281) it is possible 1o keep
different numbers of animals of 300kg live
weight at the stant of winter. Table 1 shows that
as more animals are kept, the lower the level of
individual live-weight gain in winter and the
lower the individual live weight at the end of the
summer. However, maximum live-weight gain
from the system is higher when 225 caitle are
kept compared 10 keeping either 200 or 250.
The model can be further developed 1o alier
the seasonal level and pattern of herbage growth
and so simulate different land classes or levels
of fertilizer input. Consideration of the removal
of catthe for slaughter at different dates is also
possible. The model is currently a biological
one, bat in order (o relae the value of different
inputs and outputs a financial element requires
1o be imposed. However, it is clear that with
these additicns the model will have the potential
10 predict the ability of land to be used for the
rearing of weaned suckled calves and how that
ability may be influenced by ahiering the level of
inputs to the system.
Comact name: Iain Wright

Comparison of two varieties of ailseed rape
in feeding trials with red deer and sheep

There have recently been repons from some
parts of Europe that the mortality of roe deer has
increased in areas where oilsced rape crops are
grown., These reports have coincided with the
imtroduction of new ‘double-low” varetics of
oilseed rape, which were introduced 1o meet
new EEC regulations on reduced levels of
glucosinolates allowed in rape seed, since the
seed residues are subsequently processed for
animal feed.

T test the hypothesis that double-low
varieties of oilseed rape might be more
palutable, and thus potentially more harmiful 1o
ruminants than the single-low vaneties,
voluntary intakes of two different varieties of
ilseed rape were compared with mabe red deer
calves and Scoltish Blackface wether lambs. A
double-low variety {(Arnana) and a single-low
variely ( Bienvenu) were each offered od lifitum
10 eight deer calves for 5 weeks and to four
lambs for 3 weeks in February and March 1989,
Whole rape plants were harvested daily and
offered to the animals fresh, Twice weekly
blood samples were taken aid packed cell
volumes measured as an indication of anacmia.

Voluntary intukes of both varieties of
oilseed rape increased throughout the feeding
pericd for both the deer calves and the lambs,

Mumber of cattle
200 225 250
0.0 0. 1o 0.50
565 553 S04
53 57 1]

Initially the voluntary intakes of the double-low
variely were higher, baut after a few days
voluntary intakes of the single-low variety
increased above those of the double-low and
remained consistently higher throughout the rest
of the feeding period (Figure 2). Intakes of
oilseed rape by the deer were low and afier the
first week the deer were also offered hay, so that
oilseed rape formied between 0,30 and (.65 of
the diet for the red deer as intakes increased.

For both varieties of oilsecd rape the
proportion by weight of stem increased over
time with the growth of the plants, and during
the last two weeks of the feeding period the deer
selected a higher proportion of lamina amd lower
proportion of stem than the material offered for
the double-low variety, The lambs consistently
selected a diet with a higher proportion of
lamina than the material offered for both
varieties of oilseed rape.

Chemical analyses of the plant material
demonstrated higher concentrations of
s-miethylevsteing sulphoxide (SMOO) and total
glucosinolates in the dosble-low compared with
the single-low variety of oilseed rape. Within

6 12 18 24 30 36
Days

Bienvenu

it
intakes 48 Ariana

6 12 18 24 30 36
Days

Figure 2. Intakes of ailsecd rape by red deer
] and hlll':',l'-' (Bt ).

e double-low varety, there were higher
concentrations of SMOO and rotal
glucosinolates in the stem compared 1o the
Jamina. The higher concentnstions of these

sulphur-containing compounds were associated
with lower intakes by both animal species, when
comparing the different oilsced rape vanetics
and also when considering selection beiween
plant components. [n contrast. there were no
differences in nitrogen, soluble carbohydrate or
fibre content associated with these differences in
intake.

There were signs of the development of
anaemia in the deer calves after 5 weeks of
oilseed rape ingestion, with the mean packed
cell volumes reduced by 7.5% and 12.4% for the
single-low and double-low vaneties
respectively. However. the evidence presenied
above lends no support 1o the hypothesis thai the
intake of double-low varicties of ollseed rape by
ruminants will be higher than that of single-low
varieties, with a consequently more rapad
development of pathologicl conditions, The
evidence does however indicate a negative
relationship between SMOD and glecosinolate
content of oilseed rape and intake by both sheep
and red deer.

Contact name: Angela Sibbald

Compensatory growth in lambs: the trade-off
between feed inputs, carcass composition and
Mnishing date

Hill and upland environments are characterized
by seasonality of climate and plant growth.
Animal produciion under such comditions has

s Coeon > Gt
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tradhitional ly required additional inpats or

conservaiion of forage for overwinier use

Following periods of food restriction as would
occur seasonally under natural conditions,
Browing animals often |.ul|||.'r;.'_|.:- Compensalonry
growth, during which food intake and efficiency
of comversion of food o body tissue increase,
Matural cycles of food supply provide conditions
suitable for exploitation of this phenomenon

I".II. {14 /5.1 ||Ii1| :I.rll_'-\". \,\.'\II'I1F'\1'|:|'1;1|III':L' :_"r1|'l.L [|'|
inlude the mure of the food restriction, ie
whether it 1s energy or protein supply which is

I|r||i ||'II.' durEion of resirchion, or iis

seventy. When considering the growth of
weancd lambs from a range of genolypes, many
of the differences in growih charactenistics and
by oF carcass composition arise due 1o
differences between them in mature adult size

Thus at a given date and 3

=, lambs may be at

differemt slages of grow th. Moo=t of these
differences disappear when comparisons are
made at the same proportion of mature live
weight, An caperiment has !l;g'cnllg. heen
corducted which controls for all the above factors

whilst investigating the nature and extent of

compensatory growih in two Welsh genotypes of
lamby, the Bewlah and the Welsh Mountain, with
contrastiing adult mature body size.

Resulis show that when a 3-month period of
body weight stasis in the autumn is incorporated
into the feeding regime, then the subsequent
compensalory growth period resulis in greater
daily live—weight gain than on normal growth
during continuous feeding. This increased LWG
persiats for longer after realimentation in Welsh
Mountain lambs than it does in Beulah lambs. It
i5 nodt gocompanied by a cormespondingly higher
level of food intake duning this longer peniod of
enhanced live—weight gain

The Beulah lambs have a larger carc:
relative 1o live weight than the smaller Welsh
Mowntain genotype when compared at the same
proportion of maturity, The composition of the
carcass also differs between the two genolypes,
being leaner in the Welsh Mountain than in the
Beulah {Figure 3} The proportion of protein in
the carcass weight gain was greater in the Welsh

Mounmtain lambs during compensatory growth

{CG) than during normal growth (NG)
{NCED0RE, CGil 123, P<D0S), byt was mot
".i_l.",l'llllﬂ.ll'l'llj greater in the Beulah ( NG:0, 104G,
CG:0, 1 1B, NS)

When reared to slaughter ar small carcass

(18 |.'I:_'hl:*~ o proparions of maturiy, the ol
food intake of both genotypes was higher in the
restracted and realimented groups than in the
continueously fed lambs. However, when reared
tor Larger carcass weights or proportions of
maturity, then the toaal food \l.||1-|1|||_-11 b achieve
equivalent carcass production was lower for the
restricted and realimented lambs than for ihose
1|I'|l.|i.'|}‘:ui|l!." CONTimuS Erow th. .-'l.||'|:|||1|_Eh
carcass composition of the two genolypes is
similar during mormal growth, under conditions
of compensatory growth the Welsh Moumain
lambs become relatively leaner and less fat than
the Beulah lambs, The results demonstrate the
need to make careful choices of genotype and o
consider the desired carcass composition and
|i|'l'l1ﬂ\!..'_ L"r. !.I:I!I '\hi“t: Y |bl,'|1 I,.l'\lrlE COm Pl_' |'|\.\,1|:|,Il':h
growth 1o maximum effect.

Contact name: Glenn Tason
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Factors influencing reproductive
performance in beel cows

Reproductive performance is one of the maost
important factors determining the efficiency
with which beefl cows utilize resources
However, all 1oo often, the reproductive
performance of beel cows is less than desirable
with the mating period, and hence the calving
wnterval, having to be extended o ensure a low
proponion of barren cows, Also the consisiency
and predictability of reproductive performance
i5 ned high, The factors determining
reproductive performance are, as yet, not clearly
identified. Research in this area is difficult, not
least because of the large numbers of animals
required. Within any one herd in a vear under
UK conditions there are rarely sufficien
animals with which to show statistically
significant effects. However, by pooling data
over a number of vears, it is possible 10 produce
data sets with sufficient observations o allow
relanonships between management and nutrition
and reproductive parameters.

—_— i
“"':uusz.sms;s
Body condition

mi at calving
Figure 1. The effect of body condition score ar
calving on calving interval and proporiion of
Cows INCORTINE ey,

To assess the effects of a number of factors
on reproduction, data were available from 321
spring—calving cows used in a series of grazing
experiments between 1984 and 1987 at MLURL
Far all cows, details of age, breed (237
Hereford x Friesians and 84 Blue-Greys),
calving date, body condition score and live
weight at calving and calf birth weights were
available, For 226 cows data were also available
on body condition and live weight at the start
and end of the mating period and calf live-
weight gain until the end of the mating period
Cows had been maintained indoors dunng
wiiler and tumed out to pasture 1 mid-May,
Mating to Charolais bulls lasted 9 to 10 weeks
and started within one week of fmout.

The overall pregnancy rate was 84% and the
calving interval of pregnant cows was 370 (50
189 days, with the mean imerval from the stan
of mating to canception being 25 (S0 16.9) days.

There was a tendency for cows in higher
body condition at calving o have a higher

prebability of becoming pregnant (Figure 1) and
cows which were faner a1 calving had shorer
calving imervals, Body condition m the start of
the mating season cxplained less of the vanation
im calving interval than that at calving and live
weight at calving was not related o
reproductive performance. Cows which wene
fatter at calving lost more weight between
calving and the start of the mating period and
guined less weight during mating, but
live-weight change did not affect reproductive
performance,

Calf birth werght and live-weight gain had
no effect on cow reproductive performance but
after adjusting for body condition and calving
dme 9% and 83% of the Blue-Greys and
Hereford x Friesians became pregnant. In
Hereford x Friesian cows above 7 years of age
there is a significant decling in the number of
cows becoming pregnant. There was no effect of
age on reproductive performance in Blue-Grey
cows (age range 4 1o 10 years) nor in 4- 10 7-
vear old Hereford x Friesian cows,

Although it was possible to relate

reproductive performance to a number of factors
and body condition at calving in particular, only
42% of the varation in reproductive
performance was sccounted for by these factors.
This suggesis that a number of as yel
unidentified factors influence reproductive
performance.

Contact name: Lain Wright

Studies on the manipulation of cashmere

growth and shedding

One of the main difficulties facing cashmere
prodducers in the UK is how best and when o
take the annual harvest of fibre. The fine
undercou of cashmere produced from the
secondary skin follickes is considered to stop
Erovwing in response toancreasing daylength
el lovwang the winter solstice, and s shed from

the follicles at some subsequent stage. The
mechanisms which cause shedding are not fully
understood, but are likely 1o be infleenced by
bosth genetic and environmental factors, the
later including nutrition. body condition,
phyvsiological state and general health, In
practice, the tuming of the moult varies
considerably between individual animals and. n
a herd comprising different breeds and crosses
and with animals of differen ages and in
varyving condition and physiological states, can
extend over a period of months from late
January until May (Figure 2).

IF cashiiene 15 10 be harsesed h:u. |.'||ﬂ1hi1|g.
the timing of the operation for each animal 15
critical. The undercoat cannot be combed out
wntil the individual has staried (o mouwl, but if
left too long there 15 the risk that a substantial
proportion of the fibre will have fallen out and
been lost., Thus the operation of combing can
comtinue over  period of spme months,

The altermative method of harvesting is
shearing. Ideally this should be done before
shedding stans o aveid any boss of fibre. In

Figtire 2. Assessing the degree of fibre mowlting
in snwclies on the growth and shedding of

cashanre

practice this means thai shearing is caried ot
in late January or February and thus entals 4
period of inwintering until May with consequen
high feeding and housing costs.

The manipulation of the cycle of cashmen:
growih and shedding could have important
implications for harvesting by either method.
Kesults of recent research indicate that such
manipulation may be possible, It has been
shown, for example, that the increase in plasma
prolactin concentrations which ecours naturally
in response o increasing daybength is associated
with the imitiation of the moull, Administration
of endogenous prolactin has been demonsirated
tor adhvance shedding angd in theory could be used
to svachronize the moult and thus allow
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combing to be carried out over a short and
predetermined period. Prolactin, however, could
ot be used in commercial situations, but it is
possible that some other treatment may be found
which would have a similar effect

The research results have also shown that
hr:s|11|s\"r|p:|.-|-;'_ Y dll;:-urllu:l{' agonisl, hax the
opposite effect on fibre shedding, as might be
expected from its known inhibitory effects on
endogenous prolactin secretion. The
admimistration of bromocriptine has been shown
1o LI;'I.Q. the moult to the extent thal i I:I{'("r}
shearing could be carried out in May without
any risk of I||\.|:|t;: valuable Nibre I||r-:1||__l:|'|
shedding and hopefully without the need to
house the amimals for longer than a few -.f.l.!. 5. A%
with prolactin, the treatment of herds of goats
wilth bromacripting is impracticable, but the
results nevertheless mdicate the Fh.:-h.'rlli.|| for
manipulating fibre growth and shedding and
ght e need 1o any esligate aliermative, less

CApENsIvE and maore F’T;l'.“i'-lhl‘.' TMEENs | f
achieving the same ends.
Comact names: Angus Russel, Pamela Lynch

Cashmere production from goats and its
improvement by cross-hreeding and selection

The Institute acts as managing agent o

Cashmere Breeders Lid. (CBL). a co-operative
currently comprising 11 farmer members plus
the Instatute,

i-ul\.pﬁ pedd 1o -.'1.|'|:||'||.| o 18
members in the current year. The group's
objective is to breed and market goats producing
high levels of quality cashmene, and as par of
its responsibality as managing agent the Institute
advises CBL on its breeding programme and
manages its élibe herd.

e breeding programme is being purswed in

two stages, The first is the cross I1r-q|,'|||r|!'; of

Figure 3. Does and cross-hred kids in Cashoere
Breeders Lid, élire herd af Sourhope Research
Station

native feral goats with imported genetic
material. The native stock 15 hardy and produces
\ign:ﬁy;\n! bl fidid n._'-:1|'||:|:|:|:n_'::l| ql.l;.ﬂ"llilil:w.
{=1Mlg) of high-quality cashmere (14 mean
fibre diameter). To increase the level of
production while mamtaining a high quality of
fibre the feral goats are being mated with stock
fromm beeland, Tasmamia, New Zealand and the
USSR, The lcelandic goats have greater
quantities of relatively fime cashmere (<164)
amd a thick !_'u;jrq.l coat which would appear o
afford the protection required for outwinlering
on Scottish hill farms. The Ausiralasian stock
are largely white, the desired colour, and
produce around 300g of moderate-quality fibre,
while the Altai Mountain goats from southem
Sibena have very high levels of production
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[=500g) of gencrally poorer-quality dark-
coloured fibre.

The breeding plan involves the
establishment of 16 three-way crosses with 25%
native and 75% exotic material. These
cross—breeds are currently being produced on
members' farms, with modemn brecding methods
heing used 1o increase the numbers of improved
cross=breeds. Fibre samples from five-month
kids and yearlings from each of the crosses are
evaluated in the Institute’s fibre laboratory.

The results to date indicate a large degree of
variation between the crosses in the important
production traits which should enable effective
selection 10 be made on the second phase of the
breeding programme - the establishment of a
group breeding scheme with stock being
supplied from members' farms o form a nucleus
or “lite herd at MLURI, Sourhope Research
Station. Selection lines will be created, firstly,
o maximize financial returns from fibre by
placing the emphasis on weight of cashmere
with a constraint on increase in fibre diameter.
and secondly to establish a line in which quality
is given greater emphasis than quantity.

Contact name: Angus Russel

The biological and economic possibilities for
wool production in the hills and uplands

Current pressures on livestock farming may
change the relative imponance of traditional
proucts. with greater emphasis being placed,
for example, on animal fibre production and less
on meal production. Against this background a
desk study was underiaken with Mr Geoffrey
Saul, a visiting scientist from the Pastoral
Research Institute in Hamilion, Australia, to
examing the likely biological and economic
consequences of changing the breed structure of
sheep enterprises in the hills and uplands to give
increased emphasis 1o the production of fine and
semi-fine wool.

The study examined the probable effects of
mating Australian Fine-wool Merino rams with
hill Nosth Country Cheviot ewes, and of using
Euwropean Mering rams on either pure or
Australian Merino x North Country Cheviot
ewes on upland farms. Other simulated systems
examined e luded extensively and intensively
(housed) managed self-replenishing Mocks of
pure-bred Ausiralian Fine-wool Merinos, and

Figuere 4. Tasmamian fine wool Mering x
Shetland lambs are being evitlwared for theis
hardiness and wool characteristics af Sourkope
Research Snnion,

also a 3/4: 174 Fine-wool Merino-Shetland fixed
breed, These possible systems were considered
under wide ranges of costs and prices.

The results indicate that even with the
payment of a substantial premivm for ewe
lambs and subsidies on wethers, the use of
Fine-wool Merino rams over North Country
Cheviot ewes is not likely to increase gross
margins ea hill farms. The need to purchase
replacement stock in what have been
traditionally self-replenishing flocks would
muore than offsel gains from the sale of higher
priced breeding females. Increased returms from
wool from extensively managed Fine-wool
Merinos would not be sufficient 1o make up for
the reduced incoms due 1o lower weaning
percentages. With imtensive Fine-wool Merino
systems, where weaning percentages might be
maintained, the benefits would most probably
be insufficient to cover the high costs of long
periods of winter housing. Problems with feet
and wool disorders would also be likely to add
0 Cosis,

Fine-wool Menino x North Country Cheviol
wiether systems were calculated to be S0-60%
less profitable than hill ewe systems.

Mone of the range of F‘n’nhuhh.‘ new sysiems
considered for upland farms was considered
likely to yvicld better gross margins than
rradditional systems and indeed most were hikely
o resull in substantial reductions. Neither was
there likely to be any benefit from the inclusion
of Fine-wool Merino genotypes on low ground
furms where two- 1o three-fold improvements in
wisl returns would probably be offset by lower
lamb outputs and higher wool preparation costs.

The system which the desk study identified
as showing most promise is on hill farms and
invodved the use of a 34:1/4 Fine-wool
Merino-Shetland cross which could be
established as a fixed breed.  The Shetland is
probably the finest-woolled of the nutive breeds
and, although small, 15 reported to be hardy and
reasonably profific.  This particular cross-breed
1% currently being established at Sourhope
Research Station o obiain quantitive
information on its wool characteristics, its lamb
and wool production, and its suitability to hill
farms.

Contact name: Angus Russel
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FARMING, FORESTRY and the
ENVIRONMENT
trying to achieve an integrated approach to rural
development in the Highlands and Islands

Sir Robert Cowan

1: Imtroduction

M since the days of Sir Thomas More, Francis Bacon, or even as
far back as Thomas Aquinas, has it been possible for one person
ter know all there is to know. From their time onwards we have
been increasingly @t the mercy of specialists - including those who
eventually end up knowing everything about nothing.

I for my part have always been 100 idle 10 be a specialist, and
g0 | try 1o make a virtue out of being a "jack of all trades™, You
could argue perhaps that | know nothing about everything

Recognizing this unavoidable truth it is with some anxiety that
I come to this distinguished institute of learning which has, over
many years, established a reputation for knowing a great deal
abott land and how it can be used. The subject is, of course, a
very large one and at this time, when attitudes and practices

related to land use are going through profound changes, the
amount that is being thought, said and written about it is more
than usually daunting. I therefore rapidly gave up aspirations 1o
saying anything original this afiernoon. It has all been said before.
S0 why do | presume 1o ask you to stay and listen to me? If
there is any reason it is because | believe that we in the Highlands
and Islands have for some time now been living in the future. |
find myself a little like Le Bourgeois Gentilhomme who suddenly
realized that though he might not be a poet he could at least speak
prose. Perhaps the day of the generalist is at hand. Perhaps the
waork of the Highlands and Islands Development Board, which has
the powers 1o take a broad spectrum or generalist approach o
alleviating the problems of its area, has acquired experience that is
now becoming more widely fashionable or relevant. You can see
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therefore why the word "integrated” 1s prominent in the title of my
paper - and this at a time when the Board itself is facing a measure
of disintegration,

2: The current Highlands and Islands land scene

Patterns af fand owtpat and enploveient

Though 1 am sure that most of you will know the Highlands and
Islands, perhaps very well indeed, please forgive me if 1 set the
scene for what [ am going to say. | propose 1o summarize the
current pattermn of land use in our area and describe its economic
significance.

The figures { Table 1) underline that most of the Highlands and
Islands are classified often cuphemistically, as "rough grazing”: that
forestry is still quite small { 13% compared with the UK average of
15% and the European Community's 23% ). Mational Nature
Reserves in total are also small, though about one third of the whole
area has some form of conservation designation. in particular
National Scenic Areas and Sites of Special Scientific Interest,

00
Agriculture hectares  Percent
Rough grazing 2 848
245 "
Forestry
Commission 257
Private 211 13
Mature reserves #0
Built up areas 19 3
3 660 100

Table . Land use patern in the Highlands and sfands.

Use of the term “rough grazing” highlights the traditional view
of land as an agriculiural resource. Much of our rough grazing is
also a resource for often rather smooth sport, as well as for other
forms of leisure and recreation. We do not reliably know the value
of these activities, but | would estimate the other figures to be
approximately as shown in Table 2.

£M
Agriculture 220
Forestry 25-30
Horticulture 5
Field Sports H0-65
Skiing 20

£300 plus

Other recreation b d

Table 2. Estimated values of outputs fram land use in the
Highlameds and slands.

You will see that | have not even guessed at the tolal leisure
and recreation element. It might be argued that few of the tourists
who spent some £400 million in the Highlands and Islands this
year would have bothered to come if it were not for our land
resource, and uniquely beautiful and diverse landscape.

Our land therefore vields several major “crops”, Forunately
they are ol as a rule mutually exclusive alternatives, The same

hillside can accommodate hivestock, forestry, shooters, twitchers
and orienteers, but only with goodwill and appropriate
forethought,

To give a little more detail - Highland agriculture is dominated
by livestock - just over 70% of toal income with, perhaps
surprisingly 1o some, beef being more important (40%) than sheep
(32%). Cereals amount to less than 20% and milk 1065,

It is an arca of small land holdings - 22,000 in waal with an
average of 6 cows and 50 ewes per holding of 165 hectares - but
these averages include very wide variations, Nearly 18000 of the
holdings are crofis but only about 500 of these provide full-time
employment for their occupiers. There are thus only about 4,500
farming units supporting people in full-time employment.

Employment in agriculture is declining with a switch from
full-time to part-time. There has been relative stability in the 8Os
but the trend has probably again moved downwards in the last
year or two, particularly in areas like Caithness and Sutherland.

There has also, during the period. been some increase in the

Full-time 1970 1980 1985
Occupiers 2881 2753 2999
Hired/family 4 567 3 321 2925

Pari-time T 448 5984 5942
Occupiers 2 B9 4317 4602
Hired/family 1227 LR Hi8l
Seasonal 764 773 649

4890 5974 5931

Tahle 3, Emplovment in agricultere in the HIDB area.

number of spouses recorded as employed, though T suspect this
has more 1o do with the taxman and the accountant than any shift
in working pattemn. The figures for spouses are additional 1o those
shown.

Employment in forestry is less well documented, panly
because it is often contract labour that is highly mobile. This has
been used as a reason for denigrating the industry, bul as the scale
increases in an area, even contract labour is usually drawn from

Man years
Agriculiure 9 500
Foresiry 2 000
Estates 1 D00
Public Sector 320
Approx 13 000

Table 4. Curvent employvment - HIDE Area.

relatively Jocal sources. Undoubtedly there has been a significant
decline since the 1988 Budge! but we estimate that around 2, (00
full-time equivalent jobs are provided by foresiry. not including
the 500 or so in saw-milling and Highland Forest Products.

Estates are also poorly documented but we estimate that they
account for about 1,000 man vears of employment.

Then there is the public sector. All the agencies, Depaniment
and local authorities employ over 300, Our best estimate of
current land-based employment in the Board's area is therefore as
shown above in Table 4.

This represents 8.5% of the total Highland population in work
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- whether employed or self-employed. For comparison we
helieve the figure for tourism employment would now be at
twice this level with manufacturing and construction each
about 25% more significant - and more 5o in money rms
since agriculiure is not renowned for high wages and profits,

Consider then the conclusions that may be drawn, and others
that might wrongly be drawn, from a look at land-based
employment.

The first is that agriculture is of declining and relatively minor
employment-generaling imporiance, even in areas as " truly rural”
as the Highlands and Islands. If this is added in support of the
prevailing backlash that is affecting agriculture generally just
now, namely the perception that farmers are producing food that
nobody needs by methods that nobody wants, with public money
that could be better spent in other ways, you have a powerful
lobby for abolishing support for our agriculture.

In the context of the Highlands and Islands however this view

is wrong on all counts

Firstly we are not producing surpluses but products that are in
demand because they come from a “natural” relatively low input
environment and can supply local and premium markets in a

cost-effective way. There is, or can readily be created, a strong
demand for, for example, malting barley, Orkney beel, or the
specialist cheeses from island creameries

The conclusion also undervalues the worth of the many who
are barely classifiable even as part-time farmers but who derive
income from the land, which is why they stay where they do.
There may be as many as 15,00( people in this calegory though in
the employment statistics they are classified in another sector, 1
could easily argue therefore that at least one in five of our
economically active people are at least parily “land-based”. These

are the, often under-paid, managers of our countryside and the
backbone of almost all the more remote communities. So in the
Highlands and Islands agriculture support is doing very little harm
and a great deal of good, to a wider cross-section of the
population than may, on the face of it, be realized. It is absolutely
gssential to the well-being of the area.

Of course the agriculiural subsidy is expensive - £81 million in
the Highlands and Islands in 1988 - and one could argue that it
might be spent in different ways - even transferred 1o the
Highland Board's budget for example! Bul since this is not a
realistic option | would argue for the continuation of present
mechanisms, but with different priorities as appropriate, for
without it there would be drastic loss of population from our
remole farming areas.

The second conclusion you might be tempted to draw is thal
forestry and sporting estates are of litle significance in terms of
employment, and if vou believe they are undesirable for other
reasons, then they too should be discouraged. Here again 1 leap o
the defence.

Cenainly mistakes have been made in forestry. There have
been undesirable side effects, as with most industries, but these
we are leamning to minimize and control. We now have a strong
forest industry in Seotland. with enough invesiment in down-
stream processing o ensure continued demand. It does produce
valuable employment in rural arcas, and would do so more
effectively if it were allowed a stable régime to work within. 1 do
not want trees everywhere, 1 do want them to be planted and
harvested in environmentally friendly ways, and ways that
accommodate other land uses. [ do wam modest expansion, for
which space can be available at no detriment to the balance of
interests, but to achieve it we need a consistent level of Govern-
ment support. Foresiry was beginning to employ a permanent
force of local people in the Highlands till the Chancellor
responded 1o those who don’t like Terry Wogan getting any richer.
It i sharp changes in policy, not foresters. who create the " gang
labour” syndrome.

Then the estates. | must be careful what 1 say about the lairds if
| am 1o escape the ravages of the West Highland Free Press. so
would only emphasize that most of the revenue derived from sport
in the Highlands percolates through o local wages and local

businesses, oflen in very remole arcas.

Patterns af land owmner Hfrlr:- cnid cortrol
Talk of lairds gives a cue for some points on Highland land
ownership. This is both highly uneven, and inadequately
documented. Official statistics are collated on the basis of farm
units rather than ownerships, Nor does the official data reflect the
true locus of control over land, tor a ‘\.ir!:'__,,rlt' individual can own
several units, some of which may be tenanted and one unit can
incorporate both owner-occupied and leased land. These figures
do show however that 2% of the land area in the Highlands and
[slands is contained in about 25% of holdings. The difference is of
course partly a reflection of the types of land use carried out, with
hills and mountains predominant in our area. There is also the
special factor of crofting tenure.

Nearly 604 of units in the Highlands and Islands are below 8()
acres (¢.32 ha), Land which is owner-occupied accounts for aboul

half of our area, with the remainder equally divided between
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crofting tenure and leasehold tenure. Public land ownership
extends to 650,000 hectares or 18% of the land area with the
majority of this owned by the Forestry Commission.

There is therefore, a very varied mix of land ownership and
tenure in the area involving many different kinds of people with
very varied interests, This has added 1o the difficulties of
achieving any coherent policies and controls.

Controls exist over most primary changes of land use through
planning acts adminisiered by local authorities. while changes from
agriculiure (o foresiry are controlled by the Forestry Commission -
except for private forestry undeniaken without grants.

Three difficulties in the present system of controlling changes
in land use were referred to in the Highland Board's evidence o a
Parliamentary Committee, First, the constraints presently applied
tend to act as negative controls and not as a positive means of
promoting regionally desirable developments. Secondly, decisions
on changes in use tend to preclude a comprehensive approach and
are usually made with reference 1o a choice between current use
and the alternative under consideration. Thirdly, despite work by
agencies like the Macaulay Institute, the Countryside Commission
for Scotland, the Local Authorities and the Board. a coherent
strategy for land use in Scotland is lacking. Such a strategy, in my
view, is badly needed, but it should not be seen as any Kind of
rigid blueprint. Attitudes and needs change over time, As one
example of this it can be recalled that NCC's review of conserv-
ation strategy in 1977 devoted only one short paragraph 10 the
so-called Flow Country. Things were different ten years ater!

It must also be remembered that plans and planners do not
make things happen and they must bend though not capitulate 1o
opportunity and those that do.

The Flow Country debate has however, provided the trigger
for a momentous step forward. When the dust began to settle after
the "moratorium of forestry” announcement, Highland Regional
Couneil convened a working group of the various interested
badies, including both NCC and HIDB. That group did produce
an indicative land use strategy agreed by all parties. It was an
example of how compromise can be achieved by getting people
round a table. The tragedy is that extremists not at the table can
see agreement as a “scll out”. However the Government has now
recognized the need for indicative forest sirategies. and these are
being drawn up. We very much welcome this.

3: Culloden was not the last Highland battleficld
Probably the main reason why we do not have more widespread
strategies for land use is because it is only comparatively recenily
that they have seemed necessary, When our remole areas were
really remote, few people, except those who lived there, cared
about them and there seemed 1o be very few uses to which the
land could be put. Now that has completely changed as a
side-effect of develapment and better infrastructure, Now there
are increasing numbers of people. increasingly far-distant, who
have increasingly diverse and divergent views on Highland land
use. Some want change and others do not. 1 have aiempted 10
illustrate this in Table 5. It is, of course, an over-simplification
since people do not fit neatly into boxes, and at different times
they change the box they fit in.

“This is, in essence, a diagram of a battlefield with both attitude
10 change and degree of involvement in the local community

giving rise to conflict, Being at opposite sides or ends of the
matrix will tend to trigger the most vigorous conflicl. Spot your
enemics!

If we want to reduce the amount of blood that is being spilt on
this battlefield then we have to seck ways of achieving a truce, or
as far as possible devising a strategy that satisfies all interests. 1
would argue that all the interests have 1o be taken seriously,
though the more "local”, the more weight they should be given.

It is my belief in the importance of the logal view and

N0 change ~s———————————3 ("hange
resident | Farmers/Landowners J

A

| Local governmment ]

Foresters

[ Conservation agencies |

| Central government l

| Development agencies |

Shooters/fishers

l Conservationists ]

V
e

non resident

Table 5. Antitide o change in the countryside.

sensitivity 1o il that makes me strongly suppon the move (o
decentralize the NCC into Scotland. 1t is nonsense to argue that
this need weaken the scientific base or concern for national or
imemnational issues. Communication technology can ensure that
this does not happen. The simple truth is that NCC staff whe live
in the Highlands are widely respected, partly because they are
prepared to st their concerns in the context of other local
concems. It may modify their views slightly but it gives them
vastly more weight and acceptability.

4: Integration from the bottom up

I said at the beginning that | thought that the HIDB was living in
the Future, that perhaps we can show the shape of things o come.
Let me try to justify this comment.

Much of the administrative machinery of this country is
designed in spokes that emanate from a single hub. Even regional
local government has an element of this, bul as far as central
government is concerned we have different departments that deal
with differem aspects of life such as agriculiure, health, industry
and education. The further away from the centre, the more these
functions are separaied and the less the centre appreciates the
needs of the periphery.

Those who set up HIDB recognized this, so we were created as
a unique organization - a central government body but with
delegated authority o deal with a remote area from a remote base,
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and across a broad spectrum, OF course we oo are somewhal
centralized in Inverness, and are not responsible for many
functions of govermnment, but we are responsible for the well-
being of an arca. We can deal with many aspects of social and
economic activity at one hand and advise, facilitate and fill gaps
in other sectors, | like to boast that in my job [ can dabble in
anything and justify it as being work.

It is generally accepted that the gamble taken in 1965 10 set up

a Highland Board has paid off. Since then. there has been a

dramatic growth in the numbers in full-time employment - from
about 130,000 to over 150,000, In 1965 employment was Iwice as
high in the HIDB area as in Scotland as a whole, and four times
the level of the UK., Mow the level tends, if anything, to be lower
than in Scotland as a whole.

Owver the last ten years the Board has assisted over 11,000
individual businesses - farmers, crofters, horticulturists, deer
farmers, auction marts, saw millers and wood processors,
fishermen, boatbuilders, fish farmers, fish processors, hotels,
guest houses, restaurants, visitor cenires, engincers, craftsmen,
builders, nursing homes, community co-ops, high and low tech
industries, environmental projects and skiing.

In doing so, the Board has helped to create over 20,000 new
jobs and protected 7,000 others at a cost which means that, by and
large, each job created or protected was a net profit to the Lax-
paver provided that it lasted just one year. And most, of course,
have lasted many years.

You sce, | hope, why | said we had been operating in the
future. One now hears much about rural diversification and
integrated development. We have been doing it for nearly
twenty-five years,

For small very rural areas the broad spectrum or integrated
approach is particularly appropriate because these communities
themselves are integrated not companmentalized, People eam
their living often through several different activitics, and the same
people are often involved in many different aspects of community

life. It is convenient therefore, and cost-effective, if in these
CIrgumstances ll1|_':_-' can recelye many services [11!"::'“-?_-'\“ one
delivery mechanism. In fact, there is still a bewildering array of
public organizations dealing with the rural areas - just iry 1o list
them! This is why | support the bringing together of the NCC and
the Countryside Commission and the Training Agency with the
HIDB, and | would even suggest there could be, with advantages,
further mergers between organizations - please do not ask me 1o

he specific on this one though,

Although the HIDB itself can deal with, among other

sectors, agriculture, food processing, tourism, fishing and
community development generally - and has been involved in
agriculwral diversification long before it became fashionable, we
have more recently worked with other organizations in more
focused arca development programmes. The first was the 1IDP
which brought extra European money into the Western Isles but
the process can be effective without significant extra funds, as we
have demonstrated in Skye and now North West Sutherland.

The Morth West Sutherland Development Programme was sel
up in July 1988, led by the Board, but with a steering group
involving a mix of agencies from the Area Tourist Board to the
NCC, I1s aims are 1o increase the income of the area and
encourage a broader base through more varied and non-traditional
activities, It expects 1o spend, in total public and private sector
investments, about £3million over five years,

The key 1o any such programme, as we learnt first in the
Western Isles, is the importance of communication. A series of
public meetings 1o launch the programme were followed up by the
project development officer in further more detailed meetings and
discussions, A brochure describing the programme has been
followed up by regular newsletters with the aim of keeping people
involved and informed. Most importantly there is now a local
community action group helping to maintain the momentium

50 far there have been over 200 enguiries from a population of

fewer than 4,000 people and more than 100 plans have already
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been approved. Initally these were too much based on traditional
agriculture, but this emphasis is changing.

Among other things the project has so far included:
« Training courses for B & B operators and for fish farmers
« Business counselling, both in general and specially tailored for
small retailers
« The drawing up of a tourism development plan by the Area
Tourist Board which is proposing projects from Crofling Life
holidays 1o new interpretative centres,
« A variety of social development projects
« Schoal liaison 1o encourage ideas from the schools and make
children aware of local opportunities

All those involved, staff from the Region, the ATE, the North
College and HIDB, and members of the community seem maost
enthusiastic and | believe lasting benefits are being generated.

The programme may seem very intensive in terms of both staff
and money. It is. | learnt a long time ago, in my lime as a
management consultant in industry, that change does not happen
because someone writes a report, Only by generating ideas from
the bottom up - a process that takes time and effort - and by
demonstrating the benefits that can be achieved, docs one gain
motivation and commitment and, one hopes, a change of attitude
that will be self-sustaining.

5: In conclusion - a plea for breadth of vision

It used to be a cormnerstone of military discipline that the subjects
of Women and Politics were not 10 be discussed in the officers’
mess. These are issues strongly reoted in emaotion, and any
discussion was likely to lead to quarrels that would break down
the camaraderie of the regiment.

Land is just as emotional a subject, and always has been. Perhaps
all discussion on it should also be banned! I that is not possible the
alternative can only be o accept quarrels, Disagreements over land
use are going to continue whether we like it or not,

Thus the most we can aim for is w increase the arca of
agreement and reduce the area of conflict. accepting that

agreement tends to be constructive, while conflict and
confrontation are usually destructive.

If we wish 1o follow this route and achieve an integrated policy
and pattern of land use, then we must first appreciate that:
= Many different kinds of people have an increasing and (usually)
legitimate interest in our conmryside. Our own interest is not the
only right one.

« The status quo is not a realistic option, We live in a moving
continuum. Change is inevitable.

« The Scottish landscape is not a "wilderness” but an environment
that man has shaped and will shape o his ends. When he stops doing
<o he creates dereliction, but he can produce equally undesirable
effects by the pursuit of narrow and short term selfish interests. Bul
working the land, in old and new ways must continue.

» Dogmatic, inflexible and "single issue” policies have no hope of
succeeding. A framework of evolving guidelines that provide a
wider context for individual decision making can only be helpful.
= Everyone will have to compromise to achieve such guidelines.

= In spite of the strength and diversity of opinions more agreement
can be achieved, but only by individuals round a able, not by
groups and organizations arguing their case from a distance.

» Such agreement can best be achieved at a local level, but only
after determined efforts o involve and inform all elements in the
community.

There is a role in all this for everyone concerned about the
land. The "Doers™ must adapt - but continue doing. The
"Advisers” must facilitaie change through communication and
training. The "Administrators” must set stralegies not just
controls, and must provide incentives o the “Doers” who alone
can implement the strategies.

| began this paper by lamenting the passing of the “complete
man" and the growing inevitability of specialists. The trouble with
becoming too closely focused on single subjects, single issues or
single goals is that it leads to nnel vision. Never more than now
we need vision in the countryside, but it must be a broad one that

can see our land from many points of view,
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vhi nges

SASS STAFF SERVING MLURI

CRAIGIEBUCKLER

Head of Section

MLF. Franklin B.5c.. M.5c.. Ph.D.
5.T. Buckland B.5c.. M.S¢.. Ph.D,
1M, Cooper B.Sc.. Dip. S1at, M.LS
(uneil Jume 1990)

DA, Elston BA, M Sc.

(From July 1990

K.L. Smith B.Sc., M.5c.

(From August 14EH0)

E.l. Duff B.5c,

PENTLANDFIELD

Head of Sectmon:

E.A. Hunter B.5¢., M. Phal

{unml June 1950}

Head of Section:

MUF. Franklin B.5c., M.5c., Ph.D.
(from July 1990)

DAL Elston BA, M.5¢

(from Moy 15940)

e

made anal Bulamds Diewe




STAFF PUBLICATIONS

Itemns marked * are publications of the Land
Use Division and can be bought from
MLURL Craigichuckler.

ADAMS, M.J.. WRIGHT. G.G. and BIRNIE,
E.V. 1K), Radiometry in monitoring plant
condinion, Chennistry and fndustry, 10, 293-295,

ANDERSON, H A, BICK, W., HEPBURN, AL
and STEWART, M, 1989, Nitrogen in humic
subsiances, In Hunrie Swbstances 11 {ed.
M.H.B. Hayes, P. MocCarthy, R.L., Malcolm
and B.5.5wift), pp. 224-253. Wiley, Chichester,

ARMSTRONG, R, H.. COMMOXN, T.G. and
DAVIES, G.J. 1985, The prediction of the in
viver digestibility of the diet of sheep and cattle
grazing indigenous hill plant communities by in
vitro digestion, faecal nitrogen concentration or
‘indipestible’ acid detergent fibre, Grass ad
Forage Science, 44, 303-313.

BACON, IR, ELLIS. A.T. and WILLIAMS,
1G. 1989, Atomic spectrometry upsdaie -
N mass spectrometry and X-Ray
Muorescence spectrametry. Jowrmal of Analvtical
Aromnic Spectrommetry. 4, 199K - 221R.

BAIN, D.C., MELLOR, A. and WILSON, M.
19549, Mature and origin of an aluminous
vermiculite weahering product in acid soils
from upland calchments in Scotland, In
Trernational Clay Conference, 1k,
Srrasbonrg, 1989, p, 23 Absiract.

BERESFORD, N.A., LAMB, C.5,, MAYES,
RE.W., HOWARD, B.)., and COLGROVE.P.M.
1989, The effect of treating pastures with
bentonite on the transfer of "V Cs from grazed
hﬂﬂ!.l.j_.'.t Lk Hhﬁ!p Jevigrmal f.l_jrf'..—rrrfrrr.rrnrﬂ|.l'u.f
Radioactiviry, 9, 251-264,

BERROW, M.L. and BURRIDGE, J.C. 1990,
Persistence of metal residues in sewage sludge
ireated soils over seventeen years. faternarional
. oof Env. Analvtical Chemisiry, 39, 173-177.

BERROW, ML, and URE, AM, 1989,
Occurrence and distnbution of selenium in
geological materials and soils. In Oveurrence
and Distribwesion of Seleniwm (ed, M. Ihnat),
pp-213 - 242, CRC Press.Boca Raton, Florida.

SROWN, CJ., HUDSON, G., HENDERSOM,
2.1, DRY, F.T.. GAULD, LH, and HIPKIN,
LA, 1988, Souh-Wesr Scorland. Sheet 6, land
capability for forestry map. scale 1:250 000
MLURI Aberdecn. £6.060.

CAMPBELL, C.D.. DARBYSHIRE. 1.F. and
ANDERSON, LG, 1990, The composting of
trec bark in small reactors - self-heating
experiments, Bialogical Wastes, 31.145-161.

CAMPBELL, C.I0, DARBYSHIRE, LF, and
ANDERSON, LG, 1990, The compasting of
tree bark in small reactons - adiabatic and fixed
lemperature expeniments. Biological Wasies,
31, 175-185,

CHAPMAN, 5.0, 1989, Oxidation of
micronized elemental sulphur in soil. Planr and
Sorl. 116, 69-76.

CHESHIRE, M.V, and GRIFFITHS, B.5. 1989,
The influence of eartbworms and cranefly larvae
on the decomposition of uniformly C labelled
plant material in soil. Jowrnal of Soif Science,
40, 117-124. .

CHESHIRE, M.V.and MUNDIE, C_M. 1990,
Orrganic matter contributed to soil by plant foos
during the growih and decomposition of maize.
Plant and Soil, 121, 107-1 14,

CHESHIRE. M.V, LOMAX, 1A, and
MUNDIE. C.M. 1989, Struciure of soil
carbohydrates resistent 1o periodate oxidation.
Sowernl of Sofl Science. 40, 865-872,

CRABTREE. J.R.. MACMILLAN, D.C. and
STEVENSON, EG. 1989, Modelling forestry
investmem potential. In Proceedings of @
Svriposivnm of EAAE, 2ih,
Newcastle-upon-Tyae, 959, 43-51.

CRABTREE. 1L.R. and MACMILLAN, D.C,
1989, LK. hiscal changes and new foresiry
planting. Jowrmal of Agricadiural Econcamics,
40, 313-322.

DRY, F.T. 1989 The Soifs of an area of
Reinsrared Lard ar Tulliaifan. MLURI,
Aberdeen. {Resircred circulation.

DRY. ET. 1989, The Soils amd Lamd Capahility
Sor Agriculiure of the Proposed Housing
Drevelopment Site ar Aberdour, Dunfermiing
usirics, Fife Regior. MLURI, Aberdeen.
(Restricted circulation.)

DRY. F.T. 1989, The Soils awd Land Capabiliry
Jor Agriculre of the Eastfield Road site,
Ingliston. MLURI, Aberdeen, (Restricted
circulation, )

DRY. F.T. 1989, The Soils and Land Capabilite
fow Agricnlinre af the Springfield Farn sive,
Seeth Queeensferey. MLURL Aberdeen.
{Restricted circulation. )}

DRY, F.T. 1989, The Soily and Land Capabiliry
Seer Agricaltuere of the Proposed Opencast Coal
Site od Dalgrmch, by Markinch, Kirkcaldy
District, Fife Region. MLURI, Aberdeen,
(Restricted circulation, b

DRY, F.T. 1989, Harowood Farm: Thorn Tree,
Bowhowse Bog, Maclarens and Havsheds fields,
soil amd sire propernies. MLURL Aberdeen,
(Restricted circultion. )

DREY. F.T. 1989. The Sarls aind Land Capabiliry
[ Agricufture af the Propased Opencass Cogal
Sive ar Pipeekill by Brongan. Cumnock and
Byowrn Valley Diserict, Sirathelvde Region,
MLURI, Aberdeen. ( Restricted circulation. )

DRY, ET. 1989, The Soils and Land Capabilite
Sow Agricultare of the New Mains Farm,
Kirkliston Site. MLURI, Aberdeen, (Restricied
circulution. }

DRY, F.T. 1989, The Sails amd Land Capabilire
for Agricultire of the Ayton Mill site, Avion,
Berwickshire Disteict, Borders Region. MLURL
Aberdeen. (Restricted circulation. )

DRY, F.T. 1989, The Soifs and Land Capabilite
Sor Agricalture of the Duncanlaw sire. Gifford.
Edsr Lowkian Disteicy, Lothian Region. MLURI,
Aberdeen. {Restricted circulation. )

DRY. F.T. 19849, The Soils amd Land Capatnliry
Sor Agriculiure of the Proposed Opencast Coal
Sire ar Airdsgreen. Supplement: Some Physical
ard Chenical Chavacteristics of the Sails of the
Area. MLURIL, Aberdeen. {Resiricied
circulation. )

DRY. F.T. 1989, The Soils amd Land Capabiliry
Sor Agriculture af @ Proposed Development af
Burdiehouse, Edinfurgh, Lothian Region,
MLURI, Aberdeen. ( Restricted circulation. )

DRY, F.T. 1990, A Propased Fill-in Site ar
Dirum. Gilmerton, Ciry of Edibirgh District,
Lothian Region, MLURL Aberdeen. (Restncted
circulaion. )

*DRY, F.T. and HIPKIN, LA, 1989, Land
Capahility for Forestey in Senth-East Scorland,
Field Book 7. Forestry Commission, Edinbaurgh'
MLURL Aberdeen. £2.50,

*DRY.F.T.. HIPKIM. J.A.. BOWN_C1_,
GAULD, LH. and HUDSON, G. 1988,
Sounth-East Scorland. Sheet 7, land capability for
forestry map, scale 12250 000, MLURL,
Aberdeen. £6.00,

DUNCAN, AT, and MILNE, LA, 1989,
Glucosinolates. Aspects of Applied Biology,
19, 75.92,

DUNCAN, A ). and MILNE, J.A, 985,
Rumen microbial detosification as a possible
explanation for the telerance of lambs o
brassica derived glucosinolates. Animal
Froduction | 48, 646, Absiract.

DUTHIE. G.G.. McPHAIL, DLB., ARTHUR,
LR, GOODMAN. B.A. and MORRICE, P.C.
1990, Spin trapping of free radicals and lipid

peroxidation in microsomal preparations from
malignant hyperthermia susceptible pigs. Free
Radical Research Conmmunications, 8, 93-99,

FARMER, ¥V.C., PALMIERL F.. VIOLANTE.
A and VIOLANTE, P. 1989, Allophanes
formed in acidic and calcareous environmenis:
nature and conditions of formation, Agronony
Absiracts, 1989 Annwal Meeting of e 5554,
A0,

FAWCETT, A.R. 1989, Trial of the Efficacy of
an Ouidised Copper Wire Particies Prepardation

70



STAFF PUBLICATIONS

foar she Prevention of Swayiack in Lanths,
Repon prepared for WWH Carlyle-Coopers
Animal Health Lad. {Restricted circulation. )

FENN, P.D. 1989, Siedies on wool growth in

sheep: the effects of bentonite and amino wcid
supplemeniation of roughage based dicts. Phl}
Thesis, Universiry of New England, Armidale,
Australia,

FENM, P.D., and LENG, R.A. 198%. Wool
grovwth and sul phur amine acid entry rate in
sheep fed roughage dies supplemented with
bentonite and sulphur amino acids. Auseralion
Serprmad of Agricultwral Research, 40, B39-896.

*GAULD. J.H.. BELL, 1.5, NOLAN, A.J. and
LILLY. A. 1989, Lawd Capability for Fovestry
in Eastern Scosiand. Field Book 5, Forestry
Commission, Edinburghy/ MLURI, Aberdeen.
£2.50,

*GAULD, LH.. TOWERS, W.. LILLY, A,
BELL. 1.5 . NOLAN, AL, HENDERSON,

[ )and HUDSON, G. 1988, Eastern Scofland,
Sheet 5, land capability for forestry map,
scale 1:250° 000. MLURI. Aberdeen. £6.00,

GOODMAN, B A, McPHAIL, D.B. and
DUTHIE, D.M.L. 1989, Electron spin
resonance spectroscopy of some iradiaed
foodsiufis, Jouwrnal of the Svience of Food and
Agriculnere, 47, 100-111,

GORDON, 11, 1989 A case of intense inierspe-
cific aggression between scimitar homed orys,
v dameah and addax Addar nasomacilams,
Jourmal af Zoolegy. 218, 335-337.

GORDON, 1], 1989, The interspecific
dllometry of reproduction: do larger species
invest relatively less in their offspring?
Funcrional Ecology, 3, 285288,

GORDON, 1), 1989, Yegetation community

selection by ungulates on the Isle of Rhum.1:
Food supply. fourmal af Applied Ecalogy, 26,
35-51.

GORDON, 1J. 1982, Vegetation community
selection by ungulates on the 1sle of Rhum. 2:
Vegetation community selection. Sowrnal of
Applied Ecology, 26, 53-64.

GORDOMN, 11, 1989, Vegetalion community
selection by ungulates on the 1sle of Rhum. 3
Determinants of vegetation community
selection. Jonrnal of Applied Ecalogy. 26,
65-T9,

GORDON, 11, DUNCAN, P, and GLEVIE.
LC. 1989, Gestion des resources naturelles: Le
champ libre aux troupeaus domestigues.
Bullevin Mensuwal de la Cffice Nattowal de Ta
Chasse, 130, 25-30,

GORDON, 1., and ILLIUS, AW, 1989,
Resource pantitioning by ungulates on the lsle of
Rhum. heeodogio, 79, I83-380.

GORDON, L1, KOCK, R.A_ and MACE, G.
1959, The introduction of Scimitar-homed oryx.
Lootogival Society of London Repors, N, 6, 16pp.

GOSS, M. 1989, Leaching of nitrate under
arable crops, Agricaltnral Engorcer, 44, W-92,

GRANT, S.A. ELSTON, DLAC and
BARTHRAM, G.T. 1989 Problems of
CAlMANINE NS IWMDver in grass swards in the
presence of grazing animils. Grass and Forage
Svience 44, 47-54.

GRANT, 5.4 MILNE, LA, and SIBBALLD.
AR, 1989, Heather moorland - a guide to
praxing management, Sconish Agriculiural
Calleges Technical Note, No, TUITE. 4pp.

GRIFFITHS, B.S., WOOD, 5. and CHESHIRE,
MLV, 1989, Decomposition of C-labelled plant
ivterial by Porcellic sealver ferusticea.
isopoda. ). Pedoduologio, 13, 355-360.

GUNN, R.G., and MAXWELL. T.J. 1989, A
mote on the effect of the direction of live-weight
change about the time of mating on reproductive
performance of Greyface ewes, Animal
Production, 48, 471474,

HALL. AM.. MELLOR, A, and WILSON, M.
198%. The clay mineralogy and age of deeply
weathered rock in north-east Scotland, Zeirsclwift
Sur Geomorphologie Suppl. Sd T2.97-108,

HAMILTON, W.J. 1989, Farming red deer - the
keys to good management. In Deer Farming - A
Handbook for the 190 s, pp.21-23. British Deer
Farmers Association, Coventry.

*HENDERSON, D.J. and HUDSON, G, 1989,
Land Capability for Foresiry in Western
Scorland, Field Book 4, Forestry Commission,
Edinburgh/MLURL, Aberdeen. £2.50.

*HENDERSON, DJ., HUDSON, G.,
TOWERS, W. GAULD, J.H., NOLAN. A_Jand
BELL., 1.5. |988 Western Scotfund. Sheet 4,
lund capability for forestry map, scale

1:250 (00, MLURIL Aberdeen. £6.00,

HENDERSON, DJ., NOLAN, A, BLYTH,
AW, TOWERS, W. and DRY, F.T. |'"K). The
Scortish ESAs- Manitoving Progress. MLURIL,
Aberdeen. {Resiricted circulation. )

HIPKIM, LA, 1989, The Soils and Land
Capability for Agricalture of Lawd ar
Rlackervside, near Leven, Fife, MLURI,
Aberdeen. (Restricted circulation. )

HIPKIMN, LA, 1989, The Soils and Lawd
Capahility for Agricufture of the Monkteehall
Farm Site. mear Musselbrgh, MLURL
Aberdeen. (Restricted circulation. )

HIPKIM, LA, 1989, The Smlx and Lond
Capabitire for Agricnfrore of Land at 8iggar.
Lanarkshive, MLURIL Aberdeen. {Restricted
circulation.

HIPKIN. LA, and DRY, F.T. 1989, The Soils
and Land Capability for Agriculture of the
Propesed Firechay-extraction site ar Torbee,
Wesr Lewleian Diisereicr, Lathian Regior, MLURI,
Aberdeen. (Restricied circulaion. )

HODGSON, 1., and GRANT, S.A. 1939, Plam
responsgs to defoliation. In Herfivewre Naerition
Research (ed, M, Rose), (118 1-2. Research papers
presentad at the International Symposium on the
Nutrition of Herbivores, 2nd, Brishane,
Australia July 1967,

HUDSON, G, 1989, Soils and vegetation of the
Loch Fleet cachment. In The Lock Fleet
Projece; thivd report (ed, G, Howells and T.R.K.
Dalziel),

*HUDSON, G. and BOWN, C.1. 1989, Lawmd
l'_'a;mhfh.l’_v.'_lr;'nr F.l.l.rf.ﬂ.l‘lr in Soverh-Wesr Scorland.
Field Book 6. Forestry Commission. Edinburghy
MLURI, Aberdeen. £2.50,

IASON, G.R. 1989, Body size and maortality of
mountain bares { Lepies timidies ), Journal of
Loodogy., 219, 676-681),

IASON, G.R., and EBLING, F.LP. 19589,
Seasonal variation in the daily pattemns of
plasma melatonin in a wild mammal: the
micasntain hare {Lepus timidins). Jowrnal of
Pineal Researchk, &, 157-167.

IASON, G.R.. and PALC, R.T. 1989, Splining
hares: some effects of birch phenolics on
grazing and a browsing mammal. In
Trernarional Theriologival Congress_Sch Bome.
2229 Auguest 1989, Abstracts of Papers and
Posters. Abstract.,

ILLIUS, AW, and GORDOM, L1 19589,
Prediction of size-scaling effects on forage
intake and digestion using a model of digesta
fow. Amimeal Produchion, 48, 637, Absirct.

TLLIUS, AW, and GORDON, 1.1, 19494,
Constraints on diet selection and foraging
behaviour in mammalian herbivores. In
Behavioural Mechawisms of Food Selectienr
{ed. RN, Hughes), pp. 3781-3793.
Springer-Verlag, Berlin.

ILLIUS, AW, and GORDON, 1. 1550,
Variation in foraging behaviour in red deer and
the conseguences for population demography.
Jowrnal oof Amisnal Evolegy, 59, 89-101,

JANIS, C., GORDON, 11, and ILLIUS, A,
19349, Modelling equid/ruminant competition:
whai happened o the Norh Amencan Browsing
horses? In fnrernarional Thertologioal Congress,
Seh  Rowe, 22-29 Augusr, Abstracts of Papers
anl Posters, volume 1] p.fﬁ]. Ahbstract.

JOMES, D, McHARDY . WL WILSON, M.J.
and COOPER. Gl 1989, Scanming electron
micruscopy of calcium-rich crvstals in Frankis
rosot modules of Afuus glierinesa saplings.
Mivron, 20, 33-36,

71



STAFF PUBLICATIONS

o e —

JONES, D., McHARDY, W, THORNTON,
B. and DAWSON, L. 1989. Application of
scanning electron microscopy o mycorhizal
research. In Proveedings of the Roval
Microiscopical Socierv EMAG-MICRO 89),
24 587, Abstract.

JONES, D, McHARDY, W.J., THORNTON,
B. and DAWSON, L. 1989, Application of
scanning electron microscopy to mycorrhizal
research. In Proveedings of the Instituse of
FPhysics Electron Mivrescapy and Analysis
Cirenipr avtel the Roval Microseapical Sociery
Cemference September, 1989 (ed. H.Y. Elder
and PJ.Goodhew), pp. 775-T78, Eastern Press,
Reading.

JONES, [, WILSON, M., and COOPER. G.1.
1989, FT-IR analysis of crystals in frocybe
asterospara. Biomineralization Newsleier, 8,2,

TONES, D 1989, Biomineralization products in
micro-organisms. In Scontish Symposinm on
Eleceron Microscope Technigues. | 7oh,
Umiversity of Sreathelvde, 1989, Abstract.

LILLY, A, 1990 The Phvsical Factors affecting
Agriculture in Northi-East Scotland. Excursion
guide o a visit by the Fylde Farmers Club,
Clinteny Agnculiwral College, Kinellar, by
Aberdeen.

LILLY. A. 199k The Soils of the Thomastown
Agroforestry Experimenal Sive. MLURIL,
Aberdeen. (Restricted circulation. )

LILLY, A, and LILLY, 5.1. 1989, The
reltionship between arborescent Betnla spp and
soil iype in Britain. Aberdeen Letters in
Evalogy. 3.16-17.

LOUDON, ASL. MILNE, LA, CURLEWIS,
LD, and McNEILLY, A5, 1989, A comparison
of the seasonal hormone changes and panerns of
growth, voluntary food intake and reproduction
in juvenile and adult red deer (Cervis efapiis)
and Pére David's deer ( Elapiuerns davidianis)
hinads. fonrnal of Endocrinology, 122.733-745.

LYMNCH, P. and RUSSEL, ALE. 1989, The
endocrine control of fibre growth and shedding
i cashmere goats, Amimral Prodiction , 48,
632-633. Absiraci.

MACDONALD, A, and ARMSTRONG, H.M.
1989, Methads for Monitering Heather Cover.
Research and Survey in Nature Conservation,
Conservation Management of the Uplands, No,
27, 3pp. Nature Conservancy Council.
Peterborough.

McKERCHER, R.B. and ANDERSON, G,
19649, Organic phosphate sorption by neutral
and basic soils. Communicarions fn Soil Science
and Planr Analvais, 20, TX3-732,

MACKIE-DAWSON, LA, BUCKLAND, 5.7,
DUFF, E.I, PRATT, .M., REID, E.J. and
MILLARD, P. 1989, The use of in sim

technigues for the investigation of root growth,
Aspecrs of Applted Biulogy, 22, 349-356,

MACKLON, AES, and RON, M.M. 1989,
Cortical cell fluxes of ammoniem and nitrate in
excised rool segments wsing M. In Plawr
Menthrane Transport: the Current Position.
Proveedings of International Workshop on
Plant Membrane Transport. 8th, Venice, 1980
(ed. J. Dainty, M.Lde Michelis, E, Marre and F.
Rasi-Caldogna.), pp.397-398. Elsevier,
Amsterdam.

MACKLON, AES.. RON, M.M. and SIM, A,
1990, Cortical cell fluxes of ammonium and
nitrate in excised root segments of Alliem cepa
L: studies using N. Journal af Experimental
Borary, 41, 359370,

MACMILLAN, D.C. 199, Madelling
Socio-coonamic and Land e fmplications of
Advernarive Scenarios for Farm Incomes with
Referenve fo Loss of Farmiband o Forestey, IFS
Repor. MLURL AberdeenRestricted

circullation. )

MACMILLAN, D.C.CRABTREE, JL.R. and
STEVENSON, E.G. 1989, The Partential for
Forestry fnvestment on the fsland of Arran,

MLURI, Aberdeen, ( Restricted circulation. )

MACMILLAN, D.C., TOWERS, W. and
CRABTREE, ].R. 1990, ¥ield Class and
Wiktdthrow Hezavd Characteristics of Forestry
i Girenmyprican Repion. MLURI, Aberdeen.

| Kestricted cinculation,

McMILLEN, 5. RHIND, .M., GUNN, R.G.
and McKELVEY, W.A.C, 1989, Effect of
restricted food intake before and/for after mating
on F3H. LH and progesterone profiles in
Gireyface ewes. Animal Produciion, 48, 651,
Abstract.

MANTECON, A.R.. IASON, G.R., and
HUNTER. E.A. 1989. Seasonal variation in
voluntary food intake in growing lambs: a
comparison of genotypes. Asian-Australian
Journel of Animal Science, 2, 284-286.

MANTECON, AR, IASON, G.R.. MILNE,
LA SMITH, A.D.M., WHITE, LR, and SIM,
DAL 198% The effect of pattern of food supply
on intake. growth and body components in
Beulah and Welsh Mountain lambs, Animal
Production, 48, 645,

MAYES, H.W. 1989, The quantification of
dictary intake, digestion and metabolism in farm
livestock and its relevance to the study of
radionuchide upake. Science of the Toral
Envirenment, B8, 20.51.

MAYES, R.W. and LAMB, C.5. 1989, A
prossible method for estimating the troe
absorption coefficient for radiocassium in
ruminants, Scfenee af te Toral Environment,
85, 263-266.

MELLOR, A. and WILSON, M.J. 1989, Origin
and significance of gibbsitic montane soils in
Scotland, Arcric and Alpine Research, 21,
417-424,

MILLARD, P, 1989, Internal cycling within
apple trees grown with contrasting nitrogen
supplies. AFRC Meeting on Plast Niteogen
Merabolism, Lancaster, 1989, 59,

MILLARD, . 1989, Effect of nitrogen supply
on growih and internal nitrogen cyvcling within
deciduous trees. Annales des Sciences
Forestiéres 36, Gib-668,

MILLARD, P. and NEILSEN, G.H. 1989, The
influence of nitrogen supply on the uptake and
remodbilisation of stored N for the seasonal
growth of apple wees, Annals of Botany, 63,
301-309,

MILLARD, P. and ROBINSON, [, 199, The
effect of the timing and rate of nitrogen
fertilization on the growth, nitrogen panitioning
and recovery of fertilizer nitrogen within the
potato {Solamen tuberosum L) crop. Fertilizser
Research, 21, 133-140,

MILLARD, P. and THOMSOMN, C.M., 1989,
The effect of the autumn senescence of leaves
on the imtemal cycling of nitrogen for the spring
growth of apple trees. Anmals af Boreny, $0,
I1285-128%,

MILLARD, P., ROBINSON, D. and
MACKIE-DAWSON, LA, 1989, Nitrogen
partiticning within the potato (Solanem
tuberosum L) plant in relation to nitrogen
supply, Anmals of Bevany, 63, 289-296,

MILNE. LA. 1989, Tanan lamas? Siological
Sciences Review, 1, 910,

MILNE, LA LOUDON, A 5L, SIBREALD,
AM., CURLEWIS, 1.D. and McNEILLY, A5,
150, The effects of melatonin and a dopamine
agonist and antagonist on scasonal changes in
voluntary intake, reproductive activity and
plasma concentrations of prolactin and
Tri-todythyronine in red deer hinds. Journal of
Endeocrinalogy, 125, 241-249,

MILNE, JL.A., and REID, H.A. 1989, Farmed
red deer - an example of agricultural
diversification. Outloak on Agriculiure, 18,

I BS-18%,

MITCHELL. F.J.G.1989 The impact of sheep
grazing on woodland regeneration. British
Evological Bulletin, 20, 204, Absiract,

NICHOLSON, LA, ROBERTSON, R.A. and
ROBINSON, M. 1989, The effects of drainage
on the hydrology of a peat bog, Dtevmational
Peat Journal, 3, 59-83,

PALD, R.T.. IASON, G.R., and KNUTSS0N,
P.G. 1989, Phenols as defensive compounds in
birch (Befnli sppl metabolism of platyphyllosid

72



STAFF PUBLICATIONS

in goats, rabbits and hares. In Praceedings of
thelmrermarional Grassiand Congress, Jogh,
Nice Ocroder 1989, pp. $39-940,

PETTY, L.A., MACMILLAN, D.C. and
STEWART, C.M. 1990. Variaiion of density
and growth ring width in stems of Sitka and
MNorway spruce. Forestry, 63, 39-49,

PONTIER. D., GAILLARD, 1 M., ALLAINE,
D, TROUVILLEZ, )., GORDON, L. and
DUNCAN, P. 1989, Postnatal growth rate and
uadult body weight in mammals: a new approach.
Crecerlopra, B0, 390-394,

PRADO, R., RHIND, 5.M.. WRIGHT, LA,
RUSSEL, ALF., McMILLEN, 5., SMITH, AJ.
and McMEILLY, A5 1989, Ovanan follicular
populations, steroidogenic capacity and
physiological status in post partum suckling
beef cows in high and low body condition.
Animal Production, 48, 661-662, Abstract.

PRICE, M.5., and GORDON, L), 1989, How 1o
o wild, New Sciemiist. 1688, 56-58,

PRINS, HH.T., and IASON, (iR, 1989,
Dangerous lions and nonchalant buffalko.
Behavionwr, 108, 262-296.

RHIND, 5.M., MARTIN, G.B., McMILLEN,
5.. TSONIS, C.G. and McNEILLY, AS. 1989,
Effect of level of feod intake of ewes on the
secretion of LH and FSH and on the pituitary
response o Gn-BH in ovanectomised ewes,
Jornal af Endecrinofogy, 121, 325-330,

RHIND, S.M.. McKELVEY, WALC.,
McMILLEN, 5., GUNN, R.G, and ELSTON,
D.AL 1989, Effect of restricted food intake
before andfor after mating on the reproductive
performance of Greyface ewes. Animal
Prodiscrion, 48, 149-155,

RHIND, 5.M., McMILLEN, 5., and
McKELVEY, W.A.C. 1989, Effect of level of
food imake on hypothalamo-pilwitary sensitivity
to ovarian steroid feedback in ewes. Animel
Production, 48, 651. Abstract.

RHIND, 8 M., McMILLEN, 5. McKELVEY,
W.AC., RODRIGUEZ-HERREION, F.F. and
MeNEILLY, A5, 198%, Effect of the body
condition of ewes on the secretion of LH and
FSH and the pituitary response to Gn-RH.
dewermal of Endecrinology, 120, 497-502.

RHIND, S.M., McMILLEN, 5., WETHERILL,
G2, McKELVEY, WA C. and GUNN R.G.
1989, Effects of low levels of food intake before
andyor after mating on gonadotrophin and
progesterone profiles in Greyface ewes. Animal
Prodiction, 49, 267-273.

ROBINSON, D. and MILLARD. P. 1989,
[¥irect measurements of nitrogen uptake by
roots of feld-grown plants, In Nareierr Cvcling
in Terrestrial Evosystems: field methonds,
applications and inferpretanions (ed. AF.

Harrison, P, Inezon and O.W Heal),
pp- 400409, Elsevier, Amsterdam,

RUSSEL, A LF. 1989, Cishimere production in
the United Kingdom. In Praceedingsaf the
International Cashmere Conference 3rd,
Adelaide, Australia, Seprember 1989,

RUSSEL., AJLF. 1989, Goats for fibre
production. Smallfolder, March 1989, 29,

RUSSEL, ALF. 1989, Goai types amd fibre.
Smaltholder, April 1989, 34,

RUSSEL. A_LF. 1989, Lamoids for fibre
production. Sealtholder, May 1989, 29,

RUSSEL. ALF. 1989, Hardware for goats.
Farm Building Progress, 95.17-20.

RUSSEL, ALF. 1989, Recent development in
goat production from hill b, Goar Viererinary
Sociery Jowrnal, 8, 1-4,

RUSSEL, ALF. 1989, The application of
real-time ulirasonic scanning to commercial
sheep, cattbe and goat production. Briish
Journal of Radislogy, 62, 644,

RUSSEL, ALF. 1989, The diagnosis of
pregnancy amnd pseudopregnancy. and the
determination of foetal numbers of goats by
mieans of real-time ultrasound scanning. In
Diggnostic Ulreasownd amd Animal
Reprogluenon (ed. MLAM, Taverne and AH.
Willemse ), pp.73-87. Kluwer, Dordrechi.

RUSSEL. ALF. and MERCHANT, M. 1989,
Harvesting cashmere, SCPA Newslerter No, 3,
34,

RUSSEL, A LF., WRIGHT, LA, and HUNTER,

E.A. 1989, Factoss affecting reproductive
efficiency in beef cows. Animal Production, 48,
637-658. Abstract.

RUSSELL, J.D., MURRAY. I. and FRASER.
AR, 1089, Near and mid-infrared studies of the
cell wall structure of cereal straw in relation to
its umen degradability. In Physicochentical
Cherracterization of Plant Residuwes for
Industrial and Feed Use: Poveedings of COST
S iy Workshop, Commission of the Ewropean
Communiiies, Aberdeen (ed. A. Chesson and
E.R. Orskov), pp. 13-24. Elsevier, Amsterdam,

SCANDRETT. E. and GIMINGHAM, C_H.

1989, A model of Calfuna population dynamics;

the effects of varying seed and vegetative
regencration, Vegeratio, B4, 143-152,

SCANDRETT, E. and GIMINGHAM, C H.
1955, Experimental investigation of brvophyie
interactions on a dry heathland, Jonrmal of
Ecology. 77, 838-852,

SHARPE, G.5.. HOQUES,, KILLHAM, K.,
SINCLAIR. A H. and CHAPMAN, 5., 1989,
Comparison of methods to evaluate the sulphur

sizius of soil. Commmairicarions i Sedl Sefemee
ard Plany Analvsis. 20,1821- 1832,

SIBBALD AR, 1%, The Silvopastoral
MNational Network Experiment - an introduction,
A.l.'rﬂ'llﬁll'q"’.'iﬂ'_\' rr fj]t‘ -t.lIx, I . _‘_.. I.ﬂ.

SIBBALD, A. K., AGNEW, R. and TAYLOR
C.MLAL 1989, Progress repon on the
Agroforestry MNational Network site -
Glensaugh. In UK Agreforestry: Abstracts of a
Meeting of the UK Agroforesiry Forum, Open
Universiry, Mifiow Kevnes, 7 Tune 1989 (ed. ).
Wainwright, B.M. Morris and 5.M. Newman),
pp-31-52, Open University, Milion Keynes.

SIBBALD, AR. GRIFFITHS, J.H. 1989, The
effects of spaced conifers planted on upland
s0wn pasturcs on micro-climate and herbage
pmdm:':ilm. In /K Ag.l'f.g,r:'.lr:':l.rr'l.'; Absiracts ﬂf'ﬁ'
Meeting of the UK Agroforesiry Forum, Open
Umiversity, Miltan Kevees. 7 June 1989 {ed. ).
Wainmght, R.M. Morris and 5.M. Newman) pp.
33-34. Open University, Milton Kevnes,

SKIBA. U.. CRESSER. M.5.. DERWENT,
R.G. and FUTTY, D.W. 1989, Peat acidification
in Scotland. Nature, 337, GR-69,

THOMAS, B, LOGAN, K.AB., IRONSIDE.
AD and BOLTON, G.R. 1990 The effects of
grazing with and without excretal retums on the
accumulation of nitrogen by ryvegrass in a
contimuously grazed upland swarnd. Grass aod
Forage Seience, 45, 65-T5,

THORMNTOM, B, and MACKLON, A ES.
1989, Copper uptake by ryegrass seedlings
contribution of cell wall adsorption. Sournal of
Experimental Bovany, 40, 1105-1111.

*TOWERS, W, and FUTTY, DLW, 1989, Lamnd
Capability for Foreitry in Nerthern Scotland
Field Book 3. Forestry Commussion, Edinburghy
MLURI, Aberdeen. £2.50.

*TOWERS, W., FUTTY. D.W., NOLAN, AL,
LILLY, A, HENDERSON, D). HUDSON, G.
and DRY . F.T. 1988, Narthersn Seotlamd.

Sheet 3, land capability of forestry map, scale
1:250 000, MLURI Aberdeen. £6.00,

TOWERS. W., GAULD, J.H. and BELL, 1.5,
1980, The Soils and Land Capability for
Agriculnere of the Proposed Developmens Site af
West Seafield, Inverness, Wighland Region
MLURIL, Aberdeen. {Restricted circulation. )

TOWERS, W, GAULD, J.H. and BELL, 1.5
1990, The Soils and Land Capablig for
Agriculture of the Proposed Development Site ar
East Seafteld, Inverness, Highfand Region.
MLURI, Aberdeen. (Restricted cinculatbon. )

TOWERS, W., GAULD., JLH. and BELL. J.5.
1940, Thve Senils e Land Capahilivy for
Agricuitire of the Proposed Developent Site at
Strasson, nverness, Highland Regren, MLURI,
Aberdeen. ( Restricted circulation.

73



STAFF PUBLICATIONS

VAUGHAN, D.. RUSSELL, 1.D., ORD. B.G.,
ANDERSON, H A, and FRASER, AR, 1989
Charactensation of a Scottish dopplerite,
Crendermia, 43, 325-335,

VIPOMD, LE. MILNE, 1A, SWIFT, G_,
FITZSIMMONS, 1., McCLELLAND, T.H. and
HUNTER. E.A. 1989, Ewe and lamb
perfomance on |'bL‘rL'I'II'|:I:|| ryegrass and
perenmal ryegrass plus white clover swards
under controdled sward heights. Awinnal
Froductien, 48, 648, Abstract,

VIPOND, LE,, SWIFT, G.. McCLELLAND,
H. MILNE, JLA. 1989, Evaluation of a
perennial ryegrass and small-leaved ¢lover
switfdd without nitrogen fertilizer under
continuous sheep grazing at controlled swarnd
]!i.'l:.'hi BSAP Oveasional My efime N fd
Ahbsiract

WALKER, T AR, McMAHON, R.C.,
HEPBURN, A. and FERRIER, R.C. 193}
Sulphate dynamics of podzols from paired

impacied and pristine catchments. Soience of the

Toval Envirommenr. 92, 235.247

WARD, S.A.. WEAVER, R.E, and BROWN,
B.W. 1988, Monitoning heather buming in the
North Yorks Moors Mutional Park using
multi-temporal thematic mapper data,
Friternational Journal of Remore Sensine, 10,
1151-1153

WHEATLEY. R.E. and WILLIAMS, B.L.

1989, Seasonal changes in rates of potemial

deninification in poorly-drained reseeded
blanket peat. Soil Biology and Brochemisiry,
21, 355-360

WHITE. LR.. McKELVEY, W.A.C., BUSBY.
S SNEDDON, AL and HAMILTON, W1,
19859, The diagnosis of pregnancy and
prediction of fetal age in red deer by real-time
ultrasonic SCanning. Yererimary Record . 124,
305.397,

WILLIAMS, B.L. and GRIFFITHS, B.5. 1989,
Enhanced nutrient mineralization and beaching
from decomposing Sitka spruce litter inoculaed
with Enchviraeid worms. Sl Bi Wigy anid
Biochemistry, 20, 183-1%8.

WILLIAMS, B.L. and WHEATLEY, R.E
IR Mitrogen transformations in poarly
drained reseeded blanket peat under differem
management systems, fntermatiomal Pear
Jeweranad, 3 97-106

WILLIAMS, LD, SUGDEN, D.E.,
GALLAGHER, 1.G. and BIRNIE, B.V. 19490,
Millimetric radar backscatter for snoweover
Rq'.l’.'l.‘ll'l'.'n'.l.'\rﬂl,:' \-Fr.lr.lqul'.g.l.fi_ll.l Mot Remoe
Sensing Society. Nottingham, 131 pp.

WILSON, ML, SMITH, B.F.L. and
MITCHELL. B.D. 1990. Some aspects of
mineral weathering in relation o nutrient inputs
in Scottish hill and upland mineral soils. In
Ficld Methouls in Terrestrial Ecosvarem Nutrient
Cyveding (ed. AF. Harrison, P, Ingson and O.W,
Heal), pp. 11-25

WILSOMN, ML 1989, The mineralogy.
FlTllpl.‘Hit'\ and behaviour of lateritic soils:
implications for land use. In EUROLAT.
Preweedings af @ Summer Sehool on Laterites.,
Strazhonreg, JTURQ,

WILSON, ML), CRESSER, M., LILLY. A. and
MNOLAN. A, 1989, Vulnerable soils and their
distribution. In Procesdings of the Svmposiam
o Acteificarion fn Scenlamd, 983, 60-T0,

WIMALADASA, G.D. and SINCLAIR, AH.
1988, Assessmient of soil potassium and its
uplake by rvegrass, Sef Lanba Sowrmael of Tew
Mofemee, 87, T3K2

WHRIGHT. LA, and RUSSEL, ALF. 1989,
Body composition changes in cattle exhibiting
compensatory growth. Anieal Produciton, 48,
617, Absirct

WRIGHT, LA, and RUSSEL, AJTF. 1989,
Efficient and effective cow feeding. Animal
Procucefon, 48, 619, Abstract

WRIGHT, LA, RUSSEL. AJF. and HUNTER,
E.A. 1969, Compensatory growth in cattle
grazing different vegetation tvpes, Amima
Protuction, 48, 43-50),

WRIGHT. LA. and WHYTE. T.K., 1939,
Effects of sward height on the performance of
continuously stocked spring-calving beef cows
and their calves, Grass and Forage Science, 44,

259-266




SOURCES OF EXTERNAL FUNDING

Agriculure and Food Research Council
Baroid Lid.

British Coal Corporation

Central Electricity Generating Board
Coopers Animal Health Lid.

Corex Services Lid,

Countryside Commission

Davidson Brothers

Energy Technology Support Unit

Evropean Economic Commission

Forestry Commission

Grampian Regional Council

H. J. Heinz

Highlands and Islands Development Board
Inspectorate (ilfield Inspection Services
Ministry of Agriculture, Fisheries and
Food

MNatural Environment Research Council
Nature Conservancy Council

Occidental Petroleum (Caledonia) Lid,

Oilfab

The Robertson Group ple

The Roval Society

Scottish Development Department

Sir Joseph Nickerson Heather Foundation
Stectley Minerals

Stanoil

Tilhill Forestry

Trident Fecds




76



Macaulay Land Use Research Institute

in Upland Britain .
L #
e
\_I‘IJ
L I 4
T - 2
G o
- *
N - ~
"'.-.f ‘: ‘:J ;" #£5 3 Craigiebuckler
J Nl

o

\-‘._-r.,
R
oo
~
I."Mn----ll"«.

L=

2 - —
(] . -
.‘j Gilensaugh

[{1]
/ Pentlandfield
1 ;
12 4 —
— Sourhope _l
7 |

’

.

Experinsental sites

Rumster
Forsinard

Culbin Forest
Alt a" Mharcaidh
Gilen Buchat
Cross of Jackson
Balquidder

WL 00 3 L e el Bed =

10 Cleish

11 Riccamon

12 Glentress

13 Loch Fleet

14 Kielder Fosest
15 MNaddle Wood

Speymouth Forest

Loch Ard (2 sites)

=k

~

R




