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Preface

In the second half of the 19th Century there were two 
Arboricultural Societies in Great Britain. These eventually 
became the Royal Forestry Societies (England, Wales and 
Northern Ireland, and Scotland) of today. However 
arboriculture did not become acknowledged as a 
profession until the second half of the 20th Century. In 
1964 two organisations the Arboricultural Association and 
the Association of British Tree Surgeons and Arborists, 
were formed with the aim of bringing together people of 
common interests and improving standards in the 
industry. Later the two organisations amalgamated under 
the name of the Arboricultural Association.

Since their formation both the Arboricultural 
Association and the Association of British Tree Surgeons 
and Arborists stimulated development of the industry, 
initially by prompting the establishment of educational 
and training courses. In the 1970s attention turned to the 
need for research. Professor F .T . Last, chairing an ad hoc 
committee convened after the 1972 National 
Arboricultural Conference, assessed the state of 
knowledge and prepared a report titled Arboriculture: 
research and advisory needs. The Department of the 
Environment accepted some of the recommendations and 
has been funding arboriculture research since 1974.

In his report, Professor Last gave prominence to the 
range of relevant research already in hand but about which

arboriculturists were unaware. One of the major 
recommendations of the report was, therefore, that an 
advisory and information service should be established to 
communicate results to the industry.

A forum for research results was provided by a seminar 
organised in 1980 jointly by the Arboricultural 
Association and the Forestry Commission. This seminar 
was held at Lancashire College of Agriculture and the 
papers were published as Forestry Commission 
Occasional Paper 10 Research for practical arboriculture 
which unfortunately is now out of print. In 1985 the 
industry was updated on developments in research during 
another seminar organised jointly by the Arboricultural 
Association and the Forestry Commission and held at the 
University of York. About 350 people attended this 
seminar representing the largest gathering of tree interests 
ever held in Britain.

Now publication of the papers presented to this second 
seminar provides arboriculturists and those in allied 
industries with a useful record of the research results and 
should assist in applying the results in the field. As 
research progresses additional information will emerge 
and new topics will be investigated. Results from this work 
which will update the following papers will be published 
as Arboriculture Research Notes* and in the scientific and 
practical journals.

D . Patch
October 1986

‘ Available from the Arboricultural Advisory & Information Service, Forest Research Station, Alice Holt Lodge, Wrecclesham, 
Farnham, Surrey, GU10 4LH.
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Introduction
J .C . P eters 

Department o f  the Environm ent

The Department of the Environment (DOE) has been 
supporting the Arboriculture Research Programme at the 
Forestry Commission (which supports the Arboriculture 
Advisory and Information Service) for 9 years now. There 
have been some cuts in DOE funding during this period 
because the programme of research was the first to be the 
subject of a new system of Chief Scientist reviews within 
the DOE. These reviews were set up to examine the 
relevance of DOE participation in any subject receiving 
DOE funds. This audit system looks at the standard of the 
research in terms of its value for money and also considers 
how further improvements can be made either in dissemi­
nation of results or the inquiry line of the research itself. 
The audit also placed arboriculture in the forefront of the 
minds of high level management in the Department and 
has resulted in an acknowledgement of the importance of 
core research at the Forestry Commission and the value of 
the Arboriculture Advisory and Information Service.

Also clearly indicated by the audit were the many other 
interested parties in arboriculture, ranging from local 
authorities through the contracting industry to land­
owners and gardeners, and a recommendation was made 
that DOE should not accept responsibility for more than a 
core of research of a strategic and applied nature. Our 
funding of the Forestry Commission has been running at 
approximately £150 000 annually. This core can be con­
sidered to be one on to which other work should be 
grafted. DOE hope this will be recognised and I, there­
fore, appeal to all readers to consider not just the research 
needs and their application but also to think positively 
about the machinery which could be invoked to ensure 
that funds are made available in a co-ordinated fashion -  
the very nature of arboriculture, the long lead times for 
results -  calls for more careful assessment of objectives and 
linkages at an earlier stage than almost any other line of 
biological research.

I am mindful of the high standing of both sponsors in 
this area of work but nevertheless I think they would be the 
first to agree that we know little about the peculiar 
conditions in which trees are expected to grow when they

are planted for arboricultural rather than forestry reasons. 
Not only that but the range of species employed, together 
with the genetic stock from which any one species has been 
taken, can make for great variation in success which 
requires careful analysis. There is still a tendency to 
continue with reliance on trial and error and empirical 
methods.

The very nature of the papers that are presented in 
these Proceedings indicates that a wide network of guid­
ance can now begin to be identified for the practitioner on 
the ground.

The Present Atmosphere

The developing emphasis in rural areas is to move away 
from high intensity agricultural production of foods that 
add to European mountains towards many products of 
which both we in the UK and the European Community as 
a whole have in short supply. One of these is timber and 
this is resulting in increasing pressure on farmers to utilise 
areas of land which can be set aside as being marginal and 
on which small woods could flourish. Such areas fall 
between the traditional province of forester and that of the 
arboriculturist. Although their location may be in margi­
nal areas in terms of normal agricultural production these 
sites -  particularly in the lowlands -  may provide very 
superior growing conditions for trees when compared with 
traditional forestry locations. It is in such situations that 
the experience of the arboriculturist can play an important 
role. In order to play this part the arboriculturist needs a 
predictive ability in terms of the growth rates that can be 
expected, the ongoing management which will be 
required, the timescales involved; as well as the practical 
advice that needs to be given in choosing the location and 
the handling of the immature plant. It matters very much 
whether an individual tree will outgrow another planted 
only a few yards away under apparently very similar 
conditions.
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Predictive Ability

I should like to dwell for a moment on the real nature of 
our ability to predict growth potential and the manage­
ment required to attain it. Many of us have seen the 
experiments set out at the Forestry Commission’s 
Research Station at Alice Holt Lodge indicating what can 
be done in terms of improved establishment and growth if 
a single technique of mulching or other control of 
competitive species is carried out around trees in a plot. 
Nevertheless, each plot of 16 or so trees has several doing 
far less well than the others -  even dead. There could be 
many reasons for such individual failures. We know too 
little of the variables involved to be certain whether it is a 
local soil difference or perhaps some physiological variant 
of the species produced from its genetic origin. The use of 
statistical methods to compare the effects of management 
through a well structured experiment such as this allows 
us to make general recommendations on management 
techniques which can be employed to allow a high rate of 
survival and growth in groups of trees, but it does not 
assist us with individuals where the single tree is really 
important.

It is often the individual authorised felling of a tree that 
has been protected by a Tree Preservation Order and the 
likely success of a replacement planting which can affect 
the willingness of authorities to replace our ageing trees. In 
such circumstances we are far away from a scientific 
solution -  we can improve the chances of success but we 
still rely greatly on the experience of the individual 
planting the replacement. The experience of such individ­
uals is highly valued. We must ask what it is that they see 
and feel about a location and how can we better translate 
this into scientific terms for use elsewhere.

Having said all this many may wonder in this practical 
world in which we live how, when we have no time or 
money to monitor individual situations, such improve­
ments can be made in an atmosphere of the need to plant 
and move on. Perhaps, therefore, we need to examine the 
success rate as it has been stated.

Background Costs 

Plant survival
Actual figures on plant survival are extremely difficult to 
determine because surveys are not done and practitioners 
are often loathe to admit their lack of success. However, 
after the planting drive in 1973 it was estimated that 50 per 
cent of the trees were dead after the first growing season 
and that this had risen to probably 70 per cent within 5 
years. More recently figures of 30-50 per cent failure are 
being mooted. For a number of years much of the research

funded by DOE and other agencies has been investigating 
aspects of plant failure.

The reasons for high losses are complex but it is 
accepted that areas of high risk are:

1. Planting stock quality - plant physiological conditions
root:shoot ratio 
root desiccation 
plant size 
species selection.

2. Planting site factors -  disturbed, denatured soils
poor water relations of the soil 
competition from herbaceous 
vegetation
nutritional status of the soil 
predation

Plant production and quality form the subject of the 
first five papers in these Proceedings. The problems of site 
factors are explored in five other papers.

Whenever and wherever trees and shrubs are planted 
there must be a long term commitment to aftercare and 
management if there is to be survival to full maturity in the 
landscape. In the past this has often been lacking in 
planting schemes because of the method of funding which 
has often relied on capital funds for the planting, while 
aftercare is a new item for which no provision was made. 
This sort of situation is not unique to arboriculture and it is 
for this reason that the Department of the Environment 
have funded a research project with the Groundwork 
Trust in the St Helens area to examine the ongoing costs of 
various schemes for landscape and nature conservation 
improvement. This research programme has already 
produced a large database on the costs of ongoing 
management.

An illustration of the extent of the management that 
may be required following a planting scheme is provided 
by the Department of Transport plantings. These total 
some one million trees and shrubs per year at an average 
cost of one million pounds. There is an estimated budget 
of approximately a further one million for aftercare and 
maintenance work of plantings during each financial year.

Manpower
On the subject of costs it is worth reminding ourselves that 
the questionnaire completed by 113 Local Authorities in 
1982 for the Arboriculture Advisory Service at Alice Holt 
Lodge produced returns indicating that approximately 
5200 man years were spent on arboriculture -  that is at all 
levels throughout all Local Authorities. It seems reason­
able to assume that private sector and other public bodies 
employ a similar number. However, the amount of time 
private sector people spend on arboriculture may vary



from year to year, especially with the move to increasing 
privatisation and reduction in the public sector man­
power; however, the number of people employed is likely 
to be fairly constant even though the emphasis of who is 
the employer may change. Therefore, a total workforce of 
10 000 man years for all operations may be regarded as the 
annual total for the arboricultural industry. If one assumes 
that the wage earning capacity of this workforce could be 
based on an average wage of £8000 per annum the 
resulting work bill is £80 million per annum. To this 
should be added the hardware items of tools, transport and 
general equipment which could represent a similar figure.

Value of the product
Nursery production of trees and shrubs is primarily a 
commercial operation done by specialist growers who sell 
the produce to the arboriculture industry. The Ministry of 
Agriculture, Fisheries and Food maintains records which 
show approximately 3000 hectares of tree and shrub 
nursery field production in Britain (1984 estimate) and 
450 hectares of container growing area in Britain. The 
estimate of sales production from these nurseries in 
1983/84 was in the region of £74 million (Gilbert, 1987).

It is difficult to determine the proportion of this 
material that is purchased by the public sector. As 
mentioned earlier the Department of Transport uses 
approximately 1 million trees and shrubs each year on 
motorway and trunk road planting schemes. Returns 
made by the 113 Local Authorities in 1982 indicated that 
£1.75 million was spent on tree and shrub purchases. If 
this is extrapolated to represent the Local Authority 
buying power throughout Britain it suggests a likely 
demand of £8-£9 million per annum. To this must be 
added a similar figure for ancillary materials, transport 
and labour.

Another indication of the size of the tree planting 
programme is the grant aid paid by the Countryside 
Commission. This has increased steadily from £25 500 in 
1974/75 to £1.5 million in 1983/84, this is 18 per cent of the 
Countryside Commission’s total budget. Care must be 
taken not to regard this as an addition to the Local 
Authorities’ spending because many Local Authorities act 
as Agents for the Countryside Commission. Some 
Authorities then use the grant to purchase plants and do 
the work for landowners while other Authorities pay 
owners to buy plants and do the work themselves. 
Therefore, some of the returns from local Authorities may 
include some of this Countryside Commission expenditure.

Mature tree problems
Unfortunately the data from the Forestry Commission’s 
Census of Woodlands and Trees does not give information

of the relative status of trees in urban and rural situations. 
As a result it is not possible to assess the need for planting 
or the extent of the over mature and senile tree population 
in towns. However, research has shown that in addition to 
poor returns from investment in tree establishment there 
are many problems which reduce the useful life of the 
established tree. Of particular concern are the pests and 
diseases, the effects and risks of which have been ade­
quately emphasised by Dutch elm disease. It is obvious 
even in the area of the taxonomy of fungal species that may 
infect trees that we have a long way to go. There seems to 
be little possibility that this will be improved overnight 
because of the difficulties of identifying the material that 
may be causing the problem.

M an’s actions also effectively reduce the useful life of 
trees and pruning, which is essential for ensuring that man 
can continue to live comfortably in close proximity to large 
trees, will continue to be a necessary operation. The 
exposure of the wood creates points of entry for wound 
pathogens which can influence safety. We know that 
research has thrown doubt on the widespread practice of 
treating wounds with proprietary tree paints; suggested 
alternative techniques for minimising the effects of 
pathogens on trees are covered in papers which follow.

In the past man has also failed to appreciate the adverse 
effects of tree roots on structures. Research is in hand to 
create an understanding of the relationship between trees, 
soil and buildings and to formulate reasonable guidelines 
so that tree planting does not suffer from sterile ‘no go’ 
areas in the neighbourhood of buildings.

Tree Distribution

Imperial College Centre for Environmental Technology 
has indicated the effect of fragmentation of woodlands and 
the size and frequency of the occurrence of such fragments 
on the occurrence of species of birds. We know very little 
about how such patterns may be modified by the presence 
of single trees or groups in the countryside or even the tree 
species. Although policy statements can be made in terms 
of the need to prevent undue loss of broadleaved trees and 
in particular ancient woodlands in both landscape and 
nature conservation terms we are far from understanding 
the best patterns of tree distribution or the species needed 
to provide for different uses.

Databases

The Department of the Environment have set up a Review 
Committee under the Chairmanship of Lord Chorley to 
examine the uses of Geographic Information Systems.
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This seems to be an opportunity for arboriculture to 
indicate a user interest. Linkages between databases 
ranging from soils and climate to known species distribu­
tions could provide one more important tool in determin­
ing the type of trees to be planted in any area. Similarly, 
the Department of the Environment in conjunction with 
the Countryside Commission has been funding an examin­
ation of the distribution in change in landscape features 
over the past 30 years. This work conducted jointly 
between Hunting Survey and Consultants and the Fore­
stry Commission is examining linear features such as 
hedgerows as well as woodlands. The studies are making 
use of a combination of ground survey, aerial photography 
and satellite data. In the latter case although the levels of 
resolution are such that individual trees cannot be seen the 
new Landsat Thematic Mapper does indicate shelterbelts 
and lines of trees. The Department are conducting further 
research with the National Remote Sensing Centre into 
methods of describing these patterns of distribution in the 
countryside so that analyses of the type that I have already 
described in relation to birds could be conducted.

It is exciting that Imperial College claim that their 
analysis enables them to define with increasing precision 
the necessary requirements for survival of bird species. It 
should soon be possible to define in terms of size and 
configuration patches of habitat of so many hectares which 
will result in an increased probability of the presence of a 
particular species. Strategic thinking on such management 
matters to develop new technologies of joint planting and 
management could strengthen the understanding of what 
species should go where for the arboriculturist. This may 
seem speculative at this time but I consider that this is the

type of strategic thinking which is required for the future 
as our ability to analyse different data sets in association 
with one another increases in efficiency.

Advice

Finally, we are all individuals in our appreciation of a 
beautiful tree or landscape and as individuals we dictate 
what we wish to see. In attaining these requirements we all 
need advice and that advice should be as uniform and as 
knowledgeable as possible. Other fields of endeavour such 
as agriculture are beginning to run into problems of 
conflicting advice in the present atmosphere of change. 
This conference should consider how the approach to 
arboricultural advice can be best maintained and 
improved upon.
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Research and Development Work in ADAS 
on Hardy Ornamental Nursery Stock

D .G . G ilbert
M inistry o f  Agriculture, Fisheries and Food, Cambridge

Summary

Agricultural Development and Advisory Service (ADAS) investigations on hardy ornamental 
nursery stock are concerned with experimental development work rather than research. 
Developing ideas and new knowledge or techniques to the stage for commercial adoption is the 
main aim. Ideas to be developed may originate from research findings, literature, extension staff, 
growers or elsewhere. The current programme of work is outlined.

Introduction

The Frascati definitions of Research and Development 
(OECD, 1980) cover three activities.

1. Basic research is experimental or theoretical work 
undertaken primarily to acquire new knowledge of the 
underlying foundation of phenomena and observable 
facts without any particular application or use in view.

2. Applied research is also original investigation under­
taken in order to acquire new knowledge. It is, 
however, directed primarily towards a practical aim or 
objective.

3. Experimental development is systematic work, 
drawing on existing knowledge gained from research 
and/or practical experience, that is directed to produc­
ing new materials, products or devices, to installing 
new processes, systems and services, or to improving 
substantially those already produced or installed.

Floriculturists in the Agriculture Service of ADAS are 
involved in R&D at experimental centres and in regions 
with almost all this work being experimental development 
activity.

Experimental centres were established as an integral 
part of the service to provide advisers in the field, and 
through them the horticultural industry, with new techni­
cal, cultural and economic information which had been 
fully tested under controlled conditions. They enable the 
investigation of problems encountered in the course of 
advisory work and provide soundly based technical

information leading to the development of new production 
methods for adoption by the industry.

The overall programme of work undertaken is 
designed to meet the needs of the horticultural industry for 
new information on all aspects of production, both to 
improve its productivity and quality of its produce. The 
aims are to test, compare and evaluate, under a range of 
different conditions, research findings and new ideas 
coming from many sources and to develop from these 
improved cultural systems and production techniques.

Most of the experimental development work on hardy 
ornamental nursery stock is carried out at Efford EHS, 
Lymington, Hampshire and Luddington EHS, Stratford, 
Warwickshire, but a few topics are investigated in the 
regions and may be conducted on commercial holdings. 
The major part of the experimental resources is allocated 
to a nationally co-ordinated programme to meet identified 
requirements and priorities. This is complemented by the 
investigation of local problems, as the need arises and as 
far as facilities allow. Studies also include the evaluation 
and development of buildings, machinery and other 
equipment where these contribute to improved produc­
tion methods.

Work in progress is continually reviewed and priorities 
for new lines of work are determined to ensure that the 
available resources are concentrated on the highest prio­
rity requirements.

Regular consultation between ADAS experimental 
staff, extension workers, science service specialists, 
research workers and growers is a feature of general 
organisation.
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At the experimental centres the Station Director is 
assisted by a Station Advisory Committee which includes 
growers with a wide experience of hardy ornamental 
nursery stock. They provide guidance on the industry’s 
problems and needs and are active in advising on the 
promotion of new developments into commercial practice. 
The success of experimental development programmes 
could be judged by the products of investigations which 
are adopted by commercial producers.

Dissemination of Results

The primary channel for communicating experimental 
results to the industry is through ADAS advisory staff who 
are in day to day contact with producers in the course of 
their work. ADAS advisory staff keep in close touch with 
the work at Efford and Luddington EHSs and have access 
to the latest information on new developments and 
techniques.

The stations arrange Open Days to show work in 
progress and produce an Annual Review in which topics 
reaching the stage for adoption are reviewed. The horti­
cultural press carries numerous reports and articles 
summarising ADAS work. In addition, information is

disseminated through grower groups, conferences, radio, 
television and ADAS leaflets.

All experimental development work on hardy orna­
mental stock is briefly reported, using the headings 
‘object’, ‘treatments’ and ‘results’ in the MAFF/ADAS 
Reference Book 235, ADAS Research and Development 
Reports, Agriculture Service, Hardy ornamental nursery 
stock. A full report on each experiment is available on 
request to the station or region named.

At Efford EHS the main emphasis is on container 
growing of shrubs including the commercially important 
ornamental conifers, deciduous and evergreen shrubs. 
Container growing has been the growth sector in the 
industry during the last 10 years and present output of 76 
million plants is valued around £40 million at farm gate 
prices. Significant completed work at Efford EHS has 
included composts, nutrition, herbicides, development of 
Efford sand beds and energy saving during propagation. 
More recently, cheap propagation of common shrubs from 
cuttings using low polythene tunnels (sun frames) and 
subsequent field growing has been included in the pro­
gramme.

The main emphasis at Luddington EHS is on orna­
mental tree production and rose bush growing. Use of 
understocks, budding and grafting are important

T able 1. Hardy ornamental nursery stock production in England and Wales

(i) Total area; trends 1976-1984 (hectares - field)

1976 1977 1978 1979 1980 1981 1982 1983 1984

Roses 1071 
Shrubs 1508 
Trees 1578 
Herbaceous 247 
Others 777

1032
1333
1557
266
758

1006
1294
1457
256
800

987
1449
1464
241
852

1049
1485
1496
250
841

1077
1488
1459
258
830

1102
1480
1338
274
948

1037
1524
1418
258
813

996
1692
1434
268
859

Total 5181 4946 4813 4993 5121 5162 5142 5050 5249

(ii) Container grown plants

(a) Number of container plants (millions)

1976
26.8

1977
31.0

1978
35.1

1979
46.7

1980
56.4

1981
59.4

1982
59.9

1983
68.7

1984
76.2

(b) Container growing area (hectares)

1976
158

1977
182

1978
206

1979
275

1980
332

1981
349

1982
353

1983
404

1984
448
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components in the production cycle for these crops. 
Collaboration with East Mailing Research Station and the 
Forestry Commission is particularly relevant to this work. 
Production of ornamental Prunus and Malus can benefit 
from the progress made in the fruit sector. The use of chip 
budding, EMLA quality understocks and scions, 
hardwood cutting technology and work on growth regula­
tors are examples of research emanating from East Mailing 
Research Station promoted through the experimental 
programme.

In the late 1960s and early 1970s Luddington EHS 
co-operated with Dr Blundell at Bangor University to 
perfect breaking dormancy and achieving high germi­
nation of Rosa dumeiorum ‘Laxa’ seed for use as rose

understocks. At that time around 60 million rose under­
stocks were imported. UK now produces 60 per cent of the 
requirements for the home industry.

Ornamental tree production, with the exception of 
Prunus, Malus and Pyrus relies heavily on the use of 
seedling understocks. Seedbed technology to produce 
understocks of, for example, Sorbus, Beiula, Laburnum, 
links work at Luddington EHS with investigations of the 
Forestry Commission. More recently, attempts are being 
made to examine the scope for developing vegetatively 
propagated clones of Sorbus, Fraxinus, Acer, Crataegus, 
Laburnum and Tilia. Yields and uniformity of ornamental 
trees may be improved by using clean vegetatively propa­
gated clones rather than seedling rootstocks.

Table 2. Trade in hardy ornamental nursery stock, 1983

IM P O R T S

C ode N o . Subject N u m b e rs V alues £

6100 Roses -  less than 10 mm -  unworked 14 929 915 626 363
6500 Roses -  above 10 mm -  unworked 2 421 531 504 356
6800 Roses -  budded or grafted 2 782 868 545 633
5800 Rhododendrons (Azaleas) -  others 1 003 282 1 062 424
7800 Trees, shrubs and bushes -  forest trees 22 386 898 2 303 391
8100 Trees, shrubs and bushes -  rooted cuttings/young plants 6 435 819 910 632
8300 Trees, shrubs and bushes -  other 42 647 882 14 894 172
9200 Perennial plants 12 954 887 1 440 861
9300 Other outdoor plants -  NES 6 832 859 735 919

IMPORTS -  TOTA L 112 395 941 £23 023 753

E X P O R T S

C ode N o . Subject N u m b ers V alues £

6100 Roses -  less than 10 mm -  unworked 789 350 72 131
6500 Roses -  above 10 mm -  unworked 741 279 172 851
6800 Roses -  budded or grafted 61 058 22 024
5800 Rhododendron (Azaleas) 6 964 14 059
7800 Trees, shrubs and bushes -  forest trees 1 947 259 196 839
8100 Trees, shrubs and bushes -  rooted cuttings/young plants 463 596 205 390
8300 Trees, shrubs and bushes -  others 329 773 157 984
9200 Perennial plants 179 107 27 960
9300 Other outdoor plants -  NES 14 885 562 443

EXPORTS -  TOTAL 4 533 271 £1 431 681
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ADAS 
Hardy Ornamental Nursery Stock 
Experimental Programme

Propagation
Ornamental trees, pre-etiolation of Crataegus and Tilia 
Ornamental trees, propagation from summer cuttings 
Ornamental trees from seed, seedbed herbicide trial 
Ornamental trees from seed, seedbed treatments to 

improve establishment 
Hardwood cuttings, rooting of rootstock material 
Hardwood cuttings, rooting of ornamental tree cultivars 
Hardwood cuttings, factors affecting field establishment 
Hardwood cuttings, production of clonal alder windbreak 

trees
Weaning of micropropagules 
The effect of etiolation on rooting lilac cuttings 
Comparison of mist and contact film for propagation 

under low polythene tunnels outdoors 
Plant densities in low polythene tunnel propagation 

outdoors
Comparison of slow release fertilisers and cutting densities 

for summer propagation in low polythene tunnels 
Comparison of slow release fertilisers in rooting media 
Comparison of hormone treatments for rooting 

winter-struck cuttings 
Comparison of hormone treatment for rooting Rhododen­

drons
Comparison of sheet and cable heat sources 
Comparison of bed heating systems 
Comparison of thermal covers under double and single 

clad tunnels

Open ground nursery stock
Ornamental Malus selections, 1979-83 
Ornamental Malus selections, 1980-83 
Ornamental Malus selections, 1983 
Ornamental trees, comparison of Crataegus rootstocks 
Ornamental cherries, a comparison of growth on different 

rootstocks 
Rootstocks for ornamental cherries 
Comparison of planting methods 
Nursery stock, herbicide screening trial 
Weed control in field-grown nursery stock 
Nursery stock, control of simazine-resistant groundsel 
Biological control of Amillaria mellea 
Horse chestnut, chemical control of leaf blotch 
The effect of nematode control treatments on growth of 

field-grown nursery stock

Container-grown nursery stock
Comparison of slow release fertilisers 
Compost media and slow release fertilisers for 

container-grown heathers 
Shrubs, nutrition of container plants 
Comparison of proportions of bark, fertiliser and systems 

of production
Rate and type of nitrogen required with different 

proportions of Cambark 
Rate of lime required with mixes containing Cambark 
Use of worm cast organic waste as a supplement to peat 
Use of resin-coated straw as a compost supplement 
Comparison of wetting agents and superabsorbent 

polymers in peat-based composts 
Effects of using nitric acid to reduce pH of mains water on 

plant growth 
Clonal Selection Scheme, Luddington 1980-83 
Clonal Selection Scheme, Efford 1983 
Assessment of a woven polypropylene sheet for container 

standing area
Assessment of specialised tapes for protecting polythene 

on hoops
Assessment of useful life of netting for protected cropping 
Comparison of systems of production for Camellias 
Comparison of composts for autumn potting of Camellias 
Comparison of potting schedules for Rhododendrons 
Comparison of composts for fruit tree production in 

containers
Container-grown trees, staking methods to counter wind 

effects
Comparison of rigid pots and polythene bags 
Screening of herbicides for weed control in containers 

outdoors
Screening chemicals for control of moss, liverwort and 

weeds in containers under protection 
Liverwort eradication in outdoor container nursery stock 
Control of moss and liverwort in container grown plants 
The use of paclobutrazole for growth control of 

ornamental nursery stock 
Hardy nursery stock, fungicide phytotoxicity studies

Roses
Weed control in rose stocks
Roses, herbicide treatments for maiden bush production 
Roses, use of growth regulators on micropropagated 

plants 
Rose rust control 
Roses, defoliation by chemicals

Land use, markets, outputs and imports for the hardy 
ornamental nursery stock industry in England and Wales 
are shown in Appendix 1.
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Discussion

D. PATCH (Forestry Commission Research Station)

It has been emphasised that research and 
development work is designed primarily 
to aid the profitability of nursery produc­
tion: what steps are taken to ensure the 
plants propagated by ADAS techniques 
and supplied to customers are suitable 
for the general markets?

D.G. GILBERT 60 per cent of nursery production goes to 
the general public, mainly through 
garden centres, and 40 per cent goes to 
Local Authorities and contractors. The 
latter tend to be more ‘choosey’ in their 
specifications for the supply of planting 
stock than is the general public.

T.H.R. HALL (Oxford University Parks)

I am concerned about uniformity in 
planting schemes and the guidelines 
given to stock producers which result in 
the selection of species being governed 
by the grower. There is insufficient 
adventure into the use of new species. Is 
ADAS doing anything about the devel­
opment of new species?

D.G. GILBERT During the last 5 years nurserymen have 
lost many thousands of pounds, particu­
larly with ornamental tree production. 
The mainstay of the industry is the 
production of the ‘bread and butter’ 
species such as Malus spp., Prunus spp. 
etc. This does create a problem, and the 
lover of trees would like a greater variety 
available. Some specialist nurseries do 
supply unusual species. However, for 
wider variety some system of pre- 
ordering would be needed, and plant 
production geared to a known demand.

T.H.R. HALL There is an analogy -  while there is a 
mass market for ladies dresses from, for 
example, Marks and Spencers, there is 
also a place for the haute couture.

D.G. GILBERT This probably applies to nursery stock 
also. The 10 per cent of specialist trees 
requested are usually available.



Appendix 1

Major ‘markets’ for Nursery Stock
PUBLIC SECTOR

(a) National and regional authorities
(b) New towns and development corporations
(c) Local authorities
(d) Landscape contractors
(e) Exports

PRIVATE SECTOR

(a) Garden centres
(b) Mail order
(c) Local nursery sales
(d) Multiple chain store
(e) Sales to nursery trade
(f) Shows, shops, market stalls, etc.
(g) Exports

Number of holdings and size 1983; 
England and Wales
Up to 5 hectares 2044
5 to 20 hectares 192
Over 20 hectares 60

Estimate of Hardy Ornamental Nursery 
Stock Sold 1983/84

£ million

1. Container plants 41.8
2. Ornamental trees 15.8
3. Field grown shrubs 15.7
4. Field grown roses 11.3
5. Herbaceous plants 2.9
6. Other hardy ornamentals 8.2

Total farm gate value =  £95.7 million

Sources of Information

(Total area 5454 ha)

M AFF Agricultural Census and Survey Branch 
M AFF Statistics Division 
Board of Customs and Excise



Objectives and Opportunities in the Vegetative 
Propagation of Broadleaved Species

B .H . H ow ard

E ast M ailing Research Sta tion , M aidstone, K ent.

Summary

Opportunities for overcoming propagation constraints in a wide range of woody broadleaved 
species are being identified and developed. Innovations such as micropropagation are technically 
demanding and need careful development to ensure relevant and effective application, while 
others exploit the principles of long-established techniques such as stooling, applying the 
inherent benefits of severe pruning and etiolation widely by the pretreatment of cutting hedges. 
Future progress is likely to depend largely on understanding the underlying processes involved in 
the enhanced rooting of juvenile material and developing techniques which achieve similar 
increased sensitivity to auxin and other treatments in adult plants.

Introduction

Deciduous broadleaved species include trees grown for 
fruit, for their amenity value and for timber. Fruit trees are 
propagated by vegetative means, amenity trees by both 
vegetative methods and by seed, and woodland species 
almost invariably by seed. Examples of research and 
development opportunities in the vegetative propagation 
of fruit and amenity trees indicate ways of extending 
vegetative propagation to woodland species.

Underlying the propagation of most broadleaved 
species is the need to succeed with plants in the adult phase 
after their mature characteristics have been assessed, in 
contrast to the unique opportunity to exploit easy-to- 
propagate juvenile material by taking cuttings from 
seedlings raised from genetically improved seed of Sitka 
spruce (Mason, 1984a) and Hybrid larch (Mason, 1984b).

Objectives of Research

From the standpoint of research on behalf of tree pro­
ducers detailed objectives include:

1. Rapid introduction into commerce of new cultivars 
arising from chance selection, traditional breeding 
and the exploitation of natural and induced variation 
at cell level in tissue culture. The requirement to 
develop rapid multiplication systems is given added 
emphasis by the involvement of development and

marketing agencies such as the National Seed Devel­
opment Organisation and the Agricultural Genetics 
Company, respectively responsible for the promotion 
of conventionally bred material and that produced by 
novel means.

The need for rapid bulking also arises from the 
periodic re-introduction of plants with improved 
health status, such as virus-free material in the EMLA 
fruit tree scheme, or the introduction of selected 
ornamental trees following screening of commercial 
sources for trueness-to-type, as in the Clonal Selection 
Scheme, both based at East Mailing.

2. Methods are required for multiplying difficult-to- 
propagate plants in the adult phase. Only in fruit 
breeding has ease of propagation been considered 
among selection criteria, and even so the propagation 
techniques used in the initial screening invariably 
need refining for commercial uptake. In amenity trees 
visual characteristics are given primary consideration, 
with propagation achieved by whatever method best 
lends itself, and often by providing the cultivar with a 
root system by bud-grafting on to seedling rootstocks.

Difficulty of propagation is the main factor 
determining scarcity and hence high cost of many 
amenity plants. The balance to be sought between 
locating individual source plants with some capability
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4.

for vegetative propagation and attempting further 
improvements in propagation techniques will be a 
major consideration in future programmes to clone 
woodland species.

It is essential for methods practised by producers in a 
wide range of situations and management approaches 
to be reliable and cost effective from year to year. 
Research workers need to identify factors contribut­
ing to propagation success or failure and in particular 
those for producing, preparing, treating, rooting and 
establishing cuttings. Timing of these operations is 
often critical. Nurserymen need to recognise the 
importance of adhering to requirements identified by 
critical and systematic research, many of which are 
interdependent.

Trees are required of the highest quality commensu­
rate with their use; in periods of over-supply especi­
ally, tree quality is an important sales factor. Quality is 
variously expressed, ranging from the requirement 
for branches at the appropriate height above ground 
in fruit trees to thick trunks to minimise casual

5.

vandalism in amenity trees. Woodland species will 
need to be produced in ways that suppress the laterals 
that introduce knots into the main bole. An underly­
ing requirement for all types is the ability to transplant 
successfully, often into disturbed or destructured soil.

Flexibility of production is required to meet the 
varied circumstances operating in commercial nur­
series.

Opportunities

Some ways of achieving these objectives can be seen from 
the matrix used to assist with propagation research 
planning at East Mailing, in which the vegetative propa­
gation techniques available to nurserymen are related to 
perceived opportunities for improvement (Figure 1). 
Examples are described below to illustrate each of the five 
objectives above, indicated in the matrix as 1 to 5 and a 
suffix letter to distinguish between a number of 
approaches within the same general objective.

Figure 1.

Research
Techniques

opportunities Stooling Winter
leafless

cuttings

Summer
leafy

cuttings

Micro­
propagation 

in vilro

Budding,
grafting

Tree
raising

Genetic selection 4a 4a 4d

Shoot preconditioning 
towards rooting

2b 2c 2c 2a

Seasonal effects 3a

Techniques lc
3b
3c
5a

lc la
4c

Environment 3e 3d 4b

Management lb 4e
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1. The need to raise large numbers of plants from limited 
starting material requires either a system free from 
seasonal constraints and/or one that exploits all availa­
ble potential growth centres, such as vegetative buds. 
Propagation of micropropagules in vitro (Figure 1,1a) 
lends itself to the rapid production of many small 
plants throughout the year, with the added advantage 
that they are likely to be free from systemic diseases, 
an important attribute early in the life of a clone. 
Among tree species considerable experience has been 
gained in the micropropagation of fruit rootstocks and 
scions (Jones, 1983) but as yet there is relatively little 
experience of their long-term performance in the 
field.

Propagation of scion varieties by conventional 
methods is limited only by the number of buds 
available for grafting on to rootstocks, and this 
principle can be applied to rootstocks by grafting each 
rootstock bud on to a nurse root system (Figure 1,1b) 
to produce a hedge of the rootstock for cutting 
production.

Single buds can be exploited also through single­
node summer or winter cuttings (Figure 1,1c) given 
that the subject roots readily.

2. Methods for propagating difficult subjects from cut­
tings centre on ways of re-introducing those aspects of 
juvenility beneficial to adventitious rooting, although 
the physiological basis of these effects is not under­
stood. Micropropagation in vitro often succeeds with 
recalcitrant subjects (Figure 1, 2a), rooting ability of 
the propagule increasing with successive subcultures. 
Evidence is accumulating to suggest that ‘juvenility’ 
developed in vitro can be maintained in plants restric­
ted in size. Juvenile characteristics of excessive 
spininess and faster rooting persisted in micropropa­
gated ‘Pixy’ plum rootstocks when planted into the 
nursery and maintained as a severely pruned hedge at 
East Mailing. The micropropagated apple cultivar 
‘Jonathan’ failed to flower after 29 months when 
grown to only 1 m in a 2 litre container, whereas others 
flowered in the same time when grown 2 m in 50 litre 
containers (Sriskandarajah, 1984).

The fact that when propagating a range of species 
by conventional cuttings some may not require auxin 
treatment, others respond to treatment, while others 
cannot respond, illustrates that post-cutting collection 
treatments are only successful if the plant is in a 
physiologically receptive condition. It follows that one 
way to succeed with difficult subjects is to enhance 
their sensitivity during the shoot growth phase to 
subsequent cutting treatments. A study of why an 
apple rootstock rooted in the stoolbed (Figure 1, 2b)

but not from hedge-grown cuttings, showed that ultra 
severe stock-plant pruning and the exclusion of light 
from the shoot base were central to success (Howard et 
al., 1985). Many of the field factors governing 
responses to pruning and etiolation have been identi­
fied and consistent rooting responses obtained in fruit 
and amenity tree cuttings raised on hedges (Report of 
East Mailing Research Station for 1982, 1983). Such 
shoot preconditioning treatments (Figure 1, 2c) will 
be important in rooting cuttings of woodland species 
either applied to regrowth after felling or lopping or to 
entire plants obtained by grafting, a view supported 
by studies of stock plant factors influencing rooting of 
a tropical forest hardwood species (Leaky, 1983).

3. Reliable and cost-effective production requires the 
essential components of a method to be identified and 
optimised. These include seasonal trends (Figure 1, 
3a) linked to changes in endogenous rooting factors in 
cuttings (Bassuk and Howard, 1981) and those at bud 
burst that drain carbohydrate reserves and increase 
the risk of loss through water stress when planted in 
the field (Cheffins and Howard, 1982 a & b). Cuttings 
planted directly into the field without a prior period of 
basal heat must be propagated in autumn to benefit 
from residual soil warmth and to allow maximum time 
for rooting.

Wounding (Figure 1, 3b) in addition to that 
incurred when collecting, the cutting may increase the 
sites available for root initiation (Howard et al., 1984) 
and the application of both liquid and powder prepar­
ations of auxin (Figure 1, 3c) can be standardised to 
give consistent results (Howard, 1985 a & b). The 
importance of high incident irradiance as a cause of 
water stress was described (Grange and Loach, 1983) 
in a reappraisal of mist and polythene systems for 
propagating leafy cuttings (Figure 1, 3d), while for 
leafless winter cuttings the critical environmental 
requirement (Figure 1, 3e) is to control water availabi­
lity in the rooting medium and ensure adequate 
aeration to avoid cutting death (Harrison-Murray,
1982).

4. Quality and cost-effective production are generally 
more crop specific than other objectives. The oppor­
tunity exists to select within seedling populations of 
Tilia spp. for rooting ability from cuttings (Figure 1, 
4a) leading to the development of clonal rootstocks 
and increased uniformity of production (Howard and 
Shepherd, 1978). Rootstocks can be established 
effectively in well-drained raised beds of bark:peat- 
:sand:grit compost without planting being hampered 
by wet weather, and with the opportunity to alter 
plant density to control plant size (Figure 1, 4b).
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Slow or incomplete union formation after budding 
leads to loss of quality; most rapid and complete union 
formation results from chip budding (Figure 1, 4c) 
(Howard et al., 1974) and by selecting superior 
budding sources of scion wood (Figure 1, 4d) as in the 
case of Acer platanoides ‘Crimson King’. Residual 
herbicide washed into the root zone may cause 
damage resulting in reduced stem girth increase, the 
depressed cambial activity resulting in reduced bud- 
take and production of low quality trees (Figure 1, 
4e). Among a group of amenity trees approximately 1 
per cent reduction in stem diameter resulted in 1.5 per 
cent reduction in bud-take, compared with plants not 
given herbicides (Report for East Mailing Research 
Station for 1982, 1983).

5. Flexibility can be achieved in various ways, the most 
notable example being production in either the field 
or in containers to take account of soil-borne diseases 
and marketing preferences. Currently the oppor­
tunity to produce ‘instant trees’ is being investigated 
by propagating <2.5 m long cuttings (Figure 1, 5a) to 
produce self-rooted scions as a possible alternative to 
budding. In this case a reduction in the time between 
planting and harvesting the budded crop is traded-off 
against the need to maintain severely pruned stock 
hedges. The technique is particularly effective with 
London plane (Platanus x  hispanica).
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Discussion

J.E.G. GOOD (Institute of Terrestrial Ecology, 
Bangor).

Have you any comments on the use of 
polythene in propagation, for example, 
over benches?
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B.H. HOWARD

J. RISHBETH

It can be used for environmental con­
trol, and as a forcing treatment on 
bushes. Over benches, there is benefit in 
the use of polythene as it enhances the 
temperature component. Polythene 
tents and intimate polythene are good in 
winter when mist treatment may create 
conditions that are too wet. In summer 
intimate polythene is not very good 
because of lack of ventilation. The tem­
perature may increase to such an extent 
that the relative humidity falls below 99 
per cent. Fogging is probably a better 
technique in summer.

(School of Botany, Cambridge Uni­
versity).

What is the risk of secondary damage to 
cuttings resulting from the technique of 
splitting the base to encourage root 
initiation? Are there any disadvantages, 
e.g. the possibility of introducing 
disease?

B.H. HOWARD The major benefits of splitting are the 
speed of rooting and the increase in the 
number of roots produced. The prin­
cipal disadvantage is that it is an extra 
job to be done at the bench in the 
preparation of cuttings.

I.R. BROWN (Department of Forestry, University of 
Aberdeen)

There appear to be very few problems 
with vegetative propagation in fruit tree 
species. However, there are problems 
with forest tree species. Any comments 
or explanations?

B.H. HOWARD No experience with forest tree species, 
but East Mailing has concentrated on 
the particular problems that occur with 
amenity trees. With application many of 
the individual problems can be 
overcome.



Tree Improvement by Selection

J .E .G . G o o d 1 an d  F .T .  L as t2 
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Summary

Tremendous unexplored potential exists for tree improvement by selection, most species being in 
their wild state and in possession of the wide range of genetic diversity that this implies. The 
longevity of trees, the slowness of many species in reaching reproductive maturity, and the fact 
that many are obligate outbreeders, present problems to tree breeders. Additionally, there is the 
requirement for large areas of ground, occupied for many years, to accommodate trials testing 
relatively few provenances, seedlots or clones. Improvements in macro- and micro-propagation 
techniques, allied with the development of predictive tests enabling various aspects of growth in 
mature trees to be predicted from the behaviour of immature plant material, are beginning to 
overcome these problems.

Introduction

Intra-specific variation offers immense possibilities for 
tree improvement with regard to almost any character that 
may be of interest to the improver. Significant gain is 
considered feasible in trees grown primarily for timber 
(and, one assumes, in those grown for amenity) for 
resistance to disease (Pawsey, 1960; Butcher el al. , 1984), 
drought (Schmidt-Vogt, 1977; Townsend, 1977), 
waterlogging (Heybroek, 1982), mineral deficiency (Bell 
ei al., 1979), frost resistance (Wilcox et al., 1980), in 
addition to fast growth rates (Raulo and Koski, 1977), 
stem-form (Howard and Shepherd, 1978; Townsend,
1983), wood quality (Heybroek, 1982) and the ease of 
rooting of cuttings (Komissarov, 1969; Good elal., 1978).

Why has this reservoir of genetic diversity not been 
more effectively tapped? Part of the answer lies in the 
unsuitability of the traditional methods used for improve­
ment of agricultural and horticultural crop plants for tree 
improvement. Whereas most crop plants are annuals or 
biennials, easily grown in large numbers and thus ideally 
suited for selection and breeding, trees are large, long- 
lived and slow to reach reproductive maturity. Thus, in 
the absence of established relationships between juvenile 
and mature characteristics, tree improvement has been 
bedevilled by the need for large areas of land to accommo­
date a relatively narrow range of genotypes in trials and by 
the problems, often considerable, of obtaining adequate

numbers of suitable plants. Clonal selection has not, until 
recently, been a practical possibility except in a few genera 
(e.g. Populus, Salix), because of problems associated with 
vegetative propagation.

All this is now changing. Recent advances have greatly 
increased understanding of the physiology of both vegeta­
tive propagation (Howard, 1987), and of sexual reproduc­
tive processes (Longman, 1975; Tompsett and Fletcher, 
1977). As a result, tree breeding problems are becoming 
increasingly predictable with fewer delays, while clonal 
forestry is now also a serious option (Libby, 1969; Zobel, 
1981). It is reasonable to suppose that in the near future it 
will be possible to produce unlimited numbers of most 
clones of most species more or less on demand.

Of great importance to both traditional tree breeding 
programmes and to clonal selection is the development of 
reliable predictive tests enabling particular charateristics 
of mature trees (e.g. form, wood quality, disease 
resistance) to be predicted from the behaviour of 
immature saplings. Prediction is more likely to be success­
ful for strongly inherited form characteristics than for less 
strongly inherited quantitative characteristics, e.g. incre­
ment. With the development of advanced micro­
propagation and tissue culture techniques it may even be 
possible to develop characterisation procedures whereby 
physiological and chemical properties of clonal material in
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aseptic culture may be used to predict morphological, 
anatomical or physiological traits of the mature whole 
plant, but such developments are still in their early stages. 
Should success be achieved, it would be possible to test 
many more genotypes of a much wider range of species 
without the need for costly long-term field trials tying up 
large areas of land.

Work on Tree Improvement in the 
Institute of Terrestrial Ecology

Over the past decade a number of projects concerned, in 
one way or another, with tree selection and improvement, 
have been initiated. These have varied from studies 
concerned primarily with variation between seedlots of a 
species, variation in birch (Betula pendula Roth, and B. 
pubescens Ehrh.), oak (Quercus peiraea (Matt.) Lieb. and 
Q. robur L.), Sitka spruce (Picca sitchensis (Bong.) Carr.) 
and Lodgepole pine (Pinus conioria Dougl.) having been 
studied, to the selection of improved clones of obeche 
('Triplochiion scleroxylon K. Schumm.) for use in west 
African forestry or of birch and willow (Salix caprea L. and 
S . cinerea L.) for planting restored coal waste.

In the seedlot studies of birch it has been shown that the 
latitude of origin of seedlots profoundly influences, among 
other characters, their height growth (see Figure 1) when

Figure I . Effect of latitude of origin on heights after six 
seasons of saplings of Betula pendula Roth. ■, and 
B. pubescens Ehrh. □, grown at Bush near Edinburgh.
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grown side by side near Edinburgh. In Sitka spruce, 
resistance of shoots to cold temperature varied considera­
bly between seedlots with those from more northerly 
latitudes in Alaska becoming hardened to sub-zero tem­
peratures up to two months sooner in the autumn than 
those from further south in Oregon. Altitude of origin also 
has an effect. Last (1975) reported that young trees of 
Betula pubescens from seed collected 960 m above sea level 
in Norway started seasonal growth earlier and finished 
earlier than trees grown from seeds collected at the same 
latitude but within 45 m of sea level in Scotland. During 
periods of maximum growth, however, the two prove­
nances were equally active. Climatic factors, seemingly 
related primarily to altitude and shelter, have resulted in 
inland seedlots of Lodgepole pine having fewer branches 
per whorl than coastal types. Such variations in form, 
which are to be found wherever they are sought in wild 
populations, are of considerable interest to arboriculture, 
providing the key for the development of tailored trees of 
known form and growth rate for particular purposes.

One need not look, however, to differences over large 
distances, or between markedly different geographical 
regions, for variation in trees. Seedlots of birch collected 
from different objectively defined land classes in Scotland 
varied not only with regard to various growth attributes, 
but also in the incidence of the rust Melampsoridium 
betulinum (see Table 1) overleaf. Studies of oak seedlots 
collected on a similar basis in Wales are in their very early 
stages, but nevertheless it is already clear that the associa­
tion between land class and seedling characters is much 
less marked in oak than in birch. This is probably because 
natural variation in oak is obscured by the many planted 
trees in the population in all parts of the country, whereas 
birch is mostly of natural origin. Clearly there is potential 
for selection on the basis of land class as a means of 
matching trees to sites in species which have not been 
extensively planted.

Obeche is a species of major importance in west African 
forestry (Last et al., 1984). Unfortunately it sets seed 
erratically, so that there was considerable concern in the 
mid 1970s over how a consistent re-afforestation pro­
gramme could be sustained with this species. Clonal 
propagation of the best trees from the wild was proposed 
and a system was developed which enabled most clones to 
be propagated from softwood cuttings with a reliable high 
success rate (Howland, 1975; Leakey etal., 1982). Itisone 
thing to get cuttings to root, however, quite another to 
obtain a consistent supply of uniform, easily-rooted 
cuttings: stockplant management is of fundamental 
importance (Last et al., 1984).

While experimenting to try and improve the number 
and quality of obeche cuttings Leakey (1983) noticed that 
some clones produced many more lateral branches when 
decapitated than others. Studies of the same clones
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Table 1. Growth attributed and incidence of rust 
Melampsoridiutn betulinum at the end of the second season 
after germinating and growing saplings of Betula pubescens 
originating from different UK land classes, together, near 
Edinburgh

Land classes* Stem
diameter

(mm)

Leaf length 
(mm)

Proportion
(%)

of saplings 
infected with 

rust

27 13.32 40.60 11
29 12.60 34.00 14
31 11.89 29.00 24

All differences between land classes 27 and 31 are statistically 
significant (p<0.05)

*The land class descriptions taken from Bunce etal. (1981) are as 
follows:

Land class 27 -  Occurring in central, east and north-east Scot­
land, mainly at low or medium altitudes, and 
comprising well-fenced (mainly arable) agricul­
tural land, often with mixed woodland. Soils are 
brown earths or gleys.

Land class 29 -  Occurring in west Scotland, at low or medium 
altitudes, and comprising uneven topography 
with mainly open range grazing. Soils are mainly 
acid peats but there are also rankers and brown 
earths.

Land class 31 -O ccurring  in north Scotland and the Isles, 
mainly at low or medium altitudes, and char­
acterized by severe wind exposure. Land use 
mainly rough grazing. Soils are brown earths, 
acid peats or podzols.

growing in field trials in Nigeria revealed a strong positive 
correlation (r=0.93) between: (a) total numbers of 
branches per tree, counted 5 years after establishment of 
field trials of rooted cuttings, and (b) the percentage of 
axillary buds developing after decapitating stockplants 
(see Figure 2). Thus growth form in the field could be 
predicted from the behaviour of stockplants in the 
glasshouse. We recommend the widespread search for 
similar predictive tests in other tree selection programmes 
as a means of determining the extent of variation of 
particular characters in certain species and as an aid to the 
selection of the most appropriate seedlots or clones for 
specified purposes.

A further finding to emerge from the work with obeche 
was the importance of observing individual trees within

populations when seeking variation, rather than restric­
ting observations to seedlots. A similar conclusion was 
reached by Kleinschmidt and Sauer (1976) when 
analysing variation in Norway spruce (Picea abies Karst.). 
Theory suggests that by restricting plantings of obeche to 
the 33 per cent of clones with form scores and stem 
volumes both above average, if there are no interactions 
with silvicultural practices or severe within and between 
clone competition, that stem volumes would be increased 
by 30 per cent. The use of only the best 10 per cent of 
clones might increase volumes by 81 per cent (Last et al.,
1984). Furtherm ore, an economic crop of obeche is likely 
in 35 years, compared with 150+ in nature. Is it not 
possible that the rapid capture of genetic gain, facilitated 
by the development of predictive tests, might enable 
comparable rewards to be reaped in temperate hardwoods 
such as oak and beech?

In our work on selection of tolerant clones of birch and 
willow for use in revegetation of restored opencast coal 
sites, we have shown that some propagated clones 
developed from saplings growing on colliery spoil heaps 
have significantly higher mean survival than unselected 
controls when planted on a range of opencast sites

Figure 2. Correlation between branching in Triplochilon scle- 
roxylon K. Schum. clones in the field, 5 years after planting at 
initial 2.5 m spacing, and in the ‘Predictive Test’ in ITE 
glasshouses

P ropo rt ion (% ) buds sprouting in 'Predictive  
Test'

24



throughout Britain (see Table 2). The greatest gains in 
survival occurred on the most difficult sites, but in all cases 
there was considerable variation between clones. Contrary 
to expectations, the growth rates of unselected birch and 
willow equalled or exceeded those of the selected clones at 
most sites. In retrospect this was not really surprising, 
however, since several studies have shown that ecotypes of 
a range of species obtained from low-nutrient sites grow 
more slowly than high-nutrient adapted ecotypes even 
when nutrient supply is limited (Goodman, 1969; Chapin, 
1983; Clark, 1983). In this way the low-nutrient adapted 
types are able to conserve nutrients, maintaining a slow 
rate of growth throughout periods of shortage. High- 
nutrient ecotypes, on the other hand, are liable to 
gradually run out of nutrients during periods of shortage, 
death resulting if low levels continue indefinitely (Clark­
son, 1967; Grime, 1979; Rorison, 1968).

Table 2. Mean survival (%) of selected clones and 
unselected controls of birch and willow when planted on a 
range of restored coal sites

Species and Mean survival (%)
selected Selected Unselected
clones clone control
planted

Birch (Betula) CLONE
B . pubescens 7 95 + + 52

47 94 + + 70
B . pendula 28 72 86

34 85 + + 60
64 36 22
73 66 63
94 89 + 70

Mean 77 + 60

Willow (Salix) CLONE
5. cinerea 12 86 + 74

90 93 + + 61
S . caprea 16 86 + 56

29 95 88
50 68 73
51 46 + + 83
76 85 82

Mean 76 76

+ Means for selected and unselected significantly different 
(p<0.05).

+ +  Means for selected and unselected significantly different
(p<0.01).

This work has indicated that selection of tolerant clones 
of woody plants from among the very variable seedlings of 
open-pollinated species occurring on derelict and 
degraded soils is a feasible approach to improvement of 
planting stock for these other difficult sites. It is very likely 
that similar success could be achieved in selecting woody 
plants for other desirable characters, but our results 
indicate that rigorous clone testing is necessary -  not all 
clones from nutrient-deficient sites are tolerant of similar 
deficiencies under all circumstances.

Conclusion

In this paper we have attempted to demonstrate the 
immense potential for tree improvement by selection and 
some of the approaches we have adopted for exploiting it. 
The concept of predictive testing as a means of simplifying 
selection procedures and enabling many more individual 
trees to be tested over a given period of time is, in our view, 
an essential element in the advancement of tree improve­
ment procedures. It is dependent for its success as a 
technique on improvements in both macro- and micro- 
propagation methods, a field in which progress of late has 
been rapid and effective. We shall soon reach the stage 
where clonal propagation presents few problems. Before 
that stage is reached decisions should be made as to what 
the priorities for improvement should be. Our feeling is 
that there is an urgent need for trees suited to particular 
soils and situations and that, initially at least, such 
selection should be restricted in the main to those species 
most widely used in arboriculture. We already have clones 
of birch and willow able to tolerate specific soil problems, 
but these represent only a tiny fraction of the useful clones 
available. Clones of these and other species could be 
selected which would provide a wide range of form and 
growth rate as well as improvements in such individual 
features as bark colour (Betula spp., Prunus spp.), flowers 
0Crataegus spp., Malus spp., Prunus spp.), fruits 
('Cotoneasler spp., Malus spp., Prunus spp., Sorbus spp.), 
foliage (Acer spp., Cotoneasler spp., Prunus spp., Sorbus 
spp., the ornamental conifers). In making selections it is 
very important that they be tested under a wide range of 
planting conditions before being propagated en masse.
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Discussion

B.H. HOWARD (East Mailing Research Station, Kent)

There is a demand for dwarfing forms of 
trees, are there any easy methods of 
achieving this? It has been noted that 
slow growth types are prone to early loss 
of leaves.

J.E.G. GOOD No special study has been made with a 
view to selecting dwarfing types. Of 
course this could be done if finance was 
available. Slow growth types of birch 
shed leaves too early, as suggested. A 
good type of dwarfing Lawson cypress 
has been identified.

C. YARROW (Chris Yarrow and Associates)

Has there been selection for tree shape, 
timber properties, timber shake, fibre 
length -  that is, examination within the 
tree?

H.G. MILLER (Department of Forestry, Aberdeen
University).

Comment on work being done on shake 
by Dr Denne at University College of 
North Wales, Bangor.

I.R. BROWN (Department of Forestry, Aberdeen
University)

There appeared to be a great variation 
between performance of birches 
depending on site, some only performed 
well on particular sites and others could 
be planted anywhere. It is not always 
clear therefore whether a particular pro­
venance or genotype of birch would suit 
a particular site, and there appeared a 
need to select birch plants according to 
land classes through identifying the 
tree’s physiological adaptability to the 
particular site types, and that probably 
one needed to select clones which would 
perform well on a broad range of sites.

J.E.G. GOOD This comment emphasises the need to
J.E.G. GOOD Melvin Cannell (ITE, The Bush) has do more work on selection of birch and

worked on wood density. other species.



Dormant Tree Seeds can Exhibit Similar 
Properties to Seed of Low Vigour

P .G . G osling
Forestry Commission Research S ta tion ,

Alice H olt Lodge, Wrecclesham, F am ham , Surrey G U 10  4 L H

Summary

Several types of laboratory seed tests are available to seed analysts. The actual tests applied to a 
particular seed lot, the method of interpreting the results, how the results are extrapolated to the 
nursery and the field conditions after sowing are all shown to influence the accuracy of predicting 
field emergence. Recent evidence suggests that in the case of many conifer and some broadleaved 
species, computer analysed comparisons between germination data obtained ±  pretreatment may 
provide a measure of the vague and illusive property known as seed vigour and thereby increase 
forecasting accuracy.

Introduction

The ultimate aim of the seed test is to provide standard 
results which will give potential purchasers or nurserymen 
a guide to the overall quality of seed and hence enable 
comparisons to be made between one seed lot and another. 
It is extremely important to appreciate that tests on tree 
seeds are not specifically designed to predict field 
emergence; they are laboratory tests carried out under 
standard, near optimum conditions and although results 
are indicative of whether one seed lot has the potential to 
produce more plants in the nursery than another, as every 
nurserymen knows laboratory results are no guarantee of 
field performance.

This paper focuses on the relatively unpredictable 
emergence of tree seeds in the nursery and explores 
reasons for this behaviour with particular reference to 
conifer species. It will go on to discuss how it is hoped that 
increased forecasting accuracy may be obtained from the 
interpretation of computer analysed laboratory germi­
nation data.

Types of Laboratory Seed Test

The maximum number of potential plants in any given 
quantity of ‘seed’ will always depend on three things:

1. the proportion of pure seed:impurity in the bulk;
2. the average weight of individual pure seeds;
3. the proportion of pure seeds which are able to 

germinate.

During a test at an Official Seed Testing Station, seed 
of every species is tested in the same way for the physical 
attributes described in 1 and 2. However, the method of 
assessing 3 can depend upon the physiological properties 
of the species under test and the urgency with which the 
seed test results are required. These considerations make 
it necessary to decide between a germination test or a 
viability test. Precise details of the conditions used for seed 
testing are contained in International Rules for Seed Testing 
(Anon., 1976).

As the name implies a germination test is used to assess 
the percentage of seeds which are capable of germinating 
under standard laboratory conditions. A viability test on 
the other hand measures the number of seeds which are 
‘alive’ (=  viable) according to different criteria dependent 
upon the type of viability test employed.

Viability tests have two advantages over a germination 
test. They can be applied to virtually every species; and 
they can be conducted comparatively rapidly, making the 
results available much sooner than from a germination 
test. However, viability tests also have two distinct 
disadvantages. They do not provide a direct measure of a 
seed’s ability to germinate, only an estimate of how many 
seeds are ‘alive’ at the time of testing; and they cannot be 
used to identify the presence or absence of seed dormancy.

In practice germination tests are preferred for those 
tree species capable of being induced to germinate within 
c. 8 weeks (including pretreatment) and viability tests tend 
to be reserved for those seed lots either where more rapid
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results are required, or where seeds take longer than 8 
weeks to germinate, or when germination tests need to be 
preceded by a lengthy (>  4 weeks) pretreatment.

The results from germination or viability tests are 
normally reported as the maximum percentage of germi- 
nable or viable seeds, but in addition to this they can be 
combined with the results of the physical tests 1 and 2 to 
give a measure of the overall quality of the seed lot in terms 
of the ‘number of germinable (or viable) seeds/kg’.

The remainder of this paper will only consider the 
results of laboratory germination tests.

Extrapolating Laboratory 
Germination Results to the Field

Since the conditions used in testing the germination of tree 
seed are designed to be optimal, it is not surprising to find 
that a seed lot capable of, for example, 95 per cent 
germination in an official seed test often achieves less than 
95 per cent emergence in the nursery. Although growers 
seek to provide optimal seed bed and growing conditions 
the weather usually makes this impossible and some 
depression of germination is to be expected.

To date, the only method for overcoming this limita­
tion of laboratory germination results has been to combine 
official seed test results with empirically obtained ‘field 
survival factors’ (fsf). This is the ratio of seedlings 
surviving at the end of the year to the number of 
germinable seeds sown (Aldhous, 1975) and can be 
calculated for each site/species. But this is still inconsis­

tent. The modified germination percentage only provides 
a good approximation of a seed lot’s performance when the 
species shows a fairly constant relationship between 
laboratory germination capacity and field emergence, e.g. 
Scots pine (Pinus sylvestris)', but in many cases, different 
seed lots of the same species do not show a constant 
relationship between laboratory germination and field 
emergence, e.g. Sitka spruce (Picea sitchensis). When this 
is so the application of a correction factor in the form of a 
fsf is less useful.

Seed Vigour

Focusing attention on seeds with the above type of 
unpredictable emergence leads to discussion of seed 
vigour. This is a property which is easy to appreciate when 
observing the performance of seeds in the field, but very 
difficult to define in terms that are easy to measure in the 
laboratory.

To illustrate this, where field stress is low and condi­
tions are least hostile the emergence of any seed lot is likely 
to approach laboratory germination capacity. However, as 
field stresses increase emergence levels decline in some 
seed lots more than others. Seed lots most resistant to 
stressful field conditions are described as high vigour; seed 
lots suffering proportionally greater decreases in 
emergence are then low vigour. In practical terms, vigour 
embraces those seed qualities which result in disporpor- 
tionate differences in seed performance as field stresses 
increase (Figure 1).

Figure I.
(a) To illustrate how the same seed lot can give rise to 

significantly different field performances

\✓

I 9 6 0  1 9 6 1

Same seed lot, same nursery, different years

N u r s e r y  1

/

Same seed lot, different nurseries, 
(same or different years)

\
N u r s e r y  2

(b) To illustrate how different seed lots (of equivalent lab 
quality) can give rise to significantly different field 
performances

m
[  g e r m  ■

Different seed lots, (same lab germination), same nursery, 
(same or different sowing times)

N u r s e r y  1

Different seed lots, (same lab germination), different 
nurseries, ("same or different sowine times')
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Unfortunately, despite extensive work in agricultural 
and horicultural seed testing it has so far proved impos­
sible to identify a readily measurable parameter from any 
laboratory germination tests which would reliably reflect 
seed vigour in the field for all species. However, the 
laboratory testing of most of these species only involves 
observations on the rate and maximum percentage germi­
nation under one set of conditions. Many temperate 
conifer species require an additional germination test after 
being exposed to a moist chilling period. This pretreat­
ment or prechill is designed to measure the presence or 
absence of dormancy, but recent close analysis has 
revealed that it may also have additional uses.

In the past, the identification of conifer seed dormancy 
at the Forestry Commission Official Seed Testing Station 
has relied upon the following criteria. When the maximum 
percentage germination after pretreatment was at least 5 
per cent more than untreated seed, the lot was termed 
‘dormant’. When the maximum percentage germination 
of pretreated seed did not differ by more than ±  4 per cent 
from untreated seed, the lot was called ‘non-dormant’. 
This method of distinguishing between ‘dormant’ and 
‘non-dormant’ was neither statistically correct nor has it 
provided an adequate reflection of how seeds perform in 
the less optimum conditions of the nursery. Recent work 
has, therefore, refined the analysis.

The terms ‘dormant’ and ‘non-dormant’ are still 
retained but it will be shown below that the new type of 
analysis may reveal properties tantamount to seed vigour 
as well as providing a means of enhancing seed vigour 
prior to sowing, even when seeds appear to be ‘non- 
dormant’.

Figure 2. Interpretation of routine germination results
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GERM INATION 
AFTER PRE­
TR EA TM EN T

Significantly
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Not significantly 
different

Significantly
lower
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GERMI­
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Significantly
faster
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Significantly
''slower

/Significantly
faster

Not significantly 
different

Significantly
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Significantly 
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Significantly
''slower

RECOM­
MENDATIONS 
ON SEED 
SUPPLIERS 
C ER TI­
FICATE

Dormant 
should be pre­
treated

Not dormant 
but field 
emergence will 
benefit from 
pre treatment

This seed is 
harmed by pre­
treatment

Interpretation of Laboratory 
Germination Data for Conifers

During the course of germination tests ±  pretreatment, 
interim observations on the number of germinating seeds 
are made to confirm when the maximum percentage 
germination has been reached. It is therefore possible to 
compare not only the maximum percentage germination 
obtained by prechilled and unchilled seeds but also the 
respective rates at which these are achieved. Figure 2 
shows how comparisons between the germination of 
prechilled and unchilled seeds can (in most cases) be 
divided into nine separate categories.

Until recently seed test data has been processed 
manually and the number of calculations incorporating 
the necessary statistical analyses made the above type of 
objective analysis impossible. However, recently data 
processing has been computerised and the necessary 
comparisons are now readily calculable. The precise

‘ Although lab germination is reduced by pretreatm ent the effects 
on field emergence are unknown

methods used to identify whether percentages are statisti­
cally significantly different need not concern us here, 
except to say that an analysis is employed taking into 
consideration, 1) the total number of seeds in the two tests, 
2) the highest percentage germination obtained, 3) the 
lowest percentage germination obtained, and 4) the mean 
of the two percentages.

When pretreatment results in a significant improve­
ment to the maximum percentage germination in the 
laboratory there can be little doubt that it will benefit field 
emergence. However, recently the response of apparently 
non-dormant seed lots to rechilling has been investigated 
over a range of germination temperatures. This has shown 
that even for ‘non-dormant’ seed lots, when either the 
germination rate does not show a significant benefit for 
prechilling, but especially when it does, the range of
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Figure 3. Maximum percentage germination of ‘non- 
dorm ant’ Sitka spruce seeds at various temperatures without 
pretreatm ent ( •  -  • )  and with 3 weeks moist prechill 
(■ -  ■). (Bars signify 97.5% confidence limits).

M a x  %  g e r m i n a t e d
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temperatures over which the seed is subsequently able to 
germinate is widened (Figure 3). In other words the seeds 
become more resistant to extreme or previously stressful 
conditions.

It is clear from this that the characteristics normally 
associated with ‘seed vigour’ can be mimicked by an 
extension of those properties more commonly taken to 
reflect ‘seed dormancy’.

Conclusion

It is hoped that the method of germination data analysis 
described above will do three things:

1. increase the objectivity with which recommendations 
can be made on the benefit or injuriousness of 
prechilling;

2. lead to the possibility of predicting which seed lots are 
inherently more likely to be sensitive to field stresses, 
by providing an objective means of measuring the 
vague and illusive property known as seed vigour;

3. provide a means of increasing seed vigour prior to 
sowing.

In addition, since the seeds of deeply dormant species, 
e.g. cherry (Prunus spp.), ash (Fraxinus spp.), lime (Tilia 
spp.) and rowan (Sorbus aucuparia) lose their dormancy 
gradually during pretreatment and pass these stages with 
germination characteristics similar to those illustrated for 
conifers in Figure 3 (Gosling, unpublished data), a 
thorough understanding of the characteristics of this type 
of dormancy/vigour will lead to more effective propagation 
of these species from their seed.

I would like to thank Mr. D.C. Wakeman for supervising 
the seed testing; Miss K. Spriggs, Miss A. PocockandM rs 
Y. Samuel for conducting the seed tests; Mr. A. Peace for 
computer programming and statistical analysis; and Mr. 
J. Williams for drawing the Figures.
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Discussion

T.H.R. HALL (Oxford University Parks).

Is there any available information on the 
relationship between the age of seed and 
the rate and amount of germination?

P.G. GOSLING No work has been done specifically on 
this subject although it has been 
observed that age effects are more pro­
nounced at high levels of moisture and 
high temperature storage. There is a 
general decrease in germination at the 
extremes of the ranges of both moisture 
and temperature.

J.G. GRACE (Royal Borough of Kingston).

What is the effect of light, particularly 
red and far red, and its relationship to 
seed depth in the soil?

P.G. GOSLING Unaware of information on that subject.
In the laboratory the work is always done 
with the safest of safe lights.
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The Growth of the Nursery Tree Root System 
and its Influence on Tree Performance 

after Transplanting

D . A tkinson* and T .E . Ofori-Asamoah2

East M ailing  Research S ta tion , M aidstone, K ent

Summary

The basic processes involved in the growth of the root system of a deciduous woody plant are 
reviewed. The production of new roots and the survival of some of these as woody roots are both 
important. The growth of the root system in the nursery can be affected by treatment and both 
direct effects and those on the tree’s ability to build up a reserve of nutrients are important. In the 
nursery and at transplanting the balance between shoot mass and root length is as important as the 
development of the root system alone. The success of transplanting is affected by its timing, at 
least partly due to interactions with natural root growth cycles, the quality of the nursery trees and 
the degree of root pruning at transplanting. Infection of the root system with vesicular-arbuscular 
mycorrhizas can be important.

Introduction

All fruit trees, most trees used in urban or amenity 
horticultural situations and many forest trees are raised in 
nurseries then transplanted to their final, or a second 
intermediate, location. The nursery stage nurtures the 
trees during the initial phase of growth, when mortality 
can be high, and so improves the probability of survival 
and the vigour of subsequent growth. It also makes 
effective use of space. The performance of the tree 
post-transplanting is a function of both the environment to 
which it is transplanted and the ‘quality’ of the tree. The 
root system of the tree at transplanting, its capacity to 
produce new roots and the balance between the root and 
shoot systems are all important.

Post-transplanting, the root system must provide the 
tree with water and mineral nutrients (and hormones?), so 
that early growth is not limited. It must also grow so as to 
supply a shoot system which is rapidly increasing in size. 
The ‘reserves’ of nutrients and assimilates built up during 
the nursery phase contribute to this. Most plants growing 
in field situations are infected, at least to some extent, with 
mycorrhizas, either vesicular arbuscular (endo- 
mycorrhizas) or sheathing (ectomycorrhizas), and so the 
degree of infection of the tree, at the time it leaves the

nursery, and the potential of the root system developed in 
the field for infection are also important, perhaps especi­
ally where trees are being transplanted to urban or amenity 
sites of low fertility status.

This paper examines the characteristics of the woody 
root system, its development in the nursery and its impact 
on tree performance post-transplanting.

Root System Development

Woody plant root systems have a number of features in 
common. Some basic characteristics and attributes are 
discussed here as a basis for latter sections of a more 
applied nature.

All roots in the root system of a woody plant begin as 
white roots of primary structure. Roots survive in this 
condition for a period which can be as short as 2 weeks or 
as long as several months (over winter) (Atkinson, 1985a). 
Eventually all roots turn brown and lose all the tissues 
external to the pericycle. Some roots develop secondary 
tissues, secondary xylem (wood) and phellogen (bark), 
others remain in the soil as isolated steles or decay as a

1. Current address: Department of Soil Fertility, Macaulay Institute for Soil Research, Craigicbuckler, Aberdeen, U.K.

2. Current address: Oil Palm Research Institute, Kade, Ghana.
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result of animal and microbial activity (Atkinson, 1980, 
1983).

The proportion of new growth surviving varies with 
tree age. For apple trees on M9 rootstock Atkinson (1980,
1985) estimated survival as 57-63 per cent of the root 
length produced by one year trees but 21-25 per cent when 
averaged over the first 5 years. This decrease in survival is 
related to the type of root produced. New white roots 
divide into a) extension roots; of large diameter (usually
0.8-5.0 mm) with unlimited growth potential, b) lateral 
roots; of smaller diameter (usually 0.3-1 mm) with very 
limited growth potential (usually 10-20 mm). In newly 
transplanted trees (Atkinson, 1980) the ratio of lateral to 
extension roots is low, 0.2-0.9 but higher, 3-7 (Atkinson,
1983) subsequently.

All tree root systems, in both the nursery and in the 
field post-transplanting, except for those in early nursery 
stages comprise a mixture of new white roots, woody roots 
of variable diameter, and smaller diameter roots with 
either limited secondary development or with none of the 
primary tissues external to the pericycle remaining (brown 
roots). The balance of new white root length to woody plus 
brown roots varies during a season. Atkinson and Thomas
(1985) found for 3-year apple trees on M9 rootstock that 
the proportion of total root length contributed by white 
root increased from 1-6 per cent in June to 23-28 per cent 
in July.

In nursery trees the proportion contributed by white 
roots will be high, especially in the year following the first 
planting of a cutting. Following planting in the nursery, 
either as a rooted seedling or a rootstock cutting, initial 
root growth will be either by the growth of a tap root 
system or, for vegetatively propagated plants, the develop­
ment of adventitious roots from the stem. In subsequent 
years, root development can be:

a) new adventitious roots from the stem;
b) new extension or lateral roots from the larger 

diameter roots formed in a previous season;
c) new growth from brown roots.

To produce nursery plants with root systems with good 
regenerative capacity the relative importance of these 
sources of new growth should be understood.

Asamoah and Atkinson (1985) investigated the effects 
of root pruning and the growth regulator paclobutrazol 
(PP333)on the growth of Colt cherry roots (Table 1). Root 
pruning greatly reduced subsequent new root growth in 
control plants. When the plants were treated with paclo­
butrazol, which increases the production of new adventi­
tious roots from the stem (Atkinson and Crisp, 1982), the 
effects of root pruning were much less marked, suggesting 
that initiation of new roots from the stem is important. 
Abod (personal communication) found production of new

T able 1. The effect of root pruning and a soil applica­
tion of paclobutrazol at 4 kg ha-1 on the root and stem 
growth of Colt cherry rootstocks (g)

C ontro l P ac lobu trazo l-trea ted

Intact roots Half roots Intact roots Half roots

Root 1.0 0.1 1.5 0.6
Stem 4.0 2.4 2.5 1.8

After Asamoah and Atkinson (1985).

adventitious roots from the stem was the dominant factor 
in the growth of the root systems of both M9 and MM 106 
apple rootstocks. Asamoah and Atkinson (1985) found the 
improved root production of root pruned trees treated 
with paclobutrazol was associated with a smaller relative 
decrease in stem growth (Table I) due to root pruning. 
The importance of new adventitious root growth from the 
stem to the mature tree can be seen by comparing the 
number of major roots originating from the rootstock of a 
tree at transplanting (usually 3-6) with the number on an 
established tree, for M9 up to 20 (Atkinson el al., 1976).

The root system of a tree is important not just for 
nutrient uptake. The woody tissues, including the root 
system, of a tree can act as a nutrient reservoir for new 
growth (Figure 1). Early in the season the roots and woody

Figure I. Variation in the total amount (g plant-1) of magne­
sium present in root, rootstock, scion wood and scion leaves 
of trees of Cox/MMlll budded the previous year. Early season 
reductions in the amounts in rootstock tissues indicate the 
potential value of nutrient reserves to early growth.

Redrawn from Asamoah (1984).
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tissues of a rootstock, budded with a scion variety the 
previous summer, decreased in their nutrient content. 
The decrease was similar in amount to that needed for the 
early leaf and stem growth of the scion variety. Atkinson 
(1985b) calculated that reserves in woody tissues could 
supply a significant proportion of the nutrients needed by 
transplanted trees in the immediate post-transplanting 
phase.

Root System Growth in the Nursery

In a fruit nursery a rootstock is lined out as a single stem 
with a small number of roots budded in mid summer with 
a scion variety. It is grown to produce a maiden tree during 
the subsequent year then transplanted to the field. During 
this two year period the root system to support rapid 
post-transplanting growth is developed. There is less 
information on growth during this phase than by estab­
lished trees. Asamoah (1984) found (Figure 2) that early in 
the season total root length decreased to reach a minimum 
in July after which it increased to a maximum in Novem­
ber. Studies of the periodicity of new growth showed 
peaks in June and in the autumn, August or October. This 
is similar to the pattern described for established trees by 
Atkinson (1980). Even during a period of net total root 
decrease, as in spring (Figure 2), new root production can 
still occur. During the period August to November the 
contribution to total root weight by woody roots increased 
from 58 per cent to 76 per cent. However even at this time 
white +  brown roots made up 84 per cent of total root 
length.

Figure 2. The leaf area (dm2 plant-1 ) and root length (m 
plant-1 ; white + brown + woody root) for trees Cox/MMlll 
budded the previous year.

Redrawn from Asamoah (1984).

Mont h

T able 2. The effect of irrigation, a polythene mulch and 
soil-applied fertiliser on white root length (cm per tube) at 
depth for trees of Cox/M26 in the year following budding

Depth Control Irrigation Polythene Control
(cm) +  fertiliser + fertiliser +  fertiliser

0-10 1 13 6 1
11-50 13 7 12 8

After Asamoah (1984)

There have been many studies of the effects of nutrient 
applications on growth in the nursery. Graca and Hamil­
ton (1981, 1982) and Gillam et al. (1980) found that root 
growth in cotoneaster was unaffected by nutrient additions 
although shoot growth was usually increased. Under 
deficient conditions Hu (1975) obtained improved root 
and shoot growth in Paulowniafortunei seedlings. In apple 
Asamoah (1984) found nutrient additions did not increase 
growth although mulching improved shoot but not root 
growth and irrigation altered root distribution but not total 
root length (Table 2). Irrigation and mulching both 
increased the proportion of the root system in the surface 
soil. Watson and Himelick (1982) found, for a range of 
ornamental species, that in the nursery most ‘fine’ roots 
were in the surface 12 cm of soil. Many of the treatments 
applied in the nursery affect root and shoot growth to 
different extents and during the course of a single season 
(Figure 2) the relationship between leaf area and root 
length can change greatly. This can have large effects 
post-transplanting.

The Effect of Transplanting on the 
Root System

At the time of transplanting trees are usually under cut and 
then removed in a ‘bare root’ condition. The subsequent 
effectiveness of the root system will be affected by the 
extent and timing of this Toot pruning’. Fuchigami and 
Moeller (1979) investigated the effect of time of trans­
planting for a range of ornamental species and found that, 
except for Prunus laurocerasus, all species showed a 
definite periodicity. Most species rooted well after July 
and December transplanting but relatively poorly if 
moved between August and November. Swanson (1977) 
compared the success of transplanting a range of species in 
October or May and found substantial damage with the 
autumn date. Whitcomb et al. (1978) found that Platanus
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occidemalis, Pistacia chinensis, Nyssa sylvaiica, Comm  
florida and Belula maximowicziana all grew better if 
transplanted in July than August. Lee and Hackett (1976) 
found that root regeneration was greatest at the time of 
terminal bud formation and lowest during dormancy for 
Pistacia chinensis. In disbudded plants root growth was 
highest at bud break and at terminal bud formation. There 
is substantial variation in response to transplanting time 
but the period when autumn root growth has either just 
begun, or during this peak, seems relatively poor, perhaps 
because transplanting damages new growth giving an 
imbalance with shoot growth.

The effects of root pruning have been recently 
reviewed by Geisler and Ferree (1984). Root pruning has 
been deliberately used to give a dense compact root system 
although generally it results in substantially reduced 
growth with the reduction persisting for substantial 
periods. After root pruning root activity and root growth 
rate can be increased (Richards and Rowe, 1977). Plant 
species seem to have characteristic functional relationships 
between root and shoot. The consequence of root pruning 
is therefore increased root growth to restore the balance. 
Atkinson and Thomas (1985) found that the ratio root 
length to leaf area was unaffected by tree planting density 
and for established apple trees relatively constant during a 
season; an increase from 3.5 to 4.1 cm cm-2 .

The Effect of Nursery Treatment on 
Post-Transplanting Performance

Links between the quality of nursery stock and subse­
quent performance are well established. Preston (1967) 
found that even after 3 years in the field trees planted with 
well developed lateral shoots (well-feathered-maidens) 
made more growth than trees planted without laterals. 
The relationship between the root system at planting and 
subsequent root and shoot growth is more equivocal. For a 
range of forest trees Sutton (1983) found that post­
transplanting root growth was inconsistently related to 
root growth capacity (RGC). In Jack pine (Pimis 
banksiana) and spruce (Picea spp.) increased root growth 
was sometimes related to subsequent shoot growth. In 
contrast Burdett (1983) found that the survival and growth 
of first year Lodgepole pine (Pimis conioria) and White 
spruce (Picea alba) increased with increasing RGC. Trees 
produced with an increased number of lateral roots, 
induced by chemical root pruning, had improved growth 
and stability. Nambiar (1983) found that the vigour and 
number of first order laterals was important to root system 
regeneration and improved water and nutrient supply.

Asamoah (1984) found that nursery treatment, includ­
ing treatments which had no effect in the nursery, could

affect post-transplanting performance. As a result of 
increased shoot growth in the absence of any change in 
post-transplanting root volume a polythene mulch 
treatment increased the shoot lengthrroot volume ratio 
from 6.6 to 8.9. During the year following transplanting, 
compared to an unmulched control, shoot growth 
decreased but root growth increased. In the second year 
after transplanting the mulched trees had more fruit buds. 
Trees which had received foliar nutrient additions in the 
nursery showed increased growth.

The Effect of Vesicular Arbuscular 
Mycorrhizas (VAM)

In many trees the degree of infection of the root system 
with VAM is important to the supply of mineral nutrients,
i.e. phosphorus. A survey of papers dealing with the 
effects of VAM (Table 3) on a range of species indicated

Table 3. The effects of vesicular-arbuscular mycorrhi­
zas on woody species

Species VAM Effect Reference

Apple Mixed Improved growth 
on high arsenic 
soils

Trappe et al. 
(1973)

Glomus mossae or Increased shoot Benson and
G. fasciculatus growth Covey (1976)

Mixed Increased 
weight, leaf area 
and root volume

Plenchette el 
al. (1981)

G. mossae Increased 
growth, smaller 
P fertiliser need

Koch el al. 
(1982)

Avocado G. fasciculalus Increased growth Menge et al. 
(1978)

Orna­ G. fasciculatus Increased shoot Kormanik et
mental G. mossae, and root weight al. (1982)
species G. eiunicalus 

or
Mixed Glomus + 
Gigaspora

Peach Mixed Increased Zn and 
P uptake

Larue el al. 
(1975)

Mixed Increased growth Lambert et 
al. (1979)
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that infection can improve growth and mineral nutrition, 
even with relatively high levels of soil phosphorus. It can 
also give increased resistance to toxic elements, e.g. 
arsenic. In some situations soil fumigation may reduce 
growth by reducing the level of infection with VAM 
(Lambert el al., 1979).

In many nurseries the use of chloropicrin or formalde­
hyde as fumigants can lead to the production of VAM-free 
plants. If these are transplanted to sites of marginal 
fertility, not uncommon in amenity sites, it may well result 
in retarded growth.

Conclusions

The growth of the tree root system in the nursery follows a 
similar pattern to that of trees post-transplanting, 
although the relative importance of factors may vary. In 
the nursery and after transplanting the balance between 
leaf area and root length may be as important as the size of 
the root system itself. Treatments in the nursery affecting 
tree nutrient status may be important in the post- 
transplanting stage because of the build up of nutrient 
reserves. A whole range of factors can influence the 
performance of the transplanted tree, but where a tree has 
an effective root system in the nursery then nutrient 
reserves should be available, if the tree is able to use them, 
for the rapid production of new roots after transplanting.
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Discussion

A.D. BRADSHAW (Department of Botany, Liverpool 
University).

Could you comment further on the 
‘loading’ of plants with nutrients 
while in the nursery.

D. ATKINSON Nutrients can be stored in the
rootstock wood. If the volume of the 
roots is known then the reserves can 
be calculated and these are often sub­
stantial. Tissues give up water and 
nutrients in response to demand 
elsewhere in the plant. This 
movement can be traced by N H 
labelling. Uptake of excess nutrients 
in the nursery stage will assist healthy 
growth subsequently.

J.E.G. GOOD (Institute of Terrestrial Ecology,
Bangor).

On planting out, some clones always 
die back more than others but may 
ultimately be the best survivors. 
Could this be the result of re­
establishing a good root:shoot ratio?

D. ATKINSON I have found no effect later of N
application in the first year but P 
given at this time shows subsequent 
benefit.

A.J. GRAYSON (Forestry Commission Research
Station).

If looked at over a period of time the 
story seems diverse with lines on a 
graph crossing once or perhaps twice. 
The results are rarely unequivocal.

A.D. BRADSHAW (Department of Botany, Liverpool 
University).

Different results in different exper­
iments may both have applicability.

D. ATKINSON It should also be borne in mind that
what holds for one species may not 
apply to another.
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Reclamation of Mineral Workings to Forestry

K . W ilson

Forestry Commission*

Summary

Recent legislation has placed powers on the Local Planning Authorities to ensure that sites 
damaged by mineral extraction are reclaimed to an economic use. To be successful, reclamation 
must be planned well in advance of the operation and provision made to ensure the soil conditions 
are appropriate for healthy tree growth. The main problems are reviewed and solutions 
suggested.

Introduction

Throughout Britain there are 121 x 103ha of derelict and 
despoiled land and the largest single cause of this is the 
extractive industries (Department of the Environment,
1984). Prior to the enactment of the Town and Country 
Planning (Minerals) Act 1981 there was no requirement 
for reclamation of despoiled land. Local Authorities 
backed by Department of the Environment grants have 
accepted responsibility for these historic sites. Now, 
under the Act, the extractor is responsible for and required 
to undertake reclamation once extraction is completed.

A literature survey supported by field observations and 
discussions with 40 organisations was started in 1983 with 
a brief to review the problems and practices of reclaiming 
surface workings. Deep-mined colliery spoil, which is 
covered by Jobling and Stevens (1980) and Jobling (1981 
and 1987), and open cast coal sites were excluded from the 
review. Nevertheless experience from open cast sites is 
applicable to other mineral sites.

Most worked sites will be restored to agriculture, but 
many areas are more suitable for tree planting and these 
include plateau gravels of south and south-east England, 
sites with thin or non-existent topsoils, steeply sloping 
sites and sites in the uplands. Also sites adjacent to houses 
may be developed for open space use which will involve 
tree planting.

Soil Compaction and Impeded 
Drainage

Mineral extraction and reclamation involves heavy 
machinery such as box scrapers and bulldozers which 
move overburden and topsoil to create desirable land 
forms. These machines “exert a pressure on the soil of 2-3 
kg/cm2” and compaction of the order of 15-20 per cent has 
been reported (Downing, 1971). This compaction closes 
the large pores in the soil and increases the proportion of 
small pores. As a result the rate of water and gas movement 
into and through the profile is reduced and water stored in 
the soil is held more tightly because of the higher capillary 
forces present in the narrower pores. Less water is 
therefore available to the plants which are only able to 
exert a finite suction before wilting occurs. Furthermore, 
if the bulk density of the material is increased beyond a 
certain point roots cannot penetrate the soil (Rimmer, 
1979).

Soils are much more prone to compaction when 
worked wet and all earthmoving operations, including 
ripping and discing, should therefore only be carried out 
during dry conditions which usually occur in the June to 
August period. Discs have been used to draw up small 
ridges to provide an improved planting position, but this 
technique did not relieve the compaction or improve the 
site drainage. Complete ripping to 50-75 cm (a depth

‘ Formerly at the Forest Research Station, now Forest District Manager, Northants Forest District.
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calculated to hold sufficient water to sustain the growing 
trees during normal dry periods -  and about the maximum 
practicable depth) resulted in a suitable planting medium. 
It soon became obvious that where the site was relatively 
flat with poor drainage, the soil structure, which had been 
created by the ripping, rapidly slaked down under the 
influence of the winter’s rainfall with predictable results. 
Russell (1961) in his standard text Soil conditions and plant 
growth said “ If, but only if, the drainage system allows 
surplus soil water to be removed rapidly its efficiency can 
often be increased by deep tillage, either ploughing or 
subsoiling, . . .  if the drainage of the subsoil is very 
impeded, deep ploughing merely increases the volume of 
the largest pores that can become waterlogged in wet 
weather and helps to turn the soil into a marsh” .

Adequate movement of water can be produced in a 
wide range of soil textures by slopes of 1:10 (about 6°). 
Thus the recommendation for treatment for restoring 
compacted areas is a combination of slopes and deep 
ripping. Compacted sites are most effectively loosened by 
ripping down-slope with three winged tines mounted in a 
parallelogram linkage on a Caterpillar D8 or equivalent 
300 HP machine (Binns and Fourt, 1981 and 1984a).

Where natural slopes are absent they are best created as 
a series of ridges, 30 m and 40 m wide and 1.5 to 2 m high 
in the centre, giving 1:10 or 6° slopes. On permeable sites 
ripping along the furrow bottom helps through- 
percolation. On impermeable sites open drains must be 
dug in the furrows and the ridges themselves should slope 
at between 1° and 2°. Ridges of sandy materials should be 
ripped to a depth of 75 cm, clayey materials to 50 cm. 
Discing downslope to raise small planting ridges is 
beneficial in the heavier spoils. Sites with natural slopes of 
between 6° and 20° should be ripped to 75 cm downhill, 
and provided with open contour drains, or benches on 
steeper slopes. Slopes steeper than 20° should be regraded 
to produce shallower slopes to reduce the risk of erosion.

It is easier and cheaper to incorporate the required 
slopes into the site during the course of restoration rather 
than having to construct them afterwards -  indeed regrad­
ing may be quite impracticable.

Some Problems of Tipped Sites

If, as often happens, mineral extraction from a site is 
followed by tipping of domestic refuse, specific problems 
will have to be catered for. The combination of gases and 
heat from decomposition may cause root death and uneven 
settlement of the landfill can lead to localised waterlogged 
hollows. Good slopes and a thick final cover of rootable 
material are both essential, as are measures to prevent 
contamination of the rooting zone by gaseous or liquid

pollutants. These can require construction of gas vents 
and leachate sumps. Treatment of waste disposal sites for 
tree planting is, however, less well researched than for 
normal mineral sites. Development of amelioration tech­
niques is hampered because these problems may not 
appear till several years after reinstatement and planting. 
Recommendations are given by Wilson (1985) for modifi­
cations to these standard treatments, or for additional 
measures which are considered necessary for the restora­
tion of specialised sites, including: very rocky sites, 
phytotoxic spoils, washings or tailings, lagoons ard  ‘hill 
and dale’.

Loose tipping of material on sites designated for 
woodland produces uncompacted soils which are freely 
drained. Trees planted on these sites are showing good 
initial growth without any expensive earth moving or 
cultivation.

Species Selection and Planting

Having created physical conditions in the soil suitable for 
planting and sustained tree growth, care must be taken to 
ensure that the trees themselves are appropriate species, of 
good quality, well planted and given adequate after-care.

On all sites the conditions are likely to be harsh. The 
climate of reclamation sites is likely to be extreme. Pioneer 
tree species such as Corsican pine (Pinus nigra), larch 
(.Larix spp.) and alder (Alnus spp.) must be the first choice. 
Climax species such as oak (Quercus spp.) and beech 
(.Fagus sylvatica) should be kept for the second rotation by 
which time a suitable soil structure should have 
developed.

Care must be taken to ensure that apparently good 
plants are not damaged by desiccation between the 
nursery and final planting (Insley, 1979). Bare-root 
transplants are probably most suitable for reclamation 
sites and they must be sealed in plastic bags, shaded from 
sunlight and planted as soon as possible after lifting from 
the nursery or else stored in cold stores.

Nutritional Status of Reclamation 
Sites
Most spoils contain sufficient mineral nutrients for tree 
growth, but sites with little or no topsoil will be nitrogen 
deficient. Nitrogen from artificial fertilisers is rapidly 
leached from most spoils and should not be applied until 
trees have developed a new root system. Nitrogen (and 
phosphorus) is also supplied in animal slurries and sewage 
sludges; these materials may however be unpleasant to 
handle, difficult to apply, and may also contain weed seeds 
or toxic levels of heavy metals. There is little practical
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experience of their use on reclamation sites and the results 
of the few trials show that application should be delayed 
for 3-5 years, until a spread of roots is present to take up 
the nutrients released. Nitrogen-fixing plants, such as 
legumes and alders, can be used as a source of nitrogen 
(Binns and Fourt, 1984b). Alders can be used in mixture 
with other tree species while shrubby or herbaceous 
legumes can be used as ground cover plants.

It has been found that grass or clover swards, including 
those recommended in the Department of Transport 
mixture, which contains Loliumperenne and Fesluca rubra, 
compete strongly with planted trees for water and 
nutrients (Insley, 1981); deep rooting herbaceous legumes 
appear to be less competitive. Swards must be controlled 
around trees (Davies, 1983 and 1985). Any suggestion of 
nutrient deficiency should be checked by analysis of 
foliage (Binns et al., 1983).

Treatment of Planted Reclamation 
Sites

Some sites which have been reclaimed and planted with 
trees in the past are showing only moderate or poor tree 
growth, often because of untreated compaction. It may be 
practicable to rip a sloping site if the tines and tractor 
tracks can be positioned between the rows of trees; 
otherwise it will be necessary to determine the best time to 
clear all the area, re-form the surface topography if 
necessary and rip to disrupt the compaction.

After-care of Planting

The after-care of the plantations established on restored 
sites should be monitored by the Mineral Planning 
Authority and the operator to detect problems in their 
early stages when remedial action may well be simpler and 
cheaper than later on.

Conclusion

Successful restoration can most easily be accomplished if it 
is planned for from the earliest stages in the consideration 
of any mineral extraction operation. Such planning should 
make provision for contouring, cultivation, the use of 
appropriate species and sizes of plants which are of good 
quality and well handled. Once planted on the site all trees 
should be monitored so that necessary after-care can be 
implemented at an early stage.

Some sites will have specific problems and these must 
be recognised and specialist guidance sought before 
reclamation commences.
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Discussion

T. RENDELL (Gwynedd County Council)

What are the costs of implementing the 
various recommendations for recla­
mation?

K. WILSON As costs tend to be very variable it is not 
possible to give meaningful figures, but it 
is important to do the land formation 
process to the specification when the 
material is being replaced on site. This 
should minimise the additional cost of the 
very expensive earth moving operation.



Reclamation: Colliery Spoil
J. Job ling

Forestry Commission

Summary

A programme of research carried out by the Forestry Commission Research Division between 
1980 and 1985 is briefly reviewed. The research, carried out under contract to the Department of 
the Environment, was undertaken to determine the most effective engineering and cultural 
practices to obtain high survival and growth rates of trees on reclaimed colliery spoil heaps. Some 
30 experiments were established and assessed during the contract, mostly on reclaimed sites in the 
north of England. A large amount of non-experimental work was also conducted on reclaimed 
sites and, in addition, supporting research was carried out at Alice Holt Lodge. Cultivation 
practices, planting methods and root growth in compacted spoil, type and size of planting stock, 
choice of species and choice of ground cover receive special attention in this paper.

Introduction

The chemical and physical properties of colliery spoil and 
some spoil heap reclamation practices may seriously 
hinder tree planting and adversely affect tree estab­
lishment and vigour (Jobling and Stevens, 1980). Between 
1980 and 1985 a programme of research was carried out by 
the Forestry Commission’s Research Division, under 
contract to the Department of the Environment, to 
determine the most effective engineering and cultural 
practices to obtain consistently high survival and growth 
rates of trees on reclaimed colliery spoil heaps. Thirty 
experiments were started and regularly assessed during 
the contract, most of them on regraded heaps in the north 
of England, to observe the responses of trees over several 
seasons to different experimental treatments. A large 
amount of supporting work was undertaken both in the 
field and at the Forest Research Station, Alice Holt 
Lodge.

The research has proved to be informative and a 
comprehensive review, appraising the accumulated evi­
dence and drawing conclusions helpful to practitioners, 
has been undertaken. Whenever possible the report 
includes guidance on the best available practices. The 
research carried out on cultivation practices, planting 
methods and root growth in compacted spoil, and on type 
and size of planting stock, choice of species and choice of 
ground cover, is discussed in this paper.

Cultivation to Relieve Compaction

Regraded colliery spoil is severely compacted and highly 
resistant to penetration. Newly regraded heaps are 
intensively ripped to a depth of 45 to 60 cm on completion 
of major earth-works -  the operation is known as ‘rooting’ 
and is carried out to expose large, solid objects in the spoil 
which are taken from the site -  and are then subsoiled to a 
depth of at least 45 cm to incorporate limestone and 
fertilisers prior to sowing grass seeds mixtures. However, 
the spoil is usually seriously re-compacted due to 
settlement and the movement of tractors and other 
agricultural equipment over the site when tree planting 
follows 6 to 18 months later. As a consequence, planting is 
physically difficult to carry out.

Many local authorities relieve compaction prior to tree 
planting by ripping to a depth of 60 cm along planting lines 
during dry weather in late summer-early autumn. Exper­
iments on reclaimed heaps in Northumberland, County 
Durham and West Yorkshire have revealed that planting 
in ripped spoil, some 10 to 15 cm away from the slot, leads 
to several important benefits. In the first place the rate and 
quality of planting are improved, and large increases in 
stem and root biomass and in the depth and lateral extent 
of rooting can be readily detected over several seasons. In 
the case of Scots pine (Pinus sylvestiis) needle size and 
colour may be improved by planting in ripped spoil and 
the risk of socketing and basal bowing of the stem much
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reduced. More important, however, trees planted in 
ripped spoil have markedly better survival and growth 
rates than trees planted direct into unripped spoil.

A more intensive ripping system has been developed 
by reclamation officers in West Yorkshire. Ripping to a 
depth of 60 cm is carried out first along planting lines and 
then a second ripping is undertaken at right angles at the 
same spacing. Trees are planted about 15 cm away from 
the intersection of the slots. The experiments disclosed 
that trees in cross-ripped spoil tended to have higher

survival and growth rates than trees in spoil ripped only 
along planting lines though none of the increases was 
found to be statistically significant. The improvements in 
tree performance were not sufficiently large to suggest that 
cross-ripping should be generally adopted, but the prac­
tice may be justified where it facilitates planting and its 
supervision. Figure 1 shows the changes in the rate of 
survival and Figure 2 the changes in the mean total height 
of Scots pine in ripped and unripped spoil at North 
Beechburn, County Durham.
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Figure I. Mean survival 
rate over six seasons of 
Scots pine (Pinus sylvestris) 
in ripped and unripped 
spoil. North Beechburn, 
County Durham.

CO = no ripping, C60 = 
ripping to 60 cm along 
planting lines, C60x = 
ripping to 60 cm along 
planting lines and at right 
angles.

Increases in survival rate 
are due to changes in 
assessment and data 
analysis procedures.

6  A g e  ( y e a r s )

Figure 2. Mean total 
height at planting and over 
six seasons of Scots pine 
(Pinus sylvestris) in ripped 
and unripped spoil. North 
Beechburn, County 
Durham.

CO = no ripping, C60 = 
ripping to 60 cm along 
planting lines, C60x = 
ripping to 60 cm along 
planting lines and at right 
angles.
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Plate 1. Three-year-old Scots pine from ripped spoil to 60 cm (top) and unripped spoil (bottom), AshingtonAVoodhorn, 
Northumberland. Scale 1 : 10
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Plate 2. Four-year-old Scots pine from ripped spoil to 60 cm (top) and unripped spoil (bottom). North Beechbum, County 
Durham.
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In spoil ripped only to a depth of 30 cm, tree behaviour 
over five growing seasons was remarkably similar to that of 
trees in spoil ripped to 60 cm. However, the long term 
performance of trees in shallow-ripped spoil cannot at this 
stage be fairly predicted and shallow ripping cannot be 
recommended. Tree planting and growth in compacted 
spoil, and the benefits of pre-planting ripping have been 
reviewed by Jobling and Carnell (1985).

Root Growth
Excavation of Scots pine roots in cultivation experiments 
in Northumberland and County Durham revealed that 
trees in spoil ripped to 60 cm along planting lines had a 
much larger root biomass and considerably longer roots, 
both laterally and downwards, than trees in unripped 
spoil. There were indications that early root extension had 
taken place primarily along the line of the rip. However, 
most roots had subsequently grown at a wide angle to the 
rip and by the fourth and fifth seasons root development 
appeared to be unrelated to the direction of ripping. In 
cross-ripped spoil the influence of directions of cultivation 
on initial root growth was just as marked -  early root 
extension was found to be primarily in four directions -  
but it was also apparent that subsequent root development 
had occurred independently of direction of ripping. In 
cross-ripped spoil rooting was slightly deeper than in spoil 
ripped only along planting lines, but the difference was not 
considered important. Perhaps the most encouraging 
aspect of the work was the detection of roots extending 
downwards into compacted spoil below the prescribed 
depth of ripping. Strong tap root development was also 
found in spoil ripped to 60 cm and a large proportion of the 
root system had extended downwards throughout the 
whole of the cultivated profile (Plates 1 and 2) see previous 
page spread.

In spoil ripped only to 30 cm, though a few roots were 
found well below this depth, there was no tap root 
development and a large proportion of the root system was 
comparatively close to the surface. This finding, in 
particular, casts doubt on the merits of shallow pre­
planting ripping.

Root systems of other conifers and of several 
broadleaved species were also examined. Most showed 
widespread lateral development and downward growth 
into compacted, uncultivated spoil. Common alder (Alnus 
gluiinosa), Grey alder (A. incana), Locust tree (Robinia 
pseudoacacia) and European larch (Larix decidua) had the 
most vigorous and spreading roots. Nodules were 
regularly found on the roots of the two alders and Locust 
tree. Silver birch (Betula pendida) had the most surface 
roots of any tree. None of the birch specimens examined 
showed downward root growth into uncultivated spoil

but, as if to compensate, the lateral roots usually extended 
over greater distances than the roots of trees of other 
species. Corsican pine (P. nigra var. mariiima) had the 
most surface roots of any conifer but their lateral roots 
were exceptionally long. As with Scots pine, direction of 
rooting after the first year or two appeared to be indepen­
dent of previous cultivation. On sites which had not been 
deeply cultivated some windblow -  mainly of pines -  was 
occurring due to restricted root development near the spoil 
surface.

Methods of Planting

Trees in woodland areas are notch planted. Pit planting is 
limited to container trees and to well grown broadleaved 
transplants possessing large root systems. In compacted 
spoil planting is difficult and time consuming. Roots may 
be seriously bent, curled or broken during planting, and 
many are placed just below the spoil surface and are liable 
to dry out quickly. Shallow planting increases the risk of 
socketing and windblow. Standards of planting are much 
improved by planting in ripped spoil (ripping is usually 
done in dry weather at the end of the summer). Roots are 
then better spread, they are less contorted and damaged, 
and they can be placed more at their proper depth with less 
risk of drying out or socketing. Planting is always easier in 
wet spoil than in dry spoil.

On slopes that are too steep for safe tractor movement 
and cannot be ripped, or where erosion might follow 
ripping, soil augers or crumblers are used to cultivate spoil 
locally at the planting position. The behaviour of trees in 
this locally cultivated spoil was compared with that of trees 
in ripped spoil in two experiments. The holes in both were 
made by a Stihl soil crumbier. Trees in locally cultivated 
spoil generally had lower survival (Figure 3) and growth 
rates (Figure 4) than trees in ripped spoil but their 
performance was better than trees in compacted, unculti­
vated spoil.

Because of fears that serious root deformation or root 
spiralling had occurred in holes prepared by soil 
crumbier, root systems of Scots pine were excavated at the 
end of the fifth season. Only one of the trees had a tap root, 
which extended only to a depth of 40 cm, and all had 
wide-spreading lateral roots just a few centimetres below 
the spoil surface. These lateral roots were by far the 
thinnest of any encountered and they were growing in all 
directions.

While planting into locally cultivated spoil is preferable 
to notch planting into compacted, uncultivated spoil, it is a 
practice which should be confined to parts of sites which 
cannot be ripped.

The benefits of using plastic shelters to establish 
broadleaved trees was also examined experimentally.
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Figure 3. Mean survival rate after five seasons of Scots pine (Pinus sylvestris), Common oak (Quercus robur), Common ash 
(.Fraxinus excelsior) and sycamore (Acer pseudoplatanus) in ripped, locally cultivated and uncultivated spoil. W ater Haigh/Oulton 
Brickworks, West Yorkshire.
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CO = no cultivation, CL = local cultivation by soil crumbier, C60 = ripping to 60 cm along planting lines, C60x =  ripping to 
60 cm along planting lines and at right angles.

Figure 4. Mean total height after five seasons of Scots pine (Pinus sylvestris), Common oak (Quercus robur), Common ash 
(Fraxinus excelsior) and sycamore (Acer pseudoplatanus) in ripped, locally cultivated and uncultivated spoil. W ater Haigh/Oulton 
Brickworks, West Yorkshire.
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CO = no cultivation, CL =  local cultivation by soil crumbier, C60 =  ripping to 60 cm along planting lines, C60x =  ripping to 
60 cm along planting lines and at right angles.
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Figure 5. Survival of three types of planting stock of 
Corsican pine (Pinus nigra var. maritima), sycamore (Acer 
pseudoplatanus) and birch (Betula pendula) after three seasons. 
Ashington, Northum berland, Mainsforth and Trim don 
Grange, County Durham.

C O R S I C A N  P INE 

M ain afo rth  T r im d o n  G r a n g e

J P P  AP  B R J P P  A P  BR J P P  AP

J P P  AP  B R J P P  AP  B R J P P  AP

S I L V E R  B I R C H

BR = bare-root trees, JPP =  trees in Japanese paperpots, 
AP = trees in amenity pots.

Unfortunately, stakes were not easily driven into the spoil 
vertically or firmly, because of the high stone content, and 
many broke, and much socketing and damage to shelters 
occurred. But by using pointed stakes free of knots and 
shorter shelters (80 cm) than normal, reliable evidence was 
obtained at one site. After two seasons, sycamore (Acer 
pseudoplatanus), Silver birch, beech (Fagus sylvatica,) 
Common oak (Quercus robur) and rowan (Sorbus aucupa- 
ria) had a significantly greater height increase and were 
significantly taller when grown in shelters. At all sites, 
trees in shelters were adequately protected against injury 
by sheep, rabbits and hares while trees without shelters 
suffered serious damage or were killed.

Type of Planting Stock

The behaviour of 1-year-old seedlings of Silver birch, 
sycamore and Corsican pine raised in Japanese paperpots 
or in amenity pots was compared at four sites with that of 
2-year-old bare-root transplants. Only in the case of 
Corsican pine were the survival rates (Figure 5) of the 
container trees consistently higher than those of the 
bare-root trees (three out of four sites). Even then, in three 
of the experiments bare-root trees had the same increase in 
height over three seasons as trees in amenity pots, and both 
grew more than trees in Japanese paperpots. In the case of 
sycamore, trees in amenity pots had a higher survival rate 
than bare-root trees at only one of the four sites, while the 
height growth of the two types of tree showed little 
difference overall. The Japanese paperpot sycamore had 
the poorest survival rate of the three types. Bare-root birch 
had consistently higher survival and growth rates in all 
four experiments than birch in either type of container. 
Survival rates of all three species are shown in Figure 5.

Hardly any of the experimental evidence suggested that 
1-year-old seedlings raised in Japanese paperpots or in 
amenity pots should be preferred to 2-year-old bare-root 
transplants.

Size of Planting Stock

The behaviour of four grades of tree of six species was 
compared in four experiments. Details of the grades are 
shown in Table 1. The specifications were laid down by 
the Standing Local Authority Officers’ Panel on Land 
Reclamation Vegetation and After Management Sub­
groups, and show a greater stem diameter for a given 
height than the minimum standards published by the 
British Standards Institution (BS 3936, Part 4).

Corsican pine was the only species of the six which did 
not show a marked improvement in survival rate due to the 
use of trees with larger stem diameter than the minimum

48



Table 1. Sizes of planting stock of six species in 
experiments at Ashington/Woodhorn, Northumberland, 
Mainsforth and Trimdon Grange, County Durham and 
Water Haigh/Oulton Brickworks, West Yorkshire.

H eig h t
(cm )

D iam eter
(m m )

Grade

Sycamore (Acer pseudoplalanus) 45-60 < 9.0 G1
45-60 > 9.0 G2

60+ <12.0 G3
60+ >12.0 G4

Common alder (Alnus glutinosa) 45-60 <10.5 G1
Grey alder (A. incana) 45-60 >10.5 G2

60+ <14.0 G3
60+ >14.0 G4

Silver birch (Betula pendula) 45-60 <7.0 G1
Hairy birch (B. pubescens) 45-60 > 7.0 G2

60+ < 9.0 G3
60+ > 9.0 G4

Corsican pine (Pinus nigra var. 20-30 <5.0 G1
marilima) 20-30 > 5.0 G2

30+ < 7 .0 G3
30+ >7.0 G4

specification. The largest improvement in survival rate 
due to the use of sturdy trees was shown by sycamore.

The differences in survival rate between trees in the 
shorter height class and those in the taller height class were 
small overall for sycamore, Common and Grey alder and 
Corsican pine. In the case of the two birch species, the 
shorter trees at planting survived much better than the 
taller trees.

It may be concluded that while there may be a strong 
landscaping argument for planting broadleaved trees taller 
than 60 cm, trees that exceed this height may be more 
expensive to buy and, as shown by the experimental 
evidence, no cultural advantages are likely to be gained by 
using them. If trees taller than 60 cm have to be planted, 
sturdy stocks should be chosen because of their potentially 
higher survival rate. However, in the case of the birches, 
trees shorter than 60 cm should certainly be preferred. 
With all species, stocks which meet published minimum 
root collar diameter specifications should be planted so far 
as is possible.

Choice of Species

In the late 1960s and early 1970s local authority recla­
mation officers placed a good deal of faith in so-called

pioneer species which, numerically at least, tended to 
dominate plantings. With a few exceptions they had high 
survival rates and several increased in height rapidly in the 
early years after planting.

Now, only 10 to 15 years later, many have been 
overtaken in total height and current height increment by 
species which were comparatively slow growing to begin 
with or which, in one or two cases, even had low survival 
rates.

These slower developing, though subsequently more 
vigorous and perhaps more tolerant species, now appear 
capable of dominating existing crops, of forming the 
over-storey in crops and of continuing to grow well enough 
to produce acceptable semi-mature to mature woodland. 
Six species of outstanding potential were assessed at 
different sites during the contract; a forecast of their likely 
height growth, based on the assessments was made to 50 
years of age (Figure 6). The species, Corsican and 
Lodgepole pine (P. conioria), Japanese larch (L. kaemp- 
feri), Silver birch and Common oak, are ordinarily tolerant 
of a wide range of climates and forest soils, and their 
outstanding behaviour on reclaimed colliery spoil is

Figure 6. Forecast of height increase of six major species. 
Sites in Northum berland, County Durham and West 
Yorkshire. Estimated Yield Classes are shown in brackets.
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Table 2. Mean survival rate after one season of Common ash Fraxinus excelsior and Common oak Quercus robur in 
different ground covers. Pegswood, Northumberland.

Ground cover

Survival
(transformed)

Bare
spoil

Grass
spot

weeded

Grass 
not spot 
weeded

Wild
white

clover

Birdsfoot
trefoil

Common
vetch

Lucerne Sweet
clover

Common ash 90.0 90.0 81.7 70.4 83.4 90.0 54.2 90.0
a a a ab a a b a

Common oak 60.3 38.9 20.5 35.5 37.3 54.6 0.0 38.4
a be d cd bed ab e be

Level of 
significance

Key: Wild white clover =  Trifolium repens
Birdsfoot trefoil =  Lotus comiculalus
Crown vetch =  Coronilla varia
Lucerne =  Medicago saliva
Sweet clover =  Melilotus alba

Values sharing a common letter do not differ significantly.
Survival values are shown after angular transformation.
Differences are statistically significant at p <0.05 (*) or p <0.001 (***) levels.

perhaps not surprising. Successfully afforested spoil heaps 
are increasingly likely to resemble established woodland 
on light, acid and somewhat infertile heathland soils of 
southern England.

Choice of Ground Cover

Areas on reclaimed spoil heaps earmarked for tree plant­
ing are sown with grass seed mixtures as soon as possible 
after the completion of the physical and chemical amend­
ment operations that follow regrading. The mixtures 
usually contain a high proportion of fescue (Festuca spp.) 
and Common bent grasses (Agrostis tenuis) and a small (10 
per cent) clover (Trifolium spp.) component. A vigorous 
grass sward may have developed by the time tree planting 
takes place. Colliery spoil has very poor moisture retention 
properties and trees planted in a grass sward can be killed 
unless weeding is thorough. Davies (1985) has reviewed 
the importance of weed competition on grass dominated 
woodland sites.

Two experiments compared tree survival and growth 
in bare spoil, in a grass-clover sward spot weeded and not 
spot weeded and in five pure legume ground covers. The 
legumes were chosen for their potential soil-forming and 
nitrogen fixation properties, because of their ability to 
over-winter, so maintaining the green appearance of a site 
and limiting the risk of surface erosion, and for their visual

attactiveness. They were also selected on account of the 
ready availability of tested seed of known germination 
capacity from agricultural seed merchants.

Two important results emerged in the experiment at 
Pegswood, Northumberland. By far the best survival of 
trees (Common oak and Common ash (Fraxinus excelsior)) 
occurred in bare spoil, in Crown vetch (Coronilla varia) 
which had not established well so that a large proportion of 
the surface spoil was bare and weed free, and in the grass 
sward spot weeded around the trees (Table 2). There was 
also good tree survival in Sweet clover (Melilotus alba) 
which, like Crown vetch, had established poorly leaving 
much of the surface of the plots bare.

The worst tree survival occurred in the grass sward 
which had not been spot weeded and in Lucerne (Medicago 
saliva) which was extremely dense and vigorous. There 
was also poor survival, of ash, in Wild white clover (T . 
repens) which, like Lucerne, was also dense and vigorous.

The results demonstrated that the rates of tree survival 
and growth are improved by weed free conditions and the 
rates are reduced by the presence of herbaceous weed 
growth. Further, the results show that legumes sown at 
high rates or that germinate well and then develop 
vigorously may compete more for soil moisture and 
nutrients than a grass-clover sward. Conversely, a low 
stocking of feebly growing legumes may not be seriously 
competitive. It is evident there is no proven advantage in 
planting into a legume ground cover.
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Conclusions Acknowledgements

The research has shown that tree crops can be satisfacto­
rily established on reclaimed colliery spoil heaps with 
expectations of thriving woodland being produced. A 
programme of experiments has confirmed that by planting 
in recently cultivated spoil the speed and standards of 
work are improved, and the rates of survival, height 
growth, downward and lateral root extension and stem 
and root biomass production are increased. The evidence 
suggests that ripping along intended planting lines to a 
depth of 60 cm is the optimum method of pre-planting 
cultivation. Pit planting in mechanically prepared holes is 
not a satisfactory substitute for notch planting into ripped 
spoil.

With the exception of Corsican pine, prospects of crop 
establishment are not improved by planting 1-year-old 
seedlings raised in Japanese paperpots or amenity pots 
instead of bare-root transplants. Even in the case of 
Corsican pine, potential improvements in survival and 
growth rates have to be weighed against the greater cost of 
producing, transporting and planting Japanese paperpot 
or amenity pot trees. Moreover, there are no cultural 
advantages in planting broadleaved trees taller than 60 cm 
but sturdy trees which meet published minimum root 
collar diameter specifications should be preferred to 
thinner trees on account of their better survival rate. The 
research also confirmed that several tree species on 
reclaimed spoil have growth rates after the establishment 
period that compare favourably with those of trees on 
some forest sites.
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Discussion

T.W. HARFORD (Amey Roadstone Corporation 
Limited).

Invited comments on the use of large 
birch on reclamation sites; such trees 
had to be crown pruned but neverthe­
less he had found good results.

J. JOBLING The purpose of planting large trees was 
to produce a visual effect. If one then 
heavily prunes the crown it seems that 
one would be destroying their appear­
ance. Overall, not in favour of using 
large trees, but no comparative trials 
have been done by Forestry Com­
mission.

M.J. HAXELTINE (Domestic Recreation Services).

Does the tree’s search for ‘food’ make 
the tree more root firm, i.e. can useful 
growth be stimulated by provision of 
nutrients at strategic points to encou­
rage rooting in that direction?

J. JOBLING Trees do not ‘anticipate’ presence of 
nutrients and proceed towards them, 
but if a nutrient is located root prolifer­
ation in that direction could be 
expected to be encouraged. This 
aspect has not been studied in the 
series of experiments reported.
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Tree Establishment: Soil Amelioration, 
Plant Handling and Shoot Pruning

R .J . D avies

Forestry Commission

Summary

Addition of peat to planting pits improved survival and growth in one experiment, reduced 
growth in another, and had no effect in a third; these differing responses may have been caused by 
varying degrees of waterlogging and soil anaerobism. Pre-planting site preparation must relieve 
soil compaction and allow excess water to drain from the soil and off the site.

Root pruning, to simulate root loss during nursery lifting, had no effect on survival and growth 
in two experiments; it is concluded that desiccation during plant handling is usually more 
important.

In one experiment shoot-pruned trees regained their lost height but did not overtake control 
trees; while in another, shoot pruning increased height growth and reduced dieback; shoot 
pruning appeared to depress diameter growth in both. Shoot pruning reduces root growth and 
may thus increase trees’ moisture stress.

Introduction

Water is vital to trees, plant cells being killed or injured by 
desiccation. Drought stress is a common cause of poor 
growth and death of newly planted trees. Desiccation of 
bare-rooted trees between lifting and replanting is particu­
larly serious since roots cannot take up water to replace 
losses. After planting most moisture is lost by transpir­
ation through the leaves. This is unavoidable as the 
stomata which facilitate photosynthetic gaseous exchange 
also allow water vapour to escape. A healthy root system 
permeating a large volume of soil with good moisture 
storage enables the tree to replace these losses.

This paper examines three factors which influence the 
moisture status of newly planted trees: soil amelioration to 
increase its moisture storage; the handling of bare-rooted 
stock between nursery lifting and replanting; and shoot 
pruning at planting to reduce trees’ leaf areas and 
consequent transpirational water requirements.

Soil Amelioration

Soil compaction and lack of structure, common features of 
British landscape tree planting sites, impede water 
movement through the soil; even sandy soils become

impermeable. Thus when precipitation exceeds evapo- 
transpiration the site becomes waterlogged while in dry 
summer weather soil moisture tension rises rapidly. 
Compaction and waterlogging restrict rooting depth 
further increasing plants’ drought susceptibility.

Pits are usually dug to accommodate the trees’ root 
systems. Where topsoil has been lost or degraded during 
site works, imported topsoil may replace the excavated 
material in the pits. Peat or other bulky organic material is 
mixed into the pits to improve moisture storage. Occa­
sionally trees may be irrigated during droughts.

Three soil amelioration experiments
An experiment planted on a cutting adjacent to the M5 at 
the Michael Wood Services compared the effects of zero, 
20, 50 and 80 per cent (by volume, not weight) sedge peat 
mixed into the planting pit backfill on newly planted 
hawthorn (Crataegus monogyna) and birch (Betula pen­
dula). It also compared bare-rooted transplants with 
seedlings raised in Japanese paperpots. Each pit was 
approximately 21 litres. Table 1 summarises survival, 
height and diameter growth after three growing seasons. 
The bare-rooted stock performed better than the
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T able 1. The effect of backfill mix, B (zero, 20, 50 and 80 per cent peat) and stock type, S (BR =  bare-rooted 
transplants; JPP = seedlings raised in Japanese paperpots) on hawthorn and birch survival and growth after three seasons. 
Michael Wood.

Significance (1)
Backfill trea tm en t: 0% 20% 50% 80% B s B x S 

In teractio n

Hawthorn
Height growth (cm) BR 29.2 48.9 45.3 59.3 *** NS NS

JPP 27.8 36.9 49.4 46.3
Diameter growth (mm) BR 6.3 10.3 10.0 11.8 *** *** NS

JPP 5.4 6.6 9.1 8.3
Survival® (%) BR 96 100 100 100 ** *** NS

JPP 76 93 96

Birch

88

Height growth (cm) BR 36.8 41.0 48.5 44.9
NS *** NS

JPP 9.0 14.5 16.8 8.5
Diameter growth (mm) BR

JPP
8.0
4.9

6.6
5.3

6.9
6.2

7.6
6.1

NS ** NS

Survival(2) (%) BR
JPP

19
8

33
40

57
60

53
46

* NS NS

(1) NS =  effect not significant at 5% level 
* =  effect significant at 5% level 

** =  effect significant at 1% level 
*** = effect significant at 0.1% level

<2) Survival transformed to angles for statistical analysis.

container-grown stock. Increasing the proportion of peat 
in the backfill improved hawthorn performance. Erratic 
survival obscures the birch results, but up to 50 per cent 
peat appears to have improved their survival and growth, 
although 80 per cent peat was slightly detrimental.

A similar experiment at Milton Keynes compared the 
effects of zero, 20 and 50 per cent sedge peat mixed into 12 
litre planting pits on ash (Fraxinus excelsior), Norway 
maple (Acer platanoides) and Western red cedar (Thuja 
plicata) transplants. Peat depressed ash diameter growth 
in the first year, but unfortunately the experiment was 
destroyed before any treatment effects emerged with the 
other species.

The Michael Wood and Milton Keynes experiments 
were on grassy sites. A third experiment at Islington in 
Greater London used standard trees in a paved street area. 
Rowan (Sorbus aucuparia ‘Fastigiata’), 3 m tall, were 
planted into 72 litre planting pits with zero, 10, 20 or 40 
per cent sedge peat. These treatments had no significant 
effect on survival or growth. In the first 2 years nearly 40 
per cent of the trees died -  waterlogging and vandalism

were the major causes. Investigation of soil oxygen 
availability using steel rods (Carnell and Anderson, 1986) 
showed that peat did not improve the anaerobic soil 
conditions.

Discussion

Addition of peat was beneficial at Michael Wood, detri­
mental at Milton Keynes and had no significant effect on 
tree establishment at Islington. Clearly, it is not a panacea 
for difficult sites. It increases soil moisture storage but is 
harmful unless excess water can drain away. All three sites 
had fine textured soils prone to waterlogging. It may be 
significant that Michael Wood was the only site with 
sufficient slope to prevent excessive waterlogging. 
Waterlogging restricts gaseous diffusion through soil and 
decomposition of organic matter uses soil oxygen; both 
factors increase soil anaerobism, restricting root growth 
and thus rendering trees drought susceptible.
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Pre-planting site preparation must therefore ensure 
that compaction and waterlogging do not restrict root 
growth. Excess water must be able to drain from the soil 
and off the site. Binns and Fourt (1984) recommend the 
creation of slopes, and ripping to a depth of at least 0.5 m, 
to achieve these objectives on reclamation sites; these 
techniques could be adapted for use on many other sites. 
Where these techniques are impractical other methods to 
achieve the same objectives should be designed.

With such site preparation soils of most textures will 
store sufficient moisture to supply newly planted trees 
through British summers, provided weeds are prevented 
from competing for moisture. The addition of organic 
matter and irrigation then become luxuries for tree 
establishment. Such site preparation should also benefit 
long-term tree stability and drought resistance.

In addition to improving tree establishment the exten­
sive site preparation advocated by Binns and Fourt (1984) 
is not necessarily more expensive. It may be possible to 
notch-plant transplants into ground which because of its 
compaction would otherwise require pit planting. Pit 
preparation is expensive.

Organic matter influences nutrition as well as soil gas 
and water regimes. Micro-organisms which decompose 
the organic matter compete with plants for available 
nitrogen. This is particularly serious with materials such 
as straw, wood and bark having a high carbonmitrogen 
ratio. Schulte and Whitcomb (1975) found that neither 
bark, peat moss, sand or vermiculite mixed into planting 
pits improved the early growth of Silver maple (Acer 
saccharinum). Bark reduced nitrogen availability, and tree 
growth, although fertilising compensated for this to some 
extent.

Conclusion
Pre-planting site preparation must relieve soil compaction 
and ensure that excess water can drain from the soil and off 
the site; addition of organic matter is no substitute.

Plant Handling
When plants are lifted from a nursery bed, transported 
and replanted, they are inevitably damaged. Firstly, part 
of the root system is severed and left in the nursery soil. 
Secondly, plants dry out unless kept in a saturated 
atmosphere for the whole time that their roots are unable 
to extract soil moisture.

Desiccation during plant handling
Insley (1980) intercepted plants being supplied by 
commercial nurseries for roadside planting in 1978 and

1979 and found that 10 and 3.5 per cent respectively had 
lost more than half the water they contained at lifting. As 
most plants were well packaged the damage probably 
occurred in the nursery between lifting and packaging. He 
also demonstrated experimentally that desiccation caused 
by exposure reduced the survival of broadleaved 
seedlings. Subsequently growth of the survivors of some 
species was also reduced.

Trees with finely structured root systems, such as 
Beiula species, have a large surface-area:volume ratio; 
they generally dry out faster and are damaged more readily 
than, for example, Tilia species, which have coarser roots. 
Roots must be protected from desiccation while out of the 
ground. Shoots, even when dormant and leafless, also lose 
moisture, albeit at a slower rate, so they too should be 
protected as much as possible; this is especially important 
for seedlings and transplants which have a larger surface- 
areaivolume ratio than bigger trees.

Root loss during lifting
In an experiment at Tern Hill, Shropshire, London plane 
(Platanus x hispanica) and Small-leaved lime (Tilia 
cordata) had their roots pruned at planting by half their 
length to simulate careless nursery lifting. As much of the 
root system had been lost during lifting, removing half of 
what remained was a severe treatment. However, survival 
was excellent and root pruning had no significant effect on 
height and diameter growth over the following three 
seasons. (A shoot pruning treatment, discussed below, 
was also included in this experiment; results are given in 
Table 2.)

In a second experiment 3.2-A .5 m tall ash, sycamore 
(Acer pseudoplatanus) and Box elder (Acer negundo) had all 
their fine roots shaved off prior to planting. Again, 
survival was excellent and root-shaved trees grew as well as 
untreated controls.

Discussion
These experiments indicate that severance of part of the 
root system between lifting and replanting is not neces­
sarily detrimental. By contrast desiccation during plant 
handling reduced both survival and growth.

It appears that physiological status, particularly mois­
ture content, has a greater influence on transplanting 
success than the size of the root system; quality rather than 
quantity is required. But in practice the purchaser of 
bare-rooted trees assesses their quality largely by the size 
and form of their root systems, if the roots are examined at 
all.

Physiological quality is largely overlooked because it is 
not easily assessed. Plants may arrive well packaged and 
appear moist, but they may have dried out once and then
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Table 2. The effect of root (R) and shoot (S) pruning on height and diameter (measured 0.7 m above ground) of London 
plane and Small-leaved lime after three seasons. Tern Hill.

Significance 1,1

Pruning treatment: Control R S R +S R S R x S
interaction

London plane

Initial height (m) 1.99 1.86 1.62 1.59 NS *** NS
Initial diameter (mm) 18.1 17.2 17.6 17.5 NS NS NS
Height (m) after three seasons 3.21 3.00 3.17 3.16 NS NS NS
Diameter (mm) after three seasons 46.8 44.2 46.9 46.0 NS NS NS

Small-leaved lime

Initial height (m) 2.44 2.39 1.90 2.08 NS
Initial diameter (mm) 23.4 24.0 22.3 24.1 NS
Height (m) after three seasons 2.84 2.74 2.69 2.76 NS
Diameter (mm) after three seasons 46.6 47.2 43.7 45.0 NS

NS
NS

NS
NS
NS
NS

(1)See note 1 below Table 1.

been soaked for a period -  soaking will not resuscitate dead 
wood. Some months later when the tree is found to be dead 
it may be impossible to ascertain the cause.

In order to present a balanced picture it is necessary to 
add that root loss is often harmful. Many researchers (e.g. 
Beckjord and Cech, 1980) have found this. I am not 
advocating small root systems, merely suggesting that 
other frequently ignored factors are usually more 
important.

Fine roots dry out rapidly (Coutts, 1981) and will die 
after only brief exposure. This may explain the lack of 
response to root-shaving in the second experiment, only 
dead material being excised. In that experiment the trees 
were carefully handled in the short period between lifting 
and replanting. This suggests that bulk of thick roots from 
which new fine roots can regenerate is more important 
than masses of fine roots.

Conclusion
Trees must be protected from desiccation at all times 
between lifting and replanting.

Shoot Pruning at Planting

Shoot pruning is often advocated (e.g. Kozlowski and 
Davies, 1975) to restore the root:shoot ratio which is 
depressed through root loss during nursery lifting. Dor­

mant pruning is expected to delay or reduce leaf area 
development, transpiration rates and consequently the 
demands made on the root system.

Two shoot pruning experiments
In the Tern Hill experiment root pruning (described 
above) and shoot pruning treatments were applied 
factorially giving four experimental treatments. Shoot- 
pruned trees had all branches pruned to the bud nearest 
the mid point of their length; leading shoots were cut back 
to a bud mid-way between the tip and first main branch. 
Thus shoot pruning reduced tree heights. Shoot-pruned 
trees regained their lost height in the first season, there­
after growing at the same rate as the unpruned trees. 
Heights and diameters after three seasons are given in 
Table 2. After three seasons it appears that shoot pruning 
has slightly depressed lime diameter growth.

The second shoot pruning experiment, planted with 
2 m tall sycamore and birch at Barton Stacey, Hampshire, 
used four experimental treatments: (A) control, with no 
pruning, (B) half of the branches removed, (C) all 
branches pruned to half length, and (D) all branches 
removed. Survival was excellent but growth poor. Many 
trees, particularly sycamore, died back severely. This was 
probably caused by summer drought and nutritional 
problems. Shoot pruning reduced the incidence of die- 
back (only significantly for birch) and increased height 
growth (Table 3).
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Table 3. The effect of four pruning treatments (A =  no pruning, B =  half of the branches removed, C =  all branches 
pruned to half length, D =  all branches removed) on dieback percentage, height and diameter (measured 1 m above 
ground) growth of birch and sycamore two seasons after planting. Barton Stacey.

P ru n in g  trea tm en t: A B C  D Significance0 ’

Birch

Dieback<2) percentage (%) 7.5 5.0 0 0 **

Height™ growth (cm) 13.2 24.4 20.9 43.0 ***

Diameter23* growth (mm) 1.9 1.7 1.5 0.9 NS

Sycamore

Dieback(2) percentage (%) 26.7 10.0 7.1 13.3 NS
Height™ growth (cm) 6.4 8.4 8.4 14.9 **

Diameter23* growth (mm) 1.4 0.8 1.1 0.8 NS

(1) See Note (1) below Table 1.

(2) Dieback figures are based on the num ber of trees which were taller at planting than after two seasons.

(3) All trees with height dieback excluded from these analyses.

In neither experiment did sufficient moisture stress 
develop to kill trees and test the effect of pruning on 
survival. Pruning increased height growth and reduced 
the incidence of dieback. There were indications that 
pruning may have depressed diameter growth.

Discussion
Pruning does not necessarily reduce the tree’s leaf area and 
transpiration. Shoup et al. (1981) reported that various 
pruning treatments had no effect on total first year leaf 
production of Kieffer pear (Pyrus communis ‘Kieffer’) and 
dwarf Alberta peach (Prunus persica ‘Elberta’). Pruned 
Stuart pecan (Carya illoensis ‘Stuart’) broke bud slightly 
earlier than unpruned controls. Pruning method can 
influence the results; Evans and Klett (1984) found that 
branch thinning reduced leaf production of Sargent crab 
apple (Malus sargentii) but heading the branches back did 
not.

Shoot pruning affects root growth. Head (1967) 
observed a reduction in root growth associated with 
vigorous shoot growth which was stimulated by pruning of 
Victoria plum on Myrobalan B and Worcester Pearmain 
on MM104 rootstocks. Richardson (1957) using Silver 
maple seedlings found that root formation required the 
presence of an active shoot apex, and that the leaves

supplied a second growth factor which controlled root 
elongation.

Therefore, even when dormant pruning does delay or 
reduce leaf area development, it may still increase the 
moisture stress suffered by the tree -  the reduction in 
transpirational water requirements being outweighed by 
the reduction in root growth. Pruning may have other 
adverse effects; if it reduces leaf area, nett photosynthesis 
will be curtailed. Pruning removed stored carbohydrates 
from the tree. Species, previous nursery treatment, type 
and severity of pruning, soil, climate and other factors may 
determine whether pruning helps or hinders tree estab­
lishment.

Root:shoot ratios are often calculated using total root 
and shoot dry weights. But tree growth at Tern Hill was 
little affected by the root and shoot pruning treatments 
which must have produced trees with widely differing 
ratios. Fine roots have both a greater surface area per unit 
weight and will absorb more water per unit surface area 
than coarse roots. However, as discussed above under 
Plant Handling, these fine roots may not survive trans­
planting. Thus the water balance of the newly trans­
planted tree largely depends on the regenerative capacity 
of the surviving roots. Leafinew root ratio is a better, but 
still imprecise, measure of the tree’s water balance (Evans 
and Klett, 1984).
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Conclusion
It is naive to assume that shoot pruning necessarily 
reduces moisture stress. Shoot pruning reduces root 
growth and may thus increase the stress suffered by the 
tree.
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Discussion

R. WEBB

(i)

(ii)

R.J. DAVIES
(i)

(ii)

J. GRACE

R.J. DAVIES 

R. SKERRATT

(An Foras Forbartha, Dublin).

Have any soil ameliorants other than 
peat been tested?
Should roots be pruned at planting?

Experiments have been established 
in the 1984/5 planting season to 
examine proprietary soil amelio­
rants. The main problems are poor 
drainage and overall compaction of 
the site which cannot be relieved by 
small quantities of material in a small 
planting pit.
Root pruning is not advocated 
though it seems less harmful than 
might be expected. Pruning makes 
trees easy to handle and plant which 
is probably why people do it.

(Department of Forestry and N atu­
ral Resources, Edinburgh Uni­
versity).

Suggested greater use of instru­
mentation should allow causal 
factors to be determined while in all 
establishment research water stress 
should be monitored.

Accepted the points and described 
current work with instruments.

(Arboricultural Consultant, 
Cleveland).

Stressed that it is important to state 
the type of peat used because quality 
is very variable.
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R .J. DAVIES Sedge peat used in the experiments 
described.

H.G. M ILLER

R.N . HUM PHRIES

D. KENN ED Y

D. ATKIN SON

R.J. DAVIES

(Department of Forestry, Aberdeen 
University).

Urged caution because there is a risk 
of soil deoxygenation with fine 
textured peat.

(Midland Research Project).

Expressed a belief that the papers 
had not adequately emphasised the 
difficulties caused by inadequate 
drainage on destructured soils. He 
suggested that rigg and furr plus 
ripping was not sufficient to get 
water off sites and that attention 
should be given to agricultural pipe 
drainage systems.

(Department of Forestry, Aberdeen 
University).

Birch has established well when 
shoots were pruned before planting.

(East Mailing Research Station).

Were there any reasons for one stock 
type responding to peat on one site 
and other species on other sites not 
responding?

No explanations found.
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Root Growth and the Problems of Trees 
in Urban and Industrial Areas

P . G ilbertson , A .D . K en d le  and  A .D . B radshaw

Department o f  B otany, University o f  Liverpool

Summary

The availability of water and nutrients to transplanted trees is assessed, and ways of improving the 
uptake of these essential plant resources are outlined. Particular importance is placed on the 
effects of early planting, pruning, watering, fertilising and weed control, in increasing the 
contribution of the root system to the growth of the tree in its new environment.

Urban Tree Performance

In any study of tree growth on landscape sites it soon 
becomes evident that, despite our efforts, performance 
often falls sadly below that desired, to the cost of the 
planting agency and the detriment of the client. Results 
obtained from a recent survey of the annual extension 
growth of 1000 newly planted standard trees in some

towns in the north of England (Gilbertson and Bradshaw, 
1985) have shown that a large percentage of trees 
measured were in fact putting on no extension growth or 
were even ‘growing backwards’ (Figure 1). At the same 
time the mean growth is far below the level that can be 
achieved with good practice. Such performance may be 
attributed to the poor made-up soils so commonly found in 
urban areas, low in nitrogen and organic matter, and 
which forms the background to our considerations.

Figure I. The distribution of mean annual shoot increments of 1000 urban trees in 1983 (all species together).
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Tree Requirements and Root 
Growth

When trying to determine why trees are unable to grow on 
such sites it often pays to return to basic principles and 
consider what resources a plant needs to enable this 
growth to occur. Essentially a tree requires light and 
carbon dioxide absorbed from the air by its leaves, and 
water and nutrients extracted from the soil by its roots. Of 
these, it is usually only the latter two which are likely to be 
seriously limiting in open landscapes. To overcome this 
limitation adequate root extension is obviously important. 
However, the ability of the plant to exploit aerial resources 
may be restricted if it fails to develop adequate leaves, or 
they fail to function, because of severe soil induced 
stresses. Usually a drought, which physically inhibits 
growth, leads to stomatal closure, and inevitably reduced 
photosynthesis (Levitt, 1972). This serves to underline the 
importance of the roots and the volume of the soil they 
exploit, in determining potential growth.

This inter-relationship can be explored by some simple 
calculations. Taking nitrogen in particular, a soil typical of 
any derelict urban area into which the majority of new 
trees are planted will have a total nitrogen supply of 500 
ppm (Dutton andBradshaw, 1981). Ifwe assume a typical 
mineralisation rate for this nitrogen of 1/16, the annual 
release of mineral nitrogen for a given volume exploited by 
roots can be used to determine the maximum potential 
biomass increase. We have assumed that N forms 1.5 per 
cent of dry weight increment and that 100 per cent of the 
mineralised N is captured by the roots. Lateral movement 
of nutrients does not occur over great distances in the soil, 
so that there will be a direct relationship between rooting 
volume and nutrient supply (Figure 2). We can go on to 
determine what nitrogen is required by (a) a standard tree 
and (b) a 50 cm transplant, and what volume of soil each 
will be able to exploit immediately following planting. On 
such degraded soils the remarkable conclusion is that trees 
planted in pits of appropriate size for their roots will have 
barely enough nitrogen to ensure full leafing out, which 
typically represents about a third of the tree’s annual 
biomass increments, let alone to ensure any shoot exten­
sion or girth increment. If, as is likely, at least 25 per cent 
of the N is not recaptured or there is a competing grass 
sward, the situation is even more serious.

Similarly, using figures for the amount of water 
transpired by a lime (Tilia sp.), which we have taken to be 
2 litres per day (Bradshaw, 1985), we can determine, 
assuming 100 per cent uptake, the potential number of 
days support that a given volume of soil can give in the 
absence of water input in relation to the water capacity of 
the soil (Figure 3). Again, the rooting volume directly 
affects the supply of resources, and typically newly

Figure 2. The potential dry m atter production for a given 
rooting volume on urban wasteland.

R o o t i n g  ( c m ^ )

Figure 3. W ater supply of a newly transplanted lime tree 
(assuming a water loss of 2 litres/day).

60



planted trees, such as the normal standard in Figure 2, 
with a rooting volume of 0. lm 3, have only about 8 days of 
supply available to them in the absence of rain or irrigation 
before they begin to experience deficits on the poor soils 
with low available capacities (15 per cent) typical of urban 
areas. The situation is not very much better on good soils, 
15 days with water capacities of 30 per cent, and will be far 
worse where there is a competing grass sward. Any 
periods of drought will not only cause the tree to become 
water deficient but also prevent the uptake of mineral 
nutrients.

It is inevitable that the combination of practices in the 
nursery, whether containerisation of the roots or frequent 
undercutting and unavoidable root losses at lifting, pro­
duce a plant that has an artificially low root to shoot ratio 
for its size and age. A properly established 5-year-old 
apple tree (Mains sp.), i.e. of comparable age to a typical 
standard tree, will, by contrast, exploit a soil volume of 
7m3 (Atkinson and Wilson, 1980). A well grown trans­
plant can usually survive on its internal nutrient and food 
stores for the first few months after planting -  sufficient to 
allow some new roots to grow and aid exploitation of the 
surrounding soil and minerals if present, although the 
extent to which a tree can continue to rely on such reserves 
and remain independent of its soil environment has yet to 
be determined. It is possible that some species planted into 
nutrient poor sites may exhibit no apparent deficiency in 
the first year, but the process of producing and storing 
metabolites with which to fuel the following year’s growth 
will be severely curtailed and subsequent growth will 
suffer.

However, even on nutrient rich soils water relations in 
the spring following planting will be the most critical 
factor. This is not to say that the tree will die within the 8 to 
15 days mentioned. The tree will take ‘defensive measures’ 
such as stomatal closure and reduced leaf growth. But this 
will cause a restriction of photosynthesis that will limit 
food supplies and the plant’s ability to grow subsequently. 
There will also be reduction of root growth, so that the tree 
will remain vulnerable to further drought for much 
longer. The decline to final death will take much longer.

Improving the Contribution from the 
Root

A newly planted tree in a typically poor urban soil is at 
considerable risk. Whilst the soil can be improved some­
what, part of the problem remains due to the restricted 
root system. Fortunately there are management practices 
that can be employed to improve the situation for the tree.

Early planting
Firstly, try to improve the amount of rooting that has taken 
place by the time the tree leafs out and experiences full 
transpiration demand. This can be achieved partly by 
ensuring that the plant is healthy and vigorous when 
planted. It has been suggested that some form of ‘accli­
matisation’ of plant material can be obtained by growing it 
prior to final planting out, in nursery areas that in some 
way reflect the difficult conditions to be encountered. We 
know of no evidence to support this idea. Indeed the key to 
good tree growth is to remove limiting conditions. To 
deliberately subject a plant to pre-chosen difficulties will 
almost certainly have a greater effect in terms of depleting 
reserves than any benefit that may be gained by ‘toughen­
ing it up’.

What is much clearer is that, wherever practical, 
planting early in the dormant season should be employed. 
In an experiment carried out over winter 1983/4 it was 
shown that trees planted in late November may have twice 
as much root by full leafing out compared with those 
planted in late March (Figure 4), although the actual 
amount of root growth will be dependent on soil tem­
peratures. It is to be regretted that the strictures of the 
financial year often act to encourage local authorities to 
plant nearer April than November.

Figure 4. The influence of planting time on root growth. 
Vertical bars =  99% confidence limits.

S y c a m o r e  B i r c h  S B
( a t  b u d  b r e a k )  ( a t  l e a f  e x p a n s i o n )
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Physical improvement of the substrate
In some situations, especially after earthmoving, soils can 
be so consolidated that they form a genuine barrier to root 
growth (Russell, 1977), quite apart from restriction of 
aeration. In such sites ripping may be essential (Binns and 
Fourt, 1981). On urban sites large loosely filled planting 
pits have to be relied on.

Reduction of canopy
Reduction of the total leaf area, and thereby the transpir­
ation demand the shoots put on the truncated root system 
of newly planted trees, can be achieved by pruning. It has 
been suggested that shoot pruning, by restricting carbohy­
drate and growth regulator flow down the stem, can 
actually restrict the ability of the tree to produce roots 
(Fayle, 1968). This will be tested experimentally during 
the 1985 growing season, but preliminary results (Figure 
5) demonstrate that shoot pruning is beneficial. As well as 
an overall increase in shoot extension, there was a 
depression in water deficits. This will lead directly to 
increased photosynthesis and the production of more 
carbohydrates for root growth. There was also a parallel 
increase in individual leaf areas, and an improvement in 
aesthetic value of the trees. Even when the initial pruning 
gives the tree a somewhat stark appearance, regrowth over 
the first season makes pruned trees more attractive than

where stress induced dieback is evident in the canopy. 
Whilst it is true that dieback can be looked on as the tree’s 
own attempt at shoot pruning, by taking these steps at the 
planting stage, not only can we constructively influence 
which shoots are to be retained but also ensure that the tree 
avoids the full severity of internal water deficits.

Water supply
The supply of water in the soil can be increased by 
restricting unnecessary evapotranspiration losses from the 
soil by using weed control and mulch techniques and by 
irrigation. Many authorities regard watering as an impos­
sible expense but this is false economy if the tree dies and 
has to be replaced. Even if a commitment to a full season’s 
maintenance is truly impossible, there is no reason to 
dismiss the idea completely. An experiment at the 1984 
International Garden Festival, Liverpool, showed that 
after a single watering, stomatal resistances were signifi­
cantly reduced, by the order of 50 per cent, in both 
feathered transplants and standard alders (Alnus sp.). 
Such dramatic responses were measurable as early as 24 
hours after watering and persisted for many days, despite 
the severity and length of drought that the trees had been 
subjected to (Figure 6). Perhaps more importantly 
measurable growth increases were evident at the end of the 
season (Figure 7).

Figure 5. Effect of two levels of pruning on the shoot extension of five species of amenity tree. 
Vertical bars =  95% confidence limits.
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Figure 6. a. Effect of watering on the stomatal resistances of standard trees at the IGF. 
b. Effect of watering on stomatal resistances of transplants at the IGF.
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Nutrient supply
Apart from ensuring that root extension is encouraged as 
far as possible by early planting the most obvious course to 
take is to increase the nutrient status of the soil. This can 
be done using inorganic fertilisers, organic fertilisers or by 
encouraging biological nitrogen fixation, the best 
approach being determined by considerations of soil type, 
location and costs. There has been a lot of debate about the 
effects of different nutrients on morphology and plant 
growth. Any nutrient that is deficient will have a limiting 
effect on both root and shoot growth. Although even acute 
nutrient shortage will not directly kill a tree it will restrict 
the tree’s ability to grow and establish properly and so 
survive other stresses such as drought or pathogen attack.

This can be illustrated by the results of an experiment 
performed on severely nitrogen deficient china clay 
wastes. On these sites it is common for trees to develop 
severe chlorosis of the leaves due to nutrient shortage in 
the first year. Excavation of such trees illustrates that 
almost no root growth has taken place since planting. In 
trials, three levels of N  were applied to 1 +1 birch (Betula 
sp.) and sycamore (Acerpseudoplatanus) transplants which 
had already been given a base dressing of phosphate and

Figure 8. Effect of increasing nitrogen on the volumetric (ml) 
root and shoot increments after one year of newly planted 
transplants on china clay wastes.

B i r c h  S y c a m o r e

Vertical bars =  95% confidence limits.

potassium. The levels chosen were 50, 100, and 150 
kgN/ha. Although on the waste leaching is severe and in 
any one year it is almost impossible to gauge how much of 
the application reaches the plant, the results show that 
addition of N had a beneficial effect on the growth of all 
plant organs including the roots (Figure 8). Indeed, root 
extension of birch in the high N treatment allowed the 
trees to exploit a soil volume of approximately ten times 
that of the control trees and brought this volume up to a 
level comparable with that quoted for a standard tree of 
several times the size.

There seems little evidence for the common belief that 
N promotes shoot growth whilst P is for roots. Increasing 
N on this site slightly increased root:shoot ratio, which 
perhaps may be attributed to the excessively truncated 
roots of the transplants, being preferentially regrown 
compared to shoots (Figure 9). Even so, the principal 
conclusion is that N does not inhibit recovery, and that the 
recovery cannot take place when N is limiting. As a direct 
result of severely limited root extension, as in the N1 
treatment, long term survival must be thrown into 
question.

Although industrial wasteland sites such as china clay 
may seem extreme in their properties, experience has 
shown that the magnitude of the problem, at least with 
regard to nitrogen is not much greater than can be 
encountered in urban areas where planting is taking place 
into brick waste, subsoil or ‘topsoil’ of extremely poor 
quality. The widespread importance of nitrogen to general 
growth on these sites was reported previously (Binns and 
Fourt, 1981).

Interactions between Water and 
Nutrients

It is rare that the effects of nutrient deficiency or drought 
can be separated. Nutrient deficiencies will limit root 
growth and make plants more susceptible to drought. 
Similarly moisture deficits will restrict nutrient uptake in 
the soil. The situation can be further complicated when 
the drought is caused primarily by weed competition. 
Davies (1987) has shown that adding nutrients in such a 
situation can actually increase the vigour of the weeds and 
cause more harm to the trees. This was confirmed by an 
experiment on a site where soil nutrient status was low 
enough for weeds to respond to fertiliser but high enough 
to support tree growth without fertiliser, although even 
very fertile agricultural soils will also show increased grass 
growth following nutrient addition. There was a marked 
negative effect of fertiliser in the presence of weeds on both 
tree root and shoot growth (Figure 10). This illustrates the 
paramount importance of weed control in such cases.
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Figure 9. Effect of increasing nitrogen on the volumetric (ml) 
root to shoot ratio of newly planted transplants on 
china clay wastes.
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Figure 10. Volumetric root and shoot increments (ml) of 
transplants showing the interaction of weed 
control and fertiliser.
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Following weed control, response to added fertiliser 
may be small. Not only are the weeds no longer competing 
for soil reserves of water and nutrients, there is commonly 
a flush of released nutrient ions from the killed sward 
biomass, either or both of which may make additional 
fertiliser less necessary in the summer of the planting on 
reasonable soils. On industrial or urban derelict land, in 
the absence of some overriding limiting factor, it is almost 
inevitable that added nutrients will produce a positive 
response following weed control.

Conclusions

Most of these concepts are far from new. Indeed they have 
been the key to good cultural practices for centuries. But 
recently the attitude has been taken that they can be 
ignored. In the current high levels of amenity tree planting 
in the UK, insufficient attention is clearly being given to 
basic plant needs, resulting in poor average performance. 
Yet simple management practices are available to improve 
water and nutrient supply to newly planted trees. At the 
same time it must be remembered that the availability of 
these resources is strongly influenced by the functional 
rooting volume of the tree in relation to the requirements 
of the canopy. Hence particular attention must be given to 
the merits of early planting, pruning, watering, fertilising 
and weed control for their effects on root, rather than shoot 
growth. It is our intention to quantify these effects further.

Acknowledgements

This work has been jointly funded by NERC, SERC, 
ESRC, and ECC.

References

ATKINSON, D. and WILSON, S.A. (1980). The growth 
and distribution of fruit tree roots: some consequences 
for nutrient uptake. In, Mineral nutrition o f fruit trees, 
eds. D. Atkinson, Jackson, J .E ., Sharpies R.O. and 
Waller, W.M. Studies in the Agricultural and Food 
Sciences. Butterworths, London.

BINNS, W.O. and FOURT, D.F. (1981). Surface workings 
and trees. In, Research for practical arboriculture. Fore­
stry Commission Occasional Paper 10, 60-75. Forestry 
Commission, Edinburgh.

BRADSHAW, A.D. (1981). Growing trees in difficult 
environments. In, Research for practical arboriculture. 
Forestry Commission Occasional Paper 10, 93-106. 
Forestry Commission, Edinburgh.

65



BRADSHAW, A.D. (1985). Ecological principles in land­
scape. In, Ecology and design in landscape, eds. 
Bradshaw, A .D ., Thorp, E. and Goode, D.A. 
Blackwell, Oxford.

DAVIES, R.J. (1987). Weed competition and broadleaved 
tree establishment. In, Advances in practical arboricul­
ture. Forestry Commission Bulletin 65, 91-99. HMSO, 
London.

DUTTON, R.A. and BRADSHAW, A.D. (1981). Land 
reclamation in cities. HMSO, London.

FAYLE, D.F.C. (1968). Radial growth in tree roots. 
Faculty o f Forestry, Technical Report 9. University of 
Toronto, Canada.

GILBERTSON, P. and BRADSHAW, A.D. (1985). Tree 
survival in cities: the extent and nature of the problem 
Arboricultural Journal 9, 131-142.

LEVITT, J. (1972). Responses o f plants to environmental 
stresses. Physiological Ecology series, Academic Press, 
New York.

RUSSELL, R.S. (1977). Plant root systems, theirfunction and 
interaction with the soil. McGraw Hill, Maidenhead.

Discussion

T .H .R . H A LL

A.D. BRADSHAW

(Oxford University Parks).

Does the timing of fertiliser applica­
tion affect root growth?

Limited resources have not allowed 
this to be tested so we have no 
evidence as yet. However, it is clear 
that a first year application is defi­
nitely useful.

J.B.H. GARDINER (Forestry Commission).

From my experience, if you add 
large quantities of N and K at plant­
ing, conifers may be killed. The 
experts tell us that on lowland clay 
soils, P and K are seldom deficient.

A.D. BRADSHAW

S.J. MORRIS

A.D . BRADSHAW

R .I. FAIRLEY

A.D. BRADSHAW

D. GILBERT

A.D. BRADSHAW

This is generally so, but on some 
artificial soils, such as demolition 
sites, Ca++ induced deficiencies may 
arise.

(Devon Tree Services).

How much nitrate should be applied 
at planting?

Typically, 50 kg/ha will be sufficient. 
50,100 and 150 kg/ha have been tried 
but effectiveness varies according to 
site.

(Countryside Commission for 
Scotland).

N increases the root/shoot ratio but is 
this effect disrupted by planting?

If no nutrients are present then roots 
will not grow. Roots do not grow to 
seek nutrients.

(Ministry of Agriculture, Fisheries 
and Food).

In my experience I have seen no 
response to N or P on ordinary 
nursery soils, though in some cir­
cumstances slow release fertilisers 
have had an effect.

Leaching is a dominant factor, parti­
cularly on the china clay spoil sites 
and here a slow release formulation is 
most applicable. Our experience 
shows that ‘good’ soils, such as 
bought top soils, are frequently 
depleted and poorly structured.
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Tree Shelters

J . E vans

Forestry Commission

Summary

Tree shelters are transparent or translucent tubes placed around newly planted trees. They aid 
establishment and early growth, provide good protection and permit easier and safer weeding of 
broadleaved species with herbicide. Almost all broadleaved and most coniferous species benefit 
from tree shelters and some normally slow growing ones, e.g. oak, beech and lime, show greatly 
increased early growth.

Since their introduction in 1979 the use of tree shelters has grown very rapidly; about 1.5 
million trees were planted with them in 1985. Present research aims to monitor their use and 
identify ways of further improving this promising technique. The paper also comments on 
practical aspects of using tree shelters.

Introduction

It is remarkable that only 5 years ago at the Preston 
Conference ‘Research for Practical Arboriculture’ tree 
shelters were virtually unheard of and there is not a single 
reference to them in the entire proceedings. Today their 
use is an important establishment technique, with an 
estimated 1.5 million shelters used in 1985.

A tree shelter is simply a transparent or translucent 
lube inside which the newly planted tree is grown. The 
idea was developed by Graham Tuley, hence the collo­
quial name o f ‘Tuley tube’ for the tree shelter, beginning 
with a single experiment on oak trees in 1979. Accounts of 
this early work and subsequent research will be found in 
papers by Tuley (1982, 1983, 1984a and 1985).

The object of this paper is to assist potential users of 
tree shelters by (a) describing tree shelters and the effects 
they have, (b) reporting on the very wide ranging research 
already carried out, (c) making recommendations 
regarding their use, and (d) summarising present research 
developments.

Types of Shelter and the 
Environment Created

Types of tree shelter
The original tree shelter was a sleeve of polythene placed 
over plastic netting to form a tube 1.2 m tall and about 8 
cm in diameter. Since 1979 a great many different kinds of

materials, sizes and shapes have been used for shelters and 
it is clear that any reasonably transparent or translucent 
material formed into a tube will function as a tree shelter.

Today, three main kinds of materials are used, corru­
gated polypropylene, folded into square or hexagonal 
shaped tubes, extruded polypropylene tubing either 
ribbed or smooth, and PVC sheeting, usually reinforced 
with polyester, made into open cones or tubes. Most 
shelters used are 1.2 m tall but both shorter and taller ones 
are available to meet differing protection requirements to 
prevent browsing damage (Pepper, 1983). A list of 
suppliers of tree shelters is appended.

Microclimate inside tree shelters
Tree shelters protect trees from herbicide, mammal and 
mechanical damage but one of their main advantages is 
that the ‘mini-greenhouse’ environment appears to stimu­
late tree growth. The reasons for this are complex 
including shelter from wind, lack of stem movement, even 
possible suppression of side light -  see the work of Donssal 
(1975) and the Manchon effect reported by Roussel 
(1972), but clearly the internal microclimate in which the 
tree grows is likely to be important.

The microclimate of tree shelters is under investigation 
at Wye College and the data portrayed in Figures 1 and 2 
derive from this work (Rendle, personal communication). 
Both figures compare microclimatic data collected inside a 
corrugated polypropylene shelter with conditions nearby
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Figure I.  Solar radiation during 25th August 1984 measured in the open 
and inside a corrugated polypropylene tree sh e lte r---------------

Figure 2. Air temperature and relative humidity measured during 25th August 1984
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in the open. They show that solar radiation within this 
type of shelter is somewhat depressed in the middle of the 
day but that total day length is little affected (Figure 1) and 
that air temperatures are elevated (Figure 2). However, 
the greatest difference is the sustained high relative 
humidity inside a shelter, especially when fully occupied 
by a tree and its foliage (Figure 2). This combination of 
elevated temperature and relative humidity may enhance 
photosynthesis and explain the generally better growth 
and good survival of newly planted trees. Such conditions 
are certainly not damaging, despite signs of occasional leaf 
scorch, and have not been found to increase disease or pest 
problems.

Overview of Research with Tree 
Shelters

Since 1979, and including work currently in hand, some 
96 experiments have been carried out with tree shelters by 
the Forestry Commission’s Research Division. This con­
siderable body of research, almost wholly under Graham 
Tuley’s leadership, falls into four main categories.

1. Response of different tree species to shelters.

2. An examination of materials and methods of 
erecting shelters.

3. The interaction of the tree shelter technique with 
other establishment practices such as plant type, 
weed control and fertilising.

4. The practical application of tree shelters, i.e. the 
sites and situations where they are of most value.

Response to tree shelters by species
The first species to be tried in shelters was Sessile oak 
(Quercus petraea), which is normally expensive to establish 
and slow growing. Performance of Sessile oak grown in 
tree shelters compared with that in tree guards and in the 
open, but protected from mammal damage, is shown in 
Figure 3. The data are from the oldest experiment and are 
representative not only of oak but of the kind of response 
of most broadleaved species; the shelters were removed 
after 3 years, a practice not now recommended. Figure 3 
shows that height growth is rapid during the first few years 
while the tree is in the shelter but thereafter settles down to a 
more normal rate; the shelter has not changed the growing 
potential (fertility) of the site but accelerated the tree 
through the initial, slow and expensive early estab­
lishment stage. In terms of stem volume and basal area 
development (Figure 4) trees in shelters are advanced by 
about 2 years compared with their ‘unsheltered’ counter­
parts.

Figure 3. Mean height of oak transplants

A g e  y e a r s  from  p lanting

Key:_________ tree shelters for 3 years

-tree guards for 3 years___________________ unprotected

Figure 4. Mean stem diameter at 5cm ■ 
and stem volume ▲ growth of oak transplants

A g e  y e a r s  fro m  p la n tin g

K e y : _________in tree shelters for 3 years

_in tree guards for 3 years _____________  unprotected
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Many species, both broadleaves and conifers have been 
included in trials with shelters. Table 1 indicates how 
different species can be expected to respond to tree 
shelters based on our experiments.

No species has grown significantly slower or suffered 
higher mortality as a result of being enclosed in a tree 
shelter. Indeed, there have been several reports of shelters 
improving post-planting survival even with difficult 
species such as Corsican pine (Pinus nigra var. maritima). 
As a recommendation, tree shelters merit consideration 
when planting any species in categories 1 and 2 in Table 1 
and category 3 species if individual tree protection is 
justified on economic grounds (Pepper et al., 1985).

Materials and methods of erection
There are several different types of tree shelter commer­
cially available (Appendix 1). This range represents only a 
small proportion of the total number of different materials 
and plastics which have been evaluated as possible shelter 
materials. All transparent or transluscent materials when 
formed into a tube appear to give much the same kind of 
benefit. However, not all materials last for the same period 
of time and this has led to considerable differences in their 
potential usefulness. Several points have emerged:

1. To ensure enhanced tree growth, shelters need to 
last for at least 3 years.

2. Ideally, however, a shelter should last at least 5 
years to protect the stem from rabbit and deer 
damage and to give support to the tree while its 
crown builds and stem thickens and so minimise 
risk of snap or bending once the shelter disinte­
grates.

3. To achieve a 5-year shelter life the plastic must 
incorporate an ultra violet inhibitor to prevent 
premature breakdown. In early experiments the 
use of ordinary polythene sleeves and PVC sheet­
ing, such as Jetran, proved unsatisfactory since 
they disintegrated or became brittle within about 2 
years.

4. As tree shelters have become more widely used 
other factors shortening their useful life have 
become evident. The main one, apart from actual 
stake breakage, is splitting of the corners of 
corrugated polypropylene shelters. Splitting is 
sometimes observed to begin after 2 or 3 years and 
is probably initiated by trees hitting the corners 
once they grow out of the shelter. This weakness 
develops earlier on exposed sites which suggests

that wind fluttering the shelter is a contributory 
factor. The folding process and transport of tubes 
flat may additionally weaken the corners (Jeffs, 
personal communication). However, it is clear 
from many experiments laid down in 1981 and 
1982 that corrugated polypropylene shelters with 
large fluting are more prone to corner splitting 
than those with small fluting. Manufacturers of 
corrugated polypropylene now use small fluting 
and, indeed, are also seeking other ways of elimi­
nating the problem.

5. The useful life of round, smooth or ribbed, tubular 
tree shelters made of extruded plastic may be 
greatly shortened if they are supported by a metal 
rod or only a short stake. Under such conditions 
they are frequently observed to deform and bend 
and become set in a curved shape. This is obviou­
sly useless; such shelters require a stake for at least 
two-thirds of their length.

Apart from the factor of useful life significant 
differences have been observed between shelter types in 
their effect on tree growth. However, overall, no firm 
conclusions can yet be drawn to say that for example 
Gro-cones (reinforced PVC sheet) are superior or inferior 
to Correx tubes (corrugated polypropylene). This type of 
comparison is currently in hand.

In recent years coloured shelters, notably tints of 
brown or green, have been widely used. There is a slight 
suggestion that they may be marginally inferior for tree 
growth to white or clear shelters but possibly superior for 
life span.

Although individual experiments have shown signifi­
cant differences between types of stake, e.g. wooden 
versus metal rods, overall there is no general trend to 
suggest one method of erection and fastening is superior to 
another from the point o f view of tree survival and growth. 
There are, of course, big differences between methods; if 
weak or knotty stakes are used or where sites are exposed 
or suffer considerable livestock pressure then robust 
external stakes are necessary.

Research into shelter size has examined both diameter 
and, to some extent, shelter height. Early work showed 
that tube diameters greater than 12 cm lead to aerodyna­
mic problems owing to the large surface exposed and 
exaggerated fluttering. The optimum size would appear to 
be between 8 and 10 cm across. Height of shelter is mainly 
a function of the need to protect against mammal damage 
but it is emphasised that growth enhancement is confined 
to the period a tree is within a shelter. Short shelters will 
give a smaller boost to growth than large and tall shelters.
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Tree Shelters in Relation to Other 
Establishment Practices

Tree shelters on their own appear to benefit many species. 
Nevertheless, it is important to evaluate the benefit in 
relation to other establishment practices such as plant 
quality and planting, weed control, fertilising, and the 
whole subject of where shelters can be used -  open 
ground, woodland glades, enrichment of scrub. Many 
experiments have been laid down looking at these aspects 
of tree establishment and the conclusions below draw on 
these.

Planting and plant quality
Tree shelters aid establishment and early growth of newly 
planted trees but they will not resuscitate poor plants 
(spindly, damaged, diseased) or compensate for the effects of 
bad handling (physical damage, desiccation, bad or late 
planting). Tree shelters should be viewed as an aid to 
further improving good establishment practices not a 
compensation for poor workmanship.

Shelters are best used with healthy, sturdy, transplants 
(less than 0.5 m tall); container stock appear to be of no 
advantage at all and shelters are of little benefit to whips or 
larger planting stock. Using shelters with direct sowing or 
with trees which are stumped back is feasible but in both 
instances shoot growth may develop outside the shelter; 
thus enclosing a tree which you can see appears the safest 
course.

Weed control
This subject is amply covered by Davies (1987) but the 
point is stressed that though shelters will still enhance 
growth when trees are in a weedy environment good weed 
control is additionally beneficial (Tuley, 1984b). More­
over, since the tree is enclosed it is relatively easy to apply 
herbicide at medium to high volume to control competing 
weeds, say in a 1 m diameter spot around the tree, without 
risking damage.

Weeds will develop and grow inside a shelter if allowed 
to do so. Several experiments have investigated the value 
of very small plastic mats or other mulches to prevent this 
internal weed growth. Although weeds are prevented, 
rather surprisingly no significant improvement in tree 
growth has been recorded.

Fertilisers
Since a tree shelter accelerates early growth greater 
demands must be made on soil for nutrients, thus 
fertilising could be worthwhile. On some sites small but 
significant responses to compound fertilisers (N:P:K)

have been demonstrated but in most cases nutrients do not 
seem limiting to growth. Where weeding treatments have 
been included in such experiments, achieving a good 
standard of weed control has always been far more 
important.

Sites and situations
The individual protection afforded by tree shelters allows 
the possibility of planting trees in virtually any situation 
without fear of mechanical or browsing damage. This is a 
relatively new opportunity for the forester and thus a 
number of experiments have investigated the effects of 
amount of overhead shade, density of scrub, the use of 
shelters on exposed man-made waste sites, and in places 
frequented by the public such as golf courses and recre­
ation grounds. No unexpected results have emerged but 
the following are of note.

1. Planting in dense thickets where there is no access 
to overhead light will fail. Shelters genuinely 
provide some advantage but do not obviate the 
need for some cleaning to provide sufficient light 
for tree growth. The more the opening of the scrub 
around the trees in shelters the better is the 
growth.

2. Planting trees with shelters under the canopy of 
other trees is feasible but results from the three 
experiments are somewhat conflicting. Two show 
a steady fall-off in growth with increasing overhead 
shading; the third shows no significant difference 
between trees planted in the open or under a tree 
canopy.

3. In public places tree shelters attract considerable 
attention but very little vandalism. There appears 
little preference for colour. Shelters arouse interest 
which is almost wholly favourable because they 
show that tree planting is being carried out.

Present Research

Tree shelters have been one of the most exciting develop­
ments in silviculture in recent years and research is 
actively continuing.

Firstly, there is continued monitoring of the perform­
ance of tree shelters both in a ‘work study’ sense by 
comparing different manufacturers’ products and by 
following up possible problems, especially reports in 1984 
of birds becoming trapped and dying inside shelters. 
Happily, a survey showed such deaths to have been 
extremely uncommon in all our research trials but clearly
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monitoring must continue. This year five experiments 
have been established throughout southern England, 
comparing the principal types of tree shelter commercially 
available, on the growth of ash (Fraxinus excelsior), beech 
(.Fagus sylvaiica) and oak.

Secondly, research is continuing into making the most 
of the shelter environment. Foresters have comparatively 
little influence over the environment which their trees 
experience -  in marked contrast to crops grown under 
glass -  but the shelter offers virtually complete enclosure 
and hence control of a tree’s environment for the first 2 or 3 
years. How can this best be used? Is the environment 
described earlier the most favourable that can be 
achieved? One avenue currently being investigated is to 
modify the light regime. One series of experiments is 
designed to evaluate the effects of different colours; Correx 
shelters have been specially printed for this research by 
Corruplast Limited to cover the entire range of the visible 
spectrum and into the ultra violet. Another series of 
experiments compares the effects of increasing degrees of 
shading by the shelter itself. The manipulation of shelter 
colour offers intriguing possibilities because it is well 
known that different wavelengths influence different 
aspects of plant growth, in particular the near-red 
wavelengths may be inhibitory, green wavelengths are the 
least well absorbed by leaves (that is why leaves are green), 
and ultra violet is known to interfere with auxin synthesis. 
Whether simply colouring a shelter can have sufficient 
influence, especially if it results in further reduction in 
total light supply, is unknown. Nevertheless, in Israel and 
in Kenya growers have found that yellow film provides the 
best light environment for growth of many vegetables and 
tender house plants destined for the European market.

A third area of research is the question of irrigation. 
The tree shelter is part of a high input:high output 
establishment package for individual trees and irrigation 
may afford further substantial benefit. Treatments of trees 
in shelters will range from a single watering after a long 
spell of dry weather in early summer to weekly watering 
throughout the growing season. The latter, very high 
intensity of irrigation, is not expected ever to have 
practical application but, as with all research, the range of 
response needs determining and extreme ideas are always 
worth trying -  after all that is how tree shelters first began!

There is much opportunity for further research with 
tree shelters notably on the question of size, design, and 
incorporation of other features which may further enhance 
initial tree performance such as ability to sway, carbon 
dioxide enrichment, and so on. There also remain many 
questions unanswered, in particular are stem wood 
properties significantly altered when trees are grown in 
shelters and will side branch and epicormic branch 
development be affected?

Shelters in Practical Use

This paper has surveyed research with tree shelters but it 
will be helpful to conclude by summarising the main 
recommendations regarding use of shelters in practice -  
further elaboration of these points will be found in Evans 
(1984) and Evans and Shanks (1985) and in an instruction 
describing their use, which is available from the Forestry 
Commission’s Research Station, Alice Holt Lodge.

1. When growing broadleaved trees individually or at 
wide spacing in areas of less than one hectare 
consider using tree shelters to achieve full tree 
protection and rapid establishment.

2. Ensure a high standard in all aspects of planting 
practice -  plant quality, plant handling, and 
timing and methods of planting.

3. Rigorously control competing weeds around each 
tree, both before planting and subsequently by 
localised application of herbicide.

4. Use a shelter which has at least a 5-year life, and 
leave the shelter around the tree until it disinte­
grates or breaks down.

5. Ensure stake strength and fastening will withstand 
the stresses the site will be subject to.

6. At the present time there is no evidence that one 
make of shelter is superior to another.
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Discussion

F.R. CLAXON (Epping Forest District Council)

(i) Were shelters successful when 
used on natural regeneration of 
beech?

(ii) On three experiments sited so as 
to almost invite vandalism, inter­
ference has been surprisingly 
minimal though much curiosity 
has been aroused. A good stake 
may prevent casual damage.

(iii) This may be due to the shelter 
effect of the stake.

G. ANDREWS (Somerset County Council)

Has any work been undertaken on the 
optimum diameter of shelters?

J. EVANS Shelters up to 20 cm across have been
tried though 12 cm is the dimension 
widely used. Trees respond well if 
enclosed in a shelter which is over 8 cm 
diameter but there is no advantage if this 
is increased above 12 cm. The narrower 
sizes have produced some branch distor­
tion in conifers.

G. ANDREWS Have there been any deaths due to high 
temperature inside the shelters?

J. EVANS The air temperature in the shelters may
be high, but recorded leaf temperatures 
have not been critical.

S.A. COOMBES (Raven Tree Services)

Does vigorous weed growth in shelters 
harm trees?

J. EVANS Weed growth, like tree growth, is
enhanced by the shelter effect and weed 
control around the tree remains gen­
erally important, but where weeds have 
been seen within the shelter this has not 
been found to be significantly detri­
mental.

(ii) Have you experienced vandalism 
of shelters?

(iii) How does Netlon improve growth 
over the control trees?

J. EVANS (i) The trial is only 2 years old,
though some seedlings have 
emerged from their 60 cm 
shelters. The ‘control’ seedlings 
have not been very successful, 
possibly due to browsing by deer.

R.G. TAYLOR (Wealden Woodlands Ltd)

The results so far seem very' good, but 
the technique needs to be tried on oak 
regeneration.

J. EVANS All the evidence suggests that the
response will be good, but it should be 
remembered that not every individual 
oak will respond similarly due to natural 
variation within the species.
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Appendix

Corrugated polypropylene
Correx Tree Shelters (welded)

Corruplast L td., Correx House, Moreland Trading 
Estate, Bristol Road, Gloucester GL1 5RZ (Tel. Glouces­
ter (0452) 31893).

Scottish Distributor:
Plasboard Plastics L td., Unit 8, Broomfield Industrial 
Estate, Montrose DD10 8SY (Tel. Montrose (0674) 
76006).

Somerford Sheltatree (stapled)

Monro, Alexander & Co. L td., Newleaze, Great Somer­
ford, Nr. Chippenham, Wiltshire (Tel. Seagry (0249) 
720442).

Smooth extruded tube
Greenleaf Tree Tubes

Stanton Hope L td., 11 Seax Court, Southfields, Laindon, 
Basildon, Essex SS15 6LY (Tel. Basildon (0268)419141).

Ribbed extruded tube
Tree Cells

Argival Plastics L td., 47-49 Cowley Street, Methil, Fife 
KY8 3QQ, Scotland (Tel. Kirkcaldy (0592) 713801).

Wire in small quantities and staple guns are easiest to 
purchase at local hardware shops or garden centres.

Twin wall extruded shelter
Tubex Treeshelter

Tubex L td., Littlers Close, Colliers Wood, London SW19 
2TF (Tel. 01-542-9767).

PVC sheet and shelter pieces
Andrew Mitchell & Co. Ltd., Hainault Road, Little 
Heath, Romford, Essex RM6 5ST (Tel. 01-590-6070).

PVC manufactured cones and mulching 
mats
Gro-cones

Acorn Planting Products, Mornington, Walnut Hill, 
Surlingham, Norwich NR14 7DQ (Tel. Surlingham 
(05088) 279).



Trouble at the Stake

D . P atch
Forestry Commission

Summary

Early recommendations for tree planting recognised that, after transplanting, large trees needed 
support to hold them upright until a new root system developed. Staking has become the method 
of providing this support and is almost universally adopted in landscape situations irrespective of 
the size of tree being planted. Absence of after-care means supports, especially stakes and ties, are 
retained for many years. The result is physical and morphological damage to the tree. This paper 
reviews research into the effects of support on stem development, reasons for supporting trees and 
recommends modified practices of support.

Introduction

John Evelyn (1678) recognised that natural regeneration 
was not occurring sufficiently rapidly to replace trees 
which died or were felled. In order to meet this shortfall he 
recommended a policy of growing trees in a nursery and 
transplanting them to a final position. Today the need for 
continued tree planting in the landscape is acknowledged 
by both national and local governments (Anon., 1978). 
The provision of legal and fiscal measures emphasises the 
importance of tree planting; but statutes and finances 
alone do not guarantee success and as Peters (1987) 
suggests early losses in contemporary tree planting 
schemes may be in excess of 50 per cent.

In his treatise Evelyn (op. cii.) emphasised the need for 
thorough site preparation before planting takes place -  a 
requirement often reiterated today (Binns, 1983; Thoday, 
1983) but rarely adequately practised. In contrast, Eve­
lyn’s recognition that when planted into cultivated soil 
nursery grown trees have inadequate natural anchorage to 
hold them upright and his suggestion that artificial 
support should be provided has become widely accepted. 
Evelyn suggested brambles around the base of trees in 
rural areas could provide adequate natural support. In 
addition he described a technique of utilizing a piece of 
rope (natural fibre) tied round a pad of straw high up on 
the stem and secured to a peg in the ground. This might be 
appropriate for sites where wind from only one direction is 
a problem.

Today Evelyn’s recommendation for newly planted 
trees to be supported has evolved to the use of a stout

wooden stake, often pressure treated with preservatives to 
ensure a long life and one, two or more ties to “secure the 
tree to the stake to prevent excessive movement” (Anon., 
1969). This specification appears to be increasingly used 
irrespective of the size of tree being planted. However, 
Evelyn and his contemporaries would have been able to 
give regular after-care and attention to newly planted 
trees. During the routine inspections and after-care, 
gardeners would have recognised when support was no 
longer needed and removed it before the tree suffered 
damage. This is in contrast to the present day when money 
and manpower are unavailable for ongoing cultural prac­
tices to ensure that newly planted trees establish and 
subsequently flourish without being damaged.

People responsible for contemporary amenity tree 
management in both rural and urban situations are 
concerned about the possibility of stems of newly planted 
trees being broken either by wind or vandals. Indeed, the 
sight of standard trees with stems broken at the position of 
the attachment to the support is not uncommon. Unfortu­
nately surveys of the occurrence of such physical damage 
in Britain have not been made.

Casual observations of amenity trees indicate that the 
support systems themselves cause mechanical damage to 
trees. The only report of young trees which identifies and 
describes the damaging agent was done by Foster and 
Blaine (1978). This survey, carried out on the street trees 
of three districts of Boston, Massachusetts, showed that 
stakes and ties were the most common cause of damage to
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newly planted street trees, while vehicles and vandalism 
were subordinate as causes of damage. Furthermore, 
physical damage was visible as little as 3 months after 
planting.

The work reported in this paper was undertaken to 
assess the effects of currently recommended support 
methods on the development of newly planted 
broadleaved trees.

Materials and Methods
In order to minimise the possibility of variation in the 
plant material used, trees of the poplar clone T  x T  32 (now 
Populus ‘Balsam Spire’) were used. These were approxi­
mately 1.8 m tall rooted plants and unrooted sets which 
had been graded for uniformity of height and stem 
diameter within each plant type. The trees were planted 
3 m x 3 m in stratified blocks on an exposed site north of 
the Hogs Back, Surrey, and supported with four intensi­
ties of stout wooden stakes and proprietary all-plastic ties. 
The treatments were:

(a) control -  no stake (O);
(b) stake and one tie at the root collar (GL);
(c) one-th ird  stem  length sup ported  u sin g  one tie (5);
(d ) h a lf-stem  len gth  su p p o rted  u sin g  tw o ties (5 );
(e) stem fully supported using three ties (1/1).

In each treatment a tie was positioned at the top of the stake 
to prevent contact between the tree and the stake at that

point. As the planting material was straight stemmed there 
was no need to prevent the lower stem rubbing on the 
stake. The ties were nailed to the stakes to prevent them 
slipping down the stake.

One year after planting the support was removed from 
half the trees in each treatment. Where possible this 
included the removal of the stakes, otherwise they were 
cut off at ground level. The stakes on the fully supported 
trees, where the support was to be retained, were raised to 
the tip of the leading shoot to minimise any effect of stem 
movement during the second year’s growth.

Results

Assessments were made of height increment and stem 
diameter after one and two growing seasons. After one 
growing season there were no significant differences 
between the intensity of staking treatments (Figure 1).

After two growing seasons assessments showed:

i) Height
Trees staked for 2 years had greater height growth 
in the second growing season than trees staked for 
only the first year after planting. The differences 
between duration of staking and staking intensity 
were significant in both rooted and unrooted trees 
(Table 1).

Figure 1. Stem form based on radius after 2 years’ growth. Stems supported for one year. (Stem form after first year shown 
hatched.)

M e a n  h t .  ( m )
3 . 0  -1

2 . 5  - 

2.0  -

1 .5  - 

1.0  -  

0 . 5  -

0 . 1 -I
10 10 10 

M e a n  r a d i u s  ( m m )

10

\

\\ i I

1

\
\

\  \

A\

\
\
\

\  \

V \\
VA \ A\ // \ \

A \ \
z A  \  '
. c o n t r o l  \

'  ✓ ✓ \ \

/ z \  \  
' G ± - \  \ '  1 / 3 A ' 1 / 2 ^

S  y A  \

10

78



Ta
bl

e 
1. 

M
ea

n 
he

ig
ht

 i
nc

re
m

en
ts

 
(m

et
re

s)

flca
a

■acoo

bo£
3

1 3

bo
£

£
ID

£4>

u
£

4-i flj Ut<u J2 >»
“  2  —*3 to<u
0 * 0 , .  o 4> H

J *  >»
a 2  rs

h J  c/5

c/5 T D  l-<

S Jj *n n ^
a  to
■O -o
41 aj w
O  ^  ^
3  2 ™  oC *

£  ID

*o £<JJ to
o *oo 4>
Wh ^  £ «

>»
eg

C/5 " O
£  flj

o. a  

a  ^
O  
O

w  JT

B

oo
Ul
£

D

1 3
4)

O
O

CC

£ bfi U
£

12CO

i / i  oo yfi s o  m  .
(N O ' IT  sO Os ,Tj- Tj- rf ^  m 1
0  0 * 0  o  o  1

T f tJ- i n  m  oo T f
(N  O ' DO OO CO h -
m  CsJ sO Tl" sO sO
© © © © © e-i

1/1 N  m  OO ®  -
m  i n  oo s© <n  r-*m tJ- tJ- cn in «
© © © © © <N

h i  r f  (N sO oo  m
©  i n  m  i n  ^  ^
m  r -  r>* e** —< os
o  o  o  o  ■—< n-i

N  f O  " t  0 0  i/ i ( N
m  ©  •—> ^  •—i Osm t  t  m m »
©  ©  ©  ©  ©  ~

sO sO H i C5 sO
oo eg  —  i n  ©  oom IN in r f  vO -h
© © © © © (N

O  rr\ rc\ -rf
pg r n

oo m  T f 
N  ^  ^  m m \o

o  o  o  o  o

<n  oo so oo ^
©  oc tj- os eg so
T f SO so SO O  ^
O O O O H-i

f f l  i / l  (SI oo  O  X
N  ff l Tf- «  OO i -© © © —; © rn
o  o  o  o  o  o

o o  oo eg  m  eg  h i
h i  e g  t-*» m  s o  h i~  o  o  o
o  o  o  o  o  o

m -rf m o  i/i r--

o  o  o  o  o  o

s o  eg  Tj- o  O  eg
Os e -  O  s o  eg  i n
O  O  — ■ O  T};

© © © © © ©

o
©

so
©

o
©

V u
>• e

79



Figure 2. Stem form based on radius after 2 years’ growth. Stems supported for 2 years. (Stem form after first year shown 
hatched.)

Mean ht. (m)

Mean radius (mm)

ii)

iii)

Stem diameter
Stem diameter was measured at 0.1 m, 0.5 m, 
1.0 m and 1.5 m above ground level. At each 
point two measurements were taken at right 
angles using a vernier calliper and means calcu­
lated for each treatment. The treatment means 
differed with height of assessment above ground 
level. As shown in Figure 2 the second year 
diameter increment at ground level (0.1 m) and
0.5 m were greater in trees staked for one third, 
one half and totally for 1 year only. In contrast, 
diameters measured at 1.0 m did not show any 
significant difference between deviation or 
intensity of staking.

Root development
Assessment of the roots was attempted but there 
was no detectable effect on the size or architecture 
of the root systems.

Discussion

Each year trees grow above ground in height and girth by 
forming a cone of new wood outside the core of existing

wood. The size of the cone is determined by the physio­
logical condition of the tree, including the area of leaf it is 
able to support (Biisgen et al., 1929). By altering the aerial 
conditions in which trees grow foresters manipulate the 
proportions of height and diameter growth (Baker, 1950). 
That is, in woodlands where trees are close together and 
there is competition for light, height growth is encouraged 
at the expense of stem diameter growth. In contrast, 
hedgerow and parkland trees tend to be shorter in stature 
than woodland trees of the same age but with larger breast 
height girths, larger branches, wider crowns and more 
root buttressing (Hummel, 1951).

Competition for light is not the only criterion influenc­
ing the growth of a tree. Jacobs (1954) working with an 
established plantation of Monterey pine (Pinus radiata) in 
Australia investigated the effects of thinning on stem 
development. He held the lower 6 m (20 feet) of stem firm 
with guys secured to cup hooks secured into the stems of 
trees exposed to different thinning regimes. Measurement 
of the trees after 2 years showed that the supported trees 
were taller than the unsupported trees. However, the 
supported trees had less diameter growth below the 
support but were fatter than the unsupported trees above 
the support. That is, the unsupported trees were more 
strongly tapered than the supported trees.
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After 2 years Jacobs removed the artificial support with 
the result that trees, which had stood upright when 
originally isolated by thinning, bent away from the vertical 
while others snapped in the vicinity of the support. From 
this work Jacobs deduced that in addition to competition 
for light, movement of the stem contributed to the 
stimulation of diameter growth but suppressed height 
growth.

Biisgen etal. (op. cit.) suggest that movement of a freely 
swaying stem had maximum effect on diameter growth at 
ground level. However, the number of branches on the 
stem also influences stem diameter growth and this effect 
is greater at the base of the live crown of a tree (Biisgen et 
al., op. cit.).

Harris el al. (1971 and 1972) examined staked land­
scape trees growing in containers standing packed tightly 
together in nursery conditions and detected similar effects 
on stem growth after as little as 3 months. However, a 
microscope was needed to detect the differences. The 
recent work (Patch, 1980) with clonal poplars used widely 
spaced trees with branches retained to ground level. 
Maximum diameter growth both from the influence of 
branches and, in unsupported trees, sway of the stem 
should have been at ground level.

Results from Patch (1980) are consistent with those of 
both Jacobs and Harris et al. working with older woodland 
grown trees and landscape trees in a nursery respectively. 
However, the four diameter measurements made by Patch 
on the poplar were too widely spaced to indicate the 
precise effect of the staking on stem form. In addition the 
apparent lack of effect of the treatments on the diameter 
measurement taken at 1.0 m appears anomalous: the 
position of the ties, which was determined by the tree 
height, could have coincided with this measurement 
point.

Why stake trees?
Three reasons are usually quoted for supporting the stems 
of newly planted landscape trees. These are:

a) to hold the stem upright until it is thick enough to 
support the crown;

b) to reduce physical damage to the stem, including 
vandalism;

c) to hold the tree steady until a new anchorage has 
developed.

(a) Supporting the crown
Examination of British grown nursery stock (Anon., 1980) 
used on amenity sites suggests that generally, in spite of 
being clean pruned, stems of standard trees are adequately 
developed to support the crown without artifical support.

Provision of support after planting, as currently practised 
and required by British Standard 4428 (Anon., 1969), will 
suppress stem diameter growth between ground level and 
the upper support point, promote height growth and 
result in stem thickening above the tie. Although these 
effects are rarely noticed they are detectable with callipers 
after only two growing seasons. The duration of the 
imbalance is not known.

Trees released from artificial support after two or more 
growing seasons may lean. This can be unsightly and 
prove a serious hazard where amenity trees are growing in 
public places. Harris and Hamilton (1969) suggest this 
lean is the result of the shadow cast by the stake, 
influencing movement of auxins through the stem creating 
differential growth on the exposed and shaded sides of the 
stem. This explanation is not confirmed by the results of 
Jacobs (1954) who supported his trees with guy wires 
connected to hooks secured to the trunk. As a result there 
was no shading effect on the stems and physical damage 
resulting from insertion of the hooks would have been too 
localised to affect the movement of hormones. Observa­
tions in Britain suggest that when trees that have been 
supported for many years are released they lean away from 
the prevailing wind.

(b) Physical damage
Physical damage, whether caused by wind or vandals, is 
difficult to research because it is unpredictable. However, 
trees supported in the traditional manner (Anon., 1969) 
are not immune from distortion and damage. Large trees 
planted in windy locations and staked to hold them 
upright may lean away from the prevailing wind above the 
upper support point. This distortion persists for many 
years and it may not ‘grow out’, resulting in trees which 
are a hazard in public places. If these trees have to be 
removed in the interest of public safety it is unlikely there 
will be an opportunity to establish replacement trees 
which could be managed better.

Stems snapped just above or just below the upper 
support point are often seen. Leiser and Kemper (1968) in 
considering this damage were able to show mathematically 
that a tree with a branch-free stem supported to the base of 
the live crown was more easily broken than a similar 
unsupported tree. The upper support acts as a fulcum, 
minimising flexing of the lower stem so that the 
effectiveness of any force applied to the top of the tree is, 
suggested Leiser and Kemper, six times greater than the 
same load applied to an unsupported stem.

If the stem of the tree was cylindrical it would have 
uniform strength throughout its length and equal 
resistance to bending (Metzger’s beam of uniform strength 
(Biisgen et al., op. cit.)). A cone, in contrast, increases in 
strength from its apex to its base and the effect of any force 
applied to the cone will therefore depend on the point
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around which the force acts, i.e. the length of the cone. A 
tree stem is more or less conical, the degree of taper 
depending on species and cultural practices in the nursery.

A force applied to the leading shoot of a planted tree 
with an unsupported stem will be dissipated throughout 
its stem length. Supporting the stem as recommended in 
the British Standard (Anon., 1969) reduces the length of 
stem over which the load can be dispersed. At the same 
lime the effective cone to which the load is applied is much 
smaller in diameter than at the base of the stem, and 
therefore less able to resist the force. Leiser and Kemper’s 
modelling has not been tested with plant material -  
confirmatory data would be invaluable in assisting under­
standing of physical damage and minimising its occur­
rence.

Furthermore, a survey of young landscape trees may 
indicate whether stem snapping is commonest in the first 
year after planting. If this is the case it is possible that 
nursery practices which grow trees close together and 
remove their lower branches, resulting in stems with a 
tendency to be cylindrical, will require rethinking. Trees 
grown at wider spacing with branches retained to ground 
level, at least until the trees are lifted for sale, may prove 
more appropriate for landscape use even if the practice is 
less economically acceptable.

Evidence that stem fracture occurs mainly in the 
second or subsequent year after planting could suggest 
stem form and strength are being adversely affected only 
by the support method.

Support techniques using a stake and ties (Anon., 
1969) involve a band of inert material around the stem. 
Such bands are usually pulled tight to minimise stem 
movement and the possibility of abrasion of the bark. 
Glenn (1964) assessed tie materials for effectiveness and 
cost only. Our understanding of the effects of physical 
pressure exerted on the tissue of the stem by both 
proprietary and bespoke ties is poor. Brown (1987) reports 
early work to assess the significance of pressure on stem 
growth.

(c) Anchorage
The roots of standard trees are usually severely shortened 
when trees are lifted from a nursery bed. Once planted into 
cultivated soil, especially if bulky organic matter has been 
added (Anon., 1969), such root systems do not provide 
anchorage to resist toppling in a wind. Furtherm ore, if 
such a tree does remain upright without artificial support, 
the movement of the crown and stem would tear 
developing roots and slow establishment. Fayle (1968) 
reports that an unsupported tree has more root diameter 
growth than a supported tree although the effect is 
restricted to about 0.6 m radius from the root collar. 
Thickening of roots in this region corresponds with 
maximum stem diameter growth at ground level and

results in the familiar buttressing seen on parkland and 
open grown trees. Buttressing is much less marked or it 
may be absent in woodland trees which experience less 
crown movement. Temporary artificial support of newly 
planted standard trees is needed.

The aim of any support should be to hold the root collar 
steady until a new anchorage has developed. Theoretically 
a support attached only to the root collar should be 
adequate, but in practice a force applied to the leading 
shoot could pivot the tree around the support point and the 
inadequately held roots would come out of the soil. A 
higher support appears justified therefore but it need not 
extend to the base of the live crown let alone into the head 
of the tree.

Conclusions

Visible mechanical damage and invisible morphological 
damage caused by stakes and ties may be attributed to poor 
practices and lack of aftercare. Both should be avoidable, 
but there is need for more research to determine the effects 
of support and pressure on stem form and structure.

Support for newly planted trees usually follows BS 
4428 (Anon., 1969) and is designed to “hold stems 
firmly” . Further research is needed to test Leiser and 
Kemper’s mathematical model as applied to plant material 
and to assess the possible role of flexible materials in place 
of wooden stakes. In addition, the question of materials for 
tying trees to the support must be appraised so that 
appropriate properties are used and morphological 
damage to the stem is minimised.

Recommendations

The philosophy of John Evelyn (1678) appears to be 
justified insofar as the need to support newly planted trees 
is concerned but the recommendation in British Standard 
4428 and currently practised needs rethinking.

Evidence from Australia, America and British research 
suggests that currently practised techniques for support­
ing newly planted trees can be physically damaging to the 
tree and, if allowed to remain more than one growing 
season, will adversely affect development of the tree. It is 
recommended, therefore, that:

1) Newly planted trees should be as small as possible so 
that support is not needed.

2) Where large trees (over 2 m tall) cannot be avoided 
support should be provided but:

i) it should not extend more than l/3rd total tree 
height and should be attached to the stem only at 
the top of the stake;

82



ii) if adverse effects of support on stem development 
are to be avoided the support must be removed 
after one growing season. In practice the most 
appropriate time to remove the support would be 
at the onset of the second growing season after 
planting. This means that the unsupported tree is 
not immediately exposed to winter gales and has a 
growing season to become ‘balanced’. If the tree 
has not developed an adequate anchorage by this 
time the soil physical conditions are probably 
inappropriate as a result of inadequate cultivation 
prior to planting. It is then unlikely that an 
adequate anchorage will ever develop.

3) Where trees have been supported for many years, 
removal of the support could allow the tree to lean, fall 
over, or the stem to snap. It is necessary, therefore, to 
‘wean’ the tree from its support. This can be achieved 
by releasing the tie and, if the tree leans, finding the 
position on the stem which just holds the crown 
upright. The tree should be refixed at that point and 
the excess stake should be cut off just above the tie. 
After another growing season the procedure should be 
repeated until the support can be removed 
completely.

Footnote

The above principles are based on research, mathematical 
modelling and field observation, but it is far from easy to 
test them in the field because damaging agents are 
transient. It is suggested therefore that the efficacy of these 
recommendations should be tested on a small percentage 
of trees in large planting schemes. To date, practitioners 
who have tried the technique report no greater physical 
damage to the trees than occurs to the traditionally 
supported trees. Furtherm ore, practitioners comment 
that “ trees with short stakes look better” and suggest that 
“ they are growing better” . If this is the case then the trees 
are likely to achieve the objectives of the original planting 
with a minimum of damage.

Acknowledgements

The work on which this paper was based was funded 
initially by Surrey County Council and subsequently by 
the Forestry Commission. My particular thanks go to 
Professor J.D . Matthews of Aberdeen University who 
supervised the work.

Discussion

For the discussion on this paper see page 00.

References

ANON. (1969). Recommendations for general landscape 
operations. British Standard 4428: /969„British Stand­
ards Institution, London.

ANON. (1978). Trees and forestry. D O E Circular 36/78. 
HMSO, London.

ANON. (1980). Specification for nursery stock -  trees and 
shrubs. B S  3936 Part I : 1980. British Standards 
Institution, London.

BAKER, F.S. (1950). Principles of silviculture. McGraw- 
Hill, New York.

BINNS, W.O. (1983). Establishing trees on damaged soils. 
In, Proceedings o f Tree Establishment. A Symposium at 
University of Bath, July 1983. University of Bath.

BROWN, I.R. (1987). Suffering at the stake. In, Advances 
in practical arboriculture, ed. D. Patch. Forestry Com­
mission Bulletin 65, 85-90. HMSO, London.

BUSGEN, M., MUNCH, E. and THOMPSON, T. (1929). 
The structure and life o f forest trees. 3rd edition (translated 
by Thomson). Chapman and Hall Ltd., London.

EVELYN, J. (1678). Sylva, or a discourse o f forest trees and 
the propagation o f timber. 4th edition. Arthur Doubleday 
& Co. L td., London.

FAYLE, D .C .F . (1968). Radial growth in tree roots. 
Technical Report No. 9. Faculty o f Forestry, University of 
Toronto, Canada.

FOSTER, R.S. and BLAINE, J. (1978). Urban tree survival: 
trees in the side-v/alk. Journal of Arboriculture 4,14—17.

GLENN, E.M. (1965). A trial of tree ties. East Mailing 
Research Station Annual Report 1964.

HARRIS, R.W. and HA M ILTO N , W .D . (1969). Staking and 
pruning young Myoporum laetum. Journal o f American 
Society of Horticultural Science 94, 359-361.

HARRIS, R.W., LEISER, A.T., NEEL, P.L., LONG, D., 
STICE, N.W. and MAIRE, R.G. (1971). Tree trunk 
development: influence of spacing and movement. 
Combined Proceedings o f International Plant Propagators 
Society 1971 21, 149-161.

HARRIS, R.W., LEISER, A.T., NEEL, P.L., LONG, D., 
STICE, N.W. and MAIRE, R.G. (1972). Spacing of 
container-grown trees in the nursery. Journal o f Amer­
ican Society o f Horticultural Science 97, 33-51.

HUMMEL, F.C. (1951). Increment of ‘free-grown’ oak. 
Report on Forest Research 1950, 65-66. HMSO, 
London.

JACOBS, R.M. (1954). The effects of wind sway on the 
form and development of Pinus radiata. Australian 
Journal o f Botany 2, 33-51.

83



LEISER, A.T. and KEMPER, J.D. (1968). A theoretical 
analysis of a critical height of staking landscape trees. 
Journal o f American Society for Horticultural Science 92, 
713-720.

PATCH, D. (1980). The influence o f staking on the growth of 
the Poplar clone T  x  T  32. MSc thesis, University of 
Aberdeen.

PETERS, J.C. (1987). Introduction. In, Advances in practi­
cal arboriculture, ed. D. Patch. Forestry Commission 
Bulletin 65, 7-10. HMSO, London.

THODAY, P.R. (1983). Tree establishment on amenity 
sites. In, Proceedings of Tree Establishment. A Sympo­
sium at University of Bath, July 1983. University of 
Bath.



Suffering at the Stake

I .R . B row n
Department o f  Forestry, Aberdeen University

Summary

Improperly used tree stakes may do as much harm as good. This paper describes attempts to 
determine the effects that pressure and wounding have on the cambium and stem wood. In birch, 
pressures of only 17 to 50 g/mm2 cause the formation of structurally weak, abnormal wood and 
similar tissues were found in elm. When stems are wounded they may respond by producing 
callus and then one or more abnormally wide growth rings. In many species this ‘healed’ wound is 
intrinsically weaker than normal tissue. These mechanical and developmental defects are of 
course additional to those due to fungal invasion.

Introduction

Everywhere amenity trees are staked -  in streets, parks, 
road verges and private gardens. Common sights include 
weedy-stemmed standards, firmly strapped between three 
posts by large elastic bands, feathered trees flanked on two 
sides by stout 4" x  4" posts and heavy, vandal-proof 
standards succumbing to a variety of restraints ranging 
from rubber and iron contraptions to lengths of canvas 
webbing. An anonymous article in ILAM Journal (1983) 
stated that “Official research may have come to the 
conclusion there is much in favour of half-staking but 
would it have done so . . .  if (research) had been carried 
out . . . where the vagaries of the human race are much 
more a force to be contended with than our capricious 
weather?” The problem with this philosophy is that it 
assumes a greater degree of wilful damage than that 
deriving from cultural neglect. Certainly on the basis of 
casual observation I would dispute this point. Until both 
people at large and particularly the arborists’ attitudes to 
staking and tying change, these practices, through lack of 
aftercare until the trees are self-sufficient, will continue to 
result in restricted growth, increased susceptibility to 
disease and mis-shapen trees and stem fracture. Could it 
be that a bio-degradable tree-tie that expands as the tree 
grows is the answer?

It was speculation about this idea that led to thoughts 
concerning the degree of pressure the cambium of a young 
tree can resist. It is known that explants of cambial tissue, 
cultivated in agar, require applied pressure before the new 
cells they produce approximate in shape to normal wood

elements (Brown, 1974; Makino et al., 1983). It is also a 
matter of common observation that cambial growth in 
roots can withstand and overcome the pressure applied by 
paving stones, for example, but a piece of garden twine 
tied around a stem soon becomes engulfed in swollen 
tissue. So far as I am aware, there is little if any precise data 
concerning the exact degree of pressure that will restrict 
cambial activity and provoke such increased radial growth 
above and below the point of pressure.

Seedling Pressure Experiments

The plants used in these experiments were greenhouse- 
grown birch, one year old, between 400 and 500 mm tall, 
and with a diameter of between 5 and 10 mm at about one 
third of their height. Various weights from 10 g up to 
1280 g were applied to the stems at this height via a hard 
rubber pad, 50.5 mm2 in area and thus pressure varied 
from 0.2 to 25.3 g/mm2. The experimental set-up is shown 
in Figure 1. Each treatment was applied to four trees and, 
each week, stem diameter was measured using a micro­
meter along two axes, parallel and at right angles to the 
applied force, at the pressure points and at points 1 cm 
above and below the upper and lower pads.

Results
All treatments showed growth curves similar to those in 
Figure 2 and there were no consistent differences in rates
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of diameter increment along the two axes measured at the 
four points on the stems. Thus it appeared that none of the 
treatments affected cambial activity or else that the 
expected localised effect was replaced by one that influ­
enced the whole length of stem under observation.

To investigate the matter further the stems were 
sectioned and, as is shown in Plates la and lb , lens-shaped 
areas of abnormal tissues were seen in transverse sections 
of the xylem. Unlike normal vessel elements, the cells 
were not elongated parallel to the stem (Plate lc), appeared 
to be filled with starch granules and were similar to callus 
or parenchyma cells. It also became clear, however, that 
this tissue was not limited to the pressure points but was to 
be found in varying amounts on four radii just where 
measurements had been taken! At this stage it was 
somewhat belatedly realised that the culprit could be the 
micrometer and when its clutch mechanism was investi­
gated it was found that clutch slippage, while tightening 
up the jaws, occurred when the jaws applied forces to the 
stems of between 100 and 300 g. A more accurate figure 
than this could not be achieved since the point of slippage 
seemed to be affected by the speed at which the knurled 
screw was tightened and the type of stem surface over 
which the face of one jaw rotated.

Figure 2. Birch pressure experiment (25 g mm 2).

Figure I. Birch seedling pressure experiment.
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(a) Low power 
transverse 
section 
X 122

(b) Medium power 
transverse 
section 
X 337

(c) Low power 
radial 
section 
x  204

Plate I, Abnormal tissue developed in 
birch seedling pressure experiments.
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The area on the stem in contact with the micrometer 
was estimated to be 6 mm vertically by 1 mm wide thus the 
pressure applied was between 17 and 50 g/mm2. This is up 
to twice the treatment pressure but, of course, applied 
only once each week rather than continuously. Despite the 
pressure being applied mainly vertically the effect (if that 
is what it was) spread horizontally to produce a lens­
shaped area in cross section. In addition it appears that the 
amount of abnormal tissue, at all the measuring points, 
increases with the experimental pressure applied just as if 
one treatment was reinforcing the effect of the other.

Discussion

While the above experiment was in some respects a failure 
there are still some lessons to be learned. Just because a 
tree shows no external signs of damage or reduced growth 
that does not mean that it is growing normally. In some of 
the seedlings, up to 25 per cent of the increment was 
replaced by abnormal tissue. An amenity tree suffering 
from similar pressures, either intermittent or continuous, 
could also develop such tissue resulting in a reduction in 
both stem strength and water conducting tissue. The 
former effect making breakage by vandalism easier, for 
example, and the other increasing the risk of water stress 
and its attendant ills in the first few years after planting.

Effects of Pressure on Older Trees

It was intended to examine the wood formed under the ties 
of conventionally staked and neglected trees but these, for 
a variety of reasons, proved remarkably difficult to obtain 
locally. The most suitable material that became available 
were branches from the crown of a Wych elm (Ulmus 
glabra) that had been braced with wire ropes many years 
ago. Initially the rope had been prevented from chafing the 
bark by pieces of wood inserted between the rope loops 
and stem. Eventually, however, the wood packing and the 
rope became embedded in the living wood of the branches.

Having split the limbs at the point of attachment of the 
rope and sectioned the wood, three features were 
observed. Firstly there had been an increase in radial 
growth when the ropes were first braced, even though 
pressure was applied to the tree only under the pieces of 
wood. Secondly this accelerated growth soon resulted in 
the branch expanding to meet the rope, at which point, all 
growth ceased below the rope while diameter increment 
continued above. Finally, the wood produced in the last 
few years was abnormal in that there was a reduction in 
vessel elements, tracheids and fibres and an increase in 
disorganised parenchyma tissue (Plate 2).

Thus under pressure, similar abnormal tissue is pro­
duced in elm as in birch and the wood is weakened by its 
presence. Since elm is ring porous the accelerated growth 
mentioned above would tend to produce stronger wood 
than normal. The cessation or reduction of growth below a 
constriction, even if it resumes following removal of the 
cause will alter stem form and so will enhance the 
abnormal distribution of wood brought about by staking 
per se that has been described by Patch (1987).

While it is always unwise to extrapolate from one 
circumstance or species to another, the experiments and 
observations described above point, if nothing else, to the 
need for further research to quantify the effects of pressure 
on stems in terms of both water and assimilate conduction 
and strength.

Wounding

So far nothing has been said about the more obvious 
wounding of stems by abrasion against ties or tops of posts. 
Usually in young stems, once the cause has been removed, 
‘healing’ is rapid. Firstly callus forms in which a new 
cambium develops which then usually quite vigorously 
goes on to produce new wood and bark and the scars soon 
disappear.

This process was seen in larch (Larix spp.) that became 
available by courtesy of the Forestry Commission. These 
trees, growing in the larch seed orchard at Research 
Branch Nursery, Newton near Elgin, had been treated to 
induce flowering with two half girdles in which bands of 
bark and cambium about one inch wide had been removed 
from the stems. As can be seen in Figure 3, callus was 
formed in the first growing season following treatment 
and, the next year, an abnormally wide increment was laid 
down before normal growth was resumed. Externally, five 
or so years after wounding, few signs of damage can be 
seen but the callus and fast grown wood remain areas of 
structural weakness. In large stems where such areas take 
up proportionately little of the total area this may not matter 
but in young trees where scars often occupy half the stem 
circumference and cut well into the wood the relative 
proportion of weakened wood will be high, especially in 
the first few years following removal of the causative agent, 
and fracture may be facilitated. In addition exposed wood 
would serve as an entry point for decay or fresh wound 
parasites.

Conclusions

It appears that at present it is generally assumed that if 
stakes and ties damage stems then this is a regrettable 
consequence of undermanning in parks or leisure and
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Plate 2. Transverse section of Wych elm 
(a) normal and (b) abnormal wood developed 
above a pressure point.
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Figure 3. Transverse section of Larix showing 
girdling wound and callus.
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recreation departments. Besides, once the tie is removed 
and the scars and dents painted with bitumen all will 
eventually be well! The work described in this paper 
suggests that such a sanguine attitude may not be justified 
and that damage to young trees stores up troubles for the 
future.
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Discussion

T . R E N D E L L  (Gwynedd County Council).

Can 1W  hessian strap ties be recom­
mended and is there any likelihood of 
damage from them?

I.R . BROW N Good for one year but then fell to 
pieces in the second year.

D. PATCH A limited life tie is of little value if the
stake remains and the tree sways 
freely to damage itself on the stake. A 
short stake is less likely to rub on a 
tree than a long stake.

M.J. H A X ELTIN E (Domestic Recreation Services).

Does bark wounding result in 
strengthening of the stem?

I.R . BROW N The idea has been tested by half 
girdling trees which later snapped at 
the wound. As such the idea appears 
unreasonable.

A.D. BRADSHAW (Department of Botany, University 
of Liverpool).

Believed that short staking and 
removal of support after only one 
year would only work if trees were 
growing vigorously. He suggested 
one year was too soon and that poss­
ibly five years should elapse before 
support was removed.
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Weed Competition and Broadleaved 
Tree Establishment

R .J . D avies

Forestry Commission

Summary

The results of eight experiments are used to illustrate the mechanisms and effects of weed 
competition on broadleaved tree establishment. Studies of soil moisture tension and foliar 
nutrient concentrations indicated that competition was primarily for moisture and nutrients. 
Cutting weeds above ground level did not relieve this competition, and in one experiment 
increased the sward’s vigour and reduced tree growth. Hoeing, herbicides and polythene mulches 
relieved trees from competition, increasing their survival, root and shoot growth.

Introduction

Many arborists do not recognise the damage caused by 
weeds to their trees and consequently do not control them 
effectively. Often the ‘weeds’ are grasses and clovers, sown 
to reduce soil erosion and improve site appearance. 
‘Weeds’ may be a misleading term because they were 
established deliberately, ‘weeds’ generally being defined 
as plants growing where they are not wanted. Neverthe­
less, these plants compete strongly with newly planted 
trees and will be called ‘weeds’ in this paper.

This paper reports results from eight experiments 
which demonstrate that weeds reduce the survival and 
growth of newly planted trees. How weeds damage trees is 
discussed. It is hoped that this will stimulate more 
arborists to employ appropriate weeding methods.

Eight Weeding Experiments 

Three hoeing experiments
In the 1920s and 1930s many Forestry Commission 
experiments in the south of Britain compared the effects of 
hoeing and hook weeding on the establishment of 
broadleaved transplants. Hook weeding reduces the 
height of the weeds without disturbing their roots. 
Controls were not included. Table 1 summarises the 
results of three of these experiments.

The Friston site was a deep loam over chalk dominated 
by grasses; the experimental treatments were first applied 
to slow-growing beech (Fagus sylvatica) 4 years after 
planting, and probably ceased 3 years later. The other two 
experiments were on felled broadleaved woodland sites

Table 1. The effect of hook weeding and hoeing on tree height in three experiments

Forest name and experiment Friston 14 Micheldever 1 Dean 36
number
Species Beech Oak Ash
Season planted 1926/27 1927/28 1930/31
Years hoed, inclusive 1931—(33?) 1928-30 1931-33
Assessment date November 1937 Late 1934 Late 1934
Height I Hook 99 106 44
(cm) I Hoe 188 119 80
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T able 2. The effect of different sized paraquat weed control spots on the survival and growth of hawthorn (Crataegus 
monogyna), Italian alder (Alnus cordata) and sycamore (Acer psuedoplatanus) transplants over 3 years. Ripley.

Diameter of paraquat spot (m) 0 0.54 0.76 1.06 Significance

Hawthorn
Survival (%) (1) 97 100 100 100 **
Height growth (cm) 78 96 100 104
Basal area growth (mm2) 146 238 265 303 ★ ★★

Italian alder
Survival (% )(1) 62 86 94 94 **★
Height growth (cm) 96 123 121 145 ★ ★★
Basal area growth (mm2) 386 601 571 792

Sycamore
Survival (% )(l) 78 97 96 91 **
Height growth (cm) 58 75 86 100 ★ **

Basal area growth (mm2) 101 160 210 287 ★ ★★

Survival transformed to angles for statistical analysis.

<2) NS =  Effect not significant at 5% level.
* = Effect significant at 5% level.

** = Effect significant at 1% level.
*** =  Effect significant at 0.1% level.

with a wide variety of weed species including some coppice 
regrowth.

In this series of experiments, of which these three form 
a part, survival was generally good with no significant 
differences between treatments. It was noted that grasses 
were the strongest competitors, response to hoeing being 
greatest where these were dominant. Hoed ash (Fraxinus 
excelsior) had larger buds and larger darker leaves than 
unhoed ash.

Hoeing seldom increased oak (Quercus petraea or Q. 
robur) height growth. Only height was measured in these 
experiments. However, more recent experiments (e.g. the 
experiment at Thorpe reported below) indicate that 
weeding may increase diameter growth while height 
growth is unaffected. In many experiments it was noted 
that the trees were cut back by rabbits, deer or frost. The 
Dean experiment, for example, suffered all three of these 
agents. This would reduce height differences between 
treatments. (All the experiments reported below were 
fenced to exclude rabbits and in some cases deer.)

Three roadside herbicide spot experiments
These three experiments were planted on sites with 
disturbed soils beside recently constructed roads. Each

site was seeded with the standard Department of Trans­
port (1976) grass/clover mixture before planting. Each 
experiment compared the effect of different sized herbi­
cide spot treatments on the establishment of broadleaved 
transplants.

Half of the experiment planted near Ripley, 
Derbyshire in April 1979 was on cuttings and half on 
embankments. The herbicide spots were sprayed with 
paraquat once each summer for 3 years. Survival, height 
and basal area growth were related to the herbicide spot 
size (Table 2). Better weed control than that achieved by 
the annual paraquat applications would probably have 
further increased growth.

The other two experiments were planted in early 1982 
at the M3/M25 motorway interchange near Thorpe, 
Surrey, and alongside the M l 1 near Cambridge, with oak 
(■Quercus petraea) and sycamore (Acer pseudoplatanus) 
transplants. Each experiment compared four weeding 
treatments each with or without tree shelters -  eight 
treatments in all. The four weeding treatments were 
herbicide spots of 0.25, 0.5 and 1 m diameter and a 
control. The spots were kept largely weed-free using 
paraquat, glyphosate and propyzamide when necessary.

Table 3 gives results from Thorpe after two growing 
seasons. Tree shelters produced large increases in height
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Table 3. The effect of different sized spot herbicide treatments and tree shelters on the establishment of oak and
sycamore transplants over 2 years. Thorpe, M3/M25.

Treatment means Significance ( 2)

Diameter of herbicide spot (m) 

Oak

Two years 
height growth (cm)

Two years basal 
area growth (mm2)

Volume index (1) 
two years growth

Survival

Vole damage 
(% of trees)

Two years 
height growth (cm)

Two years basal 
area growth (mm2)

Volume index (l) 
two years growth

Survival (%)

Vole damage 
(% of trees)

No shelter 
W ith shelter

No shelter 
W ith shelter

No shelter 
W ith shelter

No shelter 
W ith shelter

No shelter 
W ith shelter

Sycamore

No shelter 
W ith shelter

No shelter 
W ith shelter

No shelter 
W ith shelter

No shelter 
W ith shelter

No shelter 
W ith shelter

0.25 0.5 I

22 25 28 25
51 64 69 78

23 35 39 54
13 31 34 42

31 42 45 60
34 67 75 100

97 100 98 95
91 92 97 95

9 3 0 0
2 0 0 0

40 45 50 63
70 86 105 114

41 60 97 168
25 44 62 86

23 34 53 100
25 39 60 80

81 66 92 97
89 98 100 95

86 86 75 47
14 11 11 8

Shelter Herbicide S x H 
interaction

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

*

NS

m Index of stem volume derived by multiplying tree height and basal area. 

<2) See note (2) below Table 2.

growth, but depressed basal area growth. Weed control, 
by contrast, had a greater beneficial effect on basal area 
than height growth. Indeed the height growth of oak 
without shelters was not improved by weeding (a similiar 
result to the early hoeing experiments). There is a 
progressive response to weed control with growth improv­
ing as spot size is increased. Both weeding and shelters 
aided sycamore survival, largely by their influence on vole 
(.Microius agrestis) damage; shelters protected the syca­

more and weeding discouraged the voles, since they 
dislike crossing open ground.

In October 1984, after three growing seasons, four 
trees from each treatment, a total of 32 out of the original 
512 trees of each species, were excavated from the 
Cambridge experiment. Tree shelters had little effect on 
rooting depth or spread, but weeding increased root 
spread considerably and depth slightly. Despite the small 
sample size it appears that weeding increased root and
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Table 4. The effect of different sized spot herbicide treatments and tree shelters on root and shoot growth of oak and
sycamore transplants after 3 years. Cambridge, M il .

Treaimeni means Significance 1

Diameter of herbicide spot (m) 

Oak

0 0.25 0.5 1

Root dry ] No shelter 15 22 181 261
weight (g) J W ith shelter 39 68 130 127

Shoot dry ) No shelter 8 9 146 207
weight (g) j  With shelter 

Sycamore

31 83 172 197

Root dry ] No shelter 46 58 219 440
weight (g) J With shelter 40 131 199 266

Shoot dry ] No shelter 23 38 125 288
weight (g) |  With shelter 30 134 199 269

Shelter Herbicide S x  H
interaction

NS

NS

NS

NS

NS

NS

<n See note (2) below Table 2.

shoot growth to a similar extent, this increase being related 
to the herbicide spot size (Table 4). Tree shelters resulted 
in more shoot growth per unit weight of root growth with 
both species (Figure 1).

The Thorpe and Cambridge experiments are two of a 
series of identical experiments in various parts of England. 
Despite differences in soil and climate weeding improved 
growth similarly on each site. On some sites herbicide 
damage almost cancelled out relief from competition of the 
non-sheltered trees with 0.25 m diameter herbicide spots.

First weeding experiment at Alice Holt
It was believed that competition for soil moisture might be 
responsible for some experimental results, such as those 
reported above. An experiment was therefore established 
at Alice Holt to study the effect of commonly used sward 
control methods on soil moisture. For a detailed account of 
this experiment, which also investigated soil tem­
peratures, see Insley (1982).

The site, which is almost flat with a heavy, silty loam 
was sown with the standard Department of Transport seed 
mixture in June 1979. Gypsum soil moisture blocks were 
placed at various depths in the soil. The electrical 
resistance of the blocks is closely related to the moisture 
tension of the surrounding soil. In April 1980 five 
treatments were applied:

(a) sward left uncut;
(b) sward mown regularly leaving the cuttings on the 

plot;
(c) paraquat applied when necessary to keep plots 

weed-free;
(d) sheet mulch of bituminised felt laid down after 

vegetation killed with paraquat; and
(e) 150 mm depth of pulverised bark mulch laid 

down after vegetation treated with paraquat.

In April 1982 Wild cherry (Prunus avium) trees were 
planted at 1 x 1 m spacing. Foliage was collected in July 
1982 for analysis.

Moisture block resistance at 100 mm depth under the 
five treatments through the summers of 1981 and 1982 are 
shown in Figure 2. In 1981 the two mulch treatments 
remained at field capacity, the bare soil dried slightly, and 
the two sward treatments dried the soil considerably. 
Cutting the grass increased its soil drying ability, presu­
mably through increased transpiration.

From July 1982 on, the bare soil dried out rapidly; this 
probably resulted from transpiration by the vigorous 
cherry in these plots.

In the mulch treatments many trees died in 1982, and 
growth of the survivors was erratic. Investigation of soil 
oxygen availability using steel rods (Carnell and Ander­
son, 1986) demonstrated that conditions were too anaer­
obic to support roots below a few centimetres. This was
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(circles and broken line) shelters after three seasons; four weeding treatments combined. Cambridge, M il .
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Figure 2. Moisture block resistances at 100 mm depth under five ground covers in summer 1981 and 1982. Alice Holt.
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caused by waterlogging. The mulches, applied 24 months 
before planting, had caused the soil to become stagnant. 
Detrimental effects with mulches applied at time of 
planting are rare, although Davies (1983) reported them in 
two experiments on poorly drained sites.

All the cherry in the remaining three treatments 
survived. Table 5 gives their first season’s growth, relative 
leaf sizes and foliar nutrient concentrations. Tree growth 
was best in the bare soil plots where soil moisture tension 
was lowest; growth was poorer in the unmown plots where 
moisture tension was higher; and growth was poorest in 
the mown plots where moisture tension was highest. 
Although growth was related to soil moisture availability, 
the significant differences in foliar nutrient concentrations 
indicate that nutrient uptake was also affected by the 
treatments.

Table 5. First year’s growth and foliar analysis results 
for cherry at Alice Holt (1982).

( i )

M ow n U nm ow n B are Signifi­
grass grass soil cance (

Height growth 9 31 80 ***

(cm)
Diameter growth 3 7 14 ***

(mm)
Leaf size index (2) 29 53 100 ***

Foliar
nutrient con- N 2.6 2.5 3.4 ***

centrarions (% P 0.19 0.17 0.20 **

of dry weight) K 1.1 1.1 1.6 ***

Second weeding experiment at Alice Holt
The site and soil of this experiment were similar to the first 
experiment at Alice Holt. Most of the area was sown with 
the standard Department of Transport seed mixture in 
June 1983. Some plots were sown with White clover 
('Trifolium repens ‘Huia’) only. The experiment compared 
the effects of six treatments on the establishment of Silver 
maple (Acer saccharinum) transplants planted in February 
1984:

(a) grass/clover sward left uncut;
(b) grass/clover sward mown regularly, leaving the 

cuttings where they fell;
(c) pure clover sward;
(d) mown grass/clover sward with 1 m diameter 

herbicide spots around the trees;
(e) mown grass/clover sward with 1 m diameter black 

polythene mulching mats around the trees; and
(f) grass/clover sward over the whole plot killed with 

herbicide.

Paraquat and glyphosate were applied as needed to 
maintain weed-free spots and plots in treatments c and f. 
The polythene mats were secured by inserting their edges 
into the soil and pegging them with bent wire ‘staples’.

Table 6 gives the first year height and diameter growth. 
Trees with weed-free areas around their bases grew better 
than those growing intimately with vegetation. The pure 
clover sward and the grass/clover swards were equally 
detrimental. Early in the growing season trees with 
polythene mats grew faster and had larger darker leaves 
than trees in the herbicide treatments, but they ceased 
growth sooner, so that by the end of the year they were not 
significantly larger than trees with herbicide spots, and 
trees in the whole plot herbicide treatment had overtaken 
them.

(1) See note (2) below Table 2.

<2> Leaf size index obtained by multiplying leaf lengths and 
widths.

T able 6. First season height and diameter growth in the 
second Alice Holt weeding experiment.

H eight D iam eter
g row th grow th

(cm ) (m m )

Grass/clover, unmown 2 a -0 .1  a
Grass/clover, mown - 1  a 0.3 a
Pure clover sward 0 a 0.4 a
Grass/clover + herbicide spots 38 b 5.0 b
Grass/clover +  polythene mats 41 b 5.8 b
Whole plot herbicide 58 c 7.8 c

In each column treatment means with the same letter following do 
not differ significantly (p <0.05).

Discussion

In the first Alice Holt experiment competition for light was 
relatively unimportant: otherwise mowing would have 
been beneficial. In that experiment tree growth was 
related to soil moisture availability but nutrient uptake was 
also affected by weeding treatments. It therefore appears 
that competition for moisture and nutrients was largely 
responsible for the growth differences in that experiment, 
and probably in others also. These two factors are
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interrelated. Plants are unable to extract nutrients from 
dry soil. Plant growth can be checked when the surface soil 
(where most of the available nutrients are) dries, despite 
adequate moisture availability at depth (Garwood and 
Williams, 1967).

It follows that effective weeding must eliminate compe­
tition from weed roots. This can be done by hoeing, 
herbicides or mulching. Cutting grass swards above 
ground level is ineffective. In the first Alice Holt exper­
iment mowing increased the sward’s vigour and reduced 
tree growth, but in the second experiment mown and 
unmown swards were equally detrimental. This difference 
may be related to the age of the swards, the older sward in 
the first experiment producing a self-mulching effect 
when left uncut.

Most weeds other than grasses are weakened by 
cutting. However, the principle that effective weed control 
must eliminate root competition still applies. Lund-Hpie 
(1984), for example, working with Norway spruce (Picea 
abies) on restocking sites in Norway showed that cutting 
woody weeds increased tree growth slightly and reduced 
survival, probably through accidental damage to the 
spruce; by contrast weeding with glyphosate increased 
growth considerably, especially diameter growth.

Legumes are often recommended as ground cover 
species because of their ability to fix atmospheric nitrogen. 
But it is clear from the second Alice Holt experiment that 
clover, a legume, can reduce tree growth. Even on 
pulverised fuel ash, a medium devoid of nitrogen, Buckley 
(1977) found that the growth and nitrogen uptake of 
poplar (Populus lacamahaca x trichorcarpa) cuttings was 
inversely proportional to the productivity of undersown 
clover (results given by Insley and Buckley, 1980).

In the Ripley experiment survival and growth were 
related to the weed-free area around the tree. Weed- 
induced stress levels were presumably lower in other 
experiments where survival was less clearly related to 
weed competition. Others have related performance to the 
degree of control achieved within the herbicide spots or 
strips. For example, Hanschke (1968) found a correlation 
between the survival and growth of Scots pine (Pinus 
sylvestris) seedlings and the percentage cover and dry 
weight of competing weeds. The optimal weeding regime 
balances predicted costs and benefits. The major element 
in the cost of herbicide treatment is usually labour; 
doubling the area treated per tree does not double the cost 
per tree. In general it is more cost-effective to treat a larger 
area per tree, accepting a lower standard of weed control 
within that area, rather than more thorough control 
(achieved with more applications per year) over a smaller 
area. A one metre diameter herbicide spot is often 
appropriate for transplants, although larger areas usually 
give more growth, as in the second Alice Holt experiment.

The soils of many landscape tree planting sites are 
compacted and their structure damaged by machinery or 
storage of building materials; such sites are usually sown 
with vigorous agricultural grasses and clovers. So the 
sward used in most of the experiments reported here and 
the soil conditions of the three roadside experiments are 
representative of many sites. Soil compaction restricts 
rooting depth and impedes water movement through soil. 
Thus soil moisture tension around newly planted tree 
roots rises rapidly in dry weather, especially if vigorous 
weeds are present. Weed competition is likely to be more 
harmful under these conditions than with undisturbed 
soils and less vigorous weeds.

The first Alice Holt experiment showed that most soil 
moisture is lost by transpiration and relatively little by 
evaporation; also that mulches reduced evaporational 
moisture losses. Davies (1985) found that the moisture- 
conserving effect of a sheet mulch greatly improved the 
survival and growth of Italian alder (Alnus cordata) 
transplants and willow (Salix daphnoides) cuttings on a site 
with very poor soil moisture retention. Parfitt and Stott 
(1984) also examined soil moisture at various depths under 
different sward control treatments and found that straw 
and polythene mulches concentrated moisture in the 
upper 75 mm of soil, the horizon that dried most rapidly in 
bare soil conditions or under grass. As plant-available 
nutrients are concentrated near the soil surface, mulching 
maintains nutrient availability.

Although weeds and trees compete for nutrients, 
fertilising alone may stimulate weeds to compete more 
strongly for soil moisture. Davies (1987) found that 
fertilising without weeding reduced the growth of oak 
transplants; fertilising with weed control increased their 
growth.

The hoeing experiments conducted over 50 years ago 
showed that cutting weeds above ground level was rela­
tively ineffective; but because of its expense hoeing was 
never adopted by foresters. Many arborists, particularly 
those with forestry training, continue to ‘mow’ weeds. 
This is of little or negative benefit to the tree. Herbicides 
are now available which provide an inexpensive and 
effective alternative to hoeing.

Conclusions

Weed competition for soil moisture and nutrients reduces 
survival and growth of young trees. These effects are 
greatest on disturbed sites with vigorous weeds. Effective 
weed control must eliminate root competition; cutting 
weeds above ground level is insufficient. Mulching helps 
the tree by reducing evaporation from the soil surface and 
concentrating moisture in the upper soil horizons.
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Discussion

K. ROWTON (Tunbridge Wells Borough Council).

The techniques described don’t seem 
new. What account have you taken of 
existing practice?

R.J. DAVIES Many of the results had been previously 
found, but it is the variability of current 
practice that necessitates the work.

MR COLEMAN Is there an effect of herbicide directly on 
the growth of the tree?

R.J. DAVIES Atrazine can affect the nutrient regime;
others can be directly damaging.

T. OTENIYA (Sterling District Council).

The damaging effects of weeds are 
known by managers but limited 
resources restrict practices.

R.J. DAVIES In my experience there remains much 
ignorance on the effects of weeds.

J. THOMAS (Janie Thomas Associates)

Have there been any experiments 
comparing basal area growth with the 
progression of tube disintegration?

J. EVANS (Forestry Commission 
Division).

Research

Diameters have been measured all along 
the stem before and after the shelter 
effect. At 10 cm height the diameter is 
narrow, but higher up the diameter is 
greater than normal. The stem has 
become more cylindrical and less 
conical.
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Water Relations and Irrigation 
Methods for Trees

J. G race

Department o f  Forestry and N a tura l Resources,
University o f  Edinburgh

Summary

Routine irrigation of intensively cultivated crops is becoming common place. In contrast newly 
planted trees, other than those in nurseries, rarely receive any watering and as a result they die or 
grow only slowly. Plant response to water stress, reduction of water stress at planting and 
irrigation needs of trees are discussed.

Introduction

The tree is a hydraulic system of considerable complexity. 
Most of the time it functions under tension, water being 
lost at the leaf surface and the supply being drawn through 
the soil and into the roots, stem and leaves. This flow of 
water is initiated by the climate at the leaf surface, which 
drives evaporation and so reduces the water content of the 
leaf tissues, inducing the gradient of water potential 
between the leaf and soil (Jarvis, 1975).

The pathway for water flowing through the plant 
includes cellulose cell walls in the leaf and the roots, and 
the fine tube system of the vessels and/or tracheids in the 
stem. The mechanism of movement is purely physical, 
with myriads of rather tortuous and interconnecting water 
columns being drawn through the plant in response to a 
water deficit in the leaves. There is much resistance to flow 
and the system functions only because water molecules 
have the property of clinging together. If the tension 
becomes too great, cavitation occurs: that is to say some of 
the columns break. Breakage can be detected as sound or 
ultrasound (Milburn and Johnson, 1966; Sandford and 
Grace, 1985). Once broken, it is generally held that water 
columns do not easily repair.

The hydraulic resistance of the pathway is considera­
ble, and as the evaporation at the leaf surface increases the 
water content and water potential of the leaf tissues 
decline. In large trees there are significant stores of water 
in the trunk. These are drawn upon, on a seasonal and 
diurnal basis, causing shrinking and swelling of the stem 
(Zimmerman, 1983), but the bulk of the water supply 
must be from the soil via the roots. All biochemical 
processes in the plant occur in a medium of water, and any 
reduction in the availability of water will inevitably affect

their rate. Cell division is thus very sensitive to a shortage 
of water. Once plant cells are formed by cell division, they 
expand greatly as a result of the positive pressure inside 
them. This too is sensitive to water deficit. Thus, even the 
smallest reductions in tissue water content, such as occurs 
even in a well-watered plant, cause a measureable reduc­
tion in growth (Kozlowski, 1982).

The hydraulic system must function adequately. If too 
many breakages in the water columns occur then the 
overall resistance may be so great as to lead to large enough 
tissue water deficits to be lethal. In most normal condi­
tions this does not happen because there is an appropriate 
balance of leaf area, conducting wood and root surface. 
Superimposed upon a basic ‘ground plan’, any plant 
during its development displays adaptability and adjusts 
to the prevailing conditions. Parameters which have been 
widely studied experimentally include the ratio of 
rootishoot and the ratio of leaf areadeaf weight. The plant 
adjusts these ratios by subtly sensing the environment and 
displays a degree of internal homeostasis in relation to 
acquisition of basic resources like light, water and 
nutrients (Hunt, 1975).

The trees of our parks and gardens should display this 
homeostasis and grow satisfactorily if planted as seeds in 
the place where they are intended to grow, or even if 
planted as seedlings. More often, however, they are grown 
for several years elsewhere and planted, with considerable 
disturbance and loss of roots, in a completely different 
environment.

Commonly, they suffer water stress and die soon after 
planting or remain at risk for 2 or 3 years afterwards simply 
because their root systems are inadequate as a water
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conducting pathway. The sight of young trees dying 
through lack of water has evoked letters to The Times 
(Pollard, 1976), and represents a financial loss which 
varies according to the prevailing summer rainfall.

Although the lack of a properly developed root system 
is an obvious reason for concern, it should be pointed out 
that there are other features of the aerial environment of 
amenity trees which may lead to high rates of water loss. In 
natural vegetation, a tree is to some degree sheltered by its 
neighbours. In particular, the flux of solar radiation to the 
leaves is reduced by shading, and the humidity of the air 
surrounding the leaves is generally much higher than that 
of the atmosphere above the vegetation. Amenity trees on 
the other hand are not sheltered from radiation except 
perhaps by buildings, and if they are planted near 
south-facing walls among paving stones then the flux of 
radiant energy to them may cause a desert environment. 
The humidity of the air around an isolated tree is likely to 
approximate more closely to that of the atmosphere as a 
whole rather than that of a forest microclimate. There are 
possibilities in an urban environment of many kinds of 
pollution, especially near the roads. As this subject is 
considered in a Symposium volume elsewhere (Colwill el 
al., 1979), it is perhaps necessary here only to point out 
that the oxides of sulphur and nitrogen may have signifi­
cant effects on plant growth, and, in relation to water 
stress, have been found to influence directly the stomatal 
control of transpiration.

Water is Important Even to 
Established Trees

In trees, the formation of the wood (increment) is a useful 
record of cell division, extending over many decades. The 
width of the annual radial increment has often been shown 
to be highly correlated with rainfall or a water deficit 
calculated retrospectively from climatological data 
(Zahner and Donnelly, 1967; Zahner, 1968). In Britain, 
this sort of work is less common than elsewhere, though 
Brett (1983) has demonstrated good correlations between 
summer rainfall and radial increment of elms (Ulmus spp.) 
in London parks. Even in extremely dry years, it is rare to 
see established trees in this country suffering from dieback 
or wilting, though browning of the leaf margin is common 
and splitting of sapwood has been reported (Day, 1954). 
Elsewhere, severe droughts do sometimes result in pheno- 
logical disturbances and the shedding of plant parts 
(Hinckley el al., 1979).

There are several studies of the effect of irrigation and 
fertilisers applied to plantations in north-temperate parts 
of the world (Brix, 1972, 1979; Holstener-Jprgensen and 
Holmsgaard, 1975; Aussenac, 1980; Polge, 1982; Linder

and Axelsson, 1982). In nearly all cases timber production 
responds somewhat to both irrigation and nutrient supply, 
but the effect of both factors together exceeds the sum of 
their separate effects. In many cases involving plantations 
on poor soils, the yield could probably be increased 
several-fold by irrigation combined with fertiliser applica­
tion. It should be borne in mind that isolated trees are 
likely to respond more strongly to irrigation than are trees 
in plantations.

Reducing Water Stress at 
Establishment

In relation to newly-transplanted material, it has been of 
paramount importance to nurserymen, foresters and 
landscape tree planters to adopt effective planting pro­
cedures. Water stress is often severe following planting- 
out, and recovery depends strongly on the development of 
the root system, particularly the growth of fine roots 
(Baldwin and Barney, 1976). The exposure of roots to the 
air during handling and planting nearly always reduces 
survival (Kozlowski and Davies, 1975; Kozlowski, 1975; 
Coutts, 1980, 1981) and its effect may be apparent for 
years.

There are several practices which have been proposed 
from time to time in order to prevent these difficulties, or 
to reduce them to a more acceptable level. These include 
cold storage (Stone et al., 1962, 1963; Rook, 1973), 
root-pruning to stimulate the development of a fibrous 
root ball (Rook, 1971; Bacon and Hawkins, 1979; Beck- 
jord and Franklin, 1980; Toliver el al., 1980), the 
application of an inert slurry to the roots to form a 
waterproof skin (Bacon el al., 1979), the use of plant 
growth substances (Hartwig and Larson, 1980), antitran- 
spirants (Rabensteiner and Tranquillini, 1970) and 
chemical defoliants (Insley, 1981). Conclusions from such 
studies should not be taken as prescriptions for planting 
schemes elsewhere as much depends on species, timing 
and location. The use of an inert slurry or paste to protect 
roots from desiccation during handling does seem widely 
effective and cheap. In this country a commercial product 
made from seaweed ‘Alginure’ is widely used by Local 
Authorities.

Climatological Controls of Water 
Loss

The transpiration rate depends on climatological variables 
-  notably solar radiation, humidity and wind speed. It also 
depends on plant variables: the stomatal and aerodynamic 
resistance. The biophysical principles of evaporation from
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Figure 1. The effect of climatological variables on transpiration rate of broadleaved temperate trees. The four columns 
refer to different radiation loads (roughly equivalent to dawn, early morning, late morning and noon). The three rows refer 
to different conditions of humidity expressed as saturation vapour pressure deficit. The lines drawn in each window 
represent 5 values of stomatal opening, the upper line being 0.3 s mm-1 and the lower line being 1.1s mm-1 (these cover 
the range from wide open to partially shut).
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vegetation are well understood and transpiration rate can 
be calculated in cases where the values of these variables 
are known. This leads naturally to applications in hydro­
logy where the aim is to predict the effect of vegetation on 
the water yield of catchments. It also leads naturally to a 
calculation of irrigation needs for crops, based on the idea 
of adding just enough irrigation water to make up for that 
lost by transpiration.

The uptake of water by individual trees can however be 
measured. The most direct methods involve using tracers 
in the trunk such as radioisotopes or a heat pulse (Stewart,
1984). In one study, large trees were found to use 100 litres 
of water a day when their stomata were open (Doley,
1981).

The effects of environmental variables on the transpir­
ation rate of individual leaves can be studied experimen­
tally; and also theoretically by calculating the separate 
components of the heat balance (Grace, 1984). The result

of such a study, applied to temperate broadleaved species, 
showed that the most important environmental variable 
was solar radiation, and that humidity was also important 
(Figure 1). Wind speed is relatively unimportant, and 
contrary to what is said in many text books, an increase in 
wind speed causes a decline in the rate of transpiration in 
undamaged leaves (Dixon and Grace, 1984). In gales, 
however, the cuticle on the leaf surfaces becomes abraded 
and then the plant looses its ability to retain water.

Since the total transpirational surface of a tree is 
conceptually the collection of leaves, it ought to be 
possible to extend this type of calculation to estimate the 
water use by individual trees in any environment. This has 
been achieved by Thorpe et al. (1978) and elaborated by 
Landsberg and McMurtrie (1984). The principle diffi­
culty here is that the calculation of solar energy absorbed 
by the leaves is a fairly complex problem in geometry and 
the result bears only a weak relationship to the solar

102



radiation that is recorded by a solarimeter at a meteorolo­
gical station. For amenity trees, the calculation would be 
even more complex, because radiative transfers with walls 
and paving material add to the energy flux to the leaves. 
Nevertheless, the work of Thorpe et al. (1978) does 
provide an interesting example of a calculated and 
measured quantity of water which was transpired by a 
small apple tree (Malus spp.) on a sunny summer’s day. 
The size of the tree was typical of container-grown amenity 
trees (canopy diameter 1.0 m, canopy height 1.6 m, leaf 
area 1.4 m2), and so the magnitude may be of interest to 
arboriculturists. The tree in question used 4.6 kg of water 
(4.6 litres, or rather more than a gallon) over a 16 hour day.

In principle it would be possible to compute the 
irrigation needs of isolated trees by this method. In 
practice it would be of questionable value as the water 
added to the soil would not all be taken up by the plant, 
particularly if the plant had a restricted root mass, and 
would flow away from the point of application to the 
unirrigated, drier, surrounding soil.

There is an alternative approach to irrigation which 
does not depend on adding water to the soil to replenish 
the deficit, and which does seem more applicable to 
isolated trees. This is mist irrigation. So far, among tree 
crops, it has been used only in orchards.

Mist Versus Soil Irrigation

The principle of mist irrigation is to reduce water loss at 
the leaf surface instead of increasing water supply at the 
roots. If a fine spray is released in the centre of the canopy, 
a proportion of the leaves at any time can be maintained in 
a wet state, whilst the remainder is exposed to air which is 
considerably humid. This system was recently tested in an 
apple orchard in Kent (Brough et al., 1986). Trees were 
irrigated by misting the canopy or spraying the soil.

Trees irrigated by both methods suffered some degree 
of water stress, as any transpiring plant does, but the 
mist-irrigated trees suffered least (Figure 2). The water 
potentials in these trees were consistently above those of 
the ground irrigated plants and substantially above those 
of the controls. The water content of the stems was also 
much higher. Over the season, the soil water content of the 
controls fell markedly, but that of the misted trees 
remained close to field capacity (Brough el al., 1986). 
Thus, although the water was applied to the leaves, the 
treatment was successful in conserving soil moisture, 
presumably because some of the applied water fell on the 
soil, and the misted tree took up far less water from the soil 
anyway.

At the end of the season, it was the misted tree that 
produced the most apples and the most new growth.

Figure 2. Evaporation rates E  and water status of apple 
trees. Trees were irrigated by mist ( • ) ,  irrigated by 
watering the soil (A) and unirrigated (o). Climatological 
variables: solar radiation (broken line) and air temperature 
(solid line). The water potential defines the availability of 
water within the plant. Values less than zero are detri­
mental to growth, and growth is likely to cease in the range 
- 2  to - 3  megapascals.
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Recommendations

1. Planting
(a) Any irrigation is likely to assist the establishment of 

trees, but it should be done before visible injury is 
widespread. By then, the hydraulic system has 
probably failed and no amount of watering is likely to 
be successful. Concentrate your effort during the 
phase of leaf expansion.

(b) Where trees are scattered over parkland, water could 
be taken to them in a petrol driven tanker of the type 
sometimes seen on golf-courses. Where trees are in 
large populations in a single area, a water-pipe could 
be run to them. If rapid growth is required, liquid 
fertiliser should be added to the water.

(c) In large schemes, where there is a water-pipe, mist 
irrigation is best. The mist need not be run conti­
nuously, but turned on by a sensor-actuated valve 
when solar radiation reaches a preset value, probably 
in the range 100-200 watts n r 2.

(d) Where irrigation is impossible, consideration should 
be given to the careful preparation of the plants in the 
nursery and the timing of the plantings and the use of 
slurries to form a water-permeable skin on the 
exposed roots. Judicious root-pruning in the nursery 
bed might be a good method to stimulate the growth 
of new roots. Pruning of branches reduces the 
transpiring area and thus is likely to be beneficial.

(e) Mulching and weeding is recommended as a means of 
reducing water consumption by competing vege­
tation.

2. After-care
Local authorities may have insufficient manpower for 
aftercare. It may be possible to pay the supplier for 
aftercare. As the cost-effectiveness of such irrigation 
has never been investigated, both local authorities 
and contractors should play safe and use small trees to 
obtain a high probability of survival.

3. Isolated established trees
Although such trees suffer water stress, they do not 
usually die unless diseased. In a park or garden, fast 
growth is not required (indeed, slow growth is 
normally preferred) and so irrigation would be 
pointless.

4. Woodlands
Irrigation of woodlands, especially if coupled with 
fertiliser application, is likely to increase timber 
production. Some indication of the response, in an 
unknown situation, can be obtained by examination 
of cores taken with an increment borer, and

inspection of the correlation between ring width and 
summer rainfall or calculated water deficit.

5. Research
There has been little research on the water relations of 
amenity trees, despite their economic importance. 
Studies of the hydraulic architecture, transpiration 
and water potential would be a very useful aid in 
formulating a code of practice.
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Discussion

P.R. THODAY

J. GRACE

(Department of Biological Sciences, 
University of Bath).

Are data available on decreasing water 
loss from leaves depending on pre­
vious (stressed/unstressed) treatment?

Leaves from stressed plants differ from 
those on unstressed plants in that both 
mass and stomatal conductance are 
likely to be lower.

P.A. HEMSLEY (Askham Bryan College of Agriculture 
and Horticulture).

W hat level of soil water deficit indi­
cates a need for water?

J. GRACE Even in bogs trees may suffer from
water stress. Ideally, irrigation would 
respond to solar radiation once this 
reaches about 200 watts m -2 .



Fertilising Broadleaved Landscape Trees

R .J . D avies
Forestry Commission

Summary

Ash, Norway maple and Norway spruce planted into subsoil in a factorial NPK trial did not 
benefit from fertiliser whether surface applied or mixed in; some treatments reduced survival or 
growth.

N PK increased first and later years’ growth and foliar nutrient concentrations of oak and ash 
planted in herbicide-killed grass on London clay; fertilising without herbicide reduced oak 
growth. Bituminised felt mulch was less effective than herbicide.

NPK fertiliser increased foliar nitrogen concentrations but had little effect on growth of 
10-year-old ash growing slowly in dense grass beside a motorway; whereas herbicide increased 
both foliar nitrogen concentrations and growth.

Fertilising had no effect on height or diameter growth of 25-year-old lime (N or K), 
50-year-old lime (N, P or K) and 40-year-old Horse chestnut and London plane (NPK). The 
50-year-old lime showed a significant uptake of phosphorus.

Soil structure and weeds appeared more limiting than nutrients in these trials. Fertilisers only 
improved the growth of trees in the establishment stage.

Introduction

Why fertilise landscape trees? Maximising timber produc­
tion is not the objective.

1. Large trees have higher landscape values than 
small trees. Fertilising may speed the attainment of 
these values, thus increasing net discounted land­
scape value.

2. Fertilising may enhance the colour or quality of 
foliage.

3. Fertilising may aid recovery from shock (e.g. site 
disturbance or defoliation) or increase the tree’s 
resistance to future shock.

4. Fertilising may prolong the life of over-mature 
trees.

These are reasonable objectives; but will fertilising 
achieve them? It would be difficult to test the achievement 
of objectives 3 and 4, and to a lesser extent objective 2, in 
empirical fertiliser trials. Better understanding of the 
nutrition and growth of landscape trees is needed to assess

the likelihood of fertilisers achieving these objectives.
Fertiliser trials with large landscape trees are difficult. 

To obtain statistically sound results many trees of one 
species and age on a uniform site are required. Avenues 
provide suitable sites but, after every other tree has been 
rejected (because of overlapping root systems) and some 
more rejected because they appear abnormal, few avenues 
have sufficient trees.

This paper reports six fertiliser trials using trees of 
various species and ages, some newly planted and others 
up to 50 years old. Response was assessed by measuring 
height and stem diameter, foliar nutrient concentrations 
and leaf size. Attempts were made to assess leaf colour by 
comparison with colour charts; this proved subjective and 
unreliable. It was impossible to measure the heights of the 
older trees, which had lost much of their apical domi­
nance, with sufficient accuracy to detect small responses. 
Total shoot extension growth or leaf area might be good 
indicators of fertiliser response, but are difficult to assess 
accurately with large trees.
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Six Fertiliser Experiments

i. Fertiliser experiment at Milton Keynes
The site of this experiment was a 10 m tall heap of subsoil. 
The soil contained some building rubble, but was pre­
dominantly fine textured, poorly drained and had little 
structure. Most of the site had a gentle slope.

The experiment compared the effects of factorial 
combinations of nitrogen, phosphorus and potassium, 
confounded with two application methods, on the estab­
lishment of ash (Fraxinus excelsior), Norway maple (Acer 
plaianoides) and Norway spruce (Picea abies) transplants. 
Nitram (supplying 2.5 g of nitrogen), triple superphos­
phate (1.3 g of phosphorus) and muriate of potash (2.5 g of 
potassium) were spread close to the tree or mixed into the 
soil at time of planting in March 1983. Periodic glyphosate 
applications controlled weeds.

After two growing seasons average survival and growth 
of all trees, fertilised and controls, were:

Ash Maple Spruce

Survival (%) 99 56 16
Height growth (cm) 11.6 - 6 .6 0.9
Diameter growth (mm) 0.6 0.1 0.5

These disappointing figures were depressed rather 
than improved by fertilising. Nitrogen reduced spruce 
survival (p<0.01) and ash (p<0.01) and maple (p<0.05) 
diameters. Potassium reduced ash diameters (p<0.05). 
Phosphorus reduced ash heights and maple heights and 
diameters (these effects were not quite significant at p = 
0.05). There were no significant interactions. Fertilisers 
reduced spruce survival more when mixed into the soil 
than when applied as a top dressing (p<0.01) -  probably 
because difficulties in mixing fertilisers with heavy soil left 
pockets of fertiliser which damaged adjacent tree roots.

ii. Fertiliser x  weeding experiment at 
Wormwood Scrubs, west London
The site had been regularly mown and used as a recreation 
area for many years prior to the planting of this experiment 
in March 1982 with oak (Quercus petraea) and ash 
transplants. The soil was a moderately compacted London 
clay.

Three weeding treatments, each with or without 
fertiliser -  six treatments in a ll-w ere  used. Each fertilised 
tree received 45 g of a 9:25:25 fertiliser in April 1982 and 
40 g of a 27:5:5 fertiliser in April 1983, spread over a 300 
mm diameter area around the tree. The first application 
supplied 4.1, 4.9 and 9.3 g, and the second 10.8, 0.9 and 
1.7 g per tree of nitrogen, phosphorus and potassium 
respectively. The weeding treatments were a control, 0.5

x  0.5 m bituminised felt mulching mats (‘Tree Spats’) and 
0.5 m diameter herbicide spots. Glyphosate in March 
1982, paraquat in June 1982, June 1983 and July 1984, 
and propyzamide in November 1982 and February 1984 
were applied to the herbicide spots.

Figure 1 depicts height and diameter growth over the 
first three growing seasons. Table 1 summarises the 
analyses of foliage collected in August 1982 and July 1983.

Fertilising increased foliar nutrient concentrations in 
both the first and second seasons. There was a significant 
fertiliser x weeding interaction with oak: the increase in 
foliar nitrogen concentrations produced by fertilising was 
dependent on the weeding treatment. In general weeding 
had as much effect on foliar nutrient concentrations, and a 
larger effect on leaf size, height and diameter growth, than 
fertilising. Despite their greater area ‘Tree Spats’ (0.25 
m2) were less effective than herbicide spots (0.20 m2); this 
was probably owing to grasses, particularly Agropyron 
repens, rooting under the spats.

Fertilising only improved oak growth when accom­
panied by herbicide; without herbicide it was detrimental. 
Fertilising barely increased ash growth unless ‘Tree Spats’ 
or herbicide were also applied.

iii. Motorway experiment near Leeds
This experiment was superimposed on slow-growing, 
10-year-old ash. The site had been disturbed and compac­
ted during motorway construction. It is almost level, has a 
fine textured soil and supports strong grass growth. It is 
waterlogged after prolonged rain and was single-furrow 
ploughed prior to planting.

Although soil compaction and poor drainage were 
thought to be the main problems this experiment 
compared the effects of fertiliser, with or without chemical 
weed control, on the ash. (The correct time to ameliorate 
the soil was before planting.) Each fertilised tree received 
80 g of a 21:14:14 fertiliser in June 1983, repeated in April 
1984: in total 33.6, 9.8 and 18.6 g per tree of nitrogen, 
phosphorus and potassium respectively. Paraquat in June 
1983 and propyzamide in November 1983 were applied to 
1.2 m diameter spots around half the trees.

Figure 2 shows height and basal area (measured 0.5 m 
above ground) over the first two seasons of the exper­
iment. Table 2 summarises the analyses of foliage collected 
in late August 1983.

Both fertilising and herbicide increased foliar nitrogen 
concentrations, and the increase when both were applied 
together was greater than the sum of the increases due to 
each separately. Surprisingly fertilising depressed foliar 
phosphorus concentrations, but all of the phosphorus 
concentrations appear adequate for healthy growth. Her­
bicide increased growth more than fertilising; only the 
herbicide effect was significant.
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Figure I.  The effect of fertiliser (F) and three weeding treatments (W) on height and diameter of oak and ash transplants over 
their first three seasons. Wormwood Scrubs.
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All heights and diameters have been adjusted for covariates using initial heights and diameters. See Note 1 1! below Table 1 for 
explanation of the significance levels, which refer to the six treatment means on each assessment date.
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T able 1. The effect of three weeding treatments (WC = control; WT = ‘Tree Spats’; WH = herbicide spots) with (F) or 
without (No F) fertiliser on foliar nutrient concentrations (as % of dry weight) and leaf size index (L)

Significance (i) Significance (i)

N o F F F W F& W N o F F F W F & W

1982 Ash foliage 1983 Ash foliage

WC 2.13 2.37 2.14 2.15
N W T 2.06 2.47 *** *** NS 2.00 2.71 *** ** *

W H 2.75 3.18 2.37 3.26

WC 0.145 0.146 0.114 0.104
P W T 0.167 0.162 NS *** NS 0.115 0.112 NS ★ ★ NS

W H 0.189 0.181 0.125 0.128

WC 1.20 1.50 1.36 1.52
K W T 1.21 1.28 ** NS NS 1.46 1.41 NS NS NS

W H 1.15 1.27 1.36 1.51

WC 122 125 122 131
L(2) W T 140 133 NS * NS 163 202 ** *** NS

W H 164 163 212 269

1982 Oak foliage 1983 Oak foliage

WC 2.87 2.77 2.26 2.77
N W T 2.74 2.70 NS *** ** 2.27 2.87 NS NS

W H 2.88 3.33 2.56 2.95

WC 0.187 0.192 0.143 0.166
P W T 0.174 0.185 NS NS NS 0.124 0.152 * NS NS

W H 0.184 0.184 0.149 0.156

WC 0.764 0.810 0.767 0.800
K W T 0.772 0.809 NS NS NS 0.748 0.867 NS NS NS

WH 0.857 0.801 0.870 0.868

WC 238 235 411 433
L<2) W T 315 302 NS *** NS 437 432 NS * NS

W H 377 407 546 540

Notes: (1) NS = effect not significant at 5% level.
* =  effect significant at 5% level.

** =  effect significant at 1% level.
*** =  effect significant at 0.1% level.

Leaf size index (L) obtained by multiplying leaf (oak) or leaflet (ash) lengths and widths measured in millimetres.
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Figure 2. The effect of fertiliser (F) and herbicide (H) on ash height and basal area. Leeds, M62.
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All heights and diameters have been adjusted for covariates using initial heights and diameters. See Note (1) below Table 1 for 
explanation of the significance levels, which refer to the four treatment means on each assessment date.

Table 2. The effects of fertiliser and weed control on foliar nitrogen, phosphorus and potassium concentrations (as % of dry 
weight) and leaf weight. Leeds.

Control Fertiliser Herbicide Both Significance^’
— F H F + H F H F x H

N 1.91 1.99 2.05 2.57 *** *** ***

P 0.25 0.22 0.29 0.23 *** NS NS
K 1.02 0.96 0.95 0.84 NS * NS
'eight (g) 0.171 0.167 0.185 0.188 NS NS NS

(1) See note (1) below Table 1.
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iv. Avenue experiment at Blickling, 
Norfolk
This experiment used 44 Common lime (Tilia x  europaea) 
approximately 25 years old, growing in a double avenue on 
the National T rust’s Blickling Estate in Norfolk. The four 
experimental treatments were a control, 100 g and 200 g of 
nitrogen (supplied as urea) and 100 g of potassium 
(supplied as muriate of potash) per tree spread on the grass 
sward beneath the trees’ crowns. These rates are roughly 
equivalent to 63 and 126 kg of nitrogen and 63 kg of 
potassium per hectare. Before fertilising the trees averaged 
5.6 m tall and 154 mm diameter at 1.4 m. The treatments 
had no detectable effect on height or diameter growth, 
foliar nutrient concentrations or leaf size in the 4 years 
following application.

v. Avenue experiment at Hardwick Hall, 
Derbyshire
A similar experiment on another National Trust double 
avenue of Common lime at Hardwick Hall, Derbyshire 
used 160 trees approximately 50 years old. The 10 
experimental treatments included a control and various 
rates and combinations of nitrogen, phosphorus and 
potassium, applied as urea, Gafsa rock phosphate and 
muriate of potash spread on the grass within a 3 m wide 
ring under the trees’ drip lines. The highest rates supplied 
3 kg of nitrogen, 2 kg of phosphorus and 1.7 kg of 
potassium per tree. These maximum rates are roughly 
equivalent to 420, 280 and 240 kg per hectare of each 
element assuming the trees were growing in a plantation 
with crowns touching. Before fertilising the trees averaged
12.4 m tall and 364 mm diameter. In the year after 
fertilising trees which had received phosphorus had 
significantly higher foliar phosphorus concentrations 
(0.21 per cent) than trees receiving no phosphorus (0.19 
per cent). No other effects on height or diameter growth, 
foliar nutrient concentrations or leaf size were detected in 
the 4 years following application.

vi. Avenue experiment in Windsor Great 
Park, Berkshire
This experiment used 60 Horse chestnut (Aesculus hippo- 
castanum) from the inner, and 60 London plane (Plaianus 
x hispanica) from the outer rows of ‘The Long Walk’, a 
double avenue approximately 40 years old. Both species, 
especially the Horse chestnut, lacked vigour and were a 
poor colour. The three experimental treatments were a 
control, 2.1 kg of a 27:5:5, and 2.4 kg of a 9:24:24 fertiliser 
per tree spread on the grass within a 3 m radius of the tree, 
the total quantity being split equally between two consecu­
tive years. The fertiliser treatments were roughly 
equivalent to 200 or 76 kg of nitrogen, 16 or 89 kg of

phosphorus and 31 or 160 kg of potassium per hectare. 
Before fertilising the mean heights and diameters at 1.3 m 
of the plane were 12.8m  and 300 mm and of the chestnut
10.5 m and 343 mm respectively. The soil along the 
avenue had been compacted by horse riding, and parts of 
the avenue were poorly drained, suffering periodic 
waterlogging. The treatments had no significant effects on 
height or diameter growth, foliar nutrient concentrations 
or leaf size in the 4 years following the first fertiliser 
application. Irrespective of treatment, all the plant foliar 
nitrogen, phosphorus and potassium concentrations are 
close to those reported by Binns et al. (1983) as indicating 
possible deficiencies. The Horse chestnut foliar nitrogen 
(1.5 per cent) and phosphorus (0.11 per cent) concentra­
tions were very low.

Discussion

Adverse soil physical conditions probably caused the poor 
tree growth at Milton Keynes. Although the soil was not 
badly compacted and there was sufficient slope to prevent 
large puddles forming, the fine textured soil’s lack of 
structure resulted in slow drainage and long periods of 
waterlogging. This will have reduced gaseous diffusion, 
producing anaerobic soil conditions and restricting root 
growth. Since the surviving trees grew little or died back 
their nutrient requirements will have been small. Ferti­
lisers do not improve soil structure and their osmotic effect 
probably damaged the trees.

Fertilising improved tree growth at Leeds, despite this 
site also being poorly drained. The 10-year-old trees at 
Leeds had more time to develop a root system than the 
newly planted trees at Milton Keynes, and the longer 
period following engineering works at Leeds allowed some 
soil structure to develop.

The time of fertilising in relation to planting has been 
debated. Patch el al. (1984), for example, suggest that 
because trees absorb nutrients mainly through the fine 
roots which die during transplanting, fertilising should be 
delayed until the start of the second growing season. 
However, fertiliser applied a few weeks after planting at 
Wormwood Scrubs increased ash foliar nutrient concen­
trations and diameter growth. The first season fertiliser 
response of the oak was confused by the fertiliser-weeding 
interaction. Fertiliser at planting may benefit trees, pro­
vided soil air and water regimes and careful plant handling 
facilitate early root growth. However, at both Wormwood 
Scrubs and Leeds weeding increased tree growth more 
than fertilising. Fertilising was most beneficial when 
accompanied by weed control. In one case fertilising 
without weeding depressed growth, probably because 
weeds were stimulated to compete more strongly for 
moisture.
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Fertilisers improved tree growth at Wormwood Scrubs 
and Leeds, where small trees were used; but in the three 
experiments using larger trees (Blickling, Hardwick and 
Windsor) little response was detected despite high ferti­
liser rates. This is not surprising assuming that the guiding 
concepts proposed by Miller (1981) for forest fertilisation 
also apply, albeit in modified form, to landscape trees. The 
newly planted tree has a rapidly increasing crown size and 
total nutrient content which is fed by a restricted root 
system; consequently the concentration of available soil 
nutrients may be critical. At a later stage of growth the tree 
has a larger root system and because its crown is not 
enlarging so rapidly, a large proportion of its nutrient 
requirements can be met by recycling within the tree.

After the establishment stage landscape trees are 
unlikely to benefit from fertilisers. Severely pruned or 
defoliated trees are possibly exceptions to this generali­
sation; their nutrient requirements may temporarily 
increase while they rebuild their crowns. This hypothesis 
is difficult to test in empirical fertiliser trials, estate owners 
being understandably reluctant to permit a large number 
of trees to be uniformly mutilated.

However, detailed site studies could yield nutrient 
cycling models with which to assess the likelihood of 
fertilisers benefiting severely pruned or defoliated trees. 
They could also test the likelihood of mature tree fertilis­
ing achieving some of the other objectives which are 
impossible to test in empirical fertiliser trials. Annual 
leaf-sweeping, lawn-mowing or grazing could be built into 
such models. These studies should be relatively straight­
forward in parks, but the presence of sewers and drains 
with their varied contents would complicate matters in 
streets.

If the fertiliser treatments used at Blickling, Hardwick 
or Windsor accelerated tree growth slightly, the benefits 
may only become apparent many years later. We could 
remeasure these trees at a later date; but the site studies 
suggested in the previous paragraph would probably 
reveal that the fertiliser rates used were small in relation to 
the nutrient content of soil, ground vegetation and trees, 
despite being high relative to forest and arboricultural 
practice. It therefore seems unlikely that responses will be 
detected in the long term when none were detected in the 
few years after fertilising.

In plantation forestry it appears that fertiliser responses 
can be adequately described in terms of reduced rotation 
length (Miller, 1981). Typically the response lasts of the 
order of 5 to 10 years after fertilising, the stand then 
resuming the growth pattern that it would have exhibited 
at a later date without fertilising. Thus fertilising may 
reduce landscape trees’ life expectancy; but it may prolong 
life expectancy if it helps the tree recover from an 
otherwise fatal disturbance. Fertiliser responses during

the establishment stage though will shorten the vandal 
vulnerable stage, and speed the attainment of the high 
landscape value of a mature tree. Fertiliser responses are 
both more likely and more desirable during the estab­
lishment stage than later.

Fertilising did not benefit the Windsor trees despite 
some of the foliar nutrient concentrations being below 
those reported by Binns et al. (1983) as indicating possible 
nutrient deficiencies. The low concentrations and the 
trees’ lack of vigour were probably caused by soil compac­
tion and poor drainage restricting root growth. This 
emphasises the need for care, advocated by Binns et al., 
when interpreting foliar analyses to diagnose deficiencies.

Growth and foliar nutrient concentrations of the trees 
at Blickling and Hardwick did not appear to be deficient. 
This may explain the lack of response. These avenues were 
used because I have not found nutrient deficient avenue 
trees with which to experiment. Many trees superficially 
appear nutrient deficient, as at Windsor, but investiga­
tions have invariably revealed other adverse factors; soil 
compaction and poor drainage being common. In search­
ing for experiment sites in England I have gained the 
impression that simple nutrient deficiency of landscape 
trees is rare.

The fertiliser application method used in the avenue 
experiments might be criticised; we spread fertilisers on 
top of the grass rather than close to the trees’ roots. 
Arborists frequently place fertilisers in holes augered in 
the soil around well established trees. However, grasses 
can root deeply, and Garwood and Williams (1967) 
demonstrated that grasses readily absorb nutrients 
injected directly into the subsoil. To prevent competition 
for nutrients grasses must be killed. If, as suggested 
previously, soil compaction is a more frequent cause of 
poor tree growth than nutrient deficiency then augering 
hundreds of holes in the soil may in itself improve growth. 
Experiments examining the effects of sward removal with 
herbicides, and soil augering on well established land­
scape trees have recently been established.

Conclusions

Fertilising is unlikely to benefit established landscape 
trees. During the establishment stage fertilising may 
reduce tree survival and growth unless adverse soil air and 
water regimes are corrected by cultivation and drainage 
and weeds are adequately controlled. Poor health of 
established trees is frequently associated with soil compac­
tion or poor drainage; simple nutrient deficiency is rare. 
Fertilising may possibly help the well established land­
scape tree rebuild its crown or foliage following severe 
pruning or defoliation.
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Discussion

M. HAXELTINE (Domestic Recreation Services).

Would the use of superphosphate 
accelerate root growth and improve 
callus formation?

R.J. DAVIES Neither triple nor superphosphate 
gave a response in the experiments and 
it appeared that nutrients were not the 
limiting factor. The influence of ferti­
lisers on callus formation was not 
tested.

Acknowledgements
Your experiments have been con­
ducted on avenue trees but would 
fertilisers benefit trees affected by 
building operations?

R.J. DAVIES The need for adequate replications for
experiments made it very difficult to 
find suitable sites which include 
building works.

T.H.R. HALL (Parks Department, Oxford Uni­
versity).

There are avenues of trees on roads 
leading out of Oxford and Manchester 
which might be suitable for exper­
iments.

R.J. DAVIES Roadside trees presented difficulties
for experiments because of extraneous 
effects of tarmac, drains, sewers and 
other services.

A. KING (Tree and Landscape Consultant)

J. EVANS (Forestry Commission, Research
Division).

(1) Nutrients were only one of 
several factors limiting tree 
growth -  others such as compac­
tion or drainage are more impor­
tant on many sites.

(2) In experiments in fertilising pole 
stage broadleaved woods nutrient 
uptake has been detected in the 
foliage but the only growth rate 
affected had been diameter 
increase of ash following applica­
tion of nitrogen.

(3) Though the data for the Windsor 
experiment showed low nutrient 
levels, they were in balance 
(N:P:K -  10:1:5).
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The Control of Epicormic Branches

J . E vans

Forestry Commission

Summary

Epicormic branches which develop on the trunk of well established trees are a nuisance to 
arboriculturists and foresters. Oak, elm, Common lime, poplar and willow are mainly affected. 
Epicormic shoots are stimulated to develop by stress to a tree or sudden change in its 
environment; crown pruning, waterlogging of the soil and root severance during site develop­
ment are all common causes of the problem in amenity trees.

Control by pruning is expensive and tends to increase subsequent production of epicormics. 
Several chemicals will control epicormic shoots in the year of application but maleic hydrazide, 
applied to newly emerging shoots in May or June, will also suppress development in the following 
year. Maleic hydrazide appears to depress trunk diameter growth.

Introduction

Side branches which develop low down on the trunks of 
well established trees can be a problem on amenity and 
forest trees. On amenity trees such epicormic branches, 
although never becoming very large thick limbs, are 
unsightly and can be a nuisance to traffic and pedestrians. 
On forest trees they cause knots in the wood, a defect 
which lowers timber quality and strength.

This paper briefly reviews the subject of epicormic 
branching and reports research carried out by the Forestry 
Commission on the control of epicormics on oak. Much of 
the work is of relevance to arboricultural practice.

Species Affected

In temperate regions the problem of epicormic branching 
is largely confined to five genera of broadleaves -  oak 
( Quercus), elm (Ulmus), lime (Tilia), poplar (Populus), and 
Willow (Salix). Some species outside these genera can be 
seriously affected (e.g. eucalypts) but in general profuse 
epicormic development is the exception rather than the 
rule.

Within the genera mentioned and between different 
seed origins of one species the propensity to produce 
epicormic shoots varies greatly. For example, among the 
oaks Red (Q . rubra) and Turkey oak (Q. cerris) generally

produce far fewer epicormics than either of our native 
species. But even among the native oaks Sessile oak is less 
prone to epicormics than Pedunculate (Table 1). Table 1 
also shows highly significant differences in numbers of 
epicormics between different origins of the same species 
(Sessile oak).

Among other species Common lime (Tilia x europaea) 
will throw epicormics profusely as well as basal suckers 
while the Small-leaved lime (T. cordaia) is often free of 
them. Among poplar, aspen (P. tremula) and Grey poplar 
(P. canescens) very rarely produce epicormics while varie­
ties of Black cottonwood (P. irichocarpa) show great 
variability from profuse production of them in a Canadian 
provenance of P . irichocarpa to weak production in P. 
irichocarpa ‘Scott Pauley’. The Black poplars are also 
variable.

Clearly one way of reducing epicormic branching is to 
select species, provenances or cuttivars which are rela­
tively free of the problem.

Initiation and Causes of Epicormic 
Development

Anatomically, nearly all epicormic shoots arise from 
dormant buds in the bark which were originally laid down 
when the young leadjng shoot first grew. Following
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Table 1. Variation in number of epicormics in relation to oak seed origin

Species and origin

No. epicormics between 
1.3 and 2.3 m counted 
on all origins in 1980 -  
Dean (Penyard) 1 P53

As previous column, but 
assessment in 1984 of three 
Sessile origins used to make 
four blocks(1) for experiment 
Dean 135/81

Pedunculate oak
A Lodgehill, New Forest 27.5
H South Side W ood, Powys 57.8

Sessile oak
B Pritchard’s Hill, Dean (gen) 16.9
C Pritchard’s H ill, (tree No. 1) 13.2 8.2
D Hadnocks, Dean (gen) 15.3
E Hadnocks, Dean (tree No. 1) 19.0 12.4
F Bonds W ood, Dean 15.3
G Skiltons Paddock, Alice Holt 20.9
J Vestmorland, Norway 12.3
K Lot 1, Sweden 11.4 5.1 and 5.0(2)
L Lot 2, Sweden 12.3

Statistical significance Very high (***) Very high (***)

Notes: (1) Note similar relative ranking for these three origins as previous column.
(2) Two blocks laid down in large area of this origin.

formation these barely differentiated buds grow suffi­
ciently each year not only to maintain their position in the 
inner bark but sometimes to divide into two or more buds. 
In some species, such as Pedunculate oak (Q . robur), this 
process can lead to a ‘pad’ of epicormic bud tissue which in 
older trees often takes the shape of a ‘cat’s paw’.

Epicormic buds can survive but remain dormant for 
many decades or even hundreds of years in long lived 
species. They are stimulated to grow and produce shoots 
in many ways all of which reflect some stress or sudden 
change to a tree’s environment. In forestry practice 
thinning operations in a stand are much the most frequent 
cause of renewed production of epicormics on oak. For 
amenity trees factors such as crown dieback or heavy 
pruning, root death from disease or severance caused 
during building development, change in water-table, cold 
damage to tender species can all lead to epicormic growth.

The physiological mechanisms governing epicormic 
development are not wholly understood but change in the 
hormonal environment of the epicormic buds must be the 
immediate cause of breaking dormancy. There is dispute 
over whether it is change in a tree’s light, temperature, 
water or nutrient environment which is the trigger to the

process, though change in water relations, at present, 
seems the most likely. Discussion of this will be found in 
Evans (1982) and is the subject of research being carried 
out on contract for the Forestry Commission at the East 
Mailing Research Station.

Although the mechanisms of initiating epicormic 
development are unclear at present it is clear that once 
epicormic shoots have emerged there must be adequate 
light for them to grow and develop into branches. Thus, 
keeping a trunk in heavy shade, as is traditionally achieved 
by growing an understorey of beech (Fagus sylvatica) in 
oak woodland, will prevent epicormic shoots becoming 
sizeable woody branches. In amenity planting the mani­
pulation of shade in this way is rarely feasible apart from 
using shrubs as an understorey in group plantings.

Research into Epicormic Branching

Two aspects of the epicormic problem have been under 
investigation by the Forestry Commission:

a. factors which cause or stimulate epicormics;
b. methods of direct control.
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Stimulation of epicormics
As mentioned, thinning is the main cause of epicormic 
development in normal forestry work, but from the point 
of view of epicormic control, both the intensity of thinning 
(degree of opening up of a stand) and the timing or season 
of thinning may be significant. An experiment in the 
Forest of Dean examined the effect of thinning intensity in 
an oak stand which had been planted at 1.2 x 0.9 m and not 
thinned for 27 years. Selected trees were released by one of 
three thinning treatments:

a. no thinning;
b. removal of all adjacent trees to a radius of 2 m, and
c. removal of all trees to a radius of 3 m, i.e., just over 

double the growing space affected by thinning 
treatment b.

The thinning was carried out in March 1981 and after 3 
years the numbers of live epicormics present in the 
assessment zone were significantly different between 
treatments. Table 2 shows the assessment data for both 
July 1983 and July 1984.

T able 2. Average num ber of epicormics between 1.3 m  and 2.3 
m above ground (by thinning treatment)

Thinning treatment

Date No Moderate Heavy
assessed thinning thinning thinning

(trees within (trees
2 m removed) within 3 m

removed)

July 1983 5.4 2.9 17.4
July 1984 7.1 5.3 21.3

Table 2 shows that the heavy thinning greatly stimu­
lated epicormic development but, perhaps surprisingly, 
the moderate thinning produced the lowest numbers of 
epicormics. This is probably explained by the phenom­
enon of ‘agony shoots’ — the development of weak 
epicormics on trees becoming suppressed or under severe 
competition in very dense stands. The very crowded 
nature of the unthinned stand gave conditions leading to 
‘agony shoot’ development where thinning was still not 
done (the ‘no thinning’ treatments).

Two recent experiments, at Alice Holt and Dean 
Forests, are investigating the effects of season of thinning 
on epicormic production. They were laid down following 
observation of rapid response (new epicormic shoots

emerging within days) to thinning carried out in July 
(Wignal, personal communication) and even after 
thinning in September in an oak/Norway spruce mixture 
at Rockingham Forest. No data are available from these 
new experiments but if production of epicormic branches 
is related to the season of thinning then this offers one 
approach to reducing the problem for foresters.

It may have application in arboricultural practice 
regarding the timing of any crown pruning of amenity 
trees.

Direct control of epicormic branches
Six experiments have investigated methods of direct 
control of epicormics including pruning treatments, 
wrapping the stems and applying chemicals. In most cases 
prior to application of treatments trees were high pruned 
to 5 m and new epicormics stimulated to emerge by heavy 
thinning, usually removal of all trees within 3 m radius of 
selected trees.

Results of the most comprehensive experiment, laid 
down in early 1982, are portrayed in Figure 1 where 
epicormic development over three growing seasons is 
compared. Information on costs of application of each 
treatment are in Patch et al. (1984).

Based on the data in Figure 1 and the other experiments 
laid down the following interim conclusions can be made 
about control methods.

Pruning
Pruning removes epicormic branches but in all exper­
iments this operation alone did not help to reduce the 
number of new epicormics which emerged in later years. 
Indeed, in most cases, pruning led to a significant increase 
in new epicormics in the year following treatment. Thus, 
where epicormic branches need to be controlled from time 
to time no hope can be held out that pruning itself will 
gradually reduce the problem.

Stem wrapping
Three experiments have incorporated stem wrapping 
treatments including black polythene, black woven poly­
propylene (Mypex) and even painting the stem with black 
bitumastic paint. This last treatment proved useless as 
well as being very expensive and unpleasant to apply. 
W rapping very significantly reduces the number of epi­
cormics while the treatment is in place but there is every 
sign that many new epicormics will emerge, perhaps even 
in greater numbers, once wrappings are removed. 
Wrapping does not seem an effective long-term solution to 
the epicormic problem and, of course, it is both expensive 
and very unsightly.
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Table 3. Chemicals tested on young epicormic shoots of oak for immediate and long-term control

Chemical

Daminozide (Alar)
Dikegulac (Atrinal)
Fosamine ammonium (Krenite) 
Glufosinate
Glyphosate (Roundup)
Maleic hydrazide (Burtolin and Mazide) 
Mefluidide (Embark)
1-naphthylacetic acid (Tipoff) 
Paclobutrazol (PP 333)
Copper EDTA

Action

Growth regulator 
Growth regulator
Contact herbicide inhibiting new growth
Contact herbicide only translocated in leaves
Herbicide absorbed and translocated
Growth retardant
Growth regulator and herbicide
Growth regulator
Growth regulator
Defoliant

In addition to the above chemicals, maleic hydrazide has been used in formulation with Mixture B (a surfactant) to improve solubility and 
uptake.

Chemical control of epicormics
As long ago as 1960 2,4 ,5-T  was applied to epicormic 
branches on oak as a possible means of controlling them 
(Holmes, 1963). This powerful herbicide killed the shoots 
but gave no long lasting suppression of new epicormic 
growth. Also, when applied to epicormics more than one 
year old the treatment left the branches as dead sticks 
which were slow to fall off. At about this time there was 
much interest in the growth retardant maleic hydrazide 
(Burtolin) for suppressing grass growth and hedge man­
agement. Use of this chemical for control of side branches 
was also recommended from this time by one of the 
manufacturers but no trials of it were conducted by the 
Forestry Commission.

In recent experiments maleic hydrazide and a large 
number of other chemicals have been evaluated in one or 
more trials -  Table 3.

In the experiment, illustrated in Figure 1, glyphosate 
and naphthylacetic acid (Tipoff) killed young epicormic 
shoots but did not suppress emergence of new ones the 
following year. Maleic hydrazide achieved both control of 
existing and substantial suppression of new epicormics in 
the year after application. Of the other chemicals only 
fosamine ammonium (Krenite) and glufosinate have 
shown some promise but both appear less effective than 
maleic hydrazide.

Current trials are evaluating the optimum time and rate 
of application of maleic hydrazide and whether benefit is

gained from addition of Mixture B, a surfactant to improve 
contact between the chemical and the tree. So far a late 
May application on very young shoots appears much the 
best time to treat trees and even using a weak solution of 
half manufacturer’s (Diamond Shamrock) recommended 
rate (0.625 litre of Burtolin per 5 litres of water) is quite 
adequate. However, very strong solutions, in excess of 2.5 
litres Burtolin per 5 litres water, if applied to the bark in 
February or March, will suppress epicormics throughout 
the year.

Maleic hydrazide is an effective means of controlling 
epicormics probably over a 2 year period, though the 
longer term suppression sought by foresters is not evident 
(Figure 1). However, of greater concern to foresters is that 
the diameter increment of the oak treated with maleic 
hydrazide has been significantly less than all other 
treatments. This, of course, may be of advantage in street 
tree management.

Conclusions

For amenity trees the best approach to control epicormic 
branches is to use species and varieties which are not prone 
to them. Epicormic-ridden established trees should be 
gradually replaced as part of a long-term management 
policy. Reasonable short-term control, lasting up to 2 
years, can be expected from maleic hydrazide applied to 
young shoots in early summer.
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As the cutting of epicormics increases 
their numbers is annual pruning 
effective?

The results suggest that the numbers 
decline after reaching a peak. More 
intensive treatment such as rubbing off 
buds is effective but very labour 
intensive. More information on the 
physiological factors at work is needed 
before better control methods will be 
found.

(Institute of Terrestrial Ecology, 
Bangor).

There may well be a possibility that 
strong apical dominance may be 
associated with the tendency not to 
produce epicormics and this might be 
a way of selecting at the nursery stage 
trees with low epicormic tendency.

There is also a risk that trees easily 
vegetatively propagated may well be 
those with a strong tendency to pro­
duce epicormics.



Trees and Buildings

P .G . B iddle
Tree Conservation L td .,  W antage, Berks

Summary

During the past 7 years measurements have been made of the patterns of soil moisture changes 
near trees growing on clay soils. Sixty trees of nine different species are now under observation. 
The soil moisture content is monitored with a neutron probe in five access holes at varying 
distances from each tree. This demonstrates the seasonal build-up of desiccation, the patterns of 
maximum seasonal soil moisture deficit and the deficit which persists from year to year. Poplar 
shows dramatically greater effects than other species. These data should provide improved 
guidelines on the safe proximity of trees to buildings.

Introduction

Following the extreme drought conditions of 1975/76, 
there was extensive criticism of the adequacy of the 
existing guidelines (BSI, 1972; NHBC, 1974) concerning 
the proximity of trees to buildings founded on clay soils. 
However, it was also realised that these guidelines could 
not be modified without more detailed information on the 
effects of trees on clay soils, which could only be obtained 
by extensive field observations.

This has led to Tree Conservation Ltd. being commis­
sioned to undertake three independent, although related, 
projects. The first instructions in 1978 were from Milton 
Keynes Development Corporation, who were concerned 
about their extensive tree planting programme and the 
possible future effects of these trees on the adjacent house 
foundations. The first year of this project evaluated 
various techniques for measuring the effects of trees; these 
included measurement of soil movement by rod gauges 
and monitoring seasonal changes in moisture content by 
neutron probe. This demonstrated the great potential of 
the neutron probe, which has been used for all subsequent 
work, although also correlating these results with 
measurement of soil movement by rod gauge.

The main field instrumentation at Milton Keynes was 
set up for the 1979 season, and readings have been taken 
every year since. It includes observations on a total of 12 
trees, of three different species growing on two different 
soil types (Oxford and Boulder clay). This project was 
enlarged in 1981 on instructions from the National 
House-Building Council to include a further 24 trees. This

extended the scope of species and the variety of soils. In 
1983 instructions were received from the Department of 
Environment for a further 24 trees. Twelve of these are 
plane trees (Platanus x  hispanica) and form part of an 
experiment on the effects of pruning. The remaining 12 
further increased the range of species. Table 1 see overleaf 
summarises the species and clay types currently under 
investigation in these three projects, and shows the range 
of plasticity index (PI) recorded at 1.5 m depth.

All of the trees are growing either in parks or in the 
surrounds of playing fields. They are either individual 
trees or, if part of a row or group, they are clear of any 
possible interference from other species, and they are clear 
of other factors such as streams or ditches which might 
influence the moisture content.

Methods
The moisture content of the soil has been monitored in five 
boreholes in the proximity of each tree using a neutron 
probe. The boreholes (known as access holes) are carefully 
drilled with a combination of a manual screw auger and a 
l 3/4 inch (44.5 mm) mild steel ream. The ream is then 
removed and an aluminium tube of the same diameter is 
hammered into the hole to make as tight a fit as possible. 
The bottom of the tube is sealed with a cap, and the top 
fitted with a vandal-proof cap or bung to prevent entry of 
water. The probe is lowered down these access holes 
whenever measurements are required.

121



T able 1. Summary of trees being investigated for their 
effects on clay soils

Tree
species

Clay type and PI range

London

32-65

Gault

31-56

Oxford

27-36

Boulder Clay 
silt

16-29 -

Total

Plane 12 _ _ _ _ 12
Horse chestnut 4 3 2 2 - 11
Poplar 3 2 2 2 1 10
Leyland cypress 2 2 - 2 - 6
Lime 1 - 2 2 - 5
Oak 2 - - 2 - 4
Norway maple 2 - - 2 - 4
Silver birch 2 1 - 1 - 4
W hitebeam — — 2 — 4

Total 30 8 6 15 1 60

The probe contains a small radioactive source emitting 
fast neutrons. Such neutrons are slowed down and 
reflected by certain atoms, in particular hydrogen, and the 
probe contains a counter for these slow returning neu­
trons. As virtually the sole source of hydrogen in the soil is 
in the form of water, the number of returning neutrons is 
proportional to moisture content. The readings are influ­
enced by the soil type, but the particular value of the 
instrument is its ability to detect very small changes in 
moisture content.

The five access holes are located at varying distances 
from the tree, related to the height of the tree. In most 
cases they are at 0.2, 0.4, 0.6, 0.8 and 2.0 times the tree 
height (referred to as 0.2h, 0.4h, etc.), but for the oak 
{Quercus sp.) this was increased to 0.25h, 0.5h, 0.75h, 
l.Oh and 3.Oh, and for the poplar (Populus sp.) to 0.25h, 
0.5h, l.Oh, 1.5h and 3.Oh. In most cases the access tubes 
are located in rough mown grass, and the most distant hole 
was in comparable conditions and was intended to show 
changes away from all possible tree root activity. The 
maximum tube length which it is practical to insert is 4 m, 
and this was usually used for the holes close to the poplars 
and oak. Shorter 3.6 or 3.0 m tubes were used in other 
positions.

Readings are taken at 10 cm intervals down each tube. 
Each reading records the moisture content of the 
immediate surrounding sphere of soil (sensitivity to 
moisture is related to the inverse square of the distance),

and so the close intervals of the readings provide a very 
accurate definition of the moisture content profile. With a 
radioactive instrument there is some inevitable variation in 
the readings, but differences between successive readings 
greater than about 0.75 per cent are statistically significant 
at the 95 per cent probability level.

In addition to monitoring changes in moisture content, 
measurements have also been made on vertical soil 
swelling and shrinkage using rod gauges, but results are 
not included in this paper. Correlations are also being 
made with meteorological conditions to enable predictions 
to be made on the extent of drying in severe drought 
conditions.

Results

A brief summary paper of this sort cannot begin to present 
the results from all 60 trees for even a single season, let 
alone from the past 6 years. Only a brief selection of results 
are included here; additional results will be found in 
Biddle (1983) and further details will be published in the 
near future.

Seasonal development of moisture deficit
A selection of the access holes are measured at regular 
intervals through the summer to determine the build up of 
the zone of soil desiccation through the season, and the 
differences between the species and different clay types. 
These readings are usually from the access holes closest to 
the trees.

Figures 1 and 2 illustrate results. Figure 1 (0.2h from a 
lime (Tilia sp.) on boulder clay) shows a slight deficit 
developing to 1.1 m by 27 June 1984; by 1 August the soil 
was drier and the depth to which the deficit existed had 
increased to 1.7 m. The driest readings were taken on 31 
August, and by 14 September the soil was starting to rewet 
to a depth of 1.4 m. At 0.25h from a poplar on boulder clay 
(Figure 2) there is a similar pattern of a progressive 
increase in the depth of the zone of desiccation and the 
extent of soil drying, although here some effects extend 
right to the base of the access hole at 3.6 m. Driest 
conditions were encountered on 13 September 1984, and 
slight rewetting had occurred by 12 October.

This seasonal development of the moisture deficit is 
also being correlated with the meteorological records of 
rainfall and soil moisture deficit. There are clear 
differences between species. Comparison between Figures 
1 and 2 immediately shows the far greater effects of poplar 
compared with lime, and that modest rainfall can have a 
considerable influence on the deficit produced by the 
lime. Results for Horse chestnut (Aesculus hippocastanum) 
indicate that deficits tend to build up earlier in the
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summer, with very little further development after early 
August, whereas the poplar continues to dry out the soil 
right up until leaf fall.

Seasonal patterns of moisture deficit of 
different species
Figures 1 and 2 illustrate how the greatest deficit occurs in 
early autumn, usually sometime during September. In 
order to determine the maximum seasonal change, 
readings are therefore taken on all of the access tubes 
during September of each year, and the soil moisture 
contents compared with readings taken in the spring 
(usually in late April or early May, when the soil is in its 
wettest condition).

For the presentation of these results the information 
from all five access holes on each tree are combined into a 
single diagram, with variation in density of shading used 
to indicate the amount of seasonal change in moisture 
content. Typical results for the different species are shown 
in Figures 3-7. These figures show the average result 
obtained for all of the individuals of each species (but 
excluding those trees where soil abnormalities produced 
anomalous results).

The results again demonstrate the greater effect of 
poplar compared with lime and Horse chestnut, and also 
show the insignificant effect of Silver birch (Betula 
pendula) and Leyland cypress (x Cupressocyparis leylandii).

Seasonal and permanent water deficits
Figures 3-7 show the seasonal changes which are 
occurring and which will cause a seasonal cycle of the soil 
shrinking each summer, and rehydrating and swelling 
each winter. However, it is known that in some situations 
there can be long-term progressive movements; evidence 
of this is seen in the swelling of soil and heave of 
foundations following the removal of trees. This will occur 
if there is a zone of permanently desiccated soil which 
persists through each winter.

The existence of a permanently desiccated zone of soil 
can be shown if it is assumed that the comparison hole 
provides a measure of the normal moisture content profile 
in the absence of tree root activity. Figure 9 shows the 
moisture content profiles at 0.8h and 1.8h from a poplar on 
London clay in both spring and autumn. It can be seen 
that seasonal variation at 0.8h extends to 1.6 m and with 
slight effects at the comparison hole to 1.3 m. In addition, 
it can be seen that the soil to the bottom of the 0.8h access 
holes is apparently drier; this suggests that there is a zone 
of permanent desiccation.

Figure 10 shows the same profiles for a poplar on 
boulder clay, but here the seasonal changes at 0.2h extend 
to 3.0 m, and to 1.1 m at the comparison hole. All the

profiles are similar below 3.0 m, demonstrating no 
permanent deficit below this level, but the comparison 
hole is slightly wetter than the spring profile of the 0.2h 
hole down to 3.0 m. This shows that the winter rainfall 
manages to penetrate to the full depth of the desiccated soil 
but still not in sufficient quantity to entirely eliminate the 
persistent deficit.

This illustrates the importance of soil permeability. 
The highly plastic London clay tends to be very 
impermeable, and seasonal changes often do not extend 
below 1.5 m, whereas the more permeable boulder clay 
allows the deficit to be corrected more rapidly.

It is known that this approach of using the comparison 
hole as a measure of the normal soil conditions can 
produce misleading results (the soil is not necessarily 
sufficiently homogeneous), but the poplar and oak inva­
riably demonstrate a permanent effect with all soil types 
under investigation. Figure 3 shows the average seasonal 
deficit for the poplars; this should be contrasted with 
Figure 8 which shows the permanent effects; at 0.25h 
these appear to extend beyond the depth of the access 
tubes.

None of the other species of tree produce similar clear 
cut effects. Some individual lime and Horse chestnut trees 
suggest a permanent deficit, but this could be the result of 
heterogeneity of the soil. These results therefore demon­
strate the massive effect of poplar (and to a slightly lesser 
extent oak), and that problems of long-term heave must be 
expected when these species are removed. Other species 
are less likely to produce any permanent effect, particu­
larly on the more permeable boulder clay.

Applications

This research has confirmed the previously held belief that 
poplar can cause very extensive desiccation of clay soils. 
Perhaps what was not sufficiently realised previously was 
just how much greater were the effects of poplar compared 
with most other species. Recent investigations of damage 
have also highlighted oak as a troublesome species, and 
this research has confirmed that its effects are almost as 
severe as poplar. This is of particular relevance as the 
existing guidelines (BSI, 1972; NHBC, 1974) are based on 
observations on the proximity of trees to damaged 
buildings where “most of the trees are poplars and elms, 
oak is fairly frequent and others are alder, willow, ash, 
scyamore, chestnut, birch and hawthorn” (Ward, 1953). 
It appears that the building industry may not have 
appreciated the significant differences between species, 
but for simplicity have tarred all trees with the same 
reputation as poplar.

New guidelines prepared by the National House- 
Building Council were published in 1985. These identify
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Figure 7. LEY LA ND CYPRESS AVERAGE
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the required foundation depths dependent on the prox­
imity of different species of tree on different clay soils. 
They subdivide trees into three categories of water 
demand, of which poplar, elm, willow and oak are 
identified as high demand. The required foundation depth 
with these species is marginally greater than previously. 
However, significant reductions in foundation depths are 
permissible with the majority of trees which fall in the 
moderate water-demand category, and even greater relax­
ation is permissible with those trees identified as low 
water-demand.

The new proposals also distinguish three categories of 
day shrinkage potential, based on determination of the 
plasticity index of the day. Reductions in foundation 
depth are permissible with clay of medium or low 
shrinkage potential.

It is hoped that these new guidelines will provide more 
detailed information on the anticipated effects of trees. 
This should help builders to minimise the risks of 
structural damage to buildings, without the necessity to 
incur additional expense by the use of unnecessarily deep 
foundations.
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Figure 8. POPLAR AVERAGE TREES 3,4,9,10,13,14,22,23424
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Discussion

R. TAYLOR 

P.G. BIDDLE

R. TAYLOR 

P.G. BIDDLE

P.G. BIDDLE 

R. FINCH

P.G. BIDDLE 

L. ADAMS

How long does the effect of pruning on 
soil moisture content last?

This aspect will be followed up over 
the next few years and information on 
the necessary frequency of pruning 
obtained.

Will regular pollarding and artificial 
shaping become more common?

There must be a balance between the 
expensive pruning and the benefit in 
reducing water abstraction from clays.

(Property Services Agency)

Are there any data on how long ‘heave’ 
caused by re-wetting of clay con­
tinues?

It can continue as long as 25 years, as 
shown by the example quoted by 
Samuel and Cheny of elm at Windsor 
on London clay. Clays vary in their 
permeability and some rewet quickly, 
e.g. boulder clay.

(Roy Finch Tree Care Specialist)

Root barriers are being used more but 
there appears to be no research on 
their effectiveness. What is the effect 
of tree roots on soil moisture outside 
the rooting area?

Root barriers are not effective if roots 
can find their way beneath or round 
them. The moisture content is not 
affected more than 30 cm beyond the 
extent of fine roots -  clay has a low 
permeability.

Has watering been tested as a means of 
maintaining soil moisture content?

No, because this is unlikely to be 
practical when most water is needed 
during drought.

Are you recommending pruning trees 
in parks?

No, the work referred to was an exper­
iment.

Is the shrinking effect more exagger­
ated on shallow soils?

No information on this but shallow 
soils may present better prospects for 
foundations. Certainly bands of sand 
in clay have dramatic effects because 
tree roots take up moisture from the 
sand preferentially.

(Southampton City Council)

Could further advice be given on the 
question of insurance where trees 
under a Tree Preservation Order are 
involved.

This is too big a question to be dealt 
with here.

(Durham County Council)

Is it feasible to have a code of practice 
defining the distances trees of different 
species may be planted from sewers?

Department of Environment would 
have to seek advice on this.

Tree roots could cause soil movement 
in some instances which may crack 
pipes. Modern pipe materials were 
flexible and this provided a solution. 
Generally, tree roots will only pene­
trate pipes if there are defects in the 
pipe.

P.G. BIDDLE

L. ADAMS 

P.G. BIDDLE 

P. BARCLAY 

P.G. BIDDLE

T.P. MARSH

P.G. BIDDLE 

T.J. CRAMB

C.G. BASHFORD 

P.G. BIDDLE
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Wildlife Research for 
Arboriculture

H .W . P ep p er an d  J .J .  R ow e

Forestry Commission

Summary

Relatively little research has been undertaken specifically on wildlife in arboriculture. This is 
largely because arboricultural wildlife problems are generally similar in all but scale to problems 
occurring in forestry, horticulture or agriculture and research recommendations aimed at 
problems in these fields have been adapted to provide arboricultural solutions. In addition, 
scattered locations and small scale encourage managers to treat problems as one-off situations. 
There has been no comprehensive survey of the frequency of occurrence which might suggest 
research priorities should be higher or changed in emphasis. Measurements of the field of wildlife 
enhancement for conservation have been neglected although small plantings are encouraged 
because of their potential wildlife value. Most advances have been made in the field of individual 
tree protection where most effort is now directed at reducing costs of materials and labour since 
satisfactory specifications for the commonest animal damage problems are available.

Introduction

Relatively little research on wildlife in relation to arbori­
culture has been undertaken directly. The usual response 
to a wildlife problem in arboriculture has been to use or 
adapt a solution originally researched to supply forestry, 
horticultural or agricultural needs. There may be two 
reasons for this. The first is that in the relatively small scale 
of arboriculture, problems often appear to managers to be 
one-off; each unique in some respect and therefore solved 
as they arise using whatever advice or expertise is 
available. The second reason is that relatively few wildlife 
problems have in fact been identified as peculiar only to 
arboriculture -  and it has seemed adequate to assume that 
the same answer is appropriate for the common cause.

This paper reviews the main animal and bird problems 
so far identified, describes the damage and outlines the 
research done to produce solutions. In general, reduction 
of costs (labour or materials) is the main aim of research 
since the range of available solutions appears to provide 
reasonably satisfactory answers. This assumes of course, 
that the damaging animal is correctly identified, the 
appropriate choice of preventive measure is made and that 
protection techniques are correctly applied and main­
tained.

Wildlife Interactions with 
Arboriculture
The most common interactions are those of animals which 
damage ornamental trees and shrubs and, not unnaturally, 
much Forestry Commission (Wildlife) staff time is 
devoted to answering such problems. While there is a 
considerable amount of publicity for the benefits of 
arboricultural plantings to wildlife there has been 
extremely little actual measurement of before and after 
effects. The advantages of planting native trees and of 
particular weeding and other regimes are described quali­
tatively but not quantitatively, although there are some 
excellent guidelines such as the Greater London Council 
booklet on urban landscapes (GLC, 1985).

While no comprehensive survey has been carried out of 
the extent of wildlife damage problems in arboriculture, it 
is possible to use the range of enquiries which come into 
the Wildlife and Conservation Research Branch of the 
Forestry Commission to give some idea of the order of 
problems. Over a period of 12 months Grey squirrels, 
rabbits, Roe deer, other deer, domestic stock, voles, 
starlings and hares have produced up to 12 enquiries each 
relating to non-forest situations. Red deer, Red squirrels 
and Fallow deer have each produced a single enquiry. At
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other times, moles and rats have also figured in the list of 
enquiries.

Grey squirrels
Grey squirrels are frequently a problem in small groups of 
semi-mature trees. The most severe problem is bark 
stripping, which is solved most practically using trapping 
and poisoning of the group of squirrels doing the damage 
at the time that the damage is being done. The main 
constraints on this approach are the problems of carrying 
out such control by humane methods in a situation which 
is often subject to considerable public access (Rowe, 
1985). Traps are liable to be disturbed by dogs and their 
owners. In some cases, building poison hoppers into the 
bottom of litter bins has ensured that the guilty squirrels 
are the most likely to suffer. Also the urban Grey squirrel, 
unlike its rural cousin, does not have to cope with 
fluctuating food supplies. The natural diet is supple­
mented by food from litter bins, bird tables and people 
providing food specifically for squirrels.

The ready availability of this additional food reduces 
the effectiveness of the control methods developed for 
forest protection which rely on enticing squirrels to 
artificially laid baits. Another difficulty associated with 
urban areas is that the squirrel is a pest to the person whose 
trees are being damaged and often a cuddly animal to those 
who are not affected. Where park trees or woodlands are 
being damaged and a greater proportion of the Grey 
squirrel population needs to be killed, a local public 
relations exercise may have to be devised to explain the 
problem and the reasons for the control measures. A local 
problem can be exacerbated by inaccurate and exagger­
ated press reports or letters suggesting that local Grey 
squirrel extermination rather than damage prevention is 
the objective.

A Grey squirrel problem of the future is likely to be 
bark-stripping of pole stage trees on motorways. In this 
case, poison hoppers may be the most appropriate control 
measure since, unlike the use of traps, daily visits are not 
essential.

Rabbits
The rabbit problem is a sporadic but widespread one and 
the damage can write-off groups of small trees. As with 
Grey squirrels the attitude has been to utilise control 
methods developed originally for agricultural damage 
prevention, but recently the development of tree shelters 
and individual tree guards has provided a more practical 
approach to damage prevention than attempts to control 
rabbit numbers, although one must not neglect the legal 
obligation to control rabbits (Pests Act, 1954). In addition 
work being done on rabbit fencing for agricultural and

forest protection has some relevance to arboricultural 
situations although it has not been developed primarily for 
that purpose. Where warrens or burrows can be gassed 
then poisoning techniques using safe replacements for 
cyanide such as metal phosphides may equally be appro­
priate (Pepper, 1982).

Deer
Roe deer problems are most commonly found in parks and 
gardens especially where roses are being grown in associa­
tion with small woodlands and shrubs. This is perhaps the 
only situation in which a chemical repellant may be more 
appropriate than control, which is often both difficult and 
potentially dangerous, or fencing which is difficult to keep 
secure if people and their dogs are allowed on to the site. 
Other deer such as Fallow deer and Muntjac can also 
provide an occasional nuisance but no research on these 
animals in arboricultural situations has been attempted. 
Exclusion, and the use of individual tree protection, 
appear, to be the most practical approaches (Pepper et al.,
1985). This also applies to domestic stock problems where 
ponies, goats and Jacob sheep have all figured in 
enquiries.

Small mammals
Field voles are one of the species which perhaps provide a 
more widespread general problem for arboriculture than 
do their occasional epidemics in forestry. They are widely 
distributed and common and where long grass is allowed 
to develop in plantings of small trees vole populations can 
quickly build up in numbers. This has become particu­
larly common in relatively isolated situations such as 
motorways. In these habitats the use of warfarin poison 
and techniques which require fairly frequent visits to the 
site can be inhibiting -  even for research. Once again the 
main emphasis in research has been on the development of 
individual tree guards. Weed control can inhibit voles 
from crossing bare ground to a tree. However, it is not 
known what effect this has on the incidence of damage 
other than it will have no benefit in conditions of lying 
snow.

Moles do not usually damage trees directly, though 
occasionally tunnels can cause problems to newly planted 
stock by removing soil from around the roots. Damage is 
generally associated with grass management where mole 
hills make grass cutting difficult, again adaption of traps 
and poisons available for agricultural control have been 
the only approaches utilised. Similarly with rats the wide 
range of poisons and traps available has been utilised 
where these animals cause problems by girdling or bark 
stripping, though this appears to be an extremely infre­
quent occurrence.
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Birds
The only bird that has actually caused problems is the 
starling roosting in winter in considerable numbers in 
small blocks of trees and shrubs. Both the noise and the 
associated droppings are unpleasant especially in an urban 
situation. Such roosts can be dispersed with the use of 
bird-scaring cartridges and amplified distress calls (Currie 
et al., 1977) but this technique can be as disturbing for 
local residents as for the birds!

In general, small bird management for conservation 
reasons, i.e. provision of nest boxes and food, is likely to 
be the main interaction of this group in arboriculture and, 
as already said, relatively little quantitative research has 
been undertaken. The use of nest boxes in more mature 
woodland is advocated as for the garden situation but the 
extent to which the species range can be modified by the 
use of suitable boxes and feeding has yet to be detailed.

The need to quantify the risk of damage
It is thus possible to outline generally the sorts of problems 
that exist. It is extremely difficult in the absence of survey 
information to say how much these sorts of problems cost 
in terms of time and capital expenditure or in terms of 
numbers of trees and shrubs potentially at risk. It is clear 
however that the number of constraints in arboricultural 
situations compared with forest, horticultural or agricul­
tural situations can alter the approach to solving the 
problem. More account may have to be taken of local 
landscape considerations; the impact on other wildlife, 
domestic stock or pets; and on local human residents. 
There is another problem in that in many arboricultural 
situations the risk of vandalism not only to the trees but to 
any protective device is also a factor to be considered. In 
the absence of more definitive surveys on the extent of the 
various problems so far identified it is difficult to predict 
the degree of risk. Certainly for some animals the methods 
of prediction that are used in other situations are quite 
appropriate and it is possible that work currently being 
done for example on voles may make it practical to suggest 
when counter measures should be carried out. Research 
encompasses the use of an index method involving 
measuring the frequency of occurrence of pellets and grass 
clippings. Keeping an eye on the presence of predators, 
such as local concentrations of kestrels homing in on 
higher vole populations, should be used as an indicator of a 
potential problem.

Damage prevention research

In reviewing the main problems, we have also identified 
the main methods of approach to damage prevention. As 
in the other fields of wildlife research these have concerned

the development of chemical repellants, fencing and 
individual tree protection. On the whole, improved 
control methods have less prominence in arboriculture 
than other fields. Where animals must be killed, it is 
perhaps more important to take the actual culprit rather 
than just to reduce population numbers generally.

Chemical repellants
The use of chemical repellants is potentially more appro­
priate for arboriculture than for other fields. However the 
only effective repellants found in the screening process so 
far are three contact repellants which must be sprayed on 
annually and which may be phytotoxic unless sprayed in 
winter on dormant trees. While the search continues and 
some 60 chemical repellants have been screened over the 
last 20 years, no systemic repellant whereby the chemical 
can be applied to roots and foliage and taken up by the tree 
has been found (Pepper, 1978): and although there are 
some smell repellants, they are only effective for a very 
short time -  a few days at best.

Fencing
Fencing is not the cheapest method of protecting small 
areas of woodland. However there are some situations in 
which it is the only practical method and here the 
necessary length of life, mesh size, supports, possibility of 
re-use if it is a relatively short period and the extent to 
which it may or may not be vandal proof are all considera­
tions (Pepper and Tee, 1986).

There are situations where fencing inappropriate for 
forestry, such as post and rail fencing or the use of larch 
lap, may be satisfactory in arboricultural situations.

Individual tree protection
It is in the field of individual tree protection that most 
work directly applicable to arboriculture has been under­
taken (Pepper, el al., 1985). Research on the design of 
guards, most appropriate size, most suitable type of 
material and their disadvantages and advantages 
compared with tree shelters has produced individual tree 
guards suitable for use against rabbits, Roe deer, Fallow 
and Red deer, hares and Field voles. Currently research is 
looking, as with fencing, at the development of cheaper 
and more effective tree guards involving less capital and 
less maintenance. We have already found that well 
designed tree guards can both be more vandal proof and 
produce less of a litter problem in some urban situations 
(Pepper and Williams, 1982).

Conclusion

Overall, it can be seen that the field of wildlife research for 
arboriculture is a rather patchy one, with most research
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being directed at methods of tree protection and relatively 
little at the ecological background in which the damaging 
interactions occur, or to the extent of the different 
problems in British arboriculture.

References
ANON. (1984). The Pests Act 1954. HMSO, London. 
CURRIE, F.A., ELGY, D. and PETTY, S.J. (1977). Starling 

roost dispersal from woodlands. Forestry Commission 
Leaflet 69. HMSO, London.

GLC (1985). Nature conservation guidelines for London.
Ecology Handbook No. 3. Greater London Council. 

PEPPER, H.W. (1978). Chemical repellants. Forestry Com­
mission Leaflet 73. HMSO, London.

PEPPER, H.W. (1982). Rabbit control -  phostoxin. Arbori­
culture Research Note 48/32/WILD. Arboricultural 
Advisory and Information Service, Forestry Com­
mission.

PEPPER, H.W., ROWE, J.J. and TEE, L.A. (1985). Individ­
ual tree protection. Arboricultural Leaflet 10. HMSO, 
London.

PEPPER, H.W. and TEE, L.A. (1986). Forest fencing.
Forestry Commission Leaflet 87. HMSO, London. 

PEPPER, H.W. and WILLIAMS, R.V. (1982). Plastic mesh 
for urban trees. Arboricultural Journal 6, 211-215. 

ROWE, J.J. (1985). Human control of squirrels in the 
urban scene. Proceedings o f U FAW  Symposium.

Discussion
P.A. HEMSLEY

H.W. PEPPER

J. WETHERELL

H.W. PEPPER

F.R. CLAXON

(Askham Bryan College of Agri­
culture and Horticulture)

What is the best time of year to 
remove Grey squirrel dreys?

There is no point in removing 
dreys as they will be quickly 
rebuilt. Removal of dreys will 
give some indication of size of 
population by revealing those 
dreys which are in use.

(North Beds. Borough Council)

Are weasels any threat to trees?

No. They are to be encouraged 
as they prey on many other 
small mammals which do 
damage trees.

(Epping Forest 
Council)

District

wildlife balance in an urban 
woodland?

H.W. PEPPER Rarely any need to interfere
with nature. Most small mam­
mals adapt easily to a semi- 
urban environment. However, 
if, for example, foxes were to be 
encouraged this could be aided 
by encouraging field voles as a 
food species by the provision of 
large rough grass areas in the 
form of tracks or glades.

R.P. DENTON (R.P. Denton & Co. L td.,
Colchester)

What can be done to remove a 
large starling colony in a small 
conifer wood?

H.W. PEPPER There is no need to exterminate.
By using electronic equipment 
to play a recording of starling 
distress calls over a period of 
several evenings, the birds will 
become sufficiently disturbed to 
move on. Simultaneous noise 
from bird scaring cartridges is 
helpful.

R. ASKQUITH-ELLIS (Bath City Council)

H.W. PEPPER

J.B.H. GARDINER

H.W. PEPPER
What steps need to be taken to 
manage a good ecological

What can be done about badgers 
causing a nuisance?

This is very difficult as so many 
people love badgers. Also they 
are protected under the Wildlife 
and Countryside Act. They can 
sometimes be persuaded to 
move from a sett by the use of 
smelly substances. For 
example, a creosote soaked rag 
pushed into the entrance of a sett 
at night may cause them to 
leave. They would probably 
move to another sett in the 
vicinity.

(Forestry Commission Research 
Station)

Which are the best guards 
against voles?

Plastic tubing slit lengthwise 
and ‘sprung’ round the stem of a 
tree is effective and cheap.
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Insects and Trees: Present Knowledge 
and Future Prospects

H .F  E vans

Forestry Commission

Summary

Studies of insects on trees almost invariably reveal that the phytophagous insect faunas associated 
with them are very diverse particularly on the more widespread tree species. As an explanation of 
this association it is argued that trees, by having complex physical and chemical structures, are 
able to support a great variety of insects through the provision of many microhabitats. The theme 
of a ‘normal’ condition with insects in balance with trees is developed with examples. An insect 
outbreak is thought to be a result of factors upsetting this natural balance thus allowing insects to 
develop without normal restraints. Examples of current outbreaks in Britain are discussed and the 
necessity for greater research into insect communities and also for increased vigilance in 
preventing importation of exotic insects is emphasised.

Introduction

The main criterion used by most observers concerned with 
associations of insects and trees is whether the insects are 
having any significant impact on tree growth and hence 
can be regarded as pests. Where the impact is great, such 
as the extensive mortality of oak and other deciduous trees 
in N. America resulting from attack by the Gypsy moth 
(.Lymantria dispar) (Doane and McManus, 1981), recogni­
tion of pest status is simple, and appropriate control 
measures can be taken. However, in the majority of cases, 
particularly involving deciduous trees, assessment of the 
role of plant feeding insects is difficult and the need for 
control measures uncertain.

One of the first, and perhaps most dramatic, conclu­
sions from even a cursory study of insects on trees growing 
in Britain is the diversity of the fauna. Winter (1983) 
catalogued phytophagous insects and mites recorded on 
trees in Britain, although the list was not exhaustive. Table 
1 summarises the total numbers of insect species in a 
number of the commoner insect orders and tree species 
including, for comparison, both deciduous and coniferous 
trees. In general insect species richness was greater on the 
former, especially since the conifers were composites of a 
number of tree species. There was also wide variation in 
phytophagous insect faunas amongst the deciduous trees

cited, no doubt in part representing particular characteris­
tics of each species.

As a group, phytophagous insects are typified by 
enormous species diversity. Indeed among living species 
(plants and animals) they are thought to represent 25 per 
cent of the recorded total and rank equally with the total of 
other invertebrate and all vertebrate species in this respect 
(Strong et al. 1984). Compounding wide species richness 
with the high potential reproductive rate of most insects 
provides us with an alarming prospect for wholesale 
destruction of our trees. Yet this happens only rarely. The 
infrequency of major pest outbreaks and the relatively 
minor damage observed in most woodlands provide ample 
evidence for the opposite view. There are exceptions of 
course, and losses of potential growth and tree death 
resulting from insect attack can occasionally be con­
siderable.

Nevertheless, in comparison with the observed lack of 
impact of the majority of tree insects, the elevation of some 
to pest status must require a particular set of conditions 
that represents a considerable departure from the ‘normal’ 
state.

This Paper provides insight into those factors that 
define the ‘normal’ endemic state of most insect popu­
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Table 1. Some phytophagous insect orders associated with British trees (Data from W inter, 1983)

Coleoptera

Num ber of species in insect order: 

Hemiptera Hymenoptera Lepidoptera Others Total

Deciduous Alder 3 4 17 19 5 48
Ash 4 7 2 6 3 22
Beech 5 3 1 7 7 23
Birch 6 10 30 43 4 93
Elm 7 7 2 18 3 37
Lime 2 3 0 5 9 19
Oak 16 17 41 55 4 133
Poplar 17 15 24 29 16 101
Sycamore 0 2 1 4 4 11
Willows 18 14 57 27 20 136

Conifers Cypresses 1 1 0 2 0 4
Douglas fir 1 1 1 5 0 8
Silver fir 2 2 1 7 0 12
Juniper 4 6 2 16 2 27
Larches 4 7 8 23 1 43
Spruces 10 18 12 46 4 90
Pines 27 17 12 49 4 109

relationship and was first observed for insects on trees in 
Hawaii by Southwood (1960) and discussed as an ecologi­
cal concept by Janzen (1968). In Britain there is a linear 
relationship between the number of species of phytopha­
gous insects per tree and the number of genera of trees in 
10 km squares (Strong et al., 1984).

More specific examples include the number of leaf 
hoppers (Claridge and Wilson, 1981) and leaf miners 
(Claridge and Wilson, 1982) on British trees such that in 
the latter case a species-area relationship was obtained for 
239 species of insect on 37 species of tree and large shrub. 
However, the amount of variation directly explained by 
species-area is often low and many other factors including 
how closely related the host plants are may be significant. 
Thus Claridge and Wilson (1982) were able to explain only 
19 per cent of the scatter of their data directly by a 
species-area relationship while a further 23 per cent of 
variation was attributed to the relationships of the host 
plants studied. When species-area effects were considered 
for a single plant genus Opler (1974) showed that area 
accounted for 90 per cent of the correlation between leaf 
miners and oaks in California. Strong et al. (1984) 
summarised the possible mechanisms that could result in a 
link between host area and insect diversity. These 
included:

lations. The circumstances that may result in a pest 
outbreak are examined with British woodlands as the main 
area of concern.

Interactions of Phytophagous Insects 
and Trees -  The ‘Normal’ Condition
Traditional concepts in, the study of ecosystems have 
centred on distribution and abundance of plants and 
animals (Andewartha and Birch, 1954). These fundamen­
tal attributes apply equally well today but recent emphasis 
has shifted to studies of communities as a whole. Research 
into insect diversity and the questions of coevolution 
between insects and plants are basic issues providing lively 
debate among insect ecologists.

There is increasing evidence that insect diversity is 
associated with two main characteristics of their host 
plants, namely geographical range (including plant 
density) and complexity of plant structure.

Geographical range
The more widespread the geographical distribution of a 
plant the greater the variety of phytophagous insects 
associated with it. This concept is known as a species-area
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(i) habitat-heierogeneity. Larger areas inevitably 
incorporate a greater variety of habitats and 
hence may satisfy the needs of more insect 
species, although climate may have an overrid­
ing influence.

(ii) encounter-frequency. A greater density of plants 
is likely to be encountered more frequently by a 
given population of insects.

(iii) island biogeography. An ecological island exhi­
bits a balance between immigration and emigra­
tion of insect species. Larger islands support a 
more diverse population of insects at equili­
brium.

These theories are not mutually exclusive and there is 
evidence for each, but much observed variation remains 
unexplained and requires further study.

Complexity of plant structure
The second major determinant of insect diversity takes us 
to the host plant itself. In essence, the more complex the 
growth form (architecture), both in size and variety of 
structure, of the plant the greater the variety of insects 
associated with it (Lawton and Schroder, 1977).

Examples to support this hypothesis are relatively 
common and all point to the existence of a more varied 
insect fauna on trees than on other plants. Lawton and 
Schroder (1977) give an order of insect diversity related to 
plant types namely trees>woody shrubs>perennial dico- 
tyledenous herbs>weeds and other annuals>monocotyle- 
dons (excluding grasses). Data by Strong and Levin (1979) 
suggest differences in interpretation for the smaller plant 
types but confirm the predominance of trees.

On a priori grounds it is not difficult to see why trees 
should have such a rich fauna. They tend to be larger, have 
a wide range of microhabitats, are relatively long lived 
thus providing continuity and, when mature, are the 
dominant feature of the ecosystem. Thus potential insect 
colonists are provided with a wide range of sites catering 
for many oviposition and feeding habits within a single 
plant. Inevitably some insects will find suitable conditions 
and establish a breeding population. Additional variation 
within host plant types is provided by seasonal changes 
resulting from expansion of buds, development of leaves 
and, for deciduous trees, loss of leaves in the autumn. 
These constitute changes in morphology but also variation 
in nutritional quality and secondary chemical constitution 
of the plant structures. This may then be reflected in a 
changing insect fauna with time so that early season 
populations may differ markedly compared with those 
later in the year.

Excellent examples of some ‘plant architecture’ effects 
come from various studies of phytophagous insects on

beech trees (Fagus sp.). Beech has an impoverished insect 
fauna relative to its morphology and this may be partially 
attributable to seasonal changes in structure and plant 
chemistry. Nielsen and Ejlersen (1977) in Denmark 
showed that insects tended to specialise in certain areas of 
mature beech stands with leaf mining moths and adult and 
larval weevils (Beech leaf miner Rhynchaenus fagi and 
another weevil Phyllobius argentatus concentrating on the 
understorey foliage while adult Beech leaf miners were 
often found in the overstorey or on the fringes of the 
stand). A more recent study in Wytham Wood, 
Oxfordshire provided broad confirmation that most feed­
ing took place in the lower canopy (mainly adult P. 
argentatus, larval Beech leaf miner and leaf mining moths) 
while adult Beech leaf miners fed mainly in the upper 
canopy (Phillipson and Thompson, 1983). it was also 
demonstrated that most of these attacks took place within 
the period of active leaf growth hence linking attacks to the 
presence of young leaves, implying that older leaves were 
less suitable for phytophagous insects.

Seasonal trends of this type were demonstrated for the 
Lepidopteran faunas of a number of deciduous trees in 
Finland (Niemela and Haukioja, 1982). Trees completing 
shoot growth during the early part of the season tended to 
have greatest species diversity in the spring. Oak (Quercus 
robur) was taken as the type example and it is true also in 
Britain that on oak the greatest variety of leaf feeding 
Lepidoptera is found on the new leaves (Feeny, 1970). 
Other tree species exhibited continuous growth of leaves 
through to the autumn (defined by the authors as Populus 
type) and the Finnish study indicated that late season 
diversity was greatest on these (birch, alder, aspen), 
reflecting a mix of young and old leaves present 
throughout.

Why are ‘Normal’ Insect Faunas not 
Universally Destructive?

A number of features of trees as ecosystems have been 
described that generally result in the expectation of a large 
variety of phytophagous insects all extracting nourishment 
from the tree. Diversity plus density should therefore lead 
to significant tree damage in many cases. There are several 
potential reasons why this is not so (Table 2).

Evidence for interspecific competition between plant 
feeding insects is scant since it is difficult to distinguish 
from the effects of the other factors in Table 2. Strong el al.
(1984) ventured the opinion that as a mechanism per se it is 
rare and cited many examples to support this view 
including, in a forestry context, lack of density compensa­
tion when the variety of species of oak leaf miners was 
reduced (Faeth and Simberloff, 1981). However, despite
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T able 2. Some factors preventing destructive build-up of resident populations of phytophagous insects on trees. 
(It is assumed that faunal diversity is near its optimal level and the factors act only on numbers of insects within 
species).

Potential factor

Competition for resources so that populations decline before 
food becomes limiting.

Natural enemies act in total to reduce populations in a 
density-dependent manner.

Direct feedback from the host plant by altered chemical or 
nutritional status-induced defences.

Evidence?

(a) Between species. Little evidence since different species 
tend to occupy different niches and these are generally 
not limiting.

(b) W ithin species. Outbreaks of insects result in 
competition but only if other factors (below) have insuffi­
cient effect.

A large body of literature emphasises the role of natural 
enemies, although this is not universally accepted.

Experimental and natural defoliations have reduced 
performances in subsequent insect populations.

its apparent rarity, interspecific competition has been 
demonstrated but tends to be one sided so that one species 
has an adverse effect on another but not vice versa. An 
example includes the Hemlock scale (Fiorinia externa) 
competitively displacing another scale Tsugaspidiotus 
tsugae resulting in higher mortality of immatures and 
lower adult fecundity (McClure, 1981).

Intraspecific competition, on the other hand, results 
when insect abundance oustrips other regulatory influ­
ences and an outbreak occurs. Here the limitation to 
population growth is availability of food; complete defoli­
ation is commonly observed before direct reduction of 
insect populations is apparent. Gypsy moth may 
completely defoliate oak and birch trees in N. America but 
suffers an immediate decline in numbers when it has 
consumed all available food (Doane and McManus, 1981). 
In Britain, Brown tail moth (Euproctis chrysorrhoea) may 
build up to damaging population levels on a variety of trees 
and shrubs, outstripping its food supply (Sterling, 1985). 
Dempster (1983), however, attributes the majority of 
major population changes in Lepidoptera to fluctuations 
in availability of resources and includes the forest pests 
Gypsy moth (oak and other deciduous trees), Green oak 
tortrix (Tortrixviridana) (oak), Winter moth (Operophtera 
brumata) (oak and other trees) and Fall webworm 
(.Hyphantria cunea) (various deciduous trees) among his 
examples.

Dempster’s view is challenged by Hassell (1985) who 
argues the case for regulation of populations mainly 
through the action of natural enemies (Table 2). Indeed 
the role of natural enemies (predators, parasitoids and

diseases) as major mortality factors preventing catastro­
phic build-up of pests is the perceived wisdom of the 
majority of insect ecologists (Varley and Gradwell, 1970; 
Southwood and Comins, 1976; Strong et al., 1984). The 
study of W inter moth populations over a 20 year period by 
Varley and Gradwell (1970) is probably the best docu­
mented appraisal of mortalities acting on a population of 
forest insects. They showed that a ‘key factor’ in popu­
lation regulation was density-dependent reduction of 
pupae over winter by ground-dwelling beetles and small 
mammals. Other evidence for the contributory roles of 
natural enemies comes from successful biological control 
by introductions of predators, parasitoids or diseases. 
Notable among these was control of W inter moth in Nova 
Scotia by the parasitoid Cyzenis albicans introduced from 
Europe (Embree, 1971), despite its apparent lack of effect 
in Varley and Gradwell’s study.

Diseases, notably viruses and bacteria, also have strong 
influences on populations of insects and there are many 
cases where baculoviruses were instrumental in reducing 
outbreaks in an apparently density-dependent manner 
(Entwistle and Evans, 1985). The regulation of Gypsy 
moth in North America is a case in point and has led to the 
development of a viral insecticide called Gypchek (Podg- 
waite, 1981). We are also using a virus in Britain and this is 
now commercially available as Virox for use against 
European pine sawfly (Neodiprion sertifer). There are also 
prospects for the use of a baculovirus against Brown tail 
moth.

By feeding on the host plant a population of insects is 
exerting some influence on that plant. This may be of little
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consequence but there is increasing evidence that the 
plants are able to respond to this pressure by induced 
metabolic changes that in turn influence subsequent 
populations of the insects. Thus both changes in nutrient 
content and production of secondary plant compounds 
may occur making the plant less suitable for insect growth 
or less palatable. Returning to Gypsy moth on birch as an 
example, it was shown that pupal weights decreased in 
proportion to the number of years of defoliation (Leonard, 
1970). This in turn led to smaller females and fewer eggs, a 
classic example of negative feedback resulting from 
changes in the host plant.

Factors Leading to ‘Outbreak’ 
Conditions

Central to the theme of an endemic population is the 
dynamic balance between the phytophagous fauna, its 
host plant and natural enemies. Any upset of this balance 
may result in increases in population levels. If these 
disturbing factors are density-dependent the insect popu­
lation will tend to regain stability and no outbreak will take 
place. On the other hand, if density-dependent regulation 
is removed the population will increase without restraint 
and will pass from endemic to epidemic status.

One way in which this can happen is removal of natural 
enemies. Good examples and salutory lessons in potential 
misuse of insecticides are outbreaks of Gypsy moth in both 
Europe (White era/., 1981) and the United States (Doane, 
1968) initiated or prolonged by application of D D T and 
tetrachlorvinphos (Gardona) respectively. A further 
example, perhaps more relevant to Britain, was the 
application of Dimilin to control the Green oak tortrix and 
Zeiraphera insertana on oak in Germany (Horstmann, 
1982). Although virtually 100 per cent larval mortality was 
achieved following insecticide application, Green oak 
tortrix had reached 70 per cent of its original level within 
one year and a year later was at a higher level than in 
untreated plots. This was attributed to reduced disease 
and parasitism in the treated plot, although in this case the 
insecticide did not kill the monophagous parasitoids 
directly but reduced their populations through removal of 
available hosts.

Adverse weather may also remove natural enemies, 
either through direct mortality of predators and parasi­
toids or by creating asynchrony between them and their 
hosts. In either case the host population may rise to critical 
levels and outstrip any effects of natural enemies.

There may also be direct influences of the host plant on 
the reproductive success of phytophagous insects. For 
instance, if nutrient status changes rapidly to the advan­
tage of plant feeders there may be a parallel increase in

reproduction that is greater than the natural enemy 
complex can control. This may lead to an outbreak that 
will only decline when the natural enemies ‘catch-up’ with 
their hosts by delayed density-dependent compensation. 
Major components of this interaction are the proportions 
of nitrogen and water in the host plant. Scriber and 
Slansky (1981) reviewed this topic and emphasised that 
nitrogen and water contents act together to define the 
relative growth rates (RGR’s) of Lepidopteran and 
Hymenopteran larvae. Interestingly RGR’s on mature 
tree leaves were generally less than half those on herba­
ceous plants.

Environmental stress may often lead to increased 
nitrogen availability in trees, in turn leading to improved 
feeding and reproduction by phytophagous insects (Matt­
son, 1980). This is particularly true for aphids while the 
reverse may occasionally be the case for chewing insects. 
Thus in this way food consumption rises but only after the 
insect population has responded through increased repro­
duction thus inducing a delay in effect.

There may also be an increase in damage but not in 
insect numbers if either nitrogen or water content drops. 
This results from a compensatory increase in feeding rate, 
or by prolonged feeding, in order to maintain growth. In 
the same way it is only the larger leaf feeding insects that 
can consume and assimilate sufficient nitrogen-poor 
foliage for normal development. Thus many North Amer­
ican deciduous tree pests are macrolepidoptera (mature 
larvae >  40mm) that exploit late season foliage too poor 
nutritionally for microlepidoptera that tend to feed on 
young nitrogen-rich foliage in the spring (Mattson, 1980).

Prospects for Phytophagous Insect 
Outbreaks in Britain

In Britain there are currently outbreaks of two major 
insect pests on conifers namely Great spruce bark beetle 
(.Dendroctonus micans) on spruce and Pine beauty moth 
(.Panolis flammed) on Lodgepole pine (Pinus conlorla). A 
review of insect records in Britain reveals that neither of 
these insects were pests before the mid to late 1970s. They 
provide two examples of insects that have escaped their 
natural constraints.

Great spruce bark beetle is an exotic insect that was 
accidentally imported to this country in the early 1970s. It 
is therefore here with an abundant source of food but 
without its major natural enemy, a predatory beetle called 
Rhizophagus grandis. An example of an introduced insect 
more appropriate to arboriculture is the Horse chestnut 
scale (Pulvinaria regalis). This scale insect was first 
discovered in 1964 and has spread over much of southern 
England and the Midlands. It colonises urban trees
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including lime (Tilia spp.), sycamore (Acer pseudoplata­
nus) and Horse chestnut (Aesculus hippocastanum) and is 
easily recognised by the white wax secretions of the adults 
in May. It was originally thought to have no natural 
enemies but recent research indicates that a predator and a 
parasitic wasp have some effect in reducing populations 
(Speight and Nicol, 1984). It seems, therefore, that Horse 
chestnut scale has succeeded in establishing itself over a 
wide area and illustrates the potential of exotic insects to 
multiply in the virtual absence of natural enemies. Pine 
beauty moth, on the other hand, is a native insect normally 
resident on, and in balance with, Scots pine (Pinus 
sylvestris) but which has switched to the exotic Lodgepole 
pine. Like many insects that exploit non-native trees it has 
benefited from the greater suitability of the new host, 
especially those growing in less than ideal conditions, to 
increase reproductive rate and oustrip its small complex of 
natural enemies.

Few major problems are encountered on our native 
deciduous trees. Occasional defoliation of oak by tortricid 
and geometrid moths takes place but these have little long 
term impact. Similarly beech (Fagus sylvatica) is attacked 
by a number of leaf feeders and by the well studied Beech 
coccus (Cryptococcus fagisuga), one of the predisposing 
factors of Beech bark disease (Lonsdale and Wainhouse, 
1987), but these tend to be local in effect and only rarely 
result in tree mortality. However, we must not be 
complacent since the theme of natural balance implies that 
the appearance of an exotic pest may well result in 
substantial defoliation before balance is achieved. Thus, 
both Gypsy moth, and Fall webworm, major defoliators of 
deciduous trees in North America, would pose significant 
threats should they become established here. Similarly, a 
complex of bark beetles from Europe and North America 
could have devastating effects on conifer production in 
this country.

We must also look closely at the planting of exotic trees 
since they too will be devoid of their associated insect 
communities. Nothofagus sp., for instance, are receiving 
considerable attention as potentially valuable hardwoods 
yet they are already suffering a remarkable level of insect 
attack despite their relatively short period in this country 
(Welch, 1981). This has been attributed to their taxono­
mic similarity to our native beech and oak, especially the 
latter. A study by Connor et al. (1980) who looked at 
accumulation of phytophagous insects on introduced trees 
confirmed that a greater variety of insects was found on 
trees closely related to native trees.

Insects may also exploit host trees across large taxono­
mic boundaries as evidenced by the appearance of Winter 
moth, which normally feeds on oak, on Sitka spruce (Picea 
sitchensis) in Scotland. It is therefore conceivable that 
insects may switch host plants in a most unexpected way

despite ecological studies that pinpoint taxonomic related­
ness as an important factor in limiting insect accumulation 
on new hosts.

Conclusion

Our ability to cope with insect outbreaks on British trees 
will in part depend on our knowledge of the communities 
of insects on the trees. Here we require a much greater 
input to the study of those communities so that decisions 
on pest management can be made in the light of that 
increased knowledge. Secondly it is essential that we 
maintain out barriers to accidental importation of exotic 
insects since, by virtue of their imbalance with the native 
ecosystem, it is these species that pose the greatest threats 
to our trees, deciduous and coniferous alike.
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Discussion

N. MUIR (Chichester)

ecology of the disease is being under­
taken for the Forestry Commission by 
the Institute of Terrestrial Ecology.

D. LONSDALE

E. HAMILTON

H.F. EVANS

Is Beech bark disease increased by 
drought conditions?

(Forestry Commission Research 
Division)

Stress induced by drought favours the 
development of Nectria which usually 
follows Beech coccus. Therefore there is 
an apparent similarity between the 
effects of BBD and drought. However, 
there is no evidence of a direct rela­
tionship between drought and BBD.

(The Woodland Trust)

Are British oaks less susceptible to oak 
wilt?

Oak wilt is mainly associated with Red 
oaks. However, the pathogen may adapt 
to British trees and Scolytus imricatus 
appears to be a suitable vector for the 
spread of the disease. Research into the

E. HAMILTON (The Woodland Trust)

Is the Channel Tunnel likely to pose a 
threat to tree health?

H.F. EVANS Increased flow of traffic from the con­
tinent is likely to increase the risk of 
introduced pests and pathogens. The 
main danger is from accidental or 
deliberate introductions by private indi­
viduals.

A.G. GORDON (EFG Nurseries)

In view of the reported importation of 65 
million transplants from continental 
nurseries last year, what confidence is 
there in current control measures?

H.F. EVANS The quantity and quality of inspection 
and control of imported plant material 
are being increased. More time is being 
spent talking direct to the importers to 
emphasise the need for care. Pheromone 
traps at ports will assist in monitoring.



Treatment of Fresh Wound Parasites 
and of Cankers

D .R . C lifford  an d  P . G endle

Long Ashton Research Sta tion , University o f  Bristol,

Long Ashton, Bristol

Summary

Wounds on fruit and other tree species are susceptible to fresh wound parasites, e.g. fungi causing 
cankering and silver leaf disease, for up to 28 days and need to be treated against such infections. 
By contrast, they are vulnerable to mature wound pathogens, e.g. wood rotting fungi, for at least 2 
years and no completely effective chemical treatment is available.

Easily prepared gel formulations containing Bayleton BM fungicide maintain an eradicant 
dose of fungicide for up to 6 months and can stimulate callus tissue formation. In practice, they 
have given very good protection against cankering and silver leaf disease but do not persist 
sufficiently long to give adequate protection against mature wound pathogens. They also 
eradicate Nectria galligena from within established cankers without the need for prior removal of 
decayed tissue.

Introduction

Trees are well equipped to combat invasion of their wood 
by fungi (Shain, 1979). The mechanisms by which they do 
so have been clearly described by Shigo (1984) and Shortle 
(1979) who have shown that the tree ‘walls o ff invading 
pathogens by a series of processes collectively termed 
‘compartmentalisation’.

Tree wounds are susceptible to attack by two types of 
fungi, the fresh and the mature wound pathogens. 
Organisms of the second type comprise the wood rotting 
fungi (e.g. Corioltis (syn. Trametes) versicolor and Conio- 
phora puteana) and usually become active only after the 
wood has become predisposed to their development as a 
result of its colonisation by a series of other micro­
organisms, not all of which are pathogenic. By contrast, 
the fresh wound pathogens attack and colonise the wood 
directly but can only develop in wounds up to 28 days old; 
examples are Nectria galligena and Chondrostereum pur- 
pureum which cause cankering and silver leaf disease 
respectively. They destroy the tree’s vascular system and 
cause dieback in the crown.

Walling off infection involves creation of new tissue for 
which energy has to be diverted from other important 
physiological processes. Thus wounds are likely to be 
most vulnerable at times of great energy demand such as 
bud-burst, flowering and preparation for dormancy.

Nevertheless, there is some unpublished evidence (Clif­
ford and Gendle) that trees are better able to contain fungi 
introduced during the growing rather than the dormant 
season. Because attack by mature wood pathogens is a 
relatively slow process, the tree has time to divert energy to 
contain them but fresh wound pathogens colonise the 
wood quickly and directly and a suitable wound dressing is 
therefore very necessary.

Conventional wound treatments establish a seal over 
the wound surface, to guard against the entry of 
pathogens, and often contain a fungicide whose function is 
to eradicate existing and prevent further infection. Such 
seals, and also some fungicide components, promote 
callus tissue formation, although the importance of this in 
wound occlusion seems to have been over-rated (Lons­
dale, 1984). However, few sealant preparations success­
fully eradicate existing infections and/or impart long term 
protection against future infection, although the mercuric 
oxide based Santar can be effective for up to 14 months, 
(Mercer el al., 1983). It is also important to recognise that 
some preparations are designed for a specific purpose and 
not for use as a general wound paint; for example, those 
containing thiophanate-methyl can give excellent protec­
tion against canker but may even encourage development 
of wood-rotting fungi! It is equally important to realise 
that the failure of many wound treatments can be
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attributed to the often overlooked fact that spores of some 
fungi, e.g. C. purpureum, can be sucked into the wood to 
some considerable depth, even seconds after the wound is 
created (Brooks and Moore, 1923; Lonsdale, 1984). Yet 
with few sealant preparations does fungicide penetrate 
into the wood. Therefore, in place of sealants, we have 
concentrated on incorporating systemic fungicides into gel 
formulations with the objective of encouraging active 
ingredients to penetrate into and persist within the wood 
beneath the wound for sufficiently long to combat fresh 
and also, ideally, mature wound pathogens. This paper 
reports work with such preparations and with some 
commercially available sealants for comparison. Because 
our prime interest has been in protection of pruning 
wounds in apple, pear and plum trees, our targets have 
been to prevent cankering by N . galligena and damage to 
wood by C. purpureum and, to a lesser extent, by other 
wood-rotting fungi.

Composition Properties and 
Performance of Gel Formulations

Gel formulations are produced by creaming the required 
amount of commercial fungicide formulation(s) in water 
and adding the gel component (2.5% w/v) to the vigor­
ously stirred mixture; this produces a material with the 
consistency of a gel paint, which is applied over and 
around the wound surface with a paint brush. Factors 
affecting performance are discussed below, using as 
headings the different criteria suggested previously for a 
commercially viable wound paint (Clifford and Gendle, 
1984).

Intrinsic activity of fungicide components
Although wound treatments appear to contain large 
amounts of fungicide (2.5 -  10.0% w/v), the amount which 
is applied to a 4 cm diameter wound is likely to contain as 
little as 0.1 g of each active ingredient. Only a proportion 
of this will move into and become distributed within the 
wood to a depth of 1 cm below the wound surface, which is 
considered to be the effective target area. Thus the 
compounds used must be intrinsically very active against 
the target fungi or be converted in situ, e.g. by enzymes, 
into very active fungicides; the rate of such conversion can 
vary according to season but with triadimefon has been 
found to be adequate irrespective of time of application.

Lack of phytotoxicity
No active ingredient or formulant should damage existing 
tissue or have an adverse effect on production of callus 
tissue or on compartmentalisation. This precludes the use

of additives such as dimethylformamide or dimethylsul- 
phoxide, which aid both miscibility of fungicides with 
water and their penetration into wood, as we found in 
previous work (Gendle el al., 1983; Clifford and Gendle, 
1984). Penetration of .some fungicides into, and their 
movement within wood can also be enhanced by conver­
ting them into salts by adding, for example, hypophospho- 
rous acid but this can also lead to dieback of bark and 
cambium.

No gel component or fungicide tested so far has been 
phytotoxic and the carbendazim present in Bayleton BM 
sometimes promotes callus tissue formation.

Maintaining the normal microbial 
population of the wood
At any given time, there will be a balanced population of 
micro-organisms within the wood, most of which are 
beneficial. Entry of formulants or fungicides could upset 
this balance even to the extent of causing a previously 
unimportant group of micro-organisms to become domi­
nant or even pathogenic; alternatively, they could promote 
the development of pathogenic fungi if present (Gendle et 
al., 1983). This has not been the case with any gel 
formulation containing Bayleton BM (a wettable powder 
formulation containing carbendazim and triadimefon, 
sold by Bayer (UK) Ltd).

Fungicide mobility
Because infection may be present in the wood very soon 
after the wound is made, it is important for fungicide to 
move into the target area as quickly as possible; this 
requires very mobile fungicides. However, the gel 
component can also serve to improve or moderate their 
mobility since an extremely mobile fungicide could move 
into and away from the target area before the wood ceases 
to be vulnerable to infection. Thus sodium alginate 
(Manutex KPR) encourages mobility, itself moving into 
and through the wood, whereas Kelzan, a xanthan gum of 
bacterial origin, also moves into the wood but more 
slowly, moderating fungicide movement. By contrast, 
Manucol E/RK, an esterified alginic acid which is less 
water permeable, remains just below the wound surface 
where it also tends to retain the fungicides. On balance, 
Kelzan is perhaps the most generally useful formulant and 
also gives a preparation with optimum consistency for 
application. It should be stressed that systemic fungicides 
applied to wounds move predominantly by a process of 
diffusion, aided by water movement, rather than by 
normal translocation processes.

Time of application
Trees are often pruned during the dormant season, 
although fruit growers increasingly wait until after bud
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burst to check how best to shape their trees. However, 
physical damage can occur at any time of the year. Work 
with Bayleton BM in sodium alginate or in Kelzan has 
shown that penetration, movement and persistence of 
fungicides are satisfactory for treatment of fresh wound 
pathogens irrespective of time of year; nevertheless, 
movement is greater in the growing than in the dormant 
season with a corresponding decrease in persistence as will 
be discussed below. Treatment is probably more impor­
tant in the dormant season for at least two reasons; first, 
this is the period when ascospores of N . galligena and 
basidiospores of C. purpureum are very prevalent and when 
conditions are very favourable for their development and 
second, although compartmentalisation can occur at this 
time, it does so less rapidly than in the growing season, as 
shown in experiments where Coriolus versicolor was intro­
duced deliberately into wounds (Gendle et al., 1983).

Persistence of fungicides
When Bayleton BM in sodium alginate is applied to a 
wound surface, the gel and fungicide components move 
into the wood over a period of 2 - \  days. They leave behind 
on the surface a white coating consisting of the inert 
materials used to prepare the Bayleton BM wettable 
powder formulation. Kelzan formulations behave simi­
larly but penetration of fungicides is slightly slower; in 
both cases, the surface of the wood does not dry out and 
crack because the gel components allow permeation of 
water. With Manucol E/RK the gel components and 
fungicides form a partial seal just below the wood surface 
and both persist within 0.5 cm of wood beneath the surface 
for at least 6 months, little fungicide moving further into 
the wood. With both sodium alginate and Kelzan formu­
lations, an eradicant dose of fungicide persists beyond the 
28 days for which wounds are vulnerable to fresh wound 
pathogens. It lasts for up to 6 months, remaining longer 
beneath flush than stub wounds with both preparations, 
and longer with Kelzan than with sodium alginate.

Stimulation of callus tissue formation
Gel formulations which contain carbendazim can stimu­
late callus tissue formation, particularly when applied 
during the growing season, and this is especially marked 
with formulations based on Manucol E/RK.

Are the components safe to use and readily 
available?
Bayleton BM is a readily available fungicide formulation 
used commercially for the control of fungal diseases in 
cereals. Its use in sodium alginate has received official 
provisional clearance for use on apple and pear trees and it 
is expected that this clearance will soon be extended to use

on plums and to formulations incorporating Kelzan. The 
user mixes his own material as described above and 
formulations should contain a minimum of 2.5% w/v 
triadimefon (and therefore 5% w/v carbendazim). A leaflet 
explaining preparation of these gels is available from Bayer 
(UK) Ltd.

Performance in practice
Bayleton BM in alginate, Kelzan or manucol E/RK (5% 
w/v carbendazim +  2.5% w/v triadimefon; 2.5% w/v gel 
component) has given complete protection of wounds for 
up to 6 months in experiments carried out over 3 years in 
orchards with high canker or silver leaf disease inoculum 
potential. It is therefore a valid treatment for fresh wound 
pathogens but has insufficient persistence for a mature 
wound pathogen treatment.

Commercial Sealants

We have tested three sealants in conjunction with our 
work with gel formulations. Santar, mercuric oxide in a 
latex-type paint, has been widely used and has frequently 
given good results; Negal-extra (captan + carbendazim in 
an aqueous plastic dispersion) is used in Germany, mainly 
as a canker paint; Pancil-T contains the biocide octhili- 
none in an acrylic resin formulation. All produce good 
seals when applied to freshly made wounds; those with 
Santar and Pancil-T remained intact for up to 8 months, 
while the seals with Negal-extra were still intact one year 
after treatment. All three materials promoted callus tissue 
formation. With Pancil-T, there was little movement of 
fungicide into the wood beneath the wound but, contrary 
to previous work with Santar and especially with plums, 
mercuric oxide had moved -  to a limited extent -  from the 
seal into the wood and penetrated to at least 1 cm, where it 
persisted for up to one year. With Negal-extra only the 
carbendazim component was mobile but control persisted 
for at least 6 months. The observed mobility of mercuric 
oxide from deposits of Santar helps to explain the good 
performance of this material since the compound is 
intrinsically very active and has a wide spectrum of 
activity.

Canker Treatments

Although pruning wounds are an important means of 
entry of infection, cankers also result from penetration of 
inoculum through leaf and fruit scars and through holes 
made by insects or by physical damage. Such cankers, if 
left untreated, can girdle the branch, destroying the 
vascular system and eventually cause it to die. Conven­
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tional treatment is either to remove the cankered wood 
completely or to scrape or cut away the degraded wood 
over the canker and then apply a canker paint. With very 
young trees such treatment is very undesirable; with older 
trees it is labour intensive and time consuming. When 
Bayleton BM gels are applied to unscraped cankers, 
carbendazim moves through the degraded wood into the 
area where the fungus is actively growing and completely 
eradicates infection. In contrast to the work with wounds, 
Kelzan gives better penetration of fungicide through the 
degraded wood than sodium alginate. Santar and Pancil-T 
have also given good canker control without prior 
scraping.

Discussion
The work reported here has concentrated upon fruit trees 
where treatment against fresh wound pathogens is stand­
ard practice. However, Moore (1969) lists at least nine 
other tree species which are vulnerable to attack by Nectria 
spp. and no less than 22 which are susceptible to C. 
purpureum; these include forest, urban and amenity trees. 
Thus, treatment of wounds and cankers probably deserves 
more attention than at present. The easily prepared 
Bayleton BM gel formulations are very suitable for this 
purpose but do not maintain protection for sufficient time 
to recommend their use for treatment against mature 
wound pathogens. They are at least as effective as the 
commercially available sealants in controlling fresh wound 
pathogens and eradicating N . galligena in cankers and 
could provide a good alternative to mercury-based prepar­
ations.

Finally, greater attention needs to be paid to proper 
pruning practice, i.e. cutting above rather than below the 
branch bark ridge as emphasised by Shigo (1984), in order 
to encourage compartmentalisation and thus limit 
infection.
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Discussion
N. HARRIS Did you measure the effect of

treatments at shorter intervals within 
200 days?

D.R. CLIFFORD Yes, at 5-10-15-60-150 days. These 
figures were not included in the tables 
because of the need to condense 5 
years’ figures into a 20 minute talk.

F.R. CLAXON (Epping Forest)

Would Cuprinol be a suitable material 
for treating cut surfaces on large old 
pollards?

D.R. CLIFFORD No, Cuprinol is a timber preservative 
and is phytotoxic and quite unsuitable 
for live tissue even if restricted to the 
centre of pruning wounds.

P.S. KEELING (Livingstone)

Did you include alginate on its own in 
your experiments?

D.R. CLIFFORD No, the experiments already involved 
destruction of many apple trees and it 
was not worthwhile extending the 
testing to include alginate alone as it 
would be very unlikely to give fungal 
control, though it might aid callus 
formation.
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Prospects for Long Term Protection 
Against Decay in Trees

D . L onsdale

Forestry Commission

Summary

The natural defences of trees provide the only proven form of long term protection against decay, 
but they are too often rendered ineffective by severe wounding and other avoidable damage.

A few fungicides and sealants, including mercuric oxide and polyvinyl acetate, have delayed 
fungal colonisation of wounds for several months, while the biological control agent Trichoderma 
sp. has given significant protection over 4 years. Proper evaluation of such treatment would 
require fundamental research and long term trials. For future plantings, genetic selection might 
help to reduce the incidence of decay, at least in clonally propagated species.

Possibilities for curative treatment remain conjectural, but use of existing knowledge could 
help to avoid making decay worse by unsuitable treatment.

Introduction

Some decay is present in most trees, but the affected wood 
is in most cases limited to the immediate vicinity of the 
wound, for example a dead branch, where the decay was 
initiated. Decay would develop much more extensively 
were it not for the physical and chemical barriers produced 
by the tree, which deter the growth of the decay-causing 
micro-organisms within the wood (Shigo and Marx, 
1977). Even if these barriers are overwhelmed by micro­
bial attack, the eventual occlusion of the infection court by 
callus growth can apparently help to retard the decay 
process by restricting gaseous exchange (Toole, 1965). 
Despite the effectiveness of these internal and external 
defences, it is possible for decay to develop so extensively 
that, after several -  or perhaps many -  years, the structural 
strength of a tree is seriously reduced. Only a small 
proportion of infections progress so far, but there are so 
many possible infection courts on a tree that decay remains 
a major problem in arboriculture and silviculture.

It was long believed that conventional wound dressings 
could prevent the entry of micro-organisms by either 
fungicidal or mechanical sealing effects, but it had become 
clear several years ago that such materials were at best able 
to delay this process slightly (Mercer, 1980). Against 
organisms dependent on fresh wounds for their attack, a 
short term protection is, however, of great value (Clifford 
and Gendle, 1987).

The prospects for long term protection will inevitably 
remain uncertain until research workers have carried out 
detailed and very lengthy experiments far beyond the 
scope of anything which has been attempted up until now. 
We can, however, gain some useful clues from some of the 
short and medium term data which are already available, 
and from examining the conditions, natural and artificial, 
which on circumstantial evidence seem to restrict or 
prevent decay.

Enhancement of the Tree’s Natural 
Defences

The serious failure of the tree’s natural defences against 
decay fungi is more the exception than the rule. It is 
therefore interesting to examine the possible factors which 
are responsible for the failures. If they can be identified it 
may be feasible to reduce their prevalence.

A few adverse factors are fairly obvious and their effects 
have been demonstrated experimentally in the last few 
years. Large wounds are an important example, since they 
are more likely to favour decay than small ones (Mercer,
1982), especially where many annual rings are injured. 
Thus, large branches should never be removed unless 
there is an inescapable need, and prevention of damage to 
stems by vehicles and other machinery should be a major 
priority. Unfortunately such injuries continue to be
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inflicted in situations where they could be avoided and this 
implies a lack of awareness of the risk. Greater awareness 
of the importance of large wounds might be just as useful 
as the formulation of a truly effective wound treatment. 
Dieback of large branches or roots may, like injury of these 
parts, give decay fungi the opportunity to overcome the 
tree’s defences. This dieback is sometimes avoidable when 
it results from man-made disturbances such as soil 
compaction, alteration of drainage and de-icing salt 
injury. Here again, existing knowledge could be used to 
improve the prospects for the prevention of decay.

Perhaps less obvious than the dangers of large wounds 
and severe dieback is the effect o f ‘improper’ pruning. On 
the basis of repeated observations, Shigo (1982a) has 
stated that flush cuts increase the risk of stain and decay, 
compared with cuts made distal to (i.e. ‘outside’) the 
‘branch bark ridge’ and to the branch collar if one is 
present. Long stubs are also undesirable since they may 
become foodbases for decay fungi and since they tend to 
prevent wound closure. The advised pruning position is 
shown in Figure 1. We have traced the course of the 
vessels in branch junctions of several species, and in all of 
them found that the ‘non-flush’ cut avoided damage to 
main stem vessels above the branch. One of the methods 
used was to infuse the wood with particulate dyes which, 
like bacteria and fungal spores, could pass along vessels, 
but not from one vessel to another. This helped not only to 
demonstrate the course of vessels but also to locate the 
positions of vessel endings. There is some evidence that, in 
certain species, many of the vessels which pass down a 
branch into the main stem have their endings just below 
the branch junction. This could represent a natural ‘safety 
valve’ which is at risk of being breached by a flush cut.

Another reason for avoiding flush pruning is its effect 
on callus production. As indicated earlier, callusing does 
not prevent the initiation of decay. A completely closed 
callus seems usually to arrest or greatly retard its progress­
ion and callus thus forms part of the tree’s defences against 
decay. Shigo (1982) has stated that callus production is 
impaired above and/or below flush wounds and is stimu­
lated laterally. Preliminary results from our own rep­
licated experiments confirm this observation and also 
indicate that the rapid callusing on the sides of a flush 
wound contributes surprisingly little to wound closure 
since much of this vigorous growth takes the form of an 
outward bulge of tissue. In any case, the flush pruning of a 
branch produces an unnecessarily large wound which 
cannot be quickly occluded even by a fast-growing callus. 
At the other extreme, stub wounds become occluded very 
slowly or, if the stub dies back, will never be occluded 
until after the stub is completely shed. In summary, 
although more data on callusing are needed, there is good 
reason to recommend the pruning position shown in 
Figure 1.

Whichever pruning position is adopted, callusing can 
be enhanced by use of a wound dressing, and by far the 
most effective which we have so far tested is one containing 
6 per cent thiophanate methyl (Mercer, 1983; Lonsdale, 
unpublished). In a recent trial on beech wounds, the first 
season’s callusing showed a mean stimulation of 144 per 
cent in vertical closure rate and 129 per cent in horizontal 
closure rate on thiophanate methyl-treated wounds cut as 
shown in Figure 1. Flush cuts treated in the same way 
showed an even greater benefit of treatment (they callused 
very little in the vertical direction if untreated). The same 
was true of stub wounds (which callused very little in 
either direction if untreated). Earlier trials showed that 
this beneficial effect extends beyond the first growing 
season after pruning (Mercer, 1983).

Another way in which trees can be helped to maintain 
their defences against decay is to safeguard their general 
health. There is some indication that the tree’s ability to 
confine decay to a small volume of wood depends on its 
available energy reserves (Boddy and Thompson, 1983; 
Thompson and Boddy, 1983). These can be depleted by 
the general stress arising for example from root injury, 
environmental changes and severe defoliation (Wargo and 
Houston, 1974). In some cases dieback may occur and, as 
mentioned above, this can provide entry points for decay 
fungi. Reduction in photosynthetic capacity due to drastic 
pruning may also cause problems, while a less obvious 
threat is the excessive use of treatments which involve 
drilling holes into the stem (Shigo and Campana, 1977). 
Multiple holes, especially if deep and close together, can 
reduce the continuity and the volume of the living 
sapwood. There is a need to evaluate this risk more fully 
and, to this end, data are being gathered from elm trees 
which have been drilled during the course of injection or 
pellet implantation treatments against Dutch elm disease.

Preventive Treatment of Wounds

Although, in general, the long term value of protective 
treatment seems doubtful, (Mercer, 1980; Shigo and 
Shortle, 1983) it is worth considering those treatments 
which have had a delaying effect on the growth of decay 
organisms and to ask whether any of these is likely to be 
capable of improvement so as to provide a really long term 
benefit.

The most successful treatment so far in the medium 
term has been the application of the fungus Trichoderma to 
stem wounds in beech (Fagus sylvalica), and this limited 
the incidence of decay fungi to c.3 per cent as compared to
c.14 per cent in controls over a 4 year trial (Mercer and 
Kirk, 1984). A trial on pruning wounds (as opposed to 
stem wounds) was also carried out using a commercial
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Figure I. Section of sycamore stem showing the relationship between branch base anatomy and a recommended pruning position. 
(A 10558)

‘Branch bark 
ridge’.

Internal meeting 
zone of main 
stem and branch

Suggested 
position of 
final cut.
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Table 1. Tests of sealant strength, using compressed air

Treatment: Control ‘Sanseal’ ‘Novaril Rot’ ‘Lac Balsam’ ‘Arborseal’ ‘Polybond’
(Australian)

no sealant wound paint, plastic emul- polyvinyl polyvinyl general
composition sion wound proprionate acetate wound polyvinyl
unspecified, paint wound paint paint, plus acetate

plus captafol captafol adhesive

Mean leakage rate*
(cm3 per sec per 43.57 27.46 9.04 6.04 2.77 <0.02
cm2 of wound cross-
section

* Lengths of Fraxinus excelsior stem, approx. 17 mm diameter and 55 mm long, were debarked and, while fresh, coated at one 
end with the test material. After drying and removal of surplus sealant each stem length was connected to a pressure chamber 
containing a known volume of air at 1.4 kg cm -2 pressure, and the pressure allowed to dissipate by air-flow along the xylem 
vessels.

preparation of Trichoderma spp. and gave encouraging 
results over a 2 year period (Mercer and Kirk, op. cit.). It 
seems from this work and from unpublished data that 
good establishment of Trichoderma requires the applica­
tion of a non-fungicidal sealant on top of the treated 
surface. Current work includes the evaluation of 
Trichoderma on tree species other than beech, the initiation 
of longer-term trials and the use of Trichoderma in 
combination with chemicals which can selectively encou­
rage it to grow in the wood and/or discourage the growth of 
decay fungi. The prospects for the successful use of 
biological control as a long term treatment remain 
uncertain, especially since there are fundamental reasons 
for suspecting that Trichoderma may eventually die out due 
to exhaustion of its foodbase in the wood. A trial on Red 
maple (Acerrubrum) in the U.S.A. in which T. harzianum 
showed a decline in survival within 3 years (Pottle el al., 
1977) lends weight to this suspicion. One way of obviating 
this problem might be to use a biocontrol agent which, 
unlike Trichoderma, can utilise lignocellulose and could 
thus persist for much longer. In the selection of such an 
agent it would be essential to establish that it has no ability 
to invade the tree much beyond the immediate vicinity of 
the wound. It must also be able to resist subsequent 
invasion by harmful decay fungi. A few organisms seem to 
have these attributes and we have begun some trials with 
them.

As far as fungicides are concerned, most products 
tested have been of only short term value if any. Mercuric 
oxide paint (‘Santar’) has given protection over several 
months (Mercer et al., 1983), but is no longer available for

general arboricultural use because of fears over its toxicity 
to vertebrates. Few other chemicals have even this 
persistence of effectiveness, and this can be related to a 
number of fundamental problems which include chemical 
or biological detoxification, leaching and weathering and 
the failure to provide an unbroken layer which bars every 
possible avenue of infection.

Although chemicals may fail to prevent the eventual 
establishment of decay fungi in wounds, they may be able 
to retard the decay process for at least a few years. Thus, 
several workers have found that certain proprietary pro­
ducts could significantly reduce the rate of extension of 
decay columns following stem injury in species such as 
Red maple (Houston, 1971), and Norway spruce (Picea 
abies) (Rohmeder, 1952; Bonnemann, 1981). However, 
Shigo and Shortle (1983) dismiss such effects as being too 
transitory, having themselves carried out trials lasting for 
up to 7 years.

The mechanical sealing of wounds is subject to some of 
the same limitations as the use of fungicides, namely 
imperfect coverage and breakdown or weathering. As far 
as sealants without added fungicides are concerned, the 
best results seem to have been obtained with polyvinyl 
acetate (PVA)-based materials (Dye and Wheeler, 1968). 
Mercer et al. (1983) have obtained several months’ delay in 
fungal colonisation of beech pruning wounds with the 
PVA-containing product ‘Australian Arborseal’ which 
also contains the fungicide captafol. This delaying effect of 
PVA may be related to its ability to form a good 
mechanical seal on the moist wound surface. We have 
tested the mechanical strength of seals formed by various
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proprietary dressings and non-arboricultural adhesives 
including PVA products. The PVA-based materials have 
scored much better than any others (see Table 1). 
Although PVA gives only short term protection against 
fungal invasion, the physical and chemical properties 
which are responsible for its good adhesion to moist wood 
could, perhaps, be identified so as to help us formulate 
materials with similar desirable properties but with much 
greater long term sealing ability. Alternatively, PVA can 
be used as an adhesive for a ‘wound cap’ in the form of a 
durable membrane, and we have recently developed a 
method using butyl rubber sheeting which, in theory, 
could function as an ‘artificial callus’. However, the 
assessment of its performance against decay fungi will be 
lengthy and, in any case, considerations of convenience 
and labour may demand a simple ‘one coat’ dressing.

Curative Treatments

The glimmerings of hope which can be seen in respect of 
preventive treatments are far less discernible where cura­
tive treatments are concerned. The risk of damaging the 
tree’s natural defences in the process of cutting out 
decayed wood around cavities has been stressed by Mercer
(1980) but it needs to be re-emphasised. In cases where 
decay appears not to have continued following such 
excisions, it is tempting to claim that the treatment has 
been successful, but it may well be that the decay had 
already been restricted by the natural barriers around the 
cavity.

These negative observations should not imply that 
curative treatment is impossible. Indeed, there are at least 
three possible methods which deserve further study. The 
first of these has already been discussed in relation to 
preventive treatment, namely the restriction of gaseous 
exchange. This happens naturally when a cavity is totally 
occluded by callusing, and it also happens in the lower part 
of a cavity when water is permanently present (perhaps 
another reason for not inserting drainage pipes, quite apart 
from the breaching of natural barriers in the wood). If 
filling materials can provide a durable and hermetic seal 
when pressed upon by the developing callus, it may be 
possible, in effect, to accelerate occlusion. The second 
method is removal of rotten wood which could, if allowed 
to remain, provide a foodbase for the decay fungus. In the 
pruning of dead branches or old stubs the final cut should 
be immediately outside the developing callus. In cavities, 
the removal of decayed wood carries with it the risk of 
breaching the natural barriers but, if confined to loose and 
obviously rotten material, it could be a worthwhile 
preliminary to filling. Finally, and most speculatively, 
there is the possibility of using a biological control agent

which could destroy the decay fungi already present. 
Some agents can do this to some extent, the best known 
example being Scytalidium lignicola. We have also found 
that Veriicillium lecanii can replace some decay fungi (e.g. 
Irwnoius hispidus) in wood strips in the laboratory. Some 
decay fungi can replace other decay fungi (see Rayner, 
1975), and they could perhaps be used so long as they 
lacked the ability to invade the tree beyond the original 
confines of the decay. It does, unfortunately, seem to be a 
general rule that these ‘replacement’ effects tend to occur 
only where the decay fungus is in a rather inactive state,
i.e. not at an active front of invasion. This is, at least, the 
case with timber being invaded by Lentinns lepideus when 
5 . lignicola is the intended biological control agent (P. 
Morris, personal communication.).

Genetic Selection

The ability to resist invasion by decay fungi varies not only 
between tree species, but also within species. This has 
been shown most convincingly in poplars, where rep­
licated experiments have been made possible by the 
availability of genetically identical trees (Shigo et al., 
1977). Such vegetatively propagated individuals are not so 
readily available for most tree species but it might be 
possible, even in trees of unknown genetic constitution, to 
recognise anatomical or biochemical resistance factors 
which would be used to aid selection procedures for the 
development of strains with improved decay resistance. 
The resistance would need to be measured against a 
number of decay fungi and in relation to various modes of 
infection. It would also be necessary to maintain other 
desirable traits such as vigour, form (including good 
branching habit) and resistance to other diseases.

Some Questions for the Future

The development of decay is often a very slow process, and 
so the evaluation of any protective treatment is necessarily 
a long term task. This demands a major commitment of 
time and resources and it is therefore important that 
treatments under test should be chosen on the basis of a 
valid expectation that they might work. Some at least of 
the proprietary wound dressings might have been 
expected to work, judging by their fungicidal content or 
their apparently good covering ability, but research seems 
to show that they don’t work well against decay fungi in the 
long term. This implies either that the use of sealants or 
fungicides is doomed to failure for fundamental reasons or 
that none of those yet marketed has the right characteris­
tics. If such characteristics can exist, we could perhaps aim
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for a ‘tailor-made’ wound treatment, but this needs more 
than trial and error; we need to know more about the 
processes which determine success or failure. Too little is 
known also about the modes of action of biological control 
agents. The simple inhibition of decay fungi is only one 
possible mechanism in the case of Trichoderma spp. (Smith 
et al., 1981). Given that some treatments are worthy of 
long term field evaluation, it is important that suitable 
methods are used in setting up and evaluating the 
experiments.

In particular, the type of artificial wounds used in 
experiments should be comparable with wounds which 
would be treated by the arboriculturist, and it is perhaps 
unfortunate that little work has yet been done using 
wounds of the ‘recommended’ type (Figure 1). Previous 
work has only involved stem wounds or pruning stubs, 
and these may provide an unsuitable model. As far as 
evaluation of results is concerned, our main criteria of the 
efficacy of a treatment must continue to be the presence or 
absence of decay fungi and the extent to which they have 
invaded the wood. We have little way of knowing whether 
the mere presence of a decay fungus at a certain depth 
after, say, 4 years’ trial indicates that it would eventually 
have caused great damage to the tree or, conversely, never 
have progressed further. Depth of staining is an important 
marker of the boundaries of tissue reaction, although the 
precise significance of such data is open to doubt. In 
particular it is difficult to distinguish between staining 
which marks the position of an advancing decay front and 
‘protective’ staining of the type which presumably 
develops, for example, in response to the use of 
Trichodemia as a biological control agent (Mercer and 
Kirk, 1984).

The progress of recent years has helped to dispel a 
number of misconceptions about decay and its prevention. 
In particular, we now realise the value of encouraging the 
natural defences of the tree. We also tend to accept that 
some sort of microbial colonisation of wounds is inevitable 
and that biological control is thus perhaps more realistic 
than the idea of keeping wounds ‘sterile’. This new 
awareness is refreshing but it leaves many questions 
unanswered for the practising aboriculturist. There is, 
however, another awareness that needs to be fostered from 
now on; the awareness that we have reached a stage where 
theory needs to catch up to some extent with practice. This 
does not imply a need for academic research for its own 
sake, but it does emphasise that good ‘applied’ research is 
not simply a matter of conducting ‘trials’. We must first 
define the questions that need to be asked, and this 
exercise depends very much on co-operation between the 
research worker and the practitioner.

I thank Drs. J.N . Gibbs, D .R . Clifford and P.C. Mercer 
for useful discussions and Miss S.E. Chuter for assistance 
with fieldwork. I gratefully acknowledge the receipt of test 
materials from ICI-Midox, Hortichem, Transatlantic 
Plastics and Aagrunol-Stahler. Permission for the use of 
trees was kindly granted by staff of the Forestry Commis­
sion and of Hillier’s Arboretum, Hampshire. The research 
project is financed under a contract from the Department 
of the Environment.
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Discussion

R. FINCH (Roy Finch Tree Care Specialist)

You said that we should avoid making 
large wounds wherever possible but 
some species, like the Sweet chestnut in 
one of your slides, can receive large 
wounds without much risk of decay. 
Others, like poplars, have very little 
resistance.

D. LONSDALE There are great differences between 
species, as you say, but large wounds 
always represent a greater risk than 
small ones. I would like to be able to 
advise on the maximum permissible 
wound size for a given species but it is 
very hard to do this on experimental 
evidence. Perhaps we can build up our 
knowledge from case histories in our 
advisory work.

C. YARROW (Chris Yarrow and Associates)

Is a vigorously growing tree more 
resistant to decay and does it respond to 
wound treatment?

D. LONSDALE Healthy trees appear to be more
resistant to decay than stressed trees but 
the evidence is somewhat tenuous.

R. SKERRATT (Independent Consultant)

Do wound treatments which initially 
benefit callus formation lose 
effectiveness?

D. LONSDALE Untreated wounds callus more rapidly 
after 5 years and the callus growth effect 
of treatment is temporary.
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Ash Decline

R .G . Paw sey

O xford Forestry Institute

Summary

The history of ash decline (or dieback) in Britain and the results of a survey of the disease in the 
east-central region of England are discussed. The survey indicated that the disease is a chronic 
condition related to stresses imposed on the trees by the effects of modern agricultural practices 
linked with other adverse physical and biological factors. The need for government-funded 
research to identify the factors associated with the development of the disease is emphasised.

Introduction

This paper summarises the extent of our knowledge of a 
condition more usually called ash dieback, but the term 
‘decline’ somehow more aptly captures the atmosphere of 
impotence or apathy which surrounds a major problem of 
one of the foremost hardwood trees in Britain.

The Forestry Commission’s census of woodlands and 
trees 1979-82 (1983) confirms the importance of ash 
(.Fraxinus excelsior L.) in this country, not only as a 
woodland tree, but especially as a dominant element in the 
non-woodland environment. In England, ash is the most 
common broadleaved tree in non-woodland situations 
(being third and fourth most common in Wales and 
Scotland respectively). In the amenity context particu­
larly, its pre-eminence in England is underlined by the 
revelation that ash is the most common non-woodland 
broadleaved tree in more than half of the individual 
English counties. The importance of ash relative to other 
tree species in the English landscape will no doubt increase 
as elm disease losses increase in the north, west and east of 
the country.

The first significant reference to ash dieback was made 
by T. R. Peace who founded the Pathology Branch at the 
Forestry Commission’s Research Station at Alice Holt, in 
his comprehensive textbook published in 1962. He sug­
gested that dieback was due to moisture stress associated 
with major variations in soil water content, particularly on 
heavy soils. Forestry Commission records reveal Peace’s 
serious concern about the extent and severity of ash 
dieback arising from his examination of trees in 
Northamptonshire during the building of the M l

motorway in the late 1950s. He recorded that although it 
was worse on older trees, smaller trees were also affected, 
and it occurred on trees growing on loam as well as on 
heavy clay soils.

Despite Peace’s concern, and the growing general 
awareness of the widespread nature of the condition 
(Pawsey, 1973), ash dieback failed to attract the serious 
attention of foresters, arboriculturists or research 
specialists until it became the subject of recent surveys 
carried out from the Department of Forestry at Oxford 
University. However, lack of detailed study rarely 
suppresses conjecture (more often, the reverse), and apart 
from the effects of water stress, other factors cited as 
possible causes of ash dieback included pollution, fungal, 
bacterial and virus infections, and insect activity. To some 
extent, these suggestions were generated by the results of 
studies of ash dieback in the north-eastern U.S.A. (Ross, 
1966; Hibben and Silverborg, 1978). However, on Amer­
ican ash species (notably Fraxinus americana L. and F. 
pennsylvanica March) the disease symptoms appear to be 
quite different from those on F. excelsior in Britain and no 
close parallel should be drawn between the factors causing 
ash dieback in Britain and North America. In America, 
early symptoms of ash dieback include chlorosis and 
reduction in the size of leaves, whereas in Britain leaf 
abnormalities are not characteristic of the disease.

During their survey of virus infections of hedgerow ash 
in Britain, Cooper and Edwards (1981) made numerical 
assessments of ash dieback in many different localities. 
Although they recorded widespread infection of hedgerow
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ash by Arabis mosaic virus (AMV), they concluded that 
dieback was not directly associated with the presence of 
virus infection. Over Britain as a whole (in the localities 
they surveyed), the incidence of ash dieback varied from 
29 to 84 per cent, with the highest incidence occurring in 
the east-central region of England.

1983 Ash Dieback Survey

During the summer of 1983, a more detailed survey of ash 
dieback was made in the east-central region of England, on 
funds donated by relevant county and district councils 
(Pawsey, 1983). Preliminary observations indicated that 
saplings and young coppice growth were virtually free of 
dieback, and that the condition was absent or of very low 
incidence in woodlands and copses.

All the numerical data in the survey was based on 
observations made from a slowly moving car. The criter­
ion for recording dieback on a tree was the same as that 
used by Cooper and Edwards (1981), i.e. 10 per cent or 
more of the branches without leaves, or with leaves only 
present at the shoot tips. Not least of the problem in 
working on ash dieback is the difficulty of defining the 
symptoms.

In the survey area (a broad band of country about 80 
km wide, stretching from just north of York to just south 
of Aylesbury) the incidence of dieback was recorded in a 
series of east-west transects, each transect separated by a 
distance of 10 km. The incidence of healthy and dieback- 
affected trees (recorded on tally counters) was noted after 
travelling along each 10 km (nominal) section of the 
traverse (i.e. across each 10 km grid square of the 1:50 000
O.S. map), although the length of road between each 
recording point often exceeded this considerably. 
Wherever possible, the route of the east-west transects was 
along secondary roads and in order to minimise variation 
in observations, all assessments were made by the author 
of the present paper. The survey route was over 1700 miles 
(2600 km) long.

The survey, which included ash trees close to the 
roadside and in the area on both sides of the road up to a 
distance of about 150 to 200 m was confined to single­
stemmed trees over 6 m (about 20 feet) in height and 
clearly distinguishable from trees of other species. In 
addition to roadside and hedgerow trees, the survey 
included trees in gardens, open parkland, recreation 
grounds and other amenity areas.

The survey confirmed the widespread occurrence of 
ash dieback. The incidence and severity of symptoms 
varied considerably in different areas, often between 
adjacent sections of the traverses. The average incidence of 
dieback over the whole survey area was just over 22 per

cent with the highest incidence occurring in Northamp­
tonshire and adjacent areas of neighbouring counties, 
where 40 per cent incidence (or higher) was commonly 
recorded. The highest incidence recorded in a single 
survey section, was 67 per cent, near Newport Pagnell. 
Full details of numbers of healthy and affected trees, as 
well as the percentage incidence recorded in each transect 
section, are given in the published report of the survey 
(Pawsey, 1983).

The Factors Involved

Soon after the start of the main survey, a strong impression 
was gained a) that the incidence of ash dieback was lower 
in non-agricultural locations (e.g. towns, suburbs and 
villages) than in the intervening areas of agricultural 
countryside, and b) that the highest incidence of dieback 
often occurred in field-side hedgerows in areas of intense 
arable farming. As the survey proceeded, a direct rela­
tionship between the incidence of dieback and the 
intensity of arable farming was fairly consistently (but not 
invariably) observed.

In order to compare the incidence of ash dieback in the 
agricultural countryside with that in non-agricultural 
situations, two supplementary surveys were made along 
routes selected to pass through a number of villages and 
towns clearly separated by agricultural countryside. 
Records were made of the incidence of dieback in the 
separate ‘agricultural’ and ‘non-agricultural’ sections 
along both routes. The routes of the two special surveys 
were:

a) from Halford (Warwickshire) to Newport Pagnell
(Bucks); 75 miles
and
b) from Princethorpe (Warwickshire) to Raunds
(Northants); 72 miles.

The incidence of dieback in towns and villages as 
compared with that in the agricultural countryside was: 
Halford to Newport Pagnell, 6% : 46%, and Princethorpe 
to Raunds, 5% : 46%.

The results of the survey suggested strongly that 
modern farming practices are directly associated with the 
development of ash dieback in hedgerow trees. No 
attempt was made to gain more detailed information on 
which practice or practices (acting separately or cumul- 
tively) might be particularly involved, but these could 
include regular deep cultivation close to hedgerows, 
drainage operations, spraying with pesticides and herbi­
cides, regular applications of large quantities of fertiliser, 
and stubble-burning. The effect of any of these factors 
would clearly be influenced by general adverse soil and
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climatic conditions, or might exacerbate stresses in the 
tree generated by unfavourable edaphic and climatic 
factors.

The likelihood of death of ash trees resulting directly 
from a long period of dieback is not known. The 
appearance of a considerable proportion of affected ash 
trees (15-20 per cent in certain areas) suggests that dieback 
can occur continuously over a period of several years, with 
long-dead branches accounting for 30 per cent or more of 
the general crown volume. Some of these trees are of 
course extremely old and their condition largely due to 
senescence, but it seems likely that death may ensue in a 
proportion of younger trees affected by dieback over a 
prolonged period.

Atmospheric pollution has been described by Amer­
ican workers as a significant contributory factor in the 
development of ash dieback in the north-east of the United 
States. Although atmospheric pollution has often been 
described as an important factor associated with ash 
dieback in Britain, there was no evidence of this during the 
1983 survey, even though the survey route passed through 
areas of high industrial activity and close to steelworks, 
fertiliser and other chemical plants, and also through 
south Bedfordshire with its high concentration of 
brickworks.

An impression was gained at various times during the 
survey that the incidence of ash dieback might be directly 
related to the degree of exposure to which the trees were 
subject. However, this relationship was not consistent, 
but it would seem reasonable to assume that increased 
rates of water loss from foliage associated with exposure 
would enhance the effect of moisture stress caused by 
other factors.

Examination of many ash trees, both young and old, 
during and after the survey suggests that flowering 
behaviour of older trees might exert considerable influ­
ence on the pattern of development of vegetative shoots, 
which could be of importance in relation to the develop­
ment of dieback. Regular annual production of flowers on 
ash does not usually occur until the trees are more than 15 
years old, and thereafter a high proportion of lateral buds 
produced on shoots in the previous year develop only to 
form inflorescences, with vegetative extension in the 
spring being confined to growth from apical buds. Factors 
which lead to the death of buds, particularly apical buds, 
could have a profound effect on the extent of vegetative 
growth and foliage production during the following 
season, and on overall shoot development and crown 
form. The possible adverse effects of some agricultural 
practices, in relation to the development of dieback, might 
be linked directly or indirectly with their influence on bud 
survival.

In recent years, Forestry Commission pathologists 
have observed considerable damage to, and death of, buds

on ash trees caused by the Ash bud moth (Prays curtisellus 
D up.) (R. G. Strouts and S. C. Gregory, personal 
communications), and such damage was commonly seen 
during and following the 1983 survey. Previously in 
Britain (Chrystal, 1937; Gent, 1955) damage by P. 
cunisellus was regarded as being significant only on young 
ash. More recent continental accounts (Novak, 1976; 
Anon., 1983) indicate that the moth commonly attacks 
older trees, and it seems possible that killing of buds and 
terminal parts of shoots on older trees in Britain is 
extremely common, and could be an important factor 
contributing to the development of ash dieback.

Forestry Commission pathologists (R. G. Strouts and 
D. Rose, personal communication), have also observed 
that bud and shoot damage by Ash bud moth is commonly 
followed by infection of the shoots by the fungus Nectria 
galligena f. sp. fraxini (Flack and Swinburne, 1977). N . 
galligena Bres. has long been known as the cause of 
cankering on ash (and on a wide range of other trees, 
notably apple and pear) but considerable uncertainty 
exists as to the importance of infection by this fungus 
because of the similarity of Nectria cankers with those of 
the more prevalent canker-forming bacterium, Pseudomo­
nas savastanoi (Smith) Stevens f. sp. fraxini Dowson. Boa 
(1981) described differences between the two types of 
canker on ash, but there is little information on the 
significance of more diffuse infection of ash shoots by N . 
galligena, either generally or in particular relation to 
dieback.

The Need for Research Support

As a result of the information provided by the 1983 survey, 
and the interest (and financial response) of local authori­
ties and other organisations which facilitated the survey 
and a limited amount of research work, an application was 
made by the Department of Forestry, Oxford University, 
to the Agricultural and Food Research Council for a grant 
to fund a 3 year research programme on ash dieback. The 
object of the proposed research programme was to 
determine the relative importance of different agricultural 
practices and associated soil, climatic and pathological 
factors in the development of the disease, incorporating a) 
detailed studies on trees in selected areas influenced over 
varying periods of years by the effects of different farming 
techniques in a range of different site circumstances, b) 
comparative studies of the growth, development and 
reproduction of healthy and dieback-affected ash trees, 
and c) investigation of the insects, fungi and other 
pathogens associated with dieback.

The AFRC referred the application to the Natural 
Environment Research Council, but after due considera­
tion the latter felt unable to support the proposed research.
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One cannot help but ponder the criteria used by grant- 
giving authorities when weighing the priorities for the 
funding of research projects. Ash dieback may not be a 
catastrophic infectious condition like elm disease (which 
itself enjoyed the serious attention of an estimated one 
tenth of one pathologist in 1967, after the beginning of the 
present epidemic (Pawsey, 1973)), but there is no doubt 
about its prevalence in the ash population of Britain or 
about the potential importance of its effect on the rural 
landscape, to say nothing of broader and more fundamen­
tal ecological issues. The concern of local authorities and 
other organisations is evident from their generous 
response to the University of Oxford’s Ash Dieback 
Survey and Research Appeals, but without central 
government support no really significant progress will be 
made in our understanding of this complex chronic 
problem. At the time of writing, research on ash dieback in 
Britain is limited to a part-time M.Sc. project at Birkbeck 
College, London, to be followed in the summer of 1985 by 
specialised surveys in selected areas financed from funds 
donated by County Councils and other bodies and depos­
ited with the Department of Forestry at Oxford. Com­
mencing in 1986, research has been funded by the 
Department of the Environment.
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Discussion

J.C. PETERS (Department of the Environment,
Bristol)

With reference to fears of Ash decline 
being related in some instances to 
damage caused by stubble burning; 
national census records obtained from 
satellite at Farnborough are available, 
which record areas of stubble burning 
over several years.

R.G. PAWSEY It is more important to look at the trees
to see what effect stubble burning, as a 
possible factor in Ash decline, actually 
has on ash trees. Research into the 
ecology of ash in this country is urgen­
tly needed.
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Dutch Elm Disease: 
The Vectors

C .P . F a irh u rs t an d  P .M . A tk ins
Department o f  Biological Sciences,

University o f  Salford

Summary

The distribution of elm bark beetle species in Britain is reviewed and the factors which may be 
limiting their role in transmitting Dutch elm disease are discussed. Consideration is given to the 
application of trap and brood tree techniques to controlling the disease vectors.

Introduction

It is inevitable that Dutch elm disease, probably the 
greatest landscape tree disease of the Northern hemis­
phere, has produced fascinating research problems and 
necessitated the fundamental biological work upon which 
control strategies are based. Many of the recent laboratory 
and field experiments in Europe have been summarised 
(Burdekin, 1983). In Britain, the main research on the 
pathogen has been carried out by the Forestry Commis­
sion at its Research Station, Alice Holt Lodge. The 
ecology, distribution and effects of the bark beetle carriers 
of Dutch elm disease have been studied by a research team 
at Salford University during the past 10 years and this 
paper is a brief summary of progress over this period.
Much of the research has still to be published in academic 
journals and investigations continue, for there are many

Table 1. Bark beetle vectors of Dutch elm disease

Scolytus
species

Length (mm) Number of eggs per 
maternal gallery

Num ber of 
generations 

per year

Development time 
day degrees (°C)

5. scolytus 3.5-5.5 40 2(3) 930
S . laevis 3.5-4.5 30 ?2 5
S . multistriatus 2.0-3.5 50 1(2) 1010
S . pygmaeus* 1.5-2.5 55 2(3) 1005

*not recorded in Britain

areas where local authorities have successfully controlled 
Dutch elm disease and a few areas with many elms, which 
have still to experience this disease and its cost in terms of 
landscape, shelter and finance. For most of southern 
Britain, with the notable exception of East Sussex, 
Brighton and Hove, Dutch elm disease is a historical fact 
with recurrent problems which in turn become practical 
problems when the elm seedling and sucker growths are 
old enough to be re-infected.

The Elm Bark Beetle Species

Apart from root graft infection, spread of Dutch elm 
disease is effected by human carriage of infected material
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and transmission by bark beetles of the genus Scolyius. 
Such insects infest healthy trees by ‘crotch feeding’ and 
the spores of the disease are introduced into the vascular 
tissue at this time. The beetles reproduce under the bark of 
elm trees and the young emerge carrying the disease which 
can be introduced into other elms. The insects are able to 
find other elms initially by tree odours enhanced by 
attractant substances produced by the beetles themselves.

In Europe, many species of bark beetles are recognised 
as potential vectors but in Britain there are only three 
species (Table 1). Scolytus scolytus, averaging 4—5 mm is 
present throughout Britain. Its large size and consequent 
spore carrying capacity and flying ability lead to it being 
considered as the most effective vector of the disease in this 
country (Webber and Brasier, 1984). S . laevis, thought of 
as the northern European vector of Dutch elm disease 
(Yde-Anderson, 1983), is a recent discovery in Britain, 
(Atkins et al., 1981) although it has probably been present 
for a considerable time. The ability of this species to create 
pupal chambers in the sapwood (Kirby and Fairhurst,
1983) poses particular problems for control strategies 
based on debarking logs. S . laevis is now confirmed as a 
vector from experiments in which this species was col­
lected emerging from diseased logs and caged in mesh 
screens on healthy English elms, 0.5 m tall. The trees 
contracted the disease, whilst a similar number of elms 
caged with S . laevis which emerged from disease-free logs 
remained healthy (Fairhurst, unpublished data).

There is relatively little overlap in geographical range 
between S. laevis and the smaller European bark beetle, 5 . 
multistriatus, which although too small to carry many 
spores of the pathogen (Brasier and Webber, op. cit.) are 
abundant in the south of Britain (Figure 1). Competition 
in the smaller branches where both these smaller beetle 
species can exist, may have ensured that the northward 
spread of S . multistriatus in the wake of the epidemic has 
been slowed. There may also be other species able to 
transmit Dutch elm disease, such as S . pygmaeus, which is 
common in the low countries of north-west Europe, but 
they have not yet been recorded in Britain.

Elm Tree Preference

The beetles have preferences for varieties of elm and 
probably parts of the trees for breeding purposes. In 
general, English and Wheatley elms (Ulmusprocera and U. 
carpinifolia) are preferred to Wych elm (U . glabra), and 
this, in part, explains differences in the incidence of the 
disease. Over several years of a sanitation programme in 
Blackpool during which about 12 per cent of the original 
total elm population succumbed to Dutch elm disease, 15 
per cent of the original English elm population became

Figure I. Approximate geographical range of three elm bark 
beetle species.

diseased while the corresponding figures for Wheatley and 
Wych elm are 13 per cent and 7 per cent. Differences are 
even more marked if the ‘brood trees’ are considered. 
These are trees which became extensively colonised by 
larvae. Overall in Blackpool, only 1 in 18 diseased trees 
became brood trees, whilst the figures for English and 
Wych elms were 1 in 6 and 1 in 23 respectively. Indeed, it 
is rare to find S . multistriatus breeding in Wych elm in the 
wild, although this elm species can be used successfully to 
breed 5. multistriatus in the laboratory. A major factor in 
restricting beetle breeding in Wych elm is believed to be 
the fungus Phomopsis oblonga which is antagonistic to 
beetle breeding (Webber, 1981) and is more common in 
the north and in Wych elms.
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Figure 2. Annual totals of number of flight days (3?22°C).

Beetle Dispersal

Beetle productivity and dispersal is dependent on climatic 
factors. In Britain winter cold temperatures are rarely 
severe enough to exert large mortality. This is due to the 
Atlantic climate in Britain and the insulation properties of 
bark. However, the effect of temperature on larval 
development determines how many generations are pro­
duced per year and there are indications that in the high 
summer temperatures of 1982,1983 and 1984 partial extra 
generations were completed. It is known that beetle flight 
can occur above 18°C but in the field the majority of flying 
beetles are caught when the daily maximum temperature 
exceeds 21°C, particularly when this coincides with an 
emergence period (Fairhurst and King, 1983). Figure 2 
indicates the number of these flight days taken from 25 
year meteorological averages, and Figure 3 shows how this 
can alter between years. The distribution of temperature

within the year is also important as indicated by 1982, 
which did not have a particularly high number of ‘flight 
days’ but such conditions coincided with emergence 
periods for the insects.

Normally beetle emergence begins in late May/early 
June and extends to the first week of September. 
However, with the unusually warm conditions of 1984, 
beetle flight was recorded at the end of April. Normally 
symptoms of new aerial infections of the disease can be 
noticed 3 weeks after the first major flight. Although such 
infections may occur some 8 km from known brood 
sources (Birch el al., 1981) most attacks are confined to 
less than 500 m away from where the beetles emerge.

Practical Application

The question is how can this information aid control 
programmes? Certainly the fundamental basis of a regio­
nal policy is for sanitation of affected timber. It is when the 
expertise, manpower and finance is limited that Dutch elm 
disease attains epidemic proportions. Felling or pruning 
trees in the private sector or in woodlands is always a 
problem, and despite legislation, the willingness of owners 
or local authorities to provide payment and ensure prompt 
removal of diseased elms is usually lacking. Current 
research has suggested ways in which local authorities can 
pinpoint and concentrate on removal of the relatively few 
brood trees and log stacks, leaving the other diseased trees 
for later attention, as long as the risk of root graft is low. It 
is admitted that often the smaller beetle species may be 
breeding in the crowns of such trees, but a felling priority 
can be established. Sticky traps with attractants, while not 
within their own right a method of controlling beetle 
numbers, enable staff to know where and when to look for 
infections or beetle broods. Considerable research has 
gone into the development of such attractants or baits, and 
the result of one experiment is given in Table 2.

White plastic sticky traps were fixed to telegraph poles 
or trees other than elms at 2-3 m height and about 30 m 
apart. Traps were in place from 1 May to mid-October, 
throughout the flight season, and were deployed in 
triplets. In each triplet, one trap was left unbaited (blank), 
one was baited with the full multilure bait (4-methyl-3 
heptanol (H), (—)-2-multistriatin (M) and (—)-2- 
cubebene (C)), and one with the two pheromone 
components only (H +C ). All pheromone components 
were released from Conrel bellow fibre dispensers (Albany 
International, Mass., USA).

The trap catches confirmed the results of Grove (1983) 
that low release rates of 2-multistriatin (M) enhanced the 
responses of 5 . multistriatus to baits containing 4-methyl-3 
heptanol (H) plus the host tree produced compound
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Figure 3. Number of flight days (daily maximum >22°C) in Manchester and Blackpool 1961-1984.

Y e a r

Table 2. Pheromone trap catches in Blackpool, Crosby, Wirral and Southport in 1984

B A IT  (n =  n u m b e r o f  trap  
rep licates)

M ean  catch  of 
S .  scolytus 

(total catch)

M ean  catch  of 
5 .  mullistrialus 

(total catch)

M ean  catch  of 
5'. laevis 

(to tal catch)

‘ BLANK (n = 15) 2.7 (41) 1.9 (28) 0.07 (1)
H + C (n=27) 25.0 (686) 22.0 (593) 0.2 (6)
M U LTILU RE (n=27) 21.3 (575) 99.0 (1436) 0.04 (1)

Key:
H -  4-methyl-3-heptanol.
C -  (-)-d-cubebene (host produced) 
M -  (-)-d-m ultistriatin  
M U LTILURE -  H + C + M

*1. Blank traps not used in Blackpool (12 replicates ofl H + C
J Multilure

2. Crosby, W irral, Southport (5 replicates in each area-) 5 x  Blank
.5  x  H + C  
I 5 x Multilure
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2-cubebene (C). Although Grove (op. cit.) suggests that 
the release rate of M from the Multilure baits may not be 
optimal for 5 . multistriatus, the Multilure bait caught 
significantly more beetles than H + C alone. The addition 
of M to baits containing H does not have a significant effect 
on the number of S. scolytus caught (Blight el al., 1978) 
and high release rates of M appear to reduce the catch 
(Blight et al., 1983). This effect is confirmed by the 1984 
trap results shown in Table 2. One further aspect which 
emerged from these results is that no single bait has yet 
been devised to attract both S . scolytus and S. multistriatus. 
Furthermore, no information about the pheromone of 5 . 
laevis is available. Only very small numbers of S . laevis 
were trapped in the 1984 experiment (Table 2).

Trials of the ‘trap tree’ technique, successful in North 
America, have not met with similar success in Britain. The 
idea is to attract large numbers of beetles to a few trees by 
injecting cacodylic acid into selected elms (O’Callaghan 
and Fairhurst, 1983; O’Callaghan et al., 1984); once 
infested the treated trees can be safely disposed of. 
Unfortunately the influence of a relatively unpredictable 
climate and the presence of the fungus Phomopsis oblonga 
means that beetles frequently find the trees treated in this 
way unsuitable for boring and thus the method is only 
appropriate for trees which, by reason of ownership or 
access, cannot be felled promptly, to stop them producing 
further generations of beetles.

Northern Spread of Dutch Elm 
Disease
It is now clear that the spread of Dutch elm disease in 
northern Britain is a function, not only of active control 
programmes in some areas, but also of certain more 
natural phenomena. Amongst these is the greater propor­
tion of Wych elms, less attractive to beetles and producing 
less beetle brood, the greater occurrence of Phomopsis 
oblonga, lower average temperatures for beetle develop­
ment, fewer days suitable for beetle flight and in general 
the provision of more information about the disease, its 
incidence and carriage. Despite a general public attitude 
that Dutch elm disease is part of history, several local 
authorities are still successfully controlling the disease and 
therefore spreading felling and replacement costs over a 
longer period.

Future Control

Apart from individual tree treatments, which, like injec­
tion with Ceratotect are proven but costly, other methods 
such as Pseudomonas syringae and Trichoderma viride show 
promise and are the subject of continuing research. We are

always interested in observing whether such treatments 
lead to fewer trees eventually becoming brood trees, and 
we hope to be able to report on this in the near future. 
Biological control methods may also be applicable to the 
beetles themselves, although the difficulties of following a 
life cycle under bark and obtaining acceptable replication 
makes testing basic control agents difficult.

Artificial agar media layered between wood and glass 
are currently being developed, so that larvae can be 
maintained under controlled conditions and direct obser­
vations can be made. With this procedure chemical and 
biological pesticides can be evaluated with no more 
background mortality than experienced in logs. Initial 
results from nearly 1000 larvae raised in this way and 
tested with 12 micro-organisms, show that Trichoderma 
spp. and Bacillus thuringiensis cause significant mortality 
(Yassim, 1984). This screening work continues and 
attention can be paid to ascertain if such biological control 
agents can be successfully applied to standing or cut 
timber.
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Discussion

J.C. PETERS (Department of the Environment)

Has there been any work on the 
photoperiodism of Scolytus beetles 
and if so what is its effect on the life 
cycle of the beetle?

C.P. FAIRHURST Unaware of any work on this.
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Recent Advances 
in Dutch Elm Disease Research: 

Host, Pathogen and Vector

C .M . B rasier an d  J .F .  W eb b er

Forestry Commission

Summary

Recent developments in ‘short term ’ disease control such as the treatment of elms with 
Pseudomonas, Trichoderma and ‘Ceratotect’ fungicide are summarised. Developments in 
longer-term research are reviewed with emphasis on recent discoveries providing new insights 
into the processes of the disease or suggesting possible control approaches. These include the 
virus-like agent (‘d-factor’) of the fungus; the effect of the fungus Phomopsis on beetle breeding; 
research on the efficacy of disease transmission; recent spread of the strains/races of the pathogen; 
and the likely behaviour of the pathogen in the post-epidemic period in relation to the future of 
young elms.

Introduction

Dutch elm disease involves three different organisms -  
elm tree host, fungal pathogen and beetle vector -  plus 
many accessory organisms ranging from viruses to man. 
Since this paper therefore encompasses several very wide 
fields of research we shall have to be selective in what we 
consider to be ‘recent advances’. Fortunately Fairhurst 
and Atkins (1987) have covered recent advances in 
knowledge of the biology of the beetles so we shall consider 
research on the beetle only from the point of view of its 
behaviour as a vector of the disease.

Regrettably, the Dutch elm disease problem has not 
been solved. We are not, therefore, going to be able to 
present practitioners with a list of new disease manage­
ment recommendations. What we shall attempt to do, in 
reviewing research progress, is to highlight some recent 
discoveries in what may be called ‘longer-term’ research 
which are producing a deeper understanding of how the 
disease ‘works’, and show where some of these could 
provide new insights into how the disease might be 
controlled in future. At the same time we will try to draw 
out any implications for current disease management 
where appropriate.

Some of the progress being made in research is exciting 
even if its rewards in control terms will not be immediate.

If the slowness of progress in control seems disappointing 
to some, it must be remembered that some of the recent 
quantum leaps in the sister sciences of medicine and 
agriculture have come about mainly through heavy invest­
ment in painstaking ‘in depth’ research, laying great 
emphasis on the physiology and genetics and, most 
recently on the molecular biology of the organisms 
concerned.

Short Term Research

Protection or cure of high value amenity 
elms
Before moving on to longer-term research, it is important 
to briefly summarize progress in a vital area of short term 
research, that of the attempted control of the disease 
among high value amenity elms through some form of 
injection or inoculation. Three methods of ‘individual 
tree’ treatment are currently under investigation: injection 
with the bacterium Pseudomonas sp., inoculation with the 
fungus Trichoderma sp., and injection with the fungicide 
TBZ or ‘Ceratotect’. The Forestry Commission has been 
involved together with others in trials of all three systems.
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Table 1. Results of Pseudomonas experiments

1. Preventive injection* of English elm (Shi and Brasier, 1986)

Pseudomonas
strains

Nine different isolates 

Control (Pseudomonas absent)

No. o f trees 
used

98

9

Disease (mean % defoliation) 
after 13 weeks

95.1-100% 'i No significant difference 
I in all nine treatments 

98.1% I from control.

2. Preventive injection* of Commelin elm (Scheffer, 1983, 1984)

1982: Pseudomonas No. o f trees Mean disease index (0-6 scale)
strains used after 9 weeks

WCS 085 9 L8 ^

WCS 361 9 1.0
WCS 374 9 0.7 > All treatments significantly
M27+ 9 0.7 different from control.

Control (Pseudomonas absent) 9 4.1

1983: Pseudomonas No. o f trees Mean disease index (0-6 scale)
strains used after

WCS 374 I (injected at 2.5 cm intervals) 10 2.3
WCS 374 II (injected at 5.0 cm intervals) 10 1.7
Control A (no treatment) 10 3.4
Control B (liquid medium only) 10 3.2
Control C (liquid medium only) 10 2.8

Only treatment WCS 374 
II differed significantly 
from Controls A & B. All 
other treatments and 
controls not significantly 
different.

#Tree injected first with Pseudomonas then after an interval challenged with an inoculum of O. ulmi spores.

1. Pseudomonas injection

The bacterium Pseudomonas produces a strong antibiotic 
against fungi in culture. It was suggested by Strobel and 
Lanier (1981) that if injected into elms Pseudomonas might 
continue to live in the tree and produce in silu an antibiotic 
against the Dutch elm disease fungus Ophiostoma (Cerato- 
cystis) ulmi. A strong wave of interest in Pseudomonas 
followed in the early 1980s, particularly in North Amer­
ica, including an International Symposium on Dutch elm 
disease in 1981 at which Pseudomonas was strongly 
highlighted (Kondo et al., 1982).

During 1982-1983 Forestry Commission staff preven­
tively injected over 300 clonal English e\m(Ulmusprocera) 
with Pseudomonas after first screening bacteria for antimy-

cotic activity (Shi and Brasier, 1986). Typical results are 
shown in Table 1. As can be seen, no difference was 
obtained between preventively injected trees and control 
trees, and it was concluded that Pseudomonas did not offer 
any useful preventive control potential on English elm. 
Scheffer (1984) working in Holland has had similar poor 
results with the Smooth-leaved elm (U. carpinifolia). 
However, in additional experiments which included the 
preventive injection of ‘Commelin’ hybrid elms with the 
Pseuduomonas bacterium, he observed a reduction in 
disease symptoms (Scheffer, 1983; 1984). Table 1 sum­
marizes some of his best results with Commelin which 
indicate a striking suppression of disease level (1982 
results), and some of his worst results (again with 
Commelin) which are more equivocal (1983). Scheffer has
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Table 2. Results of preventive experiments with Trichoderma 

(Fairhurst, Atkins & colleagues and Greig & Hickman: unpublished data)#

1. Artificial inoculation with 0 .  ulmi*

Trichoderma treated trees Control trees

Total number 
treated

Mean disease levels 
(% defoliation)

Total number Mean disease levels 
(% defoliation)

Fam ham  (1983-4) 
English elm 
H untingdon elm

10
10

93%
31%

10 94% NS 
10 31% NS

2. Natural infection with 0 .  ulmi

Trichoderma treated trees Control trees

Total number Num ber of trees Total number Num ber of trees
treated developing disease developing disease

(% of total) (% of total)

Heavy disease area
Bexhill (1984) 100 26% 100 27% NS

Light disease areas
Blackpool (1984) 967 2.1% 990 4.1% S
Tyne and Wear (1984) 203 8.4% 211 12.8% NS

#  Data presented by kind permission of these authors.

* Tree inoculated first with Trichoderma pellets, then after an interval challenged with an inoculum of O. ulmi spores. 

NS =  treatment not significantly different from control; S =  treatment significantly different from control (p <  0.5)

also obtained what appears to be a more dramatic 
suppression of disease levels in the hybrid elm ‘Belgica’ 
although the results were not statistically analysed (Schef­
fer, 1984). Thus Pseudomonas has so far only shown a 
significant effect in elms such as ‘Belgica’ and ‘Commelin’ 
that contain an element of U. glabra in their ancestry.

To summarize therefore, there is no evidence of any 
practical use of Pseudomonas injection on English elm or 
on the Smooth-leaved elm (and this probably includes 
Wheatley elm), but definite evidence of some form of 
disease suppression on ‘Commelin’ and ‘Belgica’,

although the effect is not consistent enough to make this 
method anything more than of further research interest at 
present. The intense interest in the field injection of 
Pseudomonas for disease control in North America 
appears, so far as we can tell, to have declined.

2 . Trichoderma
Several species of Trichoderma produce antibiotics against 
other fungi, especially in agar culture. Following sug­
gestions about the possible effectiveness of Trichoderma
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Table 3. Curative injection with TBZ (Greig and Coxwell, 1983)

1. Treatment of trees with new infections 5% of crown diseased) 1978-1981, Hove:

Num ber of TBZ % Recovered Number of non-injected % Recovered
injected trees from disease control trees from disease

37 83.8% 23 8.7%

Bioassay results; mean % inhibition of O. ulmi growth by twig samples after TBZ injection:

Weeks after injection % inhibition of O. ulmi Num ber of twig samples
(1979) growth

1 87.5% 56
9 78.5% 56

42 55.4% 112
70 52.5% 80

104 13.7% 80

against Dutch elm disease (Ricard, 1983; and in commer­
cial literature), the Salford University group and the 
Forestry Commission have implemented field trials. The 
results have been assessed co-operatively between the two 
groups, the Forestry Commission visiting the Salford 
trials and Salford being involved with the Forestry 
Commission trials. Table 2 summarizes the main data 
obtained from preventive inoculation experiments. Those 
at the top of the Table are from experiments involving 
artificial inoculation with the fungus, comparable to the 
Pseudomonas trials carried out in Britain and Holland. The 
remaining three sets of data are from field trials in which 
the trees were exposed to natural infection.

No suppression of disease was obtained on either 
English elm or on the hybrid Huntingdon elm in the 
experiments involving artificial inoculation. Similarly, in 
the field trial at Bexhill, a heavily diseased area, 
Trichoderma inoculation had no effect on disease levels. 
There is, however, some evidence of an effect by 
Trichoderma in the Blackpool trial, a very lightly diseased 
area where disease was around the 4 per cent level in 1984.

In the Pseudomonas experiments there was little evi­
dence, perhaps hardly surprisingly, for any significant 
upward movement of the bacterium in the tree from the 
injection point, although it did appear to reach the roots in 
some cases (Shi and Brasier, 1986). Trichoderma also 
shows little or no movement away from the point of 
introduction. Furthermore, Trichoderma appears to have 
exerted some effect only in areas where disease levels are 
low (as in Blackpool), while Pseudomonas tended to

suppress disease symptoms in elms that were already 
moderately resistant to the Dutch elm disease pathogen. 
One is left, wondering therefore, whether any disease 
reduction caused by inoculating an antibiotic producing 
bacterium or fungus into a tree may be due as much to the 
triggering and intensification of the tree’s internal 
resistance mechanisms as to the presence of an alien 
organism and its antibiotic effect on Ophiostoma ulmi. 
There may be interesting avenues here for longer term 
research.

3 . T B Z  fungicide
After many years of experimentation and development, 
often with rather disappointing results, a systemic fungi­
cide has been found which has acquitted itself well in field 
trials. This is the fungicide TBZ (thiabendazole) or 
‘Ceratotect’ (Stennes, 1981; Greig and Coxwell, 1983).

Table 3 shows the results of Forestry Commission trials 
of curative injection with the fungicide on trees naturally 
infected with the disease. The data are consistent, and 
show that this fungicide can be used curatively with a high 
probability of success on new infections of ^  5 per cent 
disease in the crown (Greig and Coxwell, 1983). Two 
North American workers, Stennes and French, have 
carried out similar carefully controlled experiments on 
American elm (U . americana) with TBZ. They have stated 
that “when properly applied the chemical will thoroughly 
protect American elms from artificial inoculation with an 
aggressive strain of O. ulmi for at least 13 months” 
(Stennes, 1981). Unfortunately, the data on which this
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statement is based have yet to be published. However, the 
suggestion that TBZ may give a degree of protection for a 
second season, is supported by Forestry Commission 
bioassay data on levels of residual fungicide in trees 12 or 
more months after injection (see Table 3).

The attraction of TBZ injection is that, although not 
cheap and requiring specialised equipment, if used cura- 
tively it need not be applied to large numbers of trees, but 
simply to treat new infections. It could therefore be a 
useful part of an integrated control programme in a large 
urban area, or suitable for a country landowner with a 
small number of important specimen elms. For recom­
mendations of use see Greig and Coxwell (1983).

4. Fenpropimorph
Since this article was written in mid 1985, the popular 
press has reported on research carried out in the Nether­
lands which suggests that the antifungal chemical, 
‘fenpropimorph’, may be effective in the curative injection 
of quite heavily diseased elms. This discovery arose from 
the search for a chemical that interfered with the ability of
O. ulmi to switch from its specialised yeast-like mode of 
growth to its more usual mycelial growth mode. We 
understand that this research is still at the developmental 
stages; trials on the efficacy, persistence and phytotoxicity 
of fenpropimorph have yet to be completed. The Forestry 
Commission hope to conduct field trials with this ‘new’ 
chemical in 1987.

Risks of short term approaches
In an epidemic the like of which we are experiencing with 
Dutch elm disease, the sort of short term research 
approaches summarized above are a vital part of an overall 
research strategy. However, falling within the short term 
context there have been suggestions for a number of 
miracle cures for Dutch elm disease over the past three 
decades, particularly in North America. Some rather 
optimistic claims have been made for their efficacy 
sometimes in the press and sometimes in advertising 
literature. Many of these cures come and go rather like 
modern-day clothes fashions, but they can bring attendant 
problems for which arboriculturists should be on guard.

(i) Firstly there is a risk that, however unproven a 
short term remedy may be, a local authority or 
other organisation may be tempted to opt for it 
and in so doing divert its resources away from 
measures of initially greater expense but other­
wise of proven effectiveness such as sanitation 
control.

(ii) Another concern is that short term methods are 
most often directed to control of the disease 
amongst what are relatively small numbers of

urban elms, whilst the enormous problem of 
disease control in the vast mass of the elm 
population in the countryside tends to be largely 
neglected.

(iii) A third consequence of short term remedies -  to 
the scientist at least -  is that if they become 
temporarily fashionable, pressures often tend to 
build up that can result in the diversion of finite 
research resources away from in-depth research 
aimed at understanding the underlying causes of 
the disease, and into the short term effort. If 
resources are already stretched this can be quite 
damaging to the balance of a research programme 
particularly since, as mentioned above, it is 
through the effort of painstaking longer term 
research that a basis is most likely to be found 
from which lasting disease control may spring. 
At present both in North America and Europe 
in-depth research on the biology of host, 
pathogen and vector is at a very low ebb.

Longer-term Research

We shall now examine some recent developments in the 
longer term research context to show how our understand­
ing of Dutch elm disease is changing, although of necessity 
restricting ourselves to certain key topics.

Spread of the disease: the new strains and 
races of the pathogen
One fact which has emerged with increasing force and 
poignancy from the research of the past decade is that the 
epidemic in Britain is not an isolated event, but a small 
part of a much larger disaster extending across the 
Northern Hemisphere. A summary of what we have 
learned so far is:

(i) The aggressive and non-aggressive strains of the 
fungus were identified over a decade ago (Gibbs 
and Brasier, 1973; Brasier and Gibbs, 1973). 
Dutch elm disease probably only arrived in 
Europe and North America during the early 
part of this century. The non-aggressive strain is 
now believed responsible for the first epidemics 
of the disease in Europe, North America and 
south-west Asia during the 1920s-40s.

(ii) The aggressive strain is responsible for the 
present second epidemic of the disease. It has 
also recently been discovered that there are two 
distinct forms or races of the aggressive strain: 
the Eurasian (EAN) race and the North Amer-
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Figure 1. Summary of the known distribution of the EAN and NAN races of the aggressive strain of Ophiosloma ulmi in Europe 
and south-west Asia in 1983. Based on over 1500 samples. From  Brasier (1987).

ican (NAN) race. Their distribution is shown in 
Figure 1. The NAN aggressive was probably 
introduced into Britain from North America on 
diseased elm timber (Brasier and Gibbs, 1973) 
and has since spread into neighbouring parts of 
Europe (Brasier, 1979). The EAN aggressive 
has for some decades been migrating overland 
from central Europe or from further east (Bra­
sier, 1979).

Thus Europe is currently experiencing two epidemics, 
one originating from the west and one from the east. 
Whereas these epidemics have been under way in parts of 
North America, in Britain and Romania for many years 
now, they are only just building up momentum in 
countries such as Spain and Sweden (Brasier, 1982, 
1983a, 19866, 1987). Britain has so far suffered an 
estimated loss of 20-25 million elms as a result.

It is clear Britain is only on the edge of a much larger 
event, which may have its origins in the east. The 
geographical centre of origin of the disease before its 
arrival in Europe in the early 1900s, and hence the possible 
source of the three different strains and races of the 
pathogen, is generally supposed to be in eastern Asia. This

hypothesis is based largely on the fact that Asia’s elms are 
more resistant to the disease (Heybroek, 1976) and also on 
evidence that China appears to be the main centre of elm 
diversity (Heybroek, 1966). However although the epi­
demic caused by the EAN aggressive race extends at least 
as far as Iran and Tashkent (Brasier and Afsharpour, 1979; 
Brasier, 1982) the status of the disease in central and 
eastern Asia is almost unknown. It is important to try to 
identify the centre of origin of the disease for several 
reasons, including the possibility that there may be further 
strains of the fungus there. Interestingly, a single isolate of
O. ulmi from the Himalayas does not conform to the 
non-aggressive, EAN or NAN aggressive strains (Brasier, 
19836).

A point to emerge from recent studies is that, if Britain 
had not had an epidemic caused by importation of the 
NAN agressive race from America, it is very likely that the 
EAN aggressive race would have reached our shores from 
Belgium, Holland, or southern Ireland. Indeed, a sad 
aspect of the present situation is that the EAN aggressive 
race -  discovered only in 1979 -  has been rolling 
westwards across Europe causing a massive new epidemic 
since the 1940s, yet this event received virtually no 
attention in the European forestry literature.
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Future behaviour of the disease and the 
future of young elms
There is now a complex situation in Europe: three forms of 
the pathogen -  the ‘old’ non-aggressive strain, the NAN 
aggressive and the EAN aggressive strain all thrown 
together in the same ecological niche. An important 
question for the future of the elm is what form or forms of 
the fungus will emerge victorious from this melting pot? In 
particular, what is the future for the large numbers of elm 
suckers and seedlings now appearing in the older epidemic 
areas where the mature elms have died? In Britain this 
question is particularly pertinent to the future of English 
elm root suckers, which at present are growing up in large 
numbers. Will the aggressive strain (NAN) die out as the 
large elms are killed, perhaps to be replaced again by the 
non-aggressive, or will it survive to return and kill the next 
generations of elm saplings and suckers?

This problem has been addressed both through labora­
tory research on the genetics of the pathogen, and through 
field monitoring of changes in the O. ulmi population at a 
number of sites in Britain and Europe (Brasier, 1982, 
1983a, 19866, 1987). The results of this research has led to 
the following qualified prognosis, summarized in Figure 
2 :

(i) the old non-aggressive strain will die out in 
competition with the aggressive strain, which 
will replace it (Figure 2 C-E).

(ii) future generations of young elms will continue to 
be attacked by some form of the aggressive strain 
once they are large enough to support a breeding 
population of beetles (Figure 2 G).

(iii) unless the aggressive strain attenuates in some 
way, i.e. it becomes less pathogenic, or the beetle 
is hit by a disease of its own, the elm in the shorter 
term is likely to be reduced to a scrub or marginal 
population with few trees, if any, reaching 
maturity (Figure 2H). Most surviving mature 
trees are likely to be escapes in woodlands, on 
islands and in upland valleys. Indeed, most large 
surviving single elms or groups of elms are best 
assumed to be escapes unless shown to be other­
wise by experimentally controlled inoculations 
with the pathogen.

This is a bleak prospect. Any hope for the future lies in 
a balance being achieved between the genotype of the elm 
and that of the pathogen. At present our native elms are 
much too susceptible -  or, the pathogen is much too 
aggressive. In this disastrous situation, for which man 
probably holds no small amount of responsibility, can we 
try to bring about a return to a better balance of elm and 
pathogen? One way is to consider breeding resistant elms.

Elm breeding
Breeding elms for resistance to the disease, is a long term 
research process which aims to raise the host’s genetic 
level of resistance to the pathogen. Elm breeding is 
presently going on in at least seven centres: Wisconsin, 
Ohio and Washington DC, USA; Manitoba, Canada; 
Wageningen, the Netherlands; Florence, Italy and Volgo­
grad, USSR. The intensity of interest in elm breeding 
(indeed the breeding programme in Florence has only 
recently begun) reflects a remarkably sustained interest in 
the elm in spite of Dutch elm disease, and is a tribute to the 
properties of the elm as a shelter and landscape tree which 
combines its beauty with toughness in terms of tolerance 
of wind, drought, cold, and salt spray. Some of these 
programmes are of long standing -  the Dutch breeding 
programme, for example, dates back to the 1930s and has 
thrived in spite of a number of traumas, including the 
discovery of the aggressive strain of the disease.

Good progress is now being achieved in breeding for 
moderate to high levels of resistance to the aggressive 
strain through the incorporation of more resistant Asiatic 
parent elm material. Some very promising and interesting 
material is being released, and some of the product names 
are familiar: ‘Sapporo Autumn Gold’, ‘Regal Elm’, ‘Jacan 
Elm’, ‘Lobel’, ‘Plantijn’ and others (Heybroek, 1982, 
1983; Lester and Smalley, 1972; Smalley, 1984).

These products are intended mainly for local consump­
tion, e.g. as shade for the urban streets of the USA, for the 
hot climate of southern European cities, for wind and 
salt-tolerant shelter belts in the Dutch polders and for 
shelter belts in the hot arid areas of central USSR. The 
tolerance of many of these products to British climatic 
conditions has yet to be proven. A number of clones from 
the Dutch elm breeding programme and more recently 
some American material are undergoing trials in Britain as 
part of a wider EEC scheme initiated in 1979-83 (Hey­
broek, 1983). None of the programmes are presently 
committed to producing the equivalent of a disease 
resistant ‘English elm’ and one should not expect the elms 
produced to look like ‘English elm’. Rather than having a 
dense globular form as in English elm, many of them have 
a rather open crown, are very fast growing and larger 
leaved, and have been said to look rather like poplars!

It is vital that while elm breeding is going on, behaviour 
of the fungal population is monitored so that elms are 
screened for resistance to any new variants that may arise, 
and so that breeders may know just what it is they are 
breeding for resistance to. The very latest research 
indicates that EAN/NAN aggressive hybrids are emerging 
in of all places Holland! (C.M. Brasier, unpublished). 
They are likely to arise in other areas where both NAN and 
EAN are present, and may be a pointer to different 
behaviour of the pathogen in future (Brasier, 19866).
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Clonally propagated elms are unlikely to be planted in 
large numbers outside urban areas or shelter belts, so the 
problem still remains of the low level of resistance to the 
aggressive strain in the bulk of the elm population, which 
consists of large numbers of sucker and sapling elms 
coming up where mature elms have died in the country­
side. It is in the countryside that the real battle of Dutch 
elm disease control, that for a natural balance between host 
and pathogen, will be fought. Consideration could be 
given to ways of raising the base-line of disease resistance 
in native European field elms, for example by encouraging 
the spread of exotic disease resistant species with similar 
arboricultural properties to the native elms, such as forms 
of U.japonica. This might be achieved either by scattering 
seed, or in areas where European elms are fertile, through 
the release of pollen.

Another risk is that other forms of the fungus may be 
lurking in the east (e.g. China or the Himalayas) that could 
pose a threat to our resistant elms and all the hard work 
that goes into producing them. Fortunately there is 
increasing evidence that the genetic basis of resistance in 
the elm is a complex polygenic character (Lester and 
Smalley, 1972), which should prove fairly durable provid­
ing the level of aggressiveness of the pathogen does not 
show a gradual quantitative increase as a consequence of 
the presence of larger numbers of highly resistant elms. 
The latter is another question of great interest which may 
be illuminated, at least in part, by the current genetical 
research into the pathogen’s population behaviour (Bra­
sier, 19866, 1987).

The beetle as vector: beetle feeding 
preference -  Wych versus English elm
During the earlier stages of the present epidemic in 
Britain, Forestry Commission surveys showed that the 
Wych elm was surviving rather better than the English 
elm in the field. Indeed, the incidence of disease in English 
elm was significantly higher than in both Wych and in 
Smooth-leaved elm (Gibbs and Howell, 1972, 1974). It 
therefore became popularly assumed that Wych elm was 
more resistant to the aggressive strain of the fungus than 
was the English elm. However, when young English and 
Wych elm were inoculated with the pathogen, Wych elm 
was shown to be more, not less susceptible to the fungus 
than English elm (Brasier, 1977). It was therefore sug­
gested that the better field performance of Wych elm in the 
present epidemic was probably due to its relative unattrac­
tiveness to the beetles rather than to its intrinsic resistance 
to the fungus (Brasier, 1977).

To examine this possibility, beetle feeding preference 
experiments were carried out by Webber and Kirby (1983) 
in which beetles were released in fruit cages containing 
randomised blocks of young English elm and Wych elm

Figure 3. Results of a beetle feeding preference experiment, 
showing the marked preference of the larger European elm 
bark beetle, S . scolytus, for feeding on English elm. From 
W ebber and K irby (1983).

trees. The experiments showed very clearly that the larger 
European elm bark beetle, (S. scolytus), had a strong 
preference for feeding on English elm, as shown in Figure
3.

It seems very likely, therefore, that the better early field 
performance of Wych elm was due to preferential feeding 
by the beetles on English elm. In many areas, however, 
after the big English elms had gone, the Wych elms too 
have been killed, presumably as the beetles were forced to 
turn their attention in that direction. The same has 
probably occurred where there have been mixtures of 
English with either Smooth-leaved or Huntingdon elms. 
The better field performance of U. laevis compared with 
U. carpinifolia in Europe (Maaslov, 1970) might also be 
explained in terms of feeding preference.

The occurrence of beetle feeding preferences is valua­
ble knowledge so far as elm breeding is concerned, since it 
offers the possibility of breeding for resistance to the beetle 
as well as for resistance to the fungus. None of the present
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elm breeding programmes involve any screening for 
resistance to the beetle. It is clearly important, in future 
research, to attempt to identify those factors which make 
elms unattractive to beetles for feeding, so they can be 
incorporated into the products of elm breeding program­
mes. In addition, for those involved in urban disease 
control, an awareness of the greater risk of scolytid feeding 
on say English as opposed to Wych elm, could well be 
helpful in strategic planning.

Natural biological control of beetle 
breeding by Phomopsis
Another recent discovery regarding the field performance 
of the beetle vector is that the naturally occurring fungus 
Phomopsis oblonga can exert a detrimental effect on beetle 
breeding (Webber, 1981). The fungus invades the 
nutrient-rich inner bark of elms dying from Dutch elm 
disease. In a series of experiments it was shown that, when 
given a choice, beetles refused to breed in Phomopsis 
invaded trees. When forced to breed in such trees, 
breeding was almost completely unsuccessful, and any 
larvae in the bark failed to pupate successfully and yield 
another generation of beetles. Webber (1981) concluded 
that the main reason for this effect was that the fungus 
reduced both nutrient and moisture levels in the bark, so 
that the bark became both unattractive to the breeding 
beetles and deleterious to their larval development.

Phomopsis is particularly common in the bark of Wych 
elm, and is especially common on bark of elms in the north 
and west of Britain (Webber and Gibbs, 1984). It is 
probably a major factor in reducing beetle numbers in 
potential brood trees (Fairhurst and Atkins, 1987) and 
combined with the effects of colder climate, has almost 
certainly been responsible for the significantly slower rate 
of spread of the disease in the north of England and in 
Scotland. Hence Phomopsis is an important ally of sani­
tation control programmes in these areas. The effect of 
Phomopsis is also likely to become particularly critical to 
the beetles in the post-epidemic period when their popu­
lation will be much smaller as a result of the destruction of 
most mature elms (Figure 2 G & H).

Spore loads of the beetle vectors
Healthy elms become infected from spores carried on the 
surfaces of the vector beetles. A new generation of beetles 
leave the bark of elms in the spring and fly to twig crotches 
at the tops of healthy elms to feed. Any spores transferred 
from the beetles to the feeding grooves in the twig crotches 
may germinate and infect the xylem or sap-stream of the 
tree. Surprisingly, this crucial process, the weakest link in 
the disease cycle, has received very little research since the 
1930s. The Forestry Commission has initiated a project in

Figure 4. Comparative O. ulmi spore loads on a sample of 
the smaller European elm bark beetle, 5 . multistriatus (above) 
and the larger European elm bark beede, 5 . scolytus (below). 
Spore loads of 10 000 spores may often be required to 
achieve infecuon. Beedes without any spore inoculum 
indicated as unshaded squares. From  W ebber and Brasier 
(1984).
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this area, which is supported by the Pilkington Trust. This 
research has shown:

(i) the larger elm bark beetle (S. scolytus) carries 
many more spores than the smaller European 
elm bark beetle (S. multistriatus) (Figure 4). 
Since as many as 10 000 spores may be needed 
on a beetle leaving the bark to secure infection 
on English elm, 5 . scolytus is likely to be a much 
more effective vector than S . multistriatus 
(Webber and Brasier, 1984).

(ii) 60-90 per cent of beetles leave the bark contami­
nated with O. ulmi but only 10-50 per cent of 
beetles arrive at feeding grooves still contami­
nated. About 30 per cent of feeding grooves 
become contaminated with O. ulmi, and only 
3-5 per cent of all feeding grooves lead to 
infection (Webber and Brasier, 1984).
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Figure 5. The transmission of a d-factor from a slow-growing severely d-infected aggressive strain (below, while arrow) to a 
colony of a healthy isolate (above). Growth at the margin of the healthy colony has been arrested (black arrows) as a result of the 
transfer and spread of the d-factor.

These latter observations indicate that during beetle 
flight and beetle feeding there is a very large fall-off in 
numbers of viable spores on the beetles. The pathogen is 
clearly very vulnerable at this time. Recent experiments 
suggest the main cause of this fall-off is desiccation of the 
spores (J.F. Webber, unpublished). It is also apparent 
that in control terms the longer beetle feeding is delayed 
the better, since more spores will die. There are two ways 
in which breeding elms for resistance could help here. 
Resistance to beetle feeding could delay eventual feeding 
of those beetles making a ‘wrong’ first choice of host, 
leading to death of their spore inoculum. Breeding for 
resistance to the fungus should raise the threshold number 
of spores required for infection from say 10 000 (the 
estimate for English elm) to some unknown figure -  say 
50 000 spores.

These results also suggest that when carrying out 
sanitation control, it is important to dispose of diseased

elm material carrying broods as far away as possible from 
healthy elms. The further the beetles have to fly, the more 
likely it is that any inoculum of the pathogen they are 
carrying will fail to survive.

A disease of the pathogen
One exciting disovery to emerge in the past few years is 
that the fungus itself has a disease (Figure 5).

This disease or ‘d-factor’ is a virus-like agent which 
spreads from infected to healthy forms of O. ulmi across 
fusions between the hyphae or mycelial threads of the 
fungus. Infected isolates of O. ulmi are much less vigorous 
in growth, their spore germination is severely impaired, 
and their production of fruit bodies is reduced (Brasier, 
1983c, 1986a). Present evidence indicates that the d-factor 
probably exerts its most deleterious effects on the fungus 
at two points in the fungal cycle:
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Figure 6. Decline of the non-aggressive strain as a proportion of the O. ulmi population in Holland from 1974-1980. Adapted 
from Brasier (1983a).

(i) during the long overwintering saprophytic 
phase of the fungus in diseased elm bark 
(Webber and Brasier, 1984); this is probably 
also when most spread of the d-factor occurs.

(ii) when the fungal spores are on the beetle surface 
-  during beetle flight and feeding.

Two interesting questions arise from these observa­
tions. Firstly, could the d-factor cause a significant 
attenuation in the pathogenicity of the aggressive strain 
during the post-epidemic period (Figure 2 G & H) and in 
doing so restore the balance of host and pathogen by 
exerting a natural biological control on the fungus? A 
similar virus-like disease of the Chestnut blight fungus 
Endothia parasitica appears to have allowed recovery of the 
Chestnut in northern Italy from the Chestnut blight 
epidemics of the early 1950s (Grente and Sauret, 1969; 
Elliston, 1984).

Secondly, as a means of artificial biological control, 
could we deliberately breed and release beetles carrying 
spores of the pathogen infected with rather ‘nasty’ 
d-factors in order to spread the d-infection in the aggresive 
strain population. Such an approach might be used locally

as part of an integrated disease control programme, or 
more likely as part of a geographically wider scheme aimed 
at reducing or attenuating the overall level of pathogeni­
city of the aggressive strain.

Much more research is needed both in the laboratory 
and in the field before the answers to these questions 
become clear, including work on the molecular basis of 
d-factors (Rogers et al., 1986) and on ways in which the 
fungus may resist the effects and spread of d-factors 
(Brasier, 1984, 1986a).

Breeding the pathogen?
An interesting fact about the present epidemic revealed in 
recent research is the rapidity with which the ‘old’ 
non-aggressive strain is being replaced by one or other 
form of the aggressive strain (Figure 6). At the sites in 
Britain which have been researched in detail the non- 
aggressive appears to be declining at about 10 per cent per 
annum, and the same appears to be true for other sites in 
Europe and North America. As already mentioned, the 
non-aggressive strain may be heading for extinction.

How does this replacement occur? Although the 
different virulences of the aggressive and non-aggressive
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strains are probably a major factor, there is evidence of a 
variety of other contributory factors including possibly 
even direct antagonism between different individuals of 
the fungus (Brasier, 19866). Certainly, the rapid demise of 
the non-aggressive strain raises an intriguing question. 
Could the same thing be done to the aggressive strain 
through some form of genetic manipulation? Would it be 
possible using some of the more recently acquired know­
ledge of the genetics and ecology of the fungus to attempt a 
radical new approach to control by taking a leaf out of the 
elm breeders book and, as well as breeding the elm, try to 
breed a new less harmful form of the fungus that would 
compete with and eventually replace the aggressive strain.

It certainly looks on paper as if it might be possible to 
breed such a ‘model fungus’ using the pathogen’s own 
breeding system. It would need to be a weak pathogen, 
producing an acceptable level of disease much like the 
non-aggressive strain, and it would need a whole range of 
other attributes that would enable it to survive where it 
seems the non-aggressive has not. As knowledge of the 
biology of O. ulmi increases, the chances of producing a 
suitable ‘model-fungus’ through existing techniques and 
through the application of genetic engineering are likely to 
increase further (for a theoretical discussion of the possi­
bility of breeding O. ulmi, see Brasier, 19866). There 
would certainly not be any problem in spreading such a 
‘model fungus’ to compete with the aggressive strain, 
since, as with the d-factor, the beetle vector is an ideal 
delivery system to convey it to its target. The biggest 
problem, apart from achieving success in the breeding 
programme itself, would be whether mother nature would 
smile on the model fungus, or indeed whether the 
aggressive strain would smile at it!

Conclusion

It seems likely that the post-epidemic period may actually 
present a better opportunity for attacking the aggressive 
strain of Dutch elm disease on its own terms than during 
the epidemic. In the epidemic, both the beetle and fungus 
populations are extremely large; in the post-epidemic 
period they are much smaller because of the lack of large 
trees available for both beetle and fungus to utilise. Under 
these conditions pathogen and vector must operate under 
more severe constraints: the relative detrimental effects of 
other competing organisms, the d-factor and climate are 
likely to increase. In essence the fungus and its vector 
beetle are likely to come under severe selection pressure. 
The post-epidemic period may therefore, in one sense, 
offer a better opportunity for control of the disease. 
Moreover, even if most of the mature elms are lost we still

need to plan strategically for future elm generations 
including the elm suckers already appearing in profusion, 
and which in some areas of southern Britain have already 
reached a height of 5 m or more. This then is perhaps a 
time to be at least sustaining rather than decreasing the 
research effort on Dutch elm disease.
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Discussion

A.D. BRADSHAW (Department of Botany, Liverpool 
University)

Will you please clarify the origins of 
the new aggressive strains of Dutch 
elm disease.

C.M. BRASIER This is an important but rather vexing 
question. Dutch elm disease as we 
know it was probably not present in 
Europe and North America prior to 
about 1900. From circumstantial evi­
dence of higher levels of disease 
resistance among many Asiatic elm 
species, and on the evidence of rapid 
spread of the disease both eastward 
and westward from France in the 
1920s, an origin in an area outside 
Europe and North America such as 
central or eastern Asia seems likely. A 
possible course of events consistent 
with recent historical evidence of the 
spread of the non-aggressive, EAN 
aggressive and NAN aggressive 
strains is shown in Figure 7.

Figure 7. Possible course of events in the spread of Dutch 
elm disease from a putative geographical origin in Asia (the 
Himalayas/China region).
a, First epidemics; I920s-1940s. 1, Im portation of the non- 
aggressive strain into north-west Europe from the ‘origin’ 
around 1900. 2, The subsequent importation of the non- 
aggressive strain into the eastern seaboard of the U.S.A. and 
into the Great Lakes area (c.1927); and its spread eastwards 
into central and southern Europe, the Black Sea and into 
south-east and central Asia from c.1940.
b, Second epidemics; 1940s onwards. 3, Introduction of a form 
of the aggressive strain (possibly close to the EAN form) intb 
the mid-western United States (Illinois) in the 1940s-1950s; 
and its subsequent evolution into the NAN aggressive form 
coupled with its spread across the United States and Canada. 
4, Migration of the EAN aggressive strain across Europe from 
the 1940s onwards following its introduction into the Black 
Sea area (Romania). 5, Importation of the NAN aggressive 
strain from the Great Lakes area into Britain in the 1950s-60s 
and its subsequent spread into neighbouring pans of Europe 
from the 1970s onwards.
C .M . Brasier, previously unpublished.
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Honey Fungus

J . R ishbeth

B otany School, University o f  Cambridge

Summary

Three species of Armillaria attack trees in southern England. A . mellea kills a wide variety of 
broadleaved species and some conifers, A . ostoyae mainly kills resinous conifers such as pines, 
whilst A . bulbosa chiefly invades seriously weakened trees. T  rees may be pre-disposed to attack by 
many agents, which include suppression, moisture stress and mechanical damage. Outbreaks 
generally originate from stumps, which become infected by rhizomorphs or less commonly by 
spores. At high-risk sites losses can be reduced by planting relatively resistant species, but not so 
closely that mutual suppression results. Stumps of unwanted trees should be removed or treated 
with ammonium sulphamate. Methods for controlling outbreaks are discussed.

Introduction

There have been so many misconceptions about Honey 
fungus that it is important to start by mentioning some of 
the main features of its biology and behaviour. This will 
involve consideration of the infection cycle, the species of 
Armillaria involved and their main characteristics, the 
types of tree attacked and the influence of external factors. 
It will then be easier to appreciate the possibilities and 
difficulties of control.

Infection Cycle

In outline the infection cycle is as follows. Armillaria 
produces fruit bodies in the form of toadstools mainly 
during the autumn. Vast numbers of spores are released 
and freshly cut stumps occasionally become infected. 
After many years the fungus may have occupied much of 
the stump and its root system, and is then in a position to 
colonize further woody tissues. These may be in other 
stumps, trees weakened in various ways, or apparently 
vigorous trees, depending partly upon the pathogenicity of 
the Armillaria involved. Such colonization may occur by 
means of rhizomorphs, up to several metres from the 
original stump if the system is extensive, or less commonly 
by direct transfer from root to root. The cycle is continued 
by exploitation of substrates and in many cases by the

production of further fruit bodies and rhizomorphs. In old 
woodlands or other places where Armillaria is well estab­
lished, colonization of stumps by rhizomorphs is much 
commoner than by spores.

Direct evidence that Armillaria can infect stumps by 
means of spores has been provided by inoculation exper­
iments. Indirect evidence that this occurs naturally was 
obtained by surveying first-rotation stands of broadleaved 
trees where no infection sources existed at the time of 
planting: scattered foci were often present, usually associ­
ated with stumps created by thinning (Rishbeth, 1978). In 
four plantations of oak, (Quercus robur L.), the mean 
frequency of such foci was 4 per ha, and they had 
developed over a period of 18-30 years. Since types of 
Armillaria not producing large rhizomorph systems were 
undetectable by the method used, the frequency of foci is 
probably greater than that quoted. On the time-scale of 
plantation forestry, therefore, the origin of new Armillaria 
foci in broadleaved stands is not a particularly rare event. 
Similarly, stump infection by spores is probably common 
enough in parks and gardens to be borne in mind when 
control is being considered. Experiments have shown that 
Armillaria can colonize stumps of a wide variety of trees, 
including conifers, by this means, but very few naturally 
occurring foci have been detected in conifers so far.

A serious difficulty arises from the long period elapsing 
before it becomes obvious that a focus has been created.
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For example, after the stump of a plum tree had been 
inoculated with spores of Armillaria, fruit bodies were only 
produced after 15 years and a small apple tree nearby only 
showed symptoms of infection one year after that. Thus by 
the time characteristic signs appear, the fungus will often 
have grown some distance below ground. Another unfor­
tunate aspect is the potentially long survival of Armillaria: 
in one case it was present in an oak stump 50 years after the 
tree had been felled. Observations suggest that the risk of 
infection to surrounding trees must often exist for 10 years 
or more after the period of initial colonization.

Species of Armillaria Involved

Until comparatively recently all attacks on trees were 
attributed to Armillaria mellea (Vahl ex Fr.) Kummer, but 
it is now known that several species may be involved. 
Those most commonly encountered in southern England 
are A . mellea, in the strict sense, A. osioyae (Romagn.) 
Herink, now usually known as A. obscura (Secretan) 
Romagn. in much of Europe, and A. bulbosa (Barla) Kile 
and Watling (Rishbeth, 1982). The fruit bodies of these 
species have been briefly described by Rishbeth (1983).

The rhizomorphs of A . mellea may be abundant around 
the base of recently killed trees but seldom extend more 
than 10-20 cm into the soil. Fruit bodies commonly occur 
in dense clumps and grow out directly from stumps or 
shallow roots, whose position may be indicated by radial 
rows of toadstools. A. ostoyae varies considerably in its 
ability to produce rhizomorphs, but sometimes fairly 
extensive branching systems are formed. Fruit bodies are 
often aggregated but may also appear individually 
between stumps or trees. Rhizomorphs of A. bulbosa are 
very common in woodlands, may be up to 5 mm in 
diameter and often form extensive networks in the soil. 
They are often present on the surface of living roots and, 
misleadingly, on roots killed by other fungi, including A. 
mellea and A. ostoyae. Fruit bodies are sometimes found in 
clusters, as on stumps, but on the ground they are often 
widely separated. A fourth species, A. tabescens (Scop, ex 
Fr.) Eml., is occasionally seen in woodlands on heavy- 
textured soil. The types of Amillana present in northern 
England and Scotland are being investigated by Dr. S.C. 
Gregory at the Forestry Commission’s Northern Research 
Station; they include species less common or absent in the 
south.

Host Specialization

Some information about attacks by Armillaria comes from 
sampling trees which were apparently growing well prior

to infection. A. mellea is found to kill a wide variety of 
broadleaved trees and also less resinous conifers such as 
Sequoiadendron, Cupressus and Thuja. This wide host 
range may be illustrated by analysis of casualties in 24 
Cambridge gardens where trees of 20 genera had been 
killed. Deaths were commonest in genera in the following 
list, which also records the number of occurrences out of 
68: Prunus, 12; Betula, Salix and Malus, 7; Acer, 5; 
Aesculus and Fraxinus, 4; Pyrus and Cupressocyparis, 3.

By contrast, A. ostoyae is more specialized, chiefly 
attacking very resinous conifers such as Pinus, Picea and 
Larix. In all outbreaks so far discovered, trees killed by 
this species were growing on acidic soil. This may account 
for the failure to record A. ostoyae in Cambridge gardens, 
which have ctrcwm-neutral or alkaline soil. A. ostoyae also 
causes butt-rot in Norway spruce (Picea abies) and 
possibly other conifers, whereas in broadleaved trees this 
is caused by A. bulbosa. Although not very pathogenic, A. 
bulbosa sometimes causes alarm in gardens because a well 
established but unseen rhizomorph system can invade a 
wide variety of organic material, such as sawdust, pulver­
ized bark, composted leaves, or even wooden posts, and 
may give rise to large numbers of toadstools. A. tabescens 
has not been found to kill standing trees in England, where 
it is probably at the northern end of its range, but in 
warmer regions, such as southern Europe and the 
southern U .S.A ., it causes many deaths. Since roots may 
be extensively decayed by this species, as well as by the 
other species of Armillaria, the possibility of wind-throw 
should be borne in mind.

Effects of Debilitating Factors

More can be learnt about the behaviour of Armillaria by 
sampling trees known to have been weakened in some way 
before they were infected. Species of Armillaria are often 
found that would not be expected in comparable un­
stressed trees. In particular, A. bulbosa frequently occurs 
in trees weakened by suppression, moisture stress, mech­
anical damage or infection by other fungi. The ability of 
this species to exploit such weakness is partly due to the 
opportunities created by its wide-ranging rhizomorphs. 
An important consequence of this debilitation, regardless 
of the species involved, is that more trees may die than 
would be the case with stress alone. This probably 
accounts for the greatly increased tree killing by Armillaria 
after the hot dry summers of 1975 and 1976. Examples of 
artificially induced moisture stress are also known. Large 
numbers of willows, (Salix alba L.), were killed by A. 
mellea at a site in Suffolk 2 years after the soil water level 
had been lowered by drainage. On a smaller scale, adverse 
factors may re-activate Armillaria in gardens. Thus in a 
situation where A. mellea had not killed a tree for over 20
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Figure I.  Diagram illustrating spread of Armillaria in two gardens.
Above: A . mellea colonized the stump of a Prunus cut down in 1946. The type of tree attacked and the year in which it died are 
shown.
Below: spread of A . bulbosa rhizomorphs from the stump of an ash felled in 1955. •  stump from which the fungus originated; O  
position of trees k illed ; extent of rhizomorph spread.
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years, a Leyland cypress (x Cupressocyparis Icylandn) was 
invaded by the fungus after it had become constricted at 
the base by a wire intended to support a neighbouring tree. 
It seems reasonable to conclude that weakening by a 
variety of agents plays an important role in the incidence of 
Armillaria attacks, and this conclusion is also supported by 
experimental evidence about the effects of shading and 
pruning, for example (Redfern, 1978).

Rate of Spread

It was mentioned above that Armillaria may take many 
years to colonize a stump and infect nearby roots; 
however, once it has become established it often spreads 
steadily. Around foci created by A. bulbosa in broadleaved 
stands, rhizomorphs grow at rates of 0.9-1.6 m per year; 
in such places only heavily suppressed trees are likely to be 
killed. In ancient woodland this species sometimes creates 
foci 200-300 m in diameter. The situation is rather 
different with A . mellea. In plantations of a susceptible tree

   I

1 97 8

f 1
5M

such as birch, (Betula pendula Roth) the fungus may 
spread at a rate of about 0.6 m per year along infected roots 
and kill most of the trees. In gardens much depends upon 
the susceptibility of the species present and the distance 
between them, A. mellea having only a limited ability to 
spread through soil in the absence of roots. The maximum 
diameter of foci so far discovered is about 60 m. A typical 
example of the way A. mellea spreads in gardens and kills 
trees is shown in Figure 1, which also records the extent to 
which A. bulbosa rhizomorphs grew from the stump of a 
large ash, (Fraxinus excelsior L.) in a garden where no trees 
were killed. The mean rates of fungal advance were 0.7 
and 1.4 m per year respectively.

Prevention and Control in 
Ornamental Plantings

Action to diminish the risk from Armillaria can be taken 
when first planting. The likelihood of early attack depends
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on the history of the site, and is virtually nil in the case of 
gardens established on arable land, unless a stump or 
former hedgerow was incorporated, or was nearby. Early 
attack is more probable if the site was formerly an orchard, 
and even more likely if it was broadleaved or mixed 
woodland, recently felled. It would be prudent in these 
situations to avoid planting trees particularly susceptible 
to Armillaria (Greig and Strouts, 1983). Unfortunately 
many of the debilitating conditions that favour attack by 
the fungus cannot readily be ameliorated, so at high-risk 
sites it might also be wise to avoid planting trees markedly 
intolerant of drought or unsuited to local soil conditions. 
Crowded planting is probably best avoided: on high-risk 
sites Armillaria might be activated early, following 
suppression of slower-growing trees, while on any site 
cutting out of unwanted trees may occasionally lead to 
stump infection by Armillaria spores. This may be 
illustrated by reference to Figure 1: the Prunus, from the 
stump of which Armillaria spread, was removed because it 
had been planted too close to the adjacent trees and was 
misshapen. At a later stage in parks, gardens or orchards, 
the potential weakening effect of very heavy pruning 
should be taken into account.

In situations where apparently healthy trees have to be 
cut down and it is hoped to reduce the chance of infection 
by Armillaria, whether from spores or infection sources 
below ground, several courses are open. It is always worth 
removing as much stump and root material as possible. In 
the case of larger trees, methods of dealing with stumps 
have been described by Wilson (1981). Where a chipper is 
used to remove most of the stump body, there is a risk that 
at sites where Armillaria is present the remaining large 
roots may be colonized. If removal is impracticable, 
prompt treatment of a hardwood stump surface with a 30 
per cent aqueous solution of ammonium sulphamate 
should be considered. With certain types of stump, such 
as sycamore (Acer pseudoplatanus) two or more applica­
tions may be needed. This treatment generally kills the 
stump rapidly, preventing regrowth and promoting rapid 
colonization of harmless decay fungi, some of which 
compete well with Armillaria (Rishbeth, 1976). Inocu­
lation with such fungi has been carried out experimen­
tally, but no treatments of this sort are commercially 
available at present.

Once attack by Armillaria is diagnosed what is the best 
thing to do? Since the root system is usually much infected 
by the time any crown symptoms appear, it is probably 
seldom worth attempting to save the tree, despite occa­
sional claims of successful treatment. It is important to 
remove or inactivate as much infected material below 
ground as possible. If the tree is small, the bulk of the root 
system should be removed. Larger trees should be felled, 
chiefly for reasons of safety. Removal of as much of the

stump as possible by mechanical means can also be 
considered. It seems unlikely that introduction of any 
competitive fungus, such as Trichoderma, could lead to the 
replacement of Armillaria rapidly enough in stumps to 
prevent infection of adjacent roots.

If the infected stump has to be left in position, attention 
must be concentrated on limiting the spread of Armillaria 
from it. One potentially useful method is to create a barrier 
to prevent the fungus growing along living roots or 
through the soil by means of rhizomorphs. This must be 
sited beyond the limits of infection, as determined by 
digging. In a suitably located trench, at least 50 cm deep 
(more in porous soils), all roots should be severed. A 
vertical sheet of durable material, such as thick polythene 
or PVC (Greig and Strouts, 1983), should then be 
introduced and the soil replaced; open trenches are less 
satisfactory.

Although soil fumigation following stump removal is 
successful in some parts of the world, it is very doubtful 
whether it would be effective under most conditions in 
Britain. The fungicide Armillatox is recommended by the 
makers for use in this situation. In field trials, Pawsey and 
Rahman (1976) showed that although this preparation 
killed many rhizomorphs in light-textured soil, it was less 
effective in heavier soils and caused appreciable damage to 
roots of some tree species. The treatment will not kill 
Armillaria in roots and stumps and fresh rhizomorphs may 
eventually be produced.

Another possibility is to re-plant the area with species 
considered relatively resistant (Greig and Strouts, 1983). 
Probably no tree is immune, although yews, for instance, 
are rarely if ever killed. At sites, probably the great 
majority, where A. mellea rather than A. osioyae is 
involved, more resinous conifers such as pine (Pinus 
spp.), spruce (Picea spp.), fir (Abies spp.) and Douglas fir 
(Pseudotsuga menziesii) might also be tried, although very 
young transplants are vulnerable and should not be used. 
Careful thought should be given to the position of 
planting. Since the aim is to avoid close proximity to 
infected roots, it is advisable to make wider and deeper 
planting holes than usual in order to extract as much 
infected material as possible. Places where fruit bodies of 
A. mellea have been seen should be avoided. Sometimes 
the problem is so intractable that the best solution is not to 
plant woody species in the vicinity for 10 years or more.
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Discussion

C. CHAMBERS (London Borough of Hillingdon)

When removing stumps by chipper it is 
common- practice to use some of the 
chipped material for backfill. Is this likely 
to create problems with Honey fungus?

J. RISHBETH If wood chips are mixed with the soil the 
fungus will quickly die.

C. CHAMBERS (London Borough of Hillingdon)

Will the remains of tree stakes left in the 
ground give rise to infection?

J. RISHBETH Stake points in the ground will be colo­
nized by other organisms within a year or 
two and are unlikely to pose a threat to the 
adjacent tree.

R. FINCH (Roy Finch Tree Care Specialists)

Oak are occasionally found with tufts of 
rhizomorphs attacking bark just below 
ground level. Can this situation last for 
many years without damage to the tree?

J. RISHBETH Yes, although a major weakening of the 
tree could lead to the oak’s resistance 
being weakening to the point where the 
fungus could gain a hold. Even so, 
ringbarked oak have been known to resist 
A . bulbosa.

R.P. DENTON (R.P. Denton & Co Limited)

Is a drainage ditch 50-60 cm deep a 
natural barrier to Honey fungus?

J. RISHBETH Heavy waterlogged clay at the bottom of 
the ditch might be an effective barrier, but 
rhizomorphs can penetrate in light soils or 
in dry summers.

R.P. DENTON (R.P. Denton & Co Limited)

When replanting diseased sites, will very 
healthy, well fertilised trees stand a better 
chance of resisting Honey fungus?

J. RISHBETH Correct choice of species is by far the most 
important factor affecting resistance.
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Summary and Conclusions

R .C . Steele

Director General, N a ture Conservancy Council

It is difficult to know where to start at the end of a group of papers such as this, but what better 
point than the last joint meeting of the Forestry Commission and the Arboricultural Association 
held 5 years ago in Preston on Research far Practical Arboriculture.

The primary objective of that meeting was to encourage communication with the industry by 
reporting research funded by the Department of the Environment and highlighting areas of 
related work (Brenan, 1981). The five sessions of the Preston meeting were very similar to those of 
this meeting. This helps us to assess advances but also emphasised the long-term nature of much 
arboricultural work.

I will run through the papers, not seeking to summarise so much detailed work, but rather to 
pick out points here and there and finish with some general points.

Plant Production

The first set of speakers was concerned with the produc­
tion of plants both from seed and vegetatively. Vegetative 
propagation in its various forms is clearly of great 
significance in arboriculture because it is often more 
certain than the production of seedlings and it produces a 
more uniform and predictable plant which is important for 
ornamentals.

The references to mycorrhizal relationships of plants 
reminded me of my student days when the controversy 
over the merits of mycorrhiza and fertilisers in establishing 
trees on poor soils was still raging. We have come a good 
way since then but I wonder if our research effort in this 
field is commensurate with the very considerable benefits 
that a better understanding of the biology and ecology of 
mycorrhiza could bring.

Tree Establishment and Growth

The two papers on land reclamation hammered home an 
important message, namely the long-lasting and serious 
problems for tree establishment and growth resulting from 
compaction and the need to prepare the ground properly 
before planting. The right ground conditions, appropriate 
plants and good aftercare were recurring themes 
throughout the seminar and indeed are basic to arboricul­
ture and forestry.

The differences between engineers and arboriculturists 
in the soil treatments they consider appropriate reminded 
me of similar problems the Nature Conservancy Council 
had with water engineers. These were eventually resolved 
to a large extent by the preparation of guidelines accept­
able to both sides. The Arboricultural Association may 
wish to prepare similar guidelines in consultation with soil 
engineers.

One of several important points brought out in the 
paper on ‘Tree improvement by selection’ was the danger 
of characterising a species and even a variety on the much 
too narrow information base of limited seed samples. 
Another point was the possibility of developing predictive 
tests for tree performance at a very early stage to cut down 
the risk of expensive long term mistakes. The suggestion 
that disease-free clones of known performance of a range 
of species should be maintained as a central service is 
worth pursuing but who would bear the costs?

The development and use of tree shelters are a major 
aid to arboriculture and it was interesting to hear that they 
are also being tried on natural regeneration. I did a limited 
experiment on direct sowing of acorns in Monks Wood 
some years ago and the growth rates were spectacular. 
Direct sowing using Shelters could eliminate the expense 
and time of raising 1 +  1 oak seedlings only 20 cm high.

The papers on staking gave dramatic examples of a 
necessary technique carried to damaging extremes and
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also provide sound advice on how staking should be done. 
The harmful effects of weeds on tree growth particularly 
when establishing was frequently and rightly emphasised. 
However, the contradictory findings on the effects of 
nutrients on growth in the first year of establishment are a 
cause for concern. The findings may well reflect 
differences between sites and species but until they are 
reconciled and a more coherent view is obtained it will be 
difficult to provide consistent advice to the non-specialist.

Damage

The session dealt with damage caused to trees or damage 
caused by trees. Much has been learned about the 
treatment of wounds and cankers to minimise infection 
and the work on the relationship between trees and 
buildings is doing much to help tree planting and 
management near houses. As someone said -  the associa­
tion of trees with damage to houses gives arboriculture a 
bad name.

Epicormics have always been considered a bad thing in 
forestry but in many situations do they really matter? If 
you are growing veneer quality oak then yes they probably 
do matter; if they occur on trees in an amenity belt what is 
being lost? Should arboriculture always be governed by 
the requirements of timber production? In the course of 
our work it is salutory to ask ourselves from time to time 
the question ‘need or habit?’ Are we doing something 
because it is necessary or helpful or simply because we are 
in the habit of doing it?

Protection

Certainly some few species of insects can be a pest and we 
need to be on our guard but the great majority of insects 
are positively beneficial either as objects to admire, e.g. 
butterflies, or as important links in food webs. I would not 
like to think that the only tree for an arboriculturist is one 
free from all other forms of life.

Ash is visually dominant in some parts of Britain and its 
decline is a matter of great concern. We do need to 
understand better the associated factors so that we can seek 
to reverse the decline.

The authoritative paper on Honey fungus brought us 
up-to-date with the occurrence and treatment of what can 
be a very damaging pest.

Dutch Elm Disease

Knowledge of the beetle vector and the fungal pathogen 
have greatly increased although one vector, Scolytus laevis,

has only just been confirmed as occurring in Britain and 
another, S. pygmaeus, which occurs just across the Chan­
nel, may also occur here. I wonder what influence we 
could have had on the spread of the disease if the 
significance of brood trees had been known in the early 
days?

This presentation emphasised the point that came 
through in other sessions namely that practical advice and 
information depends on a knowledge of the biology and 
ecology of the species concerned which in turn depends on 
thorough, broad-based and often long term, research.

Wildlife Research for Conservation

Few wildlife problems seem to be specific to arboriculture 
and many of the solutions used in forestry are applicable. 
The paper concentrated on problems of damage preven­
tion but we must also emphasise the wildlife opportunities 
provided by trees. A vole may damage young trees but it is 
the food of owls, kestrels and foxes; grey squirrels may be a 
menace to tree growth but in urban situations they are a 
source of great pleasure to people; Tortrix caterpillars 
make holes in oak leaves (severe defoliation is not 
common) but they are a most important food for breeding 
birds. For whom and why do arboriculturists plant trees?

Conclusions

i. Progress
I believe the past 5 years have seen advances in arboricul­
tural research and practice. Good practice depends on 
knowledge; knowledge depends on learning, experience 
and research. The Department of the Environment, in 
conjunction with the Forestry Commission, have per­
formed a very useful public service in supporting research 
in arboriculture and all of us urge them to continue and 
indeed to extend this support.

ii. Research
Research in arboriculture is spread through Government 
Departments and Agencies, Universities and Polytech­
nics, Research Councils, Local Authorities and private 
organisations and individuals. This spread of work is a 
source of strength and initiative but it demands good 
communication. Communication to ensure that there is no 
wasteful duplication of effort or important gaps in 
research; and communication of results between research 
workers, with practitioners and with the general public. 
Meetings such as this help both aspects of communication. 
Department of the Environment provide a valuable
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service in helping both to plan research and to communi­
cate its results but all of us can help with communication.

iii. Why plant trees?
What ends does arboriculture serve? I have the impression 
that the thinking on objectives has not developed as far or 
as quickly as arboricultural practice. If arboriculture is to 
be recognised as a profession in its own right then it has to 
have an identity related to, but distinct from, forestry and 
horticulture. There is more to arboriculture than growing 
trees faster and straighter and without a hole in a leaf or a 
snag on a stem. The hole in the leaf is the price of a 
butterfly; and snag is the price of a woodpecker. If I 
emphasise the nature conservation aspects of arboriculture 
it is because I believe this to be important and neglected 
with loss to both the general public and the arboriculturist. 
We have had, and continue to have, through the huge 
amount of planting in and around towns, a marvellous 
opportunity to bring a variety of pleasures and interests to 
many millions of people. I am not convinced that we are 
making the most of this opportunity. We shall only do so if 
we remember that a tree is also a habitat and patterns of 
planting and the species used should reflect the many 
properties of trees.

iv. The wider countryside
It is not only in and around towns that the arboriculturist 
will have the opportunity to develop and use his skills. 
Changes in agriculture both locally induced and through 
the mechanisms of the Common Agricultural Policy will, I 
believe, lead to a big increase in tree planting in the 
countryside. W hether this is called arboriculture or 
forestry there will be a big increase in requests for advice, 
help, plants and materials. The advice given and the work 
done over the coming years will determine the character 
and content of the countryside for decades to come.

Finally, may I thank you for inviting me to bring this 
most interesting and successful seminar to a conclusion 
and my good wishes for the future go to arboriculture and 
all who practise it.
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