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INTRODUCTION

This is an account of research work undertaken or 
supported by the Forestry Commission during the 
first fifty years of its life.

G. B. Ryle, in his Forest Service (Ryle, 1969), 
gives much interesting information about the 
establishment of the Commission and its early 
problems and achievements. Such general matter 
will only be mentioned briefly here, and only so far 
as is pertinent to research.

Before the establishment of the Forestry Com­
mission by the Forestry Act of 1919, several Gov­
ernment bodies had an interest in forestry. The 
Agricultural Departments for England and Wales, 
Scotland and Ireland handled forestry as a part of 
the rural economy, encouraged forest education, 
published some technical matter, and did a certain 
amount of demonstration and development work. 
They employed a few professionally trained officers, 
most of whom at one time or another played a part 
in forest education. The Office of Woods looked 
after the old Crown forests, and early in this century 
began to employ professionally trained staff. The 
first of these was Roy Lister Robinson; later Sec­
retary to the Acland Committee (on whose report 
the Act of 1919 was based); Technical Commissioner 
from 1920 to 1932; and Chairman from then on­
wards till his death in 1952. W. H. Guillebaud, the 
leader of research in the Commission from the early 
nineteen-twenties till just after the second war, also 
served with the Office of Woods, as did several other 
“founding members” of the Commission’s staff. 
The immediate technical importance of this con­
tinuity was that the Crown Commissioners had 
advanced from mere maintenance of the old wood­
lands, and had in fact begun upland afforestation, 
and both Robinson and Guillebaud had experience 
of the pioneer efforts at Inverliever Forest in Argyll, 
and Hafod Fawr in Merioneth (now part of Bedd­
gelert Forest).

In dealing with the research work carried out by 
or supported by the Commission some mention 
should be made of what had been done before. The 
year 1919 marks the beginning of organised forest 
research in Great Britain, and before this there was 
no concentrated effort and no continuity.

James Macdonald (1954), contributing to the 
centenary of the Royal Scottish Forestry Society, 
gave a fascinating account of forestry research in 
Scotland from 1854 to 1953. He cast his net wide as 
regards subject, classifying the work under such 
heads as history, climatic factors (including a sur­
prising intervention by Robert Louis Stevenson!); 
ecology and soils; forest botany; growth and yield; 
management; entomology and pathology; utilis­

ation; and silviculture. For the pre-Commission part 
of the hundred years he was only able to find 
seventeen published items that he could call forest 
research, but his paper is admirable for. its historic 
sweep. No attempt will be made to summarise it; 
James Macdonald hated and would not read sum­
maries! Had he been writing about Britain as a 
whole he would undoubtedly have included an equal 
number of items from the other countries. Two 
obvious ones are the forest gardens planted in 
England, Ireland and Wales in the late nineteenth 
and early twentieth century by various authorities 
as trials of species and forestry demonstrations 
(Macdonald, 1931), and Augustine Henry’s pioneer 
work at Kew on the hybridisation of forest trees for 
enhanced vigour (Henry, 1912). But James Mac­
donald’s comment that items of forest research were 
“isolated incidents” is true for the country as a 
whole. It is in fact hardly realistic to separate the 
forest research element from the general legacy of 
the past; from the plant and soil sciences, arbori­
culture and pioneer forestry, and from the European 
professional tradition.

Several of the Commission’s publications which 
deal with research topics contain historical matter, 
and some of these reviews are quite detailed. The 
volume already written is considerable, and it is 
obvious that any comprehensive treatment would 
be unreadably long. In selecting and summarising, 
the most useful line is to bring out the main streams, 
and to give as much attention as possible to con­
temporary thinking and research approach. But this 
certainly results in a cavalier dismissal of a great 
deal of valuable work.

There is also the difficulty of deciding what is 
research and what is not. The subject matter of this 
work is organised research, but it is not intended to 
give the impression that “Research” has been 
responsible for all technical advances. Such is very 
far from the case. The Commission as a whole has 
been very much a pioneering body from the outset, 
and it is only necessary to scan the pre-war numbers 
of the Journal o f  the Forestry Commission to get a 
vivid impression of the lively flow of ideas and of the 
active role of the “field practitioner” in the general 
advance of knowledge and methods.

Taking the fifty-year period as a whole, it would 
be difficult to find subjects in which Research has 
not been engaged at all, but there are several im­
portant fields in which most of the progress has been 
due to field officers. A good example is the method­
ology of fire protection and suppression. Likewise, 
pre-war developments in ploughing owed much to 
the field.
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2 FIFTY YEARS OF F O R E STR Y RESEARC H

Arrangement of the Contents
It has been convenient to divide the work into two 
main parts: Part I dealing with research up to the 
end of the 1939-45 war (for brevity, war in this 
context is the Second World War); and Part II with 
the greatly expanded activities from the end of the 
war till 1970. In each Part matters of organisation 
and development are treated as far as possible 
separately from the accounts of the actual research 
work. Any such division in time is of course some­
what artificial, and will not be adhered to strictly; 
certain chapters will look forward or back as ap­
pears necessary. But the two periods are sufficiently 
distinct to warrant separate treatment.

Sources and Acknowledgements
A number of the most important sources from the 
historical point of view are cited in the text, and 
together with other appropriate references are given 
in subject bibliographies at the end of each chapter. 
The Forestry Commission has exercised its right to 
publish (one of its original terms of reference) from 
the beginning. Two series were started in 1920; 
Bulletins and Leaflets. The Bulletins were designed 
to be the main carriers for the broader research 
investigations, and they still fulfil this role. The 
Leaflets contain technical information on narrower 
topics, which may or may not emanate from research. 
Other series have been added since the war, the most 
important in this context being the published annual 
Report on forest research. Before the war there 
were no published progress reports on research. The 
Research Officers rendered typescript reports to the 
Chief Research Officer, who prepared summarised 
versions of these, which exist in mimeographed form 
for most years in the period. From 1930 onwards 
the progress reports prepared specifically for the 
Research Advisory Committee provide a very useful 
series.

The Journal o f the Forestry Commission (printed 
for internal circulation 1922-1969) provided the 
main source of information for field staff on research 
progress; notes on research and reports on research 
conferences were a regular feature of the Journal 
up to the time of the first publication of the Report

on forest research. Papers on research topics were 
published in the journals of the Royal Scottish 
Forestry Society, the Royal Forestry Society of 
England and Wales, and especially in Forestry, the 
journal of the Society of Foresters, which was 
founded in 1926, as the “learned society” of the 
forestry profession. One of the most striking develop­
ments in publication since the war is the increase in 
the number of papers to be found in scientific 
journals other than those devoted to forestry.

For matters o f policy and organisation the 
Commission’s own files have been consulted, and 
grateful acknowledgement is made to the Forestry 
Commissioners for this courtesy. Of special value 
have been all reports and reviews prepared for 
various purposes by Mr W. H. Guillebaud, the Com­
mission’s First Research Officer, who was first ap­
pointed in 1919, and retired as Deputy Director 
General at the Forestry Commission in 1953. His 
death in 1973, just before this bulletin appears, is 
recorded with regret. Part I of this publication is very 
largely based on his writings.

I am very grateful to many erstwhile colleagues for 
amendments of fact and suggestions for improve­
ments in the text, and am particularly indebted to 
O. N. Blatchford and S. H. Sharpley for their help 
in collation and in searching for source material, 
and to Mrs V. O. C. Lampard for coping efficiently 
with a much amended typescipt. Mrs R. Mathias 
prepared the index.
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Chapter 1

POLICY AND ORGANISATION

General Policy
The Forestry Act of 1919, which established the 
Forestry Commission, empowered the Commis­
sioners to “make, or aid in making, such enquiries, 
experiments and research, and collect or aid in 
collecting such information as they may think 
important for the purpose of promoting forestry, 
and the teaching of forestry, and to publish or 
otherwise take steps to make known the results of 
such enquiries, experiments or research, and to 
disseminate such information” .

The Machinery of Government Committee 
(“Haldane Report” , 1918) had published its remark­
ably prescient report in 1918. Amongst many other 
topics, the Haldane Committee considered the ar­
rangements for conducting research of direct con­
cern to Government Departments, and advocated 
the arrangement often referred to as the “Haldane 
Principle” , under which Government sponsored 
research is carried out under the general control of 
the state-financed, but autonomous, bodies known 
as Research Councils. At this time there was only 
one such body, the Department of Scientific and 
Industrial Research (DSIR), established in 1915 
(strictly speaking a Department rather than a 
Council, but acting in most respects as such). The 
Haldane Report forecast that the growth of scientific 
research would necessitate the setting up of other 
Research Councils in appropriate fields, and this 
has in fact come to pass.

The Commission’s early research policy was 
governed by the Cabinet Committee set up in 1919 
to consider the co-ordination of research undertaken 
by Government Departments. The Agricultural sub­
committee of the main Committee recommended in 
1920:

(i) that a research institution under the Forestry 
Commission be set up to deal with the 
problems of the “growing crop” ;

(ii) that for research on other subjects in con­
nection with forestry problems, and for 
fundamental research other than that directed 
to immediate economic benefits, the Com­
mission should first refer to the “appropriate 
authority” for the particular subject; and

(iii) that a Forest Products Research Board should 
be set up for research into the utilisation of 
timber and other forest products.

These recommendations were very much in line with 
the advice tendered by the First British Empire 
Forestry Conference (1921), which met in 1920, and 
this Conference has been influential in matters of 
forest policy on several other occasions.

Whilst it was not possible at this time, because of 
shortage of money, to set up an “institute”, the 
Commission proceeded immediately to organise its 
own research branch; it had in fact taken the first 
steps in 1919 by the appointments of Research 
Officers for England and Wales (R. E. Marsden) and 
Scotland (Dr. H. M. Steven). The second recom­
mendation provided a guiding principle, though 
this proved difficult to implement in the absence of a 
Research Council having forest science amongst 
its specific terms of reference. The third recom­
mendation led to the establishment of the Forest 
Products Research Laboratory under the aegis of 
the Department of Industrial and Scientific Research; 
the laboratory at Princes Risborough, Buckingham­
shire, being opened in 1927.

In certain countries (usually those with large 
forest resources) forest products research is under­
taken by the forest authority. The primary role of 
the new Forest Products Research Laboratory was 
service to the colonial Empire, and hence it was 
logical that it should not fall under the Forestry 
Commission. However, the Laboratory included 
home produced timbers in its programmes from the 
outset, and close liaison was maintained with the 
Commission. After the war, when the production 
from British forests began to rise rapidly, special 
arrangements were made with the Laboratory for 
collaborative research in which the forester’s 
questions (such as how silvicultural practices affect 
timber quality) received special attention.

Domestic Policy
In Guillebaud’s words “ the function of the Research 
Branch was primarily to act as the handmaiden of 
the executive. It was to carry out experiments 
designed to improve techniques in all branches of 
practical forestry work, to study the factors of 
production, and to hold a watching brief for new 
diseases and pests as well as discovering methods 
of controlling existing disorders.” Direct service, 
with all that implies in consultation and laison, was 
without doubt the essence of the Branch from the 
beginning. The value of field experimentation is now 
taken very much for granted, but when the Com­
mission embarked on its programme the approach 
was new, and the techniques under active develop­
ment; the reliance of the Commission on experi­
ments was a special feature distinguishing its work 
from that of many other forest research organisa­
tions.

The decision, taken at the outset, that the embryo 
Research Branch should answer to the Commission
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6 FIFTY YEARS OF F O R E STR Y RESEARC H

(instead of being territorially devolved) was also an 
important one.

Fundamental Research
This proved a difficult field for the Commission 
before the second war. Under the 1919 Forestry Act 
the Commission had authority to support such 
research financially, where it appeared likely to 
yield direct benefits to forestry. Funds were never 
abundant, but as great a difficulty was to find 
qualified people sufficiently interested, and stationed 
at institutions suited to the work. Some problems by 
good fortune could be referred to workers already 
in the field. For instance, voles (a periodic pest in 
forestry) were already of interest to Mr C. Elton 
(later Lord Elton) at the Bureau of Animal Popu­
lation (Oxford University) in Oxford, and grants 
were made to him over a period of years by the 
Forestry Commission. D r M. C. Rayner at Bedford 
College had already a name in the study of mycor- 
rhizal relations, and the Commission’s grant to her 
to work on this aspect of the nutrition of forest 
trees opened a long research story, the later develop­
ments of which moved far from the original subject 
matter. The Commission did not have great success 
in obtaining DSIR support for fundamental research 
on forestry subjects.

Between the wars, the University forestry faculties 
maintained very small staffs, and this restricted the 
amount of research they could undertake, though 
valuable work was done, especially at Aberdeen. 
Oxford, however, where the staff of the Imperial 
Forestry Institute was integrated with the Depart­
ment of Forestry, had more scope for research than 
the other Universities. Early difficulties over the 
arrangements for fundamental research led to a 
review of policy by the Research Co-ordination 
Sub-Committee of the Committee of Civil Research 
in 1929. Their report recommended the appointment 
of an Advisory Committee on Forest Research, and 
the provision of sufficient funds for the Commission 
to finance fundamental research within their sphere 
of interest. The Advisory Committee was duly 
appointed in January 1930, but the recommended 
increase in funds did not eventuate.

In 1931 the Agricultural Research Council (ARC) 
was established, and in the division of responsibilities 
between the new Council and DSIR, it appeared 
that ARC had become the proper authority for 
research within the basic sciences common to both 
agriculture and forestry. This view was followed up; 
in 1937 the Advisory Committee on Forest Research 
drew up a list of the many borderline subjects of 
research, which was submitted to the Agricultural 
Research Council, who decided to set up a joint 
sub-committee to study the proposed subject matter, 
and if necessary, to recommend arrangements for

financing it. As it happened, the crises of 1939 
intervened and the sub-committee did not meet.

It is historically interesting that basic forest science 
should have been close to finding itself a Research 
Council sponsor so many years ago, since it was not 
till the establishment of the Natural Environment 
Research Council in 1965 that “long-term forest 
research” was specifically assigned to a Research 
Council. The scope and facilities of the various 
research institutions under the aegis of ARC would 
have made it technically easy for that body to 
embrace many subjects basic to forest research, and 
it may be thought that this solution would have been 
efficient and economical. As it happened, direct 
assistance by ARC to forest research was restricted 
to the important subjects of forest soils and tree 
nutrition, and this was arranged by grants rather 
than by ARC adoption of the subject matter into 
its own programmes.

Advisory Committee on Forest Research
This committee, first set up (as noted above) in 1930, 
has had an important influence on the direction and 
content of Forestry Commission research over the 
whole of the period under review. Its membership 
was:

Lord Robinson of Kielder Forest
From To

and of Adelaide (Chairman) 
D r E. J. Butler, C.I.E., D.Sc.,

1930 1952

M.B., F.R.S. 1930 1935
Sir Arthur Hill, K.C.M.G., F.R.S. 1930 1943
D r A. F. Joseph, D.Sc., F.I.C.
Sir Guy Marshall, C.M.G., D.Sc.,

1930 1932

F.R.S. 1930 1945

Sir Ralph Pearson, C.I.E., F.L.S. 1930 1933
Prof. R. S. Troup, C.I.E., F.R.S. 
Prof. Sir William Wright-Smith,

1930 1935

M.A., F.R.S.E., F.L.S. 1930 1957
G. V. Jacks, M.A., B.Sc. 1932 1963
Prof. J. H. Priestley, D.S.O. 1933 1944

W. A. Robertson, F.R.G.S. 1933 1945
Prof. F. T. Brooks, M.A., F.R.S. 1935 1952
J. N. Oliphant, M.B.E. 1935 1939
Prof. Sir Harry Champion, C.I.E. 
Sir Edward Salisbury, C.B.E.,

1941 1959

D.Sc., F.R.S. 1943 1960

D r F. Y. Henderson, D.Sc., D.I.C. 
D r S. A. Neave, C.M.G., O.B.E.,

1945 1960

D.Sc. 1945 —

D r W. J. Hall, C.M.G., M.C., D.Sc. 
Prof. H. M. Steven, C.B.E.,

1946 1960

Ph.D., F.R.S.E. 1945 1963
Prof. John Walton, D.Sc., F.R.S.E. 1950 1958
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From To
Sir William Ogg, M.A., B.Sc(Agr.),

Ph.D. 1952 1960
D r J. W. Gregor, C.B.E., Ph.D.,

D.Sc., F.L.S. 1952 1963
The Earl of Radnor, K.C.V.O.

(Chairman) 1957 1963
Prof. W. H. Pearsall, F.R.S. 1957 1963
Sir Frederick Bawden, M.A., F.R.S.

{Chairman from 1966 to 1972) 1960 Date

Prof. F. W. Rogers Brambell, F.R.S. 1960 1963
Prof. R. Brown, F.R.S. 1960 1963
D r D. J. Finney, F.R.S. 1960 1963
Prof. E. C. Mobbs, O.B.E., M.A.,

B.Sc. 1960 1967
Prof. R. D. Preston, D.Sc., Ph.D.,

F.R.S. 1960 1963

D r A. B. Stewart, M.A., B.Sc.,
Ph.D. 1960 1967

D r A. C. Copisarow 1961 1963
J. Bryan 1963 1965
The Earl of Waldegrave, T.D.,

D.L. (Chairman) 1964 1965
Prof. M. V. Laurie, C.B.E. 1964 1968

A. R. Wannop 1964 1967
Prof. P. F. Wareing, D.Sc., Ph.D.,

F.R.S. 1964 Date
D r W. P. K. Findlay, D.Sc. 1967 1971
Prof. W. J. Thomas, M.Sc.,

M.A.(Econ.) 1967 Date
J. F. Levy, B.Sc., A.R.C.S. 1968 Date

Prof. J. D. Matthews, B.Sc. 1968 Date
D r N. W. Simmonds, Sc.D.,

A.I.C.T.A., F.R.S.E., F.I.Biol. 1968 Date
D r R. L. Mitchell, B.Sc., Ph.D.,

F.R.I.C., F.R.S.E. 1969 Date

The first Chairman, Roy Lister Robinson (later Sir 
Roy; later Lord Robinson of Kielder Forest and of 
Adelaide), was Technical Commissioner and later 
Chairman of the Forestry Commission. This was an 
unusual arrangement, for it put him, so to speak, in 
the position of advising himself. But in practice it 
had certain advantages for he could direct the 
discussions to what he, as the Commission’s chief 
professional forester, knew to be the most urgent 
problems; also he received the full force of argument. 
In 1966 the chair passed to an independent member 
of the Committee.

The composition of the Committee varied 
naturally in time, but retained much the same 
pattern. The important connections with the 
Imperial Forestry Institute, Oxford; Kew; Rotham-

sted; the Macaulay Institute and the Forest Products 
Research Laboratory were strengthened by represen­
tation on the Committee, and usually by the heads 
of these establishments. It was also usual to have a 
Professor of one of the other faculties of forestry; 
efforts were always made to have entomologists and 
mycologists of distinction, and more recently physi­
ology has been represented.

The proceedings of the Research Advisory Com­
mittee had a number of regular features. A progress 
report on research prepared by Guillebaud was 
presented annually for discussion, together with 
proposals for new work. It was the custom to discuss 
wholly new projects with the members more inter­
ested. Proposals for new research grants were put to 
the Committee and advice was often sought about 
the profitability of continuing particular lines of 
grant aided work. In the early days, panels of two 
or three committee members were often asked to 
vet specialised publications arising out of grant- 
aided work. One of the most important roles of the 
Committee was to keep the Commission in touch 
with scientific developments in allied fields with 
bearing on forestry problems, and in several cases 
the initiative towards new approaches in research 
was provided by the Committee; for instance, the 
Research Advisory Committee was very much con­
cerned in the early post war developments in nursery 
nutrition, forest genetics, and forest soils research. 
An important development in the Committee itself 
was the setting up of formal sub-committees to study 
particular lines of work; the first of these, the sub­
committee on Nursery Nutrition chaired by Prof. 
Brooks, was established in 1944.

The Committee was very much concerned in the 
research aspects of the Commissioners’ Command 
Paper Post war forest policy (Forestry Commission, 
1943) which led to the Forestry Act of 1945. The 
share of the Committee in influencing the organis­
ation of research, or developments in particular fields 
of research, will be mentioned in Part II under the 
appropriate topic.

Organisation
For the whole of the period between the wars the 
Research Branch had a simple structure and a small 
professional staff. An officer at London headquarters, 
formally styled Chief Research Officer from 1926 
onwards, answered directly to R. L. Robinson (in his 
role as Technical Commissioner initially, later as 
Chairman). And except for the period 1923-26, when 
the headquarters post was held by Prof. A. W. 
Borthwick, W. H. Guillebaud held this central posi­
tion. Borthwick covered education and publication 
in addition to research, but subsequently the two 
former subjects were taken over by Fraser Story.

Under the Chief Research Officer two Research
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Officers covered respectively England-and-Wales, and 
Scotland, and they were responsible to the CRO 
for the planning and execution of all nursery and 
plantation experimental work. One subject specialis­
ation quickly developed, and from 1922 onwards 
responsibility for the numerous sample plots laid 
down by the Commission in their own and in private 
plantations was separated from general research, and 
given to a “ Sample Plots Officer” . This separation, 
which was primarily functional, was necessary in 
view of the weight of work and the importance of 
building up statistics quickly on the yield to be 
expected from forestry in this country. It also 
stimulated the development of mensurational tech­
niques, thinning studies, and the compilation of 
forest yield statistics as an aid to management. The 
separation may, however, have had some drawbacks, 
in that it tended to restrict silvicultural studies to 
immature crops.

Till 1928, the Commission retained a consulting 
Entomologist (Dr J. W. Munro) and a Mycologist 
(Dr Malcolm Wilson). The system of employing 
specialists in protection was then dropped in favour 
of an arrangement with the Imperial Forestry 
Institute under which the Commission paid grants to 
the Institute for the services of assistant specialists 
working to the Institute’s senior Mycologist and 
Entomologist. This arrangement lasted till the 
establishment of the Commission’s Research Station 
at Alice Holt in 1946.

The principal research appointments for the pre­
war period are given below.

It is certain that the mention of individuals of the 
pre-war team in connection with particular items of 
work will do very much less than justice to their 
contributions to research and to British forestry 
generally. In the relatively small pre-war organis­
ation, which was increasing its knowledge and 
developing its methods rapidly over a wide field of

activity, the leading figures in Research exercised a 
greater influence than has been the case since the 
war. Guillebaud’s position at the centre of affairs 
demanded (and received) a breadth of knowledge 
and an ability to think constructively over a wider 
range of subject matter than is now required in an 
age of specialisation. The Research Officers shared 
this breadth of outlook; none was a narrow experi­
mentalist. Several of course made notable contri­
butions to forestry outside Ihe forest authority; 
A. W. Borthwick and H. M. Steven in turn held the 
Chair of Forestry at Aberdeen University, and Mark 
Anderson that of Edinburgh.

The Research Officers of the pre-war period were 
all forestry graduates employed in the same “depart­
mental grades” as the field officers; these grades 
became parallel to those of Professional Classes of 
the Works Group of Civil Servants. It was not till 
after the war that certain research specialists were 
appointed to the Science Group.

For the first few years, Research Officers had no 
field assistants, but superintended all experimental 
work directly. In 1922 the first field assistant was 
appointed, and from the mid-nineteen-twenties on­
wards a succession of such appointments were made 
to the principal centres of experiment. These men 
were nearly all trained in the Commission’s own 
Schools, and were graded on the same lines as the 
Commission’s general corps of foresters; i.e. in the 
early years of their service they held the old “ indus­
trial” ranks of Ganger and Foreman before becoming 
full Foresters. It was usual for Research Foresters 
to join Research on leaving their forest school, and 
most served the Branch for the whole of their careers. 
Such appointments being relatively few between the 
wars, Research foresters were picked men, and forest 
research owes much to this small group, who became 
masters in the practice of field experimentation.

The contributions of the Research foresters did

Date
appointed

1919

1920

1922
1923

1926

1928
1930
1932

1936
1939

Research S ta ff 1919-1940, including Officers in charge o f  Sample Plots 

Headquarters England Scotland

W. H. Guillebaud 
(co-ordination)

A. W. Borthwick 
(Chief Technical Assistant)

A. W. Borthwick 
(Res., Education & 

Publications)
W. H. Guillebaud 

(Chief Research Officer)

R. E. Marsden

W. H. Guillebaud 
H. M. Steven

M. L. Anderson 
J. Macdonald

R. G. Sanzen-Baker

H. M. Steven 
(and Sample Plots) 

M. L. Anderson 
(Sample Plots only)

M. L. Anderson

(Direct charge of C.R.O.) 
M. L. Anderson 
J. Macdonald 

J. A. B. Macdonald

Sample Plots 
(Whole country)

M. L. Anderson 
J. Macdonald

J. A. B. Macdonald 
A. M. Mackenzie 
(then Foreman)

W. R. Thomson 
(then Foreman)
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not stop at the execution, assessment, and main­
tenance of experiments. They shared to the full in 
the exchange of ideas, and did valuable liaison and 
advisory work with their colleagues in the field. This 
pattern of working with the key position of the 
Research forester has been one of the most important 
features of the Research organisation, and has been 
much admired by other forest research authorities.

Finance
In the period between the wars, the Commission’s 
annual total expenditure on research rose from 
£6,900 (averaged over first five years) to £18,000 
(averaged over last five years). This includes grants in 
aid of research at outside institutions, which rose 
from £600 to over £3,000 per annum over the same 
period. Research expenditure represented something 
less than 2 per cent of the Commission’s total ex­
penditure over this period.

These figures appear very small in the light of 
current research expenditure (the total figure for 
1969 was £873,094), but this should be multiplied by 
a factor of approximately 4 ‘5 to compare with cur­
rent money values.

Commenting on the rise in the figure for grants in 
aid of external research, Guillebaud considered this 
marked “the passing of the first phase of intensive 
experiments and the opening of a new phase involv­
ing more specialised knowledge and the use of 
laboratory methods. . . .” In retrospect, he appears 
to have been previous in this estimate, for the field 
experimental programme continued to grow after 
the war in relation to other forms of research.
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Chapter 2

PROBLEMS AND APPROACH

Problems Confronting the Commission
The Act of 1919 established a new national forest 
authority, but its principal task, afforestation, was 
new partly because of its scale. Although the Com­
mission’s plantations embraced many old wood­
land areas and other sites which were within existing 
experience, it was necessary to push out from the 
normal limits of estate planting onto the poorer 
upland grazings, heathlands and moorlands, beyond 
the economic range of farming.

In 1921 the problems confronting the Commission 
were grouped under four major heads:—(i) estab­
lishment of plantations—the term being used in the 
widest sense to include nursery work, planting 
methods, species, provenance, etc., (ii) improve­
ment of production—thinning, pruning, etc., (iii) 
protection, and (iv) the peat soils—considered a 
separate entity requiring special attention. It was on 
the first two heads that the Commission’s own 
research staff were expected to concentrate, though 
the peats were soon taken into the general establish­
ment enquiries.

No detailed scan of the problems confronting the 
first experimenters will be attempted, but a few 
general points will be made. Forest nurseries were 
not new; there has been a nursery trade specialising 
in forest trees for 200 years at least. But nursery 
problems grow with the scale of operations and 
especially with the intensity of working; the need to 
produce very large quantities of plants quickly, 
reliably, and cheaply, encouraged numerous lines of 
enquiry, especially in seedbed technique. Problems 
concerned with fertility and weed control showed 
themselves more clearly later on, after long periods 
of intensive cultivation.

Leaving aside for the moment choice of species 
and provenance, establishment problems in the forest 
were of two different orders. Firstly, there were the 
quite general questions about planting technique, age 
and type of stock, method of planting, and season of 
planting etc. Much was known about these subjects, 
but they had to be re-examined for large-scale 
operations, always with the aim of keeping the costs 
o f establishment as low as possible. Secondly, there 
were the cultural questions, not critical for the easy 
sites, but completely dominating all other enquiries 
at the difficult end of the range; on heaths and 
moorlands, and especially on the deeper peats.

Early cultural methods in British forestry have 
been described by several authors; James Brown’s 
Forester (Brown, 1847) is a particularly useful source.

Drainage systems of one sort or another are 
nearly as old as planting. There are many old

references to cultivation (even including agricultural 
pre-cropping) and ploughing was quite a common 
practice in the past. But there was little successful 
experience on the more difficult heathlands and moor­
lands, and hence the great value of such bold 
ventures as those of Sir John Stirling Maxwell, at 
Corrour, Inverness-shire, where Sitka spruce had been 
planted on elevated peatlands before the first war, 
and a form of turf planting on the Belgian model 
had been introduced as early as 1907 (Stirling 
Maxwell, 1929).

Little or nothing was known about manuring as 
aid to establishment and early growth, though some 
trials with slag had started at Corrour before the 
Commission’s time.

All the species which have subsequently been 
planted in Great Britain on a forest scale were in 
cultivation in 1919, nor can the Commission take the 
credit for the first plantation of any one of them. 
However, some (notably Japanese larch and Lodge­
pole pine) had been but little planted, and the 
knowledge of the relative performances of species 
for a wide range of testing environments was most 
imperfect. Something was known about variation 
due to origin of seed (provenance), certainly enough 
to expect it and to admit the problem.

It is of interest that in 1921 “ improvement of 
timber production” seemed most closely associated 
with such treatments as thinning and pruning. 
Certainly so far as the quantitative aspect of pro­
duction is concerned, the view has now widened, and 
it is thought of in terms of all site ameliorations from 
the establishment phase to the pole stage crop.

The general attitude to forest protection was one 
of watchfulness, especially towards the new conifers 
in extensive pure plantations. There was an aware­
ness of troubles on the Continent associated in some 
schools of thought with monoculture, but the Com­
mission had from the outset a pragmatic approach 
to such questions.

One important generalisation can be made about 
all pre-war research work on afforestation: the 
objective was to find the cheapest effective method 
of establishing a healthy crop, and not (in modern 
terminology) to “maximise the profitability of the 
undertaking” . The distinction arises from the broad 
differences in policy; pre-war policy emphasised the 
strategic advantages of forestry, whilst post-war 
policy has placed more weight on the economic 
aspects. Because of this, pre-war experimentation 
concentrated on the difficult marginal sites, as a 
means of bringing large areas of cheap ground into 
forestry, and not much attention was given to lines

10
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of work which might be expected to increase the 
profitability of easier sites. Perhaps also the atmos­
phere was unfriendly to “ impractical” treatments or 
levels of such treatments as a means of advancing 
knowledge, and it is fortunate that the early experi­
menters went well “beyond the limits” on occasions.

Research Methods
The development of research methods and experi­
mental techniques is a subject in itself, and cannot be 
dealt with adequately here. Forest research in any 
particular theme usually starts with observations on 
what has been done before, and may proceed to 
ecological studies, formal experimentation or both. 
Commission research in the early pre-war period 
was somewhat exceptional in its emphasis on formal 
experimentation. Of course all pioneering efforts in 
afforestation were experiments in the primary mean­
ing of the word given in the Oxford Dictionary as 
“a test, trial, or procedure adopted on the chance of 
its succeeding” , and many early experiments were of 
this nature. The approach is perhaps apt to be under­
valued, but historically at least has played a useful 
role in raising questions for formal experimentation 
in the modern sense, that is experiments designed to 
prove (or more correctly disprove) a specific hypo­
thesis.

The Forestry Commission was fortunate that in 
the early nineteen-twenties R. A. Fisher and his co- 
workers at Rothamsted were leading in the develop­
ment of field plot experimentation and the associated 
statistical theory. It was to the credit of Robinson, 
Guillebaud, and especially Steven, that the import­
ance of these developments was appreciated, and that 
the new experimental methods were applied in forest 
research at a very early date. Nursery experiment­
ation provided the first (and most suitable) field for 
these methods developed for agricultural research, 
and Steven’s Nursery investigations Bulletin No. 11 
(Steven, 1928) is a landmark in the history of forest 
research methods.

For most nursery experiments, the plot size can be 
quite small, the square yard being a common unit; 
hence there are no particular difficulties in applying 
the principles of randomness and replication. The 
forest scale is different, and plot sizes (especially for 
long-term experiments) have to be much larger. 
Site variation is usually greater than on cultivated 
land. This may be apparent in the vegetation, or it 
may be masked by superficial uniformity brought 
about by fire or grazing. Difficulties in design and 
layout because of site variability are of course 
accentuated as the experimental treatments increase 
in number.

In some early experiments, simple unreplicated

comparisons were used where the environment was 
apparently uniform, and the differences due to 
treatment were expected to be large, as for instance 
in species trials on very testing sites.* But otherwise 
replication was pretty general. Many small plot ex­
periments were laid out with systematic designs, the 
object being to get “good” comparisons, rather than 
valid estimates of error. These gave way to more 
advanced designs with randomisation of treatments; 
James Macdonald (1933), writing in 1932 on experi­
mental methods in use in Britain, commented that by 
this time 98 experiments had been laid down in 
random block designs and 31 in latin squares.

A very high proportion of the experimental work 
between the wars was concentrated on type forest 
sites. This was convenient experimentally, and indeed 
almost essential with limited research staff. It also 
had the benefit of building up evidence on particular 
themes step by step, the previous work (and any finer 
points not easily discernible from the records) being 
available to the experimenter in a few hours study. 
These concentrations of experiments also gave some 
of the advantages of factorial designs (not then 
available) since treatments might appear in different 
combinations over the years. The analysis of experi­
mental data was usually restricted to calculating 
standard errors of means: analysis of variance was 
not undertaken till after the war.

Many technicalities are involved in the conduct of 
experiment apart from design; assessments (criteria, 
sampling methods, units, intervals, etc.); experi­
mental records of all types; labelling systems, etc. 
etc. In these matters developments owed less to 
influences outside forestry. Conventions were 
established relatively quickly. Some were published; 
Steven’s Nursery investigations (Steven, 1928) and 
James Macdonald’s Growth and yield o f  conifers in 
Great Britain (Macdonald, 1928) (Forestry Commis­
sion Bulletins 11 and 10 respectively) contain matter 
on nursery experimental and sample plot procedure. 
Much however was not published between the wars, 
but remained in domestic codes. It is worth noting 
that the “shape” of the forest experimental file 
(identified by the name of the forest and the number 
of the experiment in chronological order of estab­
lishment) had been established by 1927; it has in fact 
altered little since then.

Working Arrangements
In a small organisation, such as the Commission’s 
for its first few decades, communication is relatively 
easy; everyone knows everyone else. But very great 
care was taken over communication nevertheless. 
Awareness of problems was very much Robinson’s 
business, and he initiated many of the lines of enquiry

* The late Dr E. M. Crowther remarked that one did not need replications to show that bananas would not grow 
in Yorkshire.
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himself. The Chief Research Officer held formal 
consultations with Divisional Officers every two 
years or so to discuss experimental work and hear 
about local problems. Research, or some particular 
aspect of it, was a common item on the agenda of the 
Divisional Conferences.

Without field assistants, Research Officers had to 
superintend all experimental detail themselves. 
Some very early experiments (such as those on type 
of stock and season of planting) were carried out by 
the “Divisions” (the territorial units equivalent to 
the modern Conservancies), to plans supplied by 
Research. At this time it is not surprising that the 
method often failed—in Guillebaud’s words “practi­
cally all the early experiments carried out by local 
staff in the Divisions have had to be written off as 
useless”—foresters were simply too thin on the 
ground and too busy to give adequate attention to 
experimental work. The experience lead to the 
recruitment of Research Foresters, and hence­
forward Research efforts were concentrated mainly 
on the “official” experiment, planned, laid out, and 
assessed by the Research Branch, the co-operation 
of the field staff usually being confined to the supply 
of sites and labour.

Practically all the experimental work carried out 
by the Research Branch between the wars was 
applied research; “mission oriented” as against 
“ speculative” , though perhaps some work on the 
less common species might fall in the latter category. 
Where promising results had been attained in experi­
ments, the ideal scheme of progress required that 
the results should be made known and that they 
should be tried out on a greater scale or a wider 
range of conditions. This was usually effected by 
headquarters circulars drawing attention to the 
research indications, and calling for field trials of 
the new method. The results of these gathered 
together were often printed in the Journal o f the 
Forestry Commission, and if of sufficient importance, 
a change in method might be made a matter of 
headquarters instruction.

In practice, the progress from experimental result 
to general adoption did not usually follow this simple 
path. Simple single-step improvements might be 
adopted almost at once on the first intimation of 
experimental results; Guillebaud mentions the intro­
duction of stratification of Douglas fir seed as an 
example. Relatively few research results can how­
ever be translated into straightforward “do this, or 
don’t do that” ; most of them raise secondary 
questions of applicability, some are inter-related 
with other parts of the system, and some again may 
change large parts of the system altogether.

In larger bodies, it is often the practice to distin­
guish the work concerned with the progressing of 
research results into general practice, and to organise

this separately as “development” , usually including 
advisory work with it. Obviously it was quite impos­
sible to take this line between the wars; neither the 
funds nor the staff were sufficient. But it is clear that 
in spite of excellent leadership and communications, 
progress in some lines was delayed for lack of what 
may be called development work; that is lack of 
capacity to press on with large-scale and widespread 
field trials following quickly on the indications of 
promising experimental results. Guillebaud gives 
turf planting as an example of the relatively slow 
adoption of a major change in practice, and mentions 
fear of initially higher costs and conservatism as 
delaying factors.

Ryle (1969), referring to the comparatively late 
arrival of turf planting in South Wales, implies that 
Steven’s early results in Scotland were not pushed 
hard enough by Research! This is the other end of 
the same piece of string.

The Commission had in fact a brief experience of 
one type of development work during 1920-22, when 
O. J. Sangar held the post of “Co-ordination Officer” . 
Much of what he did would now be called oper­
ational research or work study; his most important 
legacy being an excellent system of forest records. 
Apart from this, the appointment was probably 
somewhat previous, and it was not till after the 
second war that the Commission became seriously 
interested in development as against research, with 
the opening of Sections in Machinery Research, 
Utilisation, and lastly Work Study. And these of 
course were specialised fields; the more general type 
of development work concerned with progressing 
research results into practice remained very much in 
the hands of the Research Branch.
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Chapter 3

NURSERY INVESTIGATIONS

At the start, experimental work was carried out at 
two nurseries near Bagshot (Bushfield and Rapley) 
in Surrey; at Inverleith, a nursery in the Royal 
Botanic Garden, Edinburgh; at Seaton and Craib- 
stone, near Aberdeen; and at Beaufort on the Beauly 
Estate, near Inverness. The well-known Kennington 
Nursery near Oxford was rented by the Imperial 
Forestry Institute from St. Johns College in 1927, 
and made available for Forestry Commission re­
search. Under the supervision of W. G. Gray, it 
became the chief nursery experimental centre for 
England and Wales. In Scotland, Inverleith remained 
an important centre till the early thirties, but work 
gradually shifted to such nurseries as Altonside, 
Laigh of Moray Forest, Moray; and the large central 
nurseries at Newton, Moray and Tulliallan, Devilla 
Forest, Fife. Hence a difference in method of working 
evolved, for the Scottish nurseries last mentioned 
were “production” nurseries, whilst Kennington 
(and after the war Sugarhill, Wareham Forest) were 
purely research nurseries. Guillebaud puts the rela­
tive advantages very succinctly—“there is something 
to be said for both methods of working, the inde­
pendent research nursery has the advantage of better 
control, and also that a staff can be trained up in 
experimental methods, but it lacks the contact with 
the executive side, and the average executive officer 
or nursery foreman is apt to discount the results on 
the grounds that the methods are not applicable to 
large-scale conditions . . .” .

Nursery practice lends itself to experiment at all 
points, and the list of topics on which experiments 
were actually carried out before the war was very 
long. For convenience, pre-war research can be 
considered under the following broad heads:—(i) 
The seedbed, germination, stocking and survival;
(ii) transplant lines; (iii) weed control; (iv) nutrition; 
(v) pests and diseases; (vi) miscellaneous. Nursery 
treatments of course interact, and any hard and fast 
separation is unrealistic.

The Seedbed Plates 2, 3 and 6.
The great preponderance of pre-war experimental 
work belonged to this general group, the broad 
objectives being to obtain high and reliable yields 
of seedlings per pound of seed sown, of suitable 
dimensions for lining out. A seedling fit for lining 
out at one year of age was not expected with most 
conifer species, though it might be achieved with 
certain hardwoods. This was a general characteristic 
of the types of nursery in use, most of which (includ­
ing those in which experimental work was done) 
having had an agricultural history; they were to be

distinguished from the modern “heathland” type of 
which more will be said later.

To expedite germination various lines were 
followed. There was early interest in actual pre- 
germination; in fact Squires (1928) practised pre­
germination successfully on a large scale in the 
Windsor nurseries in the nineteen-twenties, and the 
method was still receiving experimental attention in 
the early thirties. There has always been an attraction 
in the idea of removing the germination phase from 
the hazards of the seedbed, and pre-germination is 
but the first step to raising stock (for part of the 
growing period at least) in controlled environments. 
There has been renewed interest in this recently, but 
in the pre-war period the line was dropped in favour 
of seed soaking. A good deal of work was done on 
stratification, with success in Douglas fir, Lodgepole 
pine and birch, for which species it became the 
accepted method of seed pre-treatment by the mid­
thirties. No serious work was done in the pre-war 
period on methods of seed storage, but deterioration 
in the viability of stored seed had been observed. 
Routine germination tests were first carried out in 
the Commission’s headquarters in the twenties, but 
later this service had been passed to the official seed 
testing stations in Cambridge and Edinburgh, where 
it remained till the opening of the Commission’s 
own seed testing laboratory in 1951.

There was early recognition of the importance of 
consolidation and good tilth in the seedbed (normal 
practice in horticulture and agriculture), but the 
attainment of really satisfactory physical conditions 
in the seedbed proved a lengthy business, involving 
much experimental work on depth and season of 
sowing, covering materials, shading of seedbeds, etc. 
In this field of work it is very probable that the 
modern factorial approach might have speeded 
things up, since in retrospect the interactions are 
apparent. Season of sowing experiments for instance 
(always tricky, and apt to be weather rather than 
date dependent), did not produce really convincing 
evidence in favour of early dates (late March, early 
April) till work on covering materials had dismissed 
nursery soil, and after drawing blank with such 
substances as peat, had settled to silt-free sand. This 
had been pretty well established by 1930 (though 
first recommended by Marsden as early as 1922), and 
shortly afterwards attention in Scotland was directed 
to coarser grits. By 1936 J. A. B. Macdonald had 
adapted a fertiliser distributor to apply such grits 
to the seedbed.

Summer shading of seedbeds received a good deal 
of attention, the experimental results being rather

13
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conflicting, but what benefits there were virtually 
disappeared with early sowing. Much work was also 
done on the protection of seedbeds from winter 
frosts, the chief trouble being frost lift, a common 
and serious pre-war phenomenon. Grit covers and 
lath shelters reduced it, but essentially frost lift was 
associated with the small seedling; it ceased to be of 
significance after the war as the seedling improved.

Transplant Lines
In British forest practice transplanting has always 
been the normal method of producing stock for 
forest planting, though in certain species (notably 
oak) seedlings have been favoured. There has often 
been some interest in the use of seedlings of the 
common conifers for planting stock, and in processes 
such as wrenching or undercutting, intended to have 
similar effects to transplanting on root development.

Experiments carried out at the transplant stage 
may be concerned purely with the transplanting 
operation; i.e. using common seedling stock and 
comparing methods of transplanting (e.g. hand 
versus “ board”), seasons of transplanting, degree of 
care in transplanting, different spacings in the lines, 
etc. etc. Otherwise the transplant stage may be a test 
of seedbed treatments (an “extension” experiment); 
comparing different sizes, ages or grades of seedling, 
or seedlings produced by different manurial treat­
ments. These two types of experiment are often com­
bined; and the stock produced by different nursery 
treatments may be “extended” to the forest as the 
final test.

A great deal of experimental work on these lines 
was carried out by the Commission in the nineteen- 
twenties and described by Steven (1928) in Nursery 
investigations. The survival value of nursery treat­
ments is best mentioned under establishment, and 
little need be said about nursery experiments as such. 
The most notable advance in method during the 
period was the introduction of the lining-out board 
in the early nineteen-twenties, which is claimed by 
Alexander (1954) for the brothers Duthie of the firm 
of Ben Reid of Aberdeen. Much of the work on 
grading of seedlings had perforce to be repeated after 
the war with advances in nursery nutrition and the 
size of seedling. No hard and fast criterion to dis­
tinguish a “good” plant emerged, and grading 
remained a somewhat subjective process. There are 
of course very great difficulties in separating out the 
genetic factor in heterogeneous populations from 
those characteristics which may be ascribed to 
nursery treatment. But in this connection it should 
be mentioned that the nursery stages of provenance 
experiments began to receive organised attention dur­
ing this period—this was foreseen by Steven as early 
as 1924 (Lines, 1969)—and one of the earlier pro­
venance experiments on European larch (Anderson’s

“ four-races-four-nurseries experiment”) later yielded 
most interesting information on the longevity of 
nursery differences as a by-product of the main ob­
jective (Edwards, 1954).

Weed Control Plates 3 and 6.
By present-day standards, pre-war nurseries carried 
heavy weed populations, and weeds were encouraged 
by the use of farmyard manure and weed composts. 
The nurseryman’s main defence lay in good hus­
bandry, such as summer fallows and weed smothering 
green crops; but hand weeding was usually an ex­
pensive item and accounted for considerable losses 
of seedlings from the beds. None of the modern 
group of herbicides had arrived, and no very great 
amount of experimental work on weed control was 
carried out. The blow-lamp (the precursor of the 
modern flame gun) was, like the lining-out board, an 
introduction of the brothers Duthie of Ben Reid’s in 
the early nineteen-twenties (Alexander, 1954). As a 
“pre-emergent” treatment to seedbeds, it gave useful 
reductions in weeding costs in certain experiments, 
and entered into common (if not general) practice. 
It required a good deal of skill and strong nerves. A 
promising experimental treatment of the early 
thirties was the use of dilute sulphuric acid watered 
onto seedbeds as a pre-emergent herbicide, which 
derived from work at Jealott’s Hill on weed control 
in cereals. This gave a better measure of control than 
the blow-lamp, and appeared also to stimulate 
germination, an interesting foreshadow of Crow- 
ther’s line of work on acidification in the late nine­
teen-forties. Curiously enough, the well-known 
complete herbicide sodium chlorate also gave 
promising results in a few experiments, when applied 
in extreme dilution as a pre-emergent treatment of 
seedbeds.

Nutrition Plates 1, 5 and 7.
Research on nursery nutrition is a long and complex 
story, and the pre-war part has been attempted 
already by the present author in his historical notes 
to Forestry Commission Bulletin No. 37, Experi­
ments on Nutrition Problems in Forest Nurseries, 
written by Blanche Benzian (Wood, 1965; Benzian, 
1965). The pre-war period was one of much specu­
lation, but little progress till in the mid and late 
thirties certain lines of work suggested that a break­
through was imminent. In retrospect, pre-war experi­
mental work appears to have been dominated by 
two circumstances. Firstly, there was the widely held 
belief that the mode of nutrition of coniferous seed­
lings was special; i.e. they derived their nutriments 
through the breakdown of organic matter and were 
ill-adapted to take up the soluble salts contained in 
agricultural fertilisers; these were considered likely 
to be damaging. Secondly, there was plain luck; so
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many of the early probes into direct manuring of the 
seedbed were made in nurseries which for one reason 
or another would inhibit any nutritional response in 
one-year-old seedlings. As it was, no experimental 
evidence invalidated the former assumption. Perhaps 
a missed opportunity was the failure to follow up 
E. V. Laing’s work at Aberdeen in the early twenties 
on the growth of conifer seedlings in nutrient 
solutions, but his studies were directed mainly 
towards the peat soils, and the observed fact that 
conifer seedlings might be grown in dilute solutions 
of simple salts does not seem to have had much 
influence on thought about nursery nutrition (Laing,
1932).

There was never doubt about the importance of 
maintaining the general fertility of nurseries, though 
evidence in favour of any particular method was hard 
to obtain. Guillebaud (1937) reviewed the whole 
question of maintaining fertility with special reference 
to the use of green or soiling crops, which had been 
coming into favour especially in Scotland. As it then 
appeared, the choices lay between a manured green 
crop phase in the rotation; continuous cropping with 
organics; and organic manuring with a fallow phase. 
The second he ruled out on the grounds of poor 
husbandry (increase of weed populations); it became 
feasible later with Rayner’s weed-free composts. He 
personally favoured the first alternative.

D r Margaret Rayner of Bedford College began 
her researches under Commission grant in 1932. 
Her work was in fact aimed at the forest rather than 
the nursery, but the main benefits fell to the nursery. 
On early heathland planting it had been noticed that 
both direct sown and natural seedlings of various 
pines grew quite well close to the stumps of felled 
Maritime pine. In brief, her assumption was that a 
normal mycorrhizal association was essential for the 
proper development of certain conifers, especially 
on infertile soils, and on some of these (notably the 
poor Bagshot formations) she suspected the existence 
of a factor inhibiting normal mycorrhizal association. 
Thus her work on composts was aimed at cancelling 
out the inhibiting factor rather than supplying 
nutrients. Rayner worked with a parallel series of 
pot experiments at Bedford College and direct forest 
sowings in small cultivated patches at Wareham, 
Dorset. The growth of pine seedlings in compost- 
treated patches at Wareham in 1933 was remarkable; 
equal success was obtained with pine sowings on 
hopwaste compost at Allerston, Wykeham Forest, 
Yorkshire, in 1934. Rayner developed a number of 
successful composts based on easily obtained bulky 
organic materials such as straw and bracken, with 
other organic ingredients to supply sufficient nitrogen 
for the breakdown process. This was sometimes 
supplied concentrated as in the form of dried blood, 
but eventually hopwaste became the key ingredient,

and was either composted pure, or used 25/75 per 
cent with chopped straw or preferably bracken 
(Rayner and Neilson-Jones, 1944).

The use of such composts, weedfree, of excellent 
physical properties, and adequate nutritionally 
(though the latter was not the main point to Rayner), 
on acid heathland soils, was the effective origin of 
the “heathland” or “wasteland” nursery, which took 
shape with the first cultivation of Sugarhill Nursery, 
Wareham Forest, in 1943, speedily followed by 
Harwood Dale, Langdale Forest, Yorkshire.

The interest in organic manuring led James 
Macdonald to try peat at Kennington in 1934. A 
half-and-half mixture with nursery soil in board- 
sided beds and early sowing produced surprisingly 
large Sitka spruce one-year seedlings (averaging 2} 
inch, max. 4J inch). Though peat gave usable one- 
year spruce seedlings in subsequent sowings at 
Kennington, it failed to do so elsewhere in general 
trials. The most promising line of advance at this 
stage appeared to be Rayner’s composts, and seed­
beds at Kennington prepared from transported wood­
land soil heavily composted gave excellent results in 
1938. Composts however failed to give results at 
Widehaugh Nursery, near Hexham in Northumber­
land, a nursery recently taken in from agricultural 
land. Rayner’s explanation was that agricultural 
treatments were inimical to the chief mycorrhiza- 
forming fungi.

There was one indication that coniferous seedlings 
could respond to soluble fertilisers. Experiments in 
the late thirties with dilute nutrient solutions con­
taining ammonium sulphate, ammonium phosphate, 
and potassium nitrate watered onto growing seedbeds 
gave very good results, especially at Altonside, Laigh 
of Moray, where the highest level of treatment 
involved as many as ten applications in the 
season.

It is of interest that this surge of work directed 
towards the large seedling in the mid and late nine­
teen-thirties was closely connected with develop­
ments in the field. Turfing and ploughing had 
increased the immediate costs of establishment; a 
cheaper plant (perhaps even a seedling) might go 
some way to balance these extra costs.

During the whole of the pre-war period there seems 
to have been relatively little speculation on the role 
of soil reaction in forest nurseries. An intriguing 
comment by Borthwick (1926) that there appeared 
to be a “correlation between the intensity of attack 
by soil fungi and the acidity of the soil” seems to 
have been an isolated observation. It was made in 
connection with an experiment at Inverleith, Edin­
burgh, on the use of wood ash as a seedbed manure, 
which caused great losses by damping-off.

An important development for Scottish nurseries 
(and Scottish forest soils research generally) was the
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arrangement made in 1934 by which the Macaulay 
Institute for Soil Research, Aberdeen, undertook to 
provide advisory and other services for the Com­
mission. So far as the nurseries were concerned, this 
opened a long period during which the Macaulay 
provided analyses of nursery soils and manurial 
prescriptions; and for many years Dr A. B. Stewart 
exercised an important influence over experimental 
work on nursery nutritional questions in Scotland.

Nursery Pests and Diseases
Pests and diseases in British nurseries have rarely 
reached catastrophic levels, but have often caused 
serious losses. The pre-war nursery with its agri­
cultural setting appears to have been ecologically 
suited to certain insect pests, notably the chafers, and 
the larvae of two or three species were common 
pests of seedbeds.

Dr J. N. Munro, the Commission’s consulting 
Entomologist, gave much attention to chafers in the 
early twenties. Hand picking of the larvae during the 
cultivating in of green crops was a standard method 
of dealing with chafers, but experiments were also 
carried out on the injection of carbon disulphide into 
seedbeds where damage was seen to be taking place. 
In practice, this method does not seem to have been 
generally successful. In the late thirties, J. M. B. 
Brown (then Assistant Entomologist at Oxford, but 
since the war the Commission’s Ecologist) studied 
the life history of the various chafers in some detail. 
With the shift of nurseries to a different ecological 
setting, chafers have receded in importance, and lar­
vae are seldom seen. Not so much attention seems 
to have been given before the war to cutworms 
(larvae of Noctuid moths) which are still with us, 
though readily controlled with modern insecticides.

The needle cast Meria seems to have been trouble­
some on the larches, encouraged presumably by 
stocks remaining longer in the nursery than they do 
now. This is one of the first diseases T. R. Peace 
studied as assistant mycologist to W. R. Day at 
Oxford in the early thirties. Sulphur based sprays 
gave a useful measure of control. Mildew on oak 
attracted attention periodically, but control measures 
do not seem to have been considered worthwhile. 
Losses of seedlings from fungal attacks in the early 
post-emergent stages (damping-off) were also in­
vestigated at Oxford in the thirties. Potassium per­
manganate, which had been found useful in horticul­
ture, proved disappointing.

Miscellaneous Plate 4
Besides the work on these broad topics, a number of 
special projects were pursued. At Kennington for 
instance a great deal of work was done by W. G. 
Gray (1953) on the cultivation of the less common 
species, particularly the broadleaved trees.

Methods of propagation of poplars were pretty 
well standarised before the war, and this was also 
a Kennington speciality. Poplars are of course 
normally propagated vegetatively, but the interests 
in horticultural circles in the auxins encouraged 
experimental work in the late thirties on the cutting 
propagation of less easy subjects, such as elm, plane 
and even conifers. Even with very primitive propa­
gation facilities results showed some promise, though 
the auxins did not work miracles. While tree breed- 
was not in view at this time, Guillebaud had in mind 
the propagation of disease resistant clones, especially 
in the elms, since Dutch elm disease had arrived 
some years before.

One line of work which assumed considerable 
importance after the war was started in this period; 
soil sterilisation using formalin was tried at Inver­
leith, Edinburgh, in 1932, but though there was some 
slight growth response in seedlings this approach 
was unfortunately not resumed till 1945.

Nursery experiment assessment is illustrated on 
the front cover.
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Chapter 4

ESTABLISHMENT OF CROPS ON PARTICULAR TYPES OF LAND

Forest experimental work can be classified in at 
least three ways: (i) the ecological type on which it is 
done, (ii) the kind of experimental treatment in­
volved, and (iii) the species on which the experiments 
are performed. Since the chief emphasis in pre-war 
Commission experimental work was on particular 
types of land, it will be convenient to discuss the 
great weight of the work under broad ecological 
heads, but certain topics which are general to all 
types will be mentioned in subsequent chapters.

Early reports on research usually distinguish the 
following broad types: (i) the peats, (ii) the heaths 
(upland and lowland, including sometimes the East 
Anglian grass heaths), (iii) the chalk, and (iv) the 
English clays and loams—considered to be pre­
dominantly broadleaved types.

The Peats Plates 10 to 14
In field experimentation and other research work, 
the peats undoubtedly account for the greatest effort 
put into establishment problems before the war. An 
excellent historical note has already been written on 
this topic by Zehetmayr (1954). The major figures 
in the experimental programme before the war were
H. M. Steven, M. L. Anderson and J. A. B. Mac­
donald. In the Commission’s early years, the peat 
soils ranked as a special problem requiring basic 
research; no immediate attack by empirical experi­
mentation appears to have been expected. E. V. 
Laing and G. K. Fraser both worked on peat 
problems at Aberdeen University from 1922. Laing’s 
work was largely on root anatomy with special atten­
tion to mycorrhizal structures (Laing, 1932), though 
he also paid some attention to nutrition and physical 
properties of peats. In retrospect, his observations 
on root and analyses of plants growing in peat do 
not seem to have given useful pointers for future 
experimental work, though undoubtedly adding 
much to basic knowledge. Fraser was principally 
concerned at the outset with the physical and 
chemical properties of peats; this led him to a com­
prehensive survey and classification of Scottish peat 
types, published in 1933 as Studies o f Scottish moor­
lands in relation to tree growth, Forestry Commission 
Bulletin No. 15 (Fraser, 1933). This remains the 
basis for classification of peat covered land types in 
Scottish forestry.

The key to the evolution of establishment methods 
on peats was undoubtedly the observation of depend­
ence of root systems on aeration, as evidenced by the 
death of those parts of the root system buried in the 
peat, and the extreme shallowness of new adventiti­
ous roots, lying just below the vegetation layer. This

was noted by Guillebaud in the early Crown planta­
tions at Hafod Fawr, and specifically described by 
Steven after studying root systems in one of the 1912 
examples of turf planting by Boyd at Inverliever 
(Steven, 1954). It led to Steven’s first experiments on 
shallow planting in 1924, which included a form of 
turf planting. Steven did not include phosphate in 
his experiments at this time, but in 1925 Anderson, 
who had taken over the Scottish work, followed up 
the turf experiments, and laid down the first phos- 
phatic manuring trials, which were immediately 
encouraging.

Experimental work on peats (as on other difficult 
kinds of planting land) was concentrated on a few 
type sites, of which in Scotland the Lon Mor area 
in Inchnacardoch Forest, Inverness-shire, was the 
most important. Other important areas were Bedd­
gelert in Wales and the Kielder District of North­
umberland. Most of the experimental sites were on 
the difficult fringe, or beyond the margin of plant- 
ability in contemporary practice, but variations in 
the principal areas and outlying experiments in other 
districts permitted the sampling of a good range of 
peat conditions.

From the foundation experiments of the mid­
twenties research progress was rapid. Turfing and 
draining (at least superficial draining) are inseparably 
linked. Sufficient individual turves can be won for 
planting at 5 ft spacing by draining at about 20 ft 
intervals and cutting up and spreading the turves. 
At the other end of the scale the drains (or furrows) 
may be taken out at planting spacing and the turves 
inverted alongside in continuous ridges. This of 
course gives a higher initial intensity of drainage. 
And turves may be thick or thin (vertical slices laid 
on their sides). Many combinations were tried, and 
it was the first mentioned pattern that found its way 
into general practice on the easier peatlands such as 
those of the Border region. Anderson, however, fore­
saw the use of ploughs, and experimented most suc­
cessfully with shallow turves inverted beside furrows 
cut at planting spacing (mock ploughing); his 
most successful pattern broke the line of turves 
to form a group of three turves at the planting 
point.

The quickest gains in afforestation practice natur­
ally enough were credited to the easier peats; the 
Molinia and Juncus types of fair nutrient content 
and free from Calluna, where the introduction of 
turf planting revolutionised the establishment of 
spruces. Concurrently with these improvements in 
planting technique, Sitka spruce increased its range, 
and began to assume its dominant position in the
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moist/elevated/exposed terrain, displacing other 
species, especially the older exotic Norway spruce. 
But although turf planting and slag secured a fair 
take of Sitka spruce almost everywhere, on moor­
lands with high proportions of Calluna, and on the 
poorer peats typified by Eriophorum (Scirpus), 
establishment techniques proved insufficient for sus­
tained growth, and many apparently successful ex­
perimental plantations went into “check” before 
closing canopy. Most of our knowledge about the 
mechanisms of check in Sitka spruce and about its 
useful limits in relation to nutrition has been ob­
tained since the war. In certain pre-war experiments, 
re-application of phosphate where plantations had 
slowed to near the point of check proved successful. 
Another line was the introduction of pine nursing. 
That pines were better starters than spruces wherever 
heather represented an important component of the 
vegetation was old knowledge, but formal pine/ 
spruce mixtures aimed specifically at avoiding check 
in the spruce by the faster start and suppression of 
Calluna by the pines originated, according to 
Zehetmayr (1954), at Glen Urquhart in 1924. Though 
such mixtures were tested at several sites by Re­
search, they were hardly a Research introduction. 
The technique owed much to Robinson’s ecological 
approach; it was he who coined the term “accelerated 
succession” (in a paper presented to the Research 
Advisory Committee in 1941) for such mixtures. 
They proved rather difficult to manage, since in 
practice there is only a narrow band of conditions 
in which the spruce benefits; on one side it does not 
need the nurse, and on the other the nurse grows 
relatively too fast. Lodgepole pine appears to have 
made its first mark by being introduced into checked 
spruce crops, and later it was quite widely used in 
contemporaneous mixtures. The Commission was 
somewhat tardy in spotting the usefulness of this 
species in pure plantation on poor peats and moor­
lands, and might have learned earlier from the Irish 
examples. Unfortunately the rough appearance of 
Washington coastal provenances of Lodgepole pine 
in mixture with spruce gave the species a bad reputa­
tion; had northern coastal seed been available the 
mixtures would probably have been more manage­
able.

Phosphatic manures were used before the Com­
mission’s time by Sir John Stirling Maxwell at 
Corrour and also on a small scale by Boyd at Inver- 
liever. The first responses in Commission experi­
ments were observed in trials laid down in 1925. 
Laing’s early work at Aberdeen had suggested that 
magnesium was necessary for proper mycorrhizal 
development, hence this element appeared in one 
of the early trials, but gave only very small responses. 
Experiments on manuring at time of planting in fact 
dismissed all the major elements except phosphorus;

basic slag remained in favour for some considerable 
time, but after the war was largely replaced by 
ground mineral phosphate, which had done as well 
as high-grade slag in pre-war trials, and was quali­
tatively more reliable.

There was an interesting prejudice against soluble 
forms such as superphosphate. This arose partly 
from Fraser’s work; he said “superphosphate injures 
the plants, even a year after application” (Fraser,
1933). But there was support for this fear from 
certain of the Commission experiments using 
“Semsol”—a mixture of ground mineral and super­
phosphate—in which considerable losses were sus­
tained, though responses in the surviving plants were 
good. After the war, it proved very difficult to kill 
plants with superphosphate, and no doubt the earlier 
troubles had something to do with the method of 
application.

None of the pre-war draining experiments was 
wholly satisfactory in itself, but several gave import­
ant indications, and after the war proved invaluable 
for studies in preparation for the comprehensive pro­
gramme of draining experiments of the fifties and 
sixties. Towards the end of the pre-war period plough­
ing began to make some impact on the peats. (It had 
appeared a good deal earlier on the heaths.) The first 
actual experiment in ploughing for draining and 
turfing was carried out at Borgie, Naver Forest, 
Sutherland, in 1939, but Maxwell-Macdonald (1935) 
had taken out plough furrows for turfing using a 
plough drawn by a tractor-mounted winch in 1934. 
This proved quite successful on basin peats, but gave 
trouble on shallow peats over till. He also tried the 
plough drawn directly by a track-layer tractor, but 
had not sufficient draw-bar pull. In relatively easy 
conditions, wheeled tractors such as the John Deere 
drawing a Ransome Solotrac plough made a fair 
job of drains for turf planting, as at Twiglees, Dum­
friesshire, in 1937/8. The main developments in this 
field, however, awaited the arrival of wide tracked 
machines and the special draining ploughs designed 
by Cutherbertson of Biggar, which equipment belongs 
to the immediate post-war period.

In addition to the main line peat work, much at­
tention was given to special conditions in the pre­
dominantly peat areas. The morainic knolls typical 
of north-western Scottish scenery provided a special 
problem. Generally speaking they responded to some 
form of local cultivation and phosphate, Lodgepole 
pine being the best species; ploughing eventually 
overtook this problem. A number of trials were laid 
down on sites above the normal planting limits. 
These usually contained comparisons of species, and 
often mixtures. They proved extremely useful after 
the war, and many in time became submerged in 
normal plantations, as establishment techniques 
improved.
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The Heaths Plates 8, 9, 16-20 and 25.
These Calluna-dominated lands, drier than the moor­
lands, with thin peat deposits and podsolised soils, 
did not present problems of quite the same degree 
of difficulty as the peat soils. The easier heaths, 
especially those without very hard pan formations, 
had been successfully planted with pines (usually 
Scots ping), in many parts of the country, without any 
very special establishment technique. Buming-ofF 
the heather was a common preparatory step. Short 
heather might be “ screefed” off with the mattock, 
and this tool might also be used for some local 
cultivation. However, old accounts (some going 
back to the late eighteenth/early nineteenth century) 
mention much more ambitious cultivation, includ­
ing complete ploughing. No doubt these often re­
ferred to transitional heathy conditions. There was 
also a considerable body of experience in the 
afforestation of analogous ecological types in north­
east Europe, though from the British point of view 
a great deal of the continental work appeared too 
expensive, and impossible to copy with the limited 
finances available.

Large areas of upland Calluna heath were acquired 
in the early twenties, the chief concentrations being 
in north-east Scotland, and on the north Yorkshire 
moors. The most important Scottish experimental 
areas developed in Teindland, Laigh of Moray 
Forest, Moray, and Clashindarroch, Huntly Forest, 
Aberdeenshire; in England the greatest concentra­
tion of experiments was at Allerston, Pickering 
District, North Yorkshire. The lowland heaths of 
the south are much less important in extent; they 
are scattered and rather variable, being situated on 
some of the poorest geological formations such as the 
Bagshot, Lower Greensand, and Culm Measures. 
(The upland heaths are invariably on till.) The most 
important of the early experimental areas on lowland 
heath was at Wareham Forest, Dorset (Hardy’s 
Egdon Heath).

Zehetmayr (1960) has described the experimental 
work on the upland heaths in detail in Afforestation 
o f upland heaths, Forestry Commission Bulletin No.
32. The central theme in the Commission’s work on 
heath was the development of methods of cultiva­
tion, in which many field officers played important 
roles. The first ploughing by the Commission on 
heath took place in 1921/22 at Allerston, North 
Yorkshire, using an agricultural tractor and light 
single furrow plough with subsoiler, which, accord­
ing to A. H. H. Ross (1931), rarely broke the pan. 
After a short interval, further ploughing trials were 
undertaken on the Scottish and Yorkshire heaths 
and from the mid-twenties onwards progress was 
continuous.

M. L. Anderson (1951; 1953) originated the “space 
group” method, and in 1929-32 plantations were

established under this system whereby, instead of a 
constant planting distance, the same number of 
plants are re-arranged in closely spaced groups leav­
ing unplanted interstices. This “Anderson Group” 
principle influenced crop composition, spacing and 
mixtures in post-war years, but in many instances 
outside trees dominated the groups to confound the 
intention of producing clean stem final crop trees.

Apart from some early experimental work on hand 
methods of cultivation, virtually all the experiments 
involved ploughing, or were sited on ploughed heath. 
One intriguing non-mechanical approach of the mid­
twenties was the use of explosives to fracture the pan 
locally; this appeared to give some small benefits. 
Some of the hand cultivation work proved of value 
in indicating what machines ought to do. The main 
line, however, was virtually agricultural engineering; 
the selection of modified agricultural tackle strong 
enough to perform on heaths without constant break­
downs. The process was by no means complete 
before the outbreak of war, and the main advances 
in design of special forestry equipment date from the 
war years and the immediate post-war period. By 
the late twenties, however, it was possible to make 
useful experiments involving such factors as depth 
of ploughing, complete versus single furrow plough­
ing, subsoiling, position of planting in relation to 
ridge and furrow etc. Phosphate had arrived on 
heaths about the same time as on the peats, i.e. by 
the mid-twenties; and experimental work on manur­
ing followed much the same course as on the latter 
types.

Most of the early experiments were carried out 
with pines since, till ploughing was introduced, these 
were the only species which could be established. But 
with ploughing, other species could at least be started, 
and a considerable number appeared in trials. With 
ploughing and phosphatic manuring, the heath 
problem began to appear open-ended; not so much a 
search for a single solution as on the poorer peats. 
Calluna competition was, however, a much more 
serious factor for species other than pines, and what­
ever the ploughing method, Calluna tended to return, 
putting apparently established plantations into 
check. Exposure was also a selective factor on the 
more elevated heaths. Sitka spruce was the chief 
test species in experiments on upland heaths aiming 
at more productive crops. The first approach in the 
late twenties was to plant spruce in intimate mixture 
with pines. The spruce responded very slowly, and 
it was later appreciated that single plant or row 
mixtures did not give a sufficient mass of the nurse 
species to suppress Calluna efficiently. An extremely 
interesting series of experiments of the early thirties 
were concerned with the use of common broom 
(Sarothamnus scoparius) as a nurse crop, an idea 
which Guillebaud (1929) had derived from Siichting
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of Hanover. After dismissing several other legumes, 
techniques for sowing brooms in bands on plough 
were quickly worked out. The trees to be nursed 
were introduced several years later. Such experi­
ments appeared on most of the principal heath ex­
perimental areas (including lowland heaths such as 
Wareham) up to and even after the war. They gave 
some of the most dramatic results achieved in Com­
mission experiments, but the cost of the technique 
prevented its wider adoption. An account of this 
work is given by M. Nimmo and J. Weatherell (1962). 
The broom nursing effect was undoubtedly complex; 
heather suppression, shelter, and the leguminous 
nitrogen fixation mechanism all entering into it. The 
direct competitive effect of heather was examined 
in various experiments by removing it mechanically 
and preventing its return by hand cultivation. This 
had very marked effects. Killing heather by the use 
of sodium chlorate was also tried, with partial suc­
cess. Another interesting line, like leguminous nurs­
ing, of continental origin was the application of 
mulches to suppress the heather round about 
checked plants. This also had most striking effects, 
whatever the mulching material used. Much of this 
work on heather competition was of diagnostic rather 
than direct practical benefit. It provided a basis for 
the fundamental studies undertaken at Oxford after 
the war, and also influenced the Commission’s more 
recent experimental work with herbicides.

Many of the experimental approaches of the up­
land heaths were also followed at Wareham, Dorset, 
and Ringwood, Hampshire. These environments 
were, however, much drier climatically, and Ware­
ham especially proved exceptionally phosphate de­
ficient. The first phosphate responses achieved there 
seem to have evoked some surprise, since they became 
apparent unusually quickly. The prospects of species 
other than the pines never appeared very good on 
these extreme types, and even Japanese larch, a 
notably successful pioneer on many upland heaths, 
proved of little value at Wareham.

Research work at Wareham was prompted by the 
extremely uneven results achieved by large-scale 
direct sowings of pine. (Direct sowing is worth some 
special mention, and will be dealt with later.) Seed­
lings growing close to the stumps of old felled Mari­
time pine often showed better than average growth, 
which might have been explained on physical or 
nutritional lines, but equally suggested that such 
seedlings had picked up a mycorrhizal association 
from the old pine root systems. There certainly ap­
peared to be a case for basic research on pine mycor­
rhizal associations on these heaths, and in 1932 the 
first grant was made to Dr. Margaret Rayner of 
Bedford College for such work. (E. V. Laing at 
Aberdeen had been working on the mycorrhizal as­
sociations of spruce on peat for some time before

this.) Rayner described her researches in several 
publications, perhaps the most comprehensive ac­
count being Problems in tree nutrition, written jointly 
with her husband, Prof. W. Neilson-Jones (Rayner 
and Neilson-Jones, 1944). As mentioned above under 
Nursery investigations, the main benefits from 
Rayner’s work were in the field of nursery nutrition. 
Her composts, which were designed to supply 
nutrients in a form suitable for the formation of 
symbiotic mycorrhizal associations, were certainly 
efficaceous in promoting good early growth in the 
forest. The incorporation of bulky organic manures 
in patches for direct sowing or planting was of course 
a most expensive operation, and as concurrently with 
her work favourable results were being achieved with 
phosphatic fertilisers, there was never any chance of 
composts finding any wide application in the forest. 
In no derogatory sense, a good deal of Rayner’s 
work on mycorrhiza (and E. V. Laing’s) proved 
academic, since under British conditions it has not 
proved necessary to provide any form of treatment 
specifically designed to promote symbiotic mycor­
rhizal associations. This of course is fortunate, and 
is not the case everywhere.

The arrangements made with the Macaulay In­
stitute for research on Scottish soils had an impor­
tant influence on later heathland experimental pro­
grammes. A. Muir of the Macaulay Institute con­
ducted several detailed pedological surveys of north­
eastern heathland forests, and G. K. Fraser of Aber­
deen (who later joined the Macaulay) collaborated 
in this work. Their joint publication, The soils and 
vegetation o f  the Bin and Clashindarroch Forests 
(Muir and Fraser, 1940) is a most important con­
tribution to the understanding of these environ­
ments, and with other surveys enabled heathland 
experimentation to advance with a much sounder 
appreciation of the basic soil factors.

The East Anglian “grass heaths” , of importance in 
the pre-war period because of the very large acquisi­
tions of land in Norfolk and Suffolk around Thet- 
ford, attracted a limited experimental programme of 
a special kind. These environments presented no 
great difficulties for the establishment of pure planta­
tions of Scots and Corsican pines. Taken in from 
degraded agricultural ground with varying depths of 
sandy soil over the chalky boulder till (the shallower 
soils being calcareous, the deeper sands acid and ap­
proaching heathland in flora), the vegetation was 
usually sparse from intensive rabbit grazing. No 
nutritional problems were met with, and extremely 
large afforestation programmes were carried out 
cheaply by planting in shallow plough furrows, 
which afforded some relief from encroaching vegeta­
tion rather than any cultural benefit. On general 
ecological grounds there was an incentive to diversify 
the pine plantations. Two series of species trial plots
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were laid out in the late twenties, one on fairly shallow 
soils, and the other on the deeper sands. It was 
found extremely difficult to establish any species 
susceptible to frost, for this region is noted for the 
frequency and severity of its late frosts. Pioneer 
crops of birch and alder established (somewhat pain­
fully) later provided cover for the successful intro­
duction of a considerable range of species, a number 
of which had failed previously when planted in the 
open. These species trials were described by R. F. 
Wood and M. Nimmo (1955). Experiments were also 
made on the establishment of beech as a potential 
broadleaved component of the pine stands. In even- 
aged mixture with Scots pine, beech suffered for years 
from repeated frosting. Planting into already estab­
lished pine crops of varying ages indicated that the 
pine had to be at least six feet high before it afforded 
much frost protection, and (as elsewhere) introduc­
tions into rapidly growing pine crops proved silvi- 
culturally impracticable; underplanting in the later 
pole stage being the first convenient opportunity to 
introduce frost susceptible shade bearers.

The Chalk
During the late twenties and early thirties several 
areas of chalk downland were acquired for afforesta­
tion. At this time a good deal of the chalk was 
marginal grazing land, rabbit-infested and neglected; 
but since the war chalkland agriculture has markedly 
improved and further afforestation appears most un­
likely. From the start, the objective was to establish 
beech woodland, and most of the experimental work 
(which started at Friston Forest in Sussex in 1927) 
was directed to this end. The Chalk downs had a 
number of features in common with the East Anglian 
grass heaths. On the removal of the rabbit, dense 
grass swards returned, highly competitive for 
moisture, and providing excellent conditions for 
radiation frosts in the spring and early summer. 
These factors were of course a much greater handi­
cap to beech than to the pines at Thetford.

Some of the first beech planting on chalk down­
land was pure, but nursing mixtures became common 
practice at an early date. European larch was widely 
used with tolerable success on clay-with-flints, but 
proved of little value on the thinner soils. Grey alder 
also did fairly well on the deeper soils. Corsican and 
Scots pines came into favour later. Ploughing was 
practised from the start, and field officers tried many 
appliances and methods. Research was not directly 
engaged in these mechanical developments, except in 
studying the effects of cultivation and the obviation 
of sward competition by hand methods. The gener­
ally poor take and slow development of chalk planta­
tions encouraged Research to put the main effort 
into pioneer crops for beech, and alternative, or sub­
sidiary, species. The survival rates, growth and form

of beech established in pioneer crops of pine were 
quite clearly superior to those of pure beech or beech 
grown in even aged mixture, but there were the usual 
difficulties in manipulating pioneer crops where the 
beech had been introduced at too early a stage. One 
of the less common species tried at Queen Elizabeth 
Forest, Hampshire, Alnus cordata, proved exception­
ally fast growing. Numerous ancillary experiments 
connected with establishment were carried out also 
on such topics as age and type of plant, season of 
planting etc.; and a few manurial experiments were 
done with negative results. A survey of chalk planta­
tions conducted by W. R. Day and R. G. Sanzen- 
Baker in 1938 added much to the understanding of 
growth of beech in relation to the soil and other 
environmental factors. Day also made observations 
on the nutritional disorder lime-induced chlorosis, 
which was of common occurrence on rendzinas and 
old cultivations with much free lime in the profile. 
It eventually caused considerable losses in Scots pine, 
but not usually before this tree had played a useful 
pioneering role.

The Commission’s general and research experi­
ences were described in Chalk downland afforestation 
by R. F. Wood and M. Nimmo (1962).

The English Clays
The inheritance of the old Crown woodlands, 
such as the Forest of Dean, Alice Holt, Salcey in 
Wymersley Forest and Dymock in Hereford Forest, 
and the acquisition of a number of predominantly 
oak woodlands felled in the first war, presented the 
Commission a complex set of problems. Many of 
these areas were on heavy clay soils, either the geo­
logical clays such as the Weald, Gault or Oxford 
clays, or on clay soils derived from till. Ecologically, 
the woodlands were oak or oak/ash communities, 
but often represented the remains of the old manage­
ment system of coppice with standards, hazel being 
the chief coppice species, though in the west oak 
itself had often been managed on coppice rotations. 
The Commission’s early policy was to grow oak 
where the evidence was that oak timber could be 
grown to suitable dimensions and quality, but other 
broadleaved species such as ash and sycamore were 
also favoured where conditions were considered 
suitable. Poplars were also tried on heavy soils in 
old woodland areas, with minimal success. Certain 
broadleaved experiments were also carried out on 
lighter soils.

The central theme in the pre-war broadleaved 
experimental work was the establishment of the new 
crop; not, as after the second war (when further 
devastations had presented a similar set of condi­
tions), the treatment of the coppice and other woody 
regrowth. Oak itself accounted for the greatest share 
of the experiments, and a more unrewarding subject
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is difficult to imagine. Seedlings did as well as trans­
plants, but no cultural measures at planting or after 
would make the oak grow any faster. Ash on the 
other hand responded briskly to post-planting treat­
ments such as hoeing and nitrogenous dressings. 
Many experimental direct sowings of acorns were 
carried out, comparing patch with line sowings, 
densities and season of sowing etc. These were often 
very successful, but mice represented an incalculable 
hazard. Accepting the slow growth of oak planta­
tio n s '^  inevitable, various lines were followed with 
economy as the main object. Spacing experiments in 
regular plantation had hardly given their results 
before the pure oak plantation was outmoded, but 
certainly indicated that the customary very close 
spacings, such as 4 ft by 2 ft, were quite unnecessary. 
Much more interesting and productive were Guil- 
lebaud’s studies on arrangement, where he en­
deavoured to find the minimum number of plants 
required in small groups to give at least one well- 
formed stem—the spacing of such groups also being 
compared. Larch was used as a nurse with such group 
plantings and also in band mixtures with oak. These 
mixtures were locally successful (there are par­
ticularly good examples at Crumbland, Monmouth­
shire), substantial volumes of larch up to timber 
dimensions being obtained whilst achieving an 
adequate distribution of well-formed oak stems. 
Some nursing effect in enhanced height growth of 
the oak was also demonstrated, but it is a pity that 
experimental attention was not given to oak/Norway 
spruce mixtures, since this combination gave good 
results in practice.

Towards the end of the pre-war period a few trials 
were made of group planting of various species in 
broadleaved coppice, a precursor of the post-war 
programme on Derelict Woodlands. There were 
many sidelines in the broadleaved programmes; the 
effort to grow walnut may be mentioned, which at 
least resulted in positive results on the nursery front, 
but the tree proved extremely difficult to establish in 
woodland conditions, and the work may be said to 
have confirmed its orchard status.
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Chapter 5

GENERAL SILVICULTURAL ENQUIRIES

Special types of land attracted the greatest share 
of experimental work on the establishment of plan­
tations. Some topics, however, were common to 
several types of land.

Planting Stock
Experiments on the age and type of planting stock 
and on the grading of stock of common nursery 
treatment were carried out for a number of species 
in the pre-war period. Other experiments on planting 
stock compared plants of the same age and type 
raised in different nurseries, or by different treat­
ments in the same nursery. And besides the “official” 
experiments on these topics, extremely large-scale 
trials were conducted by the field staff on such 
subjects as grading of transplants, and the use of 
seedlings versus transplants. The common theme in 
all this work was to find the cheapest stock, survival 
rates in the forest being the main criterion, but early 
growth rate also being a consideration, especially on 
weedy or frosty sites, where the size of plant might in 
itself be important. Work on planting stock was 
often linked with cultivation, method of planting, 
and season of planting.

From the experimenter’s viewpoint, this class of 
work is often very unrewarding, and the results 
difficult to interpret. In the British climate and with 
most of the species used, naked rooted stock will 
usually survive given reasonable care in planting. It 
has often proved extremely difficult to demonstrate 
“ intrinsic” differences in the capability to survive 
between very dissimilar planting stocks under experi­
mental conditions, whereas in general practice one 
of the kinds of stock may fail altogether. This was 
particularly the case in comparisons of seedlings and 
transplants. Many experiments and some large-scale 
trials indicated that seedling stock of the common 
conifers was a distinct possibility for forest planting, 
but on a number of occasions extensive plantings of 
seedlings proved disastrous. To generalise, pre-war 
work certainly suggested that the normally higher 
root/shoot ratio of transplants had its importance, 
and equally that a certain minimum mass was an 
insurance factor, but it did not arrive at any well- 
defined standards of quality. Nursery treatments 
(other than age/type differences) were not usually 
critical for survival, mainly because they did not 
have much influence on the physiological condition 
of the plant, unlike for instance the modern practice 
of cold storage. An interesting exception which 
proved the rule was the dramatic improvement in 
survival rates in the difficult planting subject Cupres-

sus macrocarpa brought about by pre-lifting and 
shallow heeling in of the plants.

Season of Planting
This is another subject on which it proved difficult 
to obtain clear cut experimental evidence. Over the 
period October to April, the actual season of plant­
ing is less critical than the state of the plant, the soil 
conditions, and the weather immediately after plant­
ing. Season of planting experiments were usually 
carried out by planting at more or less fixed dates 
(e.g. mid-month) over the period to be investigated. 
They gave (when sufficiently repeated) rough actu­
arial information about the seasons, rather than 
clear indications of the best conditions, and that for 
large-scale afforestation is usually good enough, 
since the planter may not have great freedom of 
choice in the matter. The question becomes of greater 
importance when the species concerned is difficult, 
or when the conditions are extreme. An interesting 
illustration of the distinction between seasonal and 
planting conditions was provided by an English 
series of experiments on Corsican pine, the major 
species which has been subject at all times to the 
greatest planting losses. Averaged over a number of 
seasons, the safest period appeared to be November 
to February, but far the best results were obtained 
in October, with, however, the occasional disaster 
in seasons when soils had not re-wetted by the plan­
ting date. Autumn planting in fact gave favourable 
results for many species, and but for inflexibility in 
nursery stock-taking and plant allocation proced­
ures, would undoubtedly have been adopted more 
widely. It is probably not the best season in very 
exposed situations. Cold-storage facilities which en­
able planting stock to be held dormant have greatly 
prolonged the safe planting season.

Direct Sowing
Robinson was much interested in this establishment 
technique, and initiated large-scale trials in England 
and Wales in 1922, Maritime and Corsican pine 
being the chief species sown. The early methods 
were somewhat crude, seed being sown after heather 
burning and some rudimentary cultivation, but there 
was sufficient local success to retain interest in the 
method, and it was adopted as a Research project 
in the late twenties. Although trials of direct sowing 
appeared on many types of land, including the 
peats and even sand dunes, the greatest promise was 
shown on the lowland heaths, and in the pre-war 
period most of the research work was conducted at 
Wareham, Dorset.

23
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Direct sowing shared in the general cultural 
advances associated with heathland research. With 
the early complete shallow ploughing at Wareham, 
a compact sowing surface was obtained by running 
a tracklayer tractor at right angles to the ploughing 
direction. Early experimental sowings were in drills. 
As the ploughing method evolved to deep single 
furrow, direct sowing changed from drills to patches 
—little platforms cut out from the sides of the plough 
ridge.

Bonemeal was the first phosphatic manure used. 
It was later compared with basic slag (though not 
on a strict phosphorus content basis) and could not 
claim any great advantage to offset its higher cost. 
With the commencement of Rayner’s investigations, 
some of her more successful composts were used to 
manure direct sowing patches in comparison with 
slag and bonemeal. As the composts were worked in 
at rates of 2 lb per square foot, there was of course 
an extra measure of cultivation. Early growth with 
composts was much better than with the phosphatic 
fertilisers, but these initial advantages had usually 
disappeared inside ten years. There was, in any case, 
no prospect of using compost on the forest scale. A 
number of pines were raised very satisfactorily at 
Wareham by direct sowing, and in the pre-war 
period the costs of the method were not so high as to 
rule it out. For certain types of lowland heath the 
question of direct sowing as a method of establish­
ment remained open till well after the war. Exper­
iences with the technique at Wareham were described 
by R. F. Wood and M. Nimmo (1952).

Spacing in Plantation
It is somewhat surprising that this topic attracted so 
little attention during the early pre-war period. A 
few experiments were laid down in the early twenties, 
but the main experimental attack on the subject was 
delayed till 1935, when James Macdonald drew up 
a plan for a series of experiments. This was a good 
example of what was known as the “Divisional” 
experiment, in which the plan was drawn up by 
Research and the execution entrusted to the field 
officers. Over 150 separate experiments compris­
ing unreplicated plots comparing four or five initial 
spacings, in many species, were laid down. Unfor­
tunately there was very great wastage in these 
experiments due to wartime neglect. The best of 
them, however, were taken over after the war by 
Research.

Tending
Some experimental work was conducted in the pre­
war period on weeding of plantations and pruning 
for timber quality. Weeding is an awkward subject to 
deal with experimentally; it is of course easy enough 
to compare the presence and absence of weeds, but

degrees of weeding are very difficult to define. One 
example of the extreme treatment was hoeing in young 
ash, and another the removal of Calluna in heathland 
establishment work; at the time both of these might 
be regarded as diagnostic rather than practical treat­
ments. Degree of weeding was chiefly important in 
young hardwood plantations, where the establish­
ment period was likely to be prolonged, particularly 
with oak. The usual experimental approach included 
intervals between weedings and the extent to which 
competing vegetation was cut back, e.g. generally, 
or locally only. Variability of the competing vege­
tation was the chief difficulty, since an answer for one 
type might be inappropriate for another not many 
yards away with different components. A further 
complication was that weed growth might be bene­
ficial at one season and harmful at another; for 
instance experienced foresters have claimed that 
bracken can provide useful shelter at certain times 
of the year. In broadleaved forestry, the greatest 
progress was made late in the period when the use 
of cover began to be appreciated—this became 
systematised in the early post-war period by O. J. 
Sangar and R. H. Smith. Later of course the herbi­
cides came on the scene.

The traditional practice of brashing young conifer 
plantations for ease of access and as a precaution 
against fire was accepted from the outset, and apart 
from some practical investigations into tools, no 
research was done on it. Over the whole of the pre­
war period the assumption was that pruning for 
timber quality was desirable, and would ultimately 
be justified by increased prices for clear timber and 
by removing some of the prejudice against knotty 
home-grown plantation timber. Various enquiries 
were made into the efficacy and costs of different 
methods and tools. Certain early experiments com­
pared numbers of stems pruned, and as these in­
volved pruning stems of different degrees of domi­
nance, they later provided valuable indications of the 
number of trees which could be pruned without 
undue wastage amongst those losing dominance 
before putting on useful amounts of clear wood. The 
pruning of green branches was regarded with some 
suspicion—especially in the spruces—since it had 
been associated on the Continent with stem cankers. 
Apart from a case at Drummond Hill, Perthshire, 
there was little British evidence that green pruning 
was a harmful practice. (Dallimore, who as an arbori­
culturist had pruned specimen trees of many conifer 
species, always contended that the danger was much 
over-rated.) The other important aspect of green 
pruning—the direct effect on growth rates due to the 
reduction of live crown—was studied with more 
precision after the war.

Pruned stems from experiments done in 1931 were 
sent to Princes Risborough in 1944, and useful
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P late  2, Sow ing aco rns a t K enn ing ton  N ursery , O xford , in 1933. T h e  g rea t p rep o n d e ran ce  o f  pre-w ar experi­
m en ta l w ork  in nurseries was devoted  to  seedbed stud ies. C h. 3. D790.

P late  3. W eed co n tro l by blow lam p a t K ennington N ursery , O xford , in 1933. A s a pre-em ergence trea tm en t to 
seedbeds this tool gave useful reductions in w eeding costs and en tered  in to  com m on , if  no t general, practice 
before the  w ar. It required a  good  deal o f  skill and  s tro n g  nerves. C h. 3. D8Q3.



P la te  4. P o p la r cu ltiva tion . P lan ts 
p ru n ed  fo r  p lan ting  in the  field being 
lifted a t K en n in g to n  N ursery , O xford  
in  1937. P ro p a g a tio n  o f  p o p la r  u n d er 
W , G . G ray  w as a K enn ing ton  speci­
ality . C h . 3. D 870.

P late  5. C ho p p in g  bracken  fo r com posting  a t K inver N ursery , S taffordshire, in 1949. W ork  on  organic m anures 
w as carried  o u t by D r M . R a y n er o f  B edford  C ollege, w ho developed a  nu m b er o f  successful com posts based 
on easily ob ta ined  bulky organic m aterials such as straw  and b racken . T he use  o f  such com posts was the 
effective origin o f  th e  “ h ea th lan d ”  o r  “ w aste land” nursery. Ch. 3. B718.
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P la te  7. L ong-term  nursery  n u tritio n  experim ents a t W areham  F o re s t N ursery , D orse t. P lots w ere treated  year 
afte r year w ith the sam e organic o r  chem ical fertilisers, w ith  po ly thene sheeting  buried a ro u n d  the  boundaries 
o f  each p lo t. I t required  som e twelve seasons o f  co n tin u o u s seedling cro p p in g  before the  perfo rm ance o f  seed 
beds m anured  purely w ith fertilisers began  to  fall regularly  below  those receiving o rgan ic  m anure. T he tall, 
th in  labels in fro n t cen tre  o f  each p lo t indicate app lica tions o f  o rgan ic  m anure (d ark  label) o r chem ical fertiliser 
(light label), Ch, 13. B1588.



Plate S. P loughing  w ith horses in Calhm a  g round  a t  T e ind land , L aigh o f  M o ray  F o rest, M o raysh ire , in 1931. 
T h e  m ain line o f  in terest in cultivating  O tlhtiia  h ca th land  before the  w ar w as th e  selection o f  m odified ag ri­
cu ltu ra l tackle, s tro n g  enough  to  perform  w ith o u t co n s tan t b reakdow ns. Ch. 4, D1543.

P late 9. Shallow  ploughing  w ith th e  “ A u to -cu lto”  m ach ine  on  p o o r  C allnnag ro u n d  a t  W areham  F orest, D o rse t. 
T he furrow  tu rned  w as too  shallow  to be o f  m uch value, an d  th is type o f  g round  p rep a ra tio n  gave po o r results 
even w ith Scots pine and  C orsican  pine, though  it was su p e rio r to  p lan ting  directly in to  the  n a tu ra l surface. 
C h . 4. D39.



P late  10. C u ltiva tion  experim ents a t A chnasheH ach F o rest, R oss-shire , Turfing  and d ra in in g  are  inseparably  
linked and  m any com binations w ere tried d u rin g  the  1920s. T he fo u r p lo ts  show n abo v e  a re , from  left to  right: 
(1) D eep  d ra ins a t  20 ft, (2) Shallow  d ra in s a t  20 ft. (3) L azy (fallow ) beds above m atto ck  trenches. (4) D eep  
d ra in s a t  9 ft. C h. 4, D 3603.

P la te  11. D ra in in g  experim ent a t  B enm ore F o rest, A rgyll, in 1935, show ing layout o f  d ra in in g  p lo ts w ith 
u n p lan ted  g round  betw een an d  turves spread from  d ra ins w hich a re  a t  various spacings. C h. 5. B1718.



P la te  12. T h e  high elevation  experim ent a t  B eddgelert F o rest, C aernarvonsh ire . T he fam ous “ latin  sq u a re” 
p lan ted  betw een 1250 ft and  1800 ft, sixteen years after p lan tin g  in 1929. C h . 4. C229.

P late  13. H igh elevation experim ent a t Beddgelert F orest, C aernarvonsh ire , tw o  years afte r p lan tin g  in 1929. 
P lo ts run  from  1250 ft to  1800 ft, laid ou t as a classical “ latin  sq u a re” . A lth o u g h  to o  early  to  show  tree grow th 
the  area  stands o u t clearly from  the su rro u n d in g  m oun ta inside , follow ing the  p reven tion  o f  sheep grazing  by 
fencing an d  the  2-year grass grow th. C h. 4. D 2.



P la te  14. E xperim ental a rea  a t  th e  L o n  M or, Inchn acard o ch  F o rest, Inverness-shire. A Scots pine provenance 
tria l is show n from  cen tre  fo reg round  to left. A lternate  lines o f  S itk a  spruce an d  Lodgepole pine are  p lanted 
on  Belgian and  shallow  turfs in the  r ig h t fo reg round . T h is is one  o f  the  areas w here w ork  on  peat was co n ­
cen tra ted . C h. 4. D 600.

P late  15. K ilm u n  A rb o re tu m  an d  F o re s t P lo ts from  the  D u n o o n /B e n m o re  R o a d , across H oly  L och. B enm ore 
F o re s t, A rgyll. T he first p lo t w as p lan ted  in 1930 by the staff o f  W est Scotland C onservancy, w ho were re­
sponsib le  fo r all the  w ork  un til 1948 w hen the  R esearch D ivision  to o k  over its m anagem ent. Ch. 6. A4020.



P la te  16. M ethod  an d  position  o r  p lan tin g  experim ent a t T c ind land , L aigh o f  M o ray  F o rest, M orayshire, 
p lan ted  in 1934. Lodgepolc pine, Scots pine, Japanese larch  and  S itka sp ruce  set in to  fo u r  different soil horizons: 
original surface, leached layer, p an , and subso il. 1934. C h. 5. C2160.

P la te  17. O regon  a ld er p lan ted  on  com plete  p loughing, w ith  basic slag  on  the  left-hand  side an d  no  m anure  
o n  the  right. E xperim ent a t W ykeham  F orest, Y orksh ire , in 1934. P ioneer cro p s o f  a ld er later p rov ided  cover 
Tor the  successful in troduc tion  o f  a considerab le  range o f  species, a n u m b er o f  which had  previously  failed w hen 
p lan ted  in the  open. C h. 4. 425.



P la te  18. P h o sp h a te  m anuring . A pplica tions o f  basic slag  on  w estern hem lock  a t T e ind land , L aigh o f  M oray  
F orest, M oraysh ire . B asic slag app lied  a t  the  tim e o f  p lan tin g  to  the  righ t-hand  p lo t 30 years previously  a t 10 cwt 
per acre, bu t n o t in im m ediate  fo reg round . T he use o f  basic slag w as m uch  favoured before the  w ar, b u t was 
largely rep laced  by g round  m ineral p h o sp h a te  in th e  po st-w ar years. C h. 4. C3437.

P la te  19. N u rse  crops o f  com m on b room  (Sarothanm us scoparitts} to  p rov ide n itrogen  nu tritio n  o n  hcath land 
sites. These experim ents on m ost o r  the p rincipal heath  experim ental a reas, up  to  a n d  even afte r the w ar, gave 
som e o f  the  m ost d ram atic  results achieved, b u t th e  cost o f  the  techn ique prevented its w ider ado p tio n . The 
experim ent show n above w as a t  B roxa, L angdale  F o rest, Y orksh ire , and show s S itka sp ruce and broom  sow ings 
on  com plete  " R L R ”  p lou g h in g  w hich received basic slag a t  p lan ting  and  sow ing, C h. 4. D 2906.



Plate 20. H eather pulling experim ent a t L och O ssian  P lan ta tion , C o rrau r, S tra th  M ash ie F o rest, Inverness- 
shire. O n  the left, h eather pulled with no  slag. O n the  right, h ea th er pulled plus basic slag. P h o sp h a tic  m anures 
w ere used before the C o m m ission ’s tim e by Sir Jo h n  S tirling  M axw ell a t  C o rro u r. Ch. 4. B2317.



Plate  21. Oak. spacing experim ent, show ing 6j ft * 6+ ft ( 2 x 2  ni) spacing p lo t 18 years after planting at 
F lee t F o rest, K irkcu d b rig h tsh ire . Ch. 7. C2339.
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GENERAL SILVICULTURAL ENQUIRIES 25

information on such factors as rate of diameter 
growth, size of “snag” and condition of branch (dry 
or green) on speed of occlusion was obtained. This 
was followed up by a major study of pruning 
occlusion by C. P. Scott immediately after the war. 
The economics of pruning (effect on grading etc.) 
remained to be studied much later, when suitable 
material from the early experiments became avail­
able.
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Chapter 6

SPECIES AND PROVENANCE

In any afforestation programme the choice of 
species is regarded as the most important of all 
management decisions. The traditional experimental 
approach to the selection of exotics has three stages: 
(i) the arboretum, in which tolerance of climate is 
the main criterion, (ii) “ forest gardens” or “forest 
plots” , in which subjects showing promise in the 
arboretum are studied as forest crops, and further 
information obtained on ease of establishment, rates 
of growth, and health; and (iii) trials of species 
proper, in which precise comparisons are made 
between a few strong candidates for some particular 
environment. (Plates 15, 22-25, 28, 29.)

Provenance studies should be an integral part of 
any programme on exotics, but in Britain and else­
where provenance work has often been undertaken 
only after the main species investigations have been 
well advanced. Whilst pre-war work on species 
provided examples of each of the principal stages in 
the enquiry, the most important exotics certainly 
did not find their places as a result of any orderly 
series of trials. The European species, larch, Norway 
spruce and the native Scots pine had long been in 
cultivation as forest trees, and the nineteenth-century 
introductions from other regions were well repre­
sented in arboreta; indeed virtually all of the species 
which were to prove important to the Commission 
had found their way into forest plantations, though 
some were only to be seen in small trial plots.

A good deal was known about the requirements of 
the old plantation species, and the use of vegetation 
types as a guide to the choice of species was a 
familiar concept. The problem was to fit in the 
newer exotics to the best advantage inside and out­
side of the traditional planting range. It was much 
more an evolutionary process than organised re­
search, and a great deal was learned about the useful 
limits of species simply by planting them, and 
especially by over-extending them. Research played 
a part in this solvitur ambulando process by special 
studies and observations; all the early Research 
officers were engaged in this in addition to their 
experimental work. Mark Anderson in particular 
devoted much study to the British wasteland types, 
and his Selection o f tree species (Anderson, 1950) 
is a most valuable ecological approach to the choice 
of species for particular sites.

Apart from this general approach to the species 
question, Research was engaged in numerous more 
direct enquiries. It was not necessary to go back to 
the arboretum stage for any great number of species; 
hence, purely from the forestry point of view, large 
comprehensive arboreta were not required. The

Commission, however, had a general educational 
interest in forest botany, and it was appropriate 
enough that they should collaborate with Kew in the 
establishment of the National Pinetum at Bedgebury 
Kent, in 1924, which will always be associated with 
the name of William Dallimore. The forest plots 
stage was of greater importance, since many trees, 
coniferous and broadleaved, had previously appeared 
only as single specimens in arboreta, and had not 
been grown as forest crops. Two very large forest 
gardens were established: Bedgebury Forest Plots 
in 1929 adjacent to the National Pinetum, and 
Kilmun, Argyll, in 1930. Bedgebury was managed 
by Research from the outset, but Kilmun was 
managed by the West Scotland Division (Conser­
vancy) till 1948, when it became a Research project. 
The objects in the two series were much the same— 
to represent under forest conditions as many species 
as possible. As the climates of the two localities are 
(for Britain) markedly different, the two series 
provide most interesting contrasts, the most striking 
being the success of eucalypts at Kilmun, few of 
which would survive one winter at Bedgebury. One 
similar private venture should be mentioned, the 
Forest Garden at Crarae, between Inveraray and 
Lochgilphead in Argyll, planted by Sir George 
Campbell, and very generously presented by to him 
the Commission in 1956. (Plate 15 shows Kilmun.)

Complementing these large near-comprehensive 
forest gardens, and representing much the same 
stage in the study of exotics, were numerous smaller 
collections of species in special environments. Un­
replicated series of half a dozen or more species 
appeared on most of the important types in the pre­
war period, plot sizes varying from a tenth of an acre 
to a whole acre. The third stage was usually repre­
sented by the incorporation of two or more obvious 
candidate species in replicated experiments, com­
paring different establishment treatments, but a 
number of replicated “straight” species trials were 
also laid down.

In retrospect, pre-war Research work on the 
selection of species had little to do with the identifi­
cation of the chief afforestation species, which more 
or less emerged from pre-Commission and early 
Commission experiences, but it did greatly assist in 
evaluating them and determining their range. What 
it did do most successfully was to demonstrate the 
wealth of species capable of forming productive 
crops on all but the most restrictive sites, and this 
was not merely of academic interest in this period, 
for contemporary thinking favoured diversification 
of the forests.

26



SPECIES AND PRO VENANCE 27

It was appreciated that success in afforestation of 
bare land depended very largely on the use of species 
with the characteristic of appearing early in the 
natural succession in their native habitats, but there 
does seem to have been some confusion of thought 
(which has not entirely disappeared) in relating the 
demands of a species to its order in the succession, 
successor species being usually considered more de­
manding than pioneers.

It had proved possible in Britain to make success­
ful use of exotics with relatively little attention to 
seed source, mainly because the readily available 
seed sources, or those selected for new large-scale 
introductions, happened to provide material with 
wide enough tolerances in relation to British con­
ditions. There was no doubt an element of luck in 
some cases, but with such important species as Sitka 
spruce and Douglas fir good choices were made with 
the help of the Canadian authorities. In any case 
provenance investigations were contemplated at an 
early date, and Lines (1970) has pointed out that 
Steven drew up a model plan for provenance studies 
in 1924 for Douglas fir and Sitka spruce. An extreme­
ly important administrative step had been taken in 
1922 in the introduction of the system of labelling 
each seed lot by the year of collection and an 
individual identity number; these numbers together 
with the origin of the seed and (later) the germinative 
characteristics being printed in the Commission’s 
Journal (and later reprinted as Research Branch 
Paper No. 29. Seed identification numbers). Al­
though identity was often lost in the passage of 
plants through the nursery to compartments in the 
forest, or confused by admixture in beating-up 
operations, the system frequently provided the first 
clear indications of troubles related to seed source.

The Commission’s first provenance experiments 
were laid down in the late nineteen-twenties and 
early thirties. Much the best of the early experiments 
were those concerned with Scots pine and European 
larch; the representation of provenances in the pre­
war Douglas fir and Sitka spruce experiments being 
rather meagre, though the Radnor 1929 unreplicated 
experiment comparing four provenances of Sitka 
spruce ranging from the Queen Charlotte Isles to 
California later provided one of the striking demon­
strations of clinal variation in growth rates. Natu­
rally, the great weight of the evidence from pre-war 
provenance work was gathered in the post-war 
period, but in both Scots pine and Sitka spruce there 
were early indications of the importance of keeping 
within a few degrees of our own latitudinal range, 
since there were considerable difficulties in establish­
ing plants of some of the more extreme provenances.

An interesting early observation was that the progeny 
of the old Breckland hedgerow Scots pines grew well 
not only on its home ground at Thetford, but also 
under very different conditions in Scotland. Later, a 
good deal of attention was paid to identifying flexible 
material of this sort in other species.

Of the other important exotics, fairly comprehen­
sive experiments for Norway spruce were laid down 
in the mid and late nineteen-thirties, though several 
experiments were lost by fire at Kielder shortly after 
the war. In view of its exceptional range, no pre-war 
experiments on Pinus contorta could be considered 
adequate, but they were sufficient to indicate the 
great distinction between coastal material and pro­
venances of more continental origin. Incidentally, 
this appears to have been noted, and acted upon, by 
the Irish a good deal earlier than in Britain, on 
evidence from very simple contrasts in seed origin 
at the Avondale Forest Garden, Co. Wicklow, Eire.

Edwards and Howell (1962), in outlining a pro­
gramme for trials of exotics, have made the point that 
a new introduction should never be judged on a single 
seed source, and that a reasonably safe preliminary 
indication may be obtained from three provenances:
(i) from the part of the range where the species 
reaches its optimum, (ii) from the best climatic match 
in the natural range, and (iii) (since identity is hardly 
to be found) from a third source which represents a 
logical approach to the climate of the planting region. 
It is surprising how much is covered by this simple 
and ingenious rule.
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Chapter 7

MENSURATION

During the pre-war period (and in fact up to 1960) 
Mensuration was a Research Branch activity. Except 
during the first two or three years when the Research 
Officers’ duties included mensuration, the subject 
was regarded as a specialisation, and placed under 
the charge of a Sample Plots Officer for the whole 
country. A few permanent sample plots had been 
established by the Crown Office of Woods before the 
first war, but the Commission, in beginning its own 
studies of yield and growth, had a more valuable 
body of statistics from the surveys conducted by the 
Board of Agriculture and the Board of Trade during 
the latter part of the first war. During the course of 
these surveys over 1,000 plots in various parts of the 
country were measured, and it is of interest that the 
methods employed in the surveys were published in 
1919 as the first of the Forestry Commission’s series 
of Bulletins. In 1920 Bulletin No. 3 was published 
based on these data and entitled Rate o f growth o f  
conifers in the British Isles, providing the first 
reasonably comprehensive set of yield tables for the 
principal conifer species grown in Britain at that 
period. Bulletin No. 3 was the work of W. H. Guille­
baud (1920), who had in fact been engaged on the 
original surveys. Apart from these British data, the 
Commission had of course the published yield tables 
of various European authorities. No great amount 
of information was available, however, from any 
source on the yield of the newer species in plantation, 
though some useful indications were available from 
individual plantation records.

The Commission’s primary objective in this field 
of work was to build up a body of information on 
the growth and yield of the principal species through­
out the country: such information to be made 
available in improved yield tables. The yield tables 
in Bulletin 3 were prepared from temporary plot 
measurements, and gave no reliable information on 
thinning yields, hence one of the first tasks was to 
establish sufficient permanent sample plots to study 
the development of stands under standard treatments 
over the length of the rotation.

An equally important object was to study the 
effects of different thinning treatments on the 
development of stands, stem dimensions, form and 
quality, and on intermediate and total yield. It was 
also expected that permanent sample plots would 
provide matter for soil research, and eventually 
timber of known history for forest products research. 
Mixed as well as pure stands were included in the 
programme. (Plate 21)

In forest mensuration, the Commission had the 
benefit of continental theory and practice. James

Macdonald, who held the post of Sample Plots 
Officer from 1924 till 1930, did most of the early 
constructive work on British sample plot methods, 
and in his Growth and yield o f  conifers in Great 
Britain, F.C. Bulletin 10 (Macdonald, 1928). The 
practices which were to be followed during the 
pre-war period were described, with their derivations 
and reasons for modifications to suit British con­
ditions. One of the key decisions was the choice of a 
suitable criterion for ranking stands by productivity 
into quality classes. Without sufficient crop records 
this could not be done on production itself—the 
logical method advocated by Baur—but production 
appeared to be closely enough related to height 
growth for stands to be grouped into classes accord­
ing to their height/age curves. The method proved 
convenient and consistent enough for most purposes, 
though certain aberrations were noted before the 
war which warranted further investigations jn  the 
post-war period. Cajander’s method of classifying 
sites by fertility as indicated by the vegetation type 
had little chance of proving useful in Britain in the 
almost complete absence of a climax vegetation.

A notable contribution to the study of stem form 
of conifers was made by James Macdonald (1932-34) 
in the early thirties. Another important matter was 
the classification of the individual trees in the stand, 
which had a bearing on the sampling procedure for 
measurement, and also on the definition of thinning 
grade. A system modified slightly from that of the 
Swede Schotte was adopted, which divided stems 
into classes primarily according to their degree of 
dominance in the canopy. Thinning methods and 
grades had long been the subject of controversy on 
the Continent, but the actual definition of grades had 
reached a measure of international agreement.

The primary distinction between thinning practices 
which had become generally recognised in the early 
years of the century was between low thinnings and 
crown thinnings. Broadly speaking low thinnings con­
centrated on the successive removal of the dominated 
classes, whilst crown thinnings were made amongst 
the dominants, leaving the dominated classes to form 
a lower canopy. Each principal type of thinning was 
sub-divided according to weight, i.e. the quantity of 
stems removed, and these grades were defined strictly 
by the classes of stem which could be removed in a 
particular thinning. By 1923 the Commission had 
standardised its own experimental thinning grades 
(based very largely on international conventions), 
recognising three grades of low thinning and two of 
crown thinning. A few modifications were made in 
later years, but pre-war experimental thinning was
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substantially on the above lines; the control being 
primarily qualitative and only secondly quantitative.

Historically speaking, this attitude to thinning 
owed much to continental experience in handling 
heavily stocked (often naturally regenerated) crops, 
in which the differentiation of canopy classes might 
be very marked, and the choice of treatment between 
low and crown thinnings a very obvious one. The 
long-term objects of the two main types of thinning 
were also different; crown thinning aiming at irregu­
larity of stand structure, sometimes with the intention 
of preparing the way for some form of continuous 
forestry, whilst low thinning aimed to favour the 
most vigorous components of the crop, to produce 
a regular stand structure, and hence even assort­
ments of produce. Of the major conifer species in 
British forestry, only one (Norway spruce) can be 
considered a true tolerant, and hence it is not 
surprising that (as James Macdonald remarked) the 
development of an under canopy is not well marked 
in British woodlands. In all the more light-demanding 
species, pre-war thinning experiments indicated that 
the standard crown thinnings would not maintain a 
healthy lower canopy. In the extreme light deman- 
ders, such as larch, underplanting at a suitable stage 
with a tolerant species was a well established practice, 
and a number of sample plots were established to 
study the productivity of such two-storeyed crops. 
The best known of these were the underplanted larch 
crops at Dymock (Hereford Forest, on the Glouces- 
tershire-Herefordshire border), which have been 
described by D. E. Earl (1951). Even-aged mixtures 
were scarcely touched in the pre-war sample plot 
programme in the absence of suitable comparisons; 
it remained for M. V. Laurie to apply a strict ex­
perimental approach to this subject after the war.

In general the pre-war sample plot programme 
could not take the vexed subject of stand structure 
and productivity very far, indeed it still remains a 
topic for controversy, and some aspects of it call for

sophisticated physiological approach. But on the 
simpler question of relative weights of thinning, a 
good deal of evidence indicated that productivity 
was not greatly influenced by grade of thinning, and 
there was more than a suggestion that heavier thin­
ning (within the range studied) increased production 
by a small amount. Such effects could not emerge as 
statistically significant till the arrival of the replicated 
thinning experiment. The first of these, a Latin 
square of four treatments, was established in a 20- 
year-old Norway spruce crop at Bowmont Forest, 
a privately-owned property near Kelso in Roxburgh­
shire, in 1930, and has been justly regarded as an 
international landmark in this type of enquiry.

Considering the resources available, the pre-war 
achievement in this field of work was remarkable. 
Nearly 270 permanent plots were established in 
twenty species, providing a wealth of information 
for the post-war studies on growth and yield. Many 
of the earlier plots were established on private estates 
(a most valuable contribution by the owners), and 
some of these plots have been particularly useful in 
sampling the higher production range on sites not 
often acquired by the Commission.
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Chapter 8

FOREST PROTECTION

The term embraces all damaging agencies: biol­
ogical (insects, fungi, mammals, etc.); climatic (frost, 
wind, etc.); and last but not least, fire. During the 
pre-war period organised research concentrated 
mainly on insects and fungi, but late in the period 
studies on frost and on soil conditions predisposing 
to root disease appeared in the programmes. It is 
curious that no organised research on fire was 
attempted, since certain aspects of fire protection 
and suppression would certainly have been open to 
experimental approach. However, methods evolved 
fairly quickly by trial and error and exchange of 
ideas, as did many other techniques not subject to 
formal enquiries. The relatively low flammability of 
Japanese larch, and its power of suppression of 
ground vegetation, was one important field obser­
vation which passed into practical use. A comment 
by J. M. Murray (1931) which seems to have been 
well ahead of its time was that fire rides should be 
“ burned when the surrounding dead vegetation is 
too damp to burn readily” . He considers this could 
be done by the use of flame guns with pack sprays in 
support, but also envisaged the use of fire retardant 
materials on the margins. The arrival of the desiccant 
herbicides and “wet” and “viscous” water encour­
aged experiments in this direction thirty years later.

The only considerable piece of work on mammals 
during the period was Elton’s grant-aided study on 
the vole (Elton et al., 1935), which threw a great deal 
of light on the creature’s habits and on its extremely 
variable population. A few efforts were made to find 
suitable seed dressings to deter mice and birds, and 
the standard seed dressing, red lead, was a rather 
curious legacy of this work, for it was not very 
effective in its intended role, but proved convenient 
as a colouring agent to facilitate seed distribution. 
It is only very recently that it has been superseded.

Forest entomology, and (to a slightly less degree) 
forest mycology, were however active subjects of 
research from the outset. It has been mentioned 
previously that up to 1928 the Commission retained 
its own consultants in entomology and mycology 
(Dr J. W. Munro of Kew and Dr Malcolm Wilson 
of Edinburgh University respectively), but later 
arrangements were made with the Imperial Forestry 
Institute for the coverage of these subjects.

According to James Macdonald (1954) forest 
entomology had been actively studied (especially 
in Scotland) for a considerable period before the 
Commission came into being, and many of the more 
important insect pests had been described and 
appreciated. In forest pathology, A. W. Borthwick 
(who became the Commission’s first Chief Research

Officer, and later held the chair of forestry at 
Aberdeen) had made some of the first scientific 
studies of tree diseases in Britain during the early 
years of the century. One specific disease, canker of 
European larch, had collected an extensive literature 
from early times.

No insect pests during the pre-war period threat­
ened to reach disaster level, but several were the 
cause of very significant economic losses. The exten­
sive fellings of the first war provided ample breeding 
material for the weevil Hylobius and the bark beetles 
Hylastes and Tomicus, and considerable damage 
was caused to new plantations on old conifer sites. 
Munro worked on log trapping methods for Hylo­
bius, which gave a fair measure of protection. He 
made a comprehensive study of the bark beetles, and 
published British bark beetles as Forestry Commis­
sion Bulletin No. 8 (Munro, 1926). With relatively 
little felling of older conifers in the late twenties and 
thirties, and with adequate forest sanitation, these 
pests receded in importance for a time. There were 
occasional alarms about the introduction of non- 
indigenous bark beetles in unbarked pitwood, but 
no bark beetle in this period appeared likely to be 
other than a secondary pest. (Plate 27.)

Britain has been fortunate that the principal 
European defoliators, though present, have rarely 
proved of importance. (The Pine looper, Bupalus 
piniarius, proved the exception in the fifties (Hussey, 
1957)). The Oak leaf roller moth, Tortrix viridana, 
frequently defoliated oak in the early summer, but 
without lasting damage (Hussey, 1961). Much more 
alarming were effects on the young East Anglian 
pine plantations of the related tortricid Evetria buo- 
liana, the Pine shoot moth, which was ranked as a 
serious hazard in the early thirties (Forestry Com­
mission, 1956). The hollowing out of young shoots 
resulted in much deformation of crowns, including 
the classic symptom of “post-hom” stems, once very 
common, but now rather rare. This moth attracted 
a great deal of study, and one of the remedial 
measures tried was the hand picking of inhabited 
buds, which did not prove effective. Eventually, it 
appeared that the damage (though obvious enough) 
did not reduce the choice of stems to a serious extent, 
and the high populations of the moth declined as the 
wave of large-scale plantings in the area passed 
through the early thicket stage.

The complex groups of the sap-sucking Aphids 
and Adelgids were studied over the whole of the 
period, these being a speciality of R. Neil Chrystal 
who wrote the Commission’s Bulletins Nos. 4 and 7 
on the Douglas fir Chermes and the Silver fir Chermes
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respectively (Chrystal, 1922; 1926). The latter, now 
known as Adelges nordmannianae, provide our sole 
example of an insect pest precluding the use of an 
otherwise useful exotic (Abies alba, the European 
Silver fir). Adelgid attack on European larch was 
oftenvery conspicuous, and was regarded as playing 
some part in the complex die-back syndrome. 
Adelges cooleyi on Douglas fir also caused very 
disfiguring attacks, but it was noted that these did 
not usually account for more than slowing of growth 
for a few years.

The Green spruce aphis, Elatobium abietina, does 
not seem to have been a matter of very great concern 
over much of the pre-war period, possibly because 
there was not then so great an acreage of Sitka spruce at 
a vulnerable stage, and sited in over dry environments.

In the early part of the pre-war period the targets 
for research in mycology (or more generally, forest 
pathology) do not seem to have been so clear as those 
for the entomologist. Though several diseases had 
yet to make an appearance in Britain, all the princi­
pal diseases were familiar enough to mycologists and 
had long been described. What was not clear was 
their probable status and relative importance in 
extensive afforestation with much reliance on exotics. 
Diseases specific to the more important “new” 
species were a subject for special attention. For 
instance the increasing incidence of canker and die- 
back due to the fungus Phomopsis on Douglas fir 
(and to a less extent on Japanese larch) caused a 
good deal of concern in the nineteen-twenties, and 
Malcolm Wilson made a special study of this trouble 
(Wilson, 1925). This particular disease did not how­
ever turn out to be so damaging as had been feared, 
and to this generation it may seem odd that it 
attracted the first Commission Bulletin on a patho­
logical subject.

Malcolm Wilson had seen Dutch elm disease on 
the Continent, and expected that it would find its 
way to Britain. It duly arrived, the first well-proven 
case being at Totteridge, Hertfordshire, in 1927. 
Curiously enough, this outbreak was confused by 
deaths resulting from a leaking gas main. Dutch elm 
disease was the first subject on which T. R. Peace 
worked for the Forestry Commission when he was 
appointed to the Imperial Forestry Institute as 
assistant pathologist to W. R. Day under the new 
arrangement. He kept the disease under observation 
for many years, and published The status and 
development o f elm disease in Britain as Forestry 
Commission Bulletin No. 33 (Peace, 1960). He was 
not himself able to find very strong evidence for 
specific or varietal resistance, but some indications of 
this amongst British elm populations, coupled with 
the promise of the Dutch selections, provided one of 
the special arguments for opening genetical work on 
forest trees. Dutch elm disease presented the first

well attested example of an insect-carried fungal 
disease in British forestry.

Peace also worked before the war on heart rot of 
oak in the Dean Forest, caused by Stereum species, 
and showed that the trouble was associated with the 
prevalence of large dead limbs; a common symptom 
of heavy early thinnings and subsequent neglect. He 
also started his work on poplars and varietal resis­
tance to canker, which developed into a major project 
after the war.

W. R. Day, who was Pathologist in the Depart­
ment of Forestry at Oxford from the creation of the 
post in 1924 till his retirement in 1961, worked over 
a wide range of subject matter before the war. His 
approach was primarily ecological, with special 
interests in soil conditions and climatic factors 
predisposing to disease. With Peace he did the first 
British work on testing of provenances (of European 
larch) for resistance to freezing temperatures in the 
laboratory. This particular study was not conclusive, 
and Day’s opinion that frost damage played a major 
part in Larch canker was based mainly on his 
detailed field observations. The notorious May frost 
of 1935 provided a great opportunity for Day and 
Peace to study the incidence of frost damage on 
many tree species in relation to stage of growth, 
topography, and other environmental features, such 
as cover. Spring frosts, Forestry Commission Bulletin 
No. 18 (Day and Peace, 1937), was the first important 
British text on forest meteorology. (Plate 60.)

Day conducted several detailed surveys in con­
nection with establishment difficulties or poor 
growth. His work with R. G. Sanzen-Baker on the 
Chalk has already been mentioned, and he also 
collaborated with Sanzen-Baker in an investigation 
into poor growth in the South Wales plantations of 
Llanover, Ebbw Forest, and Llantrisant, Tair Onen 
Forest, where the difficulties had been ascribed to 
atmospheric pollution. Their finding was, however, 
that most of the troubles were due to incorrect 
choice of species and poor establishment practices.

No very great amount of work was done before 
the war on the root diseases. Day investigated Ink 
disease of Sweet chestnut, due to a Phytophthora, 
and found anaerobic soil conditions a predisposing 
factor. He was inclined to the view that even 
Armillaria mellea might be secondary, though he 
himself had found the fungus penetrating apparently 
healthy roots. Relatively little mention was made of 
Fomes in the pre-war period, as the destructive 
potential of this fungus only became clear after the 
first thinnings of plantations on susceptible sites, 
such as the old agricultural soils at Thetford.
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Chapter 9

WARTIME EMERGENCY ARRANGEMENTS

Under the appropriate chapter heading The great 
divide, Ryle (1969) describes the separation of the 
staff of the Commission into two groups, one con­
cerned with timber production (and eventually form­
ing the core of the Timber Production Department 
of the Ministry of Supply), the other continuing the 
Commission’s normal operations as best they could. 
Research continued, but the work of the Branch was 
very much curtailed. W. H. Guillebaud took over the 
administrative charge of the Forest of Dean, but 
retained his duties as Chief Research Officer. Like­
wise J. A. B. Macdonald doubled the role of Divi­
sional Officer for the West of Scotland with that of 
Research Officer for Scotland. R. G. Sanzen-Baker 
continued as Research Officer, England, but also did 
a great deal of organisation of volunteers from the 
Universities. Several of the experienced Research 
foresters were temporarily transferred to forest 
management duties for the war period. Hence the 
capacity to plan and execute new work was strictly 
limited, and the shortage of experienced forest 
workers made it difficult to maintain forest experi­
ments adequately. Some forest experiments un­
doubtedly suffered, but generally speaking the great 
body of experimental work came through the war 
period very well, much to the credit of the short- 
handed corps of Research foresters. Probably the 
most serious wartime losses were due to forest fires 
in the dry spring of 1942; many experiments were 
lost at the important Scottish sites at Teindland 
(Laigh of Moray Forest), Inchnacardoch and Borgie, 
and the forest plots at Bedgebury, Kent, also suffered 
severely.

No wholly new experimental projects were started 
during the war, but Guillebaud’s group planting in 
degraded coppice in Monmouthshire marked a 
change of direction in the treatment of such areas 
which was followed up after the war in the Derelict 
Woodlands project. Nursery investigations continued 
actively, and by the end of the war ideas on nursery 
nutrition had been revolutionised by the success of 
Rayner’s sowings on compost.

As in the first world war, the extensive clear 
fellings of woodlands all over the country offered 
opportunities for the collection of information. But 
whereas in 1914-18 the surveys of fellings provided 
most useful information of growth and yield, which 
was badly wanted at that time, the Commission’s

own network of permanent sample plots had by now 
largely taken care of that particular object. However, 
Prof. Champion of Oxford University took the 
initiative in organising a survey carried out by the 
teaching staffs of the Universities with the objects of:
(i) correlating rates of growth with locality factors;
(ii) studying to incidence of heart-rot; and (iii) esti­
mating the effects of stem defect on the out-turn of 
produce. A great deal of data was collected, but 
various difficulties prevented the whole being worked 
up and published. Probably the most valuable 
practical result of the survey was the information 
obtained on the incidence and extent of damage 
caused by Fomes, which influenced Peace in placing 
high priority on Fomes in the post-war pathological 
programmes.

Another by-product of wartime fellings was a 
study of the air seasoning of stacked pitprops 
assessed by periodic weighments, which was organ­
ised by Guillebaud. His figures for weight loss in the 
dry summer of 1940 indicated rather quicker rates 
of seasoning than in previous investigations by the 
Forest Products Research Laboratory.

Of greater ultimate importance than any forest 
research undertaken during the war were the various 
decisions about post-war research policy and the 
major lines of research. The war was a particularly 
active period for the Commission in planning forest 
policy; the Command Paper Post war forest policy 
was presented to Parliament in 1943 (Forestry 
Commission, 1943), preparing the way for the 
Forestry Act of 1945.

The Research Advisory Committee continued to 
meet throughout the war, and the ideas behind the 
re-shaping of forest Research for the post-war period 
are fully reflected in its proceedings. It will be con­
venient to refer to some of the arguments when deal­
ing with the topic concerned in Part II.
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Chapter 10

POST-WAR POLICY

In considering the general policy for research 
immediately after the war in the Research Advisory 
Committee, references were made to the special role 
of the Agricultural Research Council, and to the 
proposed discussions with that body and DSIR on 
the responsibility for fundamental work in forest 
science, which were prevented by the 1939 emer­
gency. No attempt seems to have been made to 
reopen these discussions after the war, but members 
of the Committee who might be supposed to know 
the mind of the Agricultural Research Council 
thought that ARC would be glad to be relieved 
of any responsibility for grant-aiding fundamental 
research in forest science, and the Committee felt 
that the Forestry Commission should continue to 
administer its own research grants.

It was generally agreed, and indeed regarded as 
obvious, that the Commission must retain the 
capacity to do all strictly applied work. Robinson 
divided fundamental work into two categories: 
(a) basic work in the forest sciences not related to 
any specific problem, and (b) basic work having 
some bearing on applied forest research. He con­
sidered that the Commission should support the 
latter, but the former category was not the Com­
mission’s responsibility. It will be seen that the 
outlook had not changed materially since the early 
twenties and in particular there was still no single 
Research Council with ‘forest science’ in its terms of 
reference. How much this mattered would now be 
difficult to say. It certainly left the Commission, 
guided by its Advisory Committee, with the task of 
selling its research problems, and whilst it had 
always been good at doing this, it is likely that a 
Research Council would have drawn on a wider 
range of workers. But probably the main disadvan­
tage lay in the complexity of the picture. By 1949 
with the foundation of the Nature Conservancy, 
three Research Councils (DSIR, ARC, and the 
Conservancy) might support or be otherwise inter­
ested in items of research with forestry connections, 
and in addition the Commission maintained its own 
system of grant-aiding research of direct concern to 
forest problems.

However, in the early sixties the whole field of 
“civil science” and its organisation came under 
review. Firstly, the Advisory Committee on Scientific 
Policy set up a committee under Sir William Slater 
in 1961 to look into the special field of natural 
resources. This body recommended the grouping 
together of research activities of a broadly ecological 
nature under a new Research Council (“Slater 
Report” , 1963). A Committee of wider terms of

reference, the Committee o f Enquiry into the Organis­
ation o f  Civil Science (the “Trend Committee”), was 
appointed by the Prime Minister in 1962 to look into 
the whole field of civil science and its organisation 
(“Trend Report” , 1963). The Trend Committee was 
in substantial agreement with the Slater Committee’s 
recommendations for the organisation of research 
in the natural resources field, and amongst other 
important recommendations, advised that a new 
Research Council should be set up which would 
look after research in such subjects as terrestrial 
ecology, marine biology, hydrology, geological and 
soil surveys, and long-term forestry research [sic]. 
The Trend Committee’s recommendations were 
accepted in the main by Government, and in 1965 
the Natural Environment Research Council was 
established by Order in Council. The new body 
absorbed the Nature Conservancy, which, however, 
retained its identity and operated as a component 
part of the new council. This had five main com­
mittees, covering Ecology (the Nature Conservancy), 
Forestry and Woodland Research, Hydrology, 
Marine Biology, and Geological Survey. The Soils 
Surveys remained under the aegis of ARC.

NERC arrived rather late on the scene to have 
much influence on forest research during the period, 
but some comment will be made in the next chapter 
on the most recent developments in the new Council’s 
work.

The essential feature of the early post-war period 
was the rapid expansion of the Commission’s 
activities—especially the planting programme. It is 
difficult to find anything wholly new in the technical 
problems confronting Research, but there were many 
important shifts of emphasis, and a number of lines 
of work with discernible pre-war roots developed 
quickly to new projects or even to divisions of the 
research enterprise.

A few problems were directly connected with the 
wartime fellings. English broadleaved woodlands, 
which had by no means recovered from the first war 
fellings, were again devastated, and large acreages 
were left unstocked with anything of value, with only 
coppice regrowth or scrub of worthless species. 
This was a problem of greater significance to the 
private owner than to the Commission itself, but one 
which, as forest authority, the Commission was 
bound to investigate. There was also a marked 
deterioration in the condition of forest nurseries, and 
many forest operations such as drain maintenance 
had been neglected due to labour difficulties and 
shortage of supervision. Other examples could be 
given, but in most fields of research the incentive was
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the stage reached in pre-war work, and the develop­
ments followed naturally on the greater investment 
made subsequently.

As it happened, a good many lines of work had 
reached a critical stage and were open to new 
approaches and increased effort. This was very 
obviously the case in nursery nutrition, where 
Rayner’s work had led to surprising and unexplained 
successes along a somewhat restricted line. In the 
afforestation of the important heathland and moor­
land types, very clear main lines of advance had been 
established, and the way was wide open for the 
development of machinery, cultural practices, and 
improvements in fertilisation.

In other fields, questions had been recognised, but 
little had been done because of shortage of workers 
and money. For instance, Robinson had for long 
been anxious to see more research done on forest 
soils, especially with regard to the changes taking 
place after afforestation. This became an important 
topic of basic research after the war when funds 
became available to support work at the appropriate 
institutes.

Another branch of study, forest genetics, which 
had been discussed before the war but dismissed as 
impracticable, was adopted after further debate 
largely due to the influence of work in other coun­
tries, notably Larsen’s pioneer efforts in Denmark.

The most important policy decision, to establish a 
Forest Research Station, was by no means a new 
idea; the Commission had in fact been advised to 
set up an “institution” by a Cabinet Committee in 
1920 (see page 5). As conceived in 1943, the new 
research station was not to be a very ambitious 
afTair; it would provide a base for Silvicultural 
research in England and Wales, and would house 
specialists in Mensuration working on problems of 
production and management for the whole country; 
Ecology would also be represented, and most 
important, the Commission would have its own 
specialists in Pathology and Entomology at the 
station. Seed Testing was considered a likely develop­
ment, and it was thought that a Photographic service 
should be developed.

Library facilities were (of course) considered essen­
tial. It was, however, made clear in discussions in the 
Research Advisory Committee that the Commission 
had no intention of embarking on research requiring 
“specialised knowledge and elaborate laboratory 
technique” ; i.e. fundamental research would be left 
to the Universities and other proper institutions. 
There is a hint here of the confusion of ends and 
means which has so often bedevilled discussions on

kinds of research; sophisticated methods appearing 
more appropriate to fundamental than to applied 
research. The American Earl Stone once remarked 
that you could do pure research with a bulldozer and 
applied research with a microscope.

When the question of a Research Station was first 
discussed in the Advisory Committee, not all mem­
bers were convinced of the need for it. One view was 
that it would lead to centralised or institutional 
research, whereas the strength of the Commission’s 
research effort had lain in experimental work in the 
forests. Most members, however, were in favour of 
the station, but there was an interesting difference 
of opinion as to where it should be. The Commission 
put forward Alice Holt Lodge, a large house in the 
old Crown Forest of Alice Holt in Hampshire, close 
to  Famham, Surrey, and about 45 miles from 
London. The house had been a country residence, 
and during the war had served as a hospital. After 
inspecting the accommodation and facilities, most of 
the Committee considered that Alice Holt would be 
suitable for the purpose, but a strong minority view 
was that the station should be attached to one of the 
Universities, preferably Oxford, in order to keep the 
Commission’s applied research in close touch with 
basic work.

At Oxford there would also have been the ad­
vantage of close contact with the Imperial (now 
Commonwealth) Forestry Bureau for documentation. 
Robinson, however, plainly felt that there was a 
danger of the Commission’s own research becoming 
too academic and divorced from immediate field 
problems were the station to be based on a uni­
versity. In the Commission’s view it should not be 
difficult to maintain the necessary contacts with the 
Imperial (Commonwealth) Forestry Institute and 
with basic workers elsewhere, whilst maintaining a 
healthy degree of independence.

Policy decisions were made (explicitly or implic­
itly) on the opening of new sections or lines of work, 
and something will be said about the most important 
cases in the following chapter in tracing the main 
developments in forest research.
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ORGANISATION AND DEVELOPMENT OF RESEARCH

Chapter 11

The changes in the organisation of the Forestry 
Commission consequent upon the passing of the 
Forestry Act of 1945 are fully described in Ryle’s 
Forest service (Ryle, 1969). The period was one of 
very rapid expansion in the Commission’s activities, 
and much thought had been given to the future role 
of forest research in the discussions leading to the 
production of the Command Paper Post war forest 
policy in 1943. The importance of forest research 
was recognised by the creation of a Directorate of 
Research and Education, in parallel with the terri­
torial Directorates of England-and-Wales and Scot­
land which had replaced the old Assistant Commis­
sioner charges. Appropriately, W. H. Guillebaud 
was the first to hold this rank.

The early post-war organisation of Research had, 
in growing, inevitably lost the primitive simplicity of 
pre-war days, when Robinson and Guillebaud were 
so close to the work that policy and execution could 
hardly be separated. Policy for Commission research 
and for support of external research now rested with 
the Director, who was responsible to the Director 
General. The territorial Directors had a formal op­
portunity to influence research objectives through 
the Technical Committee, and Robinson continued 
to take a keen personal interest in Research, through 
the meetings of the Research Advisory Committee 
and field inspections. His death in 1952 removed a 
dominant, personal influence (not least on Research) 
which could not be replaced by any organisational 
device.

Late in the period (in 1965) a further drastic 
reorganisation of the Forestry Commission (the 
principle change being to replace the territorial 
Directorates by a functional board structure at 
Commissioner level) placed the Directorate of Re­
search under the permanent Commissioner for Forest 
and Estate Management. This should in theory have 
made the general adoption of advances based on 
research a simpler administrative process, and per­
haps there are now signs that it has done so.

Alice Holt opened in 1946; that is staff began to 
trickle in to occupy the rather primitively furnished 
accommodation, and the station was hardly a going 
concern before the beginning of 1947. The promotion 
of Guillebaud to Director of Research and Educa­
tion, stationed at London Headquarters, necessitated 
the appointment of a Chief Research Officer to 
supervise the enlarged Research Branch and to act 
as head of the new station. The first appointment to 
this post was M. V. Laurie, who had served as 
Silviculturist at the famous Indian Forest Service

research centre at Dehra Dun. T. R. Peace, who had 
worked for the Commission by arrangement with 
the IFI for some years before the war, and had in 
fact served as a Commission District Officer during 
the war, took the post of Forest Pathologist. F. C. 
Hummel, who had worked in Uganda, opened the 
section of Forest Mensuration, the successor to the 
old Sample Plots Officer charge. H. S. Hanson from 
the Imperial Institute of Biological Control was 
appointed Forest Entomologist, and J. M. B. 
Brown, who had worked on entomological problems 
for the Commission at the Imperial Forestry Insti­
tute, joined the team at Alice Holt as Forest Ecol­
ogist after completing postgraduate studies in this 
subject at Oxford.

The Research Officers England-and-Wales and 
Scotland, R. G. Sanzen-Baker and J. A. B. Mac­
donald respectively, were re-titled Silviculturists, and 
thus the Silviculture Sections, which were the succes­
sors to the old general Research Branch, were the 
only sections to be divided on a territorial basis; the 
others (at least nominally) covered the whole country 
from Alice Holt. From 1946 Silviculturist (North) 
occupied office accommodation at Manor Place, 
Edinburgh; research staff in Scotland had previously 
worked from Scottish Headquarters in Drumsheugh 
Gardens, Edinburgh. The territorial boundaries were 
later modified to give Silviculturist (North) the 
northern counties of England in addition to Scot­
land, thus bringing most of the upland afforestation 
work together.

Alice Holt also served as a base for the Census of 
Woodlands (a Headquarters activity) under J. S. R. 
Chard. This was carried out between the years 1947 
and 1949 as a matter of great urgency, and provided 
the essential statistical basis for much post-war 
policy.

In 1949 W. H. Guillebaud, the leading figure in 
forest research since the early twenties, left Research 
on promotion to Deputy Director General, being suc­
ceeded as Director by James Macdonald, who had 
much pre-war research experience. M. V. Laurie 
left the Commission in 1959 to take over the Chair of 
Forestry at Oxford on Sir Harry Champion’s retire­
ment; T. R. Peace succeeding to the post of Chief Re­
search Officer. The numerous other changes in staff 
in the post-war period are shown below, but J. A. B. 
Macdonald’s departure in 1951 on promotion to 
Conservator, South Scotland, must be mentioned, 
since this closed a record of nearly thirty years in 
Scottish research, during which he became the lead­
ing expert in upland afforestation.
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Research
Directors
W. H. Guillebaud 1945-1949 (Deputy Director 

General of the Commission 1949-1953)
J. Macdonald 1949-1962 (Deputy Director General 

of the Commission 1961-1962)
A. Watt 1963-1965 (Forestry Commissioner 1945- 

1969)
J. R. Thom 1965-1968
G. D. Holmes 1968-1973 (Forestry Commissioner 

1973-)
D. R. Johnston 1973—
Chief Research Officers
M. V. Laurie 1946-1959
T. R. Peace 1959-1962
R. F. Wood 1962-1967
D. H. Phillips (CRO, South) 1967-
B. W. Holtam (CRO, North) 1968-
Heads o f Sections
Seed G. M. Buszewicz 1963—
Silviculture South R. F. Wood 1947-1962, R. M. G.

Semple 1962-1970, J. R. Aldhous 1970- 
Silviculture North J. A. B. Macdonald 1948-1951, 

M. V. Edwards 1951-1966, R. Lines (acting) 
1964-1966, D. T. Seal 1966-1970, R. M. G. 
Semple 1970- 

Ecology J. M. B. Brown 1964- (Retired in 1972) 
Soils W. O. Binns 1963—
Genetics J. D. Matthews 1947-1963, R. Faulkner

1963-
Pathology T. R. Peace 1947-1959, J. S. Murray 

1959-1961, R. G. Pawsey 1961, D. H. Phillips 
1961-1967, D. A. Burdekin 1967—

Entomology H. S. Hanson 1947-1951, M. Crooke 
1952-1960, D. Bevan 1960- 

(Mammals and Birds Sub-Section: Miss J. J. Rowe
1961-) (Now Wild Life Section)

Physiology I. D. J. Phillips 1968-1969, K. A.
Longman 1970- (Resigned in 1972)

Statistics J. N. R. Jeffers 1956-1968, R. S. Howell 
1968-

Publications H. L. Edlin 1945- (Also Librarian
1962-1966)

Library and Documentation G. D. Kitchingman 
1947-1960, R. M. G. Semple 1960-1962, H. L. 
Edlin (part-time) 1962-1966, O. N. Blatchford 
(Research Information) 1966—

Photography I. A. Anderson 1949-
Management Services
Directors
F. C. Hummel (Conservator) 1966-1968
J. Q. Williamson 1968-1970
D. R. Johnston 1970-73
Deputy Director
D. R. Johnston 1968-1970

Heads o f  Branches
Mensuration F. C. Hummel 1946-1950 
Census J. S. R. Chard 1947-1950 
Mensuration and Census F. C. Hummel 1950-1956 
Forest Management (embracing Planning and Econ­

omics, Mensuration and Census) F. C. Hummel 
1956-1961, D. R. Johnston 1961-1963 

Planning and Economics D. R. Johnson 1963-1966, 
J. A. Spencer 1966-1968, D. R. Johnston 1968— 
1970, A. J. Grayson 1970- 

Field Surveys L. M. Simpson 1970- 
Work Study J. W. L. Zehetmayr 1954-1964, L. C.

Troup 1964-1971,1. A. D. Grant 1971- 
Machinery Research R. G. Shaw 1949-1965, A. J. 

Cole 1966-1967, R. B. Ross (Work Study) 1967-

Utilisation

Utilisation Development E. G. Richards 1950-1966,
B. W. Holtam 1966-1968, J. R. Aaron 1968—

From the structure of the branch outlined above, 
a number of developments took place in the post­
war period, and these will be reviewed briefly. The 
first new Section to be added was Forest Genetics, 
which was started by the appointment of J. D. 
Matthews in 1947. The possibilities of tree breeding 
had been discussed in the Research Advisory Com­
mittee as early as 1933, when a paper by Nicolai of 
Dantzig making proposals for international work 
was considered. At this time the scheme was con­
sidered much too ambitious. However, advances in 
provenance and interest in Continental breeding 
work encouraged further discussion of the topic, and 
in 1946 Robinson asked Sir Harry Champion to 
chair a sub-Committee of the Research Advisory 
Committee to look into the possibilities of forest 
genetics in its application to British Forestry. Sir 
Harry Champion’s Committee reported in favour of 
taking up this work, and the Commission accepted 
the recommendation. But it is not without interest 
that one of the arguments against the proposal was 
that more was to be gained by attention to seed 
supply at the species and provenance level. Whilst 
this did not logically exclude tree breeding, it is 
certainly the case that the organisation of seed 
supply remained weak over much of the post-war 
period, and a good deal of productive capacity was 
lost thereby.

The Mensuration Section under F. C. Hummel, 
successor to the old Sample Plots Officer, evolved 
beyond recognition during the period. A Sub- 
Section of Statistics grew up inside it under J. N. R. 
Jeffers and developed a service to the Branch. In 
1956 Statistics became an independent Section con­
centrating on the design and analysis of experiments. 
At the same time the Mensuration Section was
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retitled Forest Management, and expanded from 
the original role of studying growth and yield to 
assume responsibility for Working Plans, adding 
at the same time a new discipline, Forest Economics, 
with the appointment of A. J. Grayson. Manage­
ment had also taken over the Headquarters activity 
of Census Woodlands. In 1960 the Management 
Section left Research and became a Headquarters 
section. Since the greater part of its work was now a 
common service to the Commission, this was not 
illogical, but it would have been better if at this time 
the opportunity had been taken to disengage the 
purely research component in Mensuration and 
leave this in the Research Branch. Later in 1966 
Management, Work Study, and Machinery Research 
were incorporated in Management Services Division.

The two Silvicultural Sections, North and South, 
expanded greatly over the period as the range of 
work increased. The small Ecological Section under 
J. M.B. Brownremained linked to Silviculture(South) 
till 1964, when it became independent. In the nine­
teen-fifties the need for soil analytical work became 
pressing, since it was not always convenient nor 
practicable to farm out ad hoc soil investigations. 
A small sub-section allied to Ecology was established 
under W. H. Hinson in 1955. Later under W. O. 
Binns the Section also became autonomous. Work 
on seed analysis and pre-treatment had been assum­
ing increasing importance since the establishment of 
the Research Station, and by 1963 the Forest Seed 
Section which had grown up under G. Buszewicz 
inside Silviculture (South) became independent. By 
the early fifties it became apparent that Alice Holt 
Lodge could not continue to satisfy requirements 
for space, in spite of a proliferation of ex-army huts 
round about the house. The laboratories were make­
shift conversions of domestic accommodation and 
very cramped; the new wing was planned by Laurie 
(architects Cowper and Poole) to provide adequate 
modern laboratories for all the sections in need of 
special facilities. It also included refrigerated seed 
stores to replace the very primitive shed and cellar 
stores at Santon Downham (near Brandon, Suffolk) 
and Grizedale (Lancashire), and other Conservancy 
stores. The new building was opened in 1959.

As well as these developments in Research proper, 
the post-war period saw the addition of certain 
specialised sections to the Headquarters organisation, 
which were concerned, at least in part, with research 
activities. The first of these, Mechanical Develop­
ment, dates from 1949 with the appointment of 
Col. R. G. Shaw. In 1950 a Utilisation Development 
Section was formed under E. G. Richards, one of 
its more important roles being to liaise with Princes 
Risborough and co-ordinate research on home­
grown timbers with the Forest Products Research 
Laboratory, Princes Risborough. And in 1954 J. W. L.

Zehetmayr left Silviculture (North) to start a new 
Section in Work Study. (It is of interest to recall that 
the Commission had made some approach to this 
class of work with O. J. Sangar in the early twenties). 
These Sections did not report to the Directors of 
Research, but to Commission Headquarters. With 
the re-organisation of 1965, and the division of the 
Commission’s activities into three broad functions 
under permanent Commissioners (Administration 
and Finance, Forest and Estate Management, and 
Harvesting and Marketing) whilst the main Research 
Branch found itself in Forest and Estate Manage­
ment, Utilisation research passed to Harvesting and 
Marketing, and Work Study joined Management 
Services in Administration and Finance.

Whilst Alice Holt had considerable advantages as 
a Forest Research centre, it had also some draw­
backs. For one thing, with the best intentions, it was 
difficult for specialist staff to devote as much 
attention to Scotland and the north generally as was 
justified by the increasing relative importance of 
forestry in these regions. Even had this not been so, 
changes in approach in the main experimental 
section, Silviculture, called for some sort of labora­
tory facilities, and at Manor Place and (latterly) 
Sighthill in Edinburgh, Scottish research had only 
the bare minimum office accommodation. By the 
mid-sixties attention to Scottish requirements was 
plainly overdue. One important step had already 
been taken when J. D. Matthews left the Commission 
in 1963 for the Chair in Aberdeen when it was 
decided to base the Genetics Section at Edinburgh 
under R. Faulkner, leaving a deputy at Alice Holt 
to look after the work in the south. In 1967 it was 
decided to build a new Research Station at Edin­
burgh, and a site was provided by the kindness of 
the Board of the Edinburgh Centre of Rural Econ­
omy at their Bush Estate, near Roslin, Midlothian. 
As the building was completed in 1970, develop­
ments at Edinburgh fall outside the period reviewed, 
but it should be said that the new station houses 
Silviculture (North); a new Section in Physiology; 
Forest Genetics; and representatives of the Pathol­
ogy, Entomology, Soils, and Statistics Sections. Its 
situation, in a campus of other research establish­
ments (Hill Farming, Plant Breeding, Agricultural 
Engineering, etc.), and close to Edinburgh with a 
strong research background at the University 
Department of Forestry and Natural Resources, is 
obviously most favourable.

The research programme has continued to be 
initiated chiefly inside Research; that is, it has been 
the Research interpretation of the Commission’s 
needs rather than a list of projects “ sold” to Research 
by the Headquarters organisation. There have been 
various changes in drawing up and reviewing the 
programme. It has always been the main item at the
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annual research conference, and has always been 
presented to the Research Advisory Committee 
for general comment. The Committee has been 
influential in encouraging certain lines of work, e.g. 
nursery nutrition; forest soils; genetics etc., and has 
also been of great value in grant aiding through the 
wide scientific contacts of its members. Whilst that 
body still existed, the Commission’s Technical Com­
mittee made the primary official scan of the pro­
gramme. Various methods of consulting field staff 
have been adopted, by far the most valuable being 
meetings for discussion on the ground.

Generally speaking, the main development in the 
programme itself has been from a detailed list of 
items of work (which became increasingly cumber­
some with the growth of the Branch), to a more 
convenient summarised format setting out the 
directions of work. This has been facilitated by the 
more or less general introduction of the project as 
a formal basis for planning in the mid-sixties. In 
some fields (Work Study is a good example) the 
term has immediate significance, and has been 
applied from the outset. Elsewhere it has not always 
been easy to demarcate projects from a wide field 
of inter-related studies, but even where the definition 
is somewhat arbitrary, it has been useful in forcing 
attention to broad objectives, which do not neces­
sarily appear in individual experimental plans.

Advances in the application of statistical theory 
have improved the experimental work and other 
enquiries undertaken by all sections of research 
during the post-war period. One important early 
influence was the demonstration by E. M. Crowther 
of the value of the factorial designs (largely due to
F. Yates) in his experiments on nursery nutrition 
(Yates, 1937). The setting up of a general statistical 
service, first inside Mensuration, but from 1956 an 
independent Section, has ensured that the best 
methods were available to all workers.

Jeffers’ term of reference were to advice on design, 
to analyse the results of experiments and surveys, and 
to research into the application of statistical methods 
in forest research and management. At this time a 
fully fledged statistical service was an unusual feature 
in a forest research outfit, and not by any means 
general in comparably sized establishments in other 
fields. Most of the special problems in forest research 
stem from the long-term nature of the crop, the 
relatively large size of plots and the heterogeneity 
of forest sites. Hence, there has been much use of 
techniques of covariance in accounting for original 
differences in experimental material. The introduc­
tion of new designs such as incomplete randomised 
blocks were of great assistance in keeping down the 
number of plots in experiments with large numbers 
of treatments (as in provenance studies); and other 
devices such as partial replication in factorial experi­

ments proved useful in forest nutritional studies. A 
great deal of attention was paid to sampling in ex­
perimental assessment and in surveys of all kinds. 
Schemes of stratified random sampling were adopted 
in many of the more important surveys, as in those 
concerned with the joint studies on timber properties 
with Princes Risborough. Jeffers also had an early 
interest in sequential sampling, and applied it in one 
of the major investigations on the strength of home­
grown pitprops. One of his more important research 
topics was on growth curves; mathematical treat­
ment of these has applications in mensuration and 
forecasting (Jeffers, 1959).

In the mid-fifties it was becoming clear that the 
weight of routine calculations in analyses and in 
mensuration and other topics was becoming too 
much for desk machines; also some of the new 
statistical techniques were hardly practicable by 
these means. At the time electronic computers had 
reached an advanced state of development, and third 
generation types were becoming available. Jeffers 
had access to the Ferranti Pegasus at Farnborough 
through the kindness of the Royal Aircraft Estab­
lishment, and programmed many analyses and other 
calculations for this machine, and later for the 
related Ferranti Sirius at the London Computing 
Centre. By 1960 virtually all the major calculations 
undertaken by his section were being undertaken on 
hired time on these computers. The advantages of 
acquiring a computer at this time were strong; for 
one thing, a good deal of development work in 
methods was necessary, and the relatively short 
period of hired time available were inconvenient for 
this, and usually had to be filled with routine work. 
In 1963 the Commission acquired its first computer, a 
Ferranti Sirius, which was installed at Alice Holt and 
performed excellent serviceover the rest of theperiod.

There are obvious advantages in getting numerical 
data onto the computer as directly as possible; time 
saving, avoidance of copying errors, etc. One method 
entails the “reading” of marks on specially printed 
forms; this is the basis of the English Electric Lector 
which was used experimentally for the field data 
forms of the 1947-49 Census. The Commission was 
kindly permitted to try out the method on a machine 
owned by a well-known firm of confectioners; a terse 
diary entry “visit to Mars” caused some conster­
nation in Establishments. Portable punch machines 
are now thought to have wider application in cap­
turing field data. One intriguing piece of ancillary 
equipment which has been added is the Calcomp 
Graph Plotter, which plots points directly from 
formulae programmed through the computer.

Without embarking on any discussion of the 
impact of the modem computer, two points may be 
made briefly. Firstly there is the very obvious one 
that it has removed the boring and lengthy slog in
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numerous routine calculations; in forestry some of 
the most important gains at this level have been in 
mensuration and enumeration. Secondly there are 
all the types of calculation which it is hardly prac­
ticable to attempt without it; analyses of large 
and complicated experiments, multivariate analyses, 
linear programming etc. In forest experimental work, 
statistical advances plus the computer (the two are 
hardly separable) have encouraged the laying down 
of larger and more complex experiments and the 
measurement of more variables, rather than an 
increase in the number of experiments; this usually 
means more information for a given effort. However, 
nothing illustrates Parkinson’s Law better than the 
computer in a research establishment; it is promptly 
submerged with work. One of the heads of depart­
ment at Rothamsted, on being asked how their 
latest large machine was getting on, replied “quite 
well, it had only delayed his routine analyses two 
months” . Whether an establishment should possess 
its own computer or have access to some larger 
central installation is outside our scope; whatever the 
system, there are advantages in as many workers as 
possible being able to program and put their own 
material through the computer. Jeffers actively en­
couraged this, and Alice Holt provided training in 
statistical method and computation for many visiting 
students, in addition to Commission staff.

Something should be said here about develop­
ments in grant-aided and cooperative research over 
the post-war period. Very much more financial 
support was given than in the pre-war period, and 
the scope of the investigations which were aided by 
the Commission widened considerably. Some of the 
investigations will be mentioned in succeeding 
chapters, though not adequately in view of the 
volume of the work. The arrangements for grant- 
aiding varied. The commonest circumstance was 
a grant for a three-year period for a specific investi­
gation to support a research worker at a University 
or other institution in respect of laboratory assist­
ance, special equipment, travel expenses etc; the 
grant being often renewed for a further period if 
required. But there were some quite small grants for 
travel expenses alone to encourage University staff to 
look at particular problems in Commission forests. 
Some of the “grants” , though spoken of as such, 
were rather semi-permanent arrangements with 
institutions to follow particular programmes of work, 
such as those with Rothamsted Experimental 
Station on nursery nutrition, and with the Macaulay 
Institute on forest soils generally. The Commission 
also paid the salaries (through the institutions con­
cerned) of individual workers on forest soils—an 
arrangement close to outstationing. Truly co-oper­
ative research, though theoretically attractive, is 
often difficult to arrange—a programme of work

usually has to have one boss. However, there were 
a number of cases in which projects were very 
profitably shared; the joint programme on nursery 
nutrition with Rothamsted being a most successful 
example. A comprehensive joint programme of 
research into the properties of home-grown timbers 
was started in 1958. The Forest Products Research 
Laboratory had done some work on home-grown 
timbers before and during the war (including im­
portant investigations on pitprops), but the begin­
ning of production on a rapidly rising scale from the 
Commission’s own plantations of the twenties and 
thirties was an incentive towards a more radical 
approach. The programme, of which more will be 
said in Chapter 27, was directed by a joint Committee 
of the Forest Products Research Laboratory and 
the Forestry Commission.

During the period, the Nature Conservancy 
developed its own programme of woodland research, 
some items of which (especially work on the effects 
of tree crops on the site) were of direct interest to 
the Commission. There was a good deal of useful 
informal co-operation, and at least one important 
joint project, the Gisburn experiment at Bowland 
Forest, Yorkshire, on the long-term effects of coni­
fers and broad-leaved species.

The establishment of the Natural Environment 
Research Council was mentioned in the preceding 
chapter. The Commission was represented from the 
outset on its appropriate Committee; the Forestry 
and Woodlands Research Committee. By its terms 
of reference, NERC became the proper agency for 
the support of basic forest research, and as the 
Research Council organised its grant system, the 
Commission shifted its own grants towards investi­
gations of immediate practical value and away from 
anything of long-term speculative nature. The new 
Council has (in addition to its supporting and co­
ordinating role) the powers to undertake forest 
research on its own account, and at the time of 
writing the Council has set up a research unit at 
Edinburgh University, with a proposed new research 
station (The Institute of Tree Biology) planned to 
pursue certain types of work which require con­
tinuity and are thus not wholly suited to units based 
on universities. FAWRC has considered that the 
main gaps in the present research pattern are basic 
work in tree physiology and genetics. The Commis­
sion had already decided to set up a Section in Tree 
Physiology based on Edinburgh, and it is obvious 
that the next decade will see a process of adjustment 
between Commission research and that conducted 
or supported by the Council. In many ways it is to 
be regretted that a Research Council concerned with 
forest science has arrived on the scene so late in 
the day. Had it appeared in the late forties, the 
adjustment would have been much easier, but
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having had to “go it alone” Commission work now 
contains such an amalgam of basic and applied work 
in so many fields that separation on the lines of 
agricultural research will be difficult, if indeed 
desirable.
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Chapter 12

FOREST TREE SEED

As mentioned in Part I, pre-war work on seed had 
been confined to pre-treatment to accelerate germina­
tion, or relieve dormancy in certain species. Storage 
practices (duration or condition) do not seem to 
have posed any particular questions. Germination 
tests followed standard agricultural practice, and 
though not regarded as wholly satisfactory, appear 
to have been reasonably adequate.

Post-war research on seed stemmed directly from 
the old interest in pre-treatment, but the first, crude 
(bench and sink!) laboratory facilities at Alice Holt 
made it possible to do some work on test methods in 
order to assess the results of pre-treatment. An im­
portant stimulus was the published work of the 
German G. Lakon on biochemical staining methods 
of germination testing, especially his development of 
a process using a salt of tetrazolium (Lakon, 1947). 
This was initially attractive because of the speed at 
which it could be carried out, and the modest facili­
ties required. Work on tetrazolium is mentioned by
G. D. Holmes in the (unpublished) research report 
for 1948, and he was also concerned at this time with 
work on pre-treatment (soaking in water and acid 
pre-treatment), and had begun the first work on 
storing methods. At this stage, work on seed was 
treated as an adjunct to nursery research (logically 
enough), which was Holmes’ main concern.

Pre-treatment as a nursery practice did not advance 
much in the early post-war period, and interest 
shifted to the allied subject of the physical conditions 
in germination testing. This was partly a matter of 
expediency, since the expanded nursery programme 
encouraged the Commission to carry out its own 
seed testing, and it was clear from an early stage 
that forest tree seed required some modifications of 
standard agricultural practice. The technique of 
“pre-chilling” (exposure to 3-5°C on wet substrata, 
i.e. “naked stratification”) proved to be of value 
in speeding up the germination of several conifer 
species. Varying amounts of dormancy in some 
species required two or more simultaneous tests to 
detect the degree of dormancy. This “duplicate” 
testing was introduced into the testing rules of the 
International Tree Seed Association which the 
Laboratory joined in 1952. On the whole, dormancy 
problems have not rated of the first importance with 
the principal species, and some proved of less signifi­
cance with improvements in storage conditions.

Laboratory test methods were improved and 
standardised for purity, moisture content (including 
the toluene method); sampling and mixing; and for 
germination. Quick methods of germination testing 
were X-ray, excised embryo and biochemical stains

including indigo-carmine, sodium biselenite and 
finally tetrazolium. It was quickly realised that 
though the individual test was speedy a large number 
of samples would require an extravagant laboratory 
staff. Hence “actual” germination methods were 
adopted, with tetrazolium used to assess the viabil­
ity of dormant seed failing to germinate within 
the standard period. Buszewicz and Holmes (1957) 
published an account of their experience with this 
method. (Plates 30 and 31.)

During the first year or so of routine testing, the 
laboratory tested only the seed to be sown in Re­
search experiments, plus some late-arriving consign­
ments for production nurseries, but by 1951 it was 
sufficiently well established to be licensed by the 
Ministry of Agriculture as a Private Seed Testing 
Station, and since then all seed for use or sale by the 
Commission has been tested here; the laboratory 
being under the charge of Gwidon Buszewicz. Hence 
starting as a purely research activity inside the Silvi­
cultural Section, Seed took on a predominantly ser­
vice function. Since 1963 it has ranked as a separate 
Section.

Work on long-term storage was pursued during the 
late forties and early fifties. It was realised at this 
time that much seed was being stored under very 
makeshift conditions, and also that temperature and 
moisture control were the key factors. The construc­
tion of the new wing at Alice Holt, which was com­
pleted in 1959, provided well-designed seed labora­
tories and ample refrigerated storage space for at 
least two years’ reserve of seed. Facilities for pro­
cessing, drying, mixing etc. were also provided, and 
from 1959 Alice Holt became the Commission’s 
centre for storage and supply as well as testing. This 
fitted in very conveniently with seed testing, since 
sampling (which was given a good deal of attention), 
processing and testing could be programmed to suit 
the laboratory. Taking on the seed “business’, how­
ever, involved a great deal of development work.

The early years of the seed laboratory coincided 
with a period of extreme activity in the Commission’s 
nurseries, with much emphasis on production. This 
was a great stimulus to improve not only the test 
procedures but to find the best expression of the vital 
statistics for prescribing sowing density. The diffi­
culty here of course is that the tester can only say 
what a seed lot will do under optimum conditions; 
nurseries differ, and he cannot prescribe for the 
differences. One administrative approach in this 
period was to determine germination and survival 
factors for individual nurseries. From the research 
side, a good deal of attention was paid to germination
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energy, or the rate of germination as against the pro­
portion of a seed sample germinating in a standard 
time (germination capacity). There was reason to 
suspect that germinative energy might prove a better 
basis for sowing prescriptions than germination 
capacity under poorer nursery conditions. Two 
things, however, combined to reduce the significance 
of these approaches. Firstly, the great improvement 
in storage conditions in the new stores at Alice Holt 
diminished the range of germinative energy in seed 
lots, and secondly the shift of sowing towards the 
new, acid, heathland nurseries provided much better 
conditions for germination and survival. Hence, sow­
ing prescriptions based on standard germination 
tests became more meaningful and reliable. A useful 
innovation was the expression “effective pound” , 
i.e. the number of viable seed to be expected per 
pound of any particular seed lot, since this took in 
variations in seed weight and made nursery calcula­
tions easier.

By 1962 the Commission decided to erect a new 
central cone extractory for home collections at Alice 
Holt. A good deal of study of the most up-to-date 
methods and some development work was required 
in equipping this. The extractory first functioned in 
1965. Home seed collection required a number of 
studies of a strictly practical nature, mostly con­
cerned with methods of assessing yield from crops 
and individual cones, the work being shared between 
the Seed and Genetics Sections.

What we may call the main line of seed work— 
everything concerned with storage, testing and pre­
scription—culminated in the mid-fifties. Part re­
search, part development, it had been carried through 
extremely fast. Since it coincided with a period of 
notable improvements in nursery management, of 
active research in the nurseries with marked advances 
in knowledge and technique, it is difficult to estimate 
the value of the seed work by itself. What can be 
said, however, is that it had a large share in the very 
great economies in forest tree seed which became 
increasingly apparent in the sixties. From 1957 to 
1967 the Commission’s consumption of conifer seed 
dropped very steadily irrespective of seedling pro­
duction; some 14,000 lb less seed being used in the 
latter year for a similar outturn of seedlings. Merely 
to give the order of the saving, such an amount of 
seed might cost £150,000 to purchase, but there are

numerous concomitant benefits in seed economy; for 
instance seed of high genetic quality goes further, 
with long-term benefits to the plantations.

There is no sharp distinction between laboratory 
and nursery work on seed, and some lines of work 
of nursery significance fed back to the laboratory. 
For example, the very old practice of dressing seed 
with red lead (mentioned in Part I, Chapter 8, page 
30) requires the moistening of the seed for adherence 
of the colourant. It was known that the red lead con­
ferred no particular advantage other than showing 
up the seed, and moistening was considered objec­
tionable if for any reason sowing had to be delayed. 
In the late sixties attention was paid to dyes which 
could be applied with oil as adhesive material, and 
by 1968 ‘Waxoline’ type dyes had given favourable 
indications. This was one example of the possibility 
of central processing of seed and by the end of the 
period this seemed the most profitable line of ad­
vance. The pre-treated, pre-sown unit, is by no means 
an impossibility, since it has already found some 
place in horticulture.

Work on seed pathology is perhaps best mentioned 
under Nurseries, since the main line of work was 
followed at Rothamsted as an adjunct to the Nursery 
Nutritional sub-Committee’s programme.
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Chapter 13

NURSERY INVESTIGATIONS: NUTRITION

Chapter 3 in Part I left the story at the opening of 
the first heathland nurseries at Wareham, Dorset, 
and Harwood Dale in Yorkshire, as an outcome of 
D r Margaret Rayner’s studies. Her composts had 
given excellent results on acid heathland soils, but 
the mode of action was not understood, and the 
composts were expensive and laborious to prepare. 
The Research Advisory Committee discussed nursery 
nutrition at Newcastleton in July 1944, and it was at 
this meeting that Lord Robinson accepted the advice 
of G. V. Jacks and Prof. F. T. Brooks to call for the 
assistance of Dr E. M. Crowther of Rothamsted. 
The arrangement made with Sir William Ogg, then 
Director of Rothamsted, was a straightforward 
financial grant from the Commission, but the pro­
gramme was directed by a sub-committee of the 
Research Advisory Committee; the “ Sub-Committee 
on Nutritional Problems in Tree Nurseries” (NNC 
for short).

Prof. F. T. Brooks of Cambridge held the chair 
of the sub-Committee till his death in 1952, when 
Prof. H. M. Steven took over and held the post till 
the sub-Committee dissolved itself in 1962, having 
seen the investigations through to a satisfactory 
stage. The arrangement was a curious one, but it 
worked extremely well in practice. The Commission 
gave a high priority to the NNC programme in 
Research staff and nursery facilities; for a number of 
years Kennington Research Nursery at Oxford under 
W. G. Gray, and Wareham Research Nursery, 
Dorset, under E. Fancy, were largely given over to 
this work. One of the Alice Holt Silvicultural staff 
spent much of his time on arrangements for the 
programme.

D r Rayner remained active till her death in 1949; 
in the early post-war period her practical interests 
had shifted from the forest to the nursery, and part 
of Wareham Nursery was given over to large-scale 
experiments on the use of composts and mulches in 
the maintance of nursery fertility. With her death, 
this side of the work became less active, though 
certain of her prescriptions were adopted as the 
standards of organic manuring in comparative 
experiments with soluble fertilisers, and demon­
strations of her methods were maintained for many 
years. D r Ida Levisohn, who had assisted Dr 
Rayner for some time in her mycorrhizal studies, 
continued this work under Commission grant, 
specialising latterly in the stimuli to growth brought 
about by rhizosphere influences of fungi prior to 
the actual formation of mycorrhizal associations.

Crowther found it convenient to carry out the bulk 
of his experimental work in the south, i.e. in the

Silviculture (South) region, the principal research 
nurseries being supplemented by sites in a number of 
“production” nurseries within reach of the Kenning­
ton and Wareham staff. Most of his forest extension 
experiments were performed in Wales on upland 
Calluna moor.

The NNC also exercised some oversight over 
Scottish work on nursery nutrition, Dr A. B. 
Stewart being one of the most active members of the 
sub-Committee; the Macaulay Institute, however, 
advised and collaborated, and did not direct the 
experimental programme. The programme in Scot­
land was not so large, and was not concentrated in 
Research nurseries, but spread over a number of the 
important production nurseries.

No attempt will be made here to summarise 
Blanche Benzian’s Experiments on nutrition prob­
lems in forest nurseries (Benzian, 1965), which is 
the comprehensive account of the Rothamsted/ 
Forestry Commission collaboration in the main 
nutritional field, and in certain ancillary topics, over 
the period 1945-62. Brief comment must, however, 
be made on the development and impact of the 
work.

It will be recalled that the situation had two out­
standing features: (a) the success of composts in 
acid soils, and (b) with few exceptions, the failure 
of conifer seedlings to respond to any form of 
manuring in the older nurseries of agricultural soil 
type (the so-called established nurseries).

Two vital advances were made in the first few 
seasons of the Rothamsted programme. Crowther 
suspected that soil reaction was concerned in the 
poor performance of conifer sowings in Commission 
nurseries, and his first analytical surveys of produc­
tion nurseries in England and Wales supported this. 
By 1947 calcareous seedbed covering materials and 
additions of lime through composting were out­
lawed, and experimental comparisons of covering 
materials subsequently confirmed the importance 
of this decision. The other great advance was the 
demonstration that conifer seedlings on acid soils 
responded satisfactorily to soluble fertilisers—much 
as other crop plants in fact—and that such fertilisers 
could be applied to the seedbed before sowing with­
out detrimental results which were expected at this 
time. The Nursery Nutrition sub-Committee was 
able to report in 1947 that seedlings had been raised 
in acid nurseries with NPK fertilisers which were of 
apparently equal quality to those raised on Rayper- 
type composts on the same soils.

These two findings provided the keys to all sub­
sequent advances in nursery nutrition. The main line
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of advance centred on naturally acid soils, uncompli­
cated by pathological factors. The heathland nursery 
had shown its first successes with compost manuring 
and work on composts and the processes of compost­
ing continued for some years; but by the early fifties 
it had become apparent that raw hopwaste (the 
principal substance used in composting) was as good 
as composted hopwaste, and from this time raw 
hopwaste became the standard organic manure in 
Commission nurseries. It was possible to make 
manurial prescriptions after a few seasons’ work in 
Crowther’s programme, and the general practice 
of applying PK. fertilisers and raw hops to beds in 
advance of sowing, with N topdressings to growing 
seedlings, was established at an early date.

Much work was required on rates, formulations, 
times and methods of application of fertilisers, and 
on elements other than NP and K. No details will 
be given here. As the whole programme had started 
in an atmosphere of the special values of organic 
manuring, a great deal of attention was given to 
comparisons of organics and fertilisers in the short 
term, and working up to long-term fertility experi­
ments. It proved remarkably difficult to demonstrate 
any benefits special to organic manures other than 
those attributable to their nutrient contents (includ­
ing, in certain cases, elements other than N, P and K 
—such as Mg and Cu), and it required some twelve 
seasons of continuous seedling cropping before the 
performance of seedbeds manured purely with fer­
tilisers began to fall regularly below those receiv­
ing hopwaste in addition. Nor was it possible in the 
Rothamsted programme to show any advantages 
from rotations, fallows or cover crops.

Long-term fertility experiments in Scotland 
differed slightly from the results at Kennington and 
Wareham in that the straight fertiliser treatments 
did not maintain their lead over hopwaste for so 
long. One important and quite general result, in 
all comparisons between soluble fertilisers and 
organic manures in seedbeds, was that the yields of 
seedlings were greater where organic manures were 
not applied.

Scottish work in the post-war period followed the 
general lines of the NNC programme with differ­
ences of emphasis. The advisory and analytical serv­
ices of the Macaulay Institute encouraged individual 
nursery manuring prescriptions based on analyses, 
as against the block prescriptions which were adop­
ted in the south. The distinction between manuring 
the soil and manuring the crop was more apparent 
than real, but what was undoubtedly of value in 
Scotland was the intimate knowledge of production 
nurseries built up by the Macaulay/Research Branch 
collaboration.

One line which was followed for some years in 
Scotland, but not in the south, was the placement of

fertilisers. This was suggested by Dr Stewart. The 
idea was that if forest nurseries moved towards full 
mechanisation, band or drill sowing would have 
advantages over broadcast, and placement of ferti­
lisers below the drill would be the obvious method. 
The technique proved quite satisfactory so far as 
nutrition was concerned, but the yields from drills 
or bands never equalled those from broadcast sow­
ings.

In the late sixties nursery nutritional work in 
Scotland concentrated on the slow release fertilisers 
magnesium ammonium phosphate, potassium meta­
phosphate, and various forms of nitrogen for in­
corporation in the seedbed.

The transplant stage shared in nutritional studies 
and the old technique of the “extension” experiment 
was used to test the residual effects of seedbed man­
uring on growth in the lines, and of both seedbed 
and transplant manuring on growth in the forest. 
Such experiments usually included fresh applica­
tions of fertilisers, and one by-product of this stage 
of the work was the dismissal of the old fear of 
soluble forms of phosphatic manures, for few if any 
deaths were observed from such cause over many 
seasons’ work. The difficult criterion of quality (as 
against size) of nursery stock received a good deal of 
attention at all times, for it was thought likely that 
highly contrasting nursery regimes—organic versus 
inorganic—might produce plants of the same size 
but different survival values. In the event, there 
appeared to be little in this; in fact the Research 
nursery 1 -i-1 Sitka spruce transplant, raised by 
whatever means, proved to be a nearly indestructible 
object. Another more specific anxiety was that full 
nutrition might make plants soft and liable to damage 
by frost or exposure in the forest. The results of 
many extension experiments dismissed this as a 
general proposition; though applying nitrogen very 
late to certain conifers may prolong their growth 
and render them susceptible to autumn frosts. But 
though fears of over-feeding in the nursery were 
fairly easily dismissed, it proved very difficult to 
separate the effects of size of plant from those of 
nutrient contents on behaviour in the forest, and 
this was first done satisfactorily late in the pro­
gramme, when it became possible to fortify plants 
with K and N after their growth had stopped. 
Benzian’s work on this line has begun to show that 
there may be benefits to early growth and in resis­
tance to frost and exposure from high nutrient 
content in the nursery plant (Benzian and Freeman, 
1967). There is an interesting link here with Forestry 
Commission work on fertilisation on exposed sites, 
where N nutrition (especially) has been shown to 
improve the resistance of the young tree to exposure.

The agricultural soil type nurseries presented a 
much more complex set of problems than the new
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heathlands. They varied in soil texture, reaction and 
in age. Many, including some of the largest, were 
sited on soils which were too heavy for ease of 
cultivation. Most of the older ones exhibited what 
was termed “ Sitka sickness” ; i.e. the inability to 
produce seedlings of reasonable size with the con­
comitant troubles of frost lift and low yield. Weed 
populations were high after the difficult war years.

Nutrition, even in the broadest sense, was only 
one aspect of the problems of the established nursery. 
The two principal ameliorative treatments applied 
to ‘Sitka sick’ nurseries were partial soil sterilisation 
and acidification. Research in Scotland was first in 
the field with sterilisation by steam and formalde­
hyde; the early experiments at Newton Nursery, 
Moray, in 1945 being a marked success. Such treat­
ments were derived from glasshouse practice. Alice 
Holt followed Scotland in this line, and for a few 
years the Commission developed the steaming tech­
nique, modifying glasshouse methods to suit open 
beds. In England, Crowther laid down experiments 
over steamed plots for a few seasons. Steaming, 
though highly successful, was costly and inconven­
ient, and was abandoned in favour of formalin by 
1953, and in England further enquiries into partial 
soil sterilisation were then left to the Rothamsted 
programme. Partial sterilisation by formalin was 
developed to user standards, and has been practised 
in a few Scottish nurseries for some years. In the 
Rothamsted programme many other sterilants were 
investigated; one practical target being to reduce the 
volume of water applied to seedbeds. Chloropicrin 
proved most promising amongst the fumigants. How­
ever, with the shift of conifer sowings to the heath­
lands, partial soil sterilisation ceased to be of 
practical importance, and became of more value as 
a diagnostic tool in soil microbiological studies. 
Crowther exerimented on acidification with sulph­
uric acid, aluminium sulphate etc., from the beginn­
ing of his programme, such work being confined 
to nurseries without great excess of free lime. The 
approach was successful, but probably the greatest 
benefits were diagnostic; and in the longer term, in 
providing a basis for the control of nursery reaction 
through the choice of nitrogen fertilisers. Plates 32 
and 35 show steam sterilisation.

Work on partial sterilisation drew in a number of 
biologists, from Rothamsted and other institutions 
specialising in different groups of soil micro-organ­
isms. Janet Brind (1965) of Rothamsted studied the 
differential effects of partial soil sterilisation on soil 
bacteria and fungi, the short-term effect being a 
great reduction of the latter coupled with an increase 
in the bacteria—particularly denitrifiers. This pro­
vided confirmation of Crowther’s theory that conifers 
such as Sitka spruce might prefer their nitrogen in 
the ammonium rather than the nitrate form. D. M.

Griffin (1955-57; 1965) of Cambridge concentrated 
on the fungi causing death and root damage in young 
seedlings: he ascribed the most important role to 
Pythium ultimum. J. B. Goodey (1965) of Rothamsted 
examined the special case of the nematode Hoplol- 
aimus, which was shown to be playing a major part 
in root damage in Ringwood Nursery, Hampshire. 
Subsequently, the lines of work started by Brind and 
Griffin were further developed by F. T. Last and 
R. A. Ram Reddy (1963; 1964) at Rothamsted, and 
latterly G. A. Salt (1964-70) made a special study of 
soil pathogens and early germination troubles, which 
led him to the isolation of a seed-borne fungus 
capable of causing significant pre-emergence losses, 
especially where seed lay inactive at low temperat­
ures. Reference to these later studies will be found in 
the Report on forest research from 1962 onwards.

The gains from work in this general field in the 
period were large and widely spread. The most 
obvious were related to the rate of production of 
plantable stock, for under favourable nursery con­
ditions it became practicable to obtain high yields 
of usable one-year seedlings capable of producing 
plantable stock after a year in the transplant lines. 
This offered the prospect of large economies in 
nursery space and tending costs related to time and 
area, but to achieve these economies a great deal 
of reorganisation was required, the principal change 
being the shift of sowing programmes to new acid 
soil nurseries taken in from heath, or pine woodland 
sited on heathy types. Many of the old nurseries had 
to be maintained and the policy was to use them for 
transplanting seedlings used in the new nurseries. 
However, the eventual economies in nursery ground 
were very substantial; by 1970 for instance the Com­
mission had reduced its nursery space to about 1,100 
acres from the 2,200 acres in use in 1950, when the 
planting programme was of much the same order.

The biggest practical gains stemmed from work in 
heathlands and acid soils of agricultural type, and 
in retrospect the weight of work put into ameliorat­
ion of “sick” nurseries may be questioned. But at 
the outset the Commission’s stake in old agricultural 
soil type nurseries was considerable, and also it was 
thought possible that new nurseries might decline 
quickly with intensive cropping. Though the per­
formance of new nurseries under the best manurial 
practice has not given rise to much anxiety, it is 
undoubtedly valuable to have so much knowledge on 
the biological factors, which we can apply in cases 
where for one reason or another it is not desirable 
to shift to new ground.

From the scientific aspect, the NNC programme 
is an excellent example of the value of calling for 
new thought in an apparently intractable situation. 
Crowther was free from the assumptions which had 
grown up around the subject of nutrition of conifers,
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and immediately posed a fresh set of questions. The 
Rothamsted part of the programme is an interesting 
and profitable example also of research designed and 
directed by one institution and executed by another. 
Few collaborations of this sort can have had happier 
or more fruitful results.

The later stages of Benzian’s investigations may 
be said to have explored the limits of nutrition in the 
production of bare rooted nursery stock by conven­
tional methods in the uncontrolled nursery environ­
ment. Seasonal variations of growth (especially of 
seedlings) though not easily related to climatic 
factors are quite large compared with nutritional 
effects, and it is plain that if anyone erects a further 
target—say the plantable one-year-old seedling— 
some degree of environmental control of the growing 
season will be necessary.

One valuable by-product of the NNC programme 
was the introduction to forest research by Crowther 
of the factorial designs developed by Yates at 
Rothamsted. The programme also provided an 
intensive and stimulating course in experimentation 
for the younger Commission research workers col­
laborating with Rothamsted.
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Chapter 14

OTHER NURSERY INVESTIGATIONS

Nutrition was undoubtedly the most important 
nursery subject in the post-war period and attracted 
the greatest share of the work. But a number of other 
lines were followed with large effects on nursery 
economy. Most of the work in the period accepted 
the traditional pattern of nursery working; i.e. the 
production of bare-rooted stock by sowing in the 
open bed and transplanting, though attention was 
given to undercut stock as an alternative to the 
transplant. But by the end of the period certain lines 
of work appeared which bore little resemblance to 
traditional nursery practice, and introduced some 
degree of environmental control.

The order in which the topics will be discussed is 
arbitrary, but it appears convenient to deal first with 
the most important subject—weed control.

Weed Control
It will be recalled that the blow-lamp had been used 
to some extent before the war as a pre-emergent 
treatment on seedbeds: and experimental treatments 
with sulphuric acid and sodium chlorate had shown 
some promise. The first big post-war success in 
controlling weeds in seedbeds was in fact steam 
sterilisation: a useful by-product of what was prim­
arily a soil ameliorative treatment.

Certain mineral oils had been used for weed 
control in agriculture, especially on carrot seedlings, 
and in 1948 Holmes started work on the oils; the 
first application being as post-emergent treatments 
on conifer seedbeds, looking for some degree of 
selectivity between conifer seedlings and the common 
weeds. But by 1950 it was clear that the greatest 
promise lay in the use of oils as pre-emergent treat­
ments; that is used unselectively to control weeds 
germinating before the crop. After successful large- 
scale trials in 1951 the type known as vaporising oil 
became a standard treatment for seedbeds in all 
Commission nurseries with high weed populations. 
Vaporising oil proved safer and more efficient than 
flame gun treatment, and lowered weeding costs in 
the seedbed by as much as 80 per cent, besides 
reducing seedling losses by postponing the first hand- 
weeding till seedlings were less likely to be removed 
with the weeds. This treatment alone was capable of 
giving a net saving of some £50 per acre of seedbed 
(Holmes and Ivens, 1952). Plate 34.

The white spirits showed promise of being 
sufficiently selective for use as pre-emergent treat­
ments in conifer seedbeds, but the timing of the 
operation required a good deal of care, and this 
treatment never assumed the importance of the pre- 
emergence application of oils. Search was continued

for truly selective herbicides for use in seedbeds, and 
it was Aldhous’ practice to screen virtually all new 
herbicides with any prospects from the rather 
bewildering range offered by the chemical industry 
in the fifties and sixties. This was aiming at a reced­
ing target, since sowings were all the time shifting to 
(initially at least) weed-free nurseries, but the work 
was cheap and a truly selective herbicide would 
always have been worth money. By the close of the 
period such a substance had not been found.

The other main target in the nursery was the 
transplant lines, and here there was a chance of 
adapting horticultural machinery (light mechanical 
hoes or tillers) for forest nursery crops, since it was 
possible to control spacing to suit machines. Though 
a good deal of attention was given to this by nursery 
managers and mechanical engineers, the position 
was transformed by the introduction of simazine. 
This general, residual, herbicide has the valuable 
property of being held close to the surface of the 
soil, and hence selects between germinating weeds 
and deeper rooted plants. It was first tested in forest 
nurseries by Aldhous in 1958, and came into general 
use in the early sixties after intensive work on rates, 
mode of application, and possible hazards. A few 
species appeared particularly susceptible to simazine, 
notably poplar and ash, but on the whole this 
herbicide gave little trouble, and it was difficult to 
detect any build up of harmful residues at dosages 
anywhere near the standard effective rates.

The herbicide paraquat appeared in nursery pro­
grammes a year or two later than simazine, and 
proved a useful alternative to vaporising oil as a 
pre-emergent treatment to seedbeds. The desiccants 
paraquat and diquat assumed greater importance in 
the forest, but have been of considerable use in the 
nursery for the control of weeds in paths, surrounds 
and on fallow ground.

One interesting enquiry by Aldhous might have 
been undertaken profitably in the twenties. This was 
a comparison of frequencies of hand-weeding in 
the seedbed at intervals in the range of 2 to 8 weeks 
or more. It was shown that the total weeding time for 
the season was very much less at the shorter intervals 
(round about three weeks) than at the longer inter­
vals; an advantage which was apparent well before 
the weeds had developed to the detriment of the crop.

It is difficult to put a cash value on the work on 
herbicides, because of the change towards cleaner 
nursery sites which was proceeding concurrently. In 
all established nurseries which continued to be crop­
ped the benefits were very large indeed, and the ap­
pearance of these nurseries at the end of the period

51
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is a dramatic improvement on that of the early 
fifties. As it happened, chemical methods in the 
nurseries have owed little to true selectivity; the 
important herbicides have had to fit into the hus­
bandry of the system.

Storage and Handling of Plants
The traditional method of storage of lifted seedlings 
or plants awaiting lining out or planting in the forest 
was by heeling-in closely packed rows of plants in 
shallow trenches (Scottish: sheughing). Carefully 
done, the method was quite satisfactory, but it often 
took up a good deal of nursery space, and the stocks 
might be frozen in or covered with snow when 
wanted somewhere else. The heavy production from 
some of the early heathland nurseries encouraged 
enquiry into more convenient storage methods; and 
a purely domestic Research incentive was the need 
to store experimental seedlings off the ground to 
permit early lifting and cultivation of the unit plots. 
It was found quite practicable to store such seedlings 
in boxes in airy sheds using peat as a packing 
medium; this, however, was far too fussy a method 
for large-scale use.

It was known that American nurserymen, accus­
tomed to severe winters, had developed the practice 
of lifting in the fall, and grading and packing under 
cover; storing the wrapped plants in controlled con­
ditions. We might have copied some of these methods 
earlier than we did, but for our normally open winters 
and the practicability of doing a good deal of the 
work outside.

In experiments on the storage of seedlings, Faulk­
ner used an old salmon store in 1954— a primitive 
cold chamber. The refrigerated seed stores at Alice 
Holt were first used for the experimental storage of 
plants in 1959, after a few seasons work with poly­
thene film for packing and short-term storage. 
Studies on exposure to drying had shown that 
survival rates of conifer seedlings were fairly closely 
related to moisture loss—as would be expected. 
Polythene bags equalled the best conventional forms 
of packing, with great saving of time. Curiously 
enough the use of latex dips never offered much 
promise with conifers. Polythene established itself 
as a packing material, and for short-term storage 
(a few weeks), almost immediately; long-term stor­
age (months) was the next interest. It was soon shown 
that most conifer seedlings or plants, if packed with­
out moisture on the foliage-tolerated storage for 
several months under normal winter temperatures. 
The cold chamber operating at about 2°C was the 
obvious refinement, and once the responses of plants 
had been worked out to season of lifting, length of 
storage, and season of lining-out or planting, certain 
added advantages appeared which justified the use 
of refrigerated stores. The flexibility of the system

was markedly increased. Seedlings could be held 
dormant till late in the spring when weather or other 
conditions had delayed the lining-out programme. 
Also, when there were large surpluses of seedlings, 
they might be “ banked” by lifting in spring and stor­
ing dormant till July, when lining-out gave good 
survival rates but little growth in the remainder of 
the season. Plants held dormant in cold chambers 
extended the safe planting season, especially under 
Scottish conditions.

Physical Conditions of the Seedbed
A number of investigations can be lumped under 
this title, for want of a better. These were matters of 
technique, all of which had received some attention 
before the war, but which appeared to require further 
study in the light of changed conditions, notably the 
improvement in growth of seedlings brought about 
by nutritional studies.

(1) Seedbed Covering Materials. The dismissal of 
calcareous covering materials used in certain nur­
series has been mentioned under nutrition in Chapter 
13. The main development was the shift from sands 
to grits, which change had started in Scotland before 
the war. This was largely a precaution against wind- 
blow. Some further work on depth of cover and 
particle size was required. St Austell quartz grit (a 
residue of kaolin mining) became a standard medium 
in Research and many other southern nurseries, and 
elsewhere other suitable covering materials were 
identified. Very dark covering materials were shown 
to produce dangerously high surface temperatures 
on occasion. (Plate 39.)

(2) Irrigation. Work on irrigation was carried on 
over almost the whole period. It was very much a 
Kennington speciality, though a few collaborative 
trials were carried out in production nurseries in 
England. In Scotland the few experiments carried 
out were discouraging. The work developed from 
small-scale watering experiments to the use of 
modern agricultural sprinkler systems. In the later 
stages watering regimes were controlled by measured 
(tensiometer) soil deficits, or deficits calculated by 
Penman’s formula. Date of sowing was commonly 
included as a treatment, and some work was done 
on the application of nitrogen through the irrigation 
system. The result can be summed up very briefly. 
Under southern English conditions, with moderate- 
to-low rainfall and high evaporation rates, irrigation 
almost invariably increased the yield of seedlings. 
More often than not it also increased the height of 
seedlings, but in unusually wet summers growth 
responses might be small or absent. The benefits of 
watering were usually least in early sown treatments 
and this was an important point in considering irri­
gation as a practice in production nurseries. It did 
not appear to be the critical factor in obtaining
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well stocked beds of usable seedlings frequently 
enough to invest in the apparatus and water supplies. 
However, as with certain other lines of work (such 
as partial sterilisation) studies on irrigation provided 
experience which might be useful in permanent, 
specialised nurseries in the drier parts of the country.

(3) Date o f  Sowing. This was an old topic, and 
pre-war work had pointed towards early sowing 
dates. Better seedbed covering materials (some of 
the old work had in fact been done with soil covers), 
and seed in better condition through improvement 
in storage methods, were factors which might be 
expected to influence fresh enquiries on dates of 
sowing. In fact post-war work under improved seed­
bed conditions showed fewer anomalies, and though 
there were the seasonal and regional differences 
which one would expect, the great weight of evidence 
favoured sowing dates in late March and early April; 
the higher yield of seedlings being the most obvious 
effect, but growth also responding to early sowing. 
A few experiments were done on season of sowing, 
comparing autumn with spring sowings, but though 
one or two species appeared to tolerate autumn 
sowing, the results were not encouraging.

Experimental comparisons of sowing dates were 
maintained in Research nurseries well after the 
necessary evidence for practice had been obtained, 
because they provided a useful reference for the 
behaviour of seedlings sown at different dates in 
other experiments; and, with irrigation experiments, 
gave some evidence on the characteristics of the 
season for growth.

(4) Protection o f  Seedbeds. Lath screens were 
commonly used before the war both for winter frost 
protection of seedlings and for shading against sun- 
scorch in summer. Experimental evidence on neither 
practice had been consistent. No research was done 
after the war on frost protection; lift had always been 
the most damaging effect of frost, and it was ob­
served that this simply did not occur with well 
grown seedlings, following the advances in nutrition. 
Shading on the other hand attracted a few experi­
ments in the late forties and early fifties. Slight 
benefits were recorded on occasion, but usually with 
late sowings; it appeared clear that the practice was 
not worth while with early sown seedbeds.

Density of Sowing
Here again there was a body of pre-war experimental 
work on which practice had been based, but improve­
ments in the germination and survival rates in the 
seedbed necessitated some reconsideration of sowing 
densities; these were usually too high.

The nursery side of the work tied in with the Seed 
Laboratory’s studies on germination testing and 
prescription of sowing density. The special aspect 
of sowing density for beds destined to be undercut

was studied in Scotland; this included comparisons 
of drill (or band) sowing versus the conventional 
broadcast. Though drill sowing always appeared the 
logical method for mechanised nurseries, at no time 
did the Commission succeed in obtaining yields of 
seedlings equal to those from broadcast sowings in 
large-scale working. This was most obvious with the 
smaller seeded species such as Sitka spruce, and one 
probable cause was the difficulty of covering drills 
with the same accuracy as broadcast beds.

Grading
It was mentioned in Chapter 13 that definition of 
quality of stock always presented difficulties. A great 
deal of work had been done on grading before the 
war, but this had undoubtedly suffered from the use 
of subjective characters in comparisons; e.g. the term 
“cull” did not mean the same thing to different 
people. Post-war work certainly did not lead quickly 
to a set of objective standards, but being based on 
better statistical theory it did at least deal with 
quantitative characters expressed in terms of the 
population.

The importance of collar diameter as against 
height of seedlings as a survival factor was shown by 
Holmes in 1949. It was later shown by A. J. Rutter 
(1955) to bear a better relation than height to dry 
weight in young plants. Crowther had always 
appreciated that dry weight would have been the 
logical assessment of experimental seedlings, but 
there were practical difficulties in using weight.

Probably the most important post-war work 
(other than nutritional) on quality was associated 
with the investigations on root pruning and under­
cutting, mentioned below.

Undercut Stock
Before the war, root pruning, or its crude form 
wrenching, had been practised occasionally to hold 
back surplus stocks from growing too large. Little 
had been done on undercutting as an alternative 
method to transplanting for the production of plant­
ing stock, though a good deal of attention had been 
paid to seedlings. Post-war work started in the early 
fifties, examining depths and seasons of undercut­
ting, density of sowing etc. for a considerable range 
of species. Undercutting was performed with a 
tractor drawn sledge-mounted blade, and the aim 
was usually to produce a two-year-old plant under­
cut between the growing seasons, for comparison 
with two-year-old undisturbed seedlings and conven­
tional “one plus one” transplant stock. Once a 
satisfactory machine had been developed the method 
gave no difficulties. (Plate 37.)

Measurements of the three types of stock placed 
the undercut plants in an intermediate position for
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a number of characters, notably root/shoot ratio; 
and it was expected that this would be reflected in 
the survival rates of the stocks when experimentally 
planted in the forest. Surprisingly, this was not the 
case with any species except the difficult Corsican 
pine, which behaved according to expectation, trans­
plants being better than undercut stock and undercut 
stock than seedlings. For the rest; a quite consider­
able investigation had failed to show why we should 
not plant two-year-old undisturbed seedlings, let 
alone undercut stock (Atterson, 1964). This enquiry 
had very little effect on practice, since it continued 
to be believed that, under the greater hazards of 
large-scale planting, the transplant would have a 
worthwhile advantage. A few nurseries, however, 
notably Ledmore in Perthshire and Taironen in 
South Wales, produced undercut stock on consider­
able scale with success.

Intensive Nursery Methods
It was always appreciated that the conventional 
open seedbed was at the mercy of the elements, but 
environmental control seemed an unrealistic target 
in view of the scale of our nursery work, and the 
relative cheapness of the system. However, some 
tentative approaches were made by Edwards and 
Faulkner in Scotland in the late forties and early 
fifties. These aimed at the production of large one- 
year seedlings, or two or more crops of usable seed­
lings in one season, in frames with soil heating. 
Latterly Dutch lights illuminated and slightly heated 
by ordinary electric bulbs were tried, with consider­
able success. The work was useful enough in giving 
an idea of the light factor in the growth of seedlings. 
Had there been an obvious economic objective to 
pursue at this time no doubt systems based on the 
application of a little soil heat could have been 
worked out. These would, it is certain, have guaran­
teed the production of large one-year seedlings of 
Sitka spruce, whereas (especially in the north) it has 
never been possible to be sure of 100 per cent pro­
duction of usables, however good the nutritional 
and other techniques.

Interest in unconventional methods revived in the 
late sixties. By this time the Genetics Section had 
removed the germination phase of their valuable 
seed from the open ground to the glasshouse, and 
were lining out seedlings (using a miniaturised lining- 
out board) a few weeks old, out of germinating 
dishes. This development, whilst of much interest, 
did not appear capable of scaling up. It was by now 
obvious that there was no theoretical bar to the 
removal of seedling production from the nursery 
altogether, possibly to some continuous system in­
volving cold storage. However, the first large-scale 
work on plants raised under controlled environment 
had more prosaic objects, and was concerned with a

particular type of container, the small diameter 
plastic tube which had been tried extensively in 
Canada. A primary incentive was to establish 
Lodgepole pine of coastal provenance in such a way 
that the plants did not become subject to wind-sway 
at an early age. It was thought that very young seed­
lings might develop a better root system than con­
ventional transplants. The main disadvantages of the 
older types of container are of course transport and 
handling costs, besides the large space taken up at 
the stances. These tubes of 16 mm (^in) diameter 
however take up little growing space, and offer one 
real prospect for the transference of stock grown 
under controlled environment to the forest; that is 
to such sites as are suited to very small seedlings. 
Because the limited planting season can be doubled 
the use of these “ tubelings” enables a finite labour 
force to achieve twice the programme. An interesting 
development in this programme (which continues 
with a range of species) has been the use of a poly­
thene sausage-shaped greenhouse for temperature, 
light, and ventilation control. This erection some­
what surprisingly withstood the gale of January 1968 
associated with Low Queenie. (Plate 36.)

Another imported idea is the Nisula plant roll, of 
Finnish origin. Seedlings are placed on fertilised peat 
on long bands of polythene sheet, which are then 
rolled up like a Swiss roll. The rolls are tended for a 
season, producing something analagous to 1 plus 1 
transplant stock, but with an entire and superior 
root system. Early indications are very promising, 
and this method appears very flexible, since it can 
make use of varying degrees of controlled environ­
ment in both the seedling and roll stage.

Under British conditions, all methods using 
environmental control to any degree are up against 
the fact that conventional nursery methods are cheap 
and fairly reliable; and bare rooted stock produced 
by these methods is very successful. The seedbed is 
undoubtedly the least reliable part of the system, and 
to replace it for seed of high genetic value seems an 
obvious aim. Whether the seedbed (or the lines) can 
be replaced for large-scale production remains doubt­
ful in view of the capital cost of the installations. It 
seems probable that the key to any successful 
alternative system would be the use of continuous 
production and storage.

Pests and Diseases
Apart from the work on soil pathogens (mentioned 
in Chapter 13) the nursery did not attract or require 
much attention from pathologists or entomologists 
during this period. Probably due to changes in soil 
types of nurseries and the abandonment of leys and 
green crops, the chafers, which were common pests 
in England in the pre-war period, ceased to have any 
importance. The cut-worms (Noctuid moth larvae)
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remained and occasionally did serious damage to 
seedbeds. They were amongst the many pests which 
were successfully controlled by insecticides of the 
organo-chlorine group, now very much under attack, 
but probably an insignificant hazard in forest 
nurseries.

A new source of damage discovered in the post­
war period was the attack on very young seedlings by 
springtails (Collembola sp); these minute creatures 
might often evade detection. Where identified, they 
were readily controlled by malathion.

Bird damage to seedbeds (often very serious) 
attracted work on retardant chemicals, usually 
applied as seed dressings; but no wholly reliable 
preparation was found. The appearance of poly­
propylene netting provided the obvious answer.

Miscellaneous
The Dunemann bed—a raised board-sided seedbed 
composed of spruce litter—attracted some attention 
in the late fifties, having given good results on certain 
private estates. It produced very good one-year 
seedlings of many conifer species, but required a 
great deal of attention to maintain optimal moisture 
conditions. It was perhaps a useful technique for 
private estates without suitable seedbed soils, but 
otherwise too fussy altogether. It is possible that the 
Dunemann bed would have been regarded as an 
important innovation before the war.

Pre-war work on vegetative propagation of coni­
fers by cutting was followed up in silviculture for a 
year or two after the war, but the main advances 
were made later by the Geneticist in developing 
techniques for the breeding programme.

One curious side-line was the investigation in the 
mid-fifties on the growth inhibitor, maleic hydrazide, 
to hold back surplus stocks, as an alternative method 
to the traditional wrenching. This was not without 
promise, but the condition of plants after treatment 
was not satisfactory. Developments in storage meth­
ods and better stocktaking overtook this line of en­
quiry.

Machinery
Developments in mechanisation of nursery opera­
tions were not the direct concern of the Research 
Branch, but were shared between the Headquarters 
Machinery Research Officer, the Directorate Mech­
anical Engineers and numerous field officers. The 
main line was the adaptation of a number of appli­
ances to a three-point linkage for the Ferguson 
agricultural tractor. Initial cultivations, preparation 
of beds, sowing, covering, are all satisfactory carried 
out mechanically, and lifting of stock can be facili­
tated. Although various approaches have been made, 
mechanisation has until very recently stopped short 
of full transplanting, which is still generally done by 
ploughing and man-handled lining-out boards.

It would be difficult to apportion accurate shares 
in the improvement of the general nursery economy 
between the various technical advances, or even 
between nursery technique, nutrition, and seed. Nor 
should one forget improved nursery management. 
However, the period was one of steady advance in 
nursery methods punctuated by several outstanding 
research achievements. Aldhous (1967), in reviewing 
developments in nursery technique over the years 
1949-66, gives the following table which speaks for 
itself.

T a b l e  1
A r e a  o f  F o r e s t  N u r s e r y ,  P l a n t s  U s e d  a n d  C o s t s  o f  N u r s e r y  

W o r k ,  f o r  t h e  F o r e s t r y  C o m m iss io n  1949-1965

Y e a r

T o ta l
n u rse ry

a re a

A cres

N u m b e r  o f  
p lan ts  used

M illions

A c tu a l
ex p en d itu re ,

exclud ing
o v erh ead s

£000

C o s t in te rm s o f  
th e  va lu e  o f  th e  

£  in 1965

1949 2,233 83 £518 £865
1954 2,129 122 £517 £699
1959 2,100 105 £542 £635
1964 1,768 109 £402 £420
1965 1,712 99 £371 £371
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Chapter 15

SPECIES

The general lines of work bearing on choice of 
species have been mentioned in Part I, Chapter 6. In 
the post-war period the choice of species hardened 
somewhat, spruces and pines accounting for over 
80 per cent of the plantations at the end of the period 
as against about 75 per cent at the beginning, with 
some decline in the planting of larches. The only 
dramatic change in the status of an individual species 
was the rise of Lodgepole pine from insignificance to 
second behind Sitka spruce at the end of the period. 
Planting of hardwoods declined to a very low figure 
as acquisitions of land suited to broadleaved species 
virtually ceased. This superficial comment hides a 
good deal of adjustment in species boundaries, but 
with the important exception mentioned, it is the 
case that there was very little movement in species 
suited to the afforestation of major land types during 
the period.

Research work on choice of species is of course 
not purely a silvicultural preserve; nearly all research 
activities have a bearing on it. But it appears 
convenient to review the primarily silvicultural work 
together. During the period there was an obvious 
trend towards breaking up the work into projects 
concerned with special circumstances, and by the 
end of it many species seemed more likely to be of 
importance in arboriculture rather than economic 
forestry.

Species in Afforestation
Trials of species were associated with virtually all 
investigations into establishment on special sites. 
Frequently the species comparison was subsidiary to 
the cultural treatments, e.g. the experiment might 
be split for two or more species. On very dubious 
sites (as in many of the pilot trials in the north of 
Scotland) species under trial were planted in a matrix 
of a safe choice; Sitka spruce or Lodgepole pine. At 
this stage there was little expectation of extending 
the plantable range by new species; there was, how­
ever, a chance that something might be found to 
perform as well as or better than the accepted choice 
under adverse conditions. For example, some 
attention was paid to species of apparently low 
nutritional requirements (judged on behaviour in 
their native habitat) on the poorest peats. Tsuga 
niertensiana and Chamaecyparis nootkatensis were 
tried in this role. A few mountain species were also 
tried at high elevations. On the whole this approach 
has simply confirmed the position of Sitka spruce 
and Pinus contorta, and certainly nothing has 
appeared which is likely to make any mark on the 
national scale in afforestation. Abies procera has

performed quite well on mineral soils at high 
elevations in Wales (especially) but is expensive to 
raise and slow to establish. In the climate of the 
south-western coastal regions it has become clear 
that Pinus radiata has a place. Some attention has 
been given to the interesting bi-generic hybrid 
Cupressocyparis leylandii, and this has been estab­
lished in trials over a wide range of soils and climatic 
types. That it will form productive plantations on 
many sites is not in doubt, but it is not yet clear 
whether there is any site on which it would be the 
best choice on silvicultural grounds, and there is also 
the economic question whether a somewhat “ special” 
timber is to be welcomed.

On the whole, in the field of coniferous afforest­
ation more has been gained in the post-war period 
by work at the provenance level than by the study 
of new species.

Conifers in Regeneration
With the exception of Norway spruce, all the chief 
afforestation species are intolerant trees belonging 
to the early ecological succession in their native 
habitats. The tolerant late succession species have 
(understandably) proved difficult to establish in bare 
land planting, and have played little part in afforest­
ation. However, there has been interest in the 
north-west American tolerants, especially Abies 
grandis, Western hemlock and Western red cedar, 
from their success in arboreta and in pioneer plan­
tations, and these trees (amongst others) have been 
widely planted in forest plots; and they have 
appeared on a minor but significant scale in the 
conversion of broadleaved scrub and coppice and in 
underplanting of larches etc. Western hemlock and 
Abies grandis appeared likely to prove very high 
yielders, and this was confirmed by the publication of 
provisional yield tables by Evans and Christie (1957) 
and Christie and Lewis (1961). In addition to such 
mensurational studies, Research has been interested 
in finding the useful range and requirements of the 
most promising minor species, and has planted them 
over a range of sites. In particular, they have ap­
peared in many of the regeneration experiments. It 
has been shown that the climatic range of Abies 
grandis and Western hemlock is wide, and neither 
has the high moisture requirement of Sitka spruce. 
Western hemlock also seems to tolerate less fertile 
conditions than Sitka spruce, and has made a fair 
showing on heathland sites. These characteristics 
would be expected from the behaviour of the trees in 
their natural range (Wood, 1955).

In the late sixties, Research undertook an evalu-
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Plate  28. T ria l o f  M acedonian  pine, Finns pence, a t Beddgelert F o rest, C aernarvonsh ire . T he choice o f  species 
is the  m ost im p o rtan t o f  all m anagem ent decisions. Before the 1939-45 w ar a nu m b er o f  species were considered , 
b u t in the post-w ar period  the  choice o f  species hardened  o n  a very lim ited num ber. C h. 6. D2337.

Plate 29. Old Scots pine hedgerow  on  the  B ran d o n /B u ry  St E dm unds road ,T h e tfo rd  F orest, East A nglia. It 
was noted , very early on, th a t despite past c lipping the progeny o f  the old Breckland hedgerow  Scots pine grew 
well not only on  its hom e g round  at T hetfo rd  bu t also  und er very different co nd itions in Sco tland . C h. 6. C3239.



P late  30. C lassifying con ifer seeds by w eight. A p p ara tu s  fo r classifying conifer seeds in to  1 m illigram  classes. 
C o n ta iners , w ith trip  levers abo v e  a t varying heights, run  along  on  a  trolley. Seeds placed on  a glass fibre 
balance (m odified to  achieve oil dam ping), are  tipped  in to  a  given co n ta in e r  w hen the height o f  the  balance pan 
coincides w ith the  a p p ro p ria te  lever. C h. 12. D5797,

P late  31. G erm ination  testing  o f seed a t Alice H o lt Lodge, H am pshire . T he Seed L ab o ra to ry  set up in the early 
1950s initially tested only  the seeds to  be sow n in research experim ents, bu t in 1951 was sufficiently well es tab ­
lished to be licensed as a  P rivate Seed T esting  L ab o ra to ry . S ince then  all seed fo r use o r  sale by the  Forestry  
C om m ission  has been tested there. C h. 12. D6286.
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Plate .14. N ursery  sp ray in g  o f  herbicidal o il a t K enn ing ton  N ursery , O xford , in 1950. T he herbicide is p u t in 
the sm all glass co n ta in e r  m ounted  on  a traveller w hich traverses the p lo t in tw o d irec tions a t r ig h t angles. A ir 
p ressure is supplied  from  a fine pressure bo ttle  an d  the herbicide em erges from  a special je t  on  the  traveller in 
a line spray. C h. 14. C76.

Plate 15. Soil sterilisation w ith steam , using H oddesdon  equ ipm ent a t A m pthill N ursery , B edfordshire. This 
w as one o f the p rincipal am elio rative trea tm en ts applied  to  “ Sitka sick” nurseries. A lth o u g h  steam ing was 
highly successful, it was costly and  inconvenient and ab an d o n ed  in favour o f  form alin by 1953. Ch. 13. B347.



Plate  36. “ T u b lin g "  p ro d u c tio n  o f  seedlings. Small d iam ete r plastic tubes have  been tried ou t extensively in 
C a n ad a  an d  w ere developed in the  late 1960s, T he tubes, o f  16 m m  diam eter, tak e  up  little  grow ing space and  
offer one  real p rospect fo r the  transference o f  stock  grow n und er co n tro lled  env ironm ent to  th e  forest. They 
have proved  especially effective on  peat p lan ting , w here sm aller p lan ts  are  acceptable, and  the  p roduction  
period has been reduced from  two years to u nder six m on ths. C h . 14. A3720.

Plate 37, U ndercu tting  one-year seedbed o f  Lodgepole pine sow n thinly for p roduction  o f  1-undercut-l p lan ting  
stock a t  G lenfinart N ursery , Argyll. W ork sta rted  in the  early  1950s exam ining the dep th  and  seasons o f  under­
cutting , density  o f  sow ing etc., for a considerab le  range o f  species. O nce a Irac to r-draw n, sledge-m ounted  blade 
had been developed the m ethod  gave no difficulties. Ch. 14. C3997.
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P la te  40. P o p la r  variety  tria ls a t Q u an to ck  F orest, Soir.erset, p lanted  in 1950. Popithts triehoearpa in the fore­
g round . Poplars, as w ith elm s, are norm ally  grow n ou tside  o f  the  forest on  land o f agricu ltu ra l quality . M uch 
o f  the experim ental w ork  involved testing clones fo r susceptibility  to  canker. C h. 15. BI282.

P la te  41. S ou th ern  beech, N athafagas obliqua , a t  S tonedow n W ood , C ran b o rn c  C hase, W iltsh ire, 14 years old. 
T h is species and  N , procure! arc  la te  in troduc tions to  B ritain  from  Chile. They have show n considerab le  potential 
as b road leaved  trees grow ing a t “ coniferous ra tes"  on sites ou tside  the  norm al p roductive  range o f  broad leaved 
species in B rita in . A w ide scatter o f  p lo ts w ere established th ro u g h o u t the  coun try , and in terest has increased 
w ith th e  em phasis on  th e  use o f  b road lcavcs for am enity. C h. 15, B5862.



Plate 42. E xposure flags used fo r advanced  estim ates o f  exposure  on  questionab ly  p lan tab le  sites in A rgyll. 
C h . 16. B44I6.

Plate 4.1. AlTorestation o f  opencast spoil in S outh  W ales. A variety  o f  industrial sites o f  im portance  in local 
am enity  were investigated in the early 1950s. T here  appeared  to  be little o r  no advan tage  in w aiting  fo r w eather­
ing o r ecological succession to  advance before p lanting . C h . 16, C462H.



Plate 44. A erial ap p lica tio n  o f  fertilisers to  checked p lan ta tio n s a t W ilscy D ow n, K ernow  F o rest, C ornw all, 
in 1959. A  tixed-w ing T iger M o th  aerop lane  in opera tio n , d is trib u tin g  3 cw t o f  trip le-superphosphate  per acre. 
T h is w as the  first B ritish experience o f  aerial fertilisation  o f  forest crops. C h. 17. A2164.

P la te  45. L and p loughed  w ith the  single-furrow  “ R L R ” plough a t B roxa, Langdale Forest, Y orksh ire . A 
five-year-old p lan ta tio n  o f  S itka spruce and Scots pine trea ted  with basal G afsa phosp h a te  a t  the  tim e of 
p lanting . C h. 17. B2899.





*  i - W

P late  48. M echanical sc rub  clearance w ith  th e  V -blade sc ru b  cu tte r  m ounted  on  120 lip A llis C halm ers tra c to r  
a t Q ueen  E lizabeth  F orest, H am psh ire . T he cu tte r  is shaped like a snow -plough w ith a sh a rp  horizon tal blade, 
w hich cu ts the scrub stem s a t g round  level. This was a m ost ad ap tab le  m achine developed by A. D. M iller and 
D . H am p to n . It w as capab le  o r  cu tting  stem s up  to 9 inch d iam eter an d  w ould cut its way th ro u g h  scrub Dr 
coppice w ith com paratively  little o f  the  u p ro o tin g  w hich was so objectionable, causing  m uch local pudd ling  
on  heavy soils. C h. 19. B3524.

P late  49. D ere lic t w oodland  rehab ilita tion  experim ent a t F laxley, F o rest o f  D ean , G loucestersh ire , in 1956. 
T reatm en ts include clear-felling, m echanical clearance o f  strips and  rep lan tin g  w ith various com binations o f 
species. C h . 19. B5412.
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ation of the most prominent of the minor species 
(Western hemlock, Western red cedar, Abies grandis 
and Abies procera) taking into account silvicultural, 
pathological and economic factors. This was some­
thing of a departure since species choice had usually 
evolved, whilst this was an effort to quantify the 
available information in order to allow policy 
decisions whether to plant these species on a forest 
scale or no.

This study, conducted by Aldhous and Low, 
involved the study of about 500 sites on which one 
or other of the minor species might be compared 
with the normal choice for that site. All these trees 
had already been studied in the joint programme 
on timber properties at Princes Risborough, and 
Pathology had also made important studies on the 
incidence of Fomes rot, and (in the Abies sp) of 
stem crack associated with drought. At the time of 
writing, the final report has not been published, but 
findings have been summarised by Aldhous and Low 
(1970). It is of interest that the criterion has been 
reduced to profitability of production. Forty years 
ago the important argument for the use of these 
species in British forestry appeared to Sir John 
Stirling Maxwell (1932) to be the diversification of 
forest crops on general ecological grounds.

Broadleaved Species in the Forest
The general decline in the economics of hardwood 
forestry has discouraged work on broadleaved trees. 
They have, however, remained of research interest 
for special circumstances. One of these, timber 
production outside of the forest, has attracted a 
great deal of work on poplars and elms, which is 
dealt with later.

Apart from the ancient introductions, sycamore and 
Sweet chestnut, no exotic broadleaved tree has made 
any great impact on British woodlands. The Com­
mission’s hardwood policy was based mainly on beech 
and oak, and there was no incentive to look for 
alternative species on the best beech and oak sites. 
As mentioned in Part I, Chapter 4, some attention 
was given to broadleaved species as pioneers for 
beech woodland on the Chalk. The one outstanding 
success was Alnus cordata, and this is a tree which 
should be used more frequently wherever fast broad- 
leaved cover is required, as for instance on industrial 
sites.

Outside of the main hardwood areas, one of the 
early interests in broadleaved species was to provide 
nurse or pioneer crops for the principal conifers. 
For the original object, this was an abortive line, but 
it did throw up one or two species whose perfor­
mance was of interest. Alnus rubra, an associate of 
the successful north-west American conifers, proved 
an extremely rapid starter on a variety of sites. On 
all the less fertile it flattered to deceive, and was

moribund within twelve years or so. It however 
persisted on good mineral soils, and proved of con­
siderable interest because of its ability to root deeply 
on clays, with possible long-term benefits to drain­
age. It is one of the few broadleaved species which 
appears to have any chance of playing a useful part 
in upland spruce forest. On the whole, the exotic 
birches have not seemed likely to outrange the native 
species, but our arboreta contain several excellent 
American and Asiatic species, and one would not 
dismiss the possibility of finding useful hybrids for 
forest conditions.

Britain followed certain European countries in the 
vogue for the American Red oak (Quercus borealis), 
which has the advantage of growing fairly well on 
lighter and less fertile soils than required by the 
native oaks; it is also faster starting. It has now 
reverted to ornamental planting. No other exotic 
oaks have been seriously considered, though the 
good performance of the long introduced Turkey 
oak (Q. cerris) encouraged a check on its timber 
properties, in which Princes Risborough found it to 
be inferior (if possible) to its reputation. It is, how­
ever, quietly extending its range in our woodlands by 
natural regeneration.

Very late introductions to Britain were the 
Chilean Nothofagus species, of which N. obliqua and 
N. procera appeared in forest plots before they had 
become common objects in arboreta. Their initial 
success was such that Research took steps to have a 
wide scatter of plots established throughout the 
country. The interesting fact about these two 
Nothofagus species was that here we had broadleaved 
trees growing at coniferous rates on sites outside the 
normal productive range of broadleaved species in 
Britain. Their promise has been confirmed, though 
both have shown themselves prone to troubles from 
winter cold on certain testing sites (Low, 1967; 
Nimmo, 1971). Seeding of N. obliqua is prolific, and 
it seems possible that this tree may naturalise itself.

Another genus which has attracted serious atten­
tion only recently is Eucalyptus. A few private collec­
tions in favoured localities had shown that a small 
number of species could be grown in Britain, and 
unsuccessful plantings elsewhere had always indi­
cated that winter minimum temperatures were the 
limiting factor for eucalypts in Britain. However, 
with better attention to seed source through the 
assistance of Australian experts (notably Martin of 
Tasmania), it has become apparent that many more 
species can be grown along the western seaboard, 
and it is possible that the range may be rather less 
restricted than has been thought. Some 36 species 
are now growing in the Forest Plots at Kilmun, 
Argyll. The acreage open to eucalypts in Britain must 
however be quite restricted, though it is much larger 
in Ireland. The only plausible motive for growing
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them would be for pulp, and if the cultivation of 
hardwoods purely for pulp is not now an economic 
proposition, it may yet prove useful to have gained 
experience of a number of fast growing broadleaved 
trees such as the eucalypts, alders, Nothofagus spp, 
and poplars. (Plate 41.)

Poplars and Elms
These two genera require special mention because of 
the weight of work put into them, and also because 
poplar and elm are normally grown “outside of the 
forest” on land of agricultural quality. A further 
point in common is that our work on them has 
stemmed from T. R. Peace’s interest in their impor­
tant specific diseases: bacterial canker of poplar 
and Dutch elm disease.

Before the war some useful work had been done on 
the nursery cultivation of poplars, but reliable 
establishment methods had not been worked out; 
though Peace was interested in clonal variation to 
bacterial canker some years before the war, and by 
1939 some important introductions had already been 
made (e.g. “Androscoggin” in 1937). Peace com­
menced work on poplars as soon as he had moved 
to Alice Holt, concentrating on the collection of 
useful clones and the laying down of comparative 
trials in various parts of the country. He had valuable 
contacts on the continent with pathologists and 
poplar experts, and the International Poplar Com­
mission provided a clearing house for information. 
J. Jobling was appointed in 1950 to work on the 
silvicultural aspects of poplars, and continued this 
work (amongst other activities) to the end of the 
period.

Peace’s first approach to testing clones for sus­
ceptibility to canker was to expose plants to heavy 
natural infection from cankered trees established as 
sets from highly infected plantations. He found this 
unsatisfactory and moved to inoculation with 
bacterial slime from naturally occurring cankers. 
Most of the selection of resistant clones was done by 
this method, though later the refined method of Ride 
using inoculum from pure culture was introduced by 
Burdekin.

A considerable number of “hybrid black” poplars 
derived from crosses between the European Populus 
nigra and the American P. deltoides were present 
in Britain. Sorting these out was a matter of some 
difficulty and P. G. Beak of Oxford did valuable 
work on the taxonomic side. The establishment of 
stool beds of authoritatively identified material was 
an essential step, and from 1949 onwards cuttings 
of accredited material were supplied to the nursery 
trade and interested individuals from the Com­
mission’s stool beds. The first selections were all old 
hybrids of repute in Europe which had been seen to 
perform well in Britain. From 1949 also the im­

portation of poplars was governed by an order 
restricting such imports to clones of known canker 
resistance.

Somewhat later, interest began to centre on the 
balsams and hybrid balsams, especially the north­
west American P. trichocarpa and its hybrids. 
(Augustine Henry had used P. trichocarpa as the 
pollen parent of the vigorous hybrid P. x generosa in 
1912). The original introduction of this species by 
F. R. S. Balfour (which appeared to be represented 
by a single clone) had grown extremely well, but 
was canker-susceptible. Several introductions from 
American and Canadian selections were however 
resistant or much less susceptible, as were crosses 
with another American species P. tacamahaca. 
Some of these clones have now been approved for 
general cultivation. An interesting hybrid between P. 
trichocarpa and the Japan balsam P. maximowiczii, 
originating from an American breeding programme 
and registered under the clonal name “Androscog­
gin” , attracted much attention from its extremely fast 
growth and good stem form in trials; unfortunately 
it proved insufficiently resistant to canker. Since so 
much breeding work was being done in Belgium and 
elsewhere on the Continent, it was not the policy to 
breed poplars in Britain, but this hybrid appeared so 
outstanding that it was considered worthwhile to 
re-create it using P. trichocarpa parents of known 
resistance. This was successfully accomplished by 
Jobling and Burdekin; the seedlings being tested for 
resistance by inoculation at an early age. Several 
seedlings showed promising degrees of resistance, 
but have since proved suspect.

In general, the important group of aspens and 
aspen hybrids {P. tremula, P. tremuloides, etc.) have 
proved difficult in cultivation, which is a pity as their 
suckering habit makes for cheap reproduction and, 
like the balsams, their soil requirements are more 
modest than those of the “ blacks” .

Poplar trials well scattered over the country have 
shown very clearly that P. trichocarpa and its hy­
brids have a wider climatic range than the blacks; 
these balsams are notably better suited than the 
blacks to the north and west. (Plate 40.)

Silvicultural work on poplars entailed a compre­
hensive and straightforward experimental enquiry 
into all aspects of their cultivation; nursery methods; 
planting and tending; spacement and increment; and 
pruning intensity. This fast growing clonal material 
is extremely responsive to treatment, and clearcut 
evidence has been obtained on all important topics. 
Poplars (Bulletin No. 19) by Peace (1952) provided 
an excellent background to the cultivation of poplars 
in Britain; it is brought up to date on certain points 
in Poplar cultivation (Leaflet No. 27) by Jobling 
(1963), who also described the establishment experi­
mental work in Establishment methods for poplars
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(Jobling, 1960). Poplar is a specialised crop with 
somewhat limited outlets; one of the main markets 
—for matches—seems likely to be fully supplied by 
Bryant and May’s own very successful plantations. 
It is possible that we have put the cultivation of 
poplars onto a sound basis only to find that their 
usefulness in Britain is very limited, but Miller (1972) 
and Stem (1972) have discussed the possibilities of 
close spacing for pulpwood. The best hope lies in the 
growth rates and adaptability of the balsams and 
balsam hybrids, since it is with these that a respect­
able acreage can be worked up should it appear 
profitable to cultivate for any new market, such as 
hardwood pulp. (Plate 4.)

Peace had been concerned with Dutch elm disease 
since 1928, a year after its discovery in Britain. In 
the course of his pathological studies he had looked 
for instances of natural resistance, but the most 
promising apparent cases identified before the war 
did not stand up to test by inoculation, and the 
question of resistance in British elm populations 
remained open when he restarted work in 1947. By 
this time some of the early Dutch selections had 
shown much promise, and a programme of selec­
tion and breeding had been embarked on in the 
Netherlands. A few named clones were introduced 
to Britain for test in the late forties, and in 1954 a 
quantity of scions for grafting were sent to England 
by Heybroek who was leading the Dutch work at 
Baam. It became the policy to collaborate fully with 
Heybroek, and scion material from British elms was 
also sent to him to assist in his breeding work. Elm 
being probably more important in Holland as an 
amenity and shelter tree (especially in the reclaimed 
polders) than as a timber producer, Dutch selections 
naturally emphasised the former qualities.

In 1959 elm was adopted as a tree for special study 
in the Silvicultural programme, largely because of 
the anxiety of the home timber trade over supplies. 
There was also concern over the possible disappear­
ance of elm from the English hedgerows due to the 
disease, which is apt to become conspicuous after dry 
summers and good breeding conditions for the 
Scolytus beetle vector.

The programme commenced by surveying the 
material. The census of hedgerow and park timber 
(Forestry Commission, 1953) had shown the im­
portance of elm as a “non-forest” timber source. 
There was however some doubt about the botanical 
status of the most valuable timber producing elms. 
Studies of elm populations by Richens (1955) had 
shown intergrading between indigenous species 
Ulmus carpinifolia (of the south-east) and U. glabra 
(the more generally distributed Wych elm). Elms such 
as the ‘Dutch’ and ‘Huntingdon’ elms appeared to 
have originated from hybridisation between carpini­
folia and glabra. Experts in elm timber valued Dutch

elm considerably higher than English elm (U. 
procera), but it was not easy to be sure that the 
timber merchant’s Dutch elm equalled the botanist’s 
U. hollandica var. hollandica. Hence in identifying 
desirable elms for propagation efforts were made to 
link selection with timber quality, sometimes by 
preserving scion material from elms which were due 
for felling and conversion.

The key to working up a clonal collection was a 
ready means of vegetative propagation, and the 
rooting of softwood cuttings in the mist-frame 
provided this, reasonably good takes being obtained 
after some development work on the method. Hard­
wood cuttings proved disappointing, and resource to 
grafting was only required as a preliminary measure 
to build up a stock for cuttings.

The primary test of elm selections is disease 
resistance, which is carried out by inoculation of the 
causal fungus. So far the Dutch ratings of resistance 
in their most promising elms have (as would be 
expected) been confirmed, but (as Peace thought) it 
does not appear that resistance is a common feature 
amongst native elms. There seems however to be 
promise of finding resistance in Huntingdon elm 
(U. hollandica var. vegeta).

Along with the selective side of the work, Jobling 
has also studied nursery and establishment methods 
for elms. The softwood cutting has been the basis, 
and cuttings rooted early in the summer in the 
mist-frame and lined out in the nursery for a further 
season have produced sizeable stock of good 
survival value. Very much larger stocks are obtained 
by relining for a further season, but the height 
advantage does not seem to be maintained in wood­
land planting. Elm plants are curiously unstable for 
a few seasons after planting, and so far no easy 
remedy has suggested itself.

The elms are up against many difficulties in Britain. 
The best opinion has been that Dutch elm disease 
will not by itself denude the country of elms. The 
English elm (U. procera) and Ulmus carpinifolia have 
considerable powers of regeneration by suckering. 
However, the English hedgerows are disappearing at 
an alarming rate, and these are the traditional sites 
for elms. No measures have yet been taken which are 
likely to encourage private individuals to plant elms, 
and it is not clear how the products of Dutch 
breeding or English selective work are likely to be 
planted in any quantity, except possibly by local 
authorities in connection with large-scale planning. 
However, one should not undervalue the salvage 
aspect of the programme—the preservation of valu­
able elms which would otherwise be irretrievably lost.

Arboriculture
Since forestry became an organised professional 
activity in this country, the trend has been for
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forestry and arboriculture to pull apart. This is most 
noticeable in the field of exotics, where the forester 
has identified virtually all the trees that are likely to 
be of use to him, and is not now greatly interested in 
the arboretum as a general trial ground for new species.

However, as forest authority, the Commission 
retains more than a marginal interest in arboriculture, 
and as the amenity and recreational interest in wood­
land increases, it is to be expected that foresters will 
often have to look at tree growth from an arbori- 
cultural rather than a utilitarian aspect. There is no 
central body for arboricultural research; nor could 
there be; the interests being far too varied. Forestry 
Commission activities have necessarily been rather 
“bitty” . However, since many tree diseases and pests 
know no boundaries, Pathology (especially) and 
Entomology have always maintained an interest in 
the troubles of decorative as well as economic species. 
T. R. Peace’s well-known work Pathology o f  trees and 
shrubs (Peace, 1962) illustrates this.

On the silvicultural side the most important acti­
vity has been the management of two great arbo­
reta; the National Pinetum at Bedgebury, Kent, and 
Westonbirt Arboretum, near Tetbury in Gloucester­
shire, which was acquired from the fifth Earl of 
Morley in 1956. Westonbirt, founded in 1829, has 
extremely rich collections of flowering and autumn 
colouring trees and shrubs; for example its collec­
tion of Acer is thought to be the best in Europe. 
Management of such a place presents numerous 
problems, and the Commission wisely appointed a 
very strong advisory Committee at the outset. One 
of the objects of management recommended, which 
is now being implemented, is to make the collections 
as comprehensive as possible in those genera which 
were already well represented and important 
arboriculturally, such as Acer, Quercus, Betula, and 
Magnolia. Bedgebury, which was for many years a 
joint Kew/Forestry Commission enterprise, is now 
run by the Forestry Commission with an advisory 
committee. These two advisory committees have 
given us close relations with some of the most distin­
guished botanists and arboriculturists in the country.

An interesting recent development is the extension 
of the provisions of the Plant Varieties and Seeds 
Act 1964 to cover all genera with woody plants of 
decorative value. (The most important genus Rosa 
has of course been covered for some years). The 
Forestry Commission has agreed to play a part in 
providing space and other facilities for the necessary 
trial grounds and reference collections.

One very personal contribution to arboriculture 
should not go unmentioned. A. F. Mitchell has 
measured many thousands of specimen trees of an 
extremely wide range of species, thus providing a 
body of information on the growth rates of indi­
vidual trees and, in many cases, close estimates of

their ultimate dimensions. This information is of 
great use to planters. Several lists have been published 
(Mitchell, 1971; 1972 a and b) and many of the 
records will be found in the revised edition of Bean’s 
classical work Trees and shrubs hardy in the British 
Isles of which the first volumes are beginning to 
appear in print.
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Chapter 16

AFFORESTATION OF SPECIAL SITES

While much of the Commission’s earliest work on 
establishment centred on major land types, there was 
always a body of work concerned with extending 
the boundaries of plantation. This usually took the 
form of trials planted beyond the then accepted 
limit of elevation, fertility, or both. Such trials often 
incorporated comparisons of species, manurial and 
cultural experiments, or they might simply be pilot 
plots established under the best known method. 
Many of them, being laid down in a period when 
advances in technique were coming into general 
practice, were surrounded by plantations before they 
had yielded their full evidence.

In the post-war period there was an urgent need 
to obtain more evidence on planting limits. This was 
particularly important in Scotland where very large 
acreages of land in the north and west are highly 
exposed, and also covered by types of peat which had 
not as yet proved a successful planting medium. In 
England and Wales the position was rather different; 
the north of England certainly possessed large tracts 
of doubtfully plantable land, but elsewhere such 
problems were dissected into local environments of 
no very great extent. The special question of high 
elevation of course affected Wales, but the areas in 
doubt were much less than those in Scotland.

Although no hard and fast distinctions can be 
made, it will be convenient to deal with special site 
work in this Chapter, leaving the principal experi­
mental subjects (manuring, cultivation etc.) to be 
dealt with separately, since many of the develop­
ments in establishment technique spread themselves 
across the boundaries of types of land.

Northern Scotland
By far the greatest volume of work was concentrated 
in the far north, where the poor peats of Caithness, 
Sutherland and Wester Ross had been regarded as 
unplantable in the pre-war period. Much potential 
forest land was also highly exposed. A new series of 
trial plantations was started in the late forties and 
by the mid-fifties a large programme had been 
carried out. The trials took the form of plantations 
laid down by the latest technique—on peats this was 
plough draining using the new Cuthbertson ploughs. 
Lodgepole pine was the principal species, and others, 
including Sitka spruce, considered worth trials were 
incorporated in a matrix of this tree. Phosphatic 
manuring was of course general. Some of the 
plantations were made at the request of the Depart­
ment of Agriculture as experimental shelterbelts or 
shelterblocks. In 1953 experimental plantings were 
made in Shetland, and a year later in Orkney.

This work established clearly enough that it was 
possible to establish plantations on any site which 
could be ploughed, but on the poorer peats no species 
other than Sitka spruce and Lodgepole pine showed 
any promise, and it became increasingly evident that 
on the least fertile peats the choice might well be 
restricted to Lodgepole pine alone. The trials also 
indicated that exposure was going to be the limiting 
factor, especially in the isles, but also on some main­
land sites, and this became a special object of study.

Elevated and Exposed Sites
General meteorological evidence on prevailing wind 
velocities puts the most exposed British coastal 
districts almost in a class of their own; this was 
known, but there were not enough wind-velocity 
statistics to suggest where the limits for satisfactory 
tree growth might be, and the older plantations in 
exposed districts were not usually composed of the 
most wind-resistant species. Hence exposure had to 
be treated to start with on a trial and error basis.

A cheap and reasonably consistent physical 
measure of exposure was urgently required, and to 
a great extent this was provided by the development 
of the flag method (Lines and Howell, 1963) by 
Edwards, Zehetmayr and other research workers in 
Scotland, from the original idea of an Orcadian, who 
built his house at a point where a series of unhemmed 
flags tattered least. The development required the 
standardisation of the material for the flag, its 
dimensions, mounting and the method of assessing 
tatter. The factors governing the rate of wear of the 
flag are undoubtedly complex, and a simple correla­
tion with run of wind not to be expected; but the 
rate of tatter of flags fitted in well with observations 
of the growth of trees (especially Lodgepole pine) 
under different degrees of exposure at the various 
northern trial areas. It therefore became possible to 
use flags for advance estimates of exposure on 
questionable sites, and even latterly to construct 
exposure “contour” maps. The flag method has run 
into difficulties at high elevations in Wales, where 
(perhaps surprisingly) icing seems to be more pre­
valent in the middle of winter than at similar 
elevations in Scotland. (Plate 42.)

A special exposure problem was encountered in 
the Pennine hills where industrial pollution from the 
West Riding of Yorkshire and Lancashire is a com­
plication. In fact, an extensive series of trial planta­
tions served to dismiss this region as an afforestation 
prospect. Lines (1961-64) studied the difficult 
question of separating exposure and pollution factors 
for a number of years, and gained much useful
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experience in gauging sulphur dioxide pollution 
under forest conditions.

High elevation in Britain is largely a matter of 
increased exposure so far as tree growth is concerned, 
and observations of high level trial plantations 
usually suggests that exposure limits growth before 
the reduction of growing season temperature is 
significant. Trials have shown that the planting limit 
varies very greatly, fair growth being obtained at 
elevations as high as 2000 ft in Central Wales and 
parts of the Scottish Highlands on the least exposed 
slopes, whereas in the northern isles and the Hebrides 
exposure may be limiting at sea level.

No trials have suggested that any specialised 
mountain trees have any value at high elevations in 
Britain, which is not surprising since our mountain 
climates are merely “bad oceanic” rather than con­
tinental/alpine. The flag method has been most useful 
in tracing the upper limits of planting, especially in 
extrapolating from existing trial plantations. It was, 
however, a growing concern during this period that 
we knew too little about British mountain climates. 
The Nature Conservancy’s work in this field is now 
of great importance, and the Meteorological Office 
has recently paid much attention to the development 
of automatic recording stations.

The general subject of wind and its effects on tree 
and other plant growth has embraced more work 
than can be mentioned here. Stability against wind- 
throw is dealt with in Chapter 21. But all work on 
wind, whether the interest is shelter, the stability of 
crops, or growth, has a common concern in aero­
dynamics. The first scientific studies of shelterbelts in 
this country were undertaken by J. M. Cabom of 
Edinburgh University from 1953 to 1955 with the 
assistance of a grant from the Forestry Commission. 
Caborn’s Shelterbelts and microclimate was pub­
lished as Forestry Commission Bulletin No. 29 
(Caborn, 1957), and he has continued to work in this 
general field. Today Edinburgh has an experimental 
wind tunnel of very advanced design which will 
prove a great asset in the physiological study of wind 
on plant growth. The subject is of course common 
ground between agriculture and forestry.

Other Special Sites
A number of sites which attracted individual studies 
might be described as pockets of resistance; they 
were not parts of the general frontier of plantability, 
and most of them answered readily enough to 
advances in cultivation and manuring. The steep 
grasslands on shaley soils in Central Wales did not 
prove difficult once it was found that some of them 
were extremely phosphorus deficient, though on the 
steepest slopes ploughing was not easy, and there 
appeared to be a case for herbicides for grass control 
in the establishment stage. Some of these soils were

far from ideal for Sitka spruce, and as a number of 
other trees were tried at the main experimental area, 
Taliesin, in 1956; Tsuga heterophylla, and Abies 
nobilis showing considerable promise. The hybrid 
cypress x Cupressocyparis leylandii also made re­
markable early growth on this elevated site. Work 
was also done on several southern heaths, the most 
interesting site being Goonhilly Down, on the 
Lizard Peninsula, Cornwall. This is one of the few 
Serpentine formations in the country, and American 
accounts led us to expect nickel toxicity. However, 
the soils turned out to be derived in large degree from 
loess of granitic origin; its reaction is near alkaline, 
due not to calcium, but magnesium, and another 
interesting feature is that the dominant heath is the 
very localised Erica vagans. Since a substantial area 
was available for planting, trials were started in 
1955 prior to further acquisitions. In the event, no 
toxicities appeared, and the most notable feature 
was the extremely large response to phosphorus. In 
this climate the species choice was wide open, but 
coastal exposure handicapped many subjects. Pinus 
radiata proved easily the most vigorous species.

The Chalk is worth passing mention. The forma­
tive work had been done before the war, and with the 
revival of downland agriculture little more of this 
type came in for planting. The most important 
advance was the appreciation of the value of super­
ficial acid layers in averting lime induced chlorosis in 
susceptible species. This led to the idea of subsoil 
cultivation with minimum surface disturbance (i.e. 
without share). Grass competition being more serious 
on chalk downlands than on any other site, the 
herbicides showed to great advantage here, especially 
the graminicide dalapon.

The Commission’s few duneland sites had never 
attracted much research in establishment methods 
(Culbin, Moray, was an important area for soil 
nutritional and physical studies), sand fixation and 
planting methods being derived directly from 
classical European work. A small amount of work 
was done in the fifties at Newborough Warren, 
Anglesey, on bituminous emulsions for sand fixation 
and covering of direct sown patches. This was 
successful up to a point, but young seedlings were 
not able to withstand the environment in their first 
winter, and hence the method showed no promise of 
replacing traditional methods employing shelter. 
The technique has of course been much employed in 
fixing and vegetating steep slopes in road works.

An assortment of industrial sites received attention 
in the period. One of these, the opencast ironstone 
workings of Northamptonshire, had at one time 
prospects for large-scale planting, since before the 
enactment of the Mineral Workings Act in 1951 
governing the restoration of such workings, it was 
the practice to leave the land after extraction of the
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ore in “hill and dale” formation. One of the largest 
firms had planted a considerable area of such hill 
and dale in the Corby area, and other such sites had 
been planted by private estates. A survey of such 
plantations was made by R. D. Pinchin (1952), but 
no experimental work was undertaken, since the 
policy of restoration for agriculture intervened. Hill 
and dale looked like a gigantic ploughing operation, 
mixing (more or less) all the strata of the overburden. 
Planted as soon as possible after the working ceased, 
some excellent plantations resulted, especially on 
the lighter overburdens. Plate 43 illustrates affores­
tation at opencast coal workings in South Wales.

Work done at Wareham Forest, Dorset, in 1960 
on hill and dale formations of disused gravel work­
ings disclosed no special problems. Several species 
survived well, and Corsican pine, Pinus radiata and 
Leyland cypress displayed appreciable vigour. 
Application of P significantly improved growth 
rates, but K had less effect.

Other industrial sites were not forestry prospects, 
but of importance in the local amenity. Plantations 
on deep mined spoils, principally colliery wastes, 
were surveyed by C. V. Thirgood (Wood and 
Thirgood, 1955) in 1954. Many successful plantations 
were found (except on modern tall conical “bings”), 
and it was observed that, as with opencast spoils, 
there appeared to be little or no advantage in waiting 
for weathering or ecological succession to advance. 
Later, Neustein in Scotland carried out establish­
ment experiments on the burned shale bings in West 
Lothian, these being residues of the old shale in­
dustry. Most of these various spoils have proved to 
be better sites for tree growth than one would expect. 
Of the many trees tried on them one might single out 
the alders as the most successful. Industrial waste 
planting is of course often subject to the hazard of 
pollution, and sometimes soil toxicity.

One curious substance appeared late in the period, 
when the question arose of planting trees on deposits 
of pulverised fuel ash (the waste of modern large 
coal-fired power stations). Large quantities of this 
material were being dumped in old quarries or 
artificial lagoons, and covered with a thin layer of 
soil to stabilise the surface. Apart from its odd 
physical nature, being comprised largely of minute 
glassy bubbles, “PFA” contains boron at a level 
toxic to most plants. Reading University conducted 
basic research on PFA in relation to plant growth, 
and some small-scale pilot plantings were made on 
deposits of it at one or two sites. Common broom 
and alder grew quite well on it. The substance has 
fortunately however found a number of industrial 
uses, and is receding in importance as a waste 
material.

REFERENCES

C a b o r n ,  J. M. (1957). Shelterbelts and microclimate.
Bull. For. Commn, Lond. 29.

L in e s ,  R .  (1961-1964). Experiments on atmospheric 
pollution and artificial shelters. Rep. Forest Res., 
Lond. 1960, 40; 1962, 40-41; 1963, 37-38.

L in e s ,  R., and H o w e l l ,  R. S. (1963). The use o f  flags 
to estimate the relative exposure o f  trial planta­
tions. Forest Rec., Lond. 51.

L in e s ,  R., and N e u s t e i n ,  S. A. (1966). Afforestation 
techniques for difficult sites—wetlands. Scott. For. 
20 (4), 261-277.

P i n c h i n ,  R. D. (1952). Survey of plantations on 
opencast ironstone mining areas in the Midlands. 
Rep. Forest Res., Lond. 1951, 51-54.

W o o d , R. F., and T h i r g o o d , J. V. (1955). Tree 
planting on colliery spoil heaps. Res. Brch Pap. 
For. Commn 17.



Chapter 17

NUTRITION OF FOREST CROPS

The value of phosphatic manuring had been well 
established in pre-war experiments on the heaths and 
the infertile peats. The range of conditions under 
which useful responses to phosphorus might be 
expected was not however known with sufficient 
accuracy, nor had the application of phosphatic 
manures at planting become general practice on any 
major land type. Basic work on forest soils related 
to nutrition had been very limited before the war. 
Aberdeen University had been concerned from the 
outset, and later the valuable association with the 
Macaulay Institute had been established. In the 
post-war period the position was different, since 
several other important institutions took up work on 
forest soils; notably the Commonwealth Forestry 
Institute, Oxford; Rothamsted; and the Nature 
Conservancy.

The Commission’s own experimental work in this 
field expanded greatly in the post-war period. Much 
of it followed the pre-war lines of empirical experi­
ments in manuring crops at the establishment phase; 
usually associated with cultural operations such as 
ploughing and draining; but by the end of the period 
the nutrition of crops of a wide age span was under 
investigation. With the establishment of the Soils 
Sub-Section in 1956 analytical approaches for soils 
and plant material became available, and the subject 
ceased to be purely empirical.

In the immediate post-war years, work on the 
important heathland and moorland types paused 
somewhat for the digestion of the great weight of 
pre-war and wartime experimentation, leading to the 
publication of Zehetmayr’s two Bulletins. In the 
early fifties however work on establishment problems 
was again very active, and by this time Crowther had 
several seasons of experience of manuring in upland 
and other heaths in connection with the testing of 
plants raised in his nursery programme. He had 
compared a number of forms of phosphatic fertiliser, 
and had found no form superior to superphosphate, 
which did not reproduce the pre-war troubles 
associated with superphosphate in the mixture with 
ground mineral phosphate known as Semsol. 
Crowther also obtained early responses to potash 
and nitrogen on certain heaths, the nitrogen effects 
being occasionally quite large. These elements how­
ever were to play little part in establishment work, 
since the responses tended to be ephemeral. Indeed 
on many of Crowther’s sites, which were usually 
Calhma dominated, the mode of cultivation of the 
period (single-furrow ploughing) was inadequate to 
bring Sitka spruce into canopy before typical 
Calluna check set in. The excellent growth of fully

manured seedlings before the reinvasion of Calluna 
however provided a new standard.

In the Report on forest research experimental 
work is usually classified by the stage of the crop, i.e. 
(i) establishment, (ii) checked or slow-growing crops 
before canopy closure, and (iii) pole stage or older 
crops. In establishment work manuring was fre­
quently at standard rates, the main interest being 
the methods of cultivation or drainage, or the choice 
of species. Work was done on forms and rates of 
phosphatic manure, following Crowther. Scotland 
had settled on ground mineral phosphate after the 
early work on basic slag, but other forms were studied, 
especially triple superphosphate, which was attrac­
tive from the weight aspect (Edwards, 1959). Triple 
super performed well and gave no trouble. Work was 
also done on placement. The relatively insoluble 
GMP could simply be “ thrown” at the planting 
point but, following Crowther again, the practice 
was to place more soluble forms, such as super and 
triple super, in bands a few inches from the point of 
insertion of the plant. Crowther obtained no im­
mediate advantage from inserting pellets of phos­
phate beside the plant, and generally speaking there 
has never appeared to be a better way of applying 
phosphate than superficially adjacent to the plant. 
The possibility of placing GMP under the ridge during 
the act of ploughing was however examined in the 
early sixties.

It is remarkable that on so many sites initial 
responses to phosphorus confirmed the conventional 
rates established before the war, roughly equivalent 
to 25 lb P per acre. In fact foresters got used to 
thinking of phosphorus as a catalyst or root-growth 
stimulator rather than a nutrient. However, in the 
late fifties and early sixties it became apparent that 
certain very phosphorus-deficient soils such as those 
on the Culm Measures, the Serpentine, and some of 
the Tertiary formations in southern England, 
required dosages of twice or three times the normal 
for sustained response.

Forms of phosphorus never gave any very clearcut 
results. The weight of the evidence supports Atter- 
son’s comment that it is the amount of P per unit 
cost which ultimately matters, and this has favoured 
the less processed forms such as GMP.

Important potash deficiencies were noted for the 
first time on deep peats in Scotland in the mid-fifties 
and it later became apparent that certain Welsh 
peats were particularly potash deficient. With these 
exceptions potash has not been a critical element in 
the establishment phase. There is usually a sufficient 
release of nitrogen in the act of cultivation, and
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subsequently invading vegetation is apt to take up 
the lion’s share of applied nitrogen, hence it has not 
generally been found useful to apply it at planting. 
But there has been a growing interest in full fertilis­
ation on very exposed sites, where both potash and 
nitrogen appear to render the plant less susceptible 
to blast damage, and possibly also to frost. “Luxury” 
nutrition has been tried in a number of pilot plots at 
high elevations or other exposed sites.

The great majority of manurial experiments con­
cerned with establishment have been carried out on 
sites where there was reason to expect a response 
from fertilisation, but phosphate has frequently been 
applied (experimentally and otherwise) on sites 
where no or little response was obtained. A survey 
of trials of seedling stock planted widely throughout 
the country afforded an opportunity to relate 
response to soil phosphate content; it was found that 
there was a fairly clear indication of a threshold 
value of 1,300 parts per million total phosphate above 
which little or no response could be expected, but 
below which response would be the rule. (Green and 
Wood, 1957). The vegetation has always been a use­
ful guide to the experienced man, but in the early 
post-war period a number of instances were found 
where an apparently innocent flora concealed serious 
phosphorus deficiencies; this was very notably the 
case in some of the grassy Welsh uplands on Ordo­
vician and Silurian shales.

It had been appreciated before the war that there 
were conditions under which it was easy enough to 
establish (or rather start) Sitka spruce by suitable 
cultural methods and phosphatic manuring, but 
which did not permit satisfactory growth or even the 
closure of canopy without further intervention. Most 
of these troubles were associated with the return of 
Calluna on both heathland and moorland sites. 
Underlying the direct competitive role of Calluna 
were the basic soil properties, physical and chemical, 
and much of the nutritional work was directed 
towards sorting out this complex. Early in the period 
Oxford had started work on the various factors 
influencing tree growth on the heaths, most of the 
work being centred on Allerston Forest, Yorkshire. 
Leyton (1950) suggested at an early stage that the 
primary role of Calluna in checking spruce was by 
inducing nitrogen deficiency. Handley (1961) under­
took a profound study of the biochemistry of mor- 
type humus by Calluna, and heathy vegetation in 
relation to nutrition and early growth became a 
dominant theme in experimental work over much of 
the post-war period.

In the early fifties the assumption was that Sitka 
spruce which had gone into deep check following 
Calluna reinvasion could not be brought out by 
manurial applications alone. Effective experimental 
techniques such as suppression by mulching or

interplanting with pines or broom were not prac­
ticable on any scale. However, some interesting 
exceptions began to appear in Holmes’ work on 
checked crops in the south-west of England and in 
Wales. Wilsey Down in Cornwall had spruce crops 
dating from the thirties, most of which were in deep 
check in a heathy vegetation over very infertile Culm 
Measures Early experiments introduced new species 
in broom nurses with phosphatic manuring. Phos­
phate responses were good, though it was noticed 
after a season or two that the effects of standard 
rates fell off rapidly. Somewhat tentatively, manur­
ing was extended to the original checked crop, which 
was to all appearance moribund. The results were 
quite remarkable, since wretched plants with few live 
needles and no leaders “came alive” and started to 
grow. It was found that broadcast dressings were 
more effective than placed applications; not surpris­
ingly since the checked spruce were subsisting on 
extremely long lateral roots running just below the 
humus layer of the ground vegetation. The response 
was entirely to phosphorus. Like many other western 
heaths, Wilsey Down carried the dwarf gorse Ulex 
gallii as a component of the vegetation, and it was an 
obvious hypothesis that the presence of a legumin­
ous shrub might distinguish such sites from typical 
Calluna heath in respect of nitrogen nutrition. 
Analyses of Wilsey soils showed phosphorus con­
tents a good deal lower than those of most mineral 
soils of which the Commission had experience, but 
later it was appreciated that soils over a number of 
other southern formations such as the Serpentine, 
the Bagshot beds, and some of the Wealden series 
were equally deficient.

The success of hand applied broadcast dressings at 
Wilsey led to larger-scale machine applications by 
tractor-mounted spreader (the “crop” representing 
little obstacle in the poorer compartments), but for 
most of the area it was plain that aerial application 
was the only practical method. This was carried out 
by fixed-wing aircraft in 1959 over some 100 acres of 
the poorest crops. Three cwt of triple-superphosphate 
per acre was applied at an approximate cost of £6 
per acre. This was the first British experience of 
aerial fertilisation of forest crops, a technique which 
had been applied on a large scale for the improve­
ment of pasture in Australia and New Zealand, and 
had been pioneered in forestry by the Swedes. Wilsey 
was an exceptional place in many ways. Responses 
to phosphorus increased to quite unusual rates of 
fertiliser. One of the deficiency symptoms was 
peculiar; growing shoots wilting quite suddenly and 
irreversibly. Seen a week or two afterwards, the 
symptom could easily be mistaken for frost damage, 
but whatever the physiological mechanism, it did 
not occur with adequate phosphatic manuring 
(Holmes and Cousins, 1960). (Plates 44, 46, 47.)
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Wilsey experiences encouraged work on checked 
or slow-growing crops on a number of other types 
of site in England and Wales. Close analogies to 
Wilsey were found in some of the mid-Wales 
forests, notably Tarenig, where much spruce grew 
very slowly or checked on steep grassy slopes over 
shaley soils. Dwarf gorse was usually present and, 
as at Wilsey Down, good responses were obtained 
to broadcast phosphate. On some of the poorest 
southern heaths on the Bagshot beds even pines were 
found in check. Here the nitrogen story was import­
ant, and in the presence of phosphate considerable 
nitrogen responses were obtained, and the responses 
to both elements were stepped up by the removal of 
Calluna.

Many examples of check could be ascribed to 
inadequate site preparation, failure to manure at 
planting, or wrong choice of species. A more 
fundamental problem was to maintain growth of 
Sitka spruce on the poorest peats, and it became 
increasingly clear that this was primarily a nitrogen 
question. It was observed that Welsh peats appeared 
to be better in this respect than Scottish peats of 
apparently similar character (Binns, 1967).

Peat analyses showed very large differences in 
phosphorus and potash contents between basin bogs, 
blanket peats, and raised bogs, in descending order. 
On the poorest deep acid peats in Scotland the sole 
choice of species appeared to be Lodgepole pine with 
PK manuring; no practical programme of fertilis­
ation being as yet available to meet the nitrogen 
requirements of Sitka spruce, or change the nitrogen 
cycle in its favour.

Work on the manuring of pole stage and other 
crops in canopy followed naturally enough from 
success in dealing with checked crops. Worthwhile 
responses to nitrogen in semi-mature stands had 
been obtained on the Continent, especially in 
Sweden. Rennie (1955), in his studies of nutrient 
uptake and soil reserves of the major elements, had 
suggested that nutrition would severely limit tree 
growth on the poorer heaths, even in crops which 
had been successfully established and had closed 
canopy.

The first experiments were laid down in the mid­
fifties on low quality class pine stands in England, 
and work was later extended to spruce stands of 
various quality classes. The earliest experiments 
were ambitious in design with three levels of five 
fertilisers (N, P, K, Ca, and Mg) in a factorial design 
with partial replication. Vernier girth bands were 
used to obtain early information on responses. The 
experiments were tedious to lay out and assess, and 
later experiments were much simpler when it became 
clearer what elements were of interest on particular 
sites. This work continues, and has not as yet 
established a very clear pattern of response. So far the

most important responses have been to P and N. 
Some spruce stands have given worthwhile responses 
to P when on rates of growth this would scarcely 
have been expected. Other spruce stands have not 
responded, and in certain cases this may have been 
due to poor physical conditions. The most consistent 
results have been with pines in the north-east of 
Scotland, where J. B. Craig and H. G. Miller (1966) 
of the Macaulay Institute conducted a number of 
experiments on nitrogen nutrition of pines on sandy 
soils in collaboration with the Commission. At 
Culbin, Moray, the experiments were part of a 
general enquiry into nitrogen in the ecosystem, and 
the interesting fact emerged that organic material in 
the soil and litter contained over 200 times as much 
nitrogen as the average annual uptake of the crop, 
which itself was very deficient, as shown by the 
greatly increased uptake and increment from added 
nitrogen. Binns (1962) showed that in the peat 
ecosytem the total amount of N  is two or three 
times that at Culbin. The mobilisation of nitrogen in 
forest soils remains one of the great problems of the 
cool/temperate regions.

The Macaulay Institute’s work at Culbin, started 
by J. D. Ovington, may be regarded as part of the 
general enquiry into the effects of plantation on the 
site, and more will be said about this in Chapter 24. 
Narrower and very practical questions were con­
cerned with deficiencies in foliar contents, the uptake 
of nutrients, and the distribution of added nutrients 
in the tree, soil, and competing vegetation. W. H. 
Hinson followed Macaulay procedures in setting 
up the analytical facilities at Alice Holt in 1956. 
Foliar analysis developed quickly into a useful 
diagnostic tool, and by the end of the period the 
Alice Holt laboratory was handling 3,500 foliar 
samples each year, in addition to a smaller number of 
soil analyses. The analyses of peats were conducted 
by the Macaulay Institute for most of the period, but 
recently arrangements were made with the Soil 
Chemistry Department of the Edinburgh University 
School of Agriculture for extensive analyses of 
important peat types. By the end of the period 
virtually all important projects for refertilisation of 
slow-growing crops were supported by analyses.

Deficiency symptoms in older plants are not 
usually as graphic as those of Sitka spruce seedlings 
(well portrayed in Bulletin 37). To study conifers 
with known shortages of major elements, a type of 
experiment known flippantly as a “deficiency garden’’ 
was laid down at Wareham on an extremely infertile 
site in 1960. The idea was to induce deficiency 
symptoms by applying all but one of each of the 
major elements in turn, under weed free conditions, 
and with great care to avoid the spread of added 
fertilisers. The approach was later repeated on peat 
at Eddleston in Peebleshire. Colour symptoms were
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useful, but not so individually diagnostic as those of 
one-year-old seedlings, the range being limited to 
yellows. Certainly at Wareham, the main interest of 
the experiment lay in the demonstration of growth 
on the plots with full (repeated) fertilisation under 
weed free conditions. Though this was not a condition 
which could be appreciated in practice, it had value 
as an approximation to the optimum growth to 
be expected of the general environment, a measure 
(largely of climate) about which there is extreme 
doubt in many circumstances (Binns and Mackenzie,
1969).

The most obvious advance over the post-war 
period was the increased use of phosphatic manuring 
at planting, but it must be admitted that it entered 
into general practice rather too slowly on sites in 
need of it. In certain cases this was due to lack of 
Research coverage on the sites concerned, because 
they had not been recognised as presenting any 
difficulties. Elsewhere neglect was less excusable 
because the evidence was readily available However, 
by the early sixties it might be said that all important 
sites on which phosphatic manuring was critical 
for establishment were receiving it, and probably the 
great majority of sites on which a worthwhile re­
sponse was to be expected also received phosphates. 
Where phosphorus is critical the only economic 
argument is whether to plant the site or no, but 
phosphorus has also given a range of growth re­
sponses on sites where a crop would have been ob­
tained without it. Probably the largest and most 
lasting effects have been with pines on heathland 
sites. Neustein (1963) gives an example where the 
effect of phosphate applied at planting to Pinus 
contorta amounted to a 50 per cent increase in the 
basal area of the crop at 30 years of age.

Nitrogen and potash belong almost entirely to 
the post-war period, and the limits of their use have 
probably not been reached. One of the largest gains 
of the post-war period has been in the diagnosis of 
deficiencies in slow growing or checked crops, and 
this has given a great measure of confidence in 
applying remedial measures.

It is probable that we have approached the limits 
of what can be done by manuring in the establish­

ment of the crop, but on the other hand much 
remains to be learned about fertilisation of the 
growing stand. So far, practically the entire effort has 
been put into pure crops, and perhaps more should 
be done with subsidiary species in mixture or rotation, 
especially with a view to improving the nitrogen 
regime.
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Chapter 18

CULTIVATION AND DRAINAGE

By the end of the war ploughing for drainage and 
cultivation was an established practice, though by no 
means general. It is now general; at least 70 per cent 
of the annual area afforested being ploughed for 
one or other objective. This has come about by 
the evolution of ploughs and techniques over the 
whole period. Current ploughing practice has been 
described by Taylor (1970) in the Commission’s 
Forest Record No. 73, in which full descriptions of 
ploughs and their work on different types of site are 
given. It is not possible to deal adequately with the 
development of this type of machinery (or indeed any 
other mechanical development) in a general account 
of research, and only the trend of progress can be 
described.

The Research part of the developments in plough­
ing techniques has, in the main, been concerned with 
specification rather than design. Experimental results 
have been reinforced by basic studies of soils and 
rooting habits; leading to concepts of what a machine 
should be designed to do. The actual design has been 
a matter for the Commission’s Mechanical Engineers 
and the few firms who have specialised in this type of 
machinery. In particular the Scottish firms of J. A. 
Cuthbertson Ltd, Biggar, Lanarkshire, and W. Clark 
and Sons of Parkgate, Dumfries, should be mentioned 
for their outstanding work in this field; and if it is 
not invidious to single out the name of one of 
Commission’s engineers, it should be that of the late 
J. W. Blaine. (Plate 54.)

The main developments in traction have been in 
the successive introductions of more powerful 
machines, with adaptations of tracks and linkages, 
rather than on the design of tractors for this limited 
field of use.

Zehetmayr’s two Bulletins, Nos. 22 and 32 (Zehet­
mayr, 1954; 1960), dealt comprehensively with 
establishment problems on the peats and upland 
heaths respectively up to the middle fifties. These 
have of course been the two great fields of experi­
ment, but ploughing for drainage and cultivation has 
been carried out to a lesser extent on other types. 
There is no hard and fast line between cultivation 
and drainage; most efficient cultural operations do 
both. The distinction is one of emphasis; but since 
research work tends to concentrate on conditions 
where one form of improvement is the primary 
requirement, it is convenient to discuss the two 
topics separately. In all research work on site prepar­
ation the post-war period showed increasing concern 
with the later growth and yield of crops, and hence 
there is a marked stepping up in the intensity of ex­
perimental treatments.

Cultivation
On heathlands, spaced furrow ploughing with the 
RLR plough, and from the early fifties the Tine 
plough, was the normal method of cultivation. 
There were however strong indications from pre-war 
experiments that complete ploughing was advanta­
geous on certain heaths; there was also good reason 
to study greater depths of cultivation. The large and 
well designed experiment laid down at Teindland, 
Laigh of Moray, in 1952, and repeated at Harwood 
Dale, Yorkshire, in 1954, was the most influential 
piece of work in the period. Briefly, the experiment 
compared depths and intensities of cultivation in 
various combinations, providing a wide range of soil 
disturbances. Owing to the excellence of its design 
and concept it has given increasingly valuable and 
significant information for eighteen years. This 
experiment and its results are described by Zehet­
mayr (1960), Henman (1965) and others. It showed 
that there was a close relationship between growth 
and the volume of disturbed soil, especially on sites 
where, following the breaking up of compaction or 
pan formation, there was reasonably free water 
movement through the profile. The most intensive 
treatments in the experiment, such as deep complete 
ploughing, were regarded at the time as uneconomic; 
recent estimates of yield based on height growth 
however suggest (to say the least) that the question 
is open. (Plate 45.)

At the same time a study of the rooting patterns 
of various species on heathland soils in Scotland and 
Northern England was being conducted by C. W. 
Yeatman, who dissected numerous root systems of 
trees growing in experiments comparing different 
methods of cultivation. He found that on compacted 
heathland soils rooting in the absence of cultivation 
was virtually confined to the thin surface peats 
scarcely penetrating the leached A horizon. Follow­
ing cultivation, roots freely penetrated disturbed 
soil, but were very much restricted to the disturbed 
zone. Hence all partial methods of cultivation 
produced asymmetrical root systems. Yeatman’s 
studies were published as Forestry Commission 
Bulletin No. 21 (Yeatman, 1955).

Experiments similar in approach to the Teindland 
Expt 81 were later conducted on a variety of sites, 
including a number of southern heaths, and some of 
the compacted Welsh mountain soils. The “hard” 
heaths of the north-east of Scotland provided a 
special case, since these had indurated till sub-soils, 
which constituted a much greater restriction on 
rooting than podsol pans. Late in the period 
attempts were made to break such indurations using
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very heavy rippers designed primarily for opencast 
mining.

Some attention was given to machines other than 
ploughs for complete cultivation. Discing, even with 
very large machines, did not show much promise, and 
a scaled-up type of rotary cultivator appeared too 
slow and costly.

Spaced furrow ploughing on freely draining soils 
offers several positions of planting in relation to the 
ridge and furrow. From the introduction of plough­
ing the commonest practice was to plant on the 
ridge, and with somewhat superficial ploughing and 
incomplete rupture of the pan, the furrow (even on 
heaths) might be very wet in winter. With the intro­
duction of the tine plough subsoil cultivation below 
the furrow effectively drained this position, and it 
became a possible planting position. Scottish experi­
ments in the late forties and early fifties indicated 
that for survival the tine slit in the furrow was in fact 
the best planting position, compared with the ridge, 
and the edge of the furrow beside the ridge, though 
this latter position gave the best early growth. Plant­
ing in the tine slit became common practice, but in 
the early sixties it was observed that quite young 
pines tended to be unstable in high winds when 
planted by this method. Root studies showed poor, 
unilateral systems, with little development at right 
angles to the ploughing direction, whereas trees 
planted on the ridge or beside it had exploited a 
considerably greater volume.

Generally speaking, the results of most work on 
cultivation have been clear and the explanations (in 
terms of the discouragement of competing vegetation 
and the provision of rootable soil) obvious enough. 
It is now technically possible to deal with vegetation 
control by chemical means (of which more will be 
said later), and this may occasionally modify the 
degree of cultivation necessary. But cultivation is 
primarily the increase of rootable volume, and it 
remains a very open question what degree of culti­
vation forest crops will stand, economically speak­
ing. Much depends on the degree to which poor 
heathland types can be upgraded by cultivation, 
manuring, and correct choice of species, into 
permanently productive environments, and we are 
far from knowing all the answers yet.

Drainage
British forest soils (or potential forest soils) which are 
not free draining through the profile are of far 
greater extent than those that are, and with the 
concentration of afforestation since the war in the 
wetter upland regions, the topic of drainage has 
assumed even greater importance. In the very wide 
range of work which has been undertaken since the 
war, one might single out the interaction of the crop 
and the drainage system as the most important theme.

Most pre-war experiments had been concerned 
with the development of the turf planting method, 
and hence comparisons of intensity of drainage were 
more enquiries into turfing systems (including the 
cultivation element) rather than strict drainage 
experiments. By foresight a few experiments com­
pared depths of main drains to depths of 30 ft; well 
in advance of equipment to render such operations 
practicable.

In the Border forests, where large acreages had 
been established on “easy” Molinia peats over tills 
by shallow draining and turfing, it was noted 
(Macdonald, 1950) that spruce root systems were 
extremely superficial, and often crossed the drains. 
Drainage experiments of the late thirties on this type 
showed responses to depth and intensity, and 
preliminary studies in drain deepening in spruce 
stands in the Borders showed that water levels in 
test wells were very markedly influenced by deepening 
drains to 30 in, an encouraging indication that these 
clayey tills were in fact “drainable” (Stewart, 1959). 
The stability of crops on the Border type was much 
in mind when starting this work; in fact Macdonald 
proposed to test the effects of draining (and thinning) 
by measuring the pull required to uproot sample 
trees, a technique which was developed a good deal 
later by A. I. Fraser.

The introduction of the Cuthbertson ploughs in 
1945, with speedy differentiation into single-throw 
ploughs designed for true draining and double-throw 
machines providing turf from shallow furrows, was 
one of the key developments in moist upland 
afforestation. Once adequately powered and wide- 
tracked crawler tractors became available, turf 
planting evolved into a mechanised system. Drainage, 
however, remained the weak point, since there was 
extremely little new evidence available till the early 
sixties to support the Research view that drain 
depth and intensity was inadequate in general prac­
tice. By this time some of the earlier post-war 
enquiries had begun to yield results. One important 
indication had been obtained from a drainage 
experiment at Bernwood Forest near Oxford, where 
new plantations had been made after clearance of 
coppice on heavy Oxford clay—a soil type which 
was often considered undrainable. Levels in test 
wells showed considerable differences in behaviour 
according to drainage intensity, and somewhat to 
most people’s surprise, the new crop also responded 
within a few years of planting. This experiment 
(described by Fourt, 1961) was an incentive to 
thinking in fundamental terms about drainage of 
clay soils, with a better appreciation of the role of 
tree growth in drying out and Assuring the clays, such 
fissures remaining partly open in winter through the 
incorporation of organic matter and providing 
channels for lateral movement of water to the open
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drains. This drew attention to the possible advantages 
of trees, such as the alders, which are capable of deep 
rooting in clays.

The physical changes in peat on drying had long 
been of interest. G. K. Fraser of the Macaulay 
Institute demonstrated at Inchnacardoch that virtu­
ally no change occurred in twenty or more years 
when a small (tenth-acre) plot of peat was isolated by 
deep drains to the subsoil. Very different was the 
behaviour under nearby thriving crops of Lodgepole 
pine; marked shrinkage and lowering of the peat 
surface being observed, and in dry weather some 
Assuring occurring. Since it used to be believed that 
any complete vegetational cover would evaporate 
about the same amount of water, the phenomenon 
was puzzling, but advances in hydrology showed that 
stands of evergreen conifers evaporated considerably 
larger quantities than ground vegetation. Hence it 
became realised that even in climates with large 
annual surpluses of rainfall over potential evapor­
ation, relatively short periods of deficit might induce 
permanent or semi-permanent changes in the peat 
towards reduced water holding capacity. Together 
with root channelling, the peat might thus become 
progressively more drainable. It has even been 
suggested that irreversible peat drying is something 
to be feared, and that the over drainage of peats is 
possible. In our western climates, however, this hardly 
seems likely.

Part of the Macaulay Institute’s current pro­
gramme is directed towards physical and chemical 
changes in peat (especially the mineralisation of 
nitrogen), and their effects on tree growth.

The post-war programme of drainage experiments 
has aimed to cover all the main soil types: the deep 
peats; the numerous gleyed soils on till; and the 
geological clays. Most has been drainage for new 
planting, but there has also been work on old wood­
land sites (especially in the south) and part of the 
programme has been carried out in growing plant­
ations of various ages, one of the objects here being 
to find to what age crops will respond in root growth 
with improved drainage; it being important to know 
this in view of the large acreages of crops established 
with inadequate drainage systems.

Drain depths have been taken beyond what is 
currently considered economic to get a fair picture 
of the response. Depths of three feet have been aimed 
at on most sites, and even four feet on certain peats. 
Where it has not been possible to take out the 
deepest drains by ploughing, hydraulic excavators 
have been used. Several of the experiments include 
alder in mixture with spruce; in one of these (at 
Halwill, Devon) an early nursing effect of the alder 
on the spruce was observed well before any below- 
ground effect could be expected.

A few novel methods have been tried. The ingeni­

ous Irish Glenamoy plough, which subsoils a drain 
in wet peat by extruding a core onto the surface, has 
been used on several sites. The idea has obvious 
attractions for giving quick local drainage effects 
below the planting point, but there has been trouble 
in keeping the outfalls of the subsoiled channels open 
at the main drains. Conventional mole draining has 
been tried in heavy clays and the evidence here has 
been more favourable, though very few forest sites 
are likely to be suited to it.

There has been steady developments in ploughs 
over the period, and one of the recent introductions 
is a double-throw deep draining plough, which is 
something of a reversal of the trend. Of the develop­
ments in draining technique which have been studied 
in other countries, the most important (for British 
conditions) appear to have taken place in Finland. 
The Finnish Lokomo plough, which is designed to 
take out very large drains, and is winch-drawn from 
an anchored tractor, showed some initial promise in 
trials in this country. An extremely obdurate problem 
is to mechanise drain cleaning, and so far no ideal 
solution has been found.

Most of the modem drainage experiments are 
large in scale and essentially long-term. An interest­
ing exception is an experiment laid down by the 
Macaulay Institute at Inchnacardoch in which water 
levels in peat have been automatically controlled, 
giving very early responses. This, however, is almost 
a laboratory approach. In order to find out what 
drainage treatments are doing in terms of soil water, 
a number of the Commission’s experiments have 
been instrumented to record run-off from the various 
treatments; one or two are virtually small hydrolo­
gical enquiries.

The evaluation of drainage effects is likely to 
prove a complicated business. On many important 
sites the most direct effect will undoubtedly be the 
improvement in the stability of the crop, and hence 
the lengthening of safe rotation. There will also be 
growth responses, probably quite considerable, but it 
will be difficult to put a realistic value on late 
rotation increment on sites with a high natural 
hazard of windthrow. There is also the question of 
the longevity of drainage effects, and it may well be 
that deep draining has a larger effect on the second 
rotation than the first.
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Chapter 19

REGENERATION AND REHABILITATION

Experimental work on regeneration of woodlands 
in the post-war period divides roughly into two main 
activities; the first concerned with the special case of 
the old broadleaved areas in England, up till 1958; 
and the second with the regeneration of coniferous 
plantations generally, which assumed increasing 
importance from the late fifties to the end of the 
period. The natural regeneration of native species 
such as Scots pine and beech had always attracted 
some attention; in the latter species it was one aspect 
of the autecological study of the tree conducted by 
J. M. B. Brown (Chapter 23).

Broadleaved Woodlands
The Commission’s broadleaved planting had always 
been a small proportion of the total; between the 
wars it did not usually exceed seven per cent. Much 
of it was restocking old broadleaved woodland sites, 
and the only considerable broadleaved afforestation 
was on the Chalk (Part I, Chapter. 4). For the first 
decade after the second war the Commission con­
tinued to plant broadleaved species on sites thought 
capable of producing hardwood timber of good 
quality. The silvicultural and economic importance 
of conifers in mixture had however been appreciated, 
and pure plantations of broadleaved species became 
the exception. (Plate 49.)

The Census of Woodlands conducted by J. S. R. 
Chard (Forestry Commission, 1952-53) and com­
pleted in 1949, revealed a very large area of broad- 
leaved woodland in unsatisfactory condition; classi­
fied as scrub, devastated woodland, or coppice. It 
appeared that the total area in need of rehabilitation 
might not fall short of one million acres. This was 
regarded by Lord Robinson as a challenge and a 
subject of high priority for research. The omnibus 
term “Derelict Woodlands” was coined for the 
project, and in 1950 A. D. S. Miller was appointed 
to the Silviculture (South) Section to work on it. 
As a research project it presented two main diffi­
culties: (i) the material was heterogeneous, and (ii) 
many of the woodlands were subject to fairly rapid 
ecological change. There was little pre-war experi­
mental work on the manipulation of coppice and 
woody rcgrowth, but during the war, Guillebaud and 
Sanzen-Baker had started experiments in group and 
strip planting in mixed coppice at Collingboume, 
Wiltshire, and Ffosydd Orles, Monmouthshire.

An early approach in the derelict woodlands 
project was to lay down demonstration areas for 
broad silvicultural studies. Two such devastated 
areas were selected, one at Alton Forest, Hampshire, 
on loam soils over chalk, and the other on the heavy

Oxford Clay at Bernwood Forest, near Oxford. At 
Alton observations were made for some years on the 
regrowth of ash and sycamore which had been much 
damaged by Grey squirrels, and comparisons of a 
number of conservative treatments were made. Alton 
provided some useful experience in handling dam­
aged regeneration of ash and sycamore, but was not 
a particularly rewarding exercise. Bemwood was 
treated on strictly experimental lines.

The experimental programme was based on a 
breakdown of the Census information into more de­
tailed classes according to broad soil types and the 
characteristics of the cover, especially the stage and 
constituents of the regrowth. Some types, such as 
old unworked hazel coppice, lent themselves to 
conventional replicated experiments comparing such 
treatments as complete clearance and full replanting, 
planting in groups and strips of various sizes; and 
planting under more or less uniform cover form sing­
ling out the coppice. The experiments laid down at 
Gardiner Forest, Wiltshire (now Cranbome Chase) 
on the establishment of beech in old hazel coppice 
in the fifties were very good examples of this. It was 
something of a departure that all experiments in the 
programme were carefully costed. Similar experi­
ments were carried out on other relatively homo­
geneous cover types, such as Rhododendron and 
Cherry laurel thickets, but here conifers were the 
principal planting species. It was more difficult to do 
meaningful experiments in the essentially hetero­
geneous conditions in many devastated broadleaved 
woods, but a number of large-scale costed experi­
ments were laid down comparing intensities of 
effort rather than silvicultural treatments aimed at 
a common end, e.g., a beech stand. As Ryle (1969) 
points out, the climate of opinion in the early post­
war period favoured conservative low cost treat 
ments such as husbanding all advance growth of 
useful species in view of the shortage of young/ 
middle-aged hardwoods in the age-class distribution. 
Miller’s experiments wherever appropriate contained 
such “accept and tend” treatments, and also other 
variations such as enrichment by limited planting; 
including the use of large transplants (especially 
beech) up to 8 ft or more in height, which on the 
whole were successful. Opinion however swung away 
from acceptance and enrichment practices, largely 
because it was realised that investments towards 
partially stocked broadleaved woods were dubious 
to say the least, but also because experience was 
showing the advantages of planting under high cover 
with the minimum degree of thinning out for survival 
and early growth. The “dappled shade” prescription
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of cover associated with O. J. Sangar and R. H. 
Smith became very general in the southern broad- 
leaved areas and, as time passed, more and more 
woodlands became suited to such treatment (Smith, 
1961; Stocks, 1961).

In the late forties and early fifties, however, there 
were large areas of low thicket types of regrowth, 
usually dominated by coppicing species of little or 
no value. This sort of condition had been met with 
in the twenties, and had provided some painful and 
costly experiences. Machinery appeared a logical 
approach, and for several years experiments were 
carried out with several types of machine designed, 
broadly speaking, either to cut or to uproot, over a 
range of soils and cover-types.

In retrospect, heavy machinery had perhaps little 
chance in the broadleaf sector, since the areas (though 
large in aggregate) were individually small, and no 
great programme of rehabilitation developed, which 
would have justified a travelling circus of large 
machines. The work was, however, useful in showing 
what machines could usefully accomplish, and 
equally what they could not do. The anchor chain 
device, a heavy chain drawn in a loop by two heavy 
tractors, which had been used in America and 
Australia (not to mention the ill-fated African ground­
nut scheme) for the clearance of scrub, performed 
cheaply and efficiently under special conditions, such 
as stiff, scrubby growth on light soils. Such con­
ditions were however rare. Machines such as grubber 
blades would of course uproot almost anything, but 
expensively, and the disposal of stumps by bumng 
was prohibitive. Any means of uprooting coppice or 
scrub on heavy soils was objectionable, leading to 
much local puddling. The complete removal of cover 
on heavy soils whether by machine or hand cutting, 
resulted in rewetting and the rapid reinvasion of the 
surface by coarse grasses and Juncus. This was 
accentuated where heavy tractors had been used 
under moist soil conditions, otherwise it was a 
phenomenon associated with complete clearance 
rather than method. Certain machines however could 
be used under suitable conditions to prepare for 
planting with the maintenance of cover. The most 
adaptable instrument proved to be the V-blade 
cutter, developed by Miller and D. Hampton; a 
V-shaped dozer blade with sharp lower cutting edge 
mounted to a heavy crawler tractor. This was capable 
of cutting stems to 9-inch diameter, and would cut 
its way through scrub or coppice with comparatively 
little uprooting; hence it could be used in preparation 
for strip planting. (Plate 48.)

Active experimentation in the main project closed 
in 1958, but work has continued on the herbicides 
(see Chapter 11). Whilst the types of land with which 
it was concerned (and indeed broadleaved forestry 
generally) have declined in importance, there were

a number of permanent gains. It resulted in a very 
much better appreciation of the essential features of 
the various cover types, and the silvicultural alterna­
tives appropriate for each of them. Practice hardened 
towards one method, that of underplanting lightly 
thinned high cover, and this of course was encour­
aged by the gradual development of high cover types. 
The experiments provided material for a good deal of 
useful ecological observation on the effects of shade, 
shelter, and root competition. The main findings 
of the project, summarised by Wood, Miller and 
Nimmo (1967) as the Commission’s Research and 
Development Paper No. 51, are not without interest 
to those concerned in the rehabilitation of broad- 
leaved woodland for objects other than economic 
forestry.

Coniferous Forest, Natural Regeneration
In the Report on forest research, 1951, J. A. B. 
Macdonald (1952) reviewed twenty years’ work on 
the regeneration of Scots pine in Caledonian forest 
remnants. A number of cultural treatments had been 
applied: heather burning; surface cultivation; manur­
ing etc., and general ecological studies of the incidence 
of regeneration had also been made. The results had 
been poor; as Macdonald put it, “unaided natural 
regeneration is erratic, undependable, and a long 
drawn out process” . Macdonald attributed the 
difficulties in regenerating the Caledonian remnants 
to the degradation of the environment following the 
exploitation of the forest and subsequent intro­
duction of sheep grazing as the dominant form of 
land usage. There is however little doubt that the 
tree is at its moist, cool, limit in the north-west of 
Scotland, which is against frequent and abundant 
seed production. Its behaviour as a sub-spontaneous 
species on the heaths in the south-east of England is 
very different.

No great amount of work was done in the post­
war period on the natural regeneration of Scots pine, 
but in the early sixties seed-fall was assessed by 
trapping on some areas, showing rather low inten­
sities. Regeneration has been kept under observation, 
and the Nature Conservancy has taken over the 
subject in certain of their reserves.

With the exotics, natural seeding remained a 
matter of academic interest till large-scale planta­
tions of the important species had reached seed- 
bearing age. James Macdonald (1957) commented 
that the prospects of the more recent introductions 
were much better than those of the old exotics. 
Copious natural regeneration of Tsuga heterophylla, 
Lawson cypress, Thuja plicata, and to a lesser degree 
Sitka spruce appeared on a number of private estates 
where these trees had been planted at an early date. 
Research interest (naturally enough) centred on 
Sitka spruce, after it became clear that natural
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seeding was not rare and ephemeral. It began to 
appear in windlows, on roadsides, and other dis­
turbed ground, when plantations had reached the age 
of thirty-five years or thereabouts. It became very 
noticeable in Neustein’s large experiment in the 
Forest of Ae, Dumfriess-shire, comparing sizes of 
felling coups for artificial regeneration which was laid 
down in 1962. (See below.) Seed trapping from 38- 
year-old Sitka spruce at Glenbranter in Argyll in the 
comparatively good cone year of 1964 showed seed 
falls of over a million viable seed per acre, although 
only some 30 per cent of the crop coned. It was 
observed that about three-quarters of the seed-fall 
occurred between February and April, and this 
pattern was confirmed in the Forest of Ae, when 
seed trapping of the heavier crop of 1968 gave 
estimates of seed-fall several times higher. The 
opportunity was taken to assess the regeneration 
resulting from these two crop years (1968 for ex­
ample, gave seedling stockings of about 60,000 per 
acre) and to study the fate of the seedlings in marked 
quadrats. As a complementary study, direct sowings 
of measured amounts of viable seed were made with 
simple surface treatments to obtain information on 
the effects of seedbed on germination and survival. 
As would be expected, the greatest first year losses 
(in the order of 20 per cent) appeared to be due to 
drying out of litter, and cultivation had some 
beneficial effect. The application of phosphate at the 
Forest of Ae appeared to have none. Studies on 
natural seedbeds have also been conducted by G. 
Howells and J. B. Scarratt of Bangor University, 
working in Gwydyr Forest, Caernarvonshire.

Coniferous Forest—Replanting
The Commission’s own plantations were too young 
for felling during the war. Most of the large area of 
privately owned conifer forest clear-felled belonged 
to the easier range of sites; which had not required 
intensive cultivation or drainage for establishment. 
On these sites, clear-felling and replanting was the 
conventional system. There are no problems specific 
to the “better” site, though weed growth may be 
more luxurious and the incidence of the fungus 
Fomes annosus higher than on the “poorer” site.

Replanting in the Commission’s own forests began 
to assume some importance and to attract experi­
mental work in the late fifties for several reasons. 
Windthrow had begun to be significant in spruce 
forest exceeding forty feet in height on poorly 
draining soils, especially in the Borders. Consider­
able areas of early larch plantations were by then 
putting on very little increment, and there appeared 
good reason to replace them by higher yielding 
species. Likewise there were cases where the original 
choice of species had been faulty.

Another motive for clear-felling, which seemed

cogent in the fifties, was to begin the process of 
normalising the age-class distribution in large forests 
such as Thetford Chase, where much of the area had 
been planted over a short space of time with very 
big annual programmes.

In opening this general project in Scotland in 1958, 
Edwards and Stewart (1959) put first the question of 
choice of species in the second rotation, and secondly 
a group of related questions on the preparation or 
re-preparation of the site, including the improvement 
of drainage systems. There were no assumptions 
about the system for regeneration other than that it 
was probably undesirable to lose all the benefits of 
hard-won forest cover. A number of the early ex­
periments were laid down in windblown areas, 
and it was soon found that deer were a menace in 
small clearings in extensive forest areas.

Cultivation on stump ground proved difficult, and 
fortunately on the range of sites so far encountered 
it has not shown any great benefits. It can be as­
sumed that improved drainage systems will often 
be required, and whether this should await regener­
ation or be attempted in standing crops depends on 
the stability of the forest.

In the Border spruce forest work soon shifted 
from the special conditions of windblown gaps to 
larger-scale enquiries on more typical ground. In 
1962 Neustein (1965) laid down a large experiment 
in the Forest of Ae, Dumfriess-shire, in 34-year-old 
Sitka spruce. This was a shallow rooted crop of low 
quality class, and the main objects of the experiment 
were to compare the effects of size of felling coupe on 
the stability of the crop margins. It was obvious 
enough at this stage that rotations over much of the 
Border Forests were going to be governed by wind­
throw, but it was not known whether there would be 
any advantage in imposing a less regular structure 
for the next rotation by preliminary group fellings. 
The felling coupes ranged from a tenth of an acre to 
ten acres, and the ground was replanted with Sitka 
and Norway spruce. Run-of-wind records were 
made in the different clearings, and observations 
were made on windthrow on the margins of the 
crop; there were several other subsidiary enquiries 
(occurrence of natural regeneration has been 
mentioned above). The most important observation 
was that, whilst wind velocity at mid-crown height 
was least in the smallest clearings, the number of 
trees thrown per acre was greatest here, since the 
very much increased length of perimeter at risk out­
weighed the shelter effect. It was also of interest that 
in this fully stocked crop with no foci of ground 
vegetation from windblown holes etc., the invasion of 
grasses was relatively slow, and it appeared likely that 
planting immediately after felling in such conditions 
would not require weeding.

In replanting spruces, a short period of check has
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been noticed, most markedly in Norway spruce. 
This was not associated with any obvious deficiency, 
since the plants responded neither to phosphates nor 
nitrogen. Root examinations suggested that it was 
the old story investigated in the twenties by Steven; 
the spruce habit of regenerating a new superficial 
root system before beginning to grow. There does 
not seem any reason to postulate a “ replant” 
problem of the kind encountered in fruit-growing.

The traditional method of disposing of brash in 
clear-felling was by burning, but this had become 
increasingly costly. J. S. R. Chard had found it 
practicable to plant through brash, and claimed that 
deer browsing was reduced. An alternative to burning 
was provided by the Wilder-Rainthorpe “chopper” , a 
machine developed from the fodder harvester, and 
principally used for destroying low scrub. Trials of 
the machine for disintegrating brash of spruce and 
pine gave good planting conditions, but costed 
experiments showed that planting through brash, 
though expensive in itself, was likely to be a cheaper 
method than planting with the extra expense of burn­
ing or brash chopping.

In the South, the first studies in regeneration were 
conducted in Scots pine in East Anglia and Japanese 
larch in Wales. These being relatively stable crops, 
the obvious approach was to compare various 
degrees of canopy opening and underplanting with 
clear-felling. Underplanting of larch (especially) is an 
old practice, but the current series of experiments 
were the first to cover a comprehensive range of 
canopy densities, and a full representation of the 
most promising successor species. The experiments 
are still young and full economic judgement must 
await the complete removal of the overwoods, but 
some useful indications have been obtained. Opti­
mum canopies have varied somewhat between 
different parts of the country—they are probably 
lighter in the wetter districts, for instance—but even 
tolerant species such as hemlock and Grand fir 
seem to have done best under fairly light canopies, 
and the intolerants have usually responded best to 
full light. At Thetford Chase, where the main adverse 
factor is the high frequency of growing season frost, 
it had long been known that cover greatly widened 
the choice of species available for use. The new 
series of experiments confirmed the value of cover. 
Temperature differences between cover and the open 
were often very large—for instance with 20°F of 
frost in the open, readings might be as much as 10°F 
higher under pine overwoods. And as in the pre-war 
trials a variety of species were satisfactorily estab­
lished under cover, including Grand fir which has 
prospects of yielding much more heavily than pines 
at Thetford Chase. Underplanting is shown on the 
front cover.

On sites with a history of Fomes annosus in the 
existing crop there has been a particular interest in 
the susceptibility of successor species, and in view of 
their reputation for some degree of resistance, Abies 
species have been given special attention. Patholo­
gical and entomological aspects of regeneration work 
are mentioned in Chapter 25.

Experimental work on the regeneration of conifer­
ous forest is still in a preliminary stage, but can be 
expected to increase rapidly in the next decade as the 
pre-war plantations reach maturity. It has already 
shown that it will be feasible to bring in the shade 
tolerant species such as Western hemlock and Abies 
grandis over considerable areas in succession to pines 
and larches. In spruce forest, perhaps the biggest 
question is to what extent natural regeneration of 
Sitka spruce can be used. Spontaneous regeneration 
on mineral soils in the west of Scotland is now so 
common that it seems sensible to look at felling 
systems and seedbed preparatory measures on a 
practical scale. On this topic it would be a pity to 
ignore the possibility of brash burning as a silvi­
cultural measure, since with the progress on fire 
retardants it is likely that light burns could be under­
taken fairly safely and cheaply
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Chapter 20

TENDING: WEED CONTROL, BRASHING AND PRUNING

In plantation forestry, tending operations are usually 
taken to include weeding and such operations as 
brashing and pruning which precede the main thin­
nings. Treatments such as fertilisation, drain deepen­
ing etc., are thought of as site ameliorations.

Weed Control
By far the greatest share of experimental work on 
this topic during the period was put into weed control 
by chemical means. Before the war, no herbicides 
were used in British woodlands (sodium chlorate had 
been experimentally applied to Calluna), but by 1968 
it is estimated that the Commission alone spent about 
£90,000 on herbicides for routine forest operations.

The development of herbicides in forestry stems 
directly from research in agriculture and the agro­
chemical industry. One or two substances have, how­
ever, little use except in connection with woody 
plants. The Commission’s work on herbicides for 
forest use (as in the parallel nursery investigations) 
has been concerned with screeningnew substances and 
formulations and studying methods of application 
for particular weed species and stages of growth.

The main programme of work started in 1949 
under G. D. Holmes, and was continued by J. R. 
Aldhous. In the early stages useful guidance was 
given by Prof. G. E. Blackman’s team working on 
herbicides at Oxford. In 1957 Work Study came into 
this field, using the methods of operational research 
on tools and appliances for manual and chemical 
weeding.

The first object in research on herbicides was to 
lower the costs of weeding in the rehabilitation of 
old broadleaved woodlands, in which various cop­
picing species accounted for much of the expense. 
Soon afterwards, work extended to various bare land 
types. Herbicides available to start with included the 
auxin-type chloro-phenoxyacetic acids (developed 
principally as selective herbicides for use against 
broadleaved weeds in cereals), the old herbicide 
sodium arsenite, and ammonium sulphate, which 
had been used in America as an arboricide. There 
was a range of targets for herbicides dependng on 
the silvicultural methods being pursued; planting 
in clear-felled broadleaved woodland for instance 
resulted in a melange of woody and herbaceous weeds, 
whereas the maintenance of cover, where avail­
able, reduced the vigour of weed growth very mark­
edly. In broadleaved woodlands 2,4,5-trichloro- 
phenoxyacetic acid (2,4,5-T) (normally in ester for­
mulation) quickly proved a most useful substance, 
especially for the control of coppice from cut stumps, 
and also for lightening canopy by killing individual

weed trees by the technique of basal bark spraying. 
In both these treatments it was used as an alternative 
to the axe or billhook, with considerable economies. 
Ammonium sulphate (ammate) could be used in 
very much the same way, but was more expensive and 
less easy to handle. This substance, however, 
appeared able to kill almost any woody species, 
including some (such as ash) which were relatively 
resistant to 2,4,5-T. It proved especially effective 
against Rhododendron ponticum, which is locally 
one of the most obdurate and expensive weeds. 
Latterly, further work on dosage and formulation of
2.4.5-T has also given encouraging results against 
Rhododendron.

Point treatments such as application to individual 
stools or basal bark treatment require no selectivity, 
but the treatment of weeds intimately mixed with 
the crop requires either selectivity or mechanical 
means for directing the spray. It was found that the 
chlorophenoxyacetic acids showed some slight 
degree of selectivity between conifers and broad- 
leaved weed species, or perhaps it might be said that 
some of the principal weeds were very much more 
susceptible. This encouraged the development of 
overall spraying methods, using emulsifiable esters of
2.4.5-T in water. In this technique, selectivity was 
accentuated by confining the treatment to periods 
when conifers were not elongating their shoots, but 
with the weed species in full leaf, and providing 
a much larger target than the crop. The use of low 
volume small droplet sprays reinforced this effect. 
Such treatments using mist blowers proved very 
effective in special conditions; for instance where a 
conifer crop was virtually submerged in a highly 
susceptible weed species such as gorse or bramble. 
An obvious extension of this method was to spray 
coppice or scrub underplanted with conifers from 
the air, and this was tried on one or two occasions. 
The dangers of drift with low volume aerial spraying 
however became very apparent, and the method was 
not pursued.

One of the early successes with the “growth 
substances” was the control of Calluna using 2,4-D. 
Here again aerial application had obvious possi­
bilities as a preparatory method before planting 
heath or moor, but the general objections to large- 
scale overall spraying (including possible tainting of 
water supplies) have confined the use of 2,4-D for 
Calluna control to local treatments in checked 
plantations, a major and critical problem in many 
upland areas.

In the late fifties further substances became 
available for trial; the most important being the

76



WEED CONTROL AND PRUNING 77

graminicide dalapon and the bipyridyllium herbi­
cides, which later became familiar under the names 
diquat and paraquat. These were first tried for the 
control of weeds in fire traces (Chapter 25), but 
dalapon with its selective action against grasses and 
relatively low toxicity to woody subjects was a very 
obvious weapon against grass swards on sites where 
these were the main adverse factor. Dalapon proved 
extremely useful on Chalk downlands, and had it 
appeared earlier, might well have speeded up the 
establishment of beech, but planting on this type had 
virtually ceased by the late fifties. Dalapon however 
continues to be used wherever grasses are the 
important weeds, and has considerable advantages 
in safety and ease of application. Diquat and para- 
quet (the latter being more the toxic to grasses has 
proved the more important in forestry) are herbicides 
with a revolutionary mode of action, since they 
disrupt the chlorophyll metabolism in the presence 
of light, but do not affect the older tissues, and are 
quickly inactivated in the soil. Such materials have 
great advantages in site preparation since planting 
can follow very rapidly. In the control of grasses and 
herbaceous weeds in plantation paraquat has re­
quired the development of devices (such as shields 
carried on the spraying lance) to guard the green 
tissues and young bark of the plant from the spray. 
With proper equipment, paraquat advanced very 
quickly to become the most useful general herbicide 
against non-woody weeds. While it does not kill 
vigorous perennials (especially rhizomatous sub­
jects) it does kill a proportion of the grasses, and the 
general effect is more lasting than mechanical cutting. 
Under many circumstances it is also cheaper and 
quicker to spray than to weed with the hook.

Bracken is a weed which is much more important 
to agriculture than to forestry, since it has little 
adverse effect in plantations other than physical 
suppression. In fact, some older foresters have 
manipulated bracken as shelter. It is however 
expensive to weed, and the arrival of the bracken 
specific dicamba in the mid-sixties may be of some 
minor benefit to forestry. Trials with this substance 
showed that it is a safe pre-planting treatment for 
conifers.

Till the late sixties the emphasis had been on 
herbicides with little or no soil residual effect, though 
some of the root acting substances had been tried in 
fire traces. Simazine had found a useful place in 
nurseries, but its efficient control over seedling 
weeds was not of much use in the forest, where the 
problem is usually the deeper rooted perennial herb 
or grass, often of stoloniferous habit, which may be 
difficult to eradicate with contact herbicides. Re­
cently, several substances have appeared which offer 
prospects of useful residual effects on perennial weeds 
in plantations. Of these, chlorthiamid (“Prefix”) has

so far attracted most attention. It has the advan­
tage of being applied in granular form, thus saving 
on water carriage. While it has given very good con­
trol of grasses and broadleaved weeds, it has on 
occasion damaged some tree species.

New compounds in the triazine group, allied to 
simazine, have also appeared recently, which com­
bine contact toxicity with root action, and these have 
shown considerable promise. It does however seem 
that in forestry the target of complete weed control 
through root action is a rather improbable one, 
since in the early years after planting there is not 
much difference to play with in the rooting depth of 
weeds and crop plants.

Two side-lines with herbicides may be mentioned 
here. In 1958, some work was done on “chemical 
pruning” of epicormic shoots of oak and poplar by 
spraying with 2,4,5-T, following German reports. 
The method showed some promise but was not 
followed through as the object was of no great 
importance. A basic study of the self-pruning habit 
in certain species might be of interest, as one would 
imagine the process is auxin controlled.

The increasing importance of hardwood pulp led 
to investigations in debarking oak, which is one of 
the species with undesirable bark properties for 
pulping. Oak coppice and limb wood is expensive to 
peel by hand, and in the absence of suitable machines 
some of the “arboricides” were tried. These were 
applied to the live stem some time before felling. By 
far the most successful substance for loosening the 
bark was sodium arsenite, applied to a frill girdle at 
the base of the stem. A satisfactory technique was 
worked out (Semple, 1965), but it was decided that 
the hazards of arsenic were too high to accept.

Research on chemical control has given very 
useful economies in weeding costs and in shortening 
the period of weeding on old woodland sites where 
the vegetation is rather lush. It has had less impact on 
moorland and heath, where cultural methods are 
usually adequate for the establishment of the crop 
without any great expense in weeding. Since the 
chemists continue to produce new molecules and 
formulations, one can expect further developments. 
A higher degree of selectivity between conifers and 
angiosperm weeds would obviously be an advantage, 
and so would a herbicide with safe residual effects. 
But it seems more likely that we shall benefit from 
higher phytotoxicity in contact translocating chemi­
cals.

The programme has been carried out in a period of 
increasing anxiety about the hazards of agricultural 
chemicals to man and the environment. The subject 
is too big to discuss here, but forest research has 
worked inside the safety regulations and recom­
mendations of the appropriate government agencies; 
and in ecological considerations the Commission has
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collaborated increasingly with the Nature Conser­
vancy.

A certain amount of attention has been given to 
powered tools for weeding in plantations. These have 
included self-propelled cutters, either reciprocating 
or rotary (as on the forage harvester principle), and 
also back-pack powered cutters like scaled-up hedge 
trimmers. The powered cutter however is less flexible 
and pleasant to work with than the modem back­
pack spray, and under most circumstances chemical 
control seems likely to prove more efficient.

Brashing
Weeding in young plantations grades into cleaning— 
the removal of unwanted woody material—in 
established plantations. This has attracted no specific 
study, except as a costed operation in the Derelict 
Woodlands project. The principal tending treatment 
is brashing, and the tradition in British conifer 
plantations has been to “prune” the whole crop to 
approximately head height; this operation has 
nothing to do with pruning for timber quality, but 
serves as a fire control measure and facilitates access 
for marking thinnings and subsequent extraction. 
The degree to which plantations should be brashed 
first received experimental attention in 1948 at the 
Forest of Ae, but these and later studies conducted 
by Silviculture in the North did not give very 
convincing evidence on the economics of the 
operation. The new Work Study Section investigated 
brashing as an operation in the late fifties, and later 
in the period when Work Study was ready to work 
on harvesting systems, brashing was re-examined in 
connection with methods of thinning (such as line 
thinnings for the first intervention) and processes of 
extraction. This is undoubtedly the correct approach.

Pruning
As a measure for the growing of knot-free timber, 
pruning has a long history. For certain products, 
e.g. poplar logs for rotary veneering, it is essential, 
but otherwise it is a treatment which has to be con­
sidered along with others, such as initial spacing, 
thinning method and rotation length, all of which 
have a bearing on the size and persistence of knots. 
Also, knottiness is by no means the only criterion of 
timber quality. Hence a full economic evaluation of 
pruning is particularly difficult to achieve, though 
many aspects of the operation are open to experi­
mental treatment. The Commission’s first experi­
ments were carried out by Guillebaud in the early 
thirties, and besides providing for a comparison of 
pruned and unpruned timber, enquired into severity 
(proportion of crown pruned) and intensity (interval 
between treatments) of pruning. (Plate 50.)

A rather similar series of experiments were carried 
out in Scotland shortly after the war. A controversial

point, especially in the spruces, was the safety or 
otherwise of green pruning. One view, backed by 
certain Continental authorities, was that it constituted 
a pathological risk from frost damage to cambium 
and the entry of fungi. Cankers have been associated 
with brashing in Britain (Day, 1951) but this has 
been a rare occurrence. In 1945 Scott at Princes 
Risborough dissected knots from spruces green 
pruned in 1938, and in over 3,000 knots found no 
instance of disease (Forest Products Research 
Laboratory, 1952).

In the early experiments it became obvious that 
too many trees had been pruned, a number of 
pruned stems having to be removed in thinnings 
before useful knot free timber had been produced. 
Likewise, the early experiments raised questions 
about the effects of pruning on girth (and possibly 
height) increment, and consequently on the domi­
nance of the pruned tree as against its unpruned 
neighbours, and these points were looked at more 
closely in subsequent experiments.

One curious sideline in pruning was the investi­
gation of finger disbudding in pine, carried out in 
Scotland in the late forties and fifties. This trick (of 
American origin) removes the lateral buds at the 
terminal whorl, leaving the axial bud to grow on. 
On that part of the stem treated the knotty core is 
virtually non-existent. The problem of course was 
one of compromise—what amount of this maltreat­
ment would the tree stand, how many whorls to 
leave etc. Some of the patterns looked extremely odd, 
and were aptly called “poodle-isation” by J. A. B. 
Macdonald. It was not found practicable to achieve 
pruned lengths greater than about 8 ft, and losses of 
treated stems tended to be rather high. (Henman, 
1961).

It had sometimes been claimed by enthusiasts for 
pruning that the costs could be recouped in the 
conversion of poles from thinnings, i.e. in snedding 
and peeling. Timed studies on Douglas fir and Scots 
pine, however, did not substantiate this.

Certain pre-war pruning experiments were ter­
minated prematurely following wind damage, and 
these provided an opportunity to look at the patterns 
of knotty core and clear wood from various prun­
ing treatments. Longitudinal sections through stems 
pruned on various regimes showed very strikingly 
how difficult it is to maintain a small knotty core 
(4 inch has been a common target) with an economi­
cal pruning intensity. It is of course self-evident that 
the rate of diameter increment after pruning is the 
most important factor in the production of clear 
wood in a given rotation. The field experimental 
work is discussed fully by Henman (1963) in Forestry 
Commission Bulletin 35. The work was quite suf­
ficient to provide practical prescriptions. The evalu­
ation of pruning has been taken further recently,
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when timber from some of the pre-war pruning 
experiments has been converted by standard pro­
cedure at Princes Risborough and graded according 
to the Laboratory’s Rules for sawn British softwood. 
The main feature after thirty or so years growth 
following pruning was not the production of signifi­
cant quantities of clear timber, but the very much 
higher proportion of sawn material from pruned 
stems falling in Grades I and II compared with that 
from the unpruned logs (Forest Products Research 
Laboratory, 1965). Failing a veneer industry based 
on home grown logs, this general upgrading seems 
a more realistic target than the production of clears, 
and in Scots pine there is a special case for pruning 
since the dead loose knot is the most important 
single cause of degrade. However, the whole case for 
pruning rests on a future for quality timber in the 
solid, and the trend has been away from this.
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Chapter 21

CROP COMPOSITION, TREE STABILITY AND RELATED TOPICS

Crop composition is primarily a character of the 
silvicultural system governing felling and regener­
ation. In fact extremely little work has been done in 
Britain directly on the silviculture of a particular 
species in the classic sense. Clear felling with 
artificial regeneration is the only widely practised 
system, though locally there have been silvicultural 
practices depending on natural regeneration with 
beech and Scots pine, and in recent times certain 
private estates have used natural regeneration of the 
more recently introduced conifers in some approach 
to Dauerwalcl. But so far as Commission research is 
concerned, most enquiries into differences in crop 
composition have arisen from different methods of 
establishing the crop, and have not been concerned 
with systems of regeneration. Hence the lines of 
work mentioned in this Chapter, though all con­
cerned in one way or another with crop composi­
tion, do not present a coherent picture.

Nursing Mixtures
Nursing is one of the old lines of work, and remained 
active for a number of years after the war. Its aim 
was to promote favourable ecological conditions for 
a major species by means of an easily established 
pioneer crop; either a tree or a shrub. Crop species 
and nurse might be planted together, as in the 
fashionable pine/spruce mixtures of the forties, or 
the crop tree might be introduced into the nursing 
medium some years after establishment. As men­
tioned in Part I, Chapter 4, remarkable successes 
were achieved with common broom (Sarothamnus 
scoparius) as a nurse crop on heaths for Calluna- 
sensitive trees such as spruces, Tsuga and Douglas 
fir. Broom continued to be used in establishment 
experiments on different sites for several years after 
the war, and the method was considerably im­
proved. It never entered into general practice, and fell 
out of consideration because of its expense, and 
the contemporary developments in cultivation and 
establishment methods. The use of tree species as 
nurses however did not involve expense on a non­
productive element of the crop, and interest in these 
lasted longer.

Most of the early nursing mixtures (experimental 
or otherwise) were laid down in intimate arrange­
ments, row by row or tree by tree. These were 
difficult to handle—a nurse capable of suppressing 
ground vegetation quickly was equally likely to 
suppress the nursed species. However, Guillebaud 
had recorded improved height growth in spruce in 
such intimate mixtures with pine before the war. In 
some cases pine mixtures were effective in establish­

ing frost sensitive species such as Douglar fir. But 
the best evidence on nursing effects was obtained 
fortuitously, from observations of edge effects in 
experimental plots established for other purposes. 
At Wykeham, Yorkshire, it was observed that slow- 
growing spruce and other species were stimulated by 
proximity to pure plots of pine and larch which had 
closed canopy and suppressed the heather. It was 
found that spruce roots had invaded these plots and 
were exploiting the organic layers. This led directly 
to the planting of nursing mixtures with bands of 
sufficient width (usually three rows) of the nurse 
species to provide a zone of heather suppression. 
For a short time such mixtures (usually of pines and 
spruce) were commonly planted on moorland and 
upland heath. However, this line was overtaken by 
the developments in ploughing, manuring, and 
chemical control of Calluna, all of which made it 
easier to establish the major crop pure; with adequate 
cultural methods nursing only seems to give an extra 
benefit under exceptional, marginal, conditions. 
Certainly with Lodgepole pine and Sitka spruce 
which has been the commonest mixture, the ten­
dency has been for either the spruce to dominate on 
the best sites or for the pine to do so on poorer sites, 
leaving few circumstances where the pine has clearly 
been beneficial to the spruce. Hence nursing mixtures 
for the short-term effect have not proved an impor­
tant line.

Robinson’s ideas of “accelerated succession” 
suggested the introduction of successor species into 
holes cut in thicket stage crops of pines. Generally 
speaking, such interventions in vigorously growing 
young stands proved unmanageable; though Western 
hemlock was successfully established this way at 
Teindland and other heathland sites where a 
representation of the species was the only criterion.

Long-term Mixtures
These are distinguished from nursing mixtures by 
the object, which is to grow them to maturity as 
such. In practice the distinction is not always clear. 
The topic is one on which there has always been 
much argument—it is apt to shade off into wider 
considerations such as irregularity of crop structure. 
Very little hard evidence on the benefits of mixtures 
was available in the early fifties though many had 
been planted. In 1953 M. V. Laurie prepared an 
experimental plan to investigate simple two-species 
mixtures, and over the next few years a considerable 
number of these experiments were laid down. The 
intention was to compare each species pure with 
the mixture between them in respect of the crop

80
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characteristics (production being the most impor­
tant question), and the effects of the species pure and 
in mixture on the site. These are essentially long-term 
experiments, and include most of the conventional 
or plausible combinations of species. There was no 
expectation of increased production over one 
rotation (whatever other advantages might accrue) 
where a high yielding tree was being “diluted” by 
another of normally lower increment, but it seemed 
possible that mixtures such as Douglas fir or Sitka 
spruce and Western hemlock might make a more 
efficient use of the supply factors—light, water, 
fertility—than pure crops of these species. However, 
where the most productive species on any site is 
itself a shade tolerant tree such as Abies grandis or 
Western hemlock it seems most unlikely that ad­
mixture will increase the yield over a single rotation.

The effects of species on the site and the whole 
question of fertility maintenance is a very wide 
subject, and something will be said in Chapter 23 
about fundamental work conducted by Oxford, the 
Macaulay Institute and the Nature Conservancy. 
The Commission’s two-species mixture experiments 
included broadleaved trees with a reputation as soil 
improvers, and were laid out to facilitate soil studies. 
One experiment was established in collaboration 
with the Nature Conservancy specifically for this 
purpose.

As might be expected a number of the experiments 
ran into difficulties, especially those containing 
Tsuga, which is extremely difficult to establish on 
bare sites. In mixture with Sitka spruce, some early 
nursing effects were observed. At the present time, 
mixtures are rarely planted, but this set of experi­
ments may have some bearing on conditions in the 
second and later rotations.

Spacement in Plantation (Plate 33.)
A few experiments had been established in the early 
nineteen-twenties, but the main effort dates from 
1935 when James Macdonald drew up a plan for a 
standard type of spacing comparison. Over 140 
experiments to this plan were laid down by the 
“Divisions” . They were simple unreplicated trials of 
initial planting spacings ranging (usually) from three 
to eight feet. Many of the experiments suffered from 
labour difficulties during the war. In 1949 the series 
was assessed by Research and yielded useful infor­
mation on rates of closure of canopy and other early 
crop characteristics; some of the more forward 
experiments also gave evidence on branch dimen­
sions and stem taper in relation to spacing. In 1953 a 
new plan was prepared for the future conduct of the 
best of the spacing experiments, introducing con­
trasting thinning treatments; some experiments being 
thinned on conservative lines to attain a common 
stand density, whilst in others the different rates of

diameter increment due to spacing were maintained 
or accentuated by thinning the wider spacings more 
heavily than the closer ones. The latter treatment 
was aimed specifically at producing timbers of very 
contrasting ring widths for study at Princes Ris­
borough.

Like some other lines of work, spacing at planting 
was somewhat uneasily placed between Silviculture 
and Mensuration, and the topic has perhaps not had 
the attention it deserves. Practice was forced off the 
closer spacings some time ago by rising costs, but it 
is doubtful whether the widest spacings adopted 
today can be supported by the evidence. However, 
the spacing experiments have paid dividends in a 
variety of directions. They helped to fill a gap in 
the mensurational evidence on stocking and yield, 
and certain of the experiments have lately been used 
in fundamental studies of the stand as a productive 
mechanism. They were also useful in work on 
stability as they provided crops of different densities 
and stem characters on the same site. And as 
intended, they have given useful material for the 
forest products specialist. Brazier (1967-70) espec­
ially has made good use of spacing experiments in 
studying width of ring and early and late wood 
development.

Uneven-aged Stands
The commonest and simplest form in British forestry 
is the result of underplanting a light demander 
(usually larch) with a shade tolerant tree. The prac­
tice of course is old and well established before the 
Commission’s time. Most early investigations into 
such crops have been concerned with the yield of 
two-storeyed stands; for example, the well-known 
series of underplanted larch sample plots at Dymock, 
Gloucestershire, and Haldon, Devon (Earl, 1951). 
That the method succeeds in increasing yield over 
the larch rotation hardly requires proof, and it is 
also an excellent method of establishing frost- 
sensitive species; but as yet there has been no full 
economic analysis of the practice. The recent series 
of experiments mentioned in Chapter 10 on the topic 
of replacement of larch crops should however give 
further quantitative evidence; it is certainly high 
time that so old a practice should receive a proper 
appreciation. Most underplanting today is aimed at 
a change of species rather than at long-term two- 
storeyed crops. (Plate 51.)

Stability of Trees and Crops
This topic became a research project in 1960; the 
instability of spruce crops on ill-drained sites had 
however been a source of anxiety for some time 
before this, and it had been expected that some of the 
early drainage experiments would give evidence on
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rooting depth and resistance to wind throw. A. I. 
Fraser adopted three lines of investigation: (i) the 
incidence of windthrow in relation to gales and 
locality factors, (ii) the forces acting on the individual 
tree, and (iii) aerodynamic studies on the crop. A 
national reporting system yielded useful statistics of 
the occurrence of sizeable windthrows in relation to 
gales of known strengths and locality factors. Gales 
gusting to 60 mph occur somewhere in Britain every 
year with damage increasing in aggregate as more 
crops reach susceptible heights (40 ft or so). The 
behaviour of crops in such normal gales is of more 
research interest than the consequence of hurricanes 
such as those of January 1953 in northern, and 
January 1968 in western and central Scotland; for 
very little can be done about these.

The forces on the individual tree were looked at 
first by measuring the wind-loading by dynamo­
meters on guyed stems. Resistance of stems to throw 
was studied by the technique of measuring the pull 
required to displace them by a winch (Fraser and 
Gardiner, 1967). This method, developed by Fraser, 
owes something to J. A. B. Maconald and also to 
T. R. Peace, who had been interested in “winching- 
out” as a quick method of excavation in pathological 
root studies. From the first field studies of wind- 
loading, Fraser turned logically to the wind-tunnel, 
and was fortunate in securing the interest and 
expertise of the Royal Aeronautical Establishment 
in carrying out studies on small tree crowns in the 
24-ft wind tunnel at Farnborough. These tests, 
which measured the stresses on the butt from wind 
speeds in the range 17-50 knots were most infor­
mative. It was observed that drag in this range was 
directly proportional to wind speed, not to the 
square of the velocity as in solid structures; the 
distinction being due to the tree’s ability to stream­
line itself progressively. Also, it appeared that the 
weight of tress explained most of the differences be­
tween species and shapes of crown in the drag/wind 
speed relationships (Fraser, 1963). This work 
suggested the construction of small model trees with 
the correct drag characteristics for a given wind 
velocity, and an electrical device to measure loading, 
to study the behaviour of “crops” in smaller wind 
tunnels; and in 1963 Fraser collaborated with D. E. 
Walshe of the National Physical Laboratory in 
some tests of crop arrangements in the 9 ft x 7 ft 
open-jet wind tunnel at Teddington (Walshe and 
Fraser, 1963). The approach has too many limitations 
to be of major importance, but it certainly suggested 
that any increase in roughness was likely to be 
accomplished by greatly increased forces on the 
crowns of individual trees. (Plate 52.)

Tree-pulling studies yielded valuable information 
on a number of points for a comparatively small 
effort. Firstly they confirmed Day (1949) in showing

the great sensitivity of the rooting system of Sitka 
spruce to compacted or anerobic soil conditions. In 
good soil conditions, Sitka spruce has a deep and 
searching root system. Under Border conditions, 
drainage had deepened the rooting systems, and 
where this had enabled the roots to penetrate below 
the peats into the till there was some gain in stability. 
This was further evidence to encourage the adop­
tion of deeper drainage systems. Tree-pulling studies 
in spacing experiments showed that closely spaced 
crops rooted deeper than widely spaced ones; a most 
interesting observation confirmed by tree-pulling 
in “ isolation” experiments (an extreme form of 
crown thinning) where the favoured trees, though 
much larger than those in the crop matrix, were 
comparatively shallow rooted. It was assumed that 
this effect on moist sites was hydrological, denser 
crops drying out the soil to greater depths at an early 
stage of growth. It will be of interest to see whether 
this effect is accentuated in extremely dense crops 
resulting from natural regeneration.

Carried out over a range of soil types, and in 
relation to the evidence on wind-loading on tree 
crowns, such studies led to estimates of the suscep­
tibility of crops to windthrow on an actuarial basis, 
and this was taken up by D. G. Pyatt, then of the 
Management Division. Such estimates are of obvious 
importance in the preparation of working plans for 
forests where the hazards are known to be high 
because of soil and topographic factors, and this 
is the most practical outcome of the project. How­
ever, there remains a good deal to be learned about 
windrun over forests, and in 1967 a large-scale 
experiment was established at Redesdale, Northum­
berland, using an automatic data logger to record 
anemometer readings from various levels on towers 
set up in a forest crop and on open ground outside it. 
The intention in this experiment is to compare 
thinned and unthinned crops in respect of the 
characteristics of air movements in and over the 
canopies, but so far only the differences in aero­
dynamic characteristics between conditions in the 
open and the undisturbed forest have been studied 
(Fraser, 1968).

A good deal of other observational work has been 
done on stability questions. In the sporadic (single 
tree or small group) windthrows in Border forests, 
surveys by Neustein showed that trees adjacent to 
freshly cleaned drains were usually the first to go. It 
is unlikely that the problem of cleaning neglected 
drain channels in spruce forests is wholly soluble; 
there is bound to be some loss of stability. Numerous 
observations following gales have led to general 
conclusions on the influence of topographic features; 
the great vulnerability of forward slopes or slopes 
diagonal to the wind, funnel effects in valleys etc.

Nothing in the investigation on stability has
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offered much encouragement to the belief that ir­
regular crops are inherently more stable than homo­
geneous even-aged stands, which does not necessarily 
imply that diversification has no place in reducing 
the hazard of large-scale windthrow.
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Chapter 22

PROVENANCE AND TREE BREEDING

Although the objectives in these two fields of work 
are the same, it was found convenient to leave 
provenance—i.e. studies on the broad geographic 
and ecotypic variations in exotics—with the Silvi­
cultural sections, leaving the new Genetics Section 
to concentrate on more intensive work on variation 
in home forests and on the process of tree breeding. 
This served well enough under British circumstances, 
since the fund of variation from past introductions 
and provenance experiments was very great. It is not 
an arrangement one would expect to see perpetuated, 
as there is no point in carrying on provenance work 
in exotics after it is clear what the major seed source 
variations are; when further improvement is a matter 
of developing home seed sources and tree breeding.

Provenance
By the end of the war sufficient experiments had been 
laid down to give a reasonable idea of the scale of 
provenance differences likely to be experienced in 
the major species, and in one or two instances 
(especially Scots pine) a fair picture of the pattern of 
variation had emerged. It was clear that the British 
climate (except at the extremes) was not a highly 
critical screen for provenance: a number of the 
important exotics could be established from seed 
sources in large parts of their natural range, and the 
results of misfits in climate, latitude, and elevation, 
had sometimes shown themselves belatedly in patho­
logical symptoms in thicket stage crops.

In the early post-war period there was a great deal 
of assessment to be done in the established experi­
ments, and this had priority over new work for some 
time. At this stage much attention was given to 
assessments of form of stem, branch habit, health 
etc. in addition to simple measurements of growth 
rate. Also the design and general conduct of pro­
venance experiments was studied; the older experi­
ments had pointed to various difficulties in carrying 
out such long-term experiments. This was a topic on 
which M. V. Edwards did important work. Later in 
the period advances in experimental statistics made 
available new designs, which were introduced by 
J. N. R. Jeffers; these were particularly important 
when the numbers of provenances represented in 
experiments began to rise.

One aspect of provenance work remained contro­
versial over most of the period—the nature of the re­
presentative collection. Broadly speaking these may 
be collections from relatively few trees at a described 
locality, or much larger collections (usually com­
mercial) from a region or zone. In the latter case 
what is sown for the experiment is a small sample.

Some experiments have included both types of 
collection. Commercial collections are not favoured 
for experimental work, but it should be pointed out 
that where the collecting zones are defined and the 
methods regulated, such collections do sample the 
range of a species in a meaningful way and the 
results are reproducible. For the limited objective of 
finding the best zones for large-scale importations, 
samples from commercial collections have served 
very well, and much of what we know of the proven­
ance of species such as Douglas fir and Sitka spruce 
is based on comparisons of seed from the collecting 
zones of the long-established American firm of 
Manning. Collections of this sort (commercial or 
otherwise) fail to show the more intimate patterns of 
variation, and there may also be bias towards poorer 
genotypes; perhaps especially towards precocious 
and branchy forms of tree. Also, there may be no 
organisation for collecting seed from certain local­
ities, simply because there has been no market for 
it. The best way of conducting collections for pro­
venance studies is to send out a team and conduct 
a proper sampling both between zones and inside 
them. IUFRO, with assistance from the Forestry 
Commission, have sampled the distribution of 
Lodgepole pine, Douglas fir and Sitka spruce over 
the past five years, and the resulting provenance 
experiments have been arranged on an international 
basis.

Progress in provenance work has been reported 
regularly and at length in the Report on forest 
research, and comment here will be confined as far 
as possible to changing approaches and objectives. 
The first major post-war activity was concerned with 
European larch. Provenance work before the war 
was aimed primarily at dieback of larch, a symptom 
which usually appears at the thicket stage and is 
associated with the fungus Trichoscyphella wilkom- 
mii, and perhaps also with spring frost. Early experi­
ments compared larch of various Scottish sources 
with Alpine larch (as imported, unfortunately, in 
quantity) and Sudeten larch, though this was often 
not the true article, but seed from plantations in that 
region. Scottish strains were variable, but the best 
showed some superiority over high alpine proven­
ances in respect of resistance to dieback.

The first big experiment after the war was the 
international European larch provenance experi­
ment planted in 1946/47 from seed collected during 
the war years under the auspices of IUFRO. This 
contained 44 seed lots, and incidentally strained our 
capabilities for experimental design. Though not 
fully comprehensive (it did not for instance include

84
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representations from the Polish outliers), it has pro­
vided a mass of information on locality, elevation 
etc. With other evidence it has confirmed the 
superiority of Sudeten larch over the old Scottish 
strain, which is thought to be of alpine origin. In the 
fifties Polish larch was introduced to experiments, 
and impressed greatly by its vigour, though form 
left something to be desired. European larch however 
has declined in status over recent years and for the 
diminished acreage now planted the development 
of home seed sources is the obvious answer.

Part of the decline in planting of European larch 
may be attributed to competition with the more ac­
commodating Japanese larch, though the larches as 
a group have been somewhat out of favour. Japanese 
larch as imported commercially from Nagano Pre­
fecture in Honshu Island has never presented any 
serious problem suggesting provenance remedies, 
apart from the hope of improving stem straightness. 
Work would probably not have been attempted for 
British needs, but in 1959 the opportunity was pre­
sented to lay down a respectable experiment due to 
the kindness of D r Langner of Schmalenbeck, who 
had recently collaborated with Dr Iwakawa in a 
comprehensive collection. The indications of this 
experiment are that we have not been far out in our 
sources of introductions, and differences are not 
dramatic.

Norway spruce, the oldest of the exotic conifers, 
had given little trouble in cultivation, and there were 
no specific aims in early provenance work. Variations 
in date of flushing were well known at the individual 
tree level, and it was realised that a provenance 
with later than average flushing date would be useful. 
It has a rather unsatisfactory provenance history. 
Broad collections were included in experiments laid 
down in the late thirties and war years, mainly in the 
Border forests; but inexact details of seed origin, 
irregularities in planting stock, exceptional frosts and 
one disastrous fire vitiated much of the evidence. 
This has proved the more unfortunate, as the weight 
of evidence is strongly in favour of provenances from 
south-eastern Europe; a region which has been 
neglected in seed importation. Recent comprehensive 
experiments are beginning to confirm this belief.

Scots pine had the best and most comprehensive 
experiments laid down before the war. By the late 
forties it was possible to dismiss all high latitude 
European provenances, being much too slow in 
growth, and the southern fringe of the species had 
presented difficulties in establishment, and often very 
coarse growth. Whilst certain provenances from our 
own latitudes in Europe gave very good results 
(especially in south-east England), there was little 
suggestion that there was much to be gained from 
foreign sources, particularly for the main pine 
growing areas in East Scotland. There was little point

in pursuing provenance of Scots pine to increase the 
production of pine timber inside the range of Corsi­
can pine, and for the main pine growing districts in 
eastern Scotland the best compromise between the 
fine form of northern provenances and the faster 
growth of southern strains seemed to lie in the better 
Scottish provenances, not all of which are purely 
Caledonian in origin. One interesting sideline in 
Scots pine provenance work was the search for pines 
resistant to winter blasting on the western seaboard. 
It might have been expected that this character would 
be found amongst the most western Caledonian 
remnants, and by the early sixties this was established, 
but not at a very useful level in view of the much 
higher resistance of coastal provenances of Lodge­
pole pine. Mention should be made of the late Capt. 
Brander Dunbar’s curious experiment at Pitgaveny 
Estate, north-east Scotland, though perhaps it is 
nearer breeding than provenance. He made a prac­
tice of sieving his seed, and sowing only the larger 
fraction, claiming (quite correctly) that he obtained 
larger seedlings thereby. Having done this over more 
than one generation, he convinced himself that he 
had gone some way to  producing a “giant” strain, 
and certainly he appeared to have made an effective 
selection for cone and seed size. Efforts to persuade 
him that he was probably not selecting for anything 
else were not successful! Indeed plantations of his 
“giant” strain seem to have held their nursery vigour 
longer than might be expected. Seed size is a trouble­
some element in provenance work, and it has become 
common practice to look for regressions on seed 
size in nursery and early field measurements.

The other important Old-world pine, Pinus nigra, 
is, like European larch and Norway spruce, a long- 
established exotic. A tree of discontinuous range, its 
geographical variants are usually accorded sub­
specific rank. The attributes of two of these, Corsican 
pine (P. nigra var. maritima) and Austrian pine (P. 
nigra var. austriaca) have long been known in Britain. 
The latter has valuable properties, being particularly 
resistant to exposure, but there was never any doubt 
that Corsican pine was the variety required for 
general planting, and seed obtained from Corsica 
normally gave excellent results, especially on sands 
and gravels in the south and east of England. In 
the late twenties some dubious material was im­
ported from Corsica and planted on some scale in 
East Anglia. Straight-needled and bushy in habit, 
this appears to be a high-elevation form of the tree, 
but it has never been satisfactorily identified and has 
been (rather unkindly) known as “Ursuline pine” 
after the collecting agent concerned. However, Cor­
sican pine as such threw up no problems warrant­
ing provenance enquiries till extensive browning and, 
more serious, dieback associated with the fungus 
Brunchorstia, appeared on marginal sites. It was



86 FIFTY YEARS OF F O R E STR Y RESEARCH

fairly clear that the tree had been stretched beyond 
its limits to cool, moist environments and over- 
elevated sites. There was however a special case for 
Corsican pine (or more generally speaking Black 
pine) in those parts of the Pennines subject to in­
dustrial pollution, and in the late fifties fairly compre­
hensive experiments were laid down. These con­
centrated on seed sources from Europe where the 
tree had been long cultivated well to the north of 
its natural range, such as the famous plantations at 
Koekelare in Belgium and Les Barres in France, both 
thought to be of Calabrian rather than Corsican 
origin. Calabrian pine had in fact appeared in limited 
experiments in Wales somewhat earlier, and had 
promised well at fairly high elevations; it had also 
shown the useful property of high survival on 
planting. Whilst some of these provenances are 
promising, there does not seem to be room for any 
great extension of the range of Corsican pine under 
present planting policy.

The last of the European species to attract serious 
provenance studies is the Silver fir, Abies alba. This 
is a special case as the tree was written-off in the 
early days of the Commission because of the serious 
damage caused by the adelgid Adelges in young 
plantations, though apart from this, the large di­
mensions attained by many individual trees (often 
in exposed positions) suggest that the European 
Silver fir is very much at home. There is also a 
special interest in Abies species in view of the reputed 
resistance of some of them to the fungus Fomes 
annosus. In the very active post-war period of 
provenance studies it was thought worthwhile to 
examine the geographical variation in Abies alba 
with resistance to Adelges as the main criterion, 
and in the mid-sixties a collection of 36 provenances 
was established on several sites. It is of course too 
early for any indications of value.

Turning to the American trees; in Douglas fir the 
differences in behaviour of the major geographic 
varieties were known before the Commission’s time, 
and comparisons of the type “green” Douglas and 
“ blue” Rocky Mountain forms (var. glauca) were 
to be seen in some of the old Forest Gardens laid 
down in the early years of the century. In particular, 
the susceptibility of southern mountain forms to the 
needle cast disease Rhabdocline was recognised. Not 
so much was known about the so-called intermediate 
or Fraser River Douglas fir (var. caesia) typical of 
the continental distribution of the tree in the 
northern half of its range. Douglas’ own introduction 
(probably from Fort Vancouver, near Portland, 
Oregon) is now thought to have been a very fortunate 
seed source, and some excellent plantations have 
descended from it. It seems likely too that the large 
importations from the Lower Fraser Valley, arranged 
through the Canadian Government in the early

twenties, were also excellent material. Some later 
imports from rather dry, warm climates in Washing­
ton south of the Puget Sound were less fortunate, 
and may have contributed something to the failures 
of Douglas fir when pushed too far into moist 
western conditions. In eastern England, where 
climate and some at least of the soils favoured 
Douglas, one limiting factor was the susceptibility of 
the species to late spring frost. That this might have 
a provenance remedy was suspected by the behaviour 
of one very successful plantation in the species trials 
at Olleys Farm, Thetford Chase, which was markedly 
late flushing in habit, though unfortunately its origin 
was unknown.

No very good experiments had been laid down 
before the fifties, by which time the obvious target 
appeared to be a study of the main coastal distri­
bution of the tree. This was arranged by sampling 
the collecting zones in Washington and Oregon of 
the firm of Manning, which had been drawn up in 
consultation with Leo Isaac, a leading American 
silvicultural authority on Douglas fir. The experi­
ment was planted at a number of sites in Britain 
chosen for a wide range of climate including sites 
likely to present a hazard of spring frost. Whilst it 
is obvious that Douglas does not present a simple 
clinal pattern of variation, this experiment did in­
dicate some very useful generalities. Provenances 
from the coastal limits of the tree in Washington (one 
might say the overlap with Sitka spruce) have on 
the whole shown the greatest promise, and have 
combined vigour of growth with a tendency to flush 
late. This on one or two occasions has been sufficient 
to prevent serious damage when many other pro­
venances have suffered badly from frost.

Some interest in Fraser River Douglas fir (var. 
caesia) has been maintained, since in Scottish experi­
ments this form has grown quite well, and has 
appeared markedly less prone to winter cold damage 
on exposed upland sites. It has however shown itself 
susceptible to Rhabdocline. Till recently there has 
been one serious gap in our provenance coverage in 
that we have not had material from the northern 
coastal limit of Douglas fir in Vancouver Island. 
This has however now been remedied. But it seems 
likely that for the useful British range of this fine 
tree we are in the fortunate position to be able to 
use seed from regions not far from the optimum of 
the species, with a bias towards the coastal fringe.

Sitka spruce has had a more constant seed source 
than any other American species; the Queen Char­
lotte Islands having provided the main supply, and 
coastal Washington a much smaller proportion, 
though the pre-Commission plantations at Inverliever 
and elsewhere probably originated from the latter 
region. The first experiment at Radnor in Wales, 
planted in 1927, had suggested a simple pattern of
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variation according to the latitude of the seed source, 
with marked increase in vigour from Queen Char­
lotte Islands through Washington to Oregon; but 
serious frost losses were sustained with seed from as 
far south as the northern tip of California. The 
potential gain in production in taking seed from 
Washington (let alone Oregon) was however con­
siderable, and the main object of subsequent pro­
venance work in Sitka was to assess the risk from 
more southerly seed sources. One very obvious 
hazard had been noted before comprehensive experi­
ments had been laid down: seedlings of Washington 
origin were apt to grow late into the autumn and 
might suffer from early frost before hardening-off 
buds. The first comprehensive experiment in Sitka 
spruce was sown in 1958, and yielded most valuable 
information in the nursery stage. The latitudinal 
clinal pattern of growth rate was clearly demon­
strated, and phenological observations showed that 
this was a matter of the length of the growing period 
among provenances, rather than date of flushing or 
the actual speed of elongation whilst growing. It 
later became clear that susceptibility to spring frost 
damage on the planting site was little related to 
provenance, in fact faster southern provenances 
might occasionally escape from the zone of shallow 
inversions before slower northern ones. But it also 
became apparent, especially after the severe season 
of 1962/3, that extreme winter cold might do serious 
damage to provenances south of the Queen Charlotte 
Islands, and that there was a considerable risk in 
using these on elevated and highly exposed sites. 
Even Queen Charlotte Island material has some­
times been damaged by winter cold, and a special 
line of enquiry has been to discover whether there 
is any advantage in provenances from south-east 
Alaska for the severest climatic conditions. However, 
comparisons of Queen Charlotte Island and Alaskan 
spruce over a wide range of sites have suggested that 
the area over which the latter is likely to have an 
advantage is very small—probably insignificant.

Sitka spruce is one of the exotics which is now 
starting to bear large quantities of seed of good 
quality in the old stands, and we should be inde­
pendent of imported seed in the near future.

Lodgepole pine has presented the most complex 
problems of the American species. It has a very 
great range, but its distribution is discontinuous. 
Like Douglas fir, the main geographic variants are 
often accorded sub-specific rank. Its status has 
changed very greatly over the post-war period. It 
has found its place as a major plantation species 
since the war, and the provenance side of this story 
is almost entirely due to the appreciation of the 
value of the coastal form of the tree, which is usually 
regarded as the type species, Pinus contorta (Loudon). 
This has been more a matter of field observation than

of experimentation, since the older experiments 
were not sited in what are now the important 
environments for Lodgepole pine, and in any case 
they tended to concentrate on the continental races. 
These, generally speaking, have far superior stem 
form to coastal material, but continental Lodgepole 
pine at its best competes with Scots pine, without 
any very marked advantages, though it is certainly 
more productive on the poorest soils. It has however 
no place at all in the wet and exposed western regions. 
Nearly all post-war provenance work has concen­
trated on Lodgepole pine of coastal or intermediate 
characteristics. (Plates 22 to 26.)

It has been most useful to us that the Irish planted 
coastal Lodgepole pine pure on an extensive scale 
well before we did. Their plantations, after one or 
two thinnings, did a great deal to remove the fear 
that such provenances were worthless for timber 
production. The great incentive to further work on 
Lodgepole pine was of course the fact that con­
siderable areas of poor peatlands were being 
acquired in Scotland on which Lodgepole pine was 
the only species which would grow with certainty. 
For a number of years after the war, a common 
seed source of Lodgepole pine was Lulu Island, an 
impoverished tract at the mouth of the Fraser River, 
in British Columbia. This proved to be a rather pre­
cocious strain, lacking in the vigour and resistance to 
exposure of the material from the Washington coast, 
which has become the standard seed source.

There are two main directions in which we should 
like to improve on Washington coastal material. 
Firstly, there is still the question of stem form, 
especially on peats, where Lodgepole pine tends to 
rock in its early life and exhibit basal bowing as it 
stabilises. The provenance remedy for this may be 
to accept slower initial growth, and the form of the 
northern coastal provenances from the Queen 
Charlotte Islands and south-east Alaska is promis­
ing.

Another line is to take seed from places where 
there is a chance of gene exchange between coastal 
and continental populations, hoping for intermediate 
characters with some of the advantages of both. The 
Skeena River in northern British Columbia appears 
to be one of the few places where such intermediate 
forms might develop. For many years it was difficult 
to obtain seed from these northern coastal areas or 
from the Skeena River, and in 1967 it was decided 
to send out a small team (H. A. Maxwell and J. R. 
Aldhous) to explore the possibilities and arrange for 
collections. In addition to laying down provenance 
experiments, seed from these regions has been, 
allocated for raising special seed stands, since it is 
apparent that coning in the northern part of its range 
is irregular.

Several other north-west American trees have
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attracted provenance studies in recent years, includ­
ing the potential major species Western hemlock 
(Tsuga heterophylla) and Abies grandis. The former, 
which is difficult to establish on bare land, shows 
some interesting interactions between provenance 
and locality factors, in that southern provenances 
have grown faster under canopy in the south of the 
country, whereas northern provenances have done 
better in exposed conditions in Scotland.

Tree Breeding (Plates 55, 58, 59.)
J. D. Matthews, now Professor of Forestry at 
Aberdeen, in organising the programme of the new 
Genetics Section formed in 1947, had the example 
of such pioneers in the field as Syrach Larsen in 
Denmark and Lindquist in Sweden. The programme 
was based in the first instance on mass selection 
methods. In the short term this consisted of the 
selection and registration of superior stands for use 
as seed sources; in the mid term the selection and 
vegetative propagation of superior trees (plus trees) 
and the subsequent establishment of clonal seed 
orchards based on mixtures of those vegetatively 
propagated clones; in the longer-term progeny test­
ing the selected clones and the establishment of 
second-generation clonal orchards based on proven 
good clones. In addition, plans were made for some 
hybridisation and recurrent selection work—all of 
which leads to the production of new synthetic 
varieties. The programme was directed at all times 
towards practical ends, i.e. the necessary develop­
ment work to reap improved seed at any level was a 
component part of the work.

The first list of trees selected for concentrated 
attention included European larch, Japanese larch, 
Scots pine, Douglas fir, beech and Sitka spruce. Larch 
now appears a curious choice, but with the consider­
able knowledge of its variation and the existence of 
an important hybrid it was at the time an obvious 
subject.

The primary task was the survey of the potential 
breeding material. This process sorted out and 
marked down superior individual phenotypes—the 
basic breeding material—and at the same time stands 
containing high proportions of stems of desirable 
characteristics were identified. This latter was the 
basis of the register of seed sources. The characters 
governing selection naturally varied between species, 
but in all cases vigour, stem form and health were 
the primary criteria. Generally, the other characters 
were those which might be expected to influence 
timber quality such as branch habit and angle, etc; 
but in the early stages little was known about the 
heritability of some of the important variations.

The processes of breeding required much work on 
the development of suitable techniques especially in 
vegetative propagation; this being the practical

means of collecting numerous genotypes together at 
the centre. Most of the trees worked on in the 
Geneticist’s programme (poplars and elms remained 
a sideline) were difficult to propagate by cuttings, and 
grafting remained the principal method over the 
period. The exceptions amongst the conifers were 
Western red cedar (Thuja plicata) and the hybrid 
cypress x Cupressocyparis leylandii. Grafting itself 
raised numerous problems. The mechanical side of 
it—the adaptation of known horticultural techniques 
to the various species—was mastered early on, and 
with potted stocks under glass success rates of 60 
per cent or more soon became commonplace. Graft­
ing in the field to established stocks gave good 
“ takes” of Scots pine, Douglas fir and larch, but was 
handicapped by a restricted grafting period in April. 
The “ take” on larch was improved by enclosing 
the union with a perforated polythene bag. A good 
deal of attention was paid to stock-scion interaction, 
including choice of species for stocks; the conifers 
permitting a surprisingly wide range of combination. 
Compared with fruit growing practice, no important 
gains came from this line; the virtual impossibility 
of working up clonal stocks for many conifers was a 
great restriction. Grafting incompatibilities between 
individuals within the same species were often 
observed, but except for Douglas fir were not com­
mon enough to be a serious handicap. A more 
important trouble, for species other than pines, was 
the failure of scions to develop apical dominance 
quickly (a well-known phenomenon in grafted 
ornamental conifers). The practice of taking scions 
from vigorous shoots high in the crown occasionally 
succeeded, but plagiotropic development of scions 
was often troublesome in Douglas fir.

The alternative method of vegetative reproduction 
—by cuttings—made uneven progress. The intro­
duction of the mist technique in 1956/7 was a big 
jump forward, but only for such conifers as Thuja 
and cypress which were relatively easy to strike by 
the older methods. It did not help at all with the 
really difficult subjects, such as pines, larches and 
Douglas fir. With the moderately difficult Sitka 
spruce it improved take considerably, and encouraged 
further investigations. It was observed that there 
were very large differences between individual trees 
in respect of rooting ability, and these were unrelated 
to ease of grafting. One hopeful indication was that 
whereas the original cutting from a mature tree might 
be difficult, subsequent cuttings from the plant raised 
in this way appeared easier to root, indicating some 
degree of reversion to juvenility. In fact, the key to 
cutting reproduction appears to be the encourage­
ment of shoots or other tissues of juvenile character­
istics. There is some hope in the pines of rooting 
fascicular shoots encouraged by pruning or disbud­
ding, particularly on very young plants, and it is also



Plate 56. Measuring moisture content a n d  temperature of soil, using a portable alternating current bridge 
Inset: G y p s u m  soil moisture block and encapsulated thermistor. Ch. 23. D5899,

Plate 57. Meas u r e m e n t  of moisture content of soil using a neutron probe. T h e  probe (on right of photograph) 
contains a source of fast neutrons. A  detector for slow neutrons is lowered to a pre-detcrmined depth d o w n  an 
access tube. Neutrons emitted by the source collide with the nuclei of atoms in the surrounding soil, their 
energies are moderated, particularly by hydrogen, their courses are altered and s o m e  find their w a y  back to the 
detector a n d  are recorded. M o s t  of the hydrogen occurs as a constituent of water, and therefore it is possible 
to relate changes in count rate to change in moisture content. Ch. 23. C3926.











Plate (if), [-'ceiling d a m a g e  by larvae of the 
Pine io o p c r. Bupitlai pinfaiiitx. o n  needier 
of y o u n g  Scots pine shoot. Note three 

characteristic types of feeding: (I) Wasteful 
feeding of needles by small nibbles up and 
d o w n  the needle. (2) bating of whole 
needles d o w n  to the base. (3) bating of 
needles d o w n  to the mid-r ib or vein. 
Populations of this insect, large eno u g h  to 
defoliate pines, lirst occurred in C a n n o c k  
Chase b'oresl, Staffordshire, an d  the dune 
plantations of Culbtn, Laigh of M o r a y  
I 'orcsl, M oraysh ire, ill 1953. Aerial sp rayin g  
look place in the s u m m e r  of 1954 at both 
forests, using one p o u n d  of 1>I)T |>cr acre. 
It was the lirst exercise of th is k ind under­
taken in Britain, and w a s  entirely successful 
as a short-term measure. Ch. 25. D.1999.

Plate 67. Fuil-grow n larva of the Pine loopcr moth, Hiipiilus pinhiriits. o n  a needle of Scots pine, showing the 
lari a in a typical loopcr position bv which it m o v e s  along, bringing its rear claspcrs u p  to its thoracic legs.
Ch. 25. A 1667,



D a t e  68. Sitka spruce thinning experiments at Forest of Ac, Dumfriesshire, showing plantations planted at 
3 ft x 3 ft (1 x 1 m  approx.). Thinning practice in the post-war period attracted m u c h  argument, but replicated 
thinning experiments were rare till the early 1960s. Ch. 26. C4237.

Plate 69. Sitka spruce thinning experiments at Forest of Ae, Dumfriesshire, showing plantations planted at 

.3 Ft x 8 ft (2.4 x 2.4 m  approx.). Ch. 26. C4234.



Plate 70. Bilterlich's Relascope in use in the Forest. This w a s  introduced in about 1930 and gives an estimate 
of basal area from a count of the n u m b e r  of stems, in a 360° sweep, that subtend angles over certain values 
at the instrument. Ch. 26. D62,

Plate 71. T h e  Barr and Stroud Optical Dendr o m e t e r  developed for accurate diameter measurements of standing 
trees, probably the most important improvement in instrumentation after the war. Ch. 26, BS.
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probable that physiological studies under con­
trolled environmental conditions will pay dividends.

However, there was a sufficient mastery of propa­
gation techniques to commence breeding work as 
soon as the material could be identified. By 1952 
the practice of storing clones in “ tree banks” had 
been commenced, and by 1960 over 1,200 clones were 
represented in these collections of genetic material. 
The first seed orchards for Scots pine and for the 
production of hybrid larch had also been laid down 
in the fifties; the first seed from a hybrid larch seed 
orchard being collected in the season of 1956/7. The 
development of the seed orchard required knowledge 
of the genotype, assessed in the first place by tests 
of open pollinated progeny of plus trees and further 
by deliberate crossings to test combining ability and 
the heritability of the character selected. Again, the 
mechanics of the process required a good deal of 
work—protection of flowers, timing of pollination, 
storage and testing of pollen, etc. Also the whole 
question of flowering; its onset and possible control 
began to assume importance. At this stage basic 
physiological studies were called for, and in 1956 
P. F. Wareing and K. A. Longman (1960) of Man­
chester University commenced work on the physi­
ology of flowering under Commission grant; the 
start of a long and profitable association. Their 
studies threw much light on such questions as the 
physiological age and size of plants in relation to 
flowering; photoperiodic effects; and tropisms such 
as the arrangement of branches and flower incep­
tion. Practical investigations on flowering and cone 
production included nutritional studies and devices 
known to fruit growers such as girdling, root 
pruning etc. Girdling in particular was often found 
to be efficient in inducing coning in trees of mature 
growth. Pollination is shown on the front cover.

Over the years, and as the numbers of plus trees 
selected and represented in seed orchards mounted, 
the task of progeny testing grew to very exacting 
dimensions; and as in other plant breeding work, 
highly sophisticated patterns of crossings were 
adopted. In some cases (notably in beech) the 
variation between the progeny of individual open 
pollinated trees was larger than that between widely 
separated provenances. This of course suggests that 
the second stage of improvement—mother tree 
selection—may be a very well worth while one. As 
Faulkner has remarked, it is easily effected in large- 
scale plantations of Sitka spruce by felling selected 
dominants for seed in good seed years; any slight 
local production or genetic loss (e.g. to natural 
regeneration) being easily outweighed by even a 
small percentage gain in productivity in the large 
area of plantations raised from such seed.

Sitka spruce presents some exacting problems for 
the breeder. An early objective was to improve

resistance to Elatobium (Neomyzaphis) abietinunv, it 
was a common observation that individuals some­
times appeared to escape attack. However, it was 
found that this phenomenon did not have a simple 
genetic basis. The most desirable improvement in 
Sitka spruce is to increase the density of the timber. 
In the selection of plus trees it is very useful to have 
some quick means of assessing density; in recent 
years a technique of density determination from 
rings of a standard age using increment borings has 
been worked out at the Forest Products Research 
Laboratory (Brazier, 1970). The initial selection on 
form and vigour is in the order of 1 in 750,000 of 
seed originally sown, and amongst the plus trees 
identified on external characters only some 15 per 
cent reach the national average of density. It is 
obvious that unless the heritability of such a charac­
ter turns out to be high it will be a slow process to 
build it in by conventional breeding methods.

Much progress has been made in speeding up 
progeny trials by growing seedlings under glass with 
a degree of environmental control (the techniques 
have recently been described by Herbert, 1971), and 
if juvenile and adult characters correlate usefully, the 
long generation period in forest trees can of course 
be shortened. Obviously where the heritability of 
desirable characters is low, the temptation must be 
to go for clonal material; as in poplar breeding, 
where the process is simple because of the ease of 
vegetative reproduction. (Plate 33.)

Work in forest genetics in this country has not 
proceeded long enough to attempt any analysis of 
prospects for the later stages of tree improvement. 
It is quite obvious that the gains from the early 
stages are potentially large, and we may not have 
cashed in on these to the fullest extent yet.

Reverting to the more general question of seed 
production; the surveys of genetic material had by 
1960 identified over 400 stands extending to 7,000 
acres considered suitable for seed collection. At this 
period there was a strong movement towards the 
improvement of forest tree seed through control of 
collection and certification of origin. At the British 
level this was marked by the formation of two Tree 
Seed Associations concerned with the certification of 
origin of seed and plants moving through home 
nurseries. The basis for certification was, necessarily, 
the register of seed sources drawn up by the Genetics 
Section, of which a provisional version was prepared 
by 1962. The Register was progressively revised 
during the sixties, and the system of classification of 
seed sources improved. In its final shape it was 
designed to comply with the requirements of the 
international scheme drawn up by the Organisation 
for Economic Co-operation and Development.

The old system of seed identity numbers (year of 
collection/arbitrary numeral), which had been in use
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from 1921, had been replaced in 1957 by a system of 
permanent numbers based on the Universal Decimal 
Classification geographic code. The classification of 
home seed sources was based, primarily, on the level 
of improvement from the wild; seed from orchards in 
production occupying the top category, and seed 
from normal stands the lowest; but practical con­
siderations such as ease of collection were also noted. 
It must be admitted that the work of identifying and 
classifying stands got well ahead of progress in 
organising home seed collection, in spite of useful 
development work (notably by D. T. Seal) on 
methods of collection. However by the end of the 
period it could be said that collection had become a 
much better organised activity.
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Chapter 23

ECOLOGICAL, BOTANICAL, AND PHYSIOLOGICAL STUDIES

The grouping here is not particularly logical, but 
serves to bring together certain work in the botan­
ical sciences, some of which is basic, and none strictly 
applied. It has been mentioned in Chapter 11 that a 
small section in Forest Ecology under J. M. B. 
Brown was maintained over the post-war period; the 
appointment to Commission Research of a physio­
logist was on the other hand a late development. 
However, P. F. Wareing’s grant-aided studies in tree 
physiology were started in the mid-fifties, and some 
support was also given to the programme in forest 
hydrology at Oxford under L. Leyton: there was also 
collaboration with A. J. Rutter of Imperial College 
in his work on this subject. Besides assisting Rutter, 
the Soil Section at Alice Holt had its own work on 
moisture and tree growth. There has been no 
appointment of a Forest Botanist as such, and 
taxonomic work at a practical level has been under­
taken by a number of people in the Research Branch; 
some special studies have been made with Commis­
sion support by botanists in the Universities.

Forest Ecology
J. M. B. Brown’s work had two main aspects; firstly 
autecological studies of particular trees, and secondly 
environmental studies, local or more general. In the 
first category, his most important work was on beech, 
based on a detailed study of beechwoods throughout 
the country (Brown, 1953). This gave a very clear 
picture of the characteristics of beech stands, 
whether spontaneous or planted, in relation to soil 
and other environmental factors, and also provided 
much information on the silviculture of the tree, 
with special regard to the regeneration of beech 
woodland and its establishment in various environ­
ments. He did not neglect the genetic factor in the 
quality of beech stands. He followed beech with 
studies on Corsican pine, or perhaps more correctly 
Pinus nigra, of which Corsican pine is the most 
important geographical variety.

This proved a more difficult subject to round off, 
since this exotic had been planted very widely, and 
several pathological symptoms were associated with 
unsuitable environments: there was also the proven­
ance story. At a fairly early stage Brown’s surveys 
went a long way to defining the safe, productive limit 
of this tree. Corsican pine has high summer heat 
requirements, and in the cooler parts of the country 
and at high elevations becomes increasingly sensitive 
to elevation, unfavourable aspects, and ill-drained 
soils. It is open to question how much study should 
be devoted to exotics where it is reasonably clear 
that they have been carried outside their useful range;

enough must of course be done to suggest the nature 
of their limits.

Local site studies have usually been undertaken 
in connection with some difficulty in afforestation, 
or failure of a species in a particular environment. 
Brown’s preliminary investigations usually gave an 
idea of the limiting factors, and gave pointers for 
experimental treatments. Brown made more general 
studies on the chalk, on coastal environments 
(especially dunes), and latterly became engaged in 
the difficult task of disentangling the factors behind 
the relatively poor growth of Sitka spruce in parts of 
South Wales, where it has often been suspected that 
industrial pollution is accentuating the effects of 
exposure and soil deficiencies. Much of Brown’s 
work depended on detailed observation, especially of 
soil and rooting characteristics, but he also made 
instrumented studies on light, temperature (espe­
cially the incidence of frosts in relation to cover) and 
evaporation.

Little ecological work of a general nature was 
supported by the Commission at outside institutions 
in the post-war period. Exceptions were a study of 
the site factors influencing the regeneration of ash 
by P. Wardle (1957) of the School of Botany, Cam­
bridge, and work on the light requirements of the 
important conifers by W. A. Fairbairn of Edinburgh 
University from 1964 (Fairbairn and Neustein,
1970).

Botanical Studies
The principal object in morphological work (espe­
cially in the conifers) has been to find characters 
distinguishing geographical variations and prov­
enances. E. V. Laing (1950-61) at Aberdeen Universiy 
did a great deal of work in this field in the forties and 
fifties with Commission support. Besides investigat­
ing racial and provenance variations in a number of 
theimportant conifers (larch, Douglas fir, Scots pine, 
Lodgepole pine, etc.) he studied the characters of the 
hybrid larch L. x eurolepis and other conifer hybrids. 
A. Carlisle followed his work on Scots pine and made 
a comprehensive study of the variations of indigen­
ous pine (which provided base material for The 
native pinewoods o f Scotland, in which he collabor­
ated with H. M. Steven) (Steven and Carlisle, 1959).

The distribution of the two native oaks, pedun­
culate and sessile, has always been a matter of 
interest. In the sixties J. E. Cousens and D. C. 
Malcolm (1962-65) studied the distribution and 
morphological variations of these two oaks. They 
found very great variation especially in pedunculate 
oak, so much as to cast doubt on its status as a good

91
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botanical species. Sessile oak appeared to be better 
defined, but pure populations were rare, and it 
seemed very possible that introgression with pedun­
culate oak had occurred.

Commission workers followed lines similar to 
Laing’s; for instance, Edwards and Lines paid a 
good deal of attention to the variation in Lodgepole 
pine, and Buszewicz studied seed and young seedling 
characters (cotyledon number, etc.) to find criteria 
for checking declared seed origin in the laboratory. 
Much of this work dealt with continuous variation, 
and any useful distinctions found were expressible as 
population statistics, rather than the “either-or” 
characters favoured by the botanist. In fact foresters’ 
observations of variation have very often emphasised 
its continuity, and have frequently cast doubt on the 
accepted definition of species or variety.

Physiology
This has been one of the most active and rewarding 
divisions of the plant sciences in the post-war period, 
and in forest research there has been much interest in 
the extension of physiological studies to trees. 
Physiological research is basic by definition, since 
it aims at the understanding of the fundamental 
growth processes. It may however be of great assist­
ance in solving short-term problems, and much of 
the work mentioned here has had practical objectives.

It should be mentioned that tree physiology was 
one of the topics chosen by the Forestry and Wood­
lands Research Committee of the Natural Environ­
ment Research Council for special attention, and the 
support given by the Commission up to 1965 was 
later much expanded by the Council.

The first of the grant-aided studies in tree physi­
ology were commenced by Prof. P. F. Wareing of 
Manchester University (and later Aberystwyth) in 
1956. This arose directly from one of the most 
important practical problems in J. D. Matthew’s 
breeding programme; the length of the generation in 
forest trees. K. A. Longman (who incidentally held 
the post of Physiologist in the Research Branch from 
1970 to 1972) and subsequently L. W. Robinson 
collaborated with Wareing in studies of juvenility 
and the onset of maturity up till 1963 (Wareing and 
Longman, 1957-60; Wareing and Robinson, 1961— 
1963). Two broad approaches were made, firstly to 
find what governs the onset of maturity (flowering 
and seed bearing) in forest trees, and secondly to 
induce flowering in trees which were physiologically 
ready for it.

The former topic is of course a very large and 
complex story, but some very useful indications 
were obtained at an early stage. Perhaps the most 
important of these was to dissociate maturity from 
any simple concept of age, either in calendar years, 
or induced periods of growth; in birch for instance

maturity seemed to be governed more by size, since 
seedlings grown continuously under long day con­
ditions began to flower when nine feet tall, but only 
thirteen months old. Subsequent work on a number 
of other woody species supported the idea that a 
minimum size had to be reached for maturity and 
this encouraged efforts to secure rapid early growth 
in seed orchards.

Grafting experiments with various species using 
mature on juvenile stocks and vice versa showed that 
these states had some degree of persistence; they 
were certainly not immediately reversed according to 
the state of the stock. Observations on the flowering 
morphology of larches suggested that geotropic 
effects had something to do with the onset of 
flowering, and branch training experiments con­
firmed this; it is apparently the basis for certain 
fruit pruning practices.

In 1961 N. G. Smith collaborated with Wareing on 
basic studies in the rooting of cuttings, using the 
easily rooted poplar Populus ‘Robusta’ as an experi­
mental subject (Wareing and Smith, 1963-65). These 
studies yielded a good deal of useful general infor­
mation. Firstly they showed that in the leafless 
cutting, the active (non-dormant) bud was of 
importance. Pre-chilling (or of course normal winter 
conditions) relaxed dormancy. In summer wood 
cuttings the leaves (growing or no) influence rooting; 
and it was shown that leaves or active buds were 
responsible for a build up of auxins at the cutting 
base.

Later in the period Wareing and D. R. Causton 
started work on assimilation and dry matter pro­
duction with broadleaved species (birch and syca­
more) as experimental subjects. These studies, albeit 
preliminary, were of much interest in showing the 
relationship between leaf area and net assimilation 
rate in dry matter production, and especially the 
compensatory mechanism in birch by which indi­
vidual leaf area and net assimilation rate increases 
markedly in debranched plants (Causton and Ware­
ing, 1967). Work on these lines may be expected to 
follow a number of paths. For example there is the 
detailed analysis of stands as productive systems, 
and work of this nature is now being undertaken 
under the auspices of the Natural Environment 
Research Council. Possibly of greater importance is 
the study of the growth habits in individual trees, 
which may assist in the recognition of highly produc­
tive genotypes.

Hydrological Studies
Work on the water economy of forest trees has two 
aspects: it is an integral part of the study of the tree’s 
physiological requirements, and there is also the 
major hydrological aspect, where the water balance 
of stands or catchments is the principal interest.
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Forest research is interested in both, but in this 
country the primary concern in hydrological work 
has lain with the Hydrological Research Unit, which 
was established under the Department of Scientific 
and Industrial Research in 1962 and is now one of 
the divisions of NERC. Forest hydrology has a long 
history, but in Britain had not attracted much 
attention before 1956. Then F. Law’s paper to the 
British Association at Sheffield suggested that the 
water consumption of spruce greatly exceeded that 
of grasslands, which was not the general opinion at 
this time (Law, 1956). Law’s contribution raised a 
lively controversy over the merits or otherwise of 
forest cover in catchment areas, and was undoubt­
edly an important stimulus towards hydrological 
research.

The Hydrological Research Unit has concentrated 
on factors governing the gross water balance of 
catchments; climate, soils, land usage etc; and has 
established several catchment experiments of the 
type developed in America and South Africa. The 
Commission, whilst not concerning itself in hydro- 
logical work as such (except for assistance to the 
Unit in the provision of sites etc.), was associated 
with work on the hydrological elements carried out 
by L. Leyton and E. R. C. Reynolds (1961-71) at 
Oxford, and by A. J. Rutter (1967) of Imperial 
College. Rutter’s work was not grant aided, but the 
Soil Section collaborated with him in his field work, 
which was mainly carried out at Crowthorne in 
Bramshill Forest, Berkshire.

Leyton and Reynolds investigated the measure­
ment of rainfall over and in forest stands, including 
stem flow. They also studied ways of estimating 
evapo-transpiration, concentrating on direct methods 
based on the moisture movement in stems (such as 
the heat flow method); in this they used the intriguing 
device of enclosing the whole tree in a plastic 
envelope and measuring the moisture exchange in 
the artificially circulated atmosphere as a means of 
calibrating the stem flow determinations. They also 
made special studies of interception of rainfall in 
various types of ground vegetation, and investigated 
moisture distribution in the soils under forest stands.

Rutter was chiefly interested in evapo-transpi­
ration. His main method was to determine by 
moisture gauges the dates at which soils left and 
regained field capacity; the measured precipitation 
between these dates being taken as the transpiration 
plus the evaporation of intercepted rainfall. On deep 
sandy soils suited to moisture gauging, and in a 
dry locality with normally long periods between the 
appearance of deficits in spring and rewetting in late 
autumn or mid-winter, there was good reason to 
suppose that this method gave reliable estimates. 
Rutter’s values for evapo-transpiration of Scots pine 
crops exceeded those for neighbouring grassland

considerably, and were slightly higher than the 
potential evapo-transpiration for a free water surface 
calculated by Penman’s formula (Eo). Rutter and the 
Oxford workers emphasised the role of interception 
in the evaporation of forest stands: it was shown that 
intercepted rain was in fact evaporated from foliage 
at a much greater rate than occurs in transpiration, 
and hence there is not full compensation. This 
supported Law, but it has been felt that the rather 
small plantation in which he made his determinations 
exaggerated the evaporation rates by an “oasis” effect.

W. H. Hinson and R. L. Kitching started work on 
moisture and tree growth at Alice Holt in the early 
sixties (Fourt and Hinson, 1970). Study plots similar 
to Rutter’s were laid down at Bramshill, Hampshire, 
in Corsican pine and Douglas fir, and the changing 
patterns in soil moisture observed throughout the 
season by a series of moisture blocks inserted down 
the profile to a depth of eight feet. The soil drying 
patterns under the two species differed considerably, 
Corsican pine drying out the soil to a much greater 
depth than Douglas fir, and consequently a good 
deal more rainfall was required to rewet the soil 
under the pine. Much the same results were obtained 
in a comparison between these two species at Aide- 
wood, Suffolk, and it must be assumed that Douglas 
fir is more economical in its water use under these 
relatively dry conditions; an intriguing result, since, 
if thinking generally about the behaviour of the two 
species in Britain, most people would guess that 
Douglas fir had the greater moisture requirement. 
A similar study comparing Sitka spruce and Corsican 
pine in the New Forest failed to detect any great 
difference in transpiration between the spruce and 
the pine.

Other southern soils were investigated. Very 
marked differences from these sands were observed 
in the moisture patterns on the Chalk and the 
Chalky Boulder Till. Here there were no clear 
gradients in moisture tensions with depth, and it was 
evident that movements of water upwards in the 
chalk were very significant.

One of the aims of this work had been to study the 
relationship between diameter growth and soil 
moisture and for this purpose vernier bands were 
used to detect small girth changes. This enquiry gave 
surprisingly negative results. Some small departures 
from the march of girth increment were almost 
certainly due to changes in stem hydration, but there 
was relatively little relationship between girth incre­
ment during or between seasons and soil moisture 
tension, even when plots were subjected to artificial 
drought by “roofing” the forest floor.

Though not a primary object of work on soil 
moisture, these enquiries gave a useful opportunity 
to make a comparison with the evapo-transpiration 
estimates obtained by Rutter at Crowthome, when
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in the seasons of 1964/66 a period of 19 months 
elapsed between leaving field capacity and full 
rewetting in the Corsican pine plots at Bramshill. 
The rainfall for this period (assumed equal to the 
total evapo-transpiration) was extremely close to 
the Penman estimate for potential evaporation from 
a free water surface (E0) and allowing for seasonal 
differences, a rather lower value than Rutter’s, but 
not by an important margin.

The instrumentation of the soils moisture work 
received a good deal of attention. Kitching and 
Hinson improved the circuitry for measuring the 
electrical resistance in gypsum moisture blocks, and 
a very convenient and useful tubular tool was 
developed for taking soil samples for gravimetric 
work. The neutron moisture meter was introduced in 
1965, and this made it much easier to carry out 
intensive sampling of soil moisture patterns. Kitching 
improved the method of determining the moisture 
status of tree stems by the measurement of electrical 
resistance between electrodes inserted in the tree; 
this detected sizeable differences in moisture content 
which were more or less in line with soil moisture 
tensions. (Plates 56 and 57.)

Some of the work on moisture approached 
climatology. From 1961 till the end of the period a 
type of Garnier gauge designed by F. H. W. Green 
of the Nature Conservancy was maintained at Alice 
Holt. These simple, watered, grassland lysimeters 
gave values for evaporation (rainfall plus added 
water less drainage) which were usually in close 
accord with potential evapo-transpiration (Et) cal­
culated by Penman’s formula, especially for the 
whole season, and incidentally all experiences appear 
to confirm the usefulness of this formula.

By the end of the period the work of the Soils 
Section on moisture was shifting to the wetter 
environments, where problems are concerned with 
surpluses rather than deficits. The Section had al­
ready made important contributions towards drain­
age in theory and in instrumentation, and one might 
expect intensification of this side of the work.
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Chapter 24

FOREST SOILS

It has been mentioned that the Commission 
singled out forest soils research for special attention 
in the post-war period. Such a wide field can of 
course be approached in many ways, but in the 
wartime deliberations most interest was expressed in 
the evolution of forest soils on heathlands and 
moorlands; especially on those where for one reason 
or another afforestation had been a difficult process. 
There was a good deal of uncertainty about the 
direction of the changes to be expected following 
canopy formation; whether for instance the pod- 
solisation typical of Calluna-dominated vegetation 
would be arrested under conifers, or whether 
changes might even be for the worse. N or were the 
underlying biological processes at all well known 
for these British conditions. At the practical level, all 
might be boiled down to the long-term maintenance 
or enhancement of fertility, but while this was open 
to silvicultural experimentation, it was rightly con­
sidered that the whole subject needed underpinning 
by basic research.

The Imperial (now Commonwealth) Forestry 
Institute, with interests wider than purely home 
forestry, strengthened its research capacity in the 
immediate post-war period, and set up a small team 
to specialise in various aspects of forest soils. In 
furthering its policy to encourage soils work, the 
Commission provided the funds for two scientists 
attached to the Institute for several years, working 
in close contact with Prof. Champion’s team. At the 
same time the old Macaulay Institute grant arrange­
ment was broadened to allow full time attention to 
Scottish soils problems. A Commission-supported 
appointment was also made at Rothamsted.

Of these workers, P. J. Rennie at Oxford and J. D. 
Ovington at the Macaulay Institute concentrated on 
physical and chemical problems of heathland and 
newly afforested soils (the early Macaulay work 
being centred on the fixed dunes at Culbin, Laigh of 
Moray Forest, Moray), whilst P. W. Murphy at 
Oxford and A. C. Evans at Rothamsted started 
investigations into the roles of the soil micro- 
arthropods in litter breakdown and humus forma­
tion (Murphy, 1950-59; Evans and Guild, 1947-48). 
In addition to this direct investment in basic soils 
research, support was given from time to time to the 
permanent staff of the Institute (usually in the form 
of small grants for assistant staff, and practical help 
in the field), and hence the Commission kept closely 
in touch with the work of G. W. Dimbleby, L. 
Leyton, and W. R. C. Handley; covering the 
ecological aspects of soil evolution; soil physics and 
chemistry; and the biochemistry of litter breakdown

respectively. Most of the Oxford work was carried 
out in connection with the soils at Allerston and other 
important silvicultural experimental areas in York­
shire.

The establishment of the Nature Conservancy in 
1949 brought in a new and independent interest in 
woodland soils and J. D. Ovington’s work on the 
effects of different forest trees on the site, which 
stemmed from his earlier work at the Macaulay 
Institute, was largely carried out in Commission 
forests (Ovington, 1953-58). The Forestry Commis­
sion opened its own Soils Laboratory at Alice Holt 
in 1955, enabling analytical and instrumented studies 
of soils to be undertaken in addition to the qualita­
tive observations on profiles which were an import­
ant part of the Ecologist’s site studies. In 1953, the 
Commission appointed a small sub-committee of the 
Research Advisory Committee to assist in co­
ordinating work on forest soils; this was initially 
chaired by Sir William Gammie Ogg, the other 
members being G. V. Jacks, Prof. H. G. Champion, 
and Prof. H. M. Steven. From the early fifties most 
support of basic soils work was through normal 
grant procedure rather than “outstationing” . During 
the latter half of the post-war period, Edinburgh 
University took up soils micro-biological studies 
under D. Gifford and A. J. Hayes, and for some 
years in the late fifties and early sixties work at 
Bangor on the subject of mycostasis was also 
supported by the Commission.

Only a somewhat cursory review of this diverse 
field of work will be attempted, and it should be 
emphasised that direct and grant-supported Commis­
sion work does not constitute the whole story by any 
means in this particular field.

Basic soils research in the period has concentrated 
on soil biology and the nutritional cycle, with a 
lesser amount of work on moisture which has been 
more conveniently included with hydrology in 
Chapter 23.

Soil Biology and Biochemistry
The long-term objective in these studies has been to 
get an understanding of the agencies and processes 
involved in the evolution of forest soils, especially 
those processes leading to the development of mull 
and mor types of humus, as distinguished in the 
classical studies of P. E. Muller in the late nineteenth 
century.

Murphy, Evans and later Gifford concentrated on 
soil micro-fauna, the mites (Acarina) being the 
creatures most closely studied (Gifford, 1959-63; 
1964-65). Early work was perforce exploratory, a
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great deal of patient effort going to finding ways of 
extracting them from the litter, and to identifying 
and enumerating the populations. Later it became 
possible to study feeding preferences and the relative 
distribution of the various species down the profile, 
and to compare populations in different environ­
ments. Gifford for instance studied the micro-fauna 
of the grass Molinia coerulea litter, as compared with 
that of young spruce plantations, and of older Scots 
pine woodlands. Both Murphy and Gifford were 
interested in the relations between fungal agencies 
and mite feeding in litter breakdown, and in recent 
years Hayes (1964-67) has made a special study of 
fungal colonisers of Scots pine litter. Another 
invertebrate group of some importance in litter 
breakdown, the Collembola, have also received 
attention from Murphy, and from Poole (1957) at 
Bangor.

Most of the above work was concerned with mor- 
type litter, but Heath (1961-66) at Rothamsted 
worked on broadleaved litter (oak and beech) in the 
south, especially on the role of earthworms which are 
primary feeders on leaves in mull-type soils. He 
obtained much information on their rates of feeding 
and preferences, oak leaves being usually preferred 
to beech and “shade” leaves of either species to the 
harder “sun” leaves. By protecting leaves in nylon 
mesh he was able to estimate the part played by 
earthworms in the breakdown of litter compared 
with alternative feeders such as Collembola and 
enchytraid worms.

Handley’s preliminary studies on mull and mor 
formation pointed to the constituents of the living 
plant as the primary cause of these distinct forms of 
humus; he considered the micro- and meso-fauna as 
secondary agencies. Over a certain range of soils mul 
or mor appeared to be reversible conditions. He 
concentrated on Calluna as the dominant ground 
vegetation on podsolised soils, and his analytical 
work indicated that a substance, allied to the tannins, 
present in the leaves of Calluna, protected the 
proteins from decomposition, thus leading to the 
build-up of humus rich in nitrogen, but in unavail­
able forms (Handley, 1954). The further study of 
these tannins was the subject of grant-aided research 
in collaboration with Prof. B. R. Brown and 
colleagues at the Dyson-Perrins Laboratory, Oxford, 
in the early sixties. This work examined the tannins 
in the leaves of a number of species in relation to the 
actions of known enzymes concerned in the break­
down of plant substances. (Brown and Love, 1960- 
1962; Bocks et al., 1963-64).

Handley also studied the mechanism of the well- 
known Calluna effect on spruces and other sensitive 
species, and put forward the hypothesis that the 
basic cause was the inhibition of mycorrhizal 
association in the tree species due to some exudate

from the endophyte in Calluna. At the chemical 
level, Leyton had produced good evidence that the 
effect was to starve the sensitive tree species of 
nitrogen.

Dobbs and his colleagues’ work at Bangor on 
mycostasis, which was supported by the Commission 
in the late fifties, belongs on the edge of this field 
(Dobbs et al., 1959-63). From these studies, it 
appears that the property of certain soils by which 
the germination of fungal spores is inhibited is of 
bacterial origin.

G. W. Dimbleby’s main field of work in palaeoe- 
cology, which has done much to clarify the history 
of certain important soils, falls outside the scope of 
this publication; but he conducted several field 
experiments in conjunction with other members of 
the Oxford team and Commission Research staff at 
the Allerston group of forests, near Scarborough in 
Yorkshire. His chief interest in this was to establish 
an ecological equilibrium at a higher level, using 
broadleaved species to reverse the current trend 
towards increasingly severe podsolisation.

The Nutritional Cycle
While the biological studies mentioned above had 
little or no immediate effect on applied research, 
there has been no hard and fast line between basic 
work on the cycle and applied work on improved 
nutrition. The main agencies for Commission- 
supported work in the period were the Macaulay 
Institute and the Imperial Forestry Institute, but the 
Rothamsted/Forestry Commission programme on 
nursery nutrition was also concerned with the 
nutrition of young plants in the forest. The Soils 
Section at Alice Holt (the laboratory opened in 
1955) undertook both practical experimental and ob­
jective-basic work in this fieljl, besides studies on 
moisture which are mentioned in Chapter 23.

P. J. Rennie (1950-64; 1955) concentrated on the 
physical and chemical aspects of the heathland soils 
at Allerston, being specially interested in the capa­
bility of the soils to support the growing crop. Ren­
nie’s work on aeration of heathlands oils strongly 
supported deep cultivation. Determinations of the 
main elements in the rootable profile compared with 
estimates of crop uptake suggested that these poor 
soils might fail to support rapid growth of conifers in 
later life. Rennie thought calcium might prove 
limiting before phosphorus or potash, but there has 
been little experimental evidence to suggest this. 
However, Rennie’s investigations were undoubtedly 
influential in directing thought to the nutrition of 
the growing crop, as distinct from fertilisation purely 
for the establishment phase. His work did not 
suggest that broadleaved soil improvers by them­
selves could do much good on basically poor soils.

J. D. Ovington at the Macaulay Institute started
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the investigations which were developed by T. W. 
Wright and subsequently by W. O. Binns, H. G. Miller 
and others. These centred firstly on the fixed dunes at 
Culbin, Moray, where pine plantations were entering 
the canopy stage. In this low rainfall area and on 
these permeable sands moisture might be expected to 
be a limiting factor, and moisture stress determin­
ations down the profile showed large seasonal 
deficiencies under pine crops, whereas unplanted 
dunes showed little drying (Ovington, 1950). Wright 
was able to show later that deficiencies were smaller 
under heavily thinned than lightly thinned crops 
(Wright, 1955-56). Later developments along these 
lines (mentioned in Chapter 23) succeeded in quanti­
fying the water economy of pine crops, but it may be 
remarked here that it never proved easy to demon­
strate a limiting effect of moisture on relatively 
deep-rooted pine crops under British conditions.

The main theme of the Macaulay work at Culbin 
was the cycling and distribution of nutrients in the 
soils and the crop. Ovington’s first studies showed 
that there were large changes in the distribution of 
the main nutrient elements in the profile following 
afforestation; noticeable ten years after planting 
and very markedly after twenty years. Nitrogen, 
phosphorus, potash and calcium were depleted in 
the lower profile and much concentrated in and just 
below the litter layer. After joining the Nature 
Conservancy he made comparisons of the soil con­
ditions under a wide range of species in the Bedge- 
bury Forest Plots and in species trials on other types 
of soil. He also estimated the nutrients in the 
standing crops. Whilst some overall distinction could 
be made between broadleaved trees and conifers, the 
variants inside these groups were very great, and 
some conifers such as Douglas fir, the larches, 
Thuja plicata and Lawson cypress had foliage 
comparatively rich in minerals, and had not the 
strong mor-forming litter of the pines.

Wright obtained estimates of the major nutrient 
elements in all parts of the pine stand. An important 
point (on a poor soil such as the Culbin sand) was 
the relatively large proportion of the elements in the 
tree/soil system contained in the wood and bark, 
and thus normally removed in harvesting (Wright 
and Will, 1958). He also studied seasonal variation 
in foliar contents, giving useful guidance for timing 
sampling in diagnosing deficiencies (Wright, 1957).

A logical development was to study the uptake 
and fate of added nutrients in conjunction with the 
measurement of growth responses and this approach 
was also followed by W. H. Hinson at Alice Holt on 
southern manurial experiments. A notable feature 
was the large quantity of nitrogen (in unavailable 
state) building up in the litter and humus, but H. G. 
Miller also showed that substantial quantities of 
added nitrogen were stored in the tree for three or

more seasons: the tree itself might be the more 
effective reserve for this element (Miller, 1969).

In addition to the studies at Culbin, the Macaulay 
carried out basic investigations on the peats, the old 
experimental centre of the Lon Mor being a useful 
site. W. O. Binns studied the striking effects of the 
first successful Lodgepole pine, Pinus contorta, plots 
on deep peat. Marked shrinkage with deep Assuring 
had occurred following the drying out of the peats, 
and some part of the change was thought to be 
irreversible. Binns looked at the depletion of 
nutrient by the crop, and found evidence that potash 
might be critical on such sites (Binns, 1968). From 
the early sixties onwards the Macaulay work was 
increasingly concerned with the nutrient require­
ments of forest stands. By this time the methods and 
interpretation of foliar analyses had been brought to 
a useful level, and analyses were being increasingly 
applied in diagnosis of deficiencies.

The Soil Laboratory at Alice Holt adopted 
Macaulay methods of soil and foliar analyses, but 
Hinson was responsible for several improvements in 
technique. Besides providing a growing analytical 
service, mainly to Silviculture, several investigations 
of a basic nature were carried out. Work on moisture 
was mentioned in the preceding chapter. Much 
attention was given to methods of sampling both in 
the crop and in the tree. Some interesting obser­
vations were made on the fate of added phosphorus 
to the extremely deficient spruce crops at Wilsey 
Down, Kemow Forest, Cornwall, much the greatest 
proportion being held superficially in the inverted 
turves, though the spruce itself had retained a good 
deal more than the ground vegetation. A general 
enquiry into the relationship between quality class 
of spruce and the fertility of the site, in which whole- 
tree analysis was being used to gauge the nutritional 
level of the crop, was unfortunately not completed 
due to the pressure of service work. The Soils 
Laboratory graduated into an independent Section 
when W. O. Binns joined the Commission on leaving 
the Macaulay, and from then took over the experi­
mental work on forest nutrition in the south.

Such work has always included studies of the 
efficiency of different compounds or formulations in 
supplying particular elements; uptake and plant 
response being the usual criteria. There has however 
been interest in the effects of different fertilisers, 
especially nitrogenous compounds, on the litter 
itself; storage, rate of humification etc. It has been 
claimed that free ammonia or compounds releasing 
nitrogen in that form were less subject to leaching in 
forest soils than the more commonly used salts, and 
Hinson found some evidence to support this (Hinson 
and Reynolds, 1958). In 1961 J. Tinsley of the 
Department for Soil Science at Aberdeen laid down 
experiments in Scots pine crops to study the physical
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and chemical effects of different forms of nitrogen on 
the soils and litter; liming being also included. 
Tinsley’s studies indicated that the differences 
between ammonia and ammonium sulphate were 
short-lived, it was not easy to distinguish effects 
from forms (or even rates) after four or so seasons; 
the effects of lime on the other hand were quite 
discernible in higher carbohydrate content in the 
humus (Tinsley, 1963-68).

As would be expected, research on the chemical 
aspects of the nutritional cycle has had more 
practical application than the biological studies, 
since the latter deal with processes which are 
secondary and governed by the energy and nature of 
the food source, and are not by themselves easily 
manipulated. There has probably been a change in 
thought about forest litter during the period; there 
is not now so much emphasis on the evils of mor, and 
this is due in part to the recognition of Calluna 
humus as a special case. However the mor character­
istics of uneven distribution of nutrients in the 
profile, and especially the large stores of unavailable 
nitrogen, pose many problems for the future. Most 
of these revolve round the central question of soil 
conservation, and are essentially long-term. There 
will be a great stimulus to further soil biological 
investigations should it appear that we cannot keep 
the system going by purely cultural methods, and as 
certain monocultures in the southern hemisphere do 
seem to have run into troubles, second and third 
generation crops in this country will be carefully 
watched. So far, however, there has been little sug­
gestion of the “ replant” problem which occurs with 
Pinus radiata and other pines in Australia and 
Africa.

REFERENCES

B in n s , W. O. (1968). Some effects of tree growth on 
peat. Proc. 3rd int. Peat Congr., 358-365.

B o c k s , S. M., B r o w n , B. R., and H a n d l e y , 
W. R. C. (1963-1964). The action of enzymes on 
plant polyphenols. Rep. Forest Res., Lond. 1962,
93-96; 1963, 88-94.

Br o w n , B. R., and L o ve, C. W. (1960-1962). 
Substances in leaves affecting the decomposition 
of litter (Protein-fixing constituents of plants). Rep. 
Forest Res., Lond. 1959, 104-109; 1960, 102-106; 
1961, 90-92.

D obbs, C. G., By w a t e r , J., and G r if f it h s , D. A. 
(1959-1963). Studies in soil mycology. Rep. Forest 
Res., Lond. 1958, 98-104; 1959, 94-100; 1960, 
87-92; 1961, 95-100. With N. C. C. C a r t e r : 1962, 
103-112.

E v a n s , A. C., and G u il d , W. J. M. (1947-1948). 
Studies on the relationships between earthworms 
and soil fertility. Ann. appl. Biol. 34, 307-330; 35, 
1-13, 181-192 and 471-493.

G if f o r d , D. R. (1959-1963). Soil fauna research. 
Rep. Forest Res., Lond. 1958, 116; 1959, 100-102; 
1960, 98-99; 1961, 94-95; 1962, 98-103.

G if f o r d , D. R. (1964-1965). Studies of soil micro- 
arthropod populations in Scottish forests. Rep. 
Forest Res., Lond. 1963, 164-172; 1964, 101.

H a n d l e y , W. R. C. (1954). Mull and mor formation 
in relation to forest soils. Bull. For. Commn, Lond. 
23.

H ayes, A. J. (1964-1967). Studies on the mycology 
of Scots pine litter. Rep. Forest Res., Lond. 1963, 
96-97; 1964, 102-110; 1965, 107-109; 1967, 147- 
148.

H ea t h , G. W. (1961-1966). Biology of forest soils 
(Soil faunal investigations). Rep. Forest Res., Lond. 
1960, 94-95; 1961, 92-94; 1962, 96-97; 1963, 
94-96. Earthworms: 1964, 96-100; 1965, 103-106.

H in so n , W. H., and R e y n o l d s , E. R. C. (1958). 
Cation adsorption and forest fertilisation. Cherny. 
Ind. 7, 194-196.

M il l e r , H. G. (1969). Nitrogen nutrition of pines 
on the sands of Culbin Forest, Morayshire. J. Sci. 
FdAgric. 20,417^119.

M u r p h y , P. W. (1950-1959). Soil faunal investi­
gations. Rep. Forest Res., Lond. 1949, 67-71; 1950, 
113-116; 1951, 130-134; 1952, 123-126; 1953, 
110-116; 1954, 60-61; 1955, 83-84; 1956, 91-94; 
1957, 109; 1958, 106-107.

O v in g t o n , J. D. (1950). Afforestation of the Culbin 
sands. J. Ecol. 38, 303-319.

O v in g t o n , J. D. (1950-1951). Forest soil investi­
gations in Scotland (Ecological studies in pine 
plantations). Rep. Forest Res., Lond. 1949, 75-76; 
1950, 121-124.

O v in g t o n , J. D. (1953-1958). Studies of the develop­
ment of woodland conditions under different 
trees. J. Ecol. 41, 13-34; 42, 71-80; 43, 1-21; 44, 
171-179 and 597-604; 46, 127-142 and 391—405.

O v in g t o n , J. D. (1959a). Mineral contents of 
plantations of Pinus sylvestris L. Ann. Bot. 23 (89), 
75-88.

O v in g t o n , J. D. (1959b). The circulation of minerals 
in plantations of Pinus sylvestris L. Ann. Bot. 23 
(90), 229-239

O v in g t o n , J. D. (1961). Some aspects of energy flow 
in plantations of Pinus sylvestris L. Ann. Bot. 25 
(97), 12-20.

O v in g t o n , J. D. (1962). The nutrient cycle and its 
modification through silvicultural practice. Proc. 
5th Wld For. Congr., Seattle 1960, 533-538.

O v in g t o n , J. D., and P ea r sa l l , W. H. (1956). 
Production ecology. II. Estimates of average 
production by trees. Oikos 7 (2), 202-203.

P o o le , T. B. (1957). Soil collembola in a Douglas 
fir plantation. Rep. Forest Res., Lond. 109- 
111.

R e n n ie , P. J. (1950-1964). Research into the



FO REST SO ILS 99

physical and chemical properties of forest soils. 
Rep. Forest Res., Lond. 1949, 71-75; 1950, 116- 
118; 1951,129-130; 1952,108-116; 1953,107-110; 
1954, 62-63.

R e n n ie , P. J. (1955). The uptake of nutrients by 
mature forest growth. PI. Soil 7 (1), 49-95. 

T in sl ey , J. (1963-1968). Chemical changes in forest 
litter. With R . J. H a n c e : Rep. Forest Res., Lond. 
1962, 128-130; with A. L e n n o x : 1963, 97-107; 
1964, 111-115; with A. A. H u t c h e o n : 1965, 
110-118; 1967, 166.

W r ig h t , T. W. (1952-1960). Influence of tree 
growth on soil profile development. Rep. Forest

Res., Lond. 1951, 126-127; 1952, 116-117; 1953, 
103-105; 1954, 53-54; 1955, 73; 1956, 81-82; 1957, 
96-97; 1958, 105-106; 1959, 102-104.

W r i g h t ,  T. W. (1955-1956). Profile development in 
the sand dunes of Culbin Forest, Morayshire. I. 
Physical properties. J. Soil Sci. 6, 270-283; II. 
Chemical properties. J. Soil Sci. 7, 33-42. 

W r i g h t ,  T. W. (1957). Abnormalities in nutrient 
uptake by Corsican pine growing on sand dunes. 
J. Soil Sci. 8, 150-157.

Wright, T. W., and Will, G. M. (1958). The 
nutrient content of Scots and Corsican pines 
growing on sand dunes. Forestry 31, 13-25.



Chapter 25

FOREST PROTECTION

General
As mentioned in Part I, Chapter 1, during the pre­
war period the Forestry Commission relied largely on 
University staff for advice and for investigations in 
the specialised divisions of forest protection, path­
ology and entomology. One of the advantages ex­
pected in setting up the Research Station at Alice 
Holt was the closer relationship between such 
specialists and workers in the more general field of 
research. It was not considered necessary to set up a 
general section in Forest Protection, but the Patho­
logist’s coverage has always been much wider than 
mycology, and has included damage from inorganic 
agencies.

No arrangements were made for research in forest 
fires at this time, and in fact this never became a 
central research activity; most of the advances in 
fire control methods being due to field officers, 
notably C. A. Connell, but some work on retardants 
etc. was done by Silviculture in collaboration with 
him. However, during the sixties important basic 
work on forest fuels was carried out at the Joint Fire 
Research Organisation, Boreham Wood, by arrange­
ment with the Commission.

The higher animals had not figured much in forest 
research before the war (Elton’s work on voles being 
an exception), but there were several changes in 
status of animals in the forest in the post-war period 
which necessitated enquiry. The Grey squirrel rose 
to an important agricultural and forestry pest, and 
it became appreciated that we had to live with deer 
in the forests, and minimise damage by managing the 
herds. These were not purely research concerns by 
any means, but the research element was enough to 
justify a small Sub-Section in Zoology, led by 
Judith Rowe, which was set up in 1961 under the 
Entomologist.

The two research Sections of Pathology and 
Entomology remained small in numbers of scientific 
staff over most of the pre-war period, though, as 
in all Commission Research, the adaptability of the 
Research Foresters was a great strength in field 
investigations. However, these Sections had always 
the primary duties of “watchdogs” (as Peace put it) 
and advisers, and this put limits on the amount of 
research they could do themselves. More specifically 
the limitation was in the number of pests or diseases 
which could be investigated at depth, for at all times 
their programmes held numerous items where the 
impact and control of known organisms was under 
study.

Pathology and Entomology had a common 
interest in preventing new pests and diseases from

entering the country in nursery stocks, seed, or by 
other means, and they therefore assisted the appro­
priate Government Departments in drawing up 
schedules under the Orders governing the import of 
plant material etc. They were also concerned with 
quarantine arrangements for special lots of plants 
imported from abroad. T. R. Peace defined the task 
of the pathologist as the “avoidance and control of 
disease” , and emphasised the priority of avoidance; in 
this he summed up the philosophy of both Sections.

Forest Pathology
T. R. Peace held the post of Forest Pathologist from 
its inception till 1959, when he succeeded M. V. 
Laurie as Chief Research Officer for a tragically 
brief period. As already mentioned, he worked with 
W. R. Day at Oxford before the war, and served as a 
field officer with the Commission during it.

The greatest achievement of Peace’s career at 
Alice Holt was the publication of his comprehensive 
work Pathology o f  trees and shrubs (Peace, 1962), 
which ranks as a major contribution to forest 
literature.

Peace was followed as Forest Pathologist by J. S. 
Murray, who left to join the staff of Aberdeen 
University in 1961. D r D. H. Phillips succeeded 
Murray, and served as Forest Pathologist to 1967, 
being then promoted to Chief Research Officer, 
South. D. A. Burdekin was then promoted to lead 
this Section and continued in charge to the end of 
the period reviewed.

In one of his early reviews Peace commented on 
the number of diseases which had appeared in crops 
in the thicket and pole stages. He mentioned the 
death of Scots pine on chalk, Dieback in larch, 
Dieback in Corsican pine, Group dying of spruces, 
“Top dying” of Norway spruce, and (not least) 
Group dying of pines in East Anglia due to the 
fungus Fomes annosus. This short but diverse case 
list gives as good a starting point as any other, since 
it provides an interesting sample of pathological 
enquiries and their relationship with forestry 
practice.

Failure of Scots pine on chalk can be dismissed 
briefly. It had been associated with rendzinas and 
other soils with much free lime by Day and Sanzen- 
Baker (1939), and was plainly an extreme form of 
the nutritional disorder lime-induced chlorosis. The 
most interesting recent observation on its occurrence 
in the field is the significance of even very thin acid 
layers over calcareous soils in preventing the dis­
order (see also Chapter 16). Canker of European 
larch associated with the fungus Trichoscyphella had

100
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been studied by Day (1932; 1950) and Peace (amongst 
others) before the war, and by the late forties the 
association of the disease in its most serious form 
with seed strains of high alpine origin was abun­
dantly clear from the early provenance experiments. 
Day regarded the fungus Trichoscyphella as secondary, 
the primary damage being due to frost; thicket stage 
plantations in certain topographical situations being 
specially prone to frost from the damming of cold 
air. The role of Trichoscyphella in canker formation 
and dieback has remained somewhat controversial, 
but J. G. Manners (1953; 1957), who worked in the 
forties with Commission support at Southampton 
University, was able to show that the fungus 
certainly had a degree of pathogenicity, and that 
infection and cankers could be produced in the 
absence of frost. Larch canker is a good example of 
the practicability of avoiding disease—in this case by 
attention to provenance. Dieback in Corsican pine 
has shown some features similar to larch canker, for 
there is an association with low temperature (autumn 
rather than spring) and a fungus (Brunchorstia 
destruens) of questionable pathogenicity. D. J. Read 
(1966; 1967) of Hull University showed that the 
trouble was most prevalent on northern aspects, and 
also that Brunchorstia was a fungus active at low 
temperatures. Again it is a disease which can be 
avoided, by restricting the range of the species, and 
possibly also by choice of variety. (Plate 60.)

Group dying of Sitka spruce, a trouble associated 
with plantations in the thinning stage, provided a 
most interesting investigation. The better known 
pathogens were dismissed, and Day’s suggestion that 
the disease was primarily a matter of failure of 
“ supply” did not seem plausible for many of the 
sites. One feature noted by J. S. Murray (Murray 
and Young, 1961) was that old fire sites were very 
commonly associated with groups of dead trees. 
These had usually been very small fires for burning 
slash, or brewing tea. The fungus Rhizina undulata 
had previously been observed in cases of group 
dying, though it was not thought to have much 
pathogenic significance. It was however established 
that this fungus, which has a liking for the sites of 
brushwood fires in woodlands, can act as a pathogen, 
and was the main cause of the trouble. The remedy 
was obvious enough.

Top dying of Norway spruce has proved a much 
more complicated story. From the absence of any 
important pathogens, it has always appeared to be a 
physiological trouble, but root and soil conditions 
appeared to rule out drought. It was noted, however, 
that the trouble was often associated with sudden 
changes in the environment, such as heavy thinning 
or (more commonly) with exposure of a plantation 
margin, which might be supposed to have increased 
transpiration stress.

In the sixties it was found that there was a connec­
tion between the onset of the disease (usually 
apparent as retarded growth) and mild winters, 
which suggested that the predisposing factor might 
be high respiration during periods of low assimi­
lation, leading to depletion of carbohydrate reserves. 
This theory is not established at the time of writing, 
but there is some evidence in favour. Though the 
disease in not perhaps of major importance, its 
solution might be a pointer to one rather general 
cause of the poor performance of Continental 
conifers, such as many pines, in the most maritime 
British climates.

The group dying of pines in East Anglia due to 
Fomes annosus began to assume serious proportions 
in the mid-forties after the thinning had started in 
the Thetford plantations dating from the early and 
mid-twenties. Fomes was known from European 
experience to be a hazard of old arable sites, espe­
cially on calcareous soils, a fair proportion of 
Thetford falling into this category. The killing of 
young trees is not the most important role of the 
fungus, which overall causes greater losses as a stem 
rot of conifers other than pines. It was however 
fortunate that the disease should turn up in its more 
dramatic guise so close to Cambridge, for Dr. J. 
Rishbeth’s work (1950-63) on Fomes annosus, with 
Commission support, proved one of our most paying 
investments in “objective basic” research. In brief, 
he showed that the principal means of dispersal 
in plantations was through the aerial carriage of 
basidiospores to freshly cut stumps, and from these 
infected stumps local spread to living trees was by 
means of root contacts. This pointed to the protec­
tion of the cut stumps as a means of preventing the 
entry of Fomes to uninfected or lightly infected 
plantations. He also found that Fomes was often 
replaced by saprophytic fungi where the conditions 
were suitable; the scarcity of the soil-living fungus 
Trichoderma viride in calcareous soils at Thetford 
was thought to facilitate the spread of Fomes between 
root systems. Experiments on stump protection laid 
down by Rishbeth between 1947 and 1949 included 
the use of creosote, and also biological control by 
the fungus Peniophora gigantea which was suspected 
to be antagonistic to Fomes. The promise of creosote 
lead to large-scale trials conducted from Alice Holt, 
and to the more or less general adoption of cut stump 
protection using creosote in the late 1950s.

After an interval abroad, Rishbeth reopened his 
work on Fomes in 1955, being joined later by D. S. 
Meredith (1959; 1960), D. Punter (1962-64), G. W. 
Wallis (1960; 1961), and J. N. Gibbs (1967; 1968). 
Search was made for a fungicide, less persistent and 
more selective than creosote, since it was desirable 
that saprophytes should enter cut stumps as soon as 
possible. Several substances showed promise, sodium
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nitrite appearing the best, and this to a large extent 
replaced the creosote in the late sixties. It was how­
ever considered objectionable on some special sites 
(catchments etc.); search has continued for a 
perfectly safe substitute and urea has largely replaced 
sodium nitrate. (Plate 61.)

Further work was done on Peniophora which began 
to show very great advantages (though restricted to 
pines); once established in the stump, damage from 
extraction etc. did not remove the protection, and it 
was not so critical a matter to treat stumps im­
mediately after felling, since Peniophora was able to 
catch up on recent Fomes infections. Early work was 
done with fresh cultures, but by 1963 Rishbeth had 
prepared tablets containing oidia, and these gave 
better results, besides being more convenient. By 
1968 Peniophora in such form was available com­
mercially, and had become the standard treatment 
in the extensive East Anglian pine forests. Naturally 
the success of Peniophora on pines has encouraged 
the search for other saprophytes capable of playing 
the same role on other conifers, and this is proceed­
ing. But this example of biological control of a fungus 
in forestry must be rare, if not unique.

Besides collaborating with Rishbeth, D. H. 
Phillips (1963) and his colleagues worked on several 
other aspects of Fomes. Countrywide surveys were 
carried out on the incidence of Fomes in connection 
with stump protection programmes. It was noted 
that the spread of Fomes was limited on the peats, 
and also on old broadleaved soils, but here the 
freedom was only temporary, as conversion to 
conifers and changes in the soil microflora provided 
suitable conditions for the build up of the fungus. 
An important experimental line was the treatment 
of infected sites for second-rotation crops. Measures 
applied in the mid-fifties included poisoning and 
girdling of standing trees (to reduce reserves) prior 
to felling, and the removal of stumps from clear 
felled areas. On very badly infected sites in the 
Thetford area the last treatment was the only one to 
give a useful measure of control.

Surveys also gave useful information on the 
economic significance of rot and on the relative 
susceptibility of various conifers; though more re­
liable information will be obtained later from trials 
of species laid down specifically for this purpose. In 
the meanwhile there is evidence that Abies grandis is 
not very susceptible (supporting the reputation of 
Abies species in this respect) but Tsuga heterophylla 
and Thuja plicata appear highly susceptible, and the 
larches and Norway and Sitka spruces also became 
badly decayed.

Less has been done on the other root and stem 
rotting fungi, of which Armillaria mellea and Poly- 
porus schweinitzii are the commonest. The former 
belongs in old broadleaved woodland, and does not

appear significant in coniferous forest, but Polyporus 
schweinitzii is considered of some importance as a 
stem rot of conifers, and may require detailed study. 
Stem rot caused by the fungus Stereum was shown to 
be associated with damage to butts and major roots 
in extraction of produce.

While stem rot of living trees is clearly in the 
forest pathologist’s province, the deterioration of 
felled timber in the forest brings in the forest pro­
ducts specialist and the entomologist. Blue stain 
(Holtman, 1968) in pines is one of the commonest 
causes of degrade, and is very much a borderline 
topic, since it brings in such questions as date of 
felling in relation to insect attack as well as condi­
tions for the spread and development of the fungus 
causing the stain. A recent joint study between the 
Research Branch and the Forest Products Research 
Laboratory has made it clear that the main danger 
period in felling is May to July; the traditional 
remedy is of course winter felling and fast extraction, 
but it has been shown that when logs are felled in the 
danger period a combined fungicidal and insecticidal 
treatment gives a very useful measure of control.

Besides larch canker (mentioned above in connec­
tion with dieback), half-a-dozen or so other stem or 
bark diseases have received attention. Much the best 
known of these is the Dutch elm disease, on which 
Peace worked before the war, during the first serious 
epidemic.

During most of the post-war period, the disease 
was fairly quiescent, for no very obvious reason, but 
there were one or two active periods following (it is 
thought) good breeding seasons for the beetle 
vectors. Peace discontinued his surveys of affected 
areas in 1949, and his account of the disease was 
published as Forestry Commission Bulletin No. 33, 
The status and development o f  elm disease in 
Britain (Peace, 1960). Any effective countrywide 
control of the disease, either through the fungus or 
its vector, offers peculiar difficulties, and the only 
practical measure appeared to be the removal of 
dead and dying material. Obviously the best line is 
selection and breeding for resistance, and as men­
tioned in Chapter 15, the Research Branch collabor­
ated with the Dutch workers in the selection of 
breeding material amongst English elms, and in 
testing Dutch and home selections for resistance. At 
the time of writing, 1972, the disease has reached 
another peak of activity, and is causing much alarm.

Bacterial canker of poplars attracted a consider­
able amount of work over the period, and as with 
elms, varietal resistance was the main line; the 
programme being shared between Silviculture and 
Pathology. From the pathological point of view, the 
main advances lay in methods of testing for resis­
tance. Planting clonal trial material close to cankered 
sets did not answer well, and was quickly superseded
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by inoculation with natural bacterial slime, collected 
in spring when the flow is most copious. Ratings for 
resistance and recommendations for planting during 
the post-war period were based on such tests. The 
front-cover picture shows inoculation.

Following Ride’s success in isolating Aplanobac- 
teriurn, Continental practice changed to inoculation 
with pure culture, and Burdekin (1972) adopted this 
method at Alice Holt in the mid-sixties. This gave 
more consistent results and proved a severer test; so 
some of the ratings had to be reviewed. It was how­
ever encouraging that high degrees of resistance were 
confirmed in certain clones of Populus trichocarpa, 
which (with its hybrids) is silviculturally the most 
useful poplar for British conditions.

Cankers due to Phomopsis on Douglas fir and 
occasionally Japanese larch, which had attracted a 
good deal of attention before the war, have given 
rise to very little anxiety since. A disease (whilst not 
new) which has assumed greater importance in the 
post-war period, is the rust Peridermium pini, which 
causes very destructive lesions on stems and branches 
of Scots pine. It is commonest in north-east Scotland, 
but can be seen nowadays in East Anglia. It has been 
studied recently by J. S. Murray, C. S. Millar and
B. J. van der Kamp (1969) of the Department of 
Forestry, Aberdeen, with Commission support. Peri­
dermium does not require an alternate host and it 
was shown that it is able to enter shoots through 
the stomata of healthy needles, and also through 
bark lesions. An interesting finding by Van der 
Kamp was that there is some measure of control of 
the rust by a fungal hyperparasite Tuberculina 
maxima, which lives in Peridermium lesions and 
appears to inhibit spore production.

Another disease causing lesions on pine stems, 
chiefly on Corsican pine, is associated with the fungus 
Crumenula sororia, and though this is not such a 
serious matter as Peridermium, there is some sug­
gestion that it is on the increase also. Crumenula 
was found by S. Batko and R. G. Pawsey (1964) on 
some of the southern heaths in the early sixties where 
its cankers seemed to be a secondary complaint on 
poorly growing pines. Recently however it has 
turned up in Fife on quite vigorous thirty-year-old 
Corsican pine, and it has also been recorded on 
Lodgepole pine in Scotland. The biology of this 
fungus has been studied very recently by A. Manap 
Ahmed and A. J. Hayes (1971) of Edinburgh 
University, and it seems likely that it has a degree of 
pathogenicity. As the incidence of cankers is highest 
on the north and north-east sides of the stems, and 
infection worst on ground with northern aspect, it is 
probable that there is some connection with tem­
perature.

The Blister rust of five-needled pines, Cronartium 
ribicola, had discouraged the planting of Weymouth

pine Pinus strobus (one of our earliest exotics), before 
the Forestry Commission’s time. Unlike Perider­
mium, Cronartium requires an alternate host (Ribes 
species), and it was thought worthwhile to find out 
whether Pinus strobus could in fact be grown on 
sites at least a mile distant from currant bushes. A 
number of trial plantations were put down, and it 
was noticed that many of the cankers observed had 
arisen from infection in the nursery. Given clean 
stocks to start with, the suggestion is that Pinus 
strobus could in fact be grown on suitably isolated 
sites. Scion material of American selections for 
resistance was imported also, and exposed to infection 
from currants suffering from rust, along with a 
number of other five-needled pines. There are clearly 
possibilities in breeding for resistance in P. strobus 
or hybridisation in five-needled pines using the 
Asiatic species which are little affected, but it is 
doubtful whether there is a strong case for the five- 
needled pines at the present time.

An alarming disease of sycamore—the Sooty bark 
disease—turned up in the environs of London just 
after the war, and the preliminary surveys suggested 
that it might prove serious. The fungus Cryptostroma 
corticale was found associated with the trouble, 
and J. A. Townrow (1954) and N. F. Robertson of 
the Botany School of Cambridge investigated the 
biology of this fungus, which appeared to have a 
definite but not high degree of pathogenecity. Curi­
ously, after the original flare-up, the disease declined 
steadily, though one or two cases have been recorded 
in other parts of the country. Bark disease in beech, 
a  common complaint in old trees, was investigated, 
but the complex of the beech Coccus insect, the 
Nectria fungus, and (probably) soil factors has not 
been disentangled.

Though we have a fair list of specific foliar dis­
eases, none is perhaps of the first importance eco­
nomically. Some are primarily nursery complaints. 
Didymascella (Keithia) has long been troublesome in 
the raising of Thuja plicata. R. G. Pawsey (1960), 
whilst at Nottingham University, studied the biology 
of the fungus, and showed that the carry-over of 
infection from one season to the next was largely in 
the plant, rather than on the soil. One practical 
measure of avoidance was to rotate Thuja seedbeds 
and lines through a number of selected nurseries free 
from Thuja hedges or other obvious sources of 
infection. This worked tolerably well for the Com­
mission but it is not helpful to the private nursery­
man. One interesting line discovered fortuitously by 
the Geneticist is to raise stocks from cuttings from 
mature trees; such material being physiologically too 
old to be readily infected. However, search was made 
for an effective fungicide. Sprays based on cyclohexi- 
mide gave the best results, though the substance is 
unpleasantly toxic. However, approved formulations
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have recently been introduced. Meria on larch used 
to be a source of loss, and some work was done on 
sprays, colloidal sulphur giving a good measure of 
control. With improved nursery technique, however, 
the turnover of stocks became much faster, and the 
build-up of infections from the litter was greatly 
lessened. Lophodermium on pines is not usually 
serious in this country, and as an occasional nursery 
disease it is easily avoided by siting nurseries a 
respectable distance from pines. The needle-cast 
Rhabdocline, which is destructive on continental 
provenances of Douglas fir, has attracted some 
attention by straying onto oceanic provenances, but 
it is doubtful whether the effects are going to be 
serious.

One of the few new records in the period was the 
Brown spot disease of pines, Dothistromapini (Murray 
and Batko, 1962), which appeared at Wareham 
Nursery, Dorset, in 1957. This is well known in 
America, but of most importance on Pinus radiata in 
summer-rainfall regions of East Africa, where its 
effects are disastrous. It shows no signs of establish­
ing itself here.

The pathology of young seedlings has been an 
important ancillary investigation to the main nursery 
nutrition programme and is mentioned in Chapter 
13. Botrytis has been the commonest cause of loss 
in the older seedbed, and has usually been connected 
with early autumn frosts. It has proved extremely 
difficult to control by fungicides, and the avoidance 
of frost-susceptible species and provenances in very 
frost-prone nurseries is the obvious precaution.

A new pathological interest is in disease due to 
virus. Till recently there were few authentic cases in 
the literature on forest trees; no doubt (as Peace 
would have said) partly explained by the shortage of 
virologists! The Commonwealth Forestry Institute 
started work in the mid-sixties on virus diseases of 
insect pests and also on virus diseases of trees. In the 
latter field the work has been largely exploratory, but 
useful results were obtained in a study of Poplar 
mosaic virus by P. G. Biddle and T. W. Tinsley 
(1967-72). It was found that a number of the 
standard clones were infected, and that the virus was 
capable of reducing growth in the nursery to an 
important extent; following this, nursery stocks were 
rogued for virus incidence. Fortunately, however, the 
virus did not seem capable of significantly reducing 
growth of older poplars in plantation. The work has 
shifted towards the conifers.

The British climate being what it is, few seasons 
go by without observable damage from one or other 
vicissitude, and only those forms which have at­
tracted considerable amounts of work need be men­
tioned. Low temperature injuries have been common 
enough, particularly in the winter of 1962/3 (when 
there were a number of records of bark damage and

stem crack), but nowhere catastrophic, and there 
has been nothing comparable with the May frost of 
1935. One special aspect of frost which has been 
studied is the micro-climate of East Anglian pine 
regeneration fellings, where it has been shown that 
conditions in clear felled areas surrounded by forest 
are, if anything, more frosty than the original open 
Breckland, and the effects are accentuated by the 
insulation of the ground by felling slash. Drought 
has been of chief interest in connection with stem 
crack; the hot dry summer of 1959 in particular 
bringing in many records of this form of damage. It 
is most common in Abies procera and Abies grandis, 
and since the status of these two trees has been in 
question, special investigations have been carried out 
recently on this failing (Greig, 1969). The incidence 
of stem crack in Abies procera under British con­
ditions does appear to be unacceptably high. In 
Abies grandis however the incidence is lower, and 
analyses of the cracks themselves together with 
experimental conversions of parcels exhibiting stem- 
crack had shown that the potential loss from this 
fault is not as high as might be expected, and on a 
countrywide basis may well be insignificant.

Exposure effects have been too varied and numer­
ous for detailed study, and the most profitable 
approach is likely to be that of the physiologist. 
Atmospheric pollution is however a topic for the 
pathologist, and several cases have been investigated. 
Peace made observations on suspected fluorine 
damage to trees from aluminium works near Fort 
William in 1948, and later investigated an interesting 
case of fluorine damage from brick-work fumes, 
which in this particular instance were concentrated 
near the ground by an exceptionally intense inver­
sion. Sulphur dioxide, which is the common pollutant 
of industrial areas, is so general in some districts as 
almost to rank as a climatic factor, and indeed it has 
been very difficult to separate its effects from those 
of exposure where the two are combined. This was 
particularly the case in Line’s work in the Pennines 
of Lancashire and the West Riding of Yorkshire.

Forest Entomology (Plate 66).
H. S. Hanson, the first holder of the post of Forest 
Entomologist at Alice Holt, had in fact worked for 
the Commission since 1941, and had undertaken 
extensive surveys of war felling areas in connection 
with the risks to new plantations from insect pests, 
especially Hylobius and Hylastes (Hanson, 1943). Dr 
W. B. R. Laidlaw also worked for the Commission 
for a short time in the immediate post-war period, 
specialising on aphids and adelgids in Scottish forests 
(Laidlaw, 1930; 1934). Hanson was succeeded by 
Dr Myles Crooke in 1952, who left to join the staff 
at Aberdeen University in 1960; D. Bevan, who had 
joined the Section in 1949, took over the post from
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Myles Crooke and has continued to lead the work 
ever since.

The extensive war fellings in coniferous woodlands 
had of course provided ample breeding material for 
Hylobius and Hylastes. The policy at this time was 
to wait till the stumps had ceased to provide suitable 
breeding sites before replanting; this was satisfactory 
enough so far as damage from weevils and beetles 
was concerned, but wasted time and sacrificed 
favourable planting conditions. The protection of 
the young plant itself was a later development. An 
indirect hazard of the war was the import of un­
barked softwood logs (mainly spruce) from Germany 
in the period shortly after the end of hostilities in 
Europe. Some consignments brought with them thriv­
ing broods of bark-beetles, of which Ips typographus 
was regarded as the least welcome immigrant 
(Laidlaw, 1947; Forestry Commission, 1948). The 
diversion of the most dangerous consignments to 
city mills and away from rural ones was an effective 
control measure, and fortunately this episode did 
not result in the establishment of an important pest; 
the conditions were of course against it as the acreage 
of mature spruce in the country was by this time very 
small.

Most of the Coleopterous insects which breed 
under bark and do feeding damage of various kinds 
are well-known creatures to the entomologist, and 
become important only when breeding sites multiply 
from natural causes or unsound management. There 
have been, for instance, temporary outbreaks of the 
pine-shoot beetle Tomicus piniperda (Myelophilus) in 
the early fifties where the conversion of poles from 
thinnings had been centralised at depots, but this has 
been readily controlled by rationalising the conver­
sion process to avoid large dumps of unbarked 
material during the breeding period. Much more 
important was the gale of January 1953, which 
blew down some forty million cubic feet of timber, 
mainly pine, in the north-east of Scotland (Crooke, 
1955). (Plates 62 and 63.)

Tomicus was the obvious hazard in this occurrence, 
but as Myles Crooke pointed out, there were some 
redeeming features. Most of the trees thrown intact 
remained too moist for successful breeding in the first 
season after the blow. An interesting opportunity for 
control was provided by the many snapped trees 
which attracted most of the original breeding popu­
lation, and had it been possible to treat them as such, 
would have served excellently as traps. Surveys of 
the breeding possibilities for Hylobius and Hylastes 
suggested that the expected build-up would be 
relatively short in duration because of the greater 
rate of drying out of windthrown stumps, compared 
with stumps from felled trees. Following this gale, 
some of the first successful experiments were carried 
out on the control of Tomicus in stacked pine timber

using the modem insecticide DDT. Following recent 
work, treatments for the control of Tomicus in stacks 
are now available using BHC preparations applied 
either through a mist blower or a high-volume 
machine. These methods are regarded as emergency 
measures in case of dislocations in the transport of 
logs from the forest (Bevan, 1962 b).

Reverting to Hylobius and Hylastes', the beginning 
of regeneration fellings was an incentive to new work 
on these familiar pests. Hylobius being readily 
attracted to traps (usually small conifer billets 
covered with fresh bark), the use of the new persist­
ent insecticides suggested itself as a way of dispens­
ing with hand collection of weevils from the traps 
(Hanson, 1952 b). This in fact showed some promise, 
but trapping still meant a good deal of work. The 
most attractive line was to put the insecticide on the 
plant itself. The first applications were dusts of 
Lindane, DDT etc. in suitable carriers, and these 
gave good protection when applied in plants in situ. 
The advantages of treatment in mass were obvious, 
and led to experiments in dipping plants in insecticidal 
solutions (Crooke, 1957). Satisfactory treatments of 
this kind became available in the late fifties, but the 
dips occasionally showed some phytotoxicity and 
safer formulations were sought. The early dips had 
treated the tops of the plants only, but later experi­
ments included dipping the whole plant to extend 
the protection (primarily against Hylobius) against 
Hylastes also, which tends to feed lower down 
(Stoakley, 1968). Solutions of water-based formula­
tions containing Lindane have proved very effective, 
and of low phytotoxicity, and by now are standard 
treatments on sites where Hylobius and Hylastes 
damage is to be expected. This is an interesting 
application of the persistent insecticide, and as the 
quantities are small and the application is localised, 
there is not much danger of getting undesirable 
amounts into the cycle.

On the whole British experience with the bark 
beetles has been fortunate. The scare over Ips 
typographus has been mentioned; a greater hazard is 
probably Dendroctonus micans which has been parti­
cularly damaging to Sitka spruce on the Conti­
nent, and appears to behave nearly, if not quite, 
as a primary pest. J. M. B. Brown and D. Bevan 
(1966) made a special study of this beetle in Europe 
in 1964. The greatest danger is that the beetle 
might be introduced accidentally and take hold in 
plantations of Sitka spruce on poor sites, especially 
those which are too dry for the tree. One European 
bark beetle new to Britain, Ips cembrue, does seem 
to have established itself during the period. First 
observed in 1955, it is now found over a considerable 
area of north-east Scotland (Crooke and Bevan, 
1957; Crooke and Kirkland, 1960).

Wood-boring insects in this country are usually
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troubles of stored or converted timber rather than 
forest pests. Pin-hole borers (ambrosia beetles) have 
however been the cause of considerable degrade of 
spruce logs lying in the forest in the west of Scotland 
on one or two occasions. The damage became 
obvious in the late fifties in logs arriving at the 
Cowal-Ari mill at Strachur, Argyll, and was found 
to be due in the main to Trypodendron lineatum. 
Investigations into the biology (Balfour and Para- 
monov, 1962) of these creatures showed that early 
winter-felled logs were very much more attractive 
than spring-felled logs, and as the pin-hole borers 
began to attack logs at the end of April, it was obvious 
that management should get the logs off the ground 
before this, and give priority to the logs felled earliest 
(Bevan, 1962a; Bletchly, 1960). At the same time 
experiments were done on protection of stacks, and 
it was found that Lindane gave good control; a useful 
measure in case of emergency. It was also noted that 
stumps were not a very important reservoir for pin­
hole borers (Balfour and Kirkland, 1963).

Of other wood borers, the wood wasps (Sirex 
species) are definitely ranked as forest pests, since 
their larvae work in standing trees (Hanson, 1939). 
They are of little importance here, and the chief 
interest in them has been at the Commonwealth 
level, for they have been disastrous introductions to 
New Zealand and, latterly, Australia, and there has 
been much interest in their parasites for biological 
control. Hanson sent the parasite Ibalia to New 
Zealand in 1950.

Primary defoliators, having the greatest potential 
for damage in coniferous forest, have naturally 
attracted a great deal of attention from the ento­
mologists. A good deal of this work has been 
concerned with the biology of the likeliest candidates 
to rank as major pests. One group to which Hanson 
gave much attention is that of the sawflies, which 
includes several species capable of doing substantial 
damage to larch, and others which feed on spruces and 
pines. Though there have been numerous occasions 
when local epidemics of sawflies have appeared very 
unpleasant, they seem very prone to population 
collapses. Parasitism is important in the sawflies, and 
parasites have been bred and released on one or two 
occasions; but virus diseases are a greater cause of 
mortality. Crooke noted a polyhedral disease in the 
Large larch sawfly (Pristophora erichsoni) in 1953, and 
outbreaks of one of the pine sawflies (Neodiprion 
scrtifer) usually end this way; it has been found that 
a weak suspension of virus-killed larvae sprayed on 
infested pines is a very efficient form of biological 
control (Rivers and Crooke, 1960). On the whole, the 
sawflies are not now regarded as pests of the first 
importance.

Most of the potentially serious defoliators belong 
to the Lepidoptera and several of the moths which

are responsible for epidemics on the Continent are 
indigenous to Britain. In European pine forests, 
Bupalus piniarius, Lymantria monarcha, and Panolis 
flammea rank as serious pests, and their behaviour in 
large-scale pine monocultures here has been carefully 
watched. So far only the first has, on a few occasions, 
increased to epidemic proportions.

Populations of Bupalus piniarius, the Pine looper 
moth, large enough to defoliate pines, first appeared 
in Cannock Chase, Staffordshire, and the dune 
plantations of Culbin, Laigh of Moray Forest, 
Moray, in 1953, and surveys by pupal counts in these 
forests suggested that considerable areas were at risk 
of defoliation in the following season. It was hence 
decided to resort to aerial spraying in the summer of 
1954— the first exercise of this kind to be undertaken 
in Britain. Some 2,500 acres were sprayed at Cannock 
and 3,500 at Culbin using one lb of DDT per acre 
(Crooke, 1959). The operation was entirely success­
ful as a short-term measure, further damage being 
averted, and the population of Bupalas settling down 
to an endemic level. (Plates 64, 65, 67.)

Such emergency measures were not regarded as a 
satisfactory solution to the Bupalus problem (or 
indeed, to any insect epidemic), and Bupalus has 
remained a major project on the Entomologist’s 
programme over the rest of the period. From 
Bevan’s own work and that of N. W. Hussey at 
Edinburgh University a great deal is now known 
about the biology of Bupalus in Britain, its feeding 
habits, fecundity, and general population dynamics 
(Bevan, 1955; 1961; 1966a; Bevan and Brown, 1961; 
Bevan and Paramonov, 1957; 1962; Hussey, 1956; 
1957). Joan Davies has studied its parasites, one of 
which at least (Cratichneumon nigritarius) appears to 
exercise significant control in certain seasons (Davies, 
1957). Environmental studies have failed to give any 
simple explanation why certain forests are prone to 
epidemics, whilst others (such as Thetford), which 
appear very suited to Bupalus, continue to have low 
populations of the insect. It is a pest associated with 
pure plantations in the pole stage and older woods. 
The replacement of Scots pine by Corsican within 
its useful range is one obvious measure, since the 
latter tree appears much less prone to Bupalus attack.

In 1963, Bupalus levels at Cannock Chase neces­
sitated a second spraying operation in that forest, 
over some 1,400 acres. On this occasion the Nature 
Conservancy collaborated in the exercise to look 
for side-effects on wild life, and to study the persist­
ence of residues. Bupalus so far remains the only 
defoliator which has called for such measures in 
British forestry. Oak is frequently defoliated by 
Tortrix viridana (Hussey, 1961) early in the season 
without suffering much, since it re-flushes readily. 
There has long been controversy over the role of 
birds, especially titmice, in the control of defoliators.
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D r D. Lack (1950-53) of the Edward Grey Institute, 
Oxford, conducted studies of tits in nesting boxes 
erected in the Forest of Dean and other forests 
adjacent to the Commission’s Forest Schools, the 
students carrying out much of the field observations. 
This yielded a great deal of valuable information on 
the breeding rates and feeding habits of tits and one 
or two other birds. More specific efforts to relate tit 
populations to those of the defoliator Bupalus have 
been made by Myles Crooke (1964-71) at Aberdeen 
University since 1962 at Culbin Forest, Moray. This 
study is a long-term one, entailing the maintenance 
of a high tit population by ample provision of 
nesting boxes (and latterly winter feeding) on certain 
plots, which will be compared in respect of Bupalus 
numbers with others chosen for their initial similarity 
in all conditions. While no one expects tits to breed 
fast enough to control an epidemic, there is the 
possibility that they might help to damp down num­
bers below the epidemic level.

One of the few defoliators which have appeared 
on Sitka spruce is the tortricid moth Zeiraphera 
diniana, of which there was a minor epidemic at 
Hope, Matlock Forest, Derbyshire, in 1967. This 
moth was, however, subject to very high predation 
and parasitism. Several well-known lepidopterous 
insects are concerned with damage other than de­
foliation, such as shoot and bud tunneling. None has 
been of great importance in this period. The Pine- 
shoot moth Rhyacionia buoliana was taken very 
seriously as a pest of young pine plantations in the 
pre-war period (Brooks and Brown, 1946), but its 
very conspicuous damage in young plantations is 
now known to have little economic significance in 
British conditions (Forestry Commission, 1956).

The large and complex group of sap-sucking in­
sects, the aphids and adelgids, contain one creature 
of major importance, Elatobium (Neomyzaphis) abie- 
tinum, and many of local or transitory significance. 
Another, Adelges nordmannianae (Busby, 1964; 
Varty, 1956), would have higher ranking now if it 
had not already won its battle, and deprived us of the 
use of the European Silver fir, Abies alba. The only 
recent approach to the problem of Adelges has 
been through provenance (Chapter 22). An interest­
ing aid to the study of aphids and adelgids has been 
the setting up of an improved type of suction trap at 
Alice Holt (Stickland, 1967), which has given a great 
deal of information on the species present and their 
flight periods. A major systematic work was under­
taken by C. I. Carter which culminated in the issue 
of Bulletin 42 on conifer woolly aphids (Adelgidae) 
in Britain (Carter, 1971).

Elatobium and its biology has been very thoroughly 
studied. Hanson (1952a) observed one of the most 
important points about it in the early fifties—that 
over-wintering populations were greatly favoured by

mild weather. The most serious epidemics have 
always followed exceptionally “soft” winters.

W. H. Parry (1968—71; 1969) at Aberdeen, who 
did some very detailed work on Elatobium in the late 
sixties, confirmed that winter temperature was the 
main controlling factor on population. Some field 
officers, particularly those who have Sitka spruce 
growing under inadequate rainfall, take a very 
serious view of it, and in bad years the entomologists 
have frequently been asked to “do something about 
it” . It has never been clear that there is any promising 
approach, and the insect is best regarded as an 
inseparable associate of Sitka spruce (Bevan, 1966b). 
It has however been thought worth while to estimate 
the increment loss caused by Elatobium, and this 
has been done in two ways, firstly by studying ring 
width in relation to known Elatobium epidemics in 
the past, and secondly by the more direct method of 
comparing growth in plots kept free of Elatobium by 
insecticides with that in plots left to the normal 
course of infestation. It is clear enough that the loss 
is considerable, probably, in a bad year, of the order 
of 20 per cent.

Seed-feeding insects are not of great importance in 
British forestry, with the possible exception of the 
seedflies, Megastigmus species, which breed in the 
seed of several conifers. The group has been studied 
by Hussey (1952-54; 1954; 1955) at Edinburgh 
University. The best known is Megastigmus spermo- 
trophus on Douglas fir. Infestations from this insect 
cause considerable losses of seed, and with the 
future production of improved home seed supplies in 
view, it has been thought worth while to investigate 
the protection of cones against Megastigmus. J. T. 
Stoakley (1967) went into this in some detail, and 
obtained reasonably encouraging results by spraying 
with malathion during the period of oviposition. 
There was however a very strong inverse relationship 
between infestation levels and cone crop, which sug­
gested that for normal requirements, special efforts 
to collect large quantities should be made in bumper 
years. But for breeding work, the possibility of 
protection is there. Incidentally, this project gave 
some very useful experience in radiography and seed 
testing.

Unwanted creatures of this kind may well arrive in 
imported seed. On two occasions in the fifties Sweet 
chestnuts and acorns arrived with larvae of a weevil 
Curculio elephas which is not indigenous.

Insect pests in the nursery have not been of great 
importance over the period; the few species which 
have required some research attention are mentioned 
in Chapter 14.

An important development in the late sixties has 
been the establishment of the Insect Pathology 
Unit at the Commonwealth Forestry Institute, 
Oxford. The Unit specialises in virus diseases of
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insects, which are often the best prospects for bio­
logical control. The Institute of Tree Biology of the 
Natural Environment Research Council also intends 
to work on the topic of biological control.

Mammals and Birds
Most of the important insect pests of woodlands 
constitute a private headache for the forester, but in 
this country almost all the higher animals which are 
capable of damage in woodlands are equally capable 
of damage to agricultural and horticultural crops. 
There are also the predators, all of which are entirely 
beneficial to forestry, but not necessarily to other 
interests. And as forests account for a small percent­
age of the land surface compared with most Euro­
pean countries a forest wildlife policy must take 
account of other land users. A good deal of the work 
which has been done on animals (especially deer) has 
not in the first place been labelled or organised as 
research but has started as field-craft, and has been 
recognised later as a special branch of management 
requiring research support. Skilled field naturalists, 
such as J. S. R. Chard and P. F. Garthwaite amongst 
senior officers, have had a great deal of influence on 
the management of wild life in forests during this 
period.

The Research Branch became directly involved in 
a major investigation concerning mammals in 1954, 
when alarm about the increasing damage caused by 
the introduced Grey squirrel provided the incentive 
for a programme of research into the biology of the 
creature, and methods for its control. This was a 
joint exercise with the Pest Control Division of the 
Ministry of Agriculture, and the investigations were 
planned by Mrs Visozo (Monica Shorten), the 
recognised authority on squirrels. Primary studies 
were concerned with the population dynamics of 
squirrels, and in areas set aside for this, numbers, 
movements and reproduction rates were estimated by 
catch-mark-release methods, and information built 
up on breeding rates in relation to food supplies, 
mast years in beech and oak being the most signifi­
cant events (Shorten and Courtier, 1955). The main 
damage period, when bark is stripped from broad- 
leaved trees, particularly beech, sycamore and ash, 
appeared to fall in a period of scarcity of food 
between the spring, when buds and flowers are eaten, 
and the late summer and autumn, when fruits begin 
to be available. Later research suggested that the 
social organisation of the Grey squirrel was also 
important in stimulating the occurrence of damage.

To encourage the destruction of the Grey squirrel, 
a bounty on tails was paid for some years. This is not 
usually successful with small fast-breeding mammals, 
and general population studies on the Grey squirrel 
showed that it was no exception; it was in fact 
apparent from an early stage that the squirrel was

here to stay, and fluctuations in numbers (which 
were large) had more to do with food supplies than 
with the numbers of tails paid for. Hence this 
measure was dropped; and the later investigations 
have assumed that the creature would never be 
eradicated, but that control measures might avert 
damage to vulnerable woods. A promising line 
followed by Judith Rowe (1967) was intensive cage 
trapping in such vulnerable areas (hardwood pole 
stands etc.) in the period May/July, preceding and 
embracing the main damage season. In trial areas, 
this succeeded in averting damage for six successive 
seasons. Comparisons were made between the two 
main methods of destroying squirrels; shooting in 
combination with drey poking, and trapping. Trap­
ping has always appeared the better method. Various 
forms of live cage traps and humane killing traps 
were investigated. K. D. Taylor (1963) and H. G. 
Lloyd of the Ministry of Agriculture began enquiries 
into the use of the rodenticide warfarin in the late 
fifties. Because of differences in the wording of 
legislation concerning poisons and vermin, it was 
possible to conduct field trials in Scotland but not 
(then) in England. Practicable and safe baiting 
methods were worked out, and wherever the method 
is regarded as legitimate, warfarin used locally to 
reduce numbers and protect valuable stands may 
well prove one of the answers. (Regulations to permit 
the use of warfarin over most of England and Wales 
were promulgated in June, 1973).

Research work on deer has been mainly directed 
to furthering the policy of managing deer popula­
tions resident in the forest at a level where damage to 
woodlands is acceptable. The field-craft of the ranger 
is of the first importance, but research comes in on 
the essential biological detail; methods of determin­
ation, techniques of recording movement, marking, 
counting etc. Red deer are traditionally excluded 
from the forest, but in Galloway one isolated herd 
lives in the forest and has been the subject of special 
study. This has included the study of vegetation for 
winter feed. In all this work there is common ground 
with the Nature Conservancy.

Fencing for the exclusion of deer has attracted a 
good deal of attention recently after a long period of 
traditional designs. The main advance stems from 
the adoption of high tensile spring steel wire, which 
cuts the number of posts. The use of light polythene 
netting for the upper (specifically deer) part of the 
fence was effective but was discontinued because 
animals tended to become entangled. There has been 
some success with electric fencing, but this entails 
fairly frequent applications of herbicides to ground 
vegetation to avoid short-circuiting, and these high 
maintenance costs make it impractical for forest use.

A number of commercial repellant substances have 
been tried. Some of these will give protection up to
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about twelve weeks, which is not much good in 
forestry, but may be useful in arboriculture or 
gardening.

Amongst other mammals, some work has been 
done on the voles. Baiting techniques and densities 
for the use of warfarin have been worked out, and 
in epidemics it seems likely that this would prove 
useful in specially valuable crops such as experi­
mental plantations. J. D. Lockie (1967) of Edinburgh 
University studied voles and their predators, weasels 
and stoats, in the mid-sixties, and obtained most 
interesting information on the social organisation of 
these animals. The forester’s best defence against 
voles is probably to get his crops into canopy as 
quickly as possible. One interesting but localised new 
rodent, the Edible dormouse (Glis glis), attracted 
some attention in the sixties by doing squirrel-like 
damage to trees, mainly conifers, at Wendover, 
Chiltem Forest, Buckinghamshire.

Birds have often done damage to seedbeds in 
nurseries. Some attention has been given to repellant 
chemicals as seed dressings, but where this form of 
damage is common, it has been found more profit­
able to use modem synthetic fibre netting. The only 
other form of bird damage of any significance in 
British forestry is caused by massed starling roosts 
in plantations (Bevan, 1962c; Elgy, 1972). After a few 
seasons nitrogen levels from droppings may become 
toxic. The technique is to break up the roosts and 
“move them on” (like Jo in Bleak House). Combina­
tions of bangers and amplified distress calls have 
proved effective. (No thought appears to have been 
given to leaving them alone and setting up local 
guano industries.)

The excellent national cover of foresters which 
now exists has made the use of well-designed 
questionnaires a valuable method of getting infor­
mation on the distribution of animals and birds in 
forest areas, and the incidence of damage. This is of 
course of quite general significance, and not only 
to forest protection.

Forest Fires
Much of the system of fire protection as practised in 
this country is based on methods developed by older 
forest authorities, modified and further developed to 
suit British conditions. Our main feature is the 
presence of several highly flammable ground vege­
tations, especially in spring, which with our windy 
climate, make for rapid spread of ground fires. 
Owing to our rather high humidities, crown fires in 
older crops are fortunately rare. Hence in setting 
standards for prevention and suppression much of 
the effort has gone to speed in firespotting, communi­
cations (such as use of radio), access, etc.

It is a difficulty that with some of the dominant 
vegetation types in our changeable climate, hazard

may change from day to day; hence though useful 
work has been done on this (notably by G. D. 
Rouse), hazard ratings based on the humidity of 
fuels are not so easy to apply as in countries with 
more settled weather conditions.

The Research Branch has been brought in on 
certain points. Firstly, the appearance of new herbi­
cides in forest practice in the late forties and early 
fifties suggested their application to fire traces in 
place of mechanical or hand cultivation. G. D. 
Holmes tested a number of substances for this 
purpose whilst working on herbicides generally 
(Wood and Holmes, 1957). By 1960 it appeared that 
none of the substances then available was cheaper 
than mechanical cultivation, but several non-persist­
ent and persistent herbicides might have their use 
where cultivation was not possible. The position was 
changed by the arrival of paraquat, since breaks 
unsuited to cultivation or mowing can be kept weed 
free fairly cheaply by back-pack spraying. This 
“dessicant” also allows control burning to be done 
on marches (or even inside plantations) with greater 
safety, since grasses (especially Molinia) can be 
rendered flammable whilst the adjacent vegetation is 
in full summer growth.

Holmes and D. A. Cousins also collaborated with
C. A. Connell on fire retardants (Holmes and Fourt, 
1961; Connell and Cousins, 1969). There were two 
approaches. Firstly, several known retardants such 
as borates, bentonite clay suspensions, and ammo­
nium phosphate solutions were tried out on typical 
forest fuels, with some success. There were however 
some disadvantages connected with such retardants, 
as they usually required special equipment to apply. 
The second approach was to make a given quantity 
of water go further, by increasing its viscosity. 
Sodium alginate proved very satisfactory for this 
purpose, and has the advantage of being introduced 
easily into the normal fire-fighting equipment, pumps, 
back-pack sprays etc. The use of “viscous” water 
helps enormously in giving safe margins for control 
burning and counter firing in actual fighting oper­
ations, besides its value at the fire front itself.

Basic research on forest fuels and the rate of 
spread of fires has been carried out by P. H. Thomas 
(1962-70) and his colleagues at Boreham Wood 
(Department of the Environment and Fire Offices’ 
Committee Joint Fire Research Organisation) since 
1961. In this work the laboratory side has consisted 
of the detailed study of fires in wooden cribs designed 
to simulate forest fuels. The characteristics of the 
fires have been studied in still air and with winds of 
known velocities, and the part played by radioactive 
and convective transfers of heat determined for 
different circumstances of fuel and wind. From such 
models, mathematical formulae have been deduced 
relating rates of spread to the main physical factors
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of the fuel and to wind speed. These have been tested 
in experimental “bums” in natural conditions, with 
a very fair measure of agreement, though the hetero­
geneity of natural conditions, and especially the 
movement of burning brands makes it difficult to 
construct expressions in purely physical terms. There 
may be two practical applications from this kind of 
work. Firstly, it should have some bearing on the 
width of breaks in young plantations in relation to 
the lengths and angles of flames which can be 
expected under the worst conditions. Secondly, it 
should provide a basis for the spacing of firebreaks 
and accesses in terms of the likely rate of spread of 
fire at the most hazardous stage in the life of the 
plantations. It may be that experience has already 
given good approximations, but it might well be 
worth re-examining the layouts in some of the most 
dangerous forests on theoretical grounds.
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Chapter 26

MENSURATION AND FOREST MANAGEMENT

As mentioned in Chapter 11, the present Manage­
ment Services Division stems from the post-war 
Mensuration Section of the Research Branch built up 
by F. C. Hummel. Forest Mensuration has two 
aspects; the study of growth and yield in which the 
research component is important, and the compil­
ation and presentation of statistics derived from such 
studies which represents a direct service to forest 
management. In the post-war period, with rapidly 
increasing production and the growth of new 
industries, emphasis shifted to the broader mana­
gerial problems of forecasting and control of yield 
for which mensurational studies had provided a firm 
basis.

The Mensuration Section, enlarged by the addi­
tion of Working Plans and Economics, and 
retitled “ Management Services,” left the Research 
Branch in 1960 to become a Headquarters Section. 
Though now designed to provide an expert service to 
management, there was still a considerable element of 
investigation in its work. Some of this was meth­
odological, such as finding the best techniques for 
British conditions in conducting enumerations at the 
forest and regional level. Much work was also done 
with Utilisation Development on supply questions 
for new industries. However, the research side does 
shade into normal managerial investigations, and a 
full treatment of these would be out of place here.

Forest Mensuration
F. C. Hummel’s stock-in-trade on his appointment 
as Mensuration Officer in 1946 consisted of the yield 
tables and the well-established procedure for con­
ducting sample plots published in 1928 in James 
Macdonald’s Growth and yield o f conifers in Great 
Britain (Macdonald, 1928). The yield tables in this 
work were compiled mainly from temporary plots 
measured towards the end of the first war; data from 
the Commission’s own permanent plots being used 
in revision and for the provisional tables for Sitka 
spruce. Some 270 permanent plots in all species were 
in existence in 1946. The position was reviewed and 
new permanent plots were added to improve the 
coverage of species and growth classes at an average 
rate of some fifty plots a year over the next decade. 
The procedure for conducting sample plot work was 
revised over the years and eventually published as 
Forestry Commission Bulletin No. 31 Code o f  
sample plot procedure (Hummel et al., 1959).

An early objective was the revision of the pre-war 
Yield tables and preparation of new tables for the 
less commonly-used species; provisional tables for 
Japanese larch, which was now being planted on an

increasing scale, were published in 1949 (Hummel, 
1949). However, the immediate post-war priority for 
Mensuration was in connection with the Census of 
Woodlands (Forestry Commission, 1952-53). The 
Census, which had been initiated by O. J. Sangar 
before the war, was restarted and completed by 
J. S. R. Chard in the period 1947-1949. It was a com­
prehensive survey and classification of all woods of 
five acres or more in extent. To obtain regional and 
national statistics of volume and increment, sampling 
procedures were worked out with the advice of 
F. Yates of Rothamsted Experimental Station, and 
P. J. Finney of the Imperial (Commonwealth) For­
estry Institute (Finney, 1948; Finney and Palca, 1949). 
Provisional volume tables were prepared to assist in 
computing stand volumes, and these formed the 
basis of the later published versions. Increment was 
estimated from available yield tables, or by direct 
methods; for broadleaved trees for instance it was 
necessary to resort to stem analyses.

The Census of 1947-49 was followed by a survey of 
small woods, parkland and hedgerow timber (Census 
Report No. 2, 1953). It was originally intended to 
revise the Census by re-survey on the same lines, 
county by county, but this was considered unprofit­
able, and the next national survey (which was 
restricted to private woodlands) conducted in the 
mid-sixties was based on random sampling at 15 per 
cent level, the kilometre grid square being the unit. 
Inside this unit, sampling for volume etc. was 
stratified by crop types. This survey was of special 
interest as it was the first major experience in 
British forestry in capturing numerical data for 
automatic processing. Special forms were used for 
processing by the English Electric reading device 
“Lector,” which printed the data to punched tape 
for the computer. Results were published by HMSO 
in Census o f  woodlands 1965-67 (Locke, 1970).

The preparation of volume tables was based on the 
well-known near-linear relationship between stem 
volume and breast-height basal area, from which 
tables have often been prepared simply from graphs. 
Hummel made increasing use of regressions, and at 
this time some compromise was necessary in the 
number of terms in the interests of ease in calculation. 
This is of course a type of work in which the com­
puter is a great relief. During his work on volume 
tables, Hummel was impressed by the regularity in 
which volume/basal area lines intercepted the x axis 
at a constant value for basal area, and this gave him 
the idea of constructing local volume tables from 
tribes of lines passing through this point, and separ­
ated by unit intervals of volume and basal area. In
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using such tables (known as tariff tables), the 
appropriate line for a stand is found by sampling a 
relatively few trees, the volumes of any others in the 
stand being read off from the appropriate table. 
Hummel’s work in this particular field of mensur­
ation is described in his Volume-basal area line, 
Forestry Commission Bulletin No. 24 (Hummel, 
1955). Tariff tables, which are accurate enough for 
most purposes, have been in general use since the 
mid-fifties and have proved a great convenience. 
General volume tables for individual species were 
prepared by Hummel with Irvine, Christie, Jeffers, 
Waters, and others; appearing in the Cotnmission’s 
series of Forest Records through the fifties. (Detailed 
in Check list o f Forestry Commission publications, 
1919-65, For. Rec., Lond. 58, HMSO.)

The first revision of Macdonald’s pre-war Yield 
tables, by Hummel and Christie, was published in 
1953 (Hummel and Christie, 1953). These tables 
were still prepared by traditional empirical methods 
based on hand-fitted curves; the main changes lay in 
the earlier, and rather heavier, thinning regimes, and 
the Quality Class of stand was now based on the top 
height (mean of 100 largest trees per acre) rather 
than the average. These were followed in the period 
1957-61 by provisional Yield Tables for some minor 
coniferous species, Western hemlock, Grand fir, 
Noble fir, as well as tables for oak, beech and poplar. 
The most recent Yield Tables and other comple­
mentary tables (Management Tables) have however 
followed definite changes in ideas about thinning and 
classification of rates of growth of the stand.

Thinning practice in the post-war period attracted 
much argument, with strong advocacy for particular 
types. It is not possible to review the subject here and 
only the experimental evidence will be mentioned. 
The standard thinning grades used in sample plots 
before the war, and for some time after it, were 
controlled by the dominance class of the trees 
amongst which thinning took place, and secondly 
by the weight of thinning; sample plots thinned to 
different regimes thus presented contrasts in stand 
structure and intensity of thinning. Replicated thin­
ning experiments were rare, in fact the Bowmont 
experiment established in 1930 remained unique till 
the early sixties. However, evidence on thinning 
method and yield was obtainable from the records of 
numerous plots thinned on different regimes, and 
the manner in which they fitted into the general 
curves for increment over age suggested that (within 
the limits examined) there was little effect of thinning 
type or intensity on production. In fact, when the 
precise Bowmont experiment showed significant 
(though not very large) differences in favour of the 
two heaviest intensities, it was a matter of some 
surprise. Perhaps one of the most important points 
about the Bowmont experiment was that the heavy,

low, thinning compared favourably with the light 
crown thinning in volume yield. The latter type of 
thinning was designed to produce deep, storeyed 
canopy, thought especially suited to a tolerant species 
such as Norway spruce, and though this effect can 
be accentuated by heavier crown thinnings, the indi­
cations at Bowmont did not encourage the idea that 
production would be increased by departing from 
uniformity of stand structure. And bearing on this 
point, A. M. Mackenzie (1962) made the interesting 
observation that the crown surface area in all the 
thinning treatments at Bowmont was much the same, 
about three times the area of the ground occupied by 
the crops.

Guillebaud and Hummel (1949) looked at the 
records of individual trees of various dominance 
classes in permanent sample plots in pure even-aged 
stands, and found as they expected that the general 
trend was downwards. As this implies that a crop in 
later life consists almost entirely of the original 
dominants, it points fairly obviously to rigorous 
early selection amongst the dominants in early 
thinnings, and though it has no bearing on intensity 
or kind of thinning, it does not encourage any fussy 
treatment of the lower dominance classes.

From 1956 Mensuration formed part of an en­
larged Section concerned with the wider subject of 
Forest Management, and in 1960 this Section became 
attached to Headquarters. The presentation of infor­
mation derived from mensurational studies reflects 
the change. For example, the Forest management 
tables prepared by R. T. Bradley, J. M. Christie and 
D. R. Johnston (1966) and published as Forestry 
Commission Booklet No. 16 (since revised in metric 
units as F.C. Booklet 34, HMSO) was designed 
specifically to aid yield control and production fore­
casting as well as to the more traditional require­
ments which yield tables provided. This publication 
broke new ground in several ways. The growth of 
stands was now classified primarily by the maximum 
mean annual increment, termed Yield Classes, as 
against the old Quality Classes which represented 
intervals in top height at a given age, and did not 
allow comparisons of yield between species. Height, 
however, remained the most practical indication of 
the potential maximum mean annual increment. The 
concept of Production Class was introduced to 
accommodate local variations in the relationship 
between height growth and volume production.

The procedures advocated in yield control con­
tained a change in emphasis from controlling the 
growing stock after thinning to controlling the 
volume of thinnings removed. The thinning policy 
embraced a thinning intensity approximating to the 
marginal thinning intensity, i.e. the maximum thin­
ning intensity which could be applied without 
risking loss of production. Furthermore, the thinning
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regime adopted provided for a constant annual 
thinning yield over the thinning life of the crop which 
was equivalent to 70 per cent of the maximum mean 
annual increment. This prescription had been arrived 
at from a study of the records of numerous perman­
ent sample plots including thinning experiments.The 
attainment of a common quantitative standard has 
undoubtedly been a great assistance to management 
in the forecasting and control of production, in 
contrast to the earlier concept of thinning grades 
which was found to be incapable of consistent 
application (Bradley, 1967a).

Further replicated thinning experiments in several 
species have been established since the sixties. Of 
principal interest has been the study of the effect of 
intensity of thinning on production, embracing levels 
of intensity beyond the marginal thinning intensities. 
In addition, the secondary aspects of thinning type 
(crown or low etc.), thinning cycle, and thinning 
patterns such as line thinning, have been incorpor­
ated in the treatments comprising these experiments. 
In the early sixties, control of these experiments was 
by the proportion of basal area removed, though 
later control has been in terms of thinning intensity 
as described above (Bradley, 1967b). (Plates 68, 69.)

Efforts have been made to speed up the collection 
of information by more intensive assessment: for 
example, an experiment in thinning of Douglas fir at 
Alice Holt used vernier girth bands to measure the 
response to thinning at short intervals through the 
season. Similar techniques were applied to the study 
of individual trees subject to release by the removal 
of competitors at the Forest of Ae. An interesting 
idea derived from Japan is the use of nursery stock 
as a model forest in thinning experiments. This has 
not been taken far since, although a few small 
experiments indicated certain similarities between 
transplants and older trees regarding the effects of 
thinning, the fundamental differences, notably in 
crown structure, between the physical features of 
transplants and older trees tends to limit the appli­
cation of the results of this type of experimen­
tation.

Most sample plots and thinning experiments have 
been laid down in normally spaced crops, and have 
given no information on the effects of initial spacing 
on production. Plots, however, were established in 
James Macdonald’s 1935 spacing experiments which 
range from 3 ft x 3 ft (0.9m) to 8 ft x 8 ft (2.4m) in 
initial plant spacing. Generally speaking the evidence 
is that by about the normal time of first thinning 
there is a slight “initial” loss of production of 
15-40m3/ha in the widest spacings relative to the 
closest, after which the yield follows the usual 
pattern, being much the same in fully stocked crops 
whatever the initial spacing.

As experimentation in spacing and thinning covers

more extreme treatments, the question of timber 
quality becomes more important, and this is an area 
where little hard fact is available.

Towards the end of the sixties a major advance in 
yield table construction was made possible by the 
mathematical characterisation of most of the basic 
growth function used in producing the Forest 
Management Tables (Christie, 1972; Hamilton and 
Christie, 1971). The end-product of this develop­
ment is the facility to produce by computer yield 
models of a given species and yield class subjected to 
a specified thinning treatment.

In addition to work on mensurational methods, 
attention was paid to instrumentation. Probably the 
most important item was the development of an 
optical dendrometer for accurate diameter measure­
ments of standing trees, based on the principles of 
military range finders. This instrument, described by 
J. N. R. Jeffers (1956), was finally developed and 
marketed by Messrs Barr and Stroud. Bitterlich’s 
ingenious angle gauge or relascope was introduced 
about 1950, and various applications worked out for 
it (Finch, 1957; Keen, 1950). It gives an estimate of 
basal area from a count of the number of stems, in a 
360° sweep, subtending angles over certain values at 
the instrument. (Plates 70 and 71.)

There has always been argument about the 
relative advantages of tapes versus calipers, i.e. 
measurement of girth versus diameter as a stage to 
basal area. On the whole the British preference for 
tapes has been maintained. An interesting develop­
ment of the caliper in the early sixties, due to Rene 
Badan, a visiting Swiss graduate, incorporated a 
portable tape puncher with the caliper to record 
diameter measurements directly in a form suited to 
computer input (Badan et al., 1961). This has now 
been developed further and is being marketed com­
mercially under the trade name of ‘la bastringue’.

Working Plans
D. R. Johnston was appointed in 1956 to this new 
Section, which employed specialist teams of Forester 
surveyors, trained with assistance from the Ordnance 
Survey, to collect the standard data required for 
planning at all levels of management. The Commis­
sion’s decision to introduce formal working plans 
raised a number of questions of a managerial nature 
which need not be discussed here. Technical prob­
lems were concerned with such matters as enumer­
ation and production forecasts, in which the 
Mensuration Section had already gained experience 
in the previous decade. Map construction and re­
production received considerable attention and the 
use of available air photographs, mainly Royal Air 
Force source of mixed quality, indicated their 
potential use for stock mapping and other appli­
cations. The cost, however, of direct contract flying
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to obtain specific air photo coverage outweighed any 
benefits to the Commission. The question of soil 
mapping in forestry was raised at an early stage. The 
national Soil Surveys of England and Wales and 
Scotland, based on Rothamsted and the Macaulay 
Institute respectively, and carried out under the 
direction of the Agricultural Research Council, 
were by no means completed at this time, and had 
naturally concentrated on agricultural soils. A great 
area of potential forest land had not been surveyed 
in any detail. In beginning its own soil survey work 
in 1960, the Commission was indebted to the Soil 
Survey of England and Wales for training of staff, 
and based its methods of classification on those of 
the Survey, i.e. the stratification and physical factors 
of the profile. D. G. Pyatt’s surveys were concerned 
with two main topics. In certain forests where plans 
were under consideration, the original choice of 
species had not made the best use of soil types, and 
here soil survey contained an element of enquiry into 
the site requirements of species and their site/growth 
relationship in order to determine those factors, 
possibly other than the soil series classification, 
which may be the best criteria for site mapping. 
Secondly, and of more importance, there was the 
question of stability of crops against windthrow in 
relation to soil conditions. On this topic Pyatt worked 
closely with the Research Sections (Soils and 
Silviculture) more concerned with this aspect of 
site (as mentioned in Chapter 21), and the topo- 
graphic/edaphic classification of forest areas accord­
ing to the hazard of windthrow is of obvious value 
in considering the rotation length in vulnerable 
forests.

Forest Economics
The application of economic theory to forestry is by 
no means new, and may be dated from Faustmann’s 
treatment of capital, rental and soil expectation 
value in the nineteenth century. In Britain, W. E. 
Hiley had been the most prominent exponent of 
ideas on economic management of forests till his 
death in 1961, and the subject was necessarily repre­
sented in the University faculties of forestry. The 
appointment of an economist (A. J. Grayson) in 1956 
was an essential addition to a team which was 
increasingly concerned with expert advice on man­
agement policy (Johnston et al., 1967). Grayson and 
his colleagues have been engaged in a wide range of 
enquiries which can only be briefly scanned here 
(Grayson, 1961; 1967a; 1968). Some of the work has 
been concerned with the provision of economic 
statistics such as prices and consumption of wood 
and wood products (Grayson, 1966; 1969), and the 
development of costs and labour productivity. Such 
statistics and related forecasts have provided material 
for bodies concerned with forest policy or land use at

the national level, such as interdepartmental working 
parties on Forestry Policy and the Land Use Study 
Group.

A type of enquiry which has been pursued over a 
wide range of forest activities compares the profit­
ability of different courses of action, or different 
intensities of effort. The net discounted revenue (the 
difference between prospective future returns and 
costs all discounted to the present time) either per 
unit area or per £ invested, has been adopted as the 
standard criterion in much of this work. Topics 
studied have included road densities, choice of 
species, spacing, thinning regime, felling age, fertil­
isation and many others (Grayson, 1967b). This 
approach has emphasised the economic importance 
of relating the costs of increasing production to the 
revenue implications of such production.

Applications of the criterion of maximum net 
discounted revenue have led to more critical appraisal 
of forest management options in the field, and have 
also influenced research thinking. Yield forecasting 
since 1965 has been carried out by computer, thus 
enabling speedy calculation of the result of applying 
a variety of cutting regimes to data on growing stock 
compiled by the Field Surveys Branch (formerly 
Working Plans Branch).

Armed with such tools, Economics moved, from 
the mid-sixties, to broader enquiries concerned with 
planning at the regional level. The principal reasons 
for these studies in applied economics were, firstly, 
to ensure that consistent decisions were being formu­
lated in all operations and management units, and 
secondly to ensure that interactions between different 
units were explicitly taken into account in planning 
(Wardle, 1965). Some of these enquiries have dealt 
with particular projects such as the supply of wood 
from a number of forests to a particular pulp mill 
and the planning of sowing, lining-out and plant 
allocation (Grevatt and Wardle, 1967; Wardle, 1971). 
Others have dealt with the management of a single 
unit of the Commission’s enterprise, namely a Con­
servancy.

Considering the management of the Commission’s 
forest enterprise as a whole, a useful tool has been 
developed in the form of a computer simulation 
programme. This identifies the major results, in 
terms of output and resource requirement, of alter­
native programmes of work and intensities of 
operation. Such explorations have proved invaluable 
in certain areas of corporate planning, a field 
with which economics has been increasingly con­
cerned.

The sixties saw a major growth of interest in 
questions of recreation and amenity. Economics has 
been concerned in particular with assessing the 
numbers of visitors to forests, and the valuation of 
recreation in money terms (Sidaway, 1970).
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Other developments in which Economics (or, as 
it has been known since 1969, Planning and Econo­
mics) has played a part are the establishment of a 
system of internal financial control for the Com­
mission and the formulation of a new method of 
financing and reviewing the financial achievements 
of the Commission.
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Chapter 27

OPERATIONAL RESEARCH AND DEVELOPMENT

By no means all the activities which can be classed 
under this head have been so labelled and organised; 
a great deal of the work has simply fallen to staff in 
the field or at headquarters in line with their duties. 
It is difficult to draw hard and fast lines, but prefer­
ence has been given here to work in the Research 
organisation, or which has been linked with it in 
some obvious way.

Mechanical Development
Established in 1949 under Col. R. G. Shaw, this was 
the first of the Sections concerned primarily with 
development work. Col. Shaw answered to the 
Director of Research, but the work was supervised 
by a Headquarters Committee (the Mechanical De­
velopment Committee), which had the task of co­
ordinating development projects outside Research 
as well. Mechanical engineers stationed at the old 
territorial Directorate headquarters were also con­
cerned, and many field officers from foresters upwards 
took part from time to time in development work.

The Work Study Section became concerned in 
testing of machinery on operations in collaboration 
with Col. Shaw in the early sixties, and after Col. 
Shaw’s retirement in 1965, Work Study (by now in­
corporated in the Management Services Division) 
took over mechanical development altogether.

One or two generalisations may be made about the 
Commission’s work in mechanical development. 
Relatively little of the equipment which has been 
brought into use has been designed initially for home 
forestry. Much of the work has been adaptation or 
modification of existing equipment to suit British 
conditions, and in some important fields (such as 
power saws and machines used in the extraction of 
produce) development has been on the international 
level. However, there are several instances of design 
and development purely for British conditions, the 
best examples being in ploughing equipment.

The main developments in ploughing machinery 
have been mentioned in Chapter 9, since they are 
very closely associated with experimental work in 
the establishment of plantations. Tractors have of 
course greatly increased in power from the standard, 
wheeled, agricultural models first used. American 
crawler types were first used in ploughing just before 
the war, and in the immediate post-war years efforts 
were made to find suitable British-made crawlers to 
replace the American types. At the same time a good 
deal of attention was given to adaptations for the 
softest ground conditions, such as low track-loading, 
forward centre-of-gravity etc. The Fordson “Long- 
Wide County” was developed by Commission

engineers and the manufacturers, and remained the 
standard soft ground tractor from the mid-fifties till 
it went out of production in 1967. The increasing 
capacity of ploughing equipment required much work 
on mounting and linkage systems, and both carriages 
and direct linkage systems are now in use.

For the very deepest drains of 30 inch or more it is 
usually necessary to resort to back-acting diggers, 
which are expensive to operate. It had been hoped 
that the Finnish Lokomo plough, which is winch- 
pulled from an anchored tractor, would be able to 
drain to this sort of depth, but it has limited scope. 
An operation which has proved extremely difficult 
to mechanise is that of cleaning drains, especially 
those in plantations. Various approaches have been 
made. Shaw constructed a machine operating as a 
flail, and a German device was tried which worked on 
the screw principle, but on the whole there has been 
little success, and the hope is that modern well- 
aligned main drains will be self-cleaning.

The other main field of mechanical development 
has been in everything concerned with harvesting 
and extraction. Little need be said about the power 
saw, a truly international development, but near the 
end of the period the Commission began to play a 
part in developments towards decreasing noise and 
vibration in saws, both of which had been shown to 
have harmful effects on men using saws continuously. 
As technology has succeeded in doubling the speed 
of cut and halving the weight of saws inside a decade, 
it is to be hoped that power saws can also be made 
less objectionable.

There is nothing very special about the problems 
of extraction in British forestry, though the handling 
of small produce has been of more significance here 
than in most other countries. The great effort in 
road construction, well described by Ryle (1969), 
which was started in 1945, has of course been the 
greatest single factor. In the early post-war period 
there was some interest in systems such as portable 
chutes and cableways for sparsely roaded hill forests, 
but all trends have been away from very long off-road 
hauls. In the primary extraction of small thinnings it 
has taken some time to replace the horse, but the 
arrival of winch systems such as the Isaachsen have 
provided more power and nearly as much flexibility. 
A great deal has been done in the testing and 
development of tractors for off-road haulage of 
heavier thinnings. Starting with the more-or-less 
standard agricultural model fitted with a single drum 
winch, the forest tractor has evolved rapidly in this 
period. Improvements in traction from the intro­
duction of four-wheeled drive and large diameter
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tyres have enabled the wheeled tractor to compete 
successfully with the more expensive crawler in many 
situations. Frame steering, i.e. steering by turning 
the frame of the machine about a central pivot by 
hydraulic ram, is a mechanical principle which 
appeared in foreign machines in the early sixties. 
Perhaps the most exciting innovation is hydrostatic 
transmission, first developed by the National Institute 
of Agricultural Engineering at Silsoe, Bedfordshire, 
which dispenses with clutch and brakes and gives 
continuously variable drive. It has not yet reached 
full production standards.

Loading of logs and poles, whether to tractor/ 
trailer combinations (forwarders) “off-road” or to 
road vehicles, has been greatly facilitated by the 
mounted hydraulically operated hoists, such as the 
Swedish HIAB, which arrived in the early fifties, and 
by the Volvo front-end loaders also from Sweden.

The mechanisation of debarking of roundwood 
presented some problems. Small machines appeared 
which were suitable for working close to thinning 
operations, but the trend has been to debark at 
larger depots using more powerful machines, such 
as the Swedish Cambio. It is now common for pulp 
manufacturers to do their debarking at the plant. 
One obdurate problem has been the debarking of 
crooked poles for pulpwood.

Other forest operations which received attention 
included the clearance of scrub. Various machines 
which were tried out by A. D. S. Miller in the Derelict 
Woodlands project have already been mentioned in 
Chapter 19. Several small powered machines derived 
from mechanical hedge cutters have been tested for 
plantation weeding, but the most interesting develop­
ments follow the principles of the rotary forage 
cutters. Woodland versions of this type of machine 
are capable of comminuting low scrub or felling 
slash. They have been adapted for weeding in plan­
tations also, and providing the plantation has been 
laid out for mechanical weeding they are cheaper 
than herbicides, and much cheaper than hand weed­
ing. Mechanical Development has also been con­
cerned with the design of spraying equipment of 
various kinds.

In the nursery, the development of machines has 
been a curiously unco-ordinated process, reflecting 
the diversity of nursery conditions. The basic 
cultural operations up to the preparation, sowing 
(though still often done by hand) and grit covering 
of seedbeds, have become standardised about the 
Ferguson tractor and a range of appliances mounted 
to the tool bar. Whilst broadcast sowing holds the 
field at present, drilling (long mechanised in agricul­
ture) has been an obvious target. Machines for 
drilling or band sowing conifers have been con­
structed (notably by M. E. McNulty (1951) and 
A. Slatter). There are undoubtedly technical diffi­

culties connected with dispersing the sowing of 
small-seeded, relativelyslow-germinatingspecies, over 
greater nursery areas—as against concentrating in 
the specially prepared bed. These could probably be 
mastered, and there would be a stimulus to do so 
if the use of undercut stock became general, for there 
are obvious attractions in running a nursery on a 
row-crop system throughout. Undercutting, how­
ever, though it has been shown to produce a satis­
factory plant, has been applied mainly to beds, and 
though this can be done, it is not mechanically as 
easy as undercutting rows. Transplanting is still fairly 
general, and one valuable approach to mechanising 
the operation has been the lining-out plough, de­
veloped by A. Rose (1963) at Ledmore Nursery, 
which combines the work of taking out the furrow 
for the lining-out boards with filling and firming the 
soil against the previous “line” .

Transplanting machines, derived from types de­
signed to plant cabbage and other vegetable seed­
lings, have had extensive trials. It is rather difficult to 
attain the normal close spacing by machine, and the 
planting action is apt to result in lopsided roots. No 
doubt on perfect soils this process could be satis­
factorily mechanised, but in most of our nurseries it 
seems likely that we shall stop at something less 
sophisticated. In the early post-war period efforts 
were made (with some success) to adapt agricultural 
row-crop weeding devices for use in transplant lines. 
Mechanical weeding has, however, been by-passed 
by the modem herbicides.

Work Study
This form of operational research originated in 
American industry, but the Swedes have led in 
applying it to forestry. The Commission’s Work 
Study Section was established in 1954 under J. W. L 
Zehetmayr, who was succeeded in 1964 by L. C. 
Troup. It was loosely attached to Headquarters, with 
no formal links with Research. The approach and 
techniques being new to forestry in Britain, special 
training for the staff was necessary. The Section has 
worked from the outset in small teams of a leader and 
two to five others.

The early Work Study projects were mainly in 
production, which was increasing rapidly during this 
period, though high costs gave rise to some anxiety. 
Projects centred on a particular category of produce, 
most of which were converted from softwood thin­
nings. Besides the traditional outlets such as the 
various classes of pitwood, markets were appearing 
for pulpwood and chipwood, and thinnings in the 
older plantations were beginning to yield a pro­
portion of sawlogs. In the early stages it was neces­
sary to pay close attention to tools, methods of using 
them, and maintenance. Experience gained in this 
was built into the training system.
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Work study in forest operations (or any other) 
requires a detailed investigation of the processes, the 
timing of various stages, and measurement of the 
quantities involved; the object being to optimise the 
use of time, effort and materials. Through the fixing 
of standard times for various parts of an operation 
it has been used to calculate more logical and fairer 
piece-rates, and this alone has had effects on pro­
ductivity. It has also provided the basis for more 
realistic costing and production control, and has 
yielded a great deal of information on factors 
governing the economy of working. For instance, in 
thinning operations frequent light thinnings have 
been shown to be very uneconomical, and there is 
also a steep relationship between unit costs and size 
of tree. This has influenced weight and periodicity 
of thinning in practice. It has also provided a good 
basis for comparing the profitability of different 
specifications, where there is a choice, and one of 
the guiding principles which has emerged is “minimal 
conversion at stump” .

The main development of the sixties has been the 
broadening of the approach to production operations 
to include the whole range of extraction problems. 
Whereas, to start with, Work Study collaborated 
with the Machinery Research Officer in the field trials 
of various new appliances, after Col. Shaw’s retire­
ment a mechanical engineer (R. B. Ross) joined the 
Work Study team and by 1967 mechanical develop­
ment had passed to Work Study. The linkage with 
Planning and Economics in the Management Ser­
vices Division also had its effect on widening the 
scope of the Branch. In addition to assignments on 
particular types of produce (some of which, such as 
the supply for the Scottish Pulp paper mill at Fort 
William, have been taken “from the stump to the 
chipper”), whole systems and the machinery required 
for them have been studied. The two main systems— 
shortwood and whole tree—require a different 
spectrum of machines, and the work of the last few 
years has gone a good way towards determining the 
best combinations. It is of interest that Work Study, 
which started life as a non-experimental Section, has 
since found it profitable to add experimental teams 
to its strength, especially for work on new machines 
and techniques.

Production and extraction have been the main 
fields for Work Study, but in the sixties it had 
become increasingly concerned with silvicultural 
operations, especially those with a high labour con­
tent. While there is often some difficulty over the job 
specification in silvicultural work, there are many 
cases where treatments and their effects are known 
in quantitative terms, but the means of carrying 
them out have not been so well studied, and here the 
Work Study approach can add a new dimension. 
For instance even in a practice as old as planting,

where the conditions required are well known, there 
have been continuing differences in opinion about 
tools, methods, and organisation of work. This is an 
obvious enough topic, and Work Study can contri­
bute also on the development of a new technique, 
such as the use of tubed seedling stock. Weeding 
provides an interesting case, since Silviculture has 
had considerable successes in developing the use of 
modem herbicides, but not so much effort has been 
put into machines. Work Study has designed 
machines based on the most promising principles of 
those already available, and recent trials suggest that 
mechanical weeding can compete with chemical 
weeding under some conditions, though of course 
the ultimate test is not short-term, since machines 
and herbicides are doing different things.

The study of an actual operation gets more com­
plicated when it is part of a whole system. In thinning, 
for instance, there has been renewed interest in the 
old idea of line thinning, which was practised during 
the war in East Anglian pine forests, and has ob­
vious advantages for extraction. This however is 
not a matter of operational efficiency alone, since the 
health, stability, yield and quality of crops also have 
to be considered, and some way has to be found to 
evaluate these criteria short of embarking on vast 
factorial experiments.

Current programmes give the impression that 
Work Study is growing into a development Section 
complementary to Research. There is no doubt there 
is a need for such activity, and whether it is better 
associated with management rather than research is 
a matter of convenience. Much of our experimental 
work however being purely practical in its objects, it 
might well be useful to bring in operational research 
techniques at the outset, using mixed project teams.

Utilisation Development
A small section under E. G. Richards was established 
in 1950 to carry out investigations into utilisation, 
the Commission being advised by a Committee on 
the Utilisation of Home Grown Timber, which had 
been brought together the previous year. The 
statutory Advisory Committee on Home Grown 
Timber later took over its functions. Richards was 
succeeded by B. W. Holtam in 1966, and when 
Holtam was promoted to the new post of Chief 
Research Officer (North) at Edinburgh in 1968, J. R. 
Aaron took over from him. Since 1965 Utilisation 
Development has been a Section of the H.Q. Har­
vesting and Marketing Division.

The work of the Section has been a mixture of 
development and research, much of the latter being 
initiated by the Section but carried out by the Forest 
Products Research Laboratory, Princes Risborough 
(now the Princes Risborough Laboratory of the 
Building Research Establishment, Department of the
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Environment) and by other specialised laboratories 
connected with the trade.

In the early fifties priority was given to finding 
markets for small conifer thinnings and small round- 
wood from broadleaved coppice and scrub. In this, 
and subsequent, marketing enquiries, the primary 
task has been to get estimates of supply through the 
information provided by the Census of Woodlands 
(completed in 1949) and the more detailed statistics 
available for the Commission’s own production. 
Several special enquiries were mounted in connection 
with supply to the growing pulp industry. The hard­
wood pulp plant established by Wiggins Teape Ltd. 
at Sudbrook, Monmouthshire, in the mid-fifties, 
required a great deal of preliminary investigation 
owing to the variety of species and types of round- 
wood (coppice, scrub, branchwood, etc.) available. 
Extensive surveys were conducted to obtain reliable 
values for the specific gravity and moisture content 
of the common conifers for the estimation of pulp 
yield and the pricing of supplies. The variation inside 
a given species in these characters was found to be 
very considerable.

Market surveys into consumer industries for both 
round and sawn softwood were undertaken in the 
fifties. These included such outlets as packaging and 
materials handling, and house construction; they 
sought information on the dimensions, grades and 
standards of preparation required for home-grown 
softwoods to compete in these markets. Other 
marketing enquiries were conducted on minor pro­
ducts, such as sawmill wastes, bark and extractives 
(tannin etc.) (Aaron, 1970). The use of some poten­
tially valuable waste substances such as sawdust is 
handicapped by the relatively small size and scatter 
of the mills, but the modern pulp plants turn out 
large quantities of bark. As a result of recent de­
velopment work substantial quantities of pulverised 
coniferous bark are now marketed for various uses 
in horticulture.

As previously mentioned, the Forest Products 
Research Laboratory has always included home­
grown timber in its programmes, but in the post-war 
period it was able to devote relatively more time to it. 
One of the more important assignments of the late 
fifties was an investigation into the strength of pit- 
props from home-grown conifers, which was carried 
out in association with the Commission and the 
National Coal Board. It was found that home props 
prepared to specification and properly seasoned (the 
importance of this was emphasised in the enquiry) 
were not inferior to imported material. During the 
fifties the opportunity was taken to look at the 
properties of some of the exotics whenever mature 
material became available. Whilst this gave useful 
preliminary information on general characteristics, 
there was the disadvantage that pioneer plantings

were apt to be untypical; the sites for instance were 
usually too good, and the trees were sometimes 
specimens rather than forest grown. By the late 
fifties, however, the earliest Commission plantations 
were beginning to produce saw timber, and it was 
decided to launch a major programme of investi­
gation into the properties of home-grown timbers. 
The programme (which continues) started in 1960, 
and has been a joint effort between the Laboratory and 
the Commission, directed by a working committee 
representing both organisations. Compared with 
previous work on home-grown timbers at the Lab­
oratory, it was a departure in that many of the 
questions were posed from the forester’s standpoint; 
e.g. to find what were the effects on timber properties 
of differences in site, silvicultural practice, and 
inheritance (Harding, 1969-72).

It was also thought important to know about the 
variations in timber properties at the between-tree 
and within-tree levels, but the relatively large 
samples required for testing some of the gross 
characters (milling, planing, grading out-turn etc.) 
led to a division of the programme between extensive 
tests of timber properties and more intensive work 
on wood anatomy, in which it was possible to study 
the whole pattern of variation, including that across 
the growth ring. Sitka spruce was naturally given 
the first priority in the extensive studies, and samples 
were drawn from 30 to 37-year-old plantations 
selected on a regional basis. Plantation-grown 
material of this age-class showed a number of 
features connected with juvenility and the wide inner 
rings; such as low density (especially about the 
fifteenth ring) spirality on grain with twist of drying, 
and tendency for the widest ring material to “wash­
board” on kiln seasoning. However, these disadvan­
tages are mainly associated with the juvenile core, 
there being a progressive improvement in density 
and fibre angle outwards, and they have not pre­
cluded young Sitka spruce from the market for 
saw-logs. It is of course greatly in its favour that it is 
a first class pulping timber, and much of the younger 
material is now pulped.

A number of the other exotics were subjected to 
standard tests. Age for age, Western hemlock and 
Abies grandis compared quite favourably with Sitka 
spruce, and Lodgepole pine showed good properties. 
In some species, comparative studies with competi­
tors appeared the most informative line. Japanese 
larch was compared with the much more familiar 
timber of European larch, and age for age appeared 
to have much the same properties. Corsican pine 
likewise showed no inferiority to Scots pine in timber 
properties, with a better log form and higher out-turn 
from the same sites.

No great amount of material from thinning 
experiments has yet been put through, but timber
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became available from a Scots pine trial 74 years old 
subjected to different thinning grades for about forty 
years, and was converted to measure the out-tum of 
sawn material falling in the various grades under the 
Laboratory’s standard rules. At this age, the advan­
tage was clearly with the heavier thinnings, since any 
benefit due to narrower ring or smaller knots in the 
lighter thinnings was cancelled by the low out-tum 
of sawn material.

More, however, remains to be done on the effects 
of thinning and the related subject of initial spacing. 
Spacing experiments in Sitka spruce have been used 
to study density and anatomical characteristics as­
sociated with contrasting radial increment on the 
same site, and there seems no doubt there is some 
adverse effect on basic properties due to the increased 
proportion of springwood in the wide ring. The 
difficulty is to put a value on such effects; to balance 
them against the undoubted advantages of reaching 
given diameters of log quickly.

The effects of pruning have also been studied by 
standard conversion and measurement of out-turn 
under the grading rules. The usual objective in 
pruning has been the production of clear timber, but 
the FPRL study and other dissections of pruned logs 
have made it clear that under British rates of growth 
relatively little clear wood is likely to be obtained in 
the normal rotation by through-and-through sawing, 
though special tangential sawing, or rotary veneer­
ing, would certainly produce a higher proportion. 
What was striking however in the FPRL tests of logs 
pruned thirty or so seasons ago was the upgrad­
ing to the higher categories of the timber from the 
pruned logs. This, coupled with the removal of 
specific defects (such as black knots in pine) might be 
a more realistic motive for pruning than the produc­
tion of clears.

Some indications of differences in timber proper­
ties due to provenance of seed have been obtained. 
In Lodgepole pine, coastal provenances appear as 
good in intrinsic qualities as continental provenances; 
there is still however the problem of poor stem form 
which lessens the useful yield. In Sitka spruce 
southerly provenances such as Oregon and Wash­
ington exhibit much faster growth than the standard 
Queen Charlotte Island material, but higher yields 
seem likely to be accompanied by some reduction in 
density, and a greater tendency to drought crack; 
however the total dry matter production is still 
higher in the southern provenances. As mentioned in 
Chapter 13, the most important criterion in the 
selection of “plus trees” in the spruce breeding pro­
gramme is density, and some notable advances have 
been made at Princes Risborough in techniques for 
studying cores, which are proving useful in breeding 
work, and in enquiries on the effects of different 
silvicultural practices on wood development.

No attempt is made here to review the great 
amount of development work on home-grown 
timbers which has been undertaken by the Forest 
Products Research Laboratory in the post-war 
period. It has covered a wide range of topics; saw- 
milling practice; veneering and plywood; grading; 
seasoning; wood preservatives etc. Important work 
on timber of all sources has also been undertaken by 
the Timber Research and Development Association.

The Utilisation Development Section has main­
tained a close interest in all this work, and oneof its 
major objects has been to ensure that wherever the 
results of research have shown that home-grown 
timber is suited to any particular purpose, it is not 
excluded explicitly or implicity in regulations or 
specifications.
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Chapter 28

PUBLICATION AND RELATED SERVICES

The main traffic in written information has been 
the responsibility of two sections; Publications and 
the Library. H. L. Edlin has been in charge of 
publications since 1945, and for most of the period 
has answered to the Director of Research. The 
Library at Alice Holt (the Commission’s library 
rather than a purely research facility) was based on 
a limited number of technical books and other 
documents transferred from Savile Row, and was 
rapidly expanded under G. D. Kitchingman. It is 
now in the charge of an officer with general respon­
sibility for research information and liaison, O. N. 
Blatchford. The Photographic Section, which dates 
from 1949 and has been under I. A. Anderson for 
the rest of the period, has contributed equally to 
post-war publications and other modes of communi­
cation: lecturing, demonstration, exhibits, etc.

It is fashionable to speak of an “explosion” in 
scientific information during the last few decades, 
though a biological analogy with the rapidly ascend­
ing part of a growth curve would be a better image, 
and might offer some hope to librarians. Forest 
science has had its share in the problems connected 
with this rapid growth, probably due more to the 
widening of its sphere of interest than to the increased 
volume of work on strictly forest topics, though that 
itself is apparent enough.

The Library now contains some 6,000 books, 
besides many periodicals, separates and other docu­
ments. Besides its primary function as a reference 
and lending library, a great deal of documentation 
work has been undertaken, especially in general, 
regional and historic forestry topics. The basis for 
subject indexing has been from the outset the Oxford 
Decimal Classification (Commonwealth Agricultural 
Bureaux, 1954), an elaboration of the Universal 
Decimal Classification which was pioneered by the 
Swiss Flury, and further developed by F. C. Ford 
Robertson, Director of the Commonwealth Forestry 
Bureau, and his colleague (now the Director) P. G. 
Beak.

The choice of Alice Holt as the Commission’s 
(first) research station has entailed some extra effort 
in library and documentation services which would 
not have been necessary had the station been sited 
at Oxford adjacent to the Institute’s library, and also 
to the Commonwealth Forestry Bureau, which pro­
vides the principal forestry documentation service in 
the English speaking world (Ford Robertson, 1962). 
There has, however, been some gain in speed and 
selectivity in working directly from periodicals and 
reports etc.; and the Bureau’s publication Forestry 
abstracts and card service has been of primary im­

portance as the comprehensive scan of world litera­
ture in forestry and related subjects.

The number of periodicals received at Alice Holt 
has increased steadily over the period and now 
exceeds 300 titles. The majority of these are received 
under exchange arrangements with corresponding 
institutions, but the widening of forest research 
makes it necessary to take more pure scientific 
literature, and there are also a growing number of 
outright specialisations to be catered for.

The problem in a documentation service for a 
research establishment is where to stop. At Alice 
Holt some specialised fields (notably forest pathology 
and entomology) have been left to the Sections 
concerned, but a very large card index in the central 
forestry topics has been built up. In retrospect this 
documentation work now seems to have been over- 
ambitious. With limited resources it is impossible 
to be comprehensive, and it may be doubted whether 
wide coverage of individual items short of this is 
worth while. It is better to concentrate on providing 
the keys to documentation; i.e. references to the 
authoritative indexes, important bibliographies and 
critical reviews of literature. These aspects of docu­
mentation and information service are now being 
given increasing attention. The other aspect of this 
work is “current awareness”—drawing people’s 
attention to the latest important publications, ac­
cession of books etc.

The importance of liaison work need hardly be 
stressed. Since the war several new organisations 
concerned with private forestry have come into 
being, and research with a bearing on forestry is now 
to be found in a variety of institutions—not merely 
the obvious ones. Liaison at the international level is 
now well catered for; the oldest institution, the 
International Union of Forest Research Organisa­
tions, has been very active in the period, and a 
number of Commission and university research 
people have served on its subject groups and working 
parties. IUFRO held its Congress in Britain in 1956, 
and James Macdonald had the honour of presiding 
at the subsequent Congress in Vienna in 1961. Other 
important international conferences have been held 
at regular intervals by FAO and the Commonwealth 
Forestry Association, and though general, these have 
usually featured research. Besides improving con­
tacts and providing for exchanges of ideas, such 
conferences often stimulate publication, sometimes 
of matter which individual countries might not put 
together without such stimulus; the series of reports 
on experiences with exotic trees prepared for the 
1957 Commonwealth Conference is one such example.
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Dissemination of research information is a part 
of many activities “for the purpose of promoting 
forestry” , which are too general to discuss here: 
advisory work; conferences; exhibitions; and lectur­
ing to all types of audience. The contribution of the 
Photographic Section has been of great value in these 
activities, especially the large collection of high 
quality colour transparencies which covers nearly 
all aspects of home forestry, and has a fair represen­
tation also of forestry abroad.

The biggest load of advisory work has fallen on 
the pathologists and entomologists, who have to 
combine the roles of research workers with that of 
consulting specialists. Whilst this has undoubtedly 
lessened the time available for research, running an 
advisory service does recruit an army of observers, 
and the analysis of complaints often gives useful 
pictures of the distribution of troubles, especially 
those prevalent in particular types of weather.

Publication is the accepted formal means of dis­
seminating research information, but till compara­
tively recently a good deal has been put out in 
limited circulation. Before the war, and for some 
time after it, there was a tendency to distinguish 
between completed work with “hard” results, and 
work in progress or which was regarded as merely 
indicative in deciding what to publish. James 
Macdonald’s decision to publish the Report on 
forest research (the first issue covered the year 
ended March 1949) marked a change in view, and it 
has remained the principal means of reporting pro­
gress in the Commission’s own and in grant-aided 
work since then. Previously, the Journal o f  the 
Forestry Commission, which was printed for internal 
circulation, carried a good deal of research infor­
mation, but this declined after the publication of the 
Report and the Journal ceased issue in 1969. The 
Commission’s two major pre-war series, Bulletins 
and Leaflets, have retained their original aims; the 
former being used to carry reports on major investi­
gations, and the latter information on topics of 
technical or quite general interest. Both series 
continue to carry research or other material written 
by authors outside the Commission.

Besides the Report on forest research, two new 
series were introduced after the war, principally to 
carry research information. The Forest Records first 
appeared in 1949, and have usually reported indi­
vidual investigations of a limited extent, though the 
series has carried straight technical information such 
as Yield and Volume Tables. It has been a full priced 
publication series from the outset. The other series, 
Research Branch Papers, latterly titled Research and 
Development Papers, started in 1951 as mimeo­
graphed notes of no great length for internal circu­
lation, the object being to get miscellaneous research 
reports into a convenient format, replacing un­

numbered, unlisted, mimeographed documents, 
which usually got lost. From such mundane begin­
nings, the R. and D. Papers became tidily printed 
and produced jobs, and latterly emerged as full 
publications. They are unpriced and used for matter 
which does not warrant wide circulation.

Between 1954 and 1964 the Report itself carried 
papers in addition to the normal accounts of pro­
gress, but this practice was dropped as there appeared 
to be adequate means of publishing such material 
elsewhere; also the Report was by this time becoming 
rather bulky.

A notable feature of the post-war publication has 
been the increase in the numbers of periodicals in 
which papers originating in forest research have been 
printed. The four important forestry journals pub­
lished in Britain (Scottish Forestry, Quarterly Journal 
o f Forestry, Forestry, and the Commonwealth Forestry 
Review) have always taken research matter, though 
scientific papers in the strict sense are usually con­
fined to the two last mentioned. There has been a 
growing tendency however for specialists to publish 
in periodicals devoted to their own disciplines, of 
which there are now a large number, many being 
international in coverage and readership.

Broadly speaking, the choice of venue for publi­
cation seeks the best circulation for the article 
concerned; the interest may be general, regional, or 
specialised. However, there are great advantages in 
maintaining a good coverage of the central topics in 
the Commission’s own series, so that they represent a 
convenient working library for the bookshelf; and 
this policy has been maintained. In research, the 
scientific paper of limited range has become the 
standard means of communication, and separates 
are scattered round like confetti. In lengthy and wide 
ranging investigations there is the problem of putting 
it all together, which may be an extremely onerous 
undertaking, and there is a tendency to rest on a 
series of short papers provided they meet scientific 
publication conventions, and are not merely progress 
reports. However, so much being contained in num­
erous papers there are problems of digestion, and 
one of the most valuable forms of literary endeavour 
is the critical review, which is well exemplified in the 
leaders in Forestry abstracts.

Review style papers for conferences also may be 
very successful modes of communication; they are 
perforce short, and not being scientific papers in 
themselves are not cumbered with detailed evidence. 
One type of paper which is not commonly seen deals 
with the interactions between different fields of 
research. An effort to write such a paper about forest 
research in the wide sense would probably show that 
the linkages between many lines are well appreciated, 
but it is probable that it would also reveal examples 
of compartmenting in which a line is being pursued
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without full recognition of the implications of other 
work. In any case, it seems evident that if the primary 
results of research' are going to be published in nu­
merous short contributions, there will be an increas­
ing need for communications which interpret and 
evaluate research against a broader background.
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CONCLUSIONS

Although some concluding remarks are called for, 
these can certainly not take the shape of a formal 
summary, since much of the material is over-com­
pressed as it is. The practical results of research in 
various topics have also been the subject of comment, 
and any attempt at a general evaluation would be 
over-ambitious.

The growth in capacity and range of research 
during the period under review has been an obvious 
feature. Naturally, the greatest effort has been 
applied to problems of afforestation, and to the 
growth, yield and health of the plantations of the 
first rotation; and though most research (however 
practical its aims) is open-ended, the fifty-year period 
has rounded off many of the central enquiries con­
cerned with these crops at a satisfactory level of 
knowledge. In the last two decades there has been a 
marked shift towards topics concerned with the 
older plantations.

If British forestry has good reason for satisfaction 
with the progress made in afforestation on many 
types of land—some of which have presented con­
siderable difficulties—the future composition and 
structure of the forests still remains an open question. 
At present technological developments argue for a 
succession of even-aged pure crops in production 
forest, and so far no adverse evidence has been 
advanced in this country (though it has elsewhere). 
However, if for silvicultural reasons we do find it 
desirable to diversify our forests we are fortunate to 
have so many alternative species at our disposal, and 
it is a mistake to assume that technology can only 
be of use in the simplest silvicultures.

The recent emphasis on multi-purpose forest is 
not without interest in its influence on research. It 
will certainly widen the field, and some lines of 
enquiry may call for fresh approaches. Such topics 
as wildlife, recreation, amenity and integration with 
agriculture have already attracted attention, though 
the areas of enquiry have so far been limited, and not 
all questions about the use of woodland are primarily 
silvicultural, though the forester may be called on to 
answer them. In connection with agriculture, for 
instance, integration is usually considered in terms 
of shelter and the share-out of the land surface be­
tween plantations and grazing land. But obviously 
more intimate patterns are conceivable and might 
warrant enquiry should there be any theoretical 
advantages in them.

It is worth making the point that knowledge

gained in forest research directed to productive wood­
land is often applicable to the establishment and 
management of woodland for other purposes.

The general conduct of state-aided research has 
been under discussion at the highest level in recent 
years. The Forestry Commission’s own arrange­
ments have been described; over the whole period 
the Commission’s own research has been supported 
by grant-aided investigations at outside institutions, 
and only towards the end of the period has there 
appeared a Research Council with forest science in 
its terms of reference. Lately also there has been a 
movement towards separating developments from 
research, together with services which have evolved 
from enquiries started under the aegis of the Research 
Branch.

The most profitable relationships experienced by 
the Commission with other institutions might be de­
scribed as alliances; a body such as the Commission 
carrying out its own objective research is well placed 
in this respect since, besides co-operating in the 
investigations, its staff has been able to interpret 
basic work at the practical level, and where necessary 
“scale-up” through field experimentation. This is 
much more than the “D ” relationship to “R ” , for 
the better the objective research the more likely it is 
that profitable questions will be engendered for the 
pure specialist.

It has been common experience that the problem 
as it appears to those who are first confronted with 
it may take a very different shape once a new line of 
research has been started on it. This is of course 
saying no more than that the recognition of a 
difficulty does not necessarily pose the right research 
questions, but it does suggest that a good deal of 
flexibility should be allowed in terms of reference.

Besides questions of the conduct and control of 
state-aided research, on which policy decisions are 
likely to have been reached before this is printed, the 
future size of the forest enterprise must of course 
have an influence on forest research. This also is a 
matter of top-level policy discussion at the time of 
writing, and no comment on the various argument! 
will be expected here. It seems probable that forest 
policy, like agricultural policy, will become more 
“European” and less domestic. No doubt future 
research expenditure will relate to the size of the 
national investment in forestry, but it has become 
a flexible and pragmatic system, well adapted to 
changes in direction and scope.
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ABBREVIATIONS USED, WITH ANNOTATIONS

A c l a n d  C o m m ittee . Ministry of Reconstruction: 
Reconstruction Committee: Forestry Sub-Com­
mittee. Presented Final Report to Parliament as 
Cd. 8881, 1918. Chairman: The Rt. Hon. F. D. 
Acland, M.P.

A d v iso r y  C om m ittee  o n  F orest  R esea r c h . A  
Forestry Commission committee set up in 1930.

ARC. Agricultural Research Council. Established 
1931.

B ed f o r d  C o l l e g e . University of London (Regents 
Park, London N.W .l).

B r it is h  E m pir e  F o r estr y  C o n fer e n c e s . 1920 (First) 
to 1947 (Fifth). Continued as British Common­
wealth Forestry Conference 1952 (Sixth) to 1962 
(Eighth). Continued further as Commonwealth 
Forestry Conferences, 1968 (Ninth) to date.

C o m m o n w e a l t h  F o restry  C o n fer e n c e s . See Brit­
ish Empire Forestry Conferences.

C o m m o n w ea lth  F o r estr y  I n st it u t e . See Imperial 
Forestry Institute.

DSIR. Department of Scientific and Industrial 
Research. Operated from 1915 to 1965. Re­
sponsible for Forest Products Research Lab­
oratory.

F orest  P r o d u c t s  R esea rch  L a b o r a to r y . See 
Princes Risborough Laboratory.

H a fo d  F a w r . Near Penrhyndeudraeth, Merioneth. 
Now part of Beddgelert Forest. An early experi­
mental plantation of the Office of Woods.

I m pe r ia l  F o restry  I n st it u t e . N ow  Commonwealth 
Forestry Institute. University of Oxford (South 
Parks Road, Oxford).

I m pe r ia l  I n st it u t e  o f  B io l o g ic a l  C o n t r o l . N ow  
Commonwealth Institute of Biological Control, 
Gordon Street, Curepe, Trinidad, West Indies.

I n st it u t e  o f  T ree  B io l o g y . Established by the

Natural Environment Research Council at the 
Bush Estate, Roslin, near Edinburgh, in 1972.

J ea lo tt’s H il l . Jealott’s Hill Research Station, 
Bracknell, Berkshire. (Imperial Chemical Indus­
tries, Ltd.)

K e w . Royal Botanic Gardens, Kew, Richmond, 
Surrey. (Ministry of Agriculture, Fisheries and 
Food.)

M a c a u la y  I n st it u t e . Macaulay Institute for Soil 
Research, Craigiebuckler, Aberdeen.

N a t u r e  C o n s er v a n c y . Established 1950. Respon­
sible to the Natural Environment Research 
Council: 1965-73 (Reconstituted 1973).

NERC. Natural Environment Research Council. 
Established 1965.

O f fic e  o f  W o o d s . Office of Woods, Forests and 
Land Revenues, under His Majesty’s Commis­
sioners. Responsible for administration of Crown 
forests until 1924 (Transfer of Woods Act 1923).

P r o fessio n a l  C lasses o f  t h e  W o r k s  G r o u p  o f  
C iv il  Ser v a n t s . N ow  the Senior Grades of the 
Professional and Technology Category of the 
Civil Service.

P r in c es  R is b o r o u g h  (L a b o ra to ry ). N ow  part of 
the Building Research Establishment, Department 
of the Environment. Formerly responsible to the 
Department of Scientific and Industrial Research 
and later to the Ministry of Technology. (Princes 
Risborough, Buckinghamshire.)

R esea rch  A d v iso r y  C o m m ittee . See Advisory Com­
mittee on Forest Research.

R o th a m sted . Rothamsted Experimental Station, 
Harpenden, Hertfordshire (Lawes Agricultural 
Trust).

S o ciety  o f  F oresters. N ow  the Institute of Forest­
ers. (Newton House, Newton of Falkland, 
Freuchie, Fife.)
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