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Aerial view of Alice Holt Research Station, showing the old building in the centre, the new
wing to the left, and the experimental grounds. Alice Holt Forest lies beyond.
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INTRODUCTION

By JAMES MACDONALD
Deputy Director General

During the year under review, there have been several changes in the Research
staff. Mr. G. D. Kitchingman retired in October 1960 after 13 years’ service as
Librarian at Alice Holt and was replaced by Mr. R. M. G. Semple. Dr. M.
Crooke resigned in October 1960 on appointment as Lecturer in Forest Zoology
in the University of Aberdeen, and in February 1961 Mr. J. S. Murray, Forest
Pathologist, left for the same University in which he has become Senior Lecturer
on Forest Botany. Dr. Crooke was replaced by Mr. D. Bevan, while the Path-
ology section has been placed temporarily in the charge of Dr. R. G. Pawsey.
Mr. G. G. Stewart, one of the silvicultural research officers in Scotland, was
transferred to field duties on promotion and his post in research was filled by
Mr. S. A. Neustein, transferred from the South Conservancy in Scotland. Mr.
K. D. Taylor, who was engaged on research on squirrels, resigned in November
1960. Mr. R. T. Bradley and Mr. R. E. F. Heslop joined the staff in October,
the former to work in Mensuration and the latter on Working Plans. Mr. D. H.
Stewart was appointed to the Statistics section as Experimental Officer.

Visitors to Alice Holt numbered 300, rather fewer than in recent years. In
addition to visitors from this country, they came from Australia, Belgium,
Burma, Canada, Denmark, Ireland, Finland, France, Ghana, Germany, Italy,
India, Israel, Japan, Kenya, the Netherlands, New Zealand, Portugal, Rhodesia,
Sweden, Switzerland, Tasmania, United States of America, and Yugoslavia.
Among them were Mr. V. L. Grenning, Director of Forestry in Queensland,
Mr. A. L. Poole, Assistant Director of Forestry in New Zealand, Mr. C. A. R.
Bhadran, Chief Conservator of Forests for Madras, India, and Mr. V. H. Phelps
from the Forest Research Division, Canada.

A party of students from I’Ecole Nationale des Eaux et Foréts at Nancy,
during their first visit to this country, were engaged on a study tour which in-
cluded various of our experimental areas as well as a visit to Alice Holt. Other
organised visits to Alice Holt included the Senior Forestry Officers of the Over-
seas Colonial Service, and a party of Yugoslav Forest Officers. Forestry students
from the Imperial Forestry Institute, Oxford, from the Universities of Aberdeen
and Edinburgh, and the University College of North Wales at Bangor, paid
their annual visits to the Research Station.

Several visitors spent longer periods at the Research Station. Among these
was Mr. M. R. Badan from Switzerland who started a year’s work with the
Management Section in August 1960; in the same section, Mr. M. A. Solak
from Turkey, visiting England for a year, under a Baghdad Pact Fellowship,
has spent several periods with the Research Branch, alternating with work at
Oxford. Two students from the Ministry of Aviation, studying for the Diploma
of Technology, spent six months with the statistics section gaining experience
In the application of statistical methods to a wide variety of problems.

In Scotland, experiments at Glen Righ, Inverness-shire, were visited by a
party of German woodland owners and foresters while the Forest Garden at
Crarae, Argyll, was visited by members of the National Trust for Scotland. A
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special press tour to show some of the Commission’s research work in Scotland
was also organised. Forestry students from Aberdeen, Bangor and Edinburgh,
as well as students from Swansea, were able to see experimental work in a num-
ber of forests, while a party of Forest Officers from the Commonwealth also
made visits from the Imperial Forestry Institute at Oxford. Experiments at
Allerston and in the nurseries at Bush and Grizedale were visited by parties of
schoolchildren.

Mr. J. D. Matthews represented the International Union of Forest Research
Organisations at a meeting of the International Commission for the Nomen-
clature of Cultivated Plants at Cambridge. Mr. M. V. Edwards and Mr. G. G.
Stewart visited various parts of Lancashire to study the tree planting which
had been carried out by the County Council on old spoil heaps.

Visits Overseas

In September 1960, Mr. G. D. Holmes visited the main seed suppliers in
British Columbia and Washington to enquire into the organisation of future
seed supplies, and the methods of control and certification of seed origin. He
also attended the World Forestry Congress at Seattle. Mr. D. Bevan visited
Vienna for the 11th International Entomological Conference, and he took the
opportunity to study Semasia diniana and Taeniothrips laricivorus in Switzerland.
Mr. J. D. Matthews was invited to act as an instructor at a Field Institute of
Forest Biology arranged by the Forestry Department of the North Carolina
State College and sponsored by the National Science Foundation. He gave
eleven lectures on Forest Genetics. He spent one month in the United States.
Mr. Matthews also served for four months as a Technical Assistance Expert of
the Food and Agriculture Organisation. His assignment was to advise on the
formation of a Forest Genetics Section at the Indian Forest Research Institute
at Dehra Dun. Mr. D. R. Johnston, the Working Plans officer, was awarded a
Nuffield Fellowship to study problems of management planning in a number
of countries including South Africa, Southern Rhodesia, Tanganyika, Kenya
and Sweden. He started his tour just before the end of the year under review
and is due to be away for about six months. Mr. M. V. Edwards and Dr. W. H.
Hinson visited the Peat Research Station at Glenamoy in County Mayo, Ireland.
Colonel R. G. Shaw visited Geneva to attend a meeting of the Joint F.A.O./
E.C.E. Committee’s study group on machinery development, while Mr. E. G.
Richards paid three visits to the same town, one to attend the E.C.E. Timber
Committee and the others for the purpose of discussing the Utilisation of
Small-sized Wood at meetings of the F.A.O./E.C.E. Committee.

Mr. T. R. Peace presided over the forestry sub-Section at the Meeting of
the British Association at Cardiff in 1960, while Dr. F. C. Hummel gave a
lecture by invitation at the Eidgendssene Technische Hochschule in Zurich on
Forest Working Plans in Great Britain. A second exhibition of forest machinery,
organised by Colonel Shaw, was held at Harrogate in May 1960; it is planned
to hold a third in 1962 in the vicinity of Edinburgh.

The programme of research into the properties of home-grown timber, which
is proceeding in co-operation with the Department of Scientific and Industrial
Research at the Forest Products Research Laboratory at Princes Risborough,
is making good progress. The Commission is greatly indebted to D.S.I.R. and
to the Director of the Laboratory for the help they have given. Work also
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continues at the Fire Research Station at Boreham Wood where important
research into the spread of forest fires has been started. Thanks are due to the
Fire Research and Training Trust who have provided funds, and to the Director
of the Laboratory under whom the work is proceeding.

The Utilisation Development Committee held two meetings in London during
the year and the Mechanical Development Committee held one meeting in
London and one at Pitlochry. The joint informal committee with Nature Con-
servancy held one meeting during the year.

During the year the usual close contacts have been made with the Macaulay
Institute for Soil Research at Aberdeen, Rothamsted Experimental Station and
the Imperial Forestry Institute at Oxford. The Commission is indebted to those
Institutes and to their Directors for all the help they have given.

ix






SUMMARY OF THE YEAR’S WORK

By T. R. PEACE
Chief Research Officer

The Report takes much the same form as previous years, except that rather
more papers are included in Part III. This is partly the result of a very conscious
effort to complete the write-up of all projects which have reached a properly
publishable stage.

In Part I, Mensuration again appears as a separate report, following the
appointment of Mr. R. T. Bradley as Mensuration Officer. The Work Study
section, which is not part of the Research Branch, has also submitted a report
for Part I, since its work constantly impinges on research and is likely to be of
interest to forest research workers in other countries.

Work on Entomology, Pathology, and Grey Squirrels (a joint project with
the Infestation Control Division of the Ministry of Agriculture) has been ham-
pered by staff changes, but all three should be in full swing again before the
end of 1961.

In Silviculture there has been a definite swing during the year towards research
on drainage, root development and windblow. In fact we are tending to pay
increased attention to the below-ground parts of the tree and their effect on
growth and stability,

The introduction of electronic computing into the Research Branch continues
to exert a profound influence on the design of experiments and the amount and
type of information that can be gleaned from them. Successful efforts to put
mensurational data direct on computer tape, described under Mensuration in
Part I and in the paper by Mr. D. R. Johnston in Part III, are particularly
noteworthy.

The paper on Utilisation in Part I inevitably fails to give a full picture of the
very active co-operation that now exists between the Research Branch and the
Forest Products Research Laboratory of the Department of Scientific and
Industrial Research. Similarly, the papers in Part II give a very incomplete
picture of the close collaboration that exists with the institutions where work is
being carried out. In each case a member of the Forestry Commission research
staff acts as liaison with the research worker in the other institution. Apart from
all this there has been active collaboration with other institutions too numerous
to mention. Forest research must inevitably seek information in many related
fields, and it is a pleasure to acknowledge how willingly this information has
been given,

The Season

The effects of the dry summer of 1959, though far less marked than was
expected, were still visible in the spring of 1960. They were then somewhat
masked by further damage due to an exceptionally dry spring. The wet late-
summer, autumn and winter caused a complete reversal of conditions. There is
no dpubt that these climatic vacillations are unfavourable to tree growth,
especially on difficult sites. Even the warm winter cannot be regarded as wholly
favourable, Although species such as Sequoia sempervirens, which usually gets

1
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browned in the winter, escaped unharmed, there is more than a suspicion that
failure to achieve full dormancy has led to damage to spruces and pines during
the brief cold, windy periods that did occur.

PART I

This part of the Report deals with current work carried out by the various
sections of the Forestry Commission Research Branch. Only the more important
items of work are mentioned in this summary.

Forest Tree Seed

The main development in the Central Seed Store, which is now under the
control of the Chief Research Officer, has been the installation of a seed mixer.
Experiments have indicated that this gives very satisfactory mixing over very
short periods of time, without damaging the seed. It may also prove possible
to use it for dewinging seed.

Routine seed testing continues to take a great deal of the time in the seed
laboratory, in particular tests for moisture content have increased and have
now become a routine procedure for stored seed.

Preliminary results have now been obtained from a large-scale experiment
on the storage of Noble fir. Beech seed storage results are the subject of a
special paper in Part III (page 117).

Work has continued on the germination requirements of the major species,

and on the practical difficulties involved in the accurate determination of
moisture content.

Nursery Investigations

Experiments on date of sowing and on irrigation were repeated. In view of
the wet summer, irrigation had little effect. Seed of Abies, a difficult genus, was
again subjected to pre-sowing treatments in an effort to increase the low ger-
mination percentage. Experiments with Sistan for the partial sterilisation of
seedbeds did not give very promising results.

Long-term fertility experiments were continued at a number of nurseries.
The effect of late nitrogen application on the time of bud formation in the
autumn again showed delays of up to 14 days on manured plots.

Further experiments were done on the cold storage of seedlings. Storage at
36°F was successful up to eight months, but, when lined-out, these plants
continued growth too late and were damaged by frost.

Tests of new herbicides were continued. Particular attention was paid to the
susceptibility of dormant transplants to Dalapon. Experiments on frequency of
weeding again showed that frequent weeding lessened the overall time taken.

The use of polythene as a seedbed covering gave protection against birds, but
with certain species damage to seedlings was liable to occur in hot weather.

Computer programmes were prepared for the calculation of nursery yields,
etc.

Silvicultural Investigations in the Forest; South and Central England and Wales

Under work on the afforestation of special sites, it is reported that the first
five years’ results of experiments at Croft Pascoe on the Lizard in Cornwall,

planted between 1954 and 1957, have been sufficiently promising to encourage
further planting on a trial scale.
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Work on the regeneration of existing plantations has so far been mainly
concerned with the artificial regeneration of ground at present occupied by
Scots pine or Japanese larch. Work on natural regeneration is proceeding on
a small scale.

Manuring experiments continue to bulk large in the silvicultural work, but
the emphasis is passing from manuring at the time of planting to work on
checked plantations and pole-stage crops. In many cases checked trees have
responded very satisfactorily to manuring, but in some cases, for instance,
Douglas fir, in the Weald of Kent, inadequate nutrition does not appear to be
the controlling factor. The growth of pole-stage crops has not yet responded to
manuring in the experiments laid down in 1958 and 1959, but the nutrient up-
take has been increased, and some treatments have had a very noticeable effect
on litter breakdown.

Two developments have taken place in the study of wind stability. The report-
ing of actual occurrences of wind damage is being placed on a more definite
basis, and the ‘tree pulling’ technique has been tried out on a sufficient scale
to indicate its value as a method of comparing stability between different trees
and different sites.

The results of the drainage experiment on heavy clay, has encouraged exten-
sion of this work on to other soil types. In particular mole-drainage is being
tried on Culm soils in Devon.

Work on total weed control has now been extended to include planting
areas. The possibility of the selective control of grasses among existing crops
has been further investigated. The use of low-volume sprays becomes very
important if spraying is to be used on a large scale. For this reason work on
low-volume sprays is being extended. Experimental work on the poisoning of
woody weeds was concentrated on the control of unwanted species in planted
areas.

Experiments on the exclusion of deer from newly planted areas, and on deer
repellents, have been continued.

Work on fire retardants has indicated that monammonium phosphate is the
best of the substances investigated.

Further work has been done on the chemical treatment of standing crooked
hardwoods to facilitate debarking after felling.

Silvicultural Investigations in the Forest: Scotland and North England

In connection with the artificial regeneration of conifer woodlands, a problem

which will be facing the Commission in years to come, several experiments have
been established to find whether ploughing is possible and economic. It has been
found that, in windblown gaps at any rate, large plants are more successful than
smaller ones. The best size of felling area is being investigated in 2 new experi-
ment at the Forest of Ae.
_ Further experiments have been established to study the shrinkage and dis-
1ntegr_ation of peat after single-furrow ploughing. The first of a new series of
txperiments to evaluate the benefits of ploughing on sites where ploughing is
not a necessity for establishment has been laid down. Loosening of young trees
on ploughed ground by wind is causing some concern. Preliminary work has
!ndlcated that, on sites where this type of damage has occurred, trees planted
In the furrow are worse affected than those on the ridge, and that pine is much
more susceptible than larch. A drainage experiment has been established on a
difficult clay soil at Lennox Forest.
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Another mixture experiment, using Scots pine and birch, has been laid down
in Yorkshire. An effort to find existing mixtures, which could be used for detailed
study, has proved very disappointing.

A number of new manuring experiments have been started. Several of these
are sited in peat areas.

Weed control experiments have particularly concentrated on methods suit-
able for establishing and maintaining firebreaks around isolated trial planta-
tions in north Scotland.

Experiments to exclude roe deer from newly planted areas by the use of
brushwood have been abandoned, but trials with various forms of netting and
with electric fencing continue.

Provenance Studies

Reassessment of one of the older Scots pine provenance experiments showed
that two German provenances were still the most vigorous. Two new Pinus
nigra provenance experiments were planted, one in a polluted area to test
resistance to industrial fumes and the other on an area heavily infected with the
root fungus Fomes annosus, to which some forms of P. nigra are said on the Con-
tinent to be resistant. Three additional experiments with Lodgepole pine, Pinus
contorta, were planted. This species shows great differences between provenances
and it is clearly important to elucidate these further. Two experiments have been
planted with the Canadian Jack pine, P. banksiana, a species which has consider-
able potential in breeding work, and so one where the selection of the best
provenance to provide parent trees is of some importance.

A collection of 12 provenances of Sitka spruce has now been planted on a
wide range of sites from Cornwall to the north of Scotland, including one at
2,300 feet elevation. A full account of the behaviour of these provenances in
the nursery is given in Part III of this Report.

Douglas fir experiments in all three countries have been assessed at the end
of their sixth growing season for date of flushing and attack by Adelges, as well
as for height growth. Results displayed some points of interest, but were often
rather contradictory.

The collection of Western hemlock provenances have shown, in the nursery,
differences in rate and in cessation of growth associated with latitude of origin.
Some of these plants have already been used in experiments on six sites. More
will be planted out later.

Very little is known about possible provenance differences in Western red
cedar. Stocks now in the nurseries will enable experiments to be set up on
suitable sites.

A good start has been made on a provenance study of European silver fir,
since seed of 35 provenances has been received. Germination of the seed, how-
ever, varied from 56 per cent to nil, with an average of 10-12 per cent. Raising
of sufficient stocks may not therefore be so easy.

Poplars and Elms

The planting of varietal trial plots is now virtually limited to the replacement
of existing plots which have failed or are no longer of practical value. Only
five clones were added to the varietal collection during the year, but 13 clones
were added to the Populetum.

Experiments on method of planting and on after-planting treatment with
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mulches are giving interesting results. In the older spacing experiments, the
start of canopy closure after six and seven years, in the closest spacing (8 feet
x 8 feet), has not yet affected the growth rate. Another experiment has been
planted to study the effect of admixture of alder with poplar. The distribution
of cuttings showed a marked reduction on the previous year.

Mist propagation was again successful with summerwood cuttings of ‘diffi-
cult’ poplars, as well as with elms.

Further progress has been made in the selection of ‘plus’ elm trees. Visits to
elm woodland have disclosed that they mostly consist of Wych or sometimes
English elm. It seems doubtful if information can be obtained from existing
woodlands on the growth of the less common species and hybrids under wood-
land conditions.

Forest Ecology

The general survey of the performance of Corsican pine has been concluded
and the data are now being prepared for writing-up. In the meantime, Mr. Read,
working at the Botany Department of Hull University, has started a study of
Corsican pine dieback in Allerston Forest, in which the pathologist, as well as
the ecologist, are co-operating.

The disease behaviour of Corsican pine in Britain is reviewed, in particular
In comparison to its behaviour in Belgium and Holland.

Satisfactory flowering of Corsican pine, following the hot, dry summer of
1959, has justified a rapid survey of expected cone yields in different parts of
Britain.

Opportunity for an investigation of the behaviour of different species on
opencast mining soil has been provided by the expected reworking of such an
area in South Wales. Trees of several species planted in 1954 have been excava-
ted. Interpretation of the results is difficult, owing to the number of variables,
such as aspect, slope, drainage and soil composition, but it is clear that growth
on the slopes is generally better than on the flats, which often have compacted
soils. Among the species planted, alder in particular has been successful. This
may be due to a greater tolerance to the slightly alkaline soils or to its ability
to fix nitrogen; since conifers display symptoms typical of nitrogen deficiency
on this site,

Foarest Soils

_ Facilities for the analyses of needle samples from manuring experiments have
improved during the year and arrears are being overtaken. It is hoped that this
will allow a start to be made on long-term studies of the nutrient relations of
forest crops and sites.

The effect of alder on the water relationship of a heavy clay soil is being
stl}died at Lennox Forest. The site at Crowthorne, in Bramshill Forest, Berk-
sthe., established by Dr. Rutter of Imperial College for the study of the water
relationships of forested and grass-covered soil, has been maintained in his
absence abroad. A pair of lysimeters have been set up at Alice Holt.

Techniques for the estimation of calcium, for the measurement of soil mois-

ture, and for the simultaneous automatic recording of a number of readings,
have been elaborated.
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Forest Genetics

The survey and classification of seed sources by members of the Genetics
Section is now close to completion. An interim Register of Seed Sources for
Britain was issued in September so that advantage could be taken of the seed
crops produced by several species in autumn 1960. This register contains 403
classified entries totalling 7,261 acres. The selection of trees for breeding
purposes is also well advanced and 2,959 Plus and Special trees are now regis-
tered. Almost half of these trees are now represented, in collections called ‘tree
banks’, by clones of grafts or rooted cuttings, thus preserving valuable genes
against loss, permitting observations of relative flowering times, and also making
possible controlled crosses between parents which are often very widely separated
in the forest.

13,373 grafts were attempted in spring 1960 and the success overall was 68 per
cent. These grafts were used in seed orchards and tree banks. Rooted cuttings
of the hybrid Leyland cypress and Western red cedar were again distributed for
field trials.

Controlled crossing and progeny testing continued, the most important
project being inter-provenance crosses in Lodgepole pine with the object of
producing improved cultivars of this species, which has an increasing and
important place on upland sites in Britain.

The formation and management of seed orchards comprise a large part of
the work of the Genetics Section. Two seed orchards, one larch and the other
beech, produced small crops of seed in the autumn of 1960. The larch seed was
distributed for general use and the beech nuts are being sown in a progeny
trial. Observations made on the relative flowering times of European and
Japanese larch clones in two seed orchards revealed that in the production of
seed of Hybrid larch the Japanese larch. clones largely act as pollinators.

New pollination bags made from non-woven ‘Terylene’ plastic fabric have
been introduced. The Terylene bags are stronger and the conditions of tem-
perature and humidity inside are better than in paper or polythene bags.

A small experiment in which scions from one tree of Corsican pine were
grafted on to transplants of several two-needled pines produced an interesting
but not conclusive result. This clone of Coriscan pine evidently grows and cones
best on rootstocks of a Scots pine provenance from eastern England; growth
and coning are poorer on a Scottish provenance of Scots pine and on other
pine species.

Forest Pathology

The most important event during the year was the organisation, in Scotland,
in June 1960, of an international study tour composed of workers on the butt-
rotting and root-killing fungus Fomes annosus. Work on Fomes has continued
to play a major part in the work of the section. Following advice from the
Research Branch, protective treatments of stumps has now become general
practice in Commission forests.

Rotational use of nurseries, to avoid build up of infection by Keithia (Didy-
mascella) thujina on Thuja, is now in operation in England and Wales, as well as
in Scotland.

Grey mould, Botrytis cinerea, was not as much in evidence in 1960 as the wet
season had led us to expect. It has proved impossible to forecast Botrytis
ttacks by the study of temperature and humidity records.
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The disease of Norway spruce, known as Top-dying, is certainly often asso-
ciated with increased exposure of the crowns, but it now appears the climatic
conditions in particular years are also important in causing this disease.

Observations continued on the test beds for Melampsora pinitorqua on Two-
needled pines and Aspen poplars, and for Cronartium ribicola on Five-needled
pines and Ribes species.

Collection and propagation of selected elm clones continued. Resistance to
Elm discase, Ceratocystis ulmi, is only one of the factors being considered.

Experiments on wound protectants have yielded preliminary results. Full in-

formation will only be available when the trees have been felled and the protected
wounds dissected.

Forest Entomology

During 1960 both field and laboratory studies were continued on the three
insects — Pine looper moth, Bupalus piniarius, larch sawfly, Anoplonyx destructor,
and the ambrosia beetle Trypodendron lineatum. In the case of B. pinarius, the
main object has been to investigate the causes of fluctuations in population
density. This work has been carried out for several years in permanent experi-
ment plots set up in two forests, one being Thetford Chase, the other Cannock
Chase. The annual pupal survey for 1959-60, however, showed that in one
forest only — namely Cannock - the population had reached a threatening level.
An additional short-term investigation yielded information which suggested that
the pupal parasite Cratichneumon nigritarius played an important part in redu-
cing the host population below infestation level. (See paper by Miss J. Davies
in Part II1, page 176).

Similar field work on Anoplonyx destructor continues at Mortimer Forest.
Certain sampling techniques applied at egg and larval stages appear promising.
It is also now possible to distinguish with certainty between the various larch
sawfly cocoons, and so relate the parasites bred from this material to the specific
host. Finally, special mention should be made of an egg parasite, Metasecodes
sp., which as yet is undescribed and its biology unknown. At Drumtochty a
long-term experiment has been laid down to measure increment loss following
defoliation by the sawfly.

Further trials of insecticides for log protection against Trypodendron lineatum
were carried out at Glenduror. Two chemicals — Hexaplus and Protoplus (BHC
base) gave almost complete control. The investigations into relationship between
felling date and susceptibility of attack, and comparison between stump and

log infestation, gave us little information this year, since the beetle population
was at too low a level.

Squirrel Research

Work on squirrels has continued in collaboration with the Infestation Control
Laboratory of the Ministry of Agriculture. Cage tests and field trials of the anti-
coagulant poison Warfarin, carried out in 1960 using ground nuts as a bait,
were successful. The field trials are being repeated in 1961.

Field trials of humane spring traps in comparison with cage traps have been
continued. A small cage trap, which it is hoped can be produced more cheaply,
1s undergoing preliminary trials.

lf’lans have been made for an expansion of the research programme in 1961.
This will include studies on the degree of protection afforded by various control
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methods at various times of year, and an investigation of feeding habits, with
particular reference to the reasons for bark-stripping.

Forest Management and Working Plans

The Work of the Mensuration staff and that of the Economist, all of whom
form part of the Management Section, form separate reports. The section
continues to provide assistance to the field staff in the preparation of working
plans. An officer has been appointed to carry out soil and site surveys in con-
nection with this work. A number of research problems have arisen in the
course of working plan activities, and these are dealt with jointly by the Working
Plans Officer, the Economist and the Mensuration Officer.

Mensuration

The decennial review of permanent sample plots, which form the basic source
of data, was completed and a broad policy formulated for the next ten years.

Multiple yield tables for four thinning treatments have been prepared for
Sitka spruce, based on slight revision and considerable extension of the existing
Sitka spruce general yield table published in 1953; work has been commenced
on similar tables for Norway spruce. The possibility of using electronic com-
puters for the construction of yield tables is being investigated and work has
continued on the preparation of stand tables for conifers.

New research work has been mainly directed towards the problem of incre-
ment determination for working plan purposes; a new approach is being in-
vestigated and a prototype instrument has been developed during the past six
months to measure stem diameter and increment cores and to record these
measurements directly on to computer tape.

Forest Economics and Census

Work in the three fields of statistical compilation (including the maintenance
of Census records), methodology of timber trend studies, and economics of
private forestry, has proceeded.

In planning the management of Commission forests, wide use has been made
of the profitability criterion referred to in last year’s Report. This test of profit-
ability involves the calculation of net discounted revenue at constant costs and
prices, using an interest rate of 3% per cent. The criterion has been applied to
stands on the basis of expected revenues and expenditures on a representative
acre, as well as to the consideration of alternative courses of management for
whole forests or groups of forests.

‘Model-acre’ calculations have been made for: choice of rotation, with certain
assumptions as to price and thinning grade; techniques of pruning, including
pruning for telegraph poles; and the determination of optimum times of re-
placement of relatively unprofitable chestnut coppice.

The application of net discounted revenue computations to whole forests
represents a new departure. Two functions are performed by these calcula-
tions. Economically desirable courses may be demonstrated, and if other
considerations dictate that the most profitable pattern of management cannot
be adopted, then the economic benefit foregone may be compared with the other
managerial advantages conferred. Thus the opportunity cost of hardwood
growing can be judged alongside the amenity benefits produced. Optimum
patterns of thinning and felling, making provision for differential transport
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costs and other factors, may also be worked out for any areas of forest which
are required to supply given quantities of produce. Thus the criterion is both
flexible and powerful in use. Further developments in its application will, it is
hoped, involve the introduction of linear programming techniques.

Work Study

This is the first occasion that the work carried out by the Commission’s Work
Study Section, which is not part of the Research Branch, has appeared in this
report. Some details are therefore given of the structure of the section and of
the nature and method of its work.

So far work has been concentrated on production, i.e. felling, extraction, and
conversion as far as it takes place in the forest. In this connection, work has
been carried out on tools and their use, and on machinery and equipment. The
work on production methods carried out in previous years has now been con-
solidated by the development of basic piecework rates calculated from standard
times for different operations.

Recommendations have also been made on forest organisation and manage-
ment. These arise inevitably from observing how jobs are performed.

Costings have been carried out on selected production compartments, and on
different sizes of pole and different specifications of pitwood and other produce.
These have given realistic bases for a minimum size of pole to be marked in
thinnings, and for the choice of the type of produce to be prepared.

Under the heading of Produce Control, comparisons have been made between
estimates of standing timber and actual out-turn. Conversion losses have been
calculated for various types of produce.

Utilisation Development

Nearly all the work included under this head has been done in co-operation
with the Forest Products Research Laboratory of the Department of Scientific
and Industrial Research.

Statistical examination of the data collected on home-grown pitprops showed
that, provided they are properly made and well seasoned, they are perfectly
satisfactory.

The comprehensive study of the properties of home-grown timber was con-
tinued. Laboratory work on the mechanical properties of Sitka spruce has been
completed. Work on the examination of the pulping properties has been trans-
fgrred to the Forest Products Research Laboratory. Work on the Lodgepole
pine, Pinus contorta, and on Japanese larch has been started.

The field sampling of the major coniferous species for the collection of data
on moisture content and specific gravity has been completed. The data show
very wide variations.

An experiment has been laid down to investigate the amount of drying which
occurs in close-piled stacks of peeled material during the winter.

Assessments of the fence-post trials have disclosed rapid deterioration of un-
treated Scots pine, Sitka spruce, birch and ash.

A wooden bungalow made from home-grown thinnings has been erected at
Alice Holt.

Machinery Research
Increasing use continues to be made of four-wheel-drive tractors. Hydraulic
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transmission has not year appeared on any quantity-produced tractor but
progress has been made on this attractive development for forestry tractors.

A new method of hauling heavy logs with part of the weight shared on all
four wheels of the tractor is being developed. Simultaneous ploughing and fer-
tilizing is under trial. Experiments have been carried out with twin-drum winches
for extraction, and new hydraulically-driven winches are giving very promising
results. New machines for cleaning open drains have had some success, but
none of them provides a complete answer.

Design and Analysis of Experiments

The staff of the Statistics Section has been increased to enable it to cope with
the increasing load of work of providing advice on the design and analysis
of experiments and surveys, of the analysis and interpretation of collected data,
and of research into the application of statistical methods and modern compu-
ting techniques to problems of forest research and management. The analytical
work has been carried out on two types of electronic digital computer, a Ferranti
Pegasus computer and a Ferranti Sirius computer. A number of special pro-
grammes have been written for these computers, to supplement the general-
purpose programmes which were already in existence for these machines.

A very much greater proportion of the work of the Section has been devoted
to problems of forest management and administration than in the past, and a
series of talks on information theory, statistical methods, and electronic com-
puters has been given to a wide range of the staff of the Forestry Commission
out with the Research Branch. Advisory work on the design and analysis of
experiments and surveys has also been undertaken for Overseas Forest Depart-
ments and for other organisations and research stations interested in forest
problems. Work has also continued in co-operation with the Working Party
of Section 25 of the International Union of Forest Research Organisations, and
with the Advisory Group of Forest Statisticians of that organisation.

The Library and the Photographic Section

A start has been made on the extension and reorganisation of the library.
In particular this will provide greatly improved reading and study facilities,
which will be especially valuable to visiting students. It is hoped to speed up
the progress of documentation by greater use of the title cards issued by the
Commonwealth Forestry Bureau. The general work of the library, issue of books
and periodicals, provision of translations, etc., continues to increase.

The Photographic Section continues to build up the collections of colour
transparencies and black and white prints. The demand for the former for
lecturing purposes remains high, and the latter are in constant demand for
exhibitions, publications, etc. In order to co-ordinate ‘illustration’, the illustrator
has now been placed in the Photographic Section.

PART II

This part reports progress by workers at universities and other institutions.
Much of this work is aided by grants from the Forestry Commission.

Research on Scottish Forest Soils

Dr. W. O. Binns reports on work in progress under the Forest Soil Section
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of the Macaulay Institute for Soil Research, Aberdeen. At Culbin Forest, the
beneficial effect of added mineral nitrogen on the height growth of young
Corsican pine lasted three years, and experiments comparing soluble with slow-
acting nitrogen fertiliser are to be started.

At the Lon Mor, further responses to potassium fertiliser have been observed,
and checked Sitka spruce has shown good nitrogen uptake and improvement of
colour after top—dressing with nitrochalk. Japanese larch needs additional
potassium, but no nitrogen.

A survey of nine deep peat areas has shown that most blanket and raised bogs
will need potassium as well as phosphorous fertilisers. Nitrogen and ash con-
tents may be useful criteria in deciding if Sitka spruce will grow satisfactorily.

The study of nitrogen mineralisation in deep and shallow plough ridges on
deep peat has been taken over by Dr. J. Keay, and a new experiment has been
started at Glentrool. First results show that added ammonium ions disappeared
more rapidly under deep ridges than under shallow ridges, although moisture
contents were not different.

Nutrition Experiments in Forest Nurseries

Work at Rothamsted Experimental Station has been continued by Miss
Benzian. The long-term rotation experiments have been continued. The problem
of ‘worn out’ nurseries has been further considered. In this connection it may
be significant that compost-treated plots in the long-term experiment at Ken-
nington showed reduction in plant size in 1959 and in yield in 1960.

Experiments have been carried out on soil diluents with the idea of improving
soil structure.

The write-up of the main series of past experiments continues.

Protein-fixing Constituents of Plants

Mr. C. W. Love, working at the Dyson Perrins Laboratory, Oxford, under
Professor B. R. Brown, has continued his attempts (described in the last Report)
to isolate the condensed tannin present in heather, Calluna vulgaris. Further
attempts to isolate the tannin from an aqueous acetone extract by salting out,
followed by solvent extraction or precipitation with cther have led to successful
methods of isolation. Quercetin has also been isolated from the extract.

Biology of Forest Soils

Mr. G. W. Heath, at Rothamsted Experimental Station, has studied the rate
f)f disappearance and decay of leaf litter in oak and beech woodland, by follow-
Ing the rate of change in weight, total carbon and hydrolysable carbohydrates.
The amount and type of litter falling on the woodland floor is measured by
means of leaf traps. Measurements of respiration of soil animals and the soil
itself are being investigated as a means of providing an index to activity.

Soil Faunal Research

Mr. D. R. Gifford, working in the Department of Forestry at Edinburgh
University, has completed the ecological comparison of the mite fauna of
Molinia grass moorland at Ae Forest with the fauna of Sitka spruce litter in a
30-year-old plantation on a similar site at the Forest of Ae. The ‘immaturity’
Of‘ the fauna in most of the Sitka spruce was apparent. A detailed account of
this work is in preparation.
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Long-established deciduous woodland and natural Scots pine woodland were
also examined, together with a 180-year-old Scots pine plantation, to examine
the characteristics of ‘mature’ woodland faunas, and between all these there
was considerable similarity in the mite populations of the litter. All were richer
than the Sitka spruce fauna.

The programme is being re-sited in the Black Wood, Rannoch Forest, where
a ‘mature’ profile and fauna have developed.

Soil Mycology

Work on soil mycology has been continued in the Forest Botany Section at
the University College of North Wales, Bangor. The assay of spore germination
on 12 forest soils, begun in March 1957, was terminated in July 1960, and some
of the data were tested for significance.

Significant differences included: a consistently higher germination level on
the litter than on the other soil layers, more germination on beech-oak litter
than on pine litter on the same site; less germination on all layers under a beech-
oak mixture on the higher, steeper and more exposed site than under the same
species at the lower site. The natural germination of fungal spores on beech
and oak litter after rain has been demonstrated by Miss M. G. Hay.

Certain sugars, identified by chromatography in fresh soil extracts, have failed
to show the counter-inhibitory effects of glucose. The mycostatic activity of soil
extracts is removed by seven minutes’ oxygen bubbling, by mild heating, by
passing through charcoal and alumina columns. It cannot be removed by
passing through a filter of small pore-size (5 m ). The inhibitory effects of some
calcareous soils have again been confirmed, and the susceptibility of the basidio-
spores of Fomes annosus to soil mycostasis has been shown for the first time by
Mr. M. S. Johnson.

Dr. D. A. Griffiths has now left Bangor for a lectureship in the University of
Malaya, and the work has been taken over by Dr. Nancy C. C. Carter.

Hydrological Relations of Forest Stands

Dr. Leyton and Dr. Reynolds of the Commonwealth Forestry Institute, Ox-
ford, have continued to study and develop techniques for the investigation of the
hydrological cycle in a spruce plantation. The precipitation over the stand has
been measured by gauges at, and above, tree canopy level, there being little
difference in the estimates obtained for the two positions. Trough gauges used
in the estimation of ‘throughfall’ have been made self-recording, and improve-
ments have also been effected to lysimeters used to estimate evaporation from
the forest floor. A heat-flow method to measure sap flow has been developed

in the laboratory, and preparations are in hand to calibrate the process for the
estimation of the transpiration of whole trees.

Shelter Research

Mr. R. Baltaxe, working at the Department of Forestry, Edinburgh Univer-
sity, has continued his investigation of shelter effects. The work of the past two
years shows that for relating the action of windbreaks to direct shelter effect, the
primary feature of air flow to be investigated is its turbulence, or fluctuation.
There is also evidence that shelter effect is likely to change significantly with the
level of turbulence and convection in the free wind. This implies that to meet
specific shelter requirements it will be necessary to provide more detailed
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specifications for the performance of windbreaks, in terms of their effect on
air flow, than is generally done or possible at present.

The wind tunnel experiments referred to in the previous Report indicated the
fundamental aerodynamic factors governing the performance of windbreaks.
They gave a clear picture of the flow patterns generated by windbreaks, showing
that these are a function of their form drag, as determined by their shape and/or
permeability. This indicates the aerodynamic status of windbreaks and how
their effect on air flow may be controlled. The importance of fluctuating flow,
in the typically turbulent wakes, for the determination of shelter effect was
demonstrated. It is suggested that a windbreak may properly be regarded as a
device for damping the turbulence of the natural wind, from which follows the
importance of investigating this feature.

Instruments for this purpose are being designed and constructed. A vane
which gives a continuous record of wind direction over 180 degrees of rotation
was made and is described.

The difficulties which were encountered in carrying out field work on an
extensive basis made it imperative to devise a more intensive method, using a
single variable, and mobile, semi-artificial shelterbelt.

Fire Spread in Forest and Heathland Materials

Dr. P. H. Thomas and Mr. R. W. Pickard have started work on this subject
at the Fire Research Station, Boreham Wood, Hertfordshire.

The project is being financed by funds from the Fire Research and Training
Trust. So far they have confined themselves mainly to a study of the spread of
fire in long wooden cribs and of the burning of localised fires. The rates of
spread of the front and rear faces of the burning zone were measured over a
range of wind speeds. Although increasing the wind speed increased the rate
of spread, this effect became progressively less marked as wind speed rose.

A limited number of experiments on grass and heather gave rates of spread
about ten times greater than those obtained from wooden cribs.

Measurements of flame length from localised fires have shown that for a given
rate of burning the flame length decreases as the wind speed rises. It is hoped
that it will be possible to estimate the heat transfer ahead of the burning zone.
This heat transfer to a large extent controls the rate of spread.

Studies of Variation among Oak Populations in Scotland

Mr. J. E. Cousens, working at the Department of Forestry in Edinburgh,
has been studying variations in Scottish oaks.

The first collections (made in 1959) showed that there is enormous variation,
particularly in the leaf form of both species, on individual specimens. 1t also
seemed that there would be significant differences in the same material collected
at different times during the growing season. Two preliminary studies were
therefore instituted into the variability of diagnostic characters:

(1) on different parts of the tree,
and (2) at different times of the year.

These were pursued far enough to work out a reliable collecting procedure
which would eliminate much extraneous variation.

Both objectives described above require countrywide coliecting and it was
Possible while collecting material for the species study to carry out what might
be described as a pilot survey of the types of populations likely to be encoun-
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tered. To date some 640 specimens have been collected in Scotland. Nearly
400 of these have been mounted and recorded for a number of biometric and
other characters which should be adequate to separate the two species and
may eventually serve also to identify populations of indigenous ecotypes and
exotic provenances.

These collections show a preponderance of Quercus petraea types and are
rather poorly representative of the North East, where collections were made early
in the year (May-June). Collections in 1961 will aim to redress the balance bet-
ween Q. petraea and Q. robur types, and provide reasonably complete geographi-
cal coverage in Scotland. Some samples larger than those taken to date are
required, in order to determine the optimum sample size.

Some tentative observations and conclusions based on analyses made to date
are:

(i) Q. petraea is a much happier botanical entity than Q. robur. The natural
limits of variation in the important diagnostic characters of Q. petraea
in Scotland could already be described.

(ii) Semi-natural oakwood composed predominantly of Q. petraea types is
far more common than woodland dominated by Q. robur types.

(iii) In Q. robur-dominated woodland, ‘good’ Q. robur has so far always been
found with apparent Q. robur forms which have abaxial stellate pu-
bescence.

(iv) The variation between individuals in every sample is so great that if
ecotypes and provenances are to be recognised it will only be possible
with the use of biometric indices from standardised samples.

Tracheid Length in Corsican Pine

At the Commonwealth Forestry Institute, Oxford, Mr. J. Ladell is examining
the possibilities of predicting tracheid length in the mature stem of trees from
that in the first-year shoot. During the year he studied the pattern of tracheid
length within the leading shoots of Corsican pine and found that changes in
length and diameter of cells, and the ratio of cell wall to lumen, are associated
with the external variation in needle density and differing rates of elongation of
the shoot. Wide needle spacing towards the base of leading shoots is associated

with long tracheids. Needle density may prove to be a useful external index of
tracheid length.

The Juvenility Problem in Woody Plants

Professor P. F. Wareing and Mr. L. W. Robinson, at the University College
of Wales, Aberystwyth, have continued their studies on the physiology of juven-
ility and flowering. Their material includes birch, larch, ivy and blackcurrant
because those provide suitable subjects for experimentation. Present indications
are that the onset of flowering in seedlings depends on the attainment of a

certain minimum size, and attempts are now being made to determine the
operative factor in this ‘size-effect’.

Studies of Fomes Annosus

Dr. J - Rishbeth, working at the Botany School, University of Cambridge, has
foul}d inoculation of pine stumps with the fungus Peniophora gigantea, to protect
against their infection by the fungus Fomes annosus, very satisfactory in small-

scale trials. He has devised a new method for measuring deposition of spores
of certain wood-rotting fungi.
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The Effects of Stump Treatments on Fungal Colonisation of Conifer Stumps

Mr. D. Punter, working with Dr. J. Rishbeth, at the Botany School, Cambridge,
has investigated the effects of a range of chemicals on the colonisation of pine
stumps by Fomes annosus and harmless primary stump invaders such as Penio-
phora gigantea and ‘blue stain’ fungi. Laboratory trials have been followed by
field experiments. The great majority of substances caused some reduction in
colonisation by Fomes annosus. Some, notably two borates, appeared to be
selectively toxic to F. annosus.

PART III

Part 111 consists mainly of accounts of individual research projects carried out
by the staff of the Research Branch. In most cases they describe work carried
out over a period of several years. Since they are not therefore strictly accounts
of the ‘Year’s work’, they are here only listed and commented on, not sum-
marised.

Mr. G. D. Holmes and Mr. G. M. Buszewicz describe experiments on the
storage of beech seed.

Mr. M. Nimmo and Mr. J. Weatherell describe experiments, extending back
many years, on the nursing effects of broom and other leguminous plants when
grown in mixture with young tree crops.

Mr. J. R. Aldhous reports on the nursery stages of a large-scale provenance
experiment with Sitka spruce. Some clear differences between seed origins have
already become apparent. Aldhous also gives an account of simazine as a weed-
killer for forest nurseries.

Mr. R. F. Wood contributes a short general description of the arboretum at
Westonbirt in Gloucestershire, which is now in the charge of the Forestry
Commission.

Mr. G. G. Stewart and Mr. S. A. Neustein give an account of a number of
unsuccessful experiments to exclude deer from newly planted areas. Deer
damage is an increasing problem, and it is disappointing that these relatively
simple methods did not succeed.

Mr. D. Bevan and Mr. A. Paramonov report very briefly on the fecundity of
the Pine looper moth (Bupalus piniarius). Miss J. Davies describes at greater
l?l'fgth population studies of the same insect with particular reference to para-
sitism,

Mr. D. W. Henman presents data on the effect of high pruning on the sub-
Sequent cost of peeling the pruned logs.

Mr. G. D. Holmes reports on the chemical treatment of standing hardwoods
to facilitate subsequent peeling. This work is of importance in connection with
the peeling of crooked stems, which cannot readily be peeled by purely mech-
anical methods.

Finally, Mr. D. R. Johnston writes on the application of electronic computing
to forest inventory, one of the many instances where automatic data processing
1s opening up new possibilities in forest management.
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Reports of Work carried out by
Forestry Commission Research Staff

FOREST TREE SEED
By G. D. HOLMES and G. M. BUSZEWICZ

Service Work
Seed Supply and Storage

The Central Refrigerated Seed Store, completed at Alice Holt in 1959, is now
under Research Branch management, the Chief Research Officer being respon-
sible for organisation of seed supplies, maintenance of seed stocks, and tech-
nical supervision of seed collection, processing, and storage procedures. In
practice, these duties are shared by the Silvicultural and Genetics sections,
which collaborate closely on seed supply matters. All tree seed imports pur-
chased by the Forestry Commission pass through this store, as do many home-
collections made by the Commission in England and Wales.

The Alice Holt Store, together with a new refrigerated store at Tulliallan for
the Commission’s Scottish home-collections, have a combined capacity of about
55,000 1b. seed, or nearly four times the average annual requirement of the
Commission and the forest seed trade. To ensure sustained supplies each year,
the present storage policy aims at maintaining stocks equivalent to at least two
years’ supply after current season’s requirements have been met.

During the course of the seed season just ended (1960-61) the Seed Store
staff made some 215 despatches of seed to Forestry Commission nurseries
involving about 550 individual lots of seed. The total weight of seed was 9,800
Ibs. Despatches included all the main species and a large number of minor
species. In addition, 140 despatches totalling 3,500 lbs. and involving 465 indi-
vidual seed lots were made to the nursery trade, private owners and others.
The species most in demand were Norway spruce, Sitka spruce, Douglas fir and
Japanese larch.

In addition to the main programme of seed despatches, some 5,000 measured
and packeted lots of seed were prepared for use in Research Branch nursery
experiments during 1960.

New developments at the store include installation of a specially designed
seed dryer, described in the last Report, and a large-capacity mechanical seed
mixer. The latter is now in regular use to make seed lots more homogeneous,
and for combination of seed lots where appropriate.

The total stock of seed at present held in the Central Seed Store is 22,306 1b.
and this is valued at approximately £85,000.

Seed Testing

The Licensed Seed Testing Station at Alice Holt operates in close liaison
with the two main seed stores in sampling and testing stored and newly imported
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and home-collected seed. During 1960, 709 seed samples were received for test-
ing, and the following analyses completed:

Purity Analyses. 404
Seed Weight Tests 470
Germination Tests . 1,414
Tetrazolium Tests . 22
Moisture Content Tests . . . 427

These numbers include 337 germination tests and 143 seed moisture tests
carried out as part of the experimental work described below. The seed moisture
testing programme has risen from less than 200 tests per annum in 1957 to over
400 per annum, as it is now a routine procedure to test and adjust seed moisture
levels before sealing for storage.

Research Work
Seed Mixing

As noted earlier, a seed-mixer has been installed in the seed store, following
a programme of tests with several types of equipment. The type finally selected
was a ‘Carier’ 10 cwt capacity mixer, consisting of a vertical hopper fitted with
a fixed shrouded auger, and provision for filling at floor level (Plate 2).

Several tests were completed to assess the efficiency of mixing and the time
required in relation to seed quantities, also to determine whether there was any
risk of damage to seed during the process. For this purpose, three species were
selected, namely Japanese larch, Douglas fir and Noble fir, to cover a range of
seed size and seed-coat toughness. The tests were completed separately for each
species by loading the hopper and adding 1 per cent by weight of dyed seed
which could be picked out readily in the final mix.

In each case the mixer was run for a period of 15 minutes, and stopped every
two to three minutes, when seed samples were taken for examination. Analysis
of the results showed that in all species, mixture was complete and homogeneous
by nine minutes’ mixing time. The time required to achieve a satisfactory mix
seemed more dependent on seed quantity rather than on the species concerned,
viz.:

Mixing Time Required Weight of Seed

Species for Homogeneity Mixed
(minutes) (b.)
Japanese larch 9 653
Noble fir 6 483
Douglas fir 4 147

Subsequent examination and germination tests of these seeds showed no signs
of damage even after the longest period of 15 minutes’ mixing, as shown in
Table 1,

_Certainly no immediate damage occurred, but stored samples of these seeds
will be tested at intervals to check possible residual effects which may appear
after storage.

Initially, the machine has been found safe and effective, and further tests are
now in hand to assess its possible use for seed dewinging. Indications are en-
Couraging and the process would be much less damaging than conventional
brush type dewingers.
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Table 1

Seed Germination Capacity After Mixing in a Vertical
Auger Type Mixer

Germination per cent by Species
Mixing Time

(minutes) Japanese Noble Douglas

larch fir fir

0 45 41 90

2 47 44 89

4 46 42 87

6 4 42 87

9 52 44 86

12 55 45 82

15 50 44 87

Seed Storage

(a) Noble fir: Arising out of past difficulties in satisfactory long-storage of
Abies species, a comprehensive seed storage experiment was started in 1959
using Noble fir as the test species. The tests are aimed at assessment of the
effects and interaction of storage temperatures, atmosphere (air, CO, and
vacuum) and seed moisture content, on seed longevity.

Seed moisture was adjusted to a range of levels from 4-16 per cent and
samples sealed in tinplate containers in air, vacuum or CO, gas. (These treat-
ments were made possible through the kind co-operation of the Metal Box Co.
Ltd.) Sample containers are now stored at temperature levels ranging from
—20°C to +20°C, the whole trial being planned to run for a maximum of 10
years. The results of the first tests carried out in 1960 after one year’s storage
show that:

(i) Seed stored at moisture levels of 6-8 per cent in sealed containers showed
no deterioration irrespective of storage temperature.

(ii) Seed at moisture levels of 16 per cent showed some deterioration at the
temperature extremes of +20°C and —20°C.

(iii) No differences were observed between vacuum, CO, and air storage
conditions.

It was noted that pre-chilling reduced germination capacity compared with
no treatment, especially for the driest seed.

(b) Beech: The results of recent storage tests extending over a three-year
period are presented in Part III of this Report, page 117. Fresh tests of selected
storage methods were laid down in 1960 to follow-up the main conclusions of
the earlier work.

Germination

Research on germination requirements of the major species was continued,
with special emphasis on a programme for improvement and standardisation of
test methods in collaboration with the International Seed Testing Association.
Tests have been organised in six countries to examine the germination require-
ments of a range of seed origins of Abies alba to permit definition of a precise
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and uniform test method. Similarly, the Station is co-operating in a series of
tests on several origins of Pinus pinaster.

As chairman of the Forest Seeds Committee of I.S.T.A., the senior author
(G. D. Holmes) was responsible for initiating international exchange of corres-
pondence and test data required for future revision of the International Seed
Testing Rules.

Apart from the I.S.T.A. programme, a study was started on the ripening,
germination and storage requirements of elm seed. Seed collected in 1960 was
of good quality and stored well for eight months at 3°C.

Seed Moisture Content

There are practical difficulties in accurate moisture content determination
for many conifer seeds owing to their relatively high content of volatile oils.
At present, tests are done mainly with an air-drying oven at 105°C, but results
are not fully satisfactory. To help standardise the oven method, joint tests have
been started with the Dutch Seed Testing Station at Wageningen, comparing
results with toluene distillation, the P,O; method and others. On conclusion of
these tests, it is hoped that standard methods will be defined.

NURSERY INVESTIGATIONS
By J. R. ALDHOUS and J. ATTERSON

Factors Influencing Yield of Seedlings

Date of Sowing and Irrigation

This experiment is repeated annually at Bramshill, Kennington and Ware-
ham Nurseries to facilitate the comparison of experiments sown at different
times in any given nursery. Seed was sown on six dates separated by a fortnight
and starting in early March. Highest yields in all three experiments were obtained
from sowing in March and early April. Later sowings yielded fewer and smaller
seedlings, especially at Wareham and Bramshill. These results confirm those of
previous years. At Kennington, certain plots in the ‘date of sowing’ experiment
were irrigated by overhead spray line. The water applied was proportional to
the daily estimated evapo-transpiration loss. The summer was wet and little
Water was required from June onwards, but in May, when there was very little
rain apart from two heavy thunderstorms, water was applied by irrigation on
Seven occasions. There was little response to irrigation from any species in the
€xperiment — a result which would be expected in view of the weather during
the growing season.

Seed Pre-treatment: Abies species

In an experiment repeated for the third year, yields from seed of Abies grandis
and 4. procera (nobilis) stratified in sand for three weeks, or pre-chilled in moist
filter paper for three, six, or nine weeks, were compared with yields of seed sown
d_ry on dates from early February to late April. The treatments yielding the
highest number of seedlings and tallest seedlings were those where seed had been
Pre-chilled for nine weeks, or where it had been sown in early February. These
results agreed with those of previous years. The seed used in this and in the two
Previous years’ experiments was the same, seed of both species having been
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collected in 1957 and 1958; this year, in addition, Abies procera seed collected
in 1959 was included. The yields of A. grandis seedlings from the 1958 seed
were very much higher than from the 1957 seed, but there were only small
differences in the yields of the three ages of seed of Abies procera. The low yield
of the 1957 A. grandis is undoubtedly associated with the fact that the percentage
germination of this lot of seed dropped substantially during the three years it
had been stored, whereas the percentage germination of the other lots of seed
was more or less constant.

Partial Sterilisation of Seedbeds

‘Sistan’, a proprietary chemical, was used as a partial soil-sterilant of seed-
beds of Sitka spruce and Japanese larch. The results were not promising on the
spruce seedbeds when compared with formalin sterilisation, neither numbers
nor heights being as high as those on formalin-sterilised beds. These results
confirm those of 1959. Weeds were considerably reduced on ‘Sistan’-sterilised
beds, again as in 1959, but were not eliminated. On Japanese larch seedbeds,
however, this chemical produced superior growth, but did not increase the
number of seedlings when compared with unsterilised and formalin-sterilised
beds. This indicates a marked selectivity between species.

At Inchnacardoch and Benmore Nurseries, 1959 experiments with ‘Sistan’
were re-sown to determine any residual effects of this chemical. Apart from

slight increases in height and numbers at Benmore, no residual effects were
found.

Maintenance of Fertility
Long-term Fertility Experiments

The experiment at Bramshill was continued for its eleventh year. Growth on
all plots was slightly less than average, probable due to the cool, wet season.
Bracken/hops compost (at approx. 20 tons per acre) continued to give slightly
taller seedlings than the inorganic fertiliser regime (PK-+ Mg applied in the
winter with two top dressings of N), though there were, on the latter plots,
about 20 per cent more seedlings than on the compost plots. The yield and

growth of seedlings on plots having compost -+ inorganic fertiliser was very
similar to that on plots having compost alone.

The slightly greater height growth of seedlings on compost plots has been
observed for the last four seasons. The greater yield of seedlings on fertiliser

plots has occurred in almost every season of this experiment, though the differ-
ence in 1960 is greater than usual.

The demonstration at Wareham, which since 1945 has followed Dr. Rayner's
prescription for the maintenance of fertility, continues to give satisfactory
results, though here, as at Bramshill, growth was slightly below average.

Other long-term demonstrations were continued at Fleet, Inchnacardoch,
Newton and Teindland Nurseries. At Teindland Nursery, the compost treat-
ment produced larger Sitka spruce and Lodgepole pine seedlings than sterilisa-
tion or no treatment, but reduced the numbers of the former species by 15 per

cent. Sterilised plots and composted plots were more severely affected by the
fungus Botrytis than control plots.
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Nitrogen Manuring

An experiment at Inchnacardoch Nursery on Japanese larch and Douglas
fir 140 seedlings has again indicated that late or heavy applications of nitrogen
delay bud formation. Height growth was not significantly affected by the amount
of nitrogen applied, but the earlier dates of application (late July) increased
height growth more than the later dates (early August). Bud-formation was
delayed by 14 days in the case of Japanese larch, and by eight days in the case
of Douglas fir, by any application of nitrogen; neither the amount applied nor
the date of application of nitrogen affected this delay.

Cold Storage of Surplus Seedlings

Small-scale experiments were continued for the third year on the survival of
seedlings following storage at temperatures around freezing point. The object
of these experiments is to enable surplus seedlings to be carried through a
growing season without making any substantial growth, thus enabling them to
be used for planting a year later than would otherwise be the case. The plants
were stored at temperatures of 36°F or 23°F, being fully enclosed in polythene
bags while in storage.

In experiments commenced in 1959 and 1960, seedlings were lifted in late
February or early March while dormant, and were stored for up to 14 months.
The two years’ results show that Sitka spruce, Japanese larch, Western hemlock,
Scots and Lodgepole pine seedlings were able to tolerate storage at 36°F for up
to eight months without harm, but that plants deteriorated when stored for the
same period at 23°F. Storage for 10 months or more at either temperature was
not satisfactory, survival rates being poor. Douglas fir seedlings stored well in
1960, but not in 1959.

All plants commenced growth soon after lining-out following storage, even
if lined-out in the autumn, and those plants with leaves and shoots which were
still growing at the time of the first autumn frosts were severely damaged. Scots
and Lodgepole pines, Sitka spruce, Western hemlock and Douglas fir, stored
for five to six months and lined-out in late July-mid August, were able to flush,
make a short shoot and harden off (but not necessarily form a well-developed
terminal bud) before the first frosts. Japanese larch appeared to be unable to
h?rjden off a terminal bud before the autumn frosts, even if lined out at the end
of June.

Height growth made by plants in the year of lining-out was the less, the later
the date of lining-out (as might be expected). Plants lined-out in July-August,
1959, were, at the end of 1960, similar in size to plants a year younger which were

lined-out normally at the beginning of 1960. Plants lined-out in 1960 are still
under observation.

Weed Control

Pre-sowing Application of Herbicides to Seedbeds

A new herbicide, 2,6-dichlorobenzonitrile, was applied before sowing at
32 1b. per acre to seedbeds at Kennington. The weed control obtained with
1 Ib. or more per acre was good, though there was some crop damage. The
results of this experiment are fully described elsewhere (Aldhous, 1961(a)).

Experiments were also conducted with this substance on seedbeds of Sitka
Spruce at Tulliallan and Fleet nurseries. At both sites the weed population was
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considerably reduced by applications of 1 1b. or 1 Ib. per acre applied four weeks
before sowing, though at Tulliallan there was reinvasion by pearlwort (Cerastium
erectum) late in the season; and at neither site was there any significant reduc-
tion in the numbers or heights of seedlings.

Control of Weeds in Transplant Lines

Simazine was sprayed on transplant lines of a wide variety of species at the
main research nurseries, and in field trials in 14 Conservancy nurseries. Gener-
ally, applications of simazine at 2 lb. (active ingredient) per acre, were found
to give good weed control and not to damage the crop. A full account of these
experiments is given in Part III of this research report.

Susceptibility of Transplants to Dalapon

Experiments to obtain information on the susceptibility to Dalapon of conifers
when dormant were carried out at several nurseries; the information obtained
will, it is hoped, be of application in newly-planted areas in the forest (see page
31.) Dalapon (the sodium salt of 2,2-dichloroproprionic acid) was applied at 2},
5, 10 1b. active ingredient as an inter-row or overall spray to several species of
conifer transplants. Sprays were applied to dormant plants in early spring 1960,
late autumn 1960, or early spring 1961.

Transplants of Douglas fir, Western hemlock and Western red cedar sprayed
in early spring 1960 with the highest rate of application (10 Ib. per ac.), suffered
slight to moderate damage, young shoots being distorted and the needles stuck
together (by slight wax or gum exudations); Lawson cypress foliage lost its
glaucous appearance but otherwise was not affected. Other species, Norway
and Sitka spruce, pines, larch, etc., were not damaged. Plants sprayed more
recently are still under observation.

Frequency of Weeding

The experiments started in 1959, in which plots were weeded at intervals of
14, 3, 6 or 12 weeks (Aldhous, 1961(b)), were continued on the same plots,
treatments being rearranged so that information would be obtained on the
effect of all possible combinations of interval of weeding in the two years.
Weeding intervals in 1960 were 2, 4, 6 or 8 weeks. Plots weeded every fortnight
in 1961 took far less time in aggregate to weed during the growing season than
plots weeded every eight weeks, this result being in accord with previous obser-
vations. The residual effect of interval of weeding in the previous year was
small compared with the effect of the current year’s interval.

Protection Against Birds

In experiments on the effect of coverings on seed yield, polythene sheet laid
over normally-sown and covered seedbeds, and removed soon after germina-
tion, had been found to do little harm to seedlings (Faulkner and Aldhous,
1960). It was thought that such a cover might be a cheaper alternative to netting,
which is the standard method pf preventing bird damage to seedbeds.
Experiments were carried out at Wareham and Bramshill with Scots pine
Corsican pine, Sitka spruce and Japanese larch seedbeds in sections where birds
have been troublesome in the past; some plots were covered with clear polythen¢
sheet immediately after sowing, some covered with netting and others left un-
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covered. The polythene was laid directly on the surface of the seedbed and was
removed either when germination was first observed, or three, six, and nine
weeks after this. The netting used was #-inch mesh galvanised wire netting
raised three inches over the seedbed and turned down at the sides to prevent
birds running in under it. Control plots were left without protection.

There was little bird damage at Bramshill, but birds very significantly reduced
the number of seedlings of Corsican and Scots pine at Wareham on unprotected
plots. Seedbeds kept under polythene from the time of sowing until the time of
germination (or three weeks later) were not attacked by birds. The number of
Sitka spruce and Japanese larch seedlings at the end of the season was signifi-
cantly reduced on beds kept under polythene until six or nine weeks after ger-
mination, especially on the plots covered for the longest period; the number of
seedlings of the two pines was not reduced on these beds, however, and at both
nurseries, but especially Wareham, the seedlings were appreciably taller.

During a hot period of weather in mid-June, pellets of wax of known melting
point were half-embedded in the soil surface on control and polythene-covered
beds in this experiment (beds covered for nine weeks were still covered at this
time). Pellets melting at 113°F were completely melted on all beds; pellets mel-
ting at 125°F were completely melted under the polythene but only partly melted
at ground level on the control (open) bed; pellets melting at 138°F were unaffec-
ted on open ground, but were partly melted at ground level under the polythene.
These figures can be taken to indicate temperatures in full sunshine at the soil
surface, and show that the temperatures under the polythene may be at least
12°F greater than in the open. The higher temperatures under polythene in this
particularly hot spell were apparently damaging to Japanese larch and Sitka
spruce seedlings, but did not affect the two pine species.

Similar experiments were carried out at Inchnacardoch nursery on seedbeds
of Douglas fir and Western hemlock, though here the chief interest lay in hasten-
ing germination. Results differed from those in the southern nurseries in that
polythene covers were markedly detrimental to the growth and yield of seedlings,
however, they were successful in preventing bird damage to Douglas fir, which
suffered severely without protection. Black polythene covers had some success
In discouraging weed germination.

Use of Computers for Summaries of Nursery Yields, Percentage Survival, etc.

Programmes have been prepared to enable yields of seedlings per 1b. of seed,
percentage survival of plants in transplant lines, etc., to be calculated on a
Pegasus electronic computer. The data so obtained will be used as the basis for
Planning future Forestry Commission nursery programmes. Computer pro-
grammes to facilitate stock-taking and plant allocations are also being prepared.
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SILVICULTURAL INVESTIGATIONS
IN THE FOREST:

SOUTH AND CENTRAL ENGLAND AND WALES
By R. F. WOOD, G. D. HOLMES and A. I. FRASER

Afforestation Problems

Afforestation of Special Sites

Relatively little new work was carried out in 1960, which reflects the recent
switch in effort from afforestation to the increasingly important questions of
regeneration and stand treatment.

At Croft Pascoe, Land’s End Forest, on an exposed shallow, Erica vagans|
Dwarf gorse heath, overlying serpentine rock, some 24 experiments were planted
between 1954 and 1957, to provide establishment data on which to base more
extensive planting. Over 20 species were planted on an experimental scale, and
growth rates show that coastal exposure and site infertility will probably confine
the initial choice of species to Lodgepole pine, Pinus contorta (coastal Oregon
and Washington), Monterey pine, P. radiata, and Maritime pine, P. pinaster.
For all species, ploughing and phosphate dressings are essential for satisfactory
early growth.

Acting on these results, the Conservator of Forests for South West England
has ploughed and planted a further 100 acres of heath close to the experimental
area, using Pinus radiata and Lodgepole pine. P. radiata has proved difficult to
establish, but good results have been obtained by early autumn planting of
seedlings or direct sowing in the spring. Also, in a new experiment in 1960,
excellent results were obtained by planting-out seedlings raised in soil-blocks
contained by individual polythene tubes.

There has been a marked fall-off in growth of many species in the original
plantings due to vegetation competition and phosphate deficiency, despite initial
dressings at planting. To ensure canopy closure of as many of the test species
as possible, a large part of the experimental area was top-dressed with triple-
superphosphate at 3 cwt/acre (67 1b. P.) in spring 1960. Also, many of the less
successful species were in danger of suppression by vigorous gorse development
following ploughing and manuring. In these areas 2,4,5-T ester at 2 lb. (acid)
per acre, was applied in late summer 1960, with excellent results. Gorse seems
to have been effectively controlled with little injury to any tree species.

At Wareham Forest, Dorset, in 1960, an extensive trial of species was planted
on the ‘hill and dale’ formations of disused gravel workings. There is an increas-
ing area of such workings in the district, and these plots were designed to give
early information on choice of species and planting methods. Growth in the first
year has been exceptionally good, particularly with Pinus radiata, Corsican pine
and the Leyland cypress X Cupressocyparis leylandii. The indications are that
there will be no special difficulties other than extraction of produce on such sites.

At Taliesin Forest, Cardigan, a site representative of a large area of steep,
freely-drained mineral soil in Wales, Sitka spruce, Noble fir and Lodgepole
pine continue to be outstanding among the many species tested. In 1960, the

species represented were increased by the planting of plots of Tsuga mertensiana
under similar conditions at Tarenig Forest.
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Afforestation of Exposed and Elevated Sites

Five sites have been planted during the year in Wales at high elevation with
Sitka spruce, Lodgepole pine and Noble fir. Some further sites will become
available in the next year or so, which will probably bring the total to eight.
These cover a range of altitudes from 1,500 ft. to 2,400 ft. and will in due course
give a useful indication of the performance of these species in crop conditions
at high elevations.

Regeneration Problems
Artificial Regeneration

The work on this project has conveniently divided itself into two main parts.
The long-term investigation of silvicultural systems for regeneration and species
to be used in the second rotation, and the more short-term investigations on
such subjects as brash disposal and weed control.

All the studies have so far been restricted to the large forest areas of Japanese
larch and Scots pine plantations. In both species the main object is to test the
performance of a range of possible alternative species, which will be established
under some form of shelterwood, retaining forest conditions as far as possible.
These experiments, which will be laid down over the next few years, will give
useful experience and data which should be available for application to the large
areas of plantings made after the 193945 war, which may fall due for regener-
ation in some 20 years’ time.

The most important ‘short-term’ development is that of a machine for dis-
posing of the lop-and-top left after a clear felling, or final heavy thinning. The
machine, an adaptation of an agricultural forage-harvester, is towed over the
brash, which it chops, leaving a fine mulch of needles and twigs on the ground
qnd a number of larger branches stripped bare. An experiment has been estab-
lished to compare three methods of brash disposal, namely chopping, burning,
and leaving for natural decomposition. The possible advantages of chopping
the brash include:

(1) Improved moisture retention in the surface layers of the soil during

periods of spring drought.

(2) Reduction of weed re-invasion.

(3) Return of nutrients over the whole site rather than in local spots as with

burning.

(4) The ability to dispose of brash at any time of year rather than at certain

times, as with burning.

(5) The cost of the operation, which appears to be a half to one-third of the

cost of burning,

The risks of chopping as opposed to burning are the invasion of the Fomes
annosus fungus in stumps bruised by the machine, and the breeding of insects
n the chopped material. These points are also being investigated. Larger scale
tnal; are being arranged during the coming year to investigate costs in greater
detail, and to assess the reliability of the machine in continuous use.

Natural Regeneration

The scope for natural regeneration in the Commission’s forests as yet is small,
as there are only a few woods old enough to regenerate freely, and in many
Cases a change of species or provenance is called for. However, there are areas
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where natural regeneration must be seriously considered, and in due course,
once the species and strains have been modified, larger areas could be regenerated
naturally. It has therefore been decided to go ahead on a small scale, accumula-
ting experimental evidence that will be useful when natural regeneration becomes
more important.

At present, efforts are being directed on to study of the periodicity, quantity
and quality of seed produced by the major species in relation to geographical
distribution. As this is very closely related to the work of the Genetics Section,
close co-operation is being maintained and much of the work will actually be
done in registered seed stands. So far, provisional sites have been chosen, and
seed trapping will be carried out over a period of years.

Forest Stand Improvement
Manuring Trees at Planting

Recent experiments have been concerned mainly with rates and methods of
application of phosphates on the poorer mineral soils. Phosphate is normally
applied in practice on such sites at rates of 13-2 oz. ground mineral phosphate
or 31 oz. triple-superphosphate per tree (i.e. about 25 lb. P. per acre) as 2
placed dressing to each plant. Results on the poorest heaths, e.g. Croft Pascoe
at Land’s End Forest, Exeter Forest and Wareham Forest show these rates to
be inadequate for sustained vigorous growth, and an increase of the rate seems
justified on such sites. Placement beneath the plough ridge, and broadcast
methods of application, are being tested at several forests as a preliminary to
trials of mechanised fertiliser application.

Potash additions to mineral soils at the time of planting have rarely been
beneficial, a point which was borne out by the results of P x K factorial experi-
ments laid down on five contrasting mineral soils in 1956. However, on peat
areas, potash can be important, as was noted in a 1960 trial-dressing on dis-
coloured Sitka spruce and Lodgepole pine at Dyfnant Forest. Here, despite
initial P dressings, extensive yellowing of the plants occurred within two years
of planting, and a N.P.K.Mg. factorial test was laid down for purposes of
diagnosis. Within a few months of application of potassium chloride at 4 oz.
per plant, colour was restored to normal and growth resumed vigorously.

It was also noted that potash-treated Lodgepole pine were free of Lophoder-
mium fungal infection while untreated trees showed a moderate to high incidence
of infection. It is not suggested that there is any fundamental relationship
between K deficiency and Lophodermium infection, but it seems likely that the
reduced vigour of deficient plants may be a pre-disposing factor to infection.

Improvement of Checked Plantations

A considerable number of experiments were established on checked planta-
tions of a variety of species from 1956-60, and observations have continued on
these trials. The symptoms of ‘check’ have varied greatly between species and
sites and no consistent, clear relationship has emerged between symptoms and
confirmed nutrient deficiencies. Because of the importance of identifying defi-
ciency symptoms for purposes of diagnosis, a series of plots were established
in 1960 with the aim of deliberately inducing deficiencies of each major element,
to assist definition of symptoms for the main species of conifers. These
plots were planted at Wareham on a blown-sand area of very low nutrient
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status to provide a contrasting series with ‘unbalanced’ manuring in respect of
N, P, K, Ca, and Mg. All plots are being kept free of vegetation and nutrient
dressings repeated at intervals.

Manuring experiments on checked S.P. and C.P. on the heather (Calluna
vulgaris) dominated Bagshot sands and Plateau gravels at Exeter, Ringwood
and Wareham Forests are now yielding useful results, showing that growth can
be accelerated by addition of N. and P. top-dressings in areas where inadequate
drainage is not the dominant factor. Several N. Forms have been tested with
the aim of securing more persistent effects than normal soluble forms. So far,
the responses obtained with urea (46 per cent N.) or diammonium phosphate
(18 per cent N., 50 per cent P,O;), have been the most striking, giving responses
persisting over three seasons. On existing evidence, it seems that checked pine
crops in Calluna can be restored to normal growth by this means, but further
N. top-dressings at about 90 1b. N. per acre may be necessary at intervals of three
to four years, to ensure canopy closure.

The alternative of phosphate addition plus heather eradication by chemical
means is a possible, and probably a more lasting, remedy, which is now being
examined.

A programme of aerial application of di-ammonium phosphate to some 120
acres of poor pine at Ringwood in spring 1961 has so far been baulked by bad
weather, and aircraft faults. Depending on observed persistence, the results of
these trials will probable be extended to more general top-dressing of problem
areas within the next two to three years.

In South West England, experiments have been concentrated on poor spruce
crops on Culm soils, and experiments from 1954 have shown complete recovery
from check following P. dressings at forests such as Wilsey Down and Halwill.
As reported last year, over 100 acres of checked spruce at Wilsey Down was
top-dressed from the air with triple-superphosphate at 3 cwt (67 1b. P.) per acre.
This operation was carried out at a total cost of £6-£7 per acre, and results
have been most satisfactory judging by growth responses during 1960. All
Temaining poor areas at this forest will probably be treated the same way in
the next forest-year. On the same soils, slow-growing Lodgepole pine, top-
dressed in 1959, has shown only a limited growth response.

Shoot ‘wilting’, and dieback in the early summer, is a characteristic symptom
on checked spruce on Culm soils, and this condition is completely relieved by
Phosphate addition. However, the curious symptoms suggest that the condition
COU_ld be basically a minor-element disorder aggravated by phosphate deficiency.
thar spraying of test trees with Zn, Cu, Mb, Bo, Fe, and Mn, failed to confirm
this idea. Also, in 1960, analyses of foliage and soil samples from ‘checked’ and
normal areas by Dr. Le Riche of Rothamsted, failed to bring out any clear
relationship with minor-element levels.

Observations on experiments laid down in 1959, confirmed that broadcast
phoﬁphate dressings were more effective than equivalent rates applied to lines
or discrete positions throughout the crops. Also, there has been no advantage
In the use of more slowly-soluble P. forms compared with water-soluble super-
PhOSphate. The ‘yellow-tip’ phenomenon on spruce, caused by an induced K.
deficiency following P. top-dressing, has recurred following new applications,
but the condition is not persistent, and appears to have little effect on the large
growth response to P.

In Wales recent experimental top-dressings of checked or slow-growing Sitka



28 REPORT ON FOREST RESEARCH, 1961

spruce, Scots pine, Corsican pine and Lodgepole pine on Calluna heath at
Clocaenog and Clwyd Forests have failed to show any marked growth improve-
ment following N., P. and K. additions. However, in mid-Wales, at Tarenig
Forest on steep mineral soils with dwarf-gorse and Calluna, P. alone at 2-4 cwt/
acre has resulted in a notable improvement in the growth of checked Sitka and
Norway spruce.

Unsatisfactory growth of Douglas fir on the dry acid silts and fine sands of
the Weald of Kent and Sussex was investigated in 1959 by carrying out a survey
of growth in relation to site characteristics. Very shallow rooting was a quite
general feature of the poor crops, and seasonal failure of moisture supply seems
a key factor. The mechanism is obscure, but the effect is extensive death of
roots and failure of the species to produce fresh roots deeper than about 4-6
inches. The general infertility of the soils, the small volume rooted, and summer-
drought conditions in the surface layers, probably combine to cause growth
failure. Attempts were made in 1959 to increase the extent of rooting and growth
by enrichment of the surface-soil with N.P.K.Ca.Mg. fertiliser dressings at
several locations, but, by the end of 1960, no responses had been recorded.

The work noted covers examples of checked and unsatisfactory crops over 2
wide range of site conditions. They are treated almost as separate enquiries,
but they are linked through a considerable programme of nutrient uptake
analyses, which are now being made on samples from these crops. These
analyses are providing valuable data on the nutrient status of the crops, and
the uptake of added nutrients. As this work progresses, it is hoped that patterns

will emerge which will facilitate diagnosis of deficiencies and point to remedial
treatments.

Manuring of Pole-Stage Crops

No new experiments were laid down on this project during the year, and
work was confined to assessments and analyses on the existing series of 15
factorial N x P x K x Ca x Mg experiments formed in 1958 and 1959. These
experiments were established in Sitka spruce, Scots pine, and Douglas fir crops
at the first thinning stage of development, over a range of site conditions, to
provide evidence on major nutrient uptake and the responsiveness of such crops
to fertiliser dressings.

Both the chemical and statistical analyses required in these experiments are
very time-consuming, and up-to-date summaries of assessments are at present
available for only a few. In general, there have been no striking effects of fertiliser
treatments on growth rates in pole-stage crops, but there have been effects on
nutrient uptake by the crops, and on the process of litter decomposition in
treated plots. The eventual significance of these effects cannot be estimated.

Effects on litter decomposition as judged by visual inspection, have been
marked, notably following N. or heavy lime (Ca) dressings. Improved litter
breakdown could be important through mobilisation of nutrients accumulated
in raw humus, and the extent of nutrient release following such breakdown will
shortly be under investigation. Profuse growth of fungi, notably Agarics, has
occurred on many N. and Ca. plots, and it has been noted with interest that
one species in particular, Clitocybe fragrans, was characteristic on these plots

in experiments as far apart as North and South Wales, and South-West and
South-East England.

Further field experimentation will depend on the outcome of analysis of
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existing data, but will almost certainly include more detailed studies of forms
of N. additions and their uptake and effects on crop growth.

Crop Composition — Studies of Long-Term Mixtures

The series of long-term mixture experiments started in 1954, was increased in
1961 to include a replicated set of pure and mixed plots of Scots pine and birch
on an acid heathland site in the New Forest. As for all the experiments in the
series, the objects are to provide reliable evidence on the long-term effects of
admixture of species on growth and increment, and on the characteristics and
productivity of the site for subsequent crops. Recent efforts to progress more
quickly on this project, by means of studies in existing mixed stands, have
proved unrewarding on account of uncontrollable site variations, changes in
past management practices, and the difficulty in making reliable comparisons
between pure and mixed stands outside a formal replicated experiment. In 1960,
a trial-survey of mixed stands, located through Census Records, emphasised
these difficulties and led to the conclusion that the work should proceed on
two lines, viz. (a) Establishment of replicated mixture experiments for provision
of evidence in the future, and (b) Efforts to elucidate mutual effects by the
examination of individual trees.

Wind Stability Studies

There have been two main developments during the year. Firstly, a system of
notification has been introduced, whereby windblows are reported as they occur,
with brief details of the crop and the extent of damage. So far, this is only in
operation in three Conservancies, but it is hoped to extend it to the whole
country. The object is to find out how much windblow is occurring and what
species, size of crop, and environmental conditions are most concerned. Where
desirable, detailed investigations will be made before any of the circumstances
have become obscured.

Secondly, a series of ‘tree pulling’ trials have been carried out in Kielder and
the Forest of Ae, using the technique briefly described in the Report on Forest
Research, 1960. The investigation was carried out on Sitka spruce 33 years of
age, with a height range of 39 to 60 feet, growing on peats varying in depth up
to 24 inches, above mineral soils of different characteristics. All these soils were
on the heavy side, but varying from a fine sandy-silt to a silty clay; in most
cases stones were present. The objects of the trials were to study the effects on
tree stability of depth of peat, nature of mineral soil, and drainage.

' On these sites it was observed that drainage had produced a considerable
Increase in the depth of rooting, and a slight increase in the stability of the trees.
Mos.t of the trees had rooted to the full depth of the peat, the ultimate depth of
Tooting being determined by the nature of the mineral soil below. Peat being
mechanically weak, it was not surprising to find that the degree of penetration
of roots into the mineral soil below had a greater influence on stability than the
total depth of rooting. There were indications that for a given height of crop,
;rees of high basal area tended to be much more stable than trees of lesser basal
Tea,

The studies revealed very great variations in the rooting habit of Sitka spruce,
not all of which appeared easily explicable in terms of soil conditions; the
pbservations made will be of much value in planning a more extensive enquiry
Into the factors influencing stability in spruce crops.
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Further work was also done in this general project on the measurement of
the actual loads exerted by wind of various velocities on tree crowns. Some
observations were also made (by means of balloons and smoke) on the behaviour
of wind in and around the forest margin.

Drainage Studies

The drainage of heavy clays under woodland conditions is difficult and expen-
sive, and the provision of an intensive system by hand methods alone is usually
regarded as an uneconomic operation for the purposes of forestry. Not till
recently have we had much indication of the effectiveness of drainage in heavy
clays. The drainage experiment at Bernwood Forest on the Oxford clay, des-
cribed by Fourt (Research Report, 1960), had, however, given some encourage-
ment to extend such work to other types.

Two experiments have been laid down on sites representative of major areas
of mineral soil where drainage is a problem, to study firstly the practical aspect
of carrying out drainage mechanically under forest conditions and, secondly,
the longer term effect of drainage on root development and tree growth.

One experiment is at Halwill Forest in Devon on heavy Culm soils, using
‘mole’ drainage, it is thought for the first time in British Forestry. The experi-
ment is a direct comparison of ‘mole’ drainage and no drainage, superimposed
on normal single-furrow ploughing. The treatments have been successfully
completed, and observations on the water level and rate of removal of water
will be made using observation bore-holes over the next few years.

The second experiment is at Kerry Forest in mid-Wales, where a system of
open drains, 2ft. 6ins. deep and spaced at intervals of 2 chains (132 feet), has
been laid down at a small angle to the contour in stump-covered ground. The
technique used was to remove stumps along pegged drain lines with an ‘Inter-
national Drott’ digger, and then to dig the drains with an excavator mounted
on a crawler tractor. A total of about 40 chains (2,640 feet) of drains have been
made in about six acres, and here again comparisons will be made with the
undrained plots of soil water levels, rate of water removal, growth and root
development of the tree crop.

These experiments are essentially trials of methods, and now that experience
has been gained, further work will be done to study intensity of drainage,
optimum depth, and the effect of drainage on soil structure and root development.

Weed Control in the Forest
Total Weed Control

Until recently, work on total weed destruction was restricted to investigation
of the use of non-selective herbicides in uncropped areas, i.e. fire-breaks, fence-
lines, etc. Results of these trials were published in the Research Report, 1960.
In 1961 work was centred on the problems of total weed destruction in regener-
ation areas, both before and after replanting.

Weed growth of grasses and herbaceous species develops rapidly after tree-
felling, and it seems that there might well be an important use for herbicides for
application at this stage, before weed growth becomes established. A number of
experiments were laid down at Thetford Forest in spring 1961, testing soil-acting
herbicides, notably triazine derivatives (propazine, atrazine and simazine), a$
non-selective residual herbicides and 2-6-DBN (2,6-dichlorobenzonitrile), as an
active seed-toxin, applied to newly clear-felled sites. Surface accumulation of
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organic-matter in such sites tends to buffer and reduce the effectiveness of
herbicides, so combined cultivation and herbicide treatments are being tested
in several experiments.

Control of Grass Weeds

Experiments on the use of chemicals for controlling established grass weeds
in planting areas were continued with special emphasis on dalapon, simazine,
and more recently Diquat and Paraquat. Results of numerous experiments since
1959 with dalapon confirm that this compound can give a high degree of grass
control when applied at rates of eight to 10 1b. per acre as an overall foliage spray.
The persistence of control varied according to the type of sward from two to
three years on pure Molinia and Downland grasses (Bromus, Dactylis, Festuca
Spp.), to six to 12 months on certain woodland grass types.

Most of the 1960 experiments were concerned with assessing the susceptibility
of tree crops to treatment, and it has been shown that sprays applied in the
growing season, even as directed inter-row sprays, can cause serious crop dam-
age, particularly to young oak, hemlock and Norway spruce. However, damage
has been negligible following dormant-season inter-row sprays, i.e. September—
March, at rates not exceeding 8 1b. dalapon per acre. Application in narrow
strips along planting lines in this way provides good grass-control at a half
to three-fifths of the material cost of overall treatment. Spraying before planting
has been very successful on several grass-types, and providing planting is
delayed some six to eight weeks after spraying, there seems little risk of toxic
residual effects.

All these tests have been made at high volume, i.e. 40 to 50 gal. spray per
acre, which may not always be easy to apply in practice. 1961 trials include
tests on the effectiveness of low-volume spraying at five to 10 gal. per acre,
using mist-blowing equipment.

The experiments have also been extended to include grass control following
felling in regeneration areas.

In some situations, especially woodland sites, the practical value of grass
control is reduced because of the ensuing vigorous growth of herbaceous and
sometimes woody species. In such cases the effect of dalapon has been to trans-
form a predominantly grass-weed problem to a predominantly broadleaved-
weed problem. In an attempt to obtain more complete weed-control, current
trlalhs include combinations of dalapon with simazine, Diquat, Paraquat and
A_mmo-triazole, to reduce the rate of development of broadleaved weed species.
Simazine is too costly for overall treatment at effective rates, and tests have been
confined to ‘spot’ treatments around individual plant positions before the weed
crop develops. Results suggest this may be a practical method, as applications
up to 10 Ib. simazine per acre of sprayed ground, shortly after planting, have
had no residual effect on the tree crop.

Control of Woody Weeds

‘Work has started on summarising the results of trials and practical experience
with herbicides on woody species. This has involved a survey, by questionnaire,
of private and commercial, as well as Forestry Commission, use. The year was
notgble for a marked expansion in the use of chemicals for controlling woody
species in Commission forests, particularly in basal bark spraying for reducing
hardwood cover in planted areas, and large-scale application of foliage spraying
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techniques for controlling birch and gorse scrub before or after planting. Stump
treatment for prevention of coppicing after felling of hardwoods was also more
widely used.

Experimental work was concentrated on methods of controlling woody
species in planted areas for selective control of undesirable species. Thus, at
Croft Pascoe, Land’s End Forest, Cornwall, gorse was effectively controlled
with 2,4,5-T ester at 2 Ib. (acid) in 50 gal. water per acre applied as an inter-
row spray in early autumn. The tree species, some 15 different kinds in species-
trial plots, were apparently unharmed. Similarly, at Wareham Forest, low-volume
mist-blower application of 2,4-D ester at 5 Ib. (acid) per acre in August in
‘checked’ Scots pine, has given useful control of Calluna with negligible damage
to the pine. These results add support to indications from earlier experience,
that most conifers are relatively resistant to phenoxyacetic acid sprays once
shoot elongation has ceased. This could open the way to the practical use of
such compounds for weeding in young conifer crops.

Application difficulties, particularly when volumes of 50 to 150 gal. spray
per acre are involved, are great in many forest areas, and several trials have been
made with knapsack-type mist-blowers in an effort to obtain uniform distribu-
tion at low volumes of five to 15 gal. per acre. Results of such trials on bramble
under larch have given good results, comparable with 100 gal. per acre applied
with conventional spraying equipment. An effective ‘spray-marking’ additive to
the spray is an important requirement in controlling distribution. Dyes, such as
methyl violet, malachite green, etc., have proved ineffective, but encouraging
results have been achieved with fine aluminium flake added to the spray solution.

In 1960, a large-scale experiment was laid-down to examine the use of 2,4,5-T
sprays, applied by helicopter, for controlling and opening up high mixed hard-
wood scrub, which had been thinned and underplanted with a variety of species.
2,4,5-T at 2 to 4 Ib. (acid), in five gal. oil: water emulsion, all per acre, has
given good initial control of oak, birch, poplar, hazel and blackthorn, without
apparent damage to underplanted beech and Norway spruce. Costs were low
compared with normal methods, and depending on the extent of re-sprouting,
the technique could have useful applications for treatment of unmerchantable
scrub before planting or for plantation release. Sites would need careful selection
on account of the risks of spray-drift on to susceptible agricultural and garden
Crops.

Further work on basal-bark spraying for control of standing trees and coppice
has shown that 2,4,5-T applied as an invert emulsion (i.e., water-in-oil instead
of normal oil-in-water formulations) gives good results. This treatment should
be cheaper than the normal 2,4,5-T-in-oil sprays because of the saving in costly
oil diluent. However, in practice, the inverts were found difficult to handle on
account of thickening of the emulsion during use. With further development
this type of emulsion could become important for stem and stump treatments.

Large-scale trials of basal bark sprays in 1960, using 2,4,5-T in oil, showed
that costs of treatment amounted to about one-half that of hand-clearance.

Little progress has been made on the difficult problem of rhododendron
control, but new experiments will include tests of 2,4,5-T and 2,4,5-TP invert-
emulsions for treatment of established bushes and sprouting stumps.

Protection of Forest Crops
Protection Against Animals

The serious damage caused by deer in replanted areas surrounded by forest,
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and the high cost of normal deer-fencing, have stimulated trials of possible
effective and cheaper methods of protection. Hopes of an answer in easily-
erected nylon netting (6-inch (15 cm.) mesh) were dispelled in 1960, since this
type of netting proved liable to entangle deer. Further to this, it was found that
the nylon deteriorated after about a year’s exposure and became too brittle and
weak for use. However, recent trials of an alternative type of netting made in
polythene with a small 3 inches (7-5 cm.) mesh have proved more successful;
it appears more resistant to exposure, and if erected so that it is quite taut,
seems less likely to entangle the deer. Further trials are to be laid down and
results will be reported in due course.

There is still interest in the possibilities of animal repellent preparations for
protection of young trees, although most materials tested in the past have
proved unsatisfactory because of phytotoxicity, or lack of persistence. Prom-
ising results have been reported with Thiram as a non-phytotoxic deer and hare
repellent, and several trials are being carried out in 1961.

In preliminary tests, spray application of 10 per cent Thiram in 20 per cent
bitumen emulsion as an adhesive, has shown good weathering properties and
negligible phytotoxicity. Trials of repellent properties following spray applica-
tion to nursery stock before planting, are now in hand.

Fire Control

Additional trials of fire-retardant materials for fire-proofing vegetation are
being made in 1961, and results will be published shortly. Conclusions to date
are that sodium calcium borate, bentonite clay and monoammonium phosphate
(M.A.P.) solution, are effective fire-retardants. The last is considered the most
practical material on the basis of cost, handling and storage characteristics and
effectiveness.

M.A.P. solution can be applied through existing standard fire-fighting equip-
ment and its indicated uses include:

(1) Speed and additional safety in controlled-burning operations.

(2) Tactical use in cooling of head-fires and formation of a safe base-line for
counter-firing.

(3) Fire-proofing the edges of threatened thicket-stage plantations.

Arboreta

The Committee which is responsible for the management of the National
Pln;tum at Bedgebury has recently been reconstituted. The new Committee,
Wh{Ch has been appointed by the Minister of Agriculture, Fisheries, and Food,
aintains the joint interest of the Royal Botanic Gardens, Kew, and the Fores-
try Commission in the control of the Pinetum. The Director of the former estab-
llShrnent, Dr. George Taylor, has been appointed Chairman of the Committee,
an_d .Mr. James Macdonald, Deputy Director General of the Forestry Com-
mission, Vice-Chairman.

At Westonbirt Arboretum, the principal developments during the year have
been the provision of propagation facilities and more adequate nursery space.
In Pa_rt 11T of this Report, page 166, will be found a note on Westonbirt which
describes some of the special problems of this arboretum, and the steps which
have been taken to deal with them.
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Miscellaneous

De-barking of Hardwood Pulpwood

The problem of de-barking crooked hardwoods remains a bar for utilisation
of this class of material as pulpwood. Application of chemicals to standing
trees is a possible method of easing subsequent bark-removal, and screening
trials of a number of chemicals were completed during 1960. Results show con-
siderable promise with Diquat applied as a 5-10 per cent solution to basal
girdles. The data from these trials are presented in detail in Part III of this
Report, page 184.
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SILVICULTURAL INVESTIGATIONS
IN THE FOREST:

SCOTLAND AND NORTH ENGLAND
By M. V. EDWARDS, R. LINES, S. A. NEUSTEIN,
D. W. HENMAN and J. ATTERSON

Artificial Regeneration of Conifer Woodlands

Ground Preparation

Since 1958 several experiments have been established to determine whether
ploughing is possible and worthwhile. In all experiments, a hydraulically-
mounted tine plough was able to work, although the results of its work were in
some instances very rough, and the wear-and-tear on the tractor was consider-
able. This year, for the first time, an unploughable recently felled area was met
with at Lennox Forest, Stirlingshire. The difficulty was apparently due to 2
combination of closely-spaced stumps and wet, heavy clay on which the tractor
tracks slipped easily. Previous experiments, confined mainly to windblown
spruce areas, have not as yet shown generally improved growth on ploughed
ground.

Species and Size of Plants

It has been noted that the larger transplants (approx. 12 inches tall) have
been more successful than smaller ones. Sitka spruce, Western hemlock and
Lawson cypress have been readily established on these sites in the Borders.

Other Problems

The optimum size of felling area will be investigated in a new experiment at
the Forest of Ae, Dumfries-shire, and it is hoped that information will be
obtained on the relative stability of margins of large and small clearings. The
possibility of chemical control of re-invading vegetation will be investigated.



SILVICULTURE IN THE NORTH 35
Afforestation Problems

Ground Preparation: Peat Shrinkage

Further experiments have been established in a series, begun in 1958, to
study the shrinkage and disintegration of peat after single-furrow ploughing
and planting. The series is now almost complete, having four experiments on
deep (over 24 inches) peat and three on shallow peat. Measurements of vertical
and horizontal changes in the peat surface will be made periodically throughout
the rotation. Correlation of these changes with chemical and other changes in
the peat consequent on afforestation is envisaged.

Ground Preparation: Heaths

Provision for long-term studies of intensity of cultivation of heaths has so far
been made only on sites where cultivation has been essential to the establish-
ment of a crop. The initial benefits of cultivation on less limiting sites, amply
demonstrated in J. W. L. Zehetmayr’s Forestry Commission Bulletin No. 32,
Afforestation of Upland Heaths, has led to single-furrow tine ploughing becoming
standard Forestry Commission practice on most heathland sites in the North,
even where satisfactory, though slower, establishment could be expected without
ploughing. To compare the long-term effects of single-furrow and complete
ploughing with those of direct planting, the first of a new series of experiments
has been planned for a site at Inshriach Forest, Inverness-shire using Scots and
Lodgepole pines.

Loosening of Trees by Wind on Upland Heaths

During the winter of 1959-60, trees 3 to 8 ft. in height, particularly pine,
were loosened by strong wind when growing on ploughed upland heaths. The
damage took the form of severe loosening of the rootstock without breaking
of roots or stem, with the result that very few trees were killed. As the trees
Wwere severely loosened, resulting in a pronounced lean, the end result of this
damage is likely to be ‘sabre-butted’ trees, similar to those damaged by snow.

Assessments of this damage indicated that pine were loosened much more
than larch, and that both pine and larch were more liable to loosening when
planted in the furrow, than on the ridge, of single-furrow tine ploughing. A
subsequent investigation of the root systems of pine and larch on various posi-
tions of planting has indicated that larch has more roots than has pine for the
same weight of shoot, and that root growth when ridge-planted is partly ver-
tical, but when furrow-planted is wholly horizontal. The small amount of roots
In the case of the pine, and the lack of vertical rooting in the case of furrow-
Planted trees, are the main causes of wind-loosening.

Further sites are being examined to determine to what extent furrow-planted
trees always lack vertical roots, and possible solutions to this problem are being
sought, e.g. complete ploughing or double- or treble-furrow ploughing may be
Necessary if wind-loosening is to be prevented.

Draining of Clay Soils

A site on heavy clay soil at Lennox Forest, Stirlingshire, is being used to
test some of the findings and theories derived from the drainage experiment at
Bernwood Forest, Oxfordshire, described in the Report on Forest Research,
1960, Part 111, page 137. Intensive drainage (24-inch deep drains at } chain
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spacing) will be compared with undrained ground, and pure Sitka spruce with
mixed Sitka spruce/Oregon alder (Alnus rubra), with respect to soil conditions
and crop development. It is hoped to develop a soil structure in which the main
fissures remain open throughout the year, thus enabling deeper rooting and
improved stability of the crop.

Trial Plantations at High Elevations

Advisory work and recording of establishment techniques continue. The
purpose of the project was described in the Report on Forest Research, 1960:

Species Trials

After showing quite promising growth on some deep peat and acid soils,
Pinus peuce and Cupressus nootkatensis were planted in small plots in deep peat
at four forests covering a wide latitudinal range from Caithness to Northum-
berland.

Comparison of Pure and Mixed Crops

A mixture experiment employing Scots pine and birch in varying proportions,
similar to that planted last year in north Scotland, was planted at Hambleton
Forest, Yorkshire, on an upland heath site.

Large numbers of mixed stands were recorded during the Census of Wood-
lands in 1947, and it appeared that this might be a profitable field for locating
and investigating the growth of established mixtures. The Census records for
the county of Kincardineshire were examined and all mixed stands listed. A
sample area was then selected containing 73 stands in the 31 years-and-over age
groups. Later records showed that about one-third of these had been wind-
blown, felled or otherwise eliminated as mixtures. The remaining stands were
all visited with intention of making detailed records of their growth and con-
dition, but it became apparent quite early in the survey that in addition to the
stands known to be windblown or felled, a high proportion of the remainder
were unsuitable for detailed recording. The main reasons were: partial wind-
blow or poor stocking, the mixture being by pure sub-compartments rather than
by groups or individual trees, and layout of the stands, a number consisting of
narrow strips or belts. In all, only seven stands were classified as suitable for
detailed recording and none of these had pure crops of one of the constituent
species on similar ground alongside, which could be used for comparison.

Manuring

Two further trials comparing ground mineral phosphate with triple super-
phosphate, both applied at three different dates after planting, have been estab-
lished; and a trial of minute and normal doses of phosphate on Lodgepole pine
has been laid down to determine when the effects of the initial dose disappear.

A Conservancy trial of a compound fertiliser containing nitrogen, phosphorus
and potassium on deep, acid peat at Laurieston Forest in Galloway, has resulted
in some remarkable effects. On the fertilised plots, foliage colour of the Sitk2
spruce and Lodgepole pine has changed from yellowish-green to a lush, dark
green, the needles on the current year’s shoots are longer and broader, and
more lammas growth has occurred. This confirms that elements other than
phosphorus may be, or may become, deficient on deep peats. On two other
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bogs, one in Fife and one in Berwickshire, factorial trials of nitrogen, phosphorus
and potassium have been laid down to determine which elements were deficient

on these sites.

Weed Control

Five trials of weedkillers to eradicate all vegetation on peat have been estab-
lished in North Scotland, where several pilot plantations require adequate
fire-breaks to facilitate control burning. As this vegetation is growing on deep
peat in relatively high rainfall regions, it would be difficult and uneconomic to
establish and maintain fire-breaks by ploughing or hand screefing. Also, little,
if anything, is known at present regarding the effect of various weedkillers on
such sites.

Preliminary results indicate that a mixture of translocated weedkillers (to
produce a quick kill) and monuron (to prevent recolonisation) may give the best
results. Simazine has so far been disappointing on these sites.

Protection Against Deer

Trials to find methods, cheaper than conventional fencing, of excluding roe
deer from newly replanted areas within a forest continued. The series of experi-
ments begun in 1958, using brash in various ways to discourage deer walking
through replanted areas, has been concluded. None of the protective measures
used gave consistent effective protection. The results of these trials are given in
Part IIT of this Report, page 170. At Glenbranter (Argyll) the nylon netting
referred to in last year’s report became brittle on the side receiving most direct
sunlight, and two types of tar-treated nylon are now being tested in this position.
Polythene netting trials in South Scotland are being observed. The effective life
of these materials has not yet been tested.

The trials of electric fencing described in the 1959 Annual Research Report
have been resumed after initial failure of the equipment. Damage has occurred
In the unprotected controls, but none to plants within the fence.

PROVENANCE STUDIES
By R. LINES and J. R. ALDHOUS
Scots Pine

The Scots pine provenance experiment planted in 1932-34 at Thetford Forest,
N°rf91k, was thinned for the third time in 1960. This experiment has been
described in the Reports on Forest Research for 1949, 1950 and 1957. Measure-
ments of the main crop after thinning showed that the mean height in all plots
had increased by six to eight feet since the previous assessment; the order of
the various provenances by height has changed little from the previous assess-
ment shown on p. 57 of the Report on Forest Research, 1957. The two north
German plain provenances (Potsdam and Allenstein) have dropped two places,
and the Cawdor (1932 planting) and Trentino provenances have each gone up
thIe“; Places; but otherwise there is no change. The most vigorous provenances
continue to be those from Central Germany and the middle Rhine, while the
_plot§ Planted with stock raised from seed collected in East Anglia come next
I vigour, and are clearly faster growing than all of the Scottish provenances
Tepresented at Thetford, except that from Cawdor.
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Experiments at Laiken Forest, Nairn (a fertile, low-elevation site), Glen Isla,
Angus (moderate fertility and exposure) and Glenlivet, Banff (upland heath at
about 1,400 ft.) were assessed at six years of age. These experiments compare
progeny from 12 selected seed stands in North-East Scotland. There were
appreciable differences in height between provenances at all three sites, but
these were significant only at Glen Isla. The provenances which showed their
best growth at the highest site (Glenlivet) originated from low-elevation stands
(Crathes and Glentanar), while two provenances originating from high-elevation
stands (Rannoch and Ballochbuie) showed their best relative growth at the low-
elevation Laiken site. Despite these results, there was a highly significant relation
between height at six years and elevation of seed source in the Glenlivet experi-
ment. During the winter of 1959-60 there was a certain amount of damage by
wind-sway, which was worse on the taller provenances.

Pinus nigra

Two experiments planted in 1951 at Clocaenog, Denbigh, and Newborough,
Anglesey, each comprising four provenances of P. nigra, were assessed in early
1961. (See Report on Forest Research, 1957.)

At Clocaenog, on an exposed site 1,200 ft. above sea level, the provenance
from Calabria continues to be most vigorous and uniform in rate of growth,
while the provenance from Cuenca, Spain (P. nigra var. cebennensis) is the
slowest. The provenances from Corsica and from Corsican pine growing in
East Anglia are intermediate in height, both exhibiting widely varying rates of
growth. At Newborough, on fixed sand dunes just above sea level, the proven-
ances from Corsica and from East Anglia are both more vigorous than the
Calabrian provenance. The Cuenca provenance is again the least vigorous.

To supplement the information on the response of provenances of P. nigra
to atmospheric pollution, an experiment, similar to that planted in the spring
of 1960 at Wharncliffe, was planted at Cawthorne, near Wakefield, which is
also in the South Yorkshire Forest. Eleven provenances were planted, including
provenances from Austria, Calabria and Corsica.

A similar set of provenances was used in an experiment at Thetford, Norfolk,
where the previous crop on the site had been heavily infected with Fomes
annosus. This site is intended to test the resistance of the various provenances
to Fomes attack.

Lodgepole Pine

The large experiment planted in 1938 at Wykeham has been thinned for the
second time and samples of the thinnings have been sent to the Forest Products
Research Laboratory for examination of their timber properties.

Height assessment of six-year-old experiments at Watten, Caithness, and
Kielder, Northumberland, showed that the slowest provenance was Haines,
Alaska, at both sites; while Hollis, Alaska, was the tallest at Watten, and Lulu
Island the tallest at Kielder. There was considerable game-bird damage at
Kielder during the early years, so later assessments may show a change in the
position. Hollis was noted as having the best general health and appearance.

A series of experiments planted in 1957 at Achnashellach, Wester Ross;
Elchies, Morayshire; and Ceiriog, Denbighshire, have been assessed for height
after three growing seasons. The Welsh experiment has grown the fastest. Six-
teen provenances are included; six from stands in the Irish Republic, eight
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from British stands, and two directly imported from America. Generally speak-
ing, it appears that the second generation pines, that is, the progenies of stands
growing in Britain and Ireland, are growing at the same rates as the same
provenances directly imported from North America.

The order of rate of growth is much what we have come to expect. Provenan-
ces originating in the coastal regions of the U.S.A. are growing faster than those
from the coast of British Columbia, and the slowest provenances are those
from the northern interior of British Columbia and from Alberta. These differ-
ences were highly significant at all sites. There was a certain amount of variation
in growth rate of the different provenances at the three sites, but in each case
the provenance directly imported from Fort Fraser, in the northern interior of
B.C., made the poorest height growth.

Three additional experiments were planted in 1961 to supplement those
planted in 1959. The new experiments contain the same provenances, together
with four extra ones which need evaluation, and the sites, which have been
selected to fill gaps in the present cover of Lodgepole pine provenance trials,
Zre at Wark, Northumberland, Selm Muir, Midlothian, and on Rannoch Moor,

rgyll.

Pinus banksiana

An experiment with 20 provenances of the Canadian Jack pine, P. banksiana,
was sown in 1959 at Tulliallan nursery, and lined-out the following year. This
collection was made primarily for selecting the best individuals and provenances
for use in the inter-species crossing programme of the Genetics Section, but the
surplus plants have been used in two small-scale provenance trials. The proven-
ances cover a latitudinal range of 12° and a longitudinal range of 46° (from
Alberta in the west to New Brunswick in the east).

In the nursery there were highly significant differences in both height and
number of seedlings, though it is difficult to relate these differences to latitude
and longitude. The transplant heights generally followed those of the seedlings
closely. The group of provenances which has shown the best growth lies along
the St. Lawrence river and its tributary the Ottawa, but two provenances from
South-West Ontario also grew well. The provenances at both ends of the species
range, e.g. Allardville, New Brunswick, and Winter Harbor, Maine, in the east,
and McMurray, Alberta, in the west, have all grown poorly. The western
Provenances developed purple coloration of the foliage during the late autumn,
B/hllch is similar to the colour characteristic of far inland provenances of Lodge-

Ole pine.

Two experiments have been planted with these 20 provenances and an inland
origin of Lodgepole pine at Inshriach, Inverness-shire, on Spey Valley river
gravels, and at Broxa, Yorkshire, on upland Calluna heath.

Sitka Spruce

In 1958, seed of 12 provenances of Sitka spruce was sown in the research
furseries. Most of the stock raised has now been planted, and this collection is
NOW represented on a number of sites from Cornwall, through Wales, to the

orth of Scotland; a difference of latitude of just over seven degrees. Experi-
Ments have been planted on a full range of site types for the species, including
S\Se‘“ally exposed and frosty sites. The highest site is at Mynydd Ddu in South

ales, where planting has been carried out at 2,300 ft. None of the experiments
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planted in 1960 had suffered appreciable losses by the end of the first season.
Slight autumn frost damage occurred at one or two sites, but this was of no
importance, even on the two sites specifically selected as being likely frost
hollows.

A small number of plants of each provenance were planted in small phenology
trials in the spring of 1959 at four sites: Newton, Morayshire; Bush, Midlothian;
Wykeham, Yorkshire, and Alice Holt, Hampshire. There has so far been only
slight difference in the time of flushing between provenances originating from
as far apart as North-West Alaska and Southern Oregon. There have, however,
been pronounced differences in the pattern of growth and especially in the time
of bud formation. This was particularly noticeable during 1960, which was
characterised by a mild autumn with little frost before the end of the year. The
southerly provenances had not fully hardened off until well into November or
even December, whereas the northern provenances in some cases had fully-
formed terminal buds in the third week of July, and had almost all ceased growth
in September.

A full account of the performance of these provenances in the nursery is
given in Part III of this Report, page 147.

Douglas Fir

At the end of their sixth growing season, experiments at Laiken, Glentress,
and Sunart were assessed for height. No significant differences between proven-
ances at Glentress or Laiken were found; only at Sunart were there highly
significant differences. The results agree quite well with those of the experiments
in England and Wales. The fastest growing provenances are those from Washing-
ton in the region just behind the Coast Mountains (Elma) and the foothills of
the Cascades (Enumclaw and Ashford). In addition, the extreme coastal proven-
ance from Hoquiam is tallest at Sunart, but is also among the best for height
growth at the other sites. In England, Hoquiam is one of the slower provenances.

When they were either six or seven years old, these experiments were assessed
for date of flushing and incidence of Adelges cooleyii. There was a considerable
measure of agreement between the sites as to the order of flushing, though there
were also notable exceptions. Early-flushing provenances were Shuswap Lake
(interior of British Columbia); Upper Santiam River and Sweet Home, Oregon;
and Tenino, Washington. Late-flushing provenances were Elma, Ashford and
Forks, all from Washington. The differences were much more marked at Laiken
than at Glentress.

There was considerable variation in attack by Adelges on the different prov-
enances, but little agreement between the results from the three sites. Only the
Shuswap Lake provenance consistently showed appreciable resistance to Adelgid

attack. It was noted that infestation was heaviest in plots which had grown most
rapidly and were closing canopy.

Western Hemlock

At the end of the second year in the nursery, transplants of the 18 provenances
of Western hemlock sown in 1959 continued to show the same clinal trend of
growth vigour with latitude seen in the seedlings at the end of the first year:
i.e. the southern provenances, with the exception of one from high elevation,
grew significantly faster than the northern ones.

Observations on time of growth cessation, made at Benmore during the
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autumn of 1960, showed that only the Alaskan provenance formed terminal
buds markedly earlier than all the others. Fifty per cent of these plants had
formed terminal buds by mid-September; the other northern provenances (and
the high-elevation provenance) followed about the middle of October, while
terminal buds did not form on 50 per cent of the plants of the remaining proven-
ances until the end of October or even early November. The wet, mild autumn
may have prolonged growth. At Wareham, the more southerly provenances
were damaged by frost in late November, while the more northerly provenances
were more or less unaffected.

Plants were put out in forest experiments at six Scottish sites in the spring of
1961 and further experiments will be planted next year, so as to cover the range
of sites on which Western hemlock shows promise.

Western Red Cedar

Little is known about the differences in behaviour under British conditions
attributable to provenance of seed. Seed was obtained from 14 different localities
in the range of the species in 1959, and sown at Tulliallan Heathland nursery,
Fife, and at Kennington nursery, near Oxford. Eight of the provenances came
from British Columbia, four from Washington, one from Oregon and one home-
collected seed lot from Hampshire. The latitudes of origin range from 54° 33’
N (Terrace, B.C.) to 45° 50" N (Vernonia, Oregon). At Tulliallan, but not at
Kennington, there were significant height differences between provenances from
Vancouver Island. The best of these were from Ladysmith and Sooke, while
th'flt from Alberni was much smaller. At this stage the more southerly seed
origins have not grown faster, though this happens commonly in provenance
experiments with North-West American species. Some of the Tulliallan seed-
lings were lined-out at Strathyre, Stirlingshire, adjacent to Didymascella infected
stocks, to see if any connection could be found between provenance and sus-
ceptibility to the Keithia disease.

European Silver Fir

See'd of 35 different provenances has been received from nine countries,
covering the major part of the range of European silver fir. Germination varied
from 56 per cent to nil but averaged about 10 or 12 per cent. There was also a
Con§1derable range in the weight of the seeds. This collection was sown in a
replicated nursery experiment using the same number of viable seeds per square
yard for each provenance. The Forestry Commission is grateful to all who
supplied seed so generously for this experiment.

POPLARS AND ELMS

By J. JOBLING
I. POPLARS
. Varietal Studies
Varietal Trial Plots '
10n1y 1_2 plots were planted during the winter, of which 10 were to replace
plots Whlch had failed at existing trials. The other two plots were sited on
ground which had previously been occupied by a short-term establishment
¢Xperiment. Planting was carried out at Quantock Forest, Somerset; Hally-
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burton Forest, Angus and Perth; Stenton Forest, East Lothian; Garadhban
Forest, Stirling and Dunbarton; and Dyfnant Forest, Montgomery. A stage
has been reached when no further ground is available at the poplar trial areas.
However, since a number of varieties remain to be planted, either because they
have only recently been introduced or because they are not yet properly repre-
sented on a range of sites, present policy is to site them on ground vacated by
plots which have failed, or where the first planted variety is of no further interest
and can be replaced.

A second planting was carried out at Ledbury, Hereford Forest, of clones of
the Grey poplar, P. canescens. Five clones were used, bringing the total at the
site to 11. These are the first plantings in which plants raised from rooted sum-
merwood cuttings of the Grey poplar have been used on any scale, and it was

interesting to note at the end of the growing season that trees planted in 1960
had survived satisfactorily.

Varietal Collection

Of the five clones introduced during the year, two are selections from the
Himalayas for inclusion in the populetum, two have been obtained for identi-
fication and possible trial on a small scale, while the fifth, a Grey poplar, is for
use in the trial of P. canescens at Ledbury. With these selections the varietal
collection now contains 394 clones, although over one-third of these are repre-
sented only in the populetum. The collection is maintained in a stool bed, each
clone being represented by six stools. During the past winter the transfer of the
stool bed from a nursery at Holt Pound, about one mile away from the Research

Station, to a new nursery within the Station’s grounds at Alice Holt, has been
completed.

Populetum

Thirteen clones were planted during the winter, bringing the total to 26l.
Over 200 of these have been in the populetum three or more years, and are now
properly established. Each clone is represented initially by a group of three trees;
during the summer the best specimen tree in a few of the earlier-planted groups
was chosen for retention and the two unwanted trees removed. The selection
will continue until each clone is represented by only one tree.

Silvicultural Experiments

A number of short-term establishment experiments, on planting methods and
treatments, have been closed during the past season, and reports on the results
obtained from them have been prepared. Most of the experiments which have
been maintained and assessed continue to be informative.

Methods of Pit Preparation

In the two experiments in which the behaviour of trees in holes prepared by
explosive is being studied, the effects of method of planting are still apparent.
At Alice Holt Forest, Hampshire, where three quantities of explosive were used,
namely 1-6 ounces, 4-0 ounces and 5-6 ounces of gelignite, trees in holes pre-
pared by the largest quantity of explosive were 22 per cent taller than trees in
hand-dug pits after six seasons, while at 4-0 ounces they were 17 per cent taller,
and at 1-6 ounces they were 5 per cent taller than the control trees. At Lynn
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Forest, Norfolk, where only 1-6 ounce and 4-0 ounce cartridges were used,
trees in holes prepared by the larger quantity of explosive were 12 per cent
taller than trees in hand-dug pits after four seasons, and at the smaller quantity
they were 7 per cent taller than the control trees. Although the differences in
growth due to planting method are significant, even the best trees are not
vigorous by normal standards, due to the difficult soils on which the experiments
are sited, and further observations are required before any clear conclusions
can be reached on the benefits to be obtained by planting in holes prepared by
explosive.

Planting Treatments

Experiments planted in 1957 at Gaywood, Lynn Forest, Norfolk, and Creran
Forest, Argyll, comparing different types and quantity of mulch, maintained for
varying periods from planting, were again assessed. At Gaywood Forest par-
ticularly, a number of interesting differences in tree behaviour due to treatment
were evident. All mulch treatments had improved tree growth during the four
years from planting, with a similar response for each of the three materials used.
These were cut vegetation, bark peelings and fertiliser bags. The assessment
showed additionally that by increasing the thickness of mulch from 6 inches to
12 inches, with both cut vegetation and bark peelings, a further improvement in
growth occurred. It was also apparent at the time the assessment was carried
out that - up to four years at any rate — the longer the mulch was maintained
the greater was the benefit.

An assessment was also carried out at Gaywood in an experiment in which
an application of nitrogen, in the form of ammonium sulphate, was combined
with mulching as a planting treatment. All trees are mulched with bark peelings,
to different diameters and thicknesses. Growth trends in this experiment are not
S0 apparent, as it is only three years old, but all mulch treatments have improved
growth over the no-mulch control. The effects due to application of nitrogen are
Va.ried, but there is a suggestion that the presence of the fertiliser, applied to the
soil surface before mulching, produces a further benefit.

Spacing

The results of the second assessment carried out in the spacing experiments
at Gaywood and Blandford Forest, Dorset, became available during the past
year. These confirm that at the end of the seventh year at Gaywood, and at the
end of the sixth year at Blandford Forest, no reduction in growth had occurred
due to planting at the close spacing of eight feet, although in some plots crowns
of adjacent trees had come into contact. The other spacings in these experiments
are 14 feet, 18 feet and 26 feet. It was useful to note also that in an experiment
at Somerset Forest in Northern Ireland, identical to that at Gaywood, both
using P. “serotina’, no differences in growth due to spacing had been detected
at the end of the fifth season.

Mixtures

During the winter, planting was started at Bradon Forest, Wiltshire, of a
Second‘ experiment to study the growth of poplar in mixture with alder. The
first, s‘lted at Mildenhall Woods, Thetford Chase, Norfolk, and planted in
1956, is now virtually established. The experiment at Bradon Forest is on a
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heavy clay soil which formerly carried mixed coppice, including a proportion
of alder, and for these conditions P. ‘laevigiata’, a hybrid black poplar, and P.
tacamahaca x trichocarpa 37 have been selected. The former variety is one of
the most outstanding in a poplar trial on a heavy clay soil at Yardley Chase,
Northampton.

Nursery Experiments

Experiments were again undertaken in the poplar nursery at Alice Holt and at
Kennington Nursery, Oxford, on the use of herbicides in cutting-beds. The main
interest was in the effects of applications of simazine on the young rooted plants
of poplar. This work is discussed under the section “Nursery Investigations”,
page 19.

Large-scale propagation was again carried out of clones of P. canescens and
of the European aspen, P. tremula, and its related hybrids, using the mist tech-
nique for rooting softwood cuttings. On this occasion, the cuttings were rooted
in perishable peat pots, so that the plants were more easily handled whilst being
removed from the frame and lined-out in the open nursery. Rooting the cuttings
in pots may also result in improved plant quality.

Distribution of Cuttings

Although some 30 separate demands for cuttings were received during the
winter and early spring, the total number distributed, of eight standard varieties,
was only 11,567. This compares with the despatch of 31,543 cuttings in 1960
and 43,036 in 1959. The demand for all varieties fell, particularly for those
which have been available since the distribution scheme started. As might be
anticipated, the greatest interest was shown in P. ‘robusta’ and in the three
recently recommended varieties, namely P. ‘laevigiata’ and clones 32 and 37 of
the cross P. tacamahaca x trichocarpa. Despatches to private estates, trade
nurseries and Forestry Commission nurseries are shown separately by variety
in Table 2.

Table 2

Distribution of Cuttings of Standard Varieties

1 2 3 4 5 6 7 8 ToTAL

Forestry Commission . 100 | — — 185 | — 150 [ 650 | — 1,085
Private estates . . . |1,227 | 120 (2,100 | 1,130 | 120 |2,075 | 550 | 60 7,382
Trade nurseries . . . | 450 — 500 {1,000 | — 850 | 300 | — 3,100

1,777 | 120 {2,600 |2,315 | 120 {3,075 (1,500 | 60 11,567

(1) P. ‘eugenei’ (5) P. ‘serotina’

(2) P. ‘gelrica’ (6) P. tacamahaca x trichocarpa 32
(3) P. ‘laevigiata’ (7) P. tacamahaca x trichocarpa 37
(4) P. ‘robusta’ (8) P. ‘berolinensis’

Gifts of cuttings of non-standard varieties were made to research workers in
Germany, India, New Zealand and Pakistan, while cuttings were sent to several
persons interested in poplars in this country, including research workers at the
Universities of Aberdeen, Cambridge and Wales (Aberystwyth). In addition,
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rooted plants surplus to requirements were made available to various research
stations and university departments, as well as to Forestry Commission Con-
servancies.

Bacterial Canker Investigations

Some 180 clones were planted during the winter at Fenrow Nursery, Rendlesham
Forest, Suffolk, prior to their inoculation with bacterial slime in the early
summer of 1961. The comparative trial of methods of inoculation and assess-
ment jointly undertaken with the Phytopathologisch Laboratorium “Willie
Commelin Scholten, Baarn, Holland, was continued, and involved the exchange
of plant material of clones with a range of susceptibility to bacterial canker.

II. ELMS

Further progress has been made in the selection of ‘plus’ elm trees, and during
the past season a number of fine hedgerow and roadside specimens were noted
for propagation. Several of these were forms of the Huntingdon elm, U. hollan-
dica var. vegeta, which was found growing extremely well on a wide range of
sites in different parts of the country, and selections were made of the hybrid
in counties as far north as Yorkshire.

A number of woodlands were visited during the growing season to obtain
information on the behaviour of different elms in pure stands and in mixture
with other hardwoods, but as most included only Wych elm, U. glabra, and
occasionally English elm, U. procera, no useful conclusions could be reached
on the growth of the less common species and hybrids in woodland conditions.
However, the visits led to the location of some fine Wych elm, especially in
the South of Scotland, and one stand in particular has been noted as a seed
source. In the East of England, the smooth-leaved elm, U. carpinifolia, or a
_related form, was seen in small stands, but these were mostly too young to be
}nformative. Forms of the Dutch elm, U. hollandica var hollandica, were located
In woodlands in East England and will be included in the clonal collection.

During the winter a start was made on the study of the behaviour of age-
types of planting stock, when root-suckers of English elm were collected at
Badbury Forest, Berkshire, and lined-out in a nursery at the Research Station.
These will be subjected to different nursery treatments and compared in the
field with other forms of planting stock. Although over 700 rooted cuttings,
representing some 30 clones, were raised in the mist frame during the summer,
Ehe_re were considerable losses of material due to a temporary failure of the
mist’ mechanism, and efforts to raise a selected clone in large quantity for age-
type experiments were unsuccessful.

Work in Elm disease trials was limited to the replacement of failed trees in
otherwise established clonal plantings in areas of heavy infection.

FOREST ECOLOGY
By J. M. B. BROWN

Ecology of Corsican Pine

The general survey of the performance of Corsican pine in Britain was con-
cluded with visits to certain forests in Wales where the tree has been planted
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up to an altitude of 1,000 feet or over, and by further study of the course of
disease in some forests in North East England where outbreaks of die-back
had previously been observed. In the Welsh forests diseased and dead trees
were a regular feature of plantations above about 1,000 feet, but the general
incidence of die-back was considerably less than in North East England, where
in some instances (e.g. Dalby, Allerston Forest, in North Yorkshire) disease
has appeared at lower altitudes.

All stands not seriously affected by disease have provided records of height
and diameter growth; these and the data previously assembled are now being
prepared for analysis.

In October 1960, Mr. D. J. Read, a graduate botanist of Hull University, took
up the study of the serious die-back of Corsican pine in Allerston Forests in
the North Riding of Yorkshire. Close contact has been maintained with Mr.
Read, who will probably give particular attention to the microclimatic factors
in relation to disease and to the role of pathogenic fungi. There is evidence from
all parts of Britain where disease has appeared that the local stand climate, as
affected by altitude, aspect and slope, the height and density of the pines, the
occurrence of gaps and the character of the surrounding plantations, if any,
exercise a marked influence on the severity of disease. In the dissected topog-
raphy of Allerston Forest there are good facilities for collecting the relevant
climatic data which we have lacked hitherto.

The status of the fungi associated with disease in Corsican pine, in particular
the part played by Crumenula abietina Lgbg. (syn. Brunchorstia destruens
Erikss.), has for long been a subject of dispute. In Britain, foresters, ascribing
the decisive role to physical factors of the environment, particularly temperature,
have been inclined to discount the virulence of Crumenula: whereas in some
parts of Europe, in Switzerland, Germany and the Scandinavian countries,
many accept the evidence, for the most part circumstantial, that Cremenula
abietina is pathogenic and a cardinal factor in the occurrence of outbreaks of
die-back. Should this prove to be the case in Britain, it will be necessary to take
account of an additional environmental factor, namely the proximity of sources
of infection, in assessing the liability to disease of plantations of Corsican pine,
some of which are remote from other stands of susceptible pines.

In connection with the investigation of disease in Corsican pine, a short visit
was paid in July 1960 to some forests in Holland and the Belgian Campine.
Grateful acknowledgement is due to Dr. van Vloten, former Director of the
Stichting Bosbouwproefstation in Wageningen, and to Professor M. Boudru,
Institut Agronomique de Gembloux, who very kindly provided guidance and
information. It was ascertained that the die-back of tips associated with Cru-
menula (Brunchorstia), which is the disorder of widespread importance in British
uplands, generally played a minor part in the wave of attack between 1940 and
1943 in Belgium and the Netherlands. Cambial death and canker development,
most often occurring on the main stem within a few feet of the ground, were the
characteristic symptoms in those outbreaks: another species of Crumenula, C.
pinicola Karst., was usually involved, but it was regarded as purely secondary,
the cause being sought in the abnormally low winter temperature experienced
in those years. Shoot die-back, associated with Crumenula abietina, has neverthe-
less been reported from both countries in recent decades.

Other aspects of Corsican pine ecology which have received attention during
the year under review concern the recovery of stands affected by disease, the
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influence of environmental conditions on cone production, and the behaviour
of the tree on calcareous soils.

In the Belgian Campine the excellent recovery of most of the stands affected
by disease in 1940-43 is scarcely relevant, inasmuch as the symptoms were
different. In Britain, however, examples of good recovery after the loss of 5 to
20 per cent of the trees, have been observed in several forests and it seems that
the stand need not be written off unless losses are high. It is believed that this
impetus to resist further attacks may be bound up with alterations to the ‘stand
climate’. In some cases, however, losses have been intolerably severe and accord-
ingly suitable methods of restoring such stands to full productive capacity are
being examined.

The outstandingly dry, warm and sunny summer of 1959 resulted in abundant
flowering of Corsican pine in 1960, at least in some districts, and the opportunity
is being taken to carry out a rapid survey of expected cone yields in relation to
geographic location, topographic factors, age of stand and thinning treatment.
Particular notice will be taken of stands on marginal upland sites, where seed
from trees which had resisted or survived disease might prove of special value,
but representative stands on lowland sites in England are also being examined.
In the course of this survey a very encouraging example of Corsican pine natural
regeneration was located in Thetford Chase, East Anglia, adjacent to the pre-
historic flint mines known as Grimes Graves.

In the establishment of beech on chalk grassland, it has been customary to
use a pine nurse and Corsican pine has recently been preferred, on account of
its indifference to the associated soil and air drought and its superiority, as
against Scots pine, in accommodating itself to the alkaline soil. Several cases
of lime-induced chlorosis have, however, been observed among Corsican pine
Plantations on the chalk and it is clearly not a tree which can be relied on to
grow to maturity on soils of pronounced alkalinity. An obvious alternative is
the Austrian pine, but it is not a tree which has much else to commend it. The
possibility of discovering a provenance of Austrian pine, which, while accom-
modated to calcareous soils, shows superior growth rate and stem form, is being
looked into. In this, as in the search for provenances tolerant of atmospheric
pollution, or better adapted to the upland climate, liaison is maintained with
the silviculturists responsible for provenance trials.

Restoration of Derelict Mining Lands

An area of 25 acres at Aberpergwm in the Vale of Neath, forming part of
Coed Morgannwg Forest, Glamorgan, was exploited for coal by the open-cast
Or strip-mining system between 1948 and 1953 and, after restoration, was re-
Planted in 1954. A variety of conifers and broadleaved trees was used, so that
the results might be applied in further planting of similar derelict mining land
on a larger scale. Early in 1961 the need arose to clear the plantation in view of
the resumption of strip-mining operations, and the opportunity was taken of
€xcavating the root systems of representatives of several species of tree and thus
Supplementing the appraisal of general results carried out by Mr. John White,
District Officer, in 1959.

The site of this plantation is at 550 to 650 feet, with a general slope to East;
but restoration left it with so-called ‘hill and dale’ configuration, so that aspect
and slope vary much from place to place. The annual average rainfall is
between 50 and 60 inches and the winters are mild. The slabs of black shale,
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which formed the general basis of renewed soil development in 1954, had by
1960 weathered to fine flakes on the surface, but the main rooting medium was
still comparatively large fragments, sometimes loosely aggregated, with, in
several of the profile pits, considerable admixture of clay derived from the
original soil cover. pH values showed a range, in the 48 samples collected at
20 cm. depth, from 4:8 to 7-7, but 32 gave values between 6-5 and 7-5. The
lower values were clearly due to local pockets of original soil.

The results of this enquiry are being written up, but it is clear that the very
large number of variables (topographic position; physical character of the
soil; pH value; species of tree; method of establishment by planting or sowing,
with or without fertiliser) will make the interpretation difficult. There are, how-
ever, indications of at least four environmental factors which have an important
influence on the variable performance of the several trees tried.

(a) Topographical position. Most species have grown better on the slopes than
on the flats, where compaction by machinery may in some cases have aggravated
the effects of poor site drainage.

(b) Erosion. On the steep slopes, however, erosion has been an adverse factor
and failures, due partly perhaps to excessive drainage, have been relatively
frequent.

(c) pH value. The near-neutral raw shale is in this respect more favourable to
alders than to spruces and other sensitive conifers.

(d) Nitrogen supply. The outstanding performance of species with the property
of nitrogen fixation — Common alder (A4/nus glutinosa), Grey alder (Alnus in-
cana), robinia (Robinia pseudoacacia), and broom (Sarothamnus scoparius)
(sown in some plots as soil improver) — coupled with the yellowish colour of
the needles of some of the conifers, suggest that nitrogen deficiency may be a
limiting factor for some time, wherever the raw shale preponderates in the
rooting medium.

FOREST SOILS
By W. H. HINSON

Facilities for analysis of needle samples from fertiliser trials on conifer crops
have been improved during the year, as the equipment mentioned in the 1960
Report on Forest Research has been brought into use, and new staff have been
trained in analytical routines. This work, now involving some 2,000 samples
annually for comprehensive analysis, had increased over the last few years,
resulting in long delays in producing the results; but little further increase in
demand is anticipated, and it should be possible to complete work on samples
in hand before the next collection of material.

Regarding results of the foliar analysis, little generalisation is yet possible-
Satisfactory improvement of the foliar level of phosphorus as a result of soil
applications, whether to plantations at establishment, to crops in a checked
condition, or to crops in the pole stage, seems to be the rule. Nitrogen appli-
cations in several forms have resulted in substantial uptake of this nutrient,
with increased levels in the needles for several years at least. Applications of
other nutrients seem far less satisfactory; for example, lime and potash appli-
cations to a Scots pine site at Bramshill Forest do not appear to have influenced
the uptake of these cations. At this site, magnesium has produced a growth
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response in the presence of applied nitrogen, but the change in level of the
foliar magnesium is not significant.

Long-term Studies of Nutrient Relations of Forest Crops and Sites

This important project, mentioned in the 1960 Report, has regrettably been
left in abeyance, owing to the priority given to foliar analysis of the fertiliser
experiments.

Water Relations of Forest Crops and Drainage

The importance of rooting habit, in relation to the stability of crops against
wind-throw and the continued vigour of stands some 20 to 30 years after plant-
ing on heavy soils and peat, has directed attention to questions of soil drainage
and crop transpiration. Visits have been made to a number of sites, including
Lennox Forest in mid-Scotland where spruce is suffering serious wind damage
and exhibiting slow growth 30 years after planting, despite early promise. The
soil is a heavy boulder clay which has not been intensively drained, and the
root systems of the spruce are extremely shallow. However, there is evidence
that former hardwood growth had rooted this soil in depth. Tightly closed
fissures can be seen on close examination of the profile, and these can only be
interpreted as being due to the drying-out of the clay by the transpiration of
forest cover in former times. It is proposed to test the effect on the profile of
intensive drainage in a spruce/alder mixture. Alder is able to root very deeply
on this site, and the effect of drainage and the use of this species as a nurse may
so improve the rooting habit of the spruce that its own transpiration will even-
tually be sufficient to maintain the soil structure in depth after the alder is cut
out or suppressed.

The Soils Section has continued its collaboration with Dr. A. J. Rutter, of
the Imperial College of Science and Technology, London, in his studies of the
hydrological relations of forested and grass-covered soils at Crowthorne,
Bramshill Forest, Berks. (Rutter, 1959). Records of moisture tension, rainfall,
etc., have been maintained on several sites during Dr. Rutter’s absence in
Pakistan.

Gypsum soil moisture blocks, inserted at depths down to 8 feet, have shown
that in 1960 the transpiration of the pine continued to dry out the zone from
2 feet to 5 feet 6 inches in depth during the period from April to November,
building up high moisture tensions by the late autumn. The highest tensions,
and latest dates of re-wetting of these zones, were associated with taller and
o.lder stands. The readings were taken weekly and the results are remarkable in
View of the fact that the surface layers were usually moist from the exceptional
summer rains.

A pair of lysimeters, similar to those described by F. H. W. Green (1959)
for the observation of the potential evaporation of grass cover, have been
Installed at the Alice Holt Climatological Station. Soil moisture instruments

ave been added to assist in the maintenance of suitably moist conditions, with-
out waterlogging.

Techniques

The determination of calcium and magnesium by atomic absorption has
Proved to be much more satisfactory than other techniques previously tried.



50 REPORT ON FOREST RESFARCH, 1961

The magnesium determination is virtually free from any interference, but the
calcium absorption is suppressed by small traces of phosphate at levels which
do not affect its emission in the same flame. The method cannot therefore be
recommended for calcium unless phosphate is rigorously removed. A solution
to this problem using ion exchange resins is the subject of a separate publication
(Hinson 1962).

The design of an exceptionally simple portable alternating current resistance
bridge for the measurement of soil moisture has been completed. (Practical
details for construction are available in duplicated form.) Improvements have
also been made to the design of the gypsum soil moisture blocks. It has been
found that graphite-coated silver electrodes are immune from capacity effects,
which are a source of difficulty with other electrode materials, save platinised
platinum.

A relatively inexpensive apparatus for recording instrument readings by
lapse-time photography has been assembled and tested in the laboratory. Field
tests will follow.

Facilities for the photometric determination of the mean area of cell wall
material in stained wood sections has been devised at the request of the Path-
ology Section.
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FOREST GENETICS
J. D. MATTHEWS, A. F. MITCHELL and
R. FAULKNER

The Survey of Seed Sources

The object of this survey is to locate suitable seed sources so that the practising
forester may know where to obtain seed of the best of the existing varietics
and cultivars. The greater part of the survey work in 1960 was done in Wales
and Southern England, and 40 additions were made to the Register of Seed
Sources for England and Wales.

Following the good flowering of many species in spring 1960, it appeared
certain that good seed crops of many species would be available for collection
in the autumn of 1960. An interim Register of Seed Sources for Britain was
therefore prepared and distributed early in September. This register contains
403 classified seed sources totalling 7,261 acres. Table 3 summarises the entries
for those species which are represented in the register by more than 90 acres
of classified seed sources.
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Table 3
Area of Registered Seed Sources in Scotland, England and Wales™"
Distribution by Countries
Specics Classification
Scotland | England Wales Totals
(acres) (acres) (acres) (acres)
Scots pine Plus and almost Plus 964 424 0 1,388
Normal 1,523 105 0 1,628
Corsican pine Plus and almost Plus 0 999 0 999
Normal 34 56 0 90
European larch Plus and almost Plus 395 5 0 400
Normal 234 20 12 266
Japanese larch Plus and almost Plus 33 0 0 33
Normal 26 29 3 58
Hybrid larch Plus and almost Plus 124 0 0 124
Normal 6 0 0 6
Norway spruce Plus and almost Plus 0 0 0 0
Normal 102 19 0 121
Douglas fir Plus and almost Plus 124 175 40 339
Normal 40 165 6 211
Western red cedar Plus and almost Plus 11 22 0 33
Normal 15 58 2 75
Sessile oak Plus and almost Plus 5 12 0 17
Normal 26 17 35 78
Pedunculate oak Plus and almost Plus 149 0 0 149
Normal 17 18 0 35
Beech Plus and almost Plus 4 104 0 108
Normal 10 987 0 997

S (l), The principal species omitted from this summary are Lodgepole pine, Sitka spruce,
erbian spruce, Western hemlock, sycamore and ash, for which less than 90 acres of seed
Sources have been classified and registered.

Thp survey of seed sources is to be completed by the end of 1961. The next
Step in the process of improving the genetic quality of seed collected in Britain
IS to convert the best seed sources into seed stands, or seed production areas,
;ﬂ Wwhich all the phenotypically poorer trees are removed, thus leaving isolated

€ crowns of the finest trees for seed collection purposes. This conversion of
iszdksgurces intc? seed stands has been proceeding slowly since 1953, but the
cour 1S now being speeded up. During the year a series of seed collection
" ISes sponsored by the Forest Tree Seed Association of England and Wales

¢r¢ conducted by members of the Genetics Section and there are now trained

seed collection teams in each Forestry Commission Conservancy throughout
the country,
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The Selection of Plus Trees

The selection and propagation of outstanding phenotypes (Plus trees) and
other trees of more specialised interest (Special trees) was continued. The
total number of Plus and Special trees of all species which have been marked
and recorded is now 2,959. Only 20 new trees were found during the year and
it is evident that a high proportion of the potential Plus trees in the older woods,
plantations and arboreta in Britain have been located (by ‘older’ woods and
plantations is meant those which are more than 30 to 40 years of age). More
Plus and Special trees will, of course, be found as the younger woods and
plantations grow older and the search for such trees will continue.

Most of the Plus and Special trees have been found and selected during the
course of the survey of seed sources, and Table 4 shows that the greatest number
of trees were found in the period 1954 to 1956 when the survey parties were
working in Scotland and Northern England. Seed sources and Plus trees have
still to be selected in South Wales and this will be done during the summer of

1961. It will thus be possible to present a country-wide summary of the register
of Plus trees in the 1962 Research Report.

Table 4
Number of Plus Trees Selected

Year Ended | Number Selected | Accumulated Regions in which most of the
31st March | During the Year Totals trees were selected(?)

1949 27 27 England and Eastern Scotland

1950 41 68 » »

1951 37 105 » s

1952 205 310 Eastern Scotland

1953 314 624 Northern Scotland

1954 424 1,048 Western Scotland

1955 504 1,552 Southern Scotland

1956 450 2,002 North West England and Scotland

1957 70 2,072 Eastern England

1958 390 2,462 Southern England

1959 288 2,750 North East England

1960 189 2,939 Southern England and Wales

1961 20 2,959 Wales

(*) Most of the trees have been selected during the survey of seed sources. It is therefor®

possible to indicate the regions from which most, but not all, the Plus and Special trees wer®
selected in each year.

The Formation of Tree Banks

The establishment of the National Collection of Plus and Special trees of twor
needled pines, the larches, Douglas fir, the spruces, beech and certain other
species continued during the year, and 1,443 clones have now been planted-
The Plus and Special trees are represented in these tree banks by clones ©
grafted plants or rooted cuttings and by this means are preserved against loss
by windblow, fire or felling, and are brought together into convenient centres
The tree banks are themselves duplicated as a protection against loss and even”
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tually there will be two collections, one for England and Wales and the other
for Scotland.

The planting of the tree banks began in the spring of 1957 and Table 5 shows
the progress of the work since then. By maintaining the present rate of planting,
the Plus and Special trees will be fully represented in tree banks in five or six
years’ time.

Table 5
Progress in the Formation of Tree Banks
Plus and Special Trees
Year Ended
31st March Selected and Propagated Planted in
Registered Vegetatively Tree Banks
1957 2,072 1,051 585
1958 2,462 1,359 816
1959 2,750 1,581 1,075
1960 2,939 1,771 1,229
1961 2,959 2,011 1,443

Vegetative Propagation

As in previous years, grafting, the rooting of cuttings and layering were used
to raise clonal material for inclusion in tree banks, field tests and seed orchards.
The final total of grafts attempted during the spring of 1960 was 13,373 and
the number of successful grafts surviving to the spring of 1961 was 9,060,
representing 473 parent trees. The overall success was 68 per cent.

Just over 23,000 cuttings were inserted in the propagation frames at Alice
Holt, Grizedale, Bush and Kennington nurseries, most of these being clones of
X Cupressocyparis leylandii and Western red cedar. During the spring of 1961,
4,800 rooted cuttings, principally X C. leylandii, were distributed for planting
In field trials and tree banks.

Controlled Crossing and Progeny Testing

Controlled crosses are made for several purposes and the nature of the crossing
pattern employed changes with the object of the work. Controlled crosses
between individuals of the same species are done to identify those selected
Plus and Special trees which combine well with others to produce good progen-
les, that is, those which possess good combining ability. Another object of
crosses between individuals within a species is to determine the heritability of
the_charactcristics desired, heritability being defined as that portion of the
Vanance observed in the progenies which is due to genetic factors. The con-
trolled crossing work done in seed orchards is intended to identify trees with
80od combining ability and to permit estimations of the heritability of the
!mportant characteristics included in the breeding programme. An example was
gven for larch in the Research Report, 1960.

Inter-provenance Crosses

d’f? second broad type of crossing work concerns the crossing together of

wl' crent Provenances within a species which may lead to the production of
ithin-species hybrids which combine the good characteristics of the parent
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provenances. An example of this kind is provided by the inter-provenance
crosses made in two experiments on Lodgepole pine at Allerston Forest in
Yorkshire. In the experiment at Harwood Dale are plots of trees from six
widely separate populations of Lodgepole pine which straddle the main area of
natural distribution of the species. The plots represent three provenances from
British Columbia and one each from Washington, Oregon and Idaho in U.S.A.
One of the British Columbia provenances is from a coastal locality; the other
five provenances are all from inland areas. In 1959 seven to 10 of the best
dominants were selected in each plot and the crowns of the trees were isolated
by thinning to allow sunlight to reach them and make them accessible for
controlled pollination. The warm, dry and sunny summer of 1959 resulted in
good flowering in spring 1960, and 34 of the possible 36 inter-provenance
crosses were made using balanced pollen mixtures from the seven to 10 selected
trees to represent each provenance. The first results of this work will be seen
in mid-1962, by which time the seed will have been sown and seedlings should
be appearing.

Assessment of Survival

Assessment of survival after planting of the larch progenies raised from
crosses made in 1956 in the Hybrid larch seed orchard at Newton, Morayshire,
and planted out on four sites in 1959, showed that in general the losses were 50
few as to give little indication of important differences. On the main site in the
Forest of Dean, Gloucestershire, survival was virtually complete. There were,
however, losses of up to 45 per cent in three of the Japanese larch progenies
planted on two upland sites in Wales and Northern Ireland. On these two sites
four Japanese parents yielded progenies which survived well after planting,
while two others yielded progenies having a lower field survival after planting.

The Formation and Management of Seed Orchards

Seed orchards consisting of clones of grafted plants derived from Plus trees of
Scots pine, Lodgepole pine, European larch, Douglas fir and beech have been
formed, both to produce seed and provide a means of further improvement of
these species. Seed orchards composed of clones of European and Japanest
larch have also been planted to produce seed of the first generation Hybrid
larch, Larix x eurolepis. Forty-five acres of seed orchards planted for the pro-
duction of Hybrid larch will, in due course, produce sufficient seed to satisfy
the foreseeable demands for seed of this hybrid.

Small quantities of seed are now being harvested from seed orchards i
Britain. The larch seed orchard at Newton, Morayshire, produced the second
crop of seed in autumn 1960. Twelve pounds of seed were collected from four
acres, the yield thus being 3 Ib. per acre in the ninth growing season after plant-
ing. A beech seed orchard at Alice Holt planted in 1951 and one acre in extent
yielded 114 Ib. of beech nuts in 1960. Another beech seed orchard at Hemsted
Forest, Kent, was planted in 1957; this produced 4 Ib. of filled nuts which ar€
being sown in a small beech progeny test, together with most of the nuts from
the Alice Holt orchard.

The older Scots pine seed orchards are also now coning freely, but male
flower production is only just beginning. Controlled crossing programmes will
begin in these seed orchards as soon as sufficient pollen becomes available. The
planting of a series of Lodgepole pine seed orchards has so far been delayed
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by the lack of suitable Plus parent trees. Sufficient grafts have, however, been
made to plant the first orchard of this species at Newton in the spring of 1961.

Maintenance of Seed Orchards

Now that some 150 acres of seed orchard are established in various parts of
Britain, the work of managing them is growing each year. An experiment set
up in a seed orchard containing 20 clones of Scots pine situated in Bradon
Forest, Wiltshire, is designed to compare the effects of mulching, fertilisers and
weed suppression by polythene sheets and three chemical weedkillers (simazine,
dalapon, and pentachlorphenol) on the growth rate and flowering of Scots pine
grafts. This experiment is being run for three years.

Larch Seed Production

Observations on the relative dates of male and female flowering of European
and Japanese larch clones have been made in two larch seed orchards at Newton
Nursery, Morayshire, and Mabie Forest, Dumfries-shire. These two seed orch-
ards contain a total of 37 clones of grafted plants, two of which are represented
at both sites. The majority of the Japanese larch clones shed their pollen some
14 days before most of the European larch do so, but the female flowers of the
European larch clones are generally receptive when the Japanese larch pollen
is flying. Thus, as a general rule, most of the cones collected from the European
larch will contain seed of Hybrid larch (i.e. Larix decidua x L. leptolepis = L. x
eurolepis) and the cones of the Japanese larch clones will produce Japanese
farch sced. The principal object of the two seed orchards at Newton and Mabie
1s to produce seed of Hybrid larch. It is evident that the production of such
seed is dependent on the number of female flowers and cones produced by the
European larch grafts. It has also been observed that most of the Japanese larch
clones produce copious quantities of pollen, and it appears that a suitable pro-
portion of European to Japanese larch grafts is three or four to one. The demand
for.seed of Japanese larch has fallen in recent years and seed orchards consisting
en.tlr_ely of Japanese larch clones are probably unnecessary. It is probable, on
existing evidence, that useful quantities of Japanese larch seed will be produced
In seed orchards consisting of clones of European and Japanese larch.

A small seed orchard has been planted in which grafts of the two species are
Tepresented in the proportion indicated by these observations: i.e. one Japanese
larch pollinator to four European larch seed bearers.

The Technique of Tree Breeding
Pollination Bags

. Duying the past 10 years several kinds of pollination bags have been tried for
1Solating the fernale flowers of the pines, larches, Douglas fir and beech. Until
recently most use has been made of two greaseproof paper bags, the first to
isolate the female flowers and the second put over the first after pollination
:"35 completed. These bags have relatively low strength and poor weather resis-
ance; in particular, prolonged rain causes them to disintegrate. Moreover, the
temperature inside the bags is often 10 to 15 degrees higher than that outside.
b In 1959 and 1960 a number of lightweight plastic materials were tested.
Olythene bags proved unsuitable because of heating and condensation inside,
ut bags made of a non-woven Terylene fabric were shown to be sufficiently
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porous yet pollen-proof and appeared to stand up well to the weather and the
abrasive action of pine needles. These Tereylene bags (Plate 3) are light in weight,
dry off quickly after rain and there is little or no build up of heat and conden-
sation inside. The addition of a small polyvinyl chloride window permits easy
observation of the developing female flowers. Only one bag is required instead
of two, and they can be used again after heat or chemical sterilisation. These
non-woven Terylene pollination bags are now in general use and will replace
the greaseproof paper bags as soon as possible.

Physiology of Flowering

Work continues on the physiology of flowering in forest trees, in collaboration
with Professor P. F. Wareing and his colleagues at the University College of
Wales, Aberystwyth. Their work is described in Part II of this Report, page 114.

Size of Graft

The probable importance of size of graft, and the accompanying development
of a complex lower branch system, for the production of male flowers by grafts
of Corsican pine, may be inferred from the performance of a group of grafts
of this species at Alice Holt Research Station. Eleven clones were produced in
spring 1950 by grafting scions from mature Plus trees of Corsican pine on to
three-year-old rootstocks of pine. The grafts first produced female flowers in
1956, when they were seven years old and has reached a height of eight to nine
feet. Male flowers did not appear until 1958, by which time the grafts were 12
to 13 feet tall, and these male flowers were borne on the weaker shoots in the
lower three feet of the crown, where the branch system had become complex
and rather short and partially shaded branchlets were numerous. Since 1958
the male flower-bearing region has extended upwards and these grafts have
produced male and female flowers each year.

Rootstock Trial

In 1953 a small rootstock trial was planted at Rendlesham Forest, Suffolk.
scions from a single mature Corsican pine tree (Pinus nigra var. calabrica) were
grafted in 1951 on to seedling rootstocks of Corsican pine, Austrian pine (Pinus
nigra var. austriaca), Lodgepole pine, Mountain pine and two origins of Scots
pine, one from Eastern Scotland and the other from a local source in Eastern
England. The experimental layout consisted of five ransomised blocks, each
combination of rootstock and scion being represented by a single tree in each
block.

An assessment of height growth in 1957 revealed highly significant differences
between the mean heights of the scions on the various rootstocks, the scion-
growth on Austrian pine and Corsican pine rootstocks being significantly greater
than on Lodgepole and Mountain pine rootstocks. The difference in scion growth
on the two origins of Scots pine was striking, scion growth on the Eastern
Scottish origin was significantly or appreciably poorer than on any other root-
stock, whereas growth on the local Eastern English origin was significantly
better than on any other rootstock.

By August 1960 the tallest grafts had reached a height of 10 to 12 feet. The
order of scion growth was similar to that in 1957, but two of the grafts on
Eastern Scottish Scots pine had died. The count of one-year-old developing
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cones showed best female-flowering on Eastern English Scots pine (the mean
number of cones per graft being 20) and Mountain pine (14 cones per graft).
The mean number of cones on the other rootstocks were Austrian pine, seven
per graft; Corsican and Lodgepole pine, three per graft; and Eastern Scottish
Scots pine, two per graft. The further development of this small trial holds
considerable interest since it appears that a very crude choice of rootstocks
has affected the growth, survival and cone production of the scions. But it is
necessary to stress that similar results may not have been obtained if other
Corsican pine trees had been used as the sources of scion wood and studies of
the performance of a number of clones on different rootstock species must
continue.

Other Work

The flow of enquiries from Forestry Commission and outside sources continued,
some 143 being dealt with during the year. Most of these concerned vegetative
propagation by grafts and cuttings (advice given included the design and con-
struction of two large propagation frames for the mass production of Leyland
cypress cuttings), the layout and management of seed orchards and the selection
and treatment of seed sources. General enquiries on the organisation of tree
breeding programmes increased markedly. Technical advice was given to the
Scottish Forest Tree Seed Association and the Forest Tree Seed Association of
England and Wales.

FOREST PATHOLOGY
By J. S. MURRAY

A notable event was the study tour on the fungus Fomes annosus, in June 1960,
arranged under the auspices of the International Union of Forest Research
Organisations. Over 20 delegates from nine countries took part in discussions
and saw examples of damage in various forests in North and East Scotland.
This fungus is of increasing seriousness in all the countries represented, notably
In the U.S.A. where invasion of new plantations is being observed with disquiet.
Tht_: discussions were very fruitful, for the majority of those attending were
actively employed in research on Fomes. The response to the meeting was a
good measure of how seriously the disease is regarded abroad and why accounts
of it have bulked so large in recent Forestry Commission Reports on Forest
Research,

In contrast to the 1959 season, the summer of 1960 was cool and extremely
wet. The most obvious effect as far as pathology is concerned was waterlogging
and death of root systems of nursery stock, leading in some cases to establish-
ment losses. This was the cause ascribed to several cases of dying in newly-
planted Japanese larch. In the Wareham area, Dothistroma pini caused severe
needle loss on nursery pines. This fungus, which has been known in Britain
for only the last five years, seems to be favoured by wet summers and sup-
Pressed by dry ones.

Fomes annosus

Field investigations confirmed that the limitations of Fomes development on
ex-hardwood sites are temporary. With the exhaustion of the hardwood material
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and its associated fungal flora, and with the multiplication of conifer thinning
stumps, invasion and spread by the fungus are accelerated. The only sites with
apparently lasting resistance to invasion by Fomes fungus are those where the
main rooting zone is in peat. For these reasons creosote stump treatment has
now become general practice in most parts of the country. Work on testing
alternative materials to creosote has continued.

Experiments on chemical and mechanical treatment of Fomes-infected crops,
before and after clear-felling, in order to reduce the incidence of disease in the
following crop have been laid down. So also have trials of species and proven-
ances to investigate their relative susceptibility to infection, both by butt-rot
and killing attacks. These are becoming increasingly important aspects of disease
control, as clear-felling and replanting, and enrichment of selected crops, become
more common.

Further work on infection of wounds on standing trees during extraction of
produce has confirmed that although infection does occur in a number of
species, only a small proportion of wounds lead to serious progressive decay.
This finding relates only to stands up to 40 years of age.

Keithia Disease of Western Red Cedar, Thuja plicata

Nurseries in England, Scotland and Wales in which it was proposed to carry
out rotation sowing of Western red cedar were inspected. As a result, the rota-
tion sowing programme already started in Scotland was modified, while rotation
sowings are being started in 1961 in England and in Wales.

Small-scale experiments indicate that infection by the causative fungus,
Didymascella thujina, is not carried over from one season to the next in nursery
soil which has previously carried infected Thuja, nor in litter formed beneath
infected plants. If all Thuja plants are removed from a nursery following the
outbreak of the disease, re-establishment of the disease on future Thuja crops
will depend on deposition of spores carried with the wind from a distant source
of infection, or on the importation into the nursery of infected Thuja stock. It
is on these premises that the principle of rotation sowing is founded.

Trials have commenced to test control of Didymascella with sprays of the
systemic antibiotic ‘Acti-dione’ and to assess the phytotoxic effect of various
concentrations of this substance on Thuja foliage.

Botrytis cinerea

An attempt was made to correlate the temperature and humidity conditions
occurring over nursery seedbeds with the onset of infection by this fungus. This
was carried out in 10 nurseries scattered over England, Scotland and Wales,
using Sequoiadendron giganteum as the test species. Preliminary examination of
the data obtained indicates that local temperature and humidity records are of
little value in forecasting the onset of infection.

During the growing season of 1960 the general climatic conditions through-
out the country were those which are assumed to favour infection by Botrytis.
Despite this, no reports of serious Botrytis damage have been received. This has
emphasised our sparse knowledge of the general biology of Botrytis in forest
nurseries, and it is hoped to initiate fundamental studies in the near future.

Group Dying of Conifers Caused by Rhizina undulata
Observational work was confined to an area where group development has
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been [ollowed since fires were first lit in healthy Sitka spruce in 1955, Spread
of Rhizina, and death rate of trees, decreased considerably in 1960. Some abnor-
mal thickening and colouration of Rhizina fructifications was found for the
first time, but the cause of this was not determined.

Dying of Norway Spruce

Detailed work on this disease in unthinned stands on the East and West
coasts of Scotland was started. There was some evidence that increasing exposure
of the crown might have played a part in the damage, but measurement of
growth diflerences between healthy and diseased trees has revealed that climatic
conditions in particular years are probably important factors in the disease.

Die-back of Oak

An investigation into death of oak in young stands in East Anglia was com-
pleted. Relative exposure to winds prevailing during drought was found to have
been a decisive factor in initiating the damage.

Melampsora pinitorqua

Infection of the test bed of aspens and pines, first achieved in 1957 after
attempts had been made for three years, has declined. Only one Pinus pinaster
shoot was affected in 1960. Whatever its effects elsewhere, the disease appears
to be innocuous in the test bed.

Cronartium ribicola

Qbservations were continued on the trial plot of currant species, Ribes and
Pine species. Pinus griffithii, the Himalayan pine, has not yet produced any
blisters, though swellings have appeared on some stems. A resinous swelling
appeared on one of the grafts of resistant Weymouth pine, Pinus strobus, clones
from America, and the plant died.

Elm Disease Caused by Ceratocystis ulmi

Collection and propagation of British clones for testing continued in co-
operation with the Silviculture Section. The unfavourable spring caused serious
losses_among the new grafts, and progress was further retarded by a failure of
the mist propagating unit.

Wound Protectants

In the trial on beech at Westbury Forest, Hants., Arbrex has proved the best
substance tried for protecting and stimulating cambial growth, but Rito, stand-
ard grade (a thick bitumen), appears to give the most durable cover. On large
wounds a combination of Arbrex round the edges and Rito over the main area
would probably be better than either alone.

Advisory Work

As usual, advisory work occupied a good deal of the time of the section.
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FOREST ENTOMOLOGY
By D. BEVAN

Pine Looper Moth, Bupalus piniarius
Pupal Survey

Three additions were made to the areas surveyed in 1960 — Edensmuir in
Fife, and Hambleton and Allerston Forests in Yorkshire.

Little change in population is recorded from most forests, though six units
in Scotland show slight increases. Only in the case of Cannock is the density
of the insect above endemic figures, but the rise in numbers in Culbin and

Tentsmuir deserve mention owing to these forests’ previous history of in-
festation.

Cannock Chase - In the count made in the winter 1959-60 a forest average
of 7-6, and a highest compartment mean of 33-2 pupae, both per square yard,
were reported. These two statistics for the winter 1960-61 were 7-1 and 25-4.
The overall population average has thus dropped and nowhere has the density
of population reached so high a maximum as it did in the previous year.

The threatening population of 1959-60, it appears, was largely controlled
below infestation level by parasitisation of the pupae by Cratichneumon nigri-
tarius (see Part 111, page 176). Pupal parasitism found by examination of pupae
collected during the winter 1960-61 is again quite high, and it will be interesting
gto see how reliable a control measure this insect proves to be during the comin

spring and summer. <
Culbin — The values for forest average and highest compartment mean were

1-2 and 29 pupae per square yard in the 1959-60 survey, followed by 26
and 8-2 pupae per sq. yd. in the winter 1960-61. The compartments showing
the highest densities are all those which bore a relatively high pupal count
during the winter of 1953-54 (previous to the aerial spraying carried out during
the summer of 1954).

Tentsmuir ~ At this forest the values for forest average and highest compart-
ment mean were 0-1 and 0-4 in 1959-60, and 1-8 and 7-6 pupae per sq. yd:
for 1960-61. The rate of increase is therefore 20-fold in this forest.

The development of these populations will require watching.

F.pidemiological Investigations

The main object of these studies has been to investigate the mechanism
causing density fluctuation in Pine looper. Work has continued since 1956 10
a study plot at Elveden, Thetford, a site thought, at the time of selection, to
have a high infestation risk. Unfortunately, from the research point of view
no part of Thetford has ever contained even a mildly threatening population,
and although the plot has provided a good trial ground for the development
of sampling techniques, little information on the process of outbreak has been
forthcoming. For this reason a further study plot was established in 1959 a
Cannock Chase, a forest known to be subject to population fluctuations and
with a record of infestation. _

Owing to the shortage of specialist labour required for summer sampling
this kind of work had to be confined to stages in the insect’s life-cycle which
could be done by trapping methods, employing local staff to make collections-
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The main results of this were that no data could be gathered on the critical
egg and larval stages, though details of interest on pupal, adult and last-stage
larvae were obtained in this way.

Apart from these two study areas, much additional information has been
gathered from the short-term investigations initiated whenever a potentially
damaging population has cropped up in any of the Forestry Commission’s pine
plantations. These have usually lasted for one year only and have either finished
in a control operation, as at Tentsmuir in 1957, or with an almost complete
natural subsidence of population, as at Rendlesham in 1959. The work involved
on such occasions has been directed primarily to the needs of the minute, viz.
in establishing whether or not artificial controls were needed. At the same time,
of course, certain observations, mainly of research interest, upon these higher
density populations has been possible. However, at no time has it been possible
to obtain a complete sequence of observations throughout any fluctuation of
size, until the spring of 1960, when pupal counts at Cannock revealed that a
great increase in numbers had taken place and that a population high enough
to cause defoliation was present. Thus for the first time a situation requiring
investigation, owing to high Pine looper density, had arisen in a forest already
under special surveillance. As described in Part III of this Report, page 176, the
information gathered from the work that followed was of considerable interest.
This 1960 Cannock population, in spite of having been kept below infestation
level naturally during the summer, had by no means completely collapsed by
the time the pupal stage had been reached. The time seemed right, therefore,
to transfer the main effect of Bupalus work to Cannock, a forest which appears
to provide the necessary conditions for an epidemiological study of this nature.
Observations will continue at Elveden along the lines of those previously carried
out at Cannock, but the more intensive studies of adult, egg and larval mortali-
ties will be concentrated now at the last-named forest.

Anoplonyx destructor, Bens., a Larch Sawfly
Field Investigations

Intensive work has continued in the permanent study plot at Mortimer.
As§essments of adults, final-stage larvae and cocoons have again yielded inter-
esting results, and the branch sampling method of counting eggs and larvae,
tngd for the first time, appears promising. An attempt to speed up the rather
tedious and time-consuming business of cocoon counting is also encouraging;
here, the larvae, on descending from the crowns for pupation, are allowed to
fall into vermiculite-filled trays, making the removal of the cocoons quite an
easy matter,

One of the minor difficulties in this project has lain in the positive identifi-
cation of the cocoons of the three common sawfly species on larch, Anoplonyx
destr‘uctor Bens., Pristiphora laricis, Hart., and Pachynematus imperfectus Zadd.,
and 1t has not, therefore, been possible until recently, to relate the host with the
Parasites bred from winter cocoon collection. The rather slight differences
between the species has only been learned by constant handling, but now almost
100 per cent accuracy of identification has been obtained. With this knowledge
Wshould now be possible to estimate the precise effect of the two most numerous
and common parasites of A. destructor, Labroctonus westringi, Holm., and
Rhorus palustris var. nigriventris, Str.

To the published list of parasites of A. destructor must be added this year,
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from cocoons, a Trematopygus sp., & Rhorus sp. and Mesoleius tenthredinidis, and
a Metasecodes sp. upon eggs. Of these, only the Metasecodes sp. has appeared
in numbers.

Feeding by centipedes, staphylinid larvae and nematodes has been observed in
the laboratory, but whether any of these general feeders can account for the con-
siderable cocoon loss during the winter months has yet to be investigated. Little
difference in cocoon count has been noted between plots protected against small
ground game and those unprotected, and no further detailed work is therefore
envisaged upon these animals in the immediate future. Data from cocoon
collections made at Mortimer on two dates — November 1959 and March 1960
— showed a loss of population of 8-2 4+ 1-9 cocoons per sq. yd. during this
period, leaving 4-8 + 1-0 cocoons in unprotected and 33 + 1-2 cocoons in
protected areas.

Two species of fungi, Paecilomyces farinosus (Dicks ex Fr.) Brown and Smith,
and a Fusarium sp., have been found active in the field and accounted for some
80 per cent of larvae sleeved on larch branches at Mortimer and Radnor.
Whether these losses were due to some slight differences between conditions
within the muslin sleeve and the outside, or to injury to these very sensitive
insects during transfer to the branch, has not yet been established.

Increment Loss Caused by Defoliation

The intention to lay down a long-term experiment to measure increment loss,
following A. destructor defoliation, was mentioned in a previous report. The
first year’s spraying of an 184 acre block of Japanese larch planted in 1930 at
Drumtochty was carried out in June and was successful. A count, made in the
autumn, of larvae falling from the crowns for pupation indicated that although
a population of about 350 larvae per sq. yd. were present in the adjacent blocks,
there were none in the sprayed compartments. If high densities continue at this
forest, it is hoped that it will be possible to give an accurate estimate of the
financial loss resulting from this insect’s activities within a period of 10 years.

Pinhole Borer, Trypodendron lineatum, Ol.

Low levels of infestation have somewhat bedevilled experimentation upon this
insect. At least, in part, this has been due to the capricious nature of the species
which seems to infest without obvious pattern.

Further trials of insecticides for single log protection were carried out this
year at Glenduror Forest in Argyll. Two formulations based on benzene-
hexachloride, Hexaplus and Protoplus (the latter with added pentachloro-
phenol), were tested, together with a chemical containing dieldrin, called Dil-
stan. The first two chemicals, at concentration of 0-75 per cent, applied at the
rate of 1 gallon per 100 sq. ft. of bark surface, gave almost complete control.

Biological investigations have included:

(1) An extension of one of the 1959 experiments into the relationship between
time of felling of Douglas fir, Japanese larch, Norway spruce and Sitka
spruce, and their susceptibility to attack; and

(2) A comparison between stump and log infestations.

In the former, logs were felled at Glenduror, at monthly intervals from
November 1959 to April 1960. No preference by the beetles for logs of a par-
ticular age or host species could be detected owing to the low level of attack.
It is worthy of note, however, that the shortest period between felling and
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attack observed during the experiment was three weeks. In the second experi-
ment considerable differences were noted in the success of broods in the two
types of breeding material. The stump tunnels, which tended to be much longer
than those in logs, frequently contained dead larvae and beetle remains, together
with slime and detritus; they also harboured many live predatious bettles and
larvae, among which Epuraea obsoleta appeared most numerous. There was
little development of larval tunnels in these stump galleries and it seems that
only a few eggs got even as far as hatching. It would appear from this investi-
gation that the risks of stumps acting as reservoirs for the beetles are not very
great. Both creosoted and uncreosoted stumps were examined in this investi-
gation, and no differences were noted.

These studies continue to be conducted in collaboration with the Entomo-
logical Section of the Forest Products Research Laboratory, Princes Ris-
borough. In 1961 it is proposed to investigate the chemical protection of log
stacks, and to obtain further information upon felling-age preference.

Advisory Work

One hundred and sixteen enquiries were dealt with during the year, 64 of these
were from Forestry Commission and 52 from private sources.

GREY SQUIRREL RESEARCH
By H. G. LLOYD, J. F. SHILLITO and L. A. TEE

This project is run jointly by the Infestation Control Laboratory of the Ministry
of Agriculture and the Research Branch of the Forestry Commission.

_ The field and laboratory work connected with the Straits Population Study
In Alice Holt forest has been completed. Analysis, with K. D. Taylor, of the
vastamount of data collected is continuing and a report will be available in 1962.

Poisoning Experiments

Cage tests of Warfarin have been done, and field trials of Warfarin in ground-
nuts were conducted in Scotland in June and July 1960. The results were very
Promising and further work, in May, June and July 1961, in Scotland, is at
preser}t under way. The current trials are intended to determine the optimum
duration of poison baiting during these months and the further development of
techniques.

Two other anticoagulants will be tested against captive squirrels during the
next twelve months.

Traps

. Eleld trials of baited (approved) humane spring traps are in progress. Pre-
1lrm'nary results indicated that although these traps are successful against grey
Squirrels when baited with maize, cage traps are more efficient. Other con-
;lst:eratijons such as cost, portability, and ease of concealment have not yet been

essed,

The development of a new cage trap (designed by a Forestry Commission
Warren;r) is being done concurrently with these field trials. The trap is being
tested in comparison with the production model single-capture Legg trap.
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Plans have been made for an expansion of the research programme in 1962.
This will include studies on the degree of protection afforded to susceptible tree
crops (e.g. sycamore) by application of various control methods at different
times of year. Preliminary studies on the bark-stripping habit of grey squirrels
will also begin.

FOREST MANAGEMENT AND WORKING PLANS
By F. C. HUMMEL

The work of the Management Section continues to embrace four main subjects
— Economics, Mensuration, Census and Working Plans. As reported last year,
no census field work is in progress at present, but a sample survey of the whole
country is planned to take place in a few years’ time. Meanwhile the mainten-
ance of census statistics and the answering of enquiries arising from them have
been made the responsibility of the Economist. For this reason the Economist
has entitled his report ‘Forest Economics and Census’. In contrast to last year,
Mensuration has been made the subject of a separate report this year because
a number of new research developments have been started, mainly as the result
of the appointment of a new Mensuration Officer and the presence in the
Section during the year of a Swiss research graduate. During the previous few
years the officer in charge of the Management Section has also acted as Mensur-
ation Officer, although most of his time was necessarily devoted to the develop-
ment of the newer activities of the Management Section — Working Plans and
Economics.

More than half of the Management Section’s personnel is engaged on Work-
ing Plans, but most of this work is either consultant work on planning problems
or in the nature of a service to prepare forest inventories and collect other data
required by territorial officers for the preparation of Working Plans. The re:
search content of this part of our activities is low and the subject therefore
does not feature prominently in Report. Working Plan activities have, how-
ever, raised a number of research problems and stimulated investigations 1o
try and solve them. These investigations are mainly of a mensurational of
economic nature and are therefore dealt with in the respective reports on thest
subjects. The Working Plans Officer, the Economist and the Mensuration
Officer work jointly as a team on most management problems.

The application of electronic computing to forest inventory, which is a major
new development, is the subject of a special paper in Part III of this Repor!
(see page 196).

An officer was appointed during the year to undertake soil mapping, and
investigations into the correlation of site and tree growth, for Working Pla0
purposes. He is at present undergoing training with the Soil Survey of England
and Wales.

Officers of the Management Section, in co-operation with others, revised the
new draft for the form of the so-called ‘Plan of Operations’ which private
woodland owners have to prepare if they wish to qualify for grants under the
Dedication and Approved Woodland Schemes. This is a simple type of working
plan designed primarily to meet the requirements of small estates. The expert
ence gained during the past few years enabled the number of forms to be halved
and other simplifications to be introduced without sacrifice of any information
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that is essential, either to the owner of the woods for their efficient manage-
ment, or to the Forestry Commission to meet its statutory obligations.

A number of training courses and a discussion group were organised by
officers of the Management Section in co-operation with the Education Branch.
They included Mensuration courses for foresters and District Officers, a survey
course for Working Plan personnel, for which we were fortunate in securing
the services of an Ordnance Survey Officer as an instructor, and a three-day
discussion group for Divisional Officers on forecasting yields and on economic
appraisals of alternative courses of action.

MENSURATION
By R. T. BRADLEY, J. M. CHRISTIE and
A. M. MACKENZIE

Permanent Sample Plots

Since the last comprehensive review of sample plots 10 years ago the tolat
number of permanent plots has trebled and now stands at about 800. This
total, however, includes plots given a standard treatment, series of plots subject
to a range of treatments, race, species and spacing experiments, and replicated
thinning experiments.

‘The main object of the review of sample plots was to ascertain whether,
within the limits imposed by management costs, our existing plots covered the
range of treatments and sites to which each species is currently, and to some
extent might in the future be, subjected to in this country. The results of the
analysis have shown that changes in the relative number of plots within each
species will have to be made in view of the changes in relative importance and
the amount of information already available for each species. It will also be
Necessary to increase slightly the total number of plots during the next 10 years,
after which the rate of establishment of new plots will decline very considerably.
This decision to a large extent arises from the need for a wider range of treat-
ments and less emphasis on the standard form of treatment.

The total number of plots in each species at the time of the review (January
1961) and the proposed number of plots in 1970 are given in Table 6. The totals
for 1970 are a compromise between the present position and the number of
Plots which seem to be desirable on theoretical grounds.

It is intended that more detailed investigation of sample plot data will be
Starteq this year and will take the form of studies on the growth of individual
trees in an attempt to characterise stand development in terms of more basic
growth factors,

The Bowmont Norway spruce replicated (4 x 4 latin square) thinning experi-
ment, established in 1930, received its seventh measurement this year and the
'rll'laes]n ;olumes produced under the four treatment types are summarised in

€/

The differences in total production between treatments are slightly less than
?;kthe last measurement but, when the differences between 1930 volumes are
inc:: Into account, are still highly significant. The slight reduction in average

ment under the ‘D’ grade treatment may be due to the fact that the trees
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Table 6

Numbers of Permanent Sample Plots by Species at 1.1.61

Species Total 1960 Proposed Total 1970
Sitka spruce 93 115
Norway spruce 59 70
Scots pine 87 80
Corsican pine 64 65
Douglas fir 66 75
Japanese larch 106 70
European larch 69 60
Total, Major Conifers 544 535
Lodgepole pine 14 30
Western hemlock 16 30
Hybrid larch 14 25
Abies grandis 11 20
Abies procera (nobilis) 9 15
Western red cedar 8 15
Lawson cypress 3 10
Other conifers 23 35
Total, Minor Conifers 98 180
Oak 48 50
Beech 19 20
Other hardwoods 50 55
Total, Hardwoods 117 125
Mixtures 16 25
Underplantings 13 25
Total 29 50
Grand Total, All Plots 788 890
Table 7

Bowmont Norway Spruce Thinning Experiment
(Average volumes per acre — Hoppus feet, over-bark)

Thinning Treatment (Grade) B C D LC
Volume of standing crop 6,414 5,172 3,390 3,553
Total thinning yield to date 916 2,710 4,524 4,088
Total volume production to date 7,330 7,882 7914 7,641

are no longer able fully, to utilise the site as the number of trees in these plots

is nearer to that usually associated with an ‘E’ grade thinning,.

A recent study of the experiment (Mackenzie, unpublished) has revealed the
interesting fact that the total surface area of the crowns is the same in all treat-
ments, i.e. approximately three times the ground area of the plots, despite the
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large differences in numbers of trees. Economic analysis has shown that although
none of the plots is yet financially mature, the ‘D’ grade thinning has already
yielded a return of £70 per acre more than the ‘B’ grade. Under the ‘B’ grade
treatment the rotation which yields the maximum financial return has nearly
been reached at the age of 50 years, while that for the ‘D’ grade treatment will
not be reached for a further 20-25 years, during which time the differences in
value yield will increase in favour of the heavier thinning.

Yield and Increment Studies

Multiple yield tables for four different thinning grades or intensities have

been prepared for the first time in Britain. These tables are for Sitka spruce
which, although no more important than Scots pine in terms of area of standing
crops, is the most important species in terms of volume production at the
moment. The existing yield table for Sitka spruce (see Forest Record 24, Revised
Yield Tables for Conifers in Britain) has been slightly revised, and the age range
extended from 50 to 80 years. The pattern of treatment assumed in this table
has been used as the basis for the multiple yield tables and comprises the
‘standard’ thinning regime. The other three tables are for thinning treatments
characterised by the basal area of the standing crop after thinning, namely, 120
per cent, 80 per cent and 60 per cent of that given in the ‘standard’ or 100 per
cent table. Although these tables have necessarily been constructed on the
assumption of a type of thinning which is a compromise between the extremes
of strict low or strict crown thinning, the considerable range of intensities
covered make it possible, by interpolation, to derive the probable course of
stand development under other types and patterns of treatment.
. Graphical methods were again used to construct these tables and some sub-
Jective extrapolation was necessary, particularly in the lower quality classes, and
no data were available beyond 25 years, for the 60 per cent table. A loss of
total production increasing to a maximum of about 15 per cent at a height
of 110 feet has been assumed on theoretical grounds in the 60 per cent table;
otherwise it has been assumed that thinning treatment does not affect total
volume production. This latter assumption is supported by the evidence from
4 large number of remeasurements of plots thinned to the other intensities.
Itis not claimed that the pattern of thinning intensity with time, especially in
the.heaviest thinning, is necessarily the ideal one, and it is certain that it could
be improved upon from the financial point of view.

Work on the conifer stand tables has now been extended so that the tables
will show the percentage volume distribution by girth classes and by assort-
Ments as well as the percentage distribution by numbers of stems. These tables
should be applicable to standing crops or thinnings, and samples of standing
CFOPS. or thinnings (e.g. as in tariff estimation), provided that the girth distribu-
ton is ‘normal’ in the statistical sense.

The analysis of Sitka spruce data has shown that about 45 per cent of the
Eumber of trees in a stand have girths larger than the girth of the tree of mean
vg;ﬁ:n 2rea, and that these trees contribute approximately 60 per cent of the
Further work has been carried out on the use of the general tariff tables and
€ results are about to be published in a revised version of Forest Record No.
(Tariff Tables) now in the press. The text of this has been completely re-
tten, although the tables themselves remain unaltered. The new text indicates

th
31
wri
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how the tables may be used for hardwoods, and for conifers beyond the origin-
ally specified top height of 80 feet; it describes the most efficient and most eco-
nomical means of organising the work; it gives the various checks of accuracy
that may be employed and it shows how the difficulties most commonly en-
countered in practice (e.g. irregular stands) may be surmounted.

Methods of increment determination, particularly for working plan purposes,
have provided a major commitment and work has been concentrated on two
different approaches; further refinement of yield tables and, secondly, direct
estimation of increment.

Using the first approach, the precision of estimates of future yield and incre-
ment can be improved by subdividing the total production range, which in the
present yield tables is defined by top height alone, and in this way still retain
the advantages of height as the prime indicator of volume yield. Once the com-
plex problems of computing yield tables have been solved, the use of electronic
computers will speed up the preparation of such modified tables for use in those
areas to which the general yield tables are not directly applicable. This method
of estimation is most useful in younger stands where it is still possible to obtain
an estimate of total production to indicate the extent of the divergence of the
local pattern of growth from that depicted in the general yield tables.

Work carried out during the year on direct measurement of increment, using
increment cores, suggests that reliable estimates of crop volume increment may
best be determined by sampling the girth increment of the largest-girthed trees
only.

Direct Reading Caliper

Estimation of growing stock value and increment should be greatly facilitated
by the development of a prototype caliper (Plates 4 and 5). This uses 5-hole
punch tape, a common medium for introducing data into electronic computers,
and incorporates a Creed teleprinter punch unit by means of which measure-
ments are transferred directly on to tape, with no intermediate manual recording
or manipulation. The use of 5-hole tape limits the number of different characters
available to 2%, or 32, whereas 7-hole tape, which will probably be used in the
final version, permits 27, or 128, character combinations.

Stem diameter readings are registered while the caliper is still in the measuring
position by giving a half turn to a handle that moves the caliper arm and carriage
along the rack. This rack, carrying the 32 class-interval selectors, can be moved
along the slide, and the inch-girth classes used in this model can be set'so that
automatic registering starts and extends 32 inches beyond any chosen minimum
girth. Reduction gears and small pointers are used for the measurement of
increment cores, which are recorded in 4-inch girth classes by the same rack
selector system.

Other information is recorded using sequence coding for combinations of the
32 registering positions. A convenient layout for the recording of enumeration
data is shown below (Fig. 1).

Trials of the instrument and method have demonstrated that enumeration
work can be speeded up, costs reduced, and errors in recording, summarising
and transferring data can be avoided as far as the summarising, by the com
puter, of the processed information. )

Further development and refinement of the prototype and extension of s
application is planned.
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Fig. 1. Layout for Data on the Direct-reading Caliper.

FOREST ECONOMICS AND CENSUS

By A. J. GRAYSON
Organisation

In the course of the year, responsibility for the maintenance of census data
?as been passed to the Economist. Thus information of a census nature (wood-
aﬂfi area, volume, increment, woodland size distribution, etc.) is currently being
Mmaintained along with statistics on timber production, consumption and trade,
as well as relevant statistical data on prices, costs and levels of activity in major
Wood-using sectors.

Development of the Forest Economy
The review of methods applicable to broad studies of future trends in timber
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prices and consumption has continued. Work on this important aspect is
expected to take up an increasing proportion of effort in economic research as
the Second Timber Trends Study (1960 to 1975) for Europe gets under way.
As a contribution to the supply side of the timber trends question, information
on the quality-class distribution of major species by area has been compiled
from working plan forms for forests which have been enumerated. Using
particular rates of interest, it is possible to determine average costs of production
of roundwood for each combination of species, rate of volume yield and opera-
tional cost, and hence to build up a hypothetical model of the height and shape
of the aggregate supply curve for softwood and hardwood roundwood.

Assessments have been made of the volumes of roundwood, in particular
assortments available for use in developing industries, while increasing attention
has been paid to the economic consequences of alternative methods of providing
stipulated volumes. For example, clear-felling within a compact area has been
compared with thinning over a larger zone. The introduction of economics
more explicitly represents an important advance on earlier practice, which
restricted the appraisals conducted to the provision of forecasts on data for
volume yields alone.

Economics in the Management of Forests

The definition of the objects of management for particular forests, and the
broad methods of achieving them, have become progressively more important
economic problems as working plans are prepared in larger numbers. In addi-
tion a number of questions arising in the normal course of planning and manage-
ment have been dealt with ad hoc. Economic evaluations of alternative courses
of management have been made, adopting a uniform criterion of profitability.
Reference was made in the Report on Forest Research, 1959 to the criterion of
maximising present worth, valuing future revenues and expenditures at a fixed
rate of interest. This measure of profitability, using 3% per cent as the real (not
monetary) alternative rate of return to be used in discounting, has now been
adopted as the generally applicable method in Forestry Commission working.

Uses of the criterion fall into two classes. In the first place there are some
matters of local management concern which must stem from decisions taken for
the whole country or a particular region of it. Thus several working plan areas
may, at the intermediate stage of planning after a broad decision of policy has
been taken, be linked quite closely in their methods of working. Two studies of
the implications of different clear-felling regimes applied to two large areas (in
one case involving some changes in species representation) have been carried
out, using the criterion of achieving the maximum sum of future net revenues
discounted at 34 per cent. These have demonstrated the flexibility of the
approach. Flexibility is a convenient property of the principle which must be
emphasised, and this feature stands whether the alternatives analysed refer t0
whole forests or single stands. Thus the commercial returns of any given courst
may be compared with effects on such imponderable aspects as the degree of
normality achieved over the area, the variation in the labour force required for
forest work and exploitation, etc., and thus monetary and other consequences
are confronted. It is hoped to evolve more refined techniques for the evaluation
of net discounted revenues under different courses of management: linear pro-
gramming may come to be employed in this sphere. If any constraint is applied
within which several alternatives exist, then not only may the economic optimun
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under the imposed condition be evaluated, but also the difference can be cal-
culated between this and the theoretical optimum achieved when the particular
constraint does not apply. Hence a measure of the opportunity cost (i.e. the
implied cost of foregoing the maximum economic return) may be derived. This
principle has been applied to the assessment of the opportunity cost of fellings
before or after the rotation of maximum discounted net revenue, and the cost
of retaining a certain species where other, more profitable, trees might be
favoured.

Secondly, in specific fields, economic evaluations on the basis of computations
for a model acre have been made. Using the existing British yield tables and
reasonable assumptions as to the steepness of price rise with increasing girth,
rotations of maximum net discounted revenue have been calculated for the
major species.

In lower Quality Classes, especially with pines and Norway spruce, the values
of net discounted revenue are not very sensitive to changes in rotation. The most
profitable rotations are usually found to be close to the age when mean annual
volume increment culminates. For a given relationship between breast height
quarter-girth and price, there will be one such optimal rotation for each species
and Quality Class. The breast-height quarter-girth of the mean tree may then
_be read from the yield tables. It is found that for the major conifers, the range
in size of final crop tree, from the highest to the lowest quality class within one
§pecies is between 2 and 4 inches. With heavier thinning regimes than those
implied in the published yield tables, and with steeper price-size curves, the most
profitable rotations will always be longer, and also the spread of tree sizes pro-
duced on these rotations will be wider still over the range of Quality Classes.

Until recently, calculations have been based on yield tables which assume
no loss in increment potential of the stand compared with the maximum obtain-
able: However, with the aid of the new tables constructed by the Mensuration
Section, it has been possible to assess the effect of a grade of thinning (‘E’)
which, it has been assumed, reduces stocking so far that at 50 years in Sitka
Spruce, for example, total yield is approximately 85 per cent, in Quality Classes
l.an_d II, of that obtained under both ‘C/D’ and ‘D’ grade thinnings. A gentle
Tse in price with size, namely at a rate of 1d. per hoppus foot over-bark per 1 inch
of breast-height quarter-girth between 11 inches and 18 inches, has been assumed,
and a rate of 3} per cent has been used in discounting. It is then found that
Owing to the rather heavy reductions in total yield at quite early ages (20 to 25
years) the net discounted revenue rises to rather lower values than those cal-
Culated in the ‘D’ grade and even the ‘C/D’ grade. Thus it appears that with
such shallow price-size curves the enhanced girth increment and the consequent
larger value increment on the main crop is insufficient to offset the reduced
volume yields adopted in the ‘E’ grade tables. In other words, the profitability
of heavier grades of thinning in Sitka spruce under the conditions noted is
quite sensitive to the loss of yield involved once the heaviest grade capable of
Sustaining maximum volume increment has been surpassed.

ln‘order to demonstrate the effect of diverging from the calculated optimum
lr:r:alloﬂ, the convention has been adopted of assessing the range of rotation
acrgﬂgsl within whlgh net dis‘counted revenue does not fall more than .‘;5 per
ret clow the maximum achieved. Investigations of treatments yielding highest
clurns include the following cases:

(a) Production of telegraph poles from Scots pine.
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(b) Production of pulpwood from spruce.
(c) Time of replacement of Sweet chestnut by conifer crops.

In all applications of the profitability criterion so far dealt with, it is relatively
easy and usually desirable to demonstrate the effects of changed assumptions
of volume yield, costs and prices.

Economics of the Private Forestry Sector

Further progress has been made on the project, noted last year, concerned
with the evaluation of overall cash expenditures and receipts in private wood-
lands. Enquiries are proceeding jointly with the Economics Section of the
Forestry Departments at the Universities of Oxford and Aberdeen, and with
representatives of the private woodland owners’ organisations.

Two studies are singled out for comment here. With the compartment cost
data collected by the Oxford survey team, an attempt has been made to assess
the variation of unit cost of planting in England and Wales in relation to various
recorded factors. The costs concerned were obtained by correcting the compart-
ment costs for labour and plants used in planting, by means of a wages index,
in order to bring the results of five years’ costing to a more comparable basis.
Compartment cost thus corrected was divided by the area planted to give a
unit cost for each compartment. A regional split was then made, and mulitiple
regressions of unit cost on estate and compartment factors calculated. A regres-
sion was also run for the pooled observations (505 in number).

While a certain amount of variation in unit costs over all compartments
could be significantly related to such factors as numbers of plants per acre,
area planted and maximum altitude of estate woodlands, the proportion of
total variance explained was disappointingly low at 15 per cent. (The individual
regions, or pairs of regions, yielded regressions on a variety of factors which
accounted for up to 75 per cent of total variance, but the structural interpretation
of some of these were not clear.)

On the whole it appears that a certain amount of variance can be reasonably
‘explained’, but the factors recorded are not sufficiently closely related to the
real causes of variation of planting costs between compartments, estates of
regions. On the other hand, the range of unit costs of planting is not high
(averages for the regions dealt with varied between £20-8 and £25-7), and the
precision of these means was usually better than 10 per cent, while the precision
of the overall mean for 505 compartments was as high as 2 per cent.

Secondly, regression analysis was applied to round log prices as reported t0
the Forest Economics Section at Oxford for sales in 1955. The basic purpose of
this study was to determine what factors (such as mid-quarter-girth, volume in
an individual sale, quality of log) could be associated with variation in price.
If price variation could be explained in this way, allowance could be made for
changes in proportions of species, assortments and so on in comparing annual
data.

In oak, Scots pine and Norway spruce (the two latter species being lumped
together since their price variation could jointly be explained by a single rela-
tionship) some success was achieved using mid-quarter-girth and a simple
quality grading (fair and poor). In other species data were either too scanty of
the important causal factors were not identified.
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WORK STUDY
By J. W. L. ZEHETMAYR

Introduction

Since this is the first report on work study, an outline of the subject and of the
method of working will be given before details of current work are discussed.

Work study has been defined as an intensive enquiry into management to
ensure the best possible use of human and material resources in carrying out a
specified activity. It is a tool of management used to find out how jobs are
carried out in practice and to work out better methods. To find out the best
method usually requires time-study, to measure the time taken under a variety
of conditions, and this provides an ideal basis for the development of incentive
schemes, payment being related to the amount of work in each job.

Work study must operate at all levels in an organisation, because it will throw
up proposals relating to various grades — labour, supervisory and managerial.
It must be undertaken on an advisory basis, otherwise it usurps the function of
management; hence co-operation at all levels must be the aim, obtaining results
by persuasion and proof rather than the exercise of authority.

Up to the beginning of 1959 the Forestry Commission Work Study Section
had largely been engaged on exploratory work at the Forests of Ae, Kershope,
Coed y Brenin and Dovey. The year 1959-60 has seen a great deal of this work
brought to fruition by placing the organisation, piece rates and control of
production operations in a number of forests on a work-studied basis under the
control of local forest management. The task in 1961 is largely to round off
work on production and start the study of forest maintenance.

Organisation of the Work

The Work Study Section is led by a Divisional Officer responsible to Director
(Headquarters). Its staff in the last year has consisted of one Senior Executive
Officer, four District Officers, two Executive Officers, two Foresters, and three
Assistant Foresters.

.The Work Study Section provides four teams each with a leader and usually
with two other members. Team leaders have been given formal training in work
Study, and serve as assistants before taking over a team themselves. A mixture
0f grades in the teams is intentional so that ‘forest level’ experience and ‘execu-
live’ experience is available in each team, besides the managerial experience of
Ih? leader. Work Study Section’s headquarters are in Edinburgh, where a
tl_)xstrict Officer works on machinery trials and the establishment of standard
imes,

Each team is given an assignment in a particular forest, district, or conser-
vancy, and up to now this has always been in broad terms - “to study the con-
duct of production operations from marking to despatch”. Work starts with a
Survey of all the relevant features of production; all operations are observed in
the forest; control and payment procedures are recorded, and the financial
accounts analysed. A formal survey report is then presented to the Conservator
and the lines of action to be taken are agreed. Work then starts in earnest with
meth_od improvement and time studies designed to assist in setting piece rates.
_Co.sn'ngs are undertaken, and often at this stage development work is needed
if IL 15 desired to alter methods substantially, as by the introduction of new
®qupment. As work on the various points raised in the survey is completed,
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reports are made to the Conservator, often linked with meetings at which
future policy or action is decided. It is the job of the head of the section to see
that the objectives set out at the start are in the main covered, that changes in
direction are approved and agreed by all, and that effort is not lightly diverted
into other investigations.

Assignments
The assignments in progress in 1960 are shown in Table 8.

Table 8
Work Study Assignments

Conservancy Forests Completion Date Main Products
North Wales Gwydyr Aupust, 1960 Spruce pulpwood for Bo-
Coed y Brenin waters’ Ellesmere Porl
Dovey mill. Poles of other
Kerry species sold at roadside.
North-East England Redesdale September, 1960 | Peeled lineal pitwood.
(Border District) Kielder
West Scotland Glenbranter April, 1961 Logs for Cowal-Ari saw-
(Cowal Districts) Glenfinart mill, Strachur. Tops so}d
Benmore sold at roadside for pit-
Ardgartan wood.
South Wales Ebbw September, 1960 | E.:  Poles and tonnage
pitwood.
Wentwood » » | W.: Hardwood pulp for

Sudbrook Mill.
Coed Morgannwy December, 1960 | C.M.: Tonnage pitwood.
(Rheola)

With experience gained on production of chipwood and stakes, etc., at
previous assignments at the Forest of Ae (South Scotland) and at Kershope
(North West England), the section has some knowledge of the production of
most major types of produce and a particular knowledge of industrial wood -
pulpwood, chipwood and boardwood.

Fields of Work Covered in 196061

Not every one of the following items is investigated by each team, but they all
find it necessary to do some work on the majority of them. All teams contribute
to providing lecturers and instructors for Northerwood and other courses.

Tools and Methods

The first approach to any of the manual jobs which form the basis of produc-
tion work is to see that workers have good tools, know how to maintain them,
and use efficient and safe methods. A new tool list has been issued throughout
the Commission, incorporating Work Study findings in the field of production.
Information is fed to the Forester Training Schools and to Tool Instructors i
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the Conservancies. Some instruction on the job is given by members in the
course of study, and in certain cases the Work Study team has trained a pro-
duction team in better methods, resulting in higher output and earnings to
everyone’s satisfaction.

Equipment

During the year final designs for several items of equipment have been
produced, among them the Border sledge, the log jack, and the roller-topped
stand for saw benches.

A new item which is promising is a ‘wheeled towing arm’ working on the
‘tug-lift’ principle to assist in moving machine saws and bark-peelers on rough
roads and verges. All these items will be incorporated in a publication now in
draft on “Aids to Handling and Converting Thinnings”.

Machinery

(a) Chain Saws: During the year considerable attention has been devoted to
chain saws. The indications from Work Study are that chain saws should be
owned by forest workers, that they should be used by a small group led by
the owner, that hand-saw rates should be paid to such worker-owners, that
there should be a guarantee of the availability of work before men are encour-
aged to purchase such saws, and that training and workshop maintenance
facilities should be provided.

_ Experience in Britain on this matter agreed with the much greater experience
in Sweden that this division is logical, workable and fair to all.

(b) Testing of New Items of Equipment: Forest testing of production equipment
developed to the ‘user trial’ stage by Machinery Development Officer is carried
out by the section. Items tested or under test are:

(1) Isachsen Double-drum Tractor-mounted Winch for Extraction. This Nor-
Wegian equipment has suffered under test from mechanical faults. The principle
1 howcver excellent for heavy fellings on difficult ground. The problems in
Britain are to apply the machine to thinnings, and to use it on much narrower
roads and more confined spaces than is customary in Norway.

(2) Single-strand Ropeway. Trials of this equipment showed that it may be of
value to ‘salvage’ silviculturally essential thinnings, but that it could not, under
the conditions of these trials, otherwise extract timber economically.

_(3) Shawnee Poole Timber Hauler. This equipment offers great promise for
dl_re(ft hauls from stump to mill, thus combining extraction and haulage and
elmunating intermediate unloading and reloading. Over limited distances (under
EN mil_es) it offers substantial savings, but the difficulty is to find sites where the
quantity being transported justifies the high initial cost of the equipment.

Piecework Schemes

During the year all the previous work was put into a practical form with
the development of a basic piecework system, which can be expanded to cover
all for‘ms of work suitable for piecework. Booklets for timber production
OPerations in North Wales and for the Border area of North East England are
'l use within the Forestry Commission, while a draft is under trial for the
Cowal districts of West Scotland.
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Rates are set for a great variety of jobs under varied conditions. Between
them the booklets cover:

Thinning (and felling, hand extraction, etc.).
Extraction by horse.

Machine and hand crosscutting.

Machine and hand peeling.

Loading.

The main features of the booklets are:

(a) Tables of Standard Times are the essential foundation. The standard times,
expressed in minutes for each job, each size of tree, length of haul, etc., provide
a measure, derived from time-study, of the amount of work in each job. They
arc based on the time taken by the average worker working on piecework, and
presume good methods and the correct tools.

(b) The conditions under which each table of standard times applies are
defined, together with a specification of the job to be carried out, tools to be
available, etc.

(c) Additional work or altered conditions are allowed for by a series of
adjustments.

(d) The conversion of standard times to money in a logical manner is set out.
The calculation of the ‘price per standard minute’ is based on current rates of
pay and conditions, the skill required by the job, and locality conditions. Once
determined for a particular forest, the price remains constant until conditions
of service change. )

This system follows broadly that developed by Work Study in industry in
Britain, and in forestry in Sweden, and is based on the experience of the section
over the past four years. After a further period of trial it should be possible to
integrate the various regional schemes into a comprehensive guide to piece
rates.

Forest Organisation and Management.

Arising out of observing how jobs are performed, there are inevitably recom-
mendations as to how they should be organised and controlled. These may be
specific to an area or related to a particular job, e.g. that one junior supervisor
should be able to control the despatch of 3,000 tons of pulpwood per year, this
to be worked by three teams of four men each, with horse and chain saw. Much
more general is the production of Labour Control figures which have only
occasionally been produced by existing management routines. Working from
existing records the following facts are obtained:

(a) Piecework Ratio. The proportion of available working days spent on
piecework. This rarely exceeds 50 per cent for all operations in a forest. The
attainment of a higher figure would be the greatest single contribution that
could be made to the reduction of costs.

(b) Piecework Performance. The ratio of piecework earnings to timework
earnings.

(c) Days-wet per Man-year. This figure, in conjunction with actual and aver
age rainfalls, is the only logical method of comparing wet time between different
areas.
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Costing
Three separate types of work have been in hand:

(a) Compartment Costing. The investigation of methods, labour control,
produce control and costs on an area make it possible to draw up a balance
sheet showing not only costs and return from the operation, but also output,
which can be converted to productivity. A system for such compartment costings
has been under widespread test and has been adopted in some Conservancies.
It is admittedly more suited to ride-side working and quick turnover than to
depots or pitwood operations which require long seasoning. The results derived
from the costing of some 30 compartments producing pulpwood are being
written-up.

(b) Costing of Different Sizes of Pole and Piece. Time-study makes it possible
for the first time to cost the individual rather than the average tree or specifi-
cation. Results stress the very high costs associated with small dimensions, and
suggest adoption of thinning techniques to eliminate high-cost produce when
high-price markets are not available. In one extensive area, changing the thin-
ning regime resulted in a virtual doubling of the average size of spruce tree cut
at first thinning, from 0-9 hoppus feet in 1959 to 16 hoppus feet in 1960.

(¢) Costing of Different Specifications of Pitwood. The complexities of the
different specifications, prices and production costs make it almost impossible
to choose, even where there is a choice, what should be produced. A report
has been drawn up which provides a guide to relative profitability, based on
an expected conversion loss and despatched hoppus-foot volume per ton,
taking into account the varying cost of production of the various specifications.

Produce Control

_ A vital factor in produce operations is to compare estimates of standing
timber with outturn, and to establish realistic conversion losses and conversion
factors for various specifications of produce. Detailed examination in 1960 of
some 40 compartments mainly producing pulp has led to:

(a) Recommendations for simple methods of checking standing volume

estimates on the basis of volumes of produce, and for the calculation of
conversion losses on various types of produce.

(b) Recommendations on the simplest method of controlling pulp operations.

Project Organisation

This might be taken to include the whole of Work Study, but it is mentioned
to illustrate that in the case of pulpwood information has been gathered on:

(1) The basic principles which should control the operation.

(2) Working organisation and methods.

(3) Piece rates to cover all foreseeable conditions.

(4) Produce control.

(5) Costing of compartments over a wide variety of conditions.

All these have been separately noted above: together they form the basis for
a comprehensive report on the “Production and Control of Tonnage Pulp-
Wood”, now in preparation.
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Training of Staff and Publicity

Three courses on Work Study have been run for District Officers and Forest-
ers, and three courses on Tool Use and Maintenance for Tool Instructors. In
addition, talks on Work Study have been given at other courses. Demonstrations
or exhibits were provided for three agricultural shows.

UTILISATION DEVELOPMENT
By E. G. RICHARDS

Home-grown Pitprops

The investigation at the Forest Products Research Laboratory, Princes Ris-
borough, into the compressive strengths of home-grown pitprops from England,
Scotland and Wales, which was referred to in the Report on Forest Research,
1959, ended with the testing of pitprops from Wales. Both seasoned and un-
seasoned commercially-prepared pitprops were tested.

Statistical examination of the experimental data has confirmed that home-
produced pitprops, provided they are properly manufactured and well seasoned,
are suitable for use as timber supports in the mines.

Properties of Home-grown Timber

A comprehensive programme of study of the properties of home-grown
timber began in 1959 with the field sampling and laboratory examination of
the timber of Sitka spruce. This programme also is a joint undertaking with
the Forest Products Research Laboratory. The past year saw the completion of
the laboratory examination of the Sitka spruce samples.

A report on this investigation is being prepared.

Samples of timber from thinning operations in provenance plots of Lodge-
pole pine at Beddgelert and Clocaenog Forests in Wales were sent to the Forest
Products Research Laboratory for examination; the work is being continued
with samples from 15 provenances of Lodgepole pine from a provenance
experiment at Wykeham Beat of Allerston Forest.

Work has also begun on the timber properties of home-grown Japanese larch.
Hybrid larch will also be examined if suitable material of true ‘Hybrid’ is found
during field sampling. Timber from European larch from the same sites is also
being examined as a basis for comparison.

Determination of Specific Gravity and Moisture Content of Freshly-felled
Conifers

The field sampling of 20- to 40-year-old crops of the major coniferous species,
referred to in the Report on Forest Research, 1960, was completed during the
year.

Altogether some 22,000 samples were examined by the Forest Products
Research Laboratory and their specific gravity and moisture content determined.
The seven species concerned were Scots and Corsican pines; European and
Japanese larches; Norway and Sitka spruces; and Douglas fir.

The statistical analysis of the data shows a wide variation in both moisture
content and specific gravity; this variation can be attributed to differences
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between sites, differences between trees on the same site and differences between
billets from the same tree. The factors responsible for the differences between
sites have not yet been identified.

Further analyses of the data are planned. A report of the results so far
obtained is being prepared.

Thetford Winter-Seasoning Experiment

At Brandon Produce Depot, Thetford Forest, an experiment was laid down
to investigate the amount of drying which might be expected in close-piled stacks
of peeled material during the winter months.

The experiment has also been designed to show if there are any differences
between the rates of drying of Scots and Corsican pine and to show the effect
of providing stacks with roofs.

Freshly felled and peeled logs of Corsican and Scots pine, 6 feet 6 inches long
and 3 to 7 inches in top diameter, were stacked, both with and without roofs,
on three separate dates during the winter of 1960-61.

The Forest Products Research Laboratory are assisting with this project.

Fence-post Trials

Field assessments have continued on the fence-post trials which were men-
tioned in the Report on Forest Research, 1960. As expected, no failures have
occurred in posts treated with preservative, but already, after two to three years,
some untreated posts of birch, Scots pine, Sitka spruce, alder and ash have rotted
sufficiently at ground level to break off when a horizontal pull of 50 Ib. was
applied to the top of the post.

Home-grown Thinnings Bungalow

Reference was made in the Report on Forest Research, 1960, to a bungalow
which it was planned to build of home-grown timber from thinnings. This
bungalow has now been built at Alice Holt (see Plate 1).

Home-grown Sitka spruce from the West of Scotland was used for the
[raming, cladding and roof trusses, and home-grown Scots pine from the New
Forest for the joinery work. Ceilings are of insulating board, manufactured from
home-grown softwood thinnings, and treated with a factory-applied flame-
retardant paint,

The freshly-sawn green timber was treated at the Forest Products Research
_Laboratory by diffusion impregnation, using a borax salt which was applied
na ‘spray tunnel’. No difficulties were encountered and excellent penetration
Was achieved.

Ope feature of the bungalow is that the internal partition walls are not load-
bearing, 50 that one basic design allows a varied internal arrangement of rooms
according to the requirements for accommodation at any particular site.

MACHINERY RESEARCH

By R. G. SHAW
Tractors

d .Theye is a tendency for increasing use to be made in the forest of four-wh;el
fve In place of comparatively expensive tracked tractors. Tests are being
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undertaken in the application of four-wheel drive to many forest operations.
The possibility of hydraulic transmission becoming a commercial proposition
is being carefully watched, and contact is being maintained with all organisations
known to be working on this project. The infinitely variable speed provided by
this form of transmission is likely to prove invaluable for forest use, particularly
in nurseries.

Transport

Methods of moving timber from the stump to road-going vehicles are still
under active investigation. The wide variety of conditions that must be met
provides the greatest problem and is, in fact, a subject of Work Study as much
as mechanisation. A new device for transporting heavy loads of long logs using
standard agricultural tractors has been devised and it is now undergoing
practical trials. This device is known as the ‘Alice Holt Logger’.

Contact is being maintained with the makers of the Hovercraft, since a load-
carrying model is being produced which would travel over soft ground, and
this might be a possible vehicle for extraction of produce over soft peat.

Loading

The transfer of loads to long-distance road vehicles is a vital link in economic
extraction costs, and the problem is always under review. Lorry-mounted loaders
are tested as they become available, but as quantities to be transported increase,
central loading in mobile depots may prove the most economical method. Trials
of the various alternatives are being undertaken as a Joint Work Study and
Machinery project.

Ploughing
Experiments have been undertaken in the placing of fertiliser automatically

under the furrow as the plough progresses. This is a long-term project as it will
take some years to form a definite opinion on the results.

Winches

Trials of the Norwegian Isachsen winch have shown that twin-drum winches
have great possibilities in the extraction of thinnings under difficult ground
conditions for ranges up to 150 yards.

Trials of the Boughton hydraulic-drive winch have indicated the value of this
type of drive in giving sensitive control and added safety, through ability t0
limit the maximum pull that can be applied.

In view of the success of these two trials, it is probable that a winch combining
the twin-drum principle and hydraulic drive will be designed for further
experiments.

Drain Cleaning

The problem of cleaning forest drains is still without a complete solution.
Many machines exist which will deal with some of the conditions, but none will
clean a drain 18 inches deep for less than 2s. a chain. Most, in fact, are far in
excess of this figure. The flail machine mentioned in the last Report has pro:
gressed, and was awarded a bronze medal in the Royal Agricultural Society of
England forest-drain cleaning competition in March 1961. The shape of the
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drain cut by this machine is not yet considered entirely satisfactory, so modi-
fications are being introduced.

Bark Peeling

No solution has been found to the problem of peeling crooked hardwood
logs to make them acceptable for pulp. There are, however, indications that
chemical treatment of the standing tree will loosen the bark sufficiently for

adequate peeling to be achieved by drum-barking. This investigation is being
pursued.

Power Saws

A large number of saws are now available on the British market. New models
continue to appear, giving a welcome increase in cutting speed and an equally
welcome decrease in weight. Performance trials based on the F.A.O. Testing
Schedule continue to be carried out in conjunction with the Forest Products
Research Laboratory.

DESIGN AND ANALYSIS OF EXPERIMENTS
By J. N. R. JEFFERS

The work of the Statistics Section has continued to be that of providing advice
on the design and analysis of experiments and surveys, undertaking the analysis
and interpretation of collected data, and carrying out research into the applica-
tion of statistical methods and digital computers to problems of forest research
and management. The staff of the Section has been strengthened by the appoint-
ment of an Experimental Officer and an Assistant Experimental Officer, both
of whom are engaged on the advisory work of the Section and in the interpreta-
tion of numerical data, and by the appointment of one District Officer who has
been mainly concerned with the interpretation of data arising from studies of
the utilisation of home-grown timber. Two students of the Ministry of Aviation
have also been attached to the Section for six months’ periods for training in
Practical applications of statistical methods.

Electronic digital computers have continued to play an essential part in all
the work of the Section, making it possible to undertake a heavy programme of
analytical work with a relatively small staff of computing assistants, who are
almost entirely concerned with the preparation of data for the computers. Two
Computers have been in major use, the Ferranti Pegasus computer at the nearby
Royal Aircraft Establishment, and the Ferranti Sirius computer at the London
Computer Centre. Both of these machines have been found to be very suitable
for the work of the Section. A little use has also been made of the Pegasus
computer at the Northampton College of Advanced Technology.

Advisory work on the design and analysis of forest experiments has also
been undertaken for a number of Overseas Forest Departments, notably those
9f Rhodesia and Cyprus, and for other organisations and research stations
Interested in forest problems, particularly for the Forest Products Research
Laboratory.

A_n important commitment in the past year has been that of providing talks
on information theory, statistical methods, and electronic computing to a wide
lange of the staff of the Forestry Commission, outwith the Research Branch.
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The importance of this aspect of the work cannot be over-estimated, since the
acceptance and use of these new methods will very largely be a function of the
amount that is known about them by all levels of the Commission’s staff.

Design of Experiments and Surveys

Advice on the design and analysis of experiments and surveys remains as the
most important function of the Section, designs being required for more than
100 investigations throughout the year. For designed experiments, the usual
diversity in complexity and scope has been evident, though the emphasis has
generally been towards a smaller number of complex experiments, in each of
which a number of variables have been measured. In combination with the
more powerful methods of multivariate analysis made possible by the use of
electronic computers, such complex experiments have been found to be more
informative than a larger series of simpler experiments.

Design of surveys and of investigations concerned with the management of
forests, as distinct from research problems, has increased markedly, and now
forms a very large part of the effort of the qualified staff of the Section. This
trend emphasises the increasing importance and awareness of the part that
modern computing and statistical methods can play in the management of so
extensive an enterprise as that of forestry. Some of the more important of these
investigations have been concerned with forecasts of production from Com-
mission forests, with the determination of the basic properties of timber grown
on a wide variety of sites, with the wastage and turnover of labour in Commis-
sion forests, and with the estimation of insect populations. Special emphasis
has continued to be placed on the problems of forest enumeration, and particu-
larly of the further use that is made of the basic data collected during such
enumerations.

The Forest Service of the United States Department of Agriculture has
instituted a handbook of research planning-factor data, the purpose of which
is to compile, in a readily available form, information regarding experimental
or sampling errors essential for the planning of an efficient experiment or survey.
The Statistics Section of the Forestry Commission Research Branch was invited
to co-operate in the compilation of this handbook, and has done so readily.
There is little doubt that this is an important step towards greater efficiency in
the design of forest experiments and surveys. As a start, the records of the
efficiency achieved in the wide range of experiments and surveys conducted by
the Research Branch have been made available to the Forest Service, and 2
scheme for recording and compiling this information automatically, in precisely
the form in which it is required for the handbook, has been organised.

Analysis of Experiments and Surveys

The demand for the analysis and interpretation of numerical data has con-
tinued at an ever-increasing rate, and more than 6,000 separate analyses were
completed in the year under review. About one quarter of these analyses have
been routine analyses of intermediate assessments of long-term experiments, the
remainder being special analyses of important immediate problems, some of the
more interesting of which are outlined below.

A number of important sets of data on the basic properties of the timber of
Sitka spruce, and of other conifers of economic importance, became available
during the year, and extensive analyses of these data were carried out. One of
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the most important of these was concerned with the variation in moisture con-
tent and specific gravity of freshly-felled conifers. In these analyses, the relation-
ships of moisture content and specific gravity to identifiable factors were found
to be very much more complex than has been indicated in previously published
literature, and work on these data is continuing.

Forecasts of the production of timber arising from thinning and felling opera-
tions in Forestry Commission plantations also became available during the year,
and were the subject of a critical analysis, first, to test the accuracy of the esti-
mates, and, second, to obtain a balanced picure of the future production in a
way in which it can most readily be used as a basis for management decisions.
Use has been made in this analysis of recent methods for the construction of
mathematical models of practical situations, and it has revealed the value of
such techniques, both in their ability to describe a practical situation, and in that
of predicting the consequences of certain defined courses of action.

Several investigations of economic problems were undertaken during the year,
the most interesting of which, from a statistical point of view, was an investiga-
tion of the cost of establishment of plantations. This investigation, based on a
survey carried out in 1959, attempted to relate costs of establishment to basic
physical factors, such as the size of the area established, the length of drains
and fences created, the species planted, etc., and to a number of variables
designed to measure the experience of the staff of the forest and the local super-
vision available. The surprising results of the analysis were that, despite the
high level of apparent variability in the cost of establishment in individual units,
almost all of this variability was accountable by a small number of simple
physical factors; and, if a few simple measures of experience and supervision
were included, less than 3 per cent of the variability in cost remained to be
accounted for by the wide variations in other site factors which are generally
claimed by the field staff to be the main reason for the varying costs.

Many of the designed experiments which have been received for analysis in
th_e current year have been concerned with the inter-relationships between fer-
tiliser applications, the uptake of nutrients into the foliage of the trees, and their
subsequent growth. The most important of these were the pole-stage manuring
experiments, designed as partially-replicated factorial experiments and described
In earlier reports. Special methods of analysis were evolved for the interpretation
of these data, and the results have shown the effort involved in the establishment
and conduct of these complex experiments to be well worth-while.

Working plan enumerations have formed a large part of the computing
effort, using the programme described in last year’s Report, and further modi-
fications of that programme. For each enumeration, two sets of calculations are
required, those for the pilot survey, on the results of which are based the esti-
mates of the numbers of sample plots required in the final survey, and those for
t_he completed enumeration. It is fair to say that the new methods of computa-
tion, and the fact that they can be carried out while the field staff are still
€ngaged on measuring at the forest concerned, has done much to contribute to
the success of the large programme of enumerations that has been carried out.

Computer Programming

T}}e use of two different computers, Pegasus and Sirius, has been made
Possible by the fact that the Section decided, at an early stage in the transfer
of their computations to electronic computers, to write the basic flow-diagrams
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of all new programmes in Pegasus Autocode. Not only does this procedure
enable the basic flow-diagram to be tested at the earliest possible stage, but,
because the Pegasus Autocode is also acceptable to Sirius, at least one version
of the programme is available for running on either machine. This has made
possible a certain flexibility in the use of computers which would not have been
possible if time could have been hired on only one type of machine. It has also
enabled a direct comparison to be made between the relative advantages of the
two different computers,

Most of the general-purpose programmes required for the analytical work of
the Section were already in existence at the beginning of the year, and the
programming effort has, therefore, largely been directed towards the production
of 2 number of special-purpose programmes required for particular analyses.
Improvements have however been made to a number of the general-purpose
programmes, notably to the ‘single classification analysis of variance’ pro-
gramme, which has been extended to cover hierarchial classifications, to the
Latin square and Graeco-latin square programmes, and to the Working Plan
enumeration programme. The general programme for the analysis of variance
of non-orthogonal data, with two or three constraints, has virtually solved the
problem of the analysis of a large class of experiments.

The special-purpose programmes which have been written included those for
the compilation and analysis of the production forecasts of the Commission’s
forests, and these have given the staff of the Section an insight into some of the
problems involved in the setting up of automatic data-processing systems for
a range of information arising from the day-to-day work, in particular into the
problems of ensuring that the basic data are correct before they are used in the
advanced computations required for the analysis of complex situations. A special
programme has also been written for the calculation of stand tables, giving the
distribution of volumes of individual stands by diameter classes. This programme
was based on the probit transformation, and involves a probit transformation
sub-routine of general applicability. Others include a programme for estimating
the population of squirrels and other small mammals, or of insects, from trapping
records; and the calculation of the net discounted revenue from plantations,
allowing for variable inputs in the form of costs of establishment, protection and
maintenance, and of variable prices for the timber produced. A programme to
compute the efficiency of individual nurseries has formed the basis of a more
extended, though at present preliminary, investigation into the simulation of the
planning, growth, and allocation of nursery stocks. Finally, among these pro-
grammes developed over the last year should be mentioned those written to
analyse the growth curves derived from vernier tree bands, involving weekly
measurements of the girths of trees, with the purpose of detecting small differ-
ences in growth over the year, and differences in the seasonal pattern of growth.

International Union of Forest Research Organisations

Work on the standardisation of measurements for the Working Party of
Section 25 of the International Union of Forest Research Organisations, and
on the compilation of information and tests on instruments used in forestry,
has now been completed.

The Panel of Forest Statisticians, of which the Statistician is a member, has
been actively considering the ways in which the panel can be of the greatest
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use to forest research. A report on the conclusions reached is to be presented
to the forthcoming Congress of the Union.

LIBRARY AND DOCUMENTATION
By R. M. G. SEMPLE

Towards the end of the year a start was made on the extension and re-
organisation of the library premises. This will take some months to complete,
but will provide better facilities for library and Alice Holt staff in general, and
enable both library and documentation work to function more efficiently, for
the benefit of the Commission as a whole.

Library

The number of books in the library on 31st March, 1961 was 3,666, an
increase during the year of 181; of these, 95 were purchased, the remainder
being received as gifts or by exchange. 880 books are now on permanent loan
to Sectional libraries. Other loans of books increased from 952 to 1,032. 222
Publications were borrowed on behalf of Commission staff from outside
libraries. 42 volumes of periodicals were bound, bringing the total of (bound)
periodicals to 1,468 volumes. The above figures represent, of course, only a
part of the use which is being made of the library’s facilities; the trend is even
more apparent in the increased daily use of the library for private study, and
itis hoped that when the new reading room is completed a much greater increase
will occur. The present rather cramped and noisy quarters are not an induce-
ment to serious reading,.

Documentation and Information

A considerable quantity of material has been added to the information files,
each item being indexed and cross-referenced. Even with the most careful
selection, this valuable collection of typescript reports, translations, reprints,
Pamphlets and similar material of special interest, now forms an extensive
archive section, and arrangements are being made to house it in a more fitting
and accessible form.

There has been steady but rather slow progress in the work of documentation,
but jt is hoped that in the coming year this can be speeded up by making a
much fuller use of the title cards supplied by the Commonwealth Forestry
Bureau. The card catalogues now hold some 91,000 cards. This is an apparent
decrease on the previous year, but a number of irrelevant categories have been
excluded from the count; there has, in fact, been an effective increase of some
3,000.cards, representing about 1,000 references. The Subject catalogue now
tontains about 45,000 cards; the Geographical about 9,000.

No major bibliographies were prepared during the year, although one on the
afforestation of industrial waste lands is under preparation. There has been,
hOWever, a very definite increase in the number of special bibliographies asked
for and prepared, and in requests for information generally. A gratifying feature
has been that a high proportion of these requests now come from officers in
the ﬁe_ld and even from sources outside the Commission; enquiries from Forester

faining Schools also appear to be on the increase. It is to be hoped that this
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trend will continue, and that knowledge of the facilities available at Alice Holt
will become more widely known throughout the Commission.

The bibliography of British forest literature up to 1950 was virtually com-
pleted by Mr. Kitchingman before his retirement. Some 10,000 items are now
catalogued on cards, in the order in which they will appear in the bibliography.
Some minor additions have still to be made, but otherwise the work has reached
the stage in which the next step is the consideration of the form in which it shall
be presented to the printer.

Translations

The more important translations completed were noted in the April, 1961
Library Quarterly. These now total 118. A number of more specialised trans-
lations were also prepared — generally partial translations for specific aspects of
research work in progress. Copies of these are held in the information files.
The library is a participating member of the Commonwealth Translations
Exchange Scheme, and an extensive list of translations available to members
of this scheme was given in the Library Quarterly of July, 1960. The list will
be added to by circulating in subsequent Quarterlies lists of translations of
special interest, prepared by other members of the scheme.

PHOTOGRAPHY
By I. A. ANDERSON

Photographic Collection

The total number of photographs in the official collection is now 24,757.
Great use continues to be made of the collection, but the number of slides
loaned for lecture purposes, 12,765, shows a slight drop from the 1959-60
figure of 13,421. Under present conditions this was to be expected, since, al-
though the number of new slides added to the collection compared favourably
with previous years, out-dated material is not being replaced quickly enough.

1,184 prints were produced for exhibition or for sale, and a further 1,015
were loaned for various purposes. ’

Films

A film on the Pine looper moth was completed and has been well received.
Film distribution has again increased, 230 films being loaned during the year,
but there is a clear demand for more films on forestry subjects.

General

The Photographic Section is now responsible for controlling the work don¢
by the Illustrator, and is thus able to co-ordinate all illustrative work.
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Research Undertaken for the Forestry Commission, or With Its
Assistance, by Workers at Universities or Other Institutions

RESEARCH ON SCOTTISH FOREST SOILS
By W. O. BINNS
Macaulay Institute for Soil Research, Aberdeen

Fertiliser Trials on Sand Dunes

Trials of inorganic fertilisers at Culbin Forest, Morayshire, have been in
progress since 1954. On the high dunes, 5 cwt ammonium sulphate per acre
increased the height growth of young Corsican pine by about 30 per cent for
three years only, and 2 cwt ground mineral phosphate has increased it by 10
per cent for four years so far, whereas 2} cwt potassium chloride increased it
significantly only in the fourth year after application. Magnesium sulphate at
2% cwt per acre had no direct effects.

Trials of inorganic fertilisers have been started on one of the areas of eroded
dunes in the North East of the forest, where growth of Corsican pine is poor.

Fertiliser Trials on Deep Peat

Results of trials on Lodgepole pine and Sitka spruce at the Lon Mor, Inch-
nacardoch Forest, confirm the need of both species for additional potassium
on this site. Foliage analyses of Sitka spruce planted in 1929, and of Lodgepole
pine planted in 1946, both of which were treated with 24 cwt potassium chloride
per acre in 1957, show that foliage potassium levels in the treated plots reached
@ maximum in 1959, and fell slightly in 1960. Girth increment of the spruce,
and height increment of the pine both continue to be significantly greater in
the treated plots.

Foliage analysis of Lodgepole pine planted in 1929, to which potassium
chloride was applied in April 1960, shows that uptake of potassium has been
slight in the first year, and that levels are still low in all plots.

_In a nitrogen-potassium trial laid down in April 1960 on 14-year-old checked
Smfa Spruce, both rates of nitrogen have raised foliage nitrogen contents to a
satisfactory level, and restored foliage colour. The uptake of potassium has
been appreciable, but foliage levels are still rather low.

Eoljage analysis of Japanese larch and of Sitka spruce, planted in 1939, from
a nitrogen-phosphorus-potassium fertiliser trial, to which, repeat dressings were
applied in 1960, has shown the different requirements of these two species for
nitrogen. Foliage nitrogen contents of the larch are satisfactory without added
Nitrogen, while for the spruce extra nitrogen is essential. In the absence of
{epelat dressings of these nutrients, both species have low phosphate and potash
evels,

The fertiliser trials at the Lon Mor in recent years have shown that all species
need added phosphorus and potassium. Sitka spruce usually needs extra nitrogen

87
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as well if it is to close canopy, and even then its further growth is still
problematical.

Tree Growth and the Chemical Composition of Deep Peat

Analyses of the top foot of the peat from nine sites, ranging from Spadeadam
Forest in Cumberland to Strathy Forest in Sutherland, have been completed.
There seems to be no fundamental difference between the chemical composition
of peat from raised bogs and that from blanket bogs. The total potassium con-
tent of the peat at the Lon Mor is as high as, or higher than, that found at
seven of the sites examined, while the total phosphorus content there is about
halfway between the highest and lowest levels encountered.

The peat in part of Rumster Forest, Caithness, where Sitka spruce has shown
remarkable early growth amid luxuriant heather, Calluna vulgaris, has very high
ash and total nitrogen content; the natural vegetation gave no indication that
this was a potentially fertile site, due presumably to an over-riding phosphorus
deficiency.

Further analysis of samples, from good Molinia caerulea grass peat and from
the poorest raised bogs, will be necessary before it can be decided how useful
peat analysis will be for forecasting fertiliser requirements.

Nitrogen Mineralisation in Deep Peat

The work at Wauchope Forest in Roxburghshire (Research Report, 1959) is
being followed up at Glentrool Forest, Kirkcudbrightshire, by Dr. J. Keay,
who joined the Macaulay Institute staff in July 1960. In the first experiment,
the effect of fresh deep and shallow ploughing on nitrogen mineralisation and
tree growth is being examined. As yet very little accumulation of mineral
nitrogen has been detected, but ammonium ions added as ammonium sulphate
to the interface of ridge and peat surfaces rapidly disappeared under the deep
ridges, but persisted for several months under the shallow ridges. Since moisture
contents of peat samples from both ridge types did not differ significantly, it is
thought that a chemical reaction is involved. It is possible, however, that this
reaction is irrelevant to the mineral nitrogen content of each type of ridge
later on.

Under the conditions at Glentrool it seems that, even if nitrogen mineralisa-
tion occurs, there are processes removing mineral nitrogen just as rapidly,
probably by chemical action rather than by leaching or microbiological agencies.
It is expected that as the peat dries, the balance will turn towards the accumula-
tion of ammonium ions.

Sand Culture Experiments

Introductory experiments on the sand culture of Sitka spruce and Lodgepole
pine have been started with a view to studying mineral nutrition of these species.
It is hoped to extend the work to study the distribution of nutrients throughout
the tree, under conditions of suboptimal supply.
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NUTRITION EXPERIMENTS IN
FOREST NURSERIES
By B. BENZIAN
Rothamsted Experimental Station

Long-term Rotation Experiments

In 1951, two long-term rotation experiments of about 350 plots each, cropped
with Sitka spruce seedlings or transplants, were laid down in nurseries at Ware-
ham, Dorset, and Kennington, near Oxford. (Their design and lay-out is
described in Rep. For Res. For. Comm., 53, pp. 84-100.) The experiments
compare, on the one hand, continuous conifer cropping with, on the other hand,
a rotation in which one conifer crop in three is replaced either by bare fallow
or else by a ‘green crop’ (rye, ryegrass or yellow lupins); they also compare
annual applications of compost made from bracken and hop-waste with a mixture
of “Nitro-chalk”, superphosphate, potassium chloride, and magnesium sulphate.
Over eight seasons, there has been no advantage, at either centre, from inter-
rupting continuous cropping with conifers by any of the three green crops, but
at Kennington bare fallow improved growth. At both centres, fertiliser-grown
seedlings have been 20 to 30 per cent larger than those having compost.

In a supplementary experiment on continuously-cropped seedbeds, compost
and fertiliser each increased seedling height; at Wareham the unmanured crop
failed completely. At Kennington compost and fertiliser applied together were
no better than fertiliser applied alone, but at Wareham the two manures applied
together produced larger plants than either material applied alone. This result
might indicate that compost had other functions besides supplying nutrients,
but there is no present evidence that this is so. The fertiliser-grown plants
suffered from copper deficiency (Nature, Lond. (1956), 178, 864), and in several
seasons also showed potassium-deficiency symptoms. During wet seasons
compost plots, as well as fertiliser-treated plots, pass through periods of nitrogen
deficiency, and these periods are rarely coincident on the two kinds of plots.
Therefore plants grown with compost plus fertiliser have received a steadier
supply of nitrogen, and have been less subject to either potassium or copper
shortages. The experiments are being modified to eliminate, as far as possible,
differences that may come from lack of nutrients in the fertiliser.

The Problem of ‘Worn—out’ Nurseries

In some of the Forestry Commission’s nurseries (mostly those started on
farming land between 1920 and 1940) some conifers, such as Sitka spruce,
Western hemlock and Lodgepole pine, remain small and stunted, even with
ample plant nutrients applied either as compost or fertiliser. This stunted growth
Dormally occurs on soils with high pH, but there are exceptions, such as failures
on acid soil at Ringwood. In several nurseries stunting is associated with root
damage caused by fungi and, at Ringwood, with root-parasitic nematodes as
well. Root damage of either kind is greatly decreased by ‘partial soil sterilants’
such as formalin and chloropicrin; but these materials are also of benefit where
N0 effects from pests and pathogens have yet been recognised. Improvements
have even been observed in highly productive nurseries like Wareham, where
growth seems normal.

It is difficult to isolate the factor or factors responsible for stunting, and for
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the dramatic improvement in growth with ‘partial sterilisation’ of the soil;
members of several departments at Rothamsted are working together on the
problem. Materials like steam, formalin and chloropicrin not only profoundly
change the soil flora and fauna, but chemical changes in the soil may alter nutri-
tional conditions, such as producing and maintaining a higher concentration
of ammonia. ‘Partial sterilants’ and acidifying agents both tend to increase the
amount of manganese in seedlings, and the untreated plants may well suffer
from manganese and/or iron deficiency. Manganese, as well as iron, chelates
have been tested as foliar sprays, but so far without success in the nurseries, and
only very slight benefit from manganese chelate in pots.

As stunting is confined to older nurseries, it is important to discover whether,
with modern manuring, cultivation and weed control, nurseries can remain
fertile indefinitely. The two long-term rotation experiments mentioned above
will indicate problems that may come from intensive conifer cropping. Although
during the first eight seasons there were no signs of deterioration in growth
resembling the troubles encountered in ‘worn-out’ nurseries, size (1959) and
plant number (1960) were much decreased on many compost-treated plots in
Kennington. In 1959 the Wareham plots suffered from an attack of Fusarium
wilt, which was much more severe with compost than with fertiliser. The future
will show if these failures are isolated occurrences or if they are the first indica-
tions of a gradual deterioration.

Test on Soil Diluents

Most recent work on partial sterilisation has been done at Ringwood and
Old Kennington Nurseries; at both, but particularly Ringwood, poor soil
structure is likely to have contributed to stunted growth. Close packing may
interfere with supplies of water and air, as well as with drainage, and may
obstruct growing roots and so favour attacks by parasites. To open up the soil,
two materials were incorporated into the top six inches a few weeks before
sowing: 12 1b./sq. yd. of coarse-grade sedge peat, and 100 1b./sq. yd. of quartz
grit from St. Austell, Cornwall. At Old Kennington the diluents were tested
together with formalin; at Ringwood bad weather made this impossible. In the
Old Kennington experiment, peat applied alone increased height by 40 per cent,
and formalin applied alone by 70 per cent. With formalin, peat improved growth
only slightly; and with peat, the response to formalin was lessened. Bad physical
conditions may have aggravated attacks by pathogens. However, in the very
wet 1960 season part of the benefit from peat may have been from a slow release
of nitrogen. At Kennington, there was no response to St. Austell grit. At Ring-
wood, peat improved growth, but, in contrast to Kennington, the nutritionally
inert quartz grit gave a slight benefit.

Note: This article has previously appeared in the Annual Report of the Rothamsted Experi-
mental Starion, 1960.

PROTEIN-FIXING CONSTITUENTS OF PLANTS
By B. R. BROWN and C. W. LOVE
Dyson Perrins Laboratory, Oxford University

Introduction
The 1960 Report described attempts to isolate the condensed tannin present
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in heather, Calluna vulgaris, from an aqueous or aqueous acetone extract of
shoots of the plant by:

(2) adsorption on hide powder,

(b) column chromatography on Perlon powder or cellulose.

Further attempts to isolate the tannin from an aqueous acetone extract by
salting-out, followed by solvent extraction or precipitation with ether, have led
to successful methods of isolation. Quercetin has also been isolated from the
extract.

Isolation of Tannin

(a) Solvent Extraction

An aqueous acetone extract of Calluna vulgaris was saturated with sodium
chloride and extracted continuously with ethyl acetate in a liquid-extractor.
The ethyl acetate extract was concentrated to a volume of about one-tenth
and poured into excess of ether. A cream-coloured flocculent precipitate formed
which was separated by centrifugation. The average yield of this product from
dried Calluna shoots was 0-2 per cent.

The product was examined by two-way paper chromatography and was
detected on paper by a number of reagents giving colours with phenols. It had
R: = 0-0 in n-butanol/acetic acid/water (4:1:5 v/v; upper phase) and ran as
astreak Ry = 0-0-0-6 in 2 per cent aqueous acetic acid. It could be completely
precipitated from aqueous solution by the addition of 1 per cent aqueous
gelatine, and behaved identically with the streak material (Rep. For. Res., 1959
P. 104) present in crude Calluna extracts.

(b) Precipitation with Ether

Aqueous acetone Calluna extract was saturated with sodium chloride and
allowed to stand. The mixture separated into two layers. The upper layer was
removed, diluted with twice its volume of ethanol, and treated with excess of
ether. A cream precipitate formed which was separated by centrifugation.
The product contained sodium chloride.

.Sodium chloride was removed by treating the above product with freshly
distilled dimethylformamide. The insoluble sodium chloride was removed by
centrifugation and the clear supernatant liquid treated with an equal volume
of acetone followed by excess of ether. A pale brown solid was precipitated
\\{hich was separated by centrifugation. The product gave a negative silver
Nitrate test, but contained a small amount of inorganic residue.

Found, C, 49-59; H, 5-00; residue, 0-95 per cent
C, 49-34; H, 5-00; residue, 1-50 per cent
. The properties of this material agreed with those of the product obtained
In (a) above in that it is precipitated with gelatine and adsorbed by hide powder.
The two specimens both gave cyanidin chloride on hydrolysis with boiling
methanolic hydrogen chloride. Alkali fusion gave phloroglucinol and proto-
Catechuic acid, '

Methylation of the tannin was difficult. The use of diazomethane in methanol/
ethffl' or of dimethyl sulphate/potassium carbonate in acetone yielded a product
Which gave a positive ferric chloride test. The use of dimethyl sulphate in cold
aqueous alcoholic potassium hydroxide under nitrogen yielded a product which
gave a negative test with ferric chloride/potassium ferricyanide. The methoxyl
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analysis of this product varied between 15-1 per cent and 17-9 per cent. The
infrared spectrum showed the presence of hydroxyl groups.

Acetylation of the tannin with acetic anhydride in pyridine in the cold gave
a product which showed no hydroxyl band in the infrared spectrum. The acetyl
content was determined in two ways:

(i) by saponification: found, Ac, 33-0 per cent
(ii) by oxidation (Kuhn-Roth): found, Ac, 45-5 per cent

The acid hydrolysis and alkali fusion experiments indicate that the tannin is
based on a flavonoid type of structure with the cyanidin hydroxylation pattern.
However, the observed methoxyl and acetyl contents of the methylated and
acetylated tannin are not consistent with the tannin being a simple polymerised
37:4":5:7 tetrahydroxy-flavan 3:4 diol (leucocyanidin).

C,;H,,0,(OCH;), requires 4OCH,, 34-3 per cent
C,5sH,00(0OACc), requires 6Ac, 46-2 per cent

The discrepancy between the two methods of acetyl determination indicates
that there are C-methyl groups in the acetylated tannin other than those present
as acetate radicals. The low observed methoxyl content indicates that the tan-
nin contains equal numbers of a leucocyanidin unit and a non-phenolic unit of
approximately equal molecular weight. No evidence concerning the nature of
this other fragment has been obtained.

Non-Tannin Constituents Present in Calluna Extract

Quercetin has been isolated from aqueous acetone Calluna extract (Perkin
and Newbury, 1899) and identified by comparison of the pigment obtained from
Calluna vulgaris with authentic quercetin. The two materials were identical in
chromatographic behaviour, melting point and ultra-violet spectra. There was
no depression of melting point on admixture. The acetates of Calluna pigment
and of quercetin were identical in melting point, infrared, and ultra-violet
spectra. There was no depression of melting point on admixture and the acetate
of Calluna pigment gave good analytical results.

REFERENCE
PERKIN and NEwBURY, 1899. J. Chem. Soc., 75, p. 837.

BIOLOGY OF FOREST SOILS
By G. W. HEATH
Rothamsted Experimental Station

The studies in rate of change in weight of decomposing leaves described in
last year’s Report were continued. Leaf discs were punched out of the lamina
of labelled leaves at fortnightly intervals, and no loss in weight per unit area
of lamina had occurred 12 months after leaf fall. Sampling was continued until
October 1960, by which time all material was exhausted. It was concluded that
under the conditions of the two sites used in this experiment, the lamina of
fallen leaves underwent no decomposition or decay measurable as a loss in
weight. Portions of the labelled leaves did disappear from time to time so that
the whole leaves would show a loss in weight, but this experiment was specl-
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fically designed to follow changes in weight per unit area of lamina. It is empha-
sised, however, that no attempt was made to ensure that the marked leaves
were kept in any particular strata of the litter layer, but nevertheless they
appeared to be on the surface for the greater part of the time. The suggestion
from last year’s experiment was that fragmentation or skeletonisation of leaves
is an extremely important and perhaps initial stage in the process of decompo-
sition, and this year’s experiments are particularly concerned with the elucida-
tion of this point.

During the period of leaf-fall in 1960, leaf discs of oak and beech, one inch in
diameter, were placed in the litter layer of an oak-dominant mixed woodland,
and also in a young pure beech woodland. Discs were placed at roughly three
levels during the period of leaf-fall, i.e. at the bottom of the litter layer, in the
middie and on top. Since October, samples of the discs have been collected at
weekly intervals, and it is intended to continue this sampling until leaf-fall, 1961.
So far it has appeared that not only do those leaf discs at the bottom of the
litter disappear more quickly, but they become more fragmented and skeleton-
ised than do those in the middle and these latter are more fragmented than those
on top. Oak discs disappear and are fragmented more quickly than beech discs,
but this may be due to the different ages of the two woodlands. The most
important agents of fragmentation appear to be earthworms and larvae of the
Tipulidae, although other Dipterous larvae occur in quite large numbers in the
oak litter. In both sites the earthworm populations are mainly composed of
Lumbricus rubellus Hoff. and L. terrestris L. with a few specimens of Allolobo-
phora terrestris f. longa Sav. and A. caliginosa Sav.

Methods of analysis for total carbon and hydrolysable carbohydrates have
been investigated, and these quantities, in addition to the loss in weight, are
being determined on the leaf disc samples.

Where leaf discs have been placed at the bottom of the litter, and in contact
with the soil, half the oak discs have disappeared within the first six months
of the experiment, but less than a quarter of the beech discs have disappeared.

In both experimental sites, leaf traps to estimate the size and composition of
the litter were put out at the time of leaf-fall. Table 9 gives the results; in the
mixed woodland the litter was divided up according to the component species.

Table 9
Results of Litter Trapping
(Dry matter weight in grams/|4 sq. feet)

Trap1 | Trap2 | Trap 3 | Trap 4 | Trap 5 | Trap 6 Mean
(wt/4 sq. ft.)

Mixed Woodland

Oakleaves . . . |105-8 |112:3 | 868 | 91-4 |106-8 | 928 99-3
Hawthorn leaves 4-8 | 11-8 66 | 225 | 147 | 112 11-9
Ash Jeaves . 1.2 | 102 1-7 7-2 9-7 50 5-8
Birch leaves, . 3.6 10-9 2-6 6:0 11-3 17-6 8-7
Twigs, all sorts. . | 17-1 17-8 17-7 | 20-7 | 381 8-0 19-9
Acorns, seeds, etc. . | 0-1 1-1 1-7 09 0-6 6-1 1-8

Beech Plantation
hleaves . .| 1164 98:6 901 116-2 | 110-5 | 107-7 106-6




94 REPORT ON FOREST RESEARCH, 1961

The electrolytic respirometer mentioned in the 1960 Report has now been
adapted and connected to a ‘Cambridge’ recording milliameter. It is proving
suitable for measuring the respiration rates of soil animals such as millipedes
and Isopods. Small cores of soil, with a volume of about 15 ml., can be accom-
modated in the respirometer, and their rate of respiration measured. With such
small samples, however, a good deal of variation occurs. It seems that a better
system would be to have soil samples of about 1 litre in volume, and by means
of atmosphere transference to monitor either the oxygen or the carbon dioxide
concentration. Such a system has been investigated and it appears that when
carbon dioxide concentration increases to a high level, some soil animals are
better able to withstand these conditions than are others, for instance Orabatid
mites survive longer than Enchytraid worms or earthworms. This may be
because Enchytraid worms live in a water film whilst mites do not, and that at
high CO, concentrations the proportion of oxygen to carbon dioxide in the
soil water is much smaller than it is in the soil air.

SOIL FAUNA RESEARCH
By D. R. GIFFORD
Department of Forestry, University of Edinburgh

The comparison at Ae Forest of the mite fauna of Molinia grass moorland with
that of a Sitka spruce plantation on a similar site was completed during the
year. It has been evident during the sampling programme that the bulk of the
mites are found in the uppermost horizons of the litter and humus, and although
three samples, each 14 inches deep, were taken at each site, the third contained
a very few mites, and can be ignored in assessing the mite population.

It has also been evident during the sampling programme that the fauna of
the Sitka spruce litter bears, in the area investigated, a strong resemblance to
the fauna of the upper Molinia litter, and must be derived from it. However,
one major difference is the reduction in the population of Trombidiform mites
in the coniferous litter.

In order to assess the relationship of the Sitka litter fauna to faunas developed
in natural woodland, and those developed under very old plantation conditions,
some sampling was done during 1960-61 in three other sites: in deciduous oak-
hazel-alder woodland at rather lower elevation (650 feet) at Ae Forest, Dum-
fries-shire; in a Scots pine plantation at Rachan, near Broughton, Peebles-
shire, 180 years in age; and at the Black Wood, Rannoch, an area of aged
natural Scots pine-birch woodland in western Perthshire.

It is unfortunate that these supporting investigations were in rather diverse
conditions, but the results obtained at once confirmed that a number of features
in the species composition were common to all the well-developed faunas of
these old or natural woodlands. Although the steep slope topography and mull
soil of the deciduous woodland at Ae gave entirely different pedological con-
ditions to any of the other sites (all podsols of various kinds on soils of glacial
origin), there were considerable resemblances between its mite fauna and that
of the Rachan Wood, and also to that of the Black Wood. The Sitka spruce
litter was, on the other hand, much poorer in species than any of the other
sites. An interesting confirmation of this was obtained in sampling a small area
of Sitka spruce by a quarry on steeply sloping ground, near the area originally
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investigated at Ae, where there are indications that some birch woodland was
present before tree-planting was done (about 1930). Here the soil is a shallow
podsol, with only 3 inches of peat, and a highly localised fauna strongly
resembling that of Rachan Wood was found, with a number of species of
Belbids only otherwise collected at Rachan, but in addition one or two Oribatid
species which were found in none of the other sites. This fauna does not seem
to have spread into the surrounding plantations, in which conditions differ to
some extent in the compaction of the current litter profile, since on the aberrant
site the Calluna-Mosses vegetation was hummocky, and now rather deep litter
of the spruce is suspended on spongy masses of persistent remains of the former
vegetation.

On none of these sites was sampling done on the detailed quantitative basis
of the two principal sites at Ae.

While it is not difficult to characterise the faunas of these sites, and, with
persistence, to map the distribution of particular faunas, it is much more
difficult to obtain useful information on the reasons for the distribution of
many of the species. Studies on food preference and habitat requirements, and
on the position of the various species in the complex of litter destruction, are
essential for an understanding of the mites’ ecology. The current investigation
aims at helping to elucidate the role of mites in the breakdown of forest litter,
and thus in the development of soil profile and circulation of nutrients, but
until a start is made in working out the relationship between the Acarina, the
other groups of animals present, and the lesser plants and bacteria, little will
be achieved. Due to the immaturity of the litter profile at Ae Forest, this site
is no longer considered suitable for working on these relationships, and work
has been transferred to the Black Wood, Rannoch, on to a number of knolls
which appear to have supported pure Scots pine for many centuries; prelimin-
ary faunistic studies are already available as part of the Ae investigation, and
work is now directed at determining the stratification of the mite population.
This is being combined with a preliminary sampling of the other animals
Present in the organic horizons, and it is hoped to begin work on the fungi
towards the end of the season.

A detailed account of the work of the past four years at Ae Forest is in
course of preparation, and this will present a discussion of the development of
the fauna in young plantations.

STUDIES IN SOIL MYCOLOGY, V:
MYCOSTASIS IN SOILS
By C. G. DOBBS and D. A. GRIFFITHS
Forest Botany Section, University College of North Wales, Bangor

Conclusion of the Germination Assay

The monthly germination tests on 12 forest soils, with estimations of the
contents of reducing sugars, were continued until July 1960. Figure 2 shows
the results from March 1960, continuing Figure 3, p. 88, in the Repor:r on
F orest Research, 1960. It will be noticed that the germination levels during
April, May and June, 1960, had returned almost to zero for the first time since
the summer of 1957; also that in May 1960, as in May and September 1959,
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a slight rise in ‘sugar’ content was not associated with a similar rise in the
germination curve.
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FiG. 2.—Percentage germination (broken line) in relation to sugar concentration (full line).
This continues Fig. 3, p. 88, in the Report on Forest Research for 1960.
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FiG. 3.—Average percentage germination for the months of the years 1957-60 covered by
the assay, with average monthly rainfall in inches (solid black columns).

Figure 3 shows the germination averages for all soils for the months of the
year, based upon the whole assay - a continuous monthly record from Novem-
ber 1957 to July 1960, with some less regular records from March 1957, making
438 separate assays in all. In general, the germination level has not shown any
convincing relationship with the weather records, apart from the broad invers
relationship with the seasonal temperature; but the average monthly rainfall
(also shown in text Figure 3) shows some correspondence during two periods
of the year: January to March, and July to September. The first is likely to be
coincidental, since moisture is rarely limiting in the soil at that time of yeah
but experience suggests that the second may indicate some causal connection:
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especially the slight rise in July. It is at this time of year that a condition of
soil-dryness, which often develops during the earlier part of the summer, is
liable to be broken by rainfall. In this connection the observations of Miss
M. G. Hay (now Mrs. D. J. Anderson) while demonstrator in mycology at
Bangor (1958-60) are of interest. Using a method of making cellulose acetate
‘pulls’ of soil and litter surfaces, she succeeded in demonstrating germination
of fungal spores in the litter layers on several occasions after rain. This was
most marked in September 1959, two days after the long drought of that year
broke.

Differences Between Sites, Species and Soil-layers

A partial analysis of the germination data, for which thanks are due to the
Statistics Section at Alice Holt Research Station, showed certain differences to
be significant at the 1 per cent level.

In each of the soil-layers, there was significantly more germination under the
beech-oak mixture at Church Island than there was under the same species at
the higher and more exposed site at Marian y Winllan. At Church Island, only
the litter layer showed a significant difference between the tree species, with
more germination under the beech-oak mixture than under the pine.

At both sites and under all the tree species, the litter layers consistently gave
significantly higher germination levels than the humus or mineral layers, the
difference being greater under the broadleaved trees than under the conifers.
The differences between the humus and mineral layers were slighter and less
consistent. On the Church Island site the mineral layers gave slightly higher, at
Marian y Winllan lower, germination levels than the humus layers. Under the
pine at Church Island the difference was not significant; but under the spruce
at Marian y Winllan it was significant, and each layer gave about twice the
germination of the layer below it.

Reducing-Sugars in the Soils

The monthly estimations of reducing material in the soils (see Figure 2) were
discontinued at the same time as the germination assay. Further chromatograms
(see Report on Forest Research, 1960 for methods) were run in December 1960
and revealed the presence of the same sugars, ribose, sorbose and galactose, in
the fresh extract of pine humus soil, with the addition also of a spot for xylose,
Previously found only in the extract from autoclaved soils.

These sugars, when tested for their effect upon the spore germination of the
fungus Mucor ramannianus in the presence of the inhibitor, gave unexpected
results as compared with glucose. A strongly mycostatic garden soil which,
when moistened with distilled water, gave zero germination on a test film, and
60 per cent germination with 0- 1 per cent glucose solution, gave zero germination
when moistened with 0-1 per cent solutions of ribose, sorbose, galactose and
Xylose. Mixtures of 0-1 per cent solutions of glucose with these ‘soil-sugars’
also gave zero or much reduced germination. Similar tests carried out with a
Strongly inhibitory sterile filtered extract of pine humus soil gave similar results.

hese ‘soil-sugars’ failed to produce the counter-inhibitory effect of glucose.

At present we do not know how widespread or how permanent is the presence
of _ these particular sugars in forest soils, but the possibility that some of the
soil-sugars may actually inhibit some fungal growth and germination, which is
Suggested by the reduced germination when they are mixed with glucose, needs
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investigation. This is at present difficult to relate to the broad correlation between
germination level and content of reducing-material, although it might perhaps
help to explain the fact that, whereas a high germination level (above 50 per
cent) never occurred in the absence of ‘reducing-sugars’, in five isolated assays
out of a total of 204, zero germination was associated with an appreciable
‘reducing-sugar’ content of the soil extract. There is also, of course, the possi-
bility that some of these soil-sugars may inhibit the activity of the mycostatic
organisms.

R. M. Jackson (1960), using the less sensitive agar disc method, with test
spores of the fungus Penicillium citrinum, showed that, in general, monosacchar-
ides have a greater counter-inhibitory effect than disaccharides, and these in
turn greater than a trisaccharide (raffinose). Among the monosaccharides tested
by him at the 0-1 per cent level, galactose and xylose, though slightly less eflec-
tive than glucose, nevertheless stimulated germination and had no inhibitory
effect. We suggest that the subject of the biological effect of sugars in the soil
requires far more attention that it has received.

Attempts to Determine Nature of Inhibitor

Sterile extracts of soils, prepared under nitrogen by the method described in
the Report on Forest Research, 1960, but using a Group 6 Membranfilter instead
of four thicknesses of fine filter paper, have continued to show varying inhibitory
effects upon spore germination. Much time continues to be spent in attempts
to improve and standardise the spore germination test.

Active extracts, when exposed to the air, lose activity slightly, but variably,
in 12 hours, completely after 24 hours. Activity was found to be reduced by
65 per cent after oxygen had been bubbled through the extract for five minutes,
and to be lost completely after seven minutes. Although all the extracts tested
were thermolabile, their temperature relations were not uniform. Some seemed
to be affected by temperatures as low as 30°C, others not until heated to 60°C.

An attempt was made partially to fractionate the extract by shaking with
organic solvents: successively with diethyl ether, petroleum ether, benzene,
acetone, chloroform. In each case the water fraction was removed and tested
against spores by the washed agar method, while the organic solvents were
evaporated away under nitrogen gas, and the residues made up with water and
tested against spores. In extracts from pine humus soil, activity was confined to
the diethyl ether fraction, which produced, at the most, a reduction in germina-
tion of about 50 per cent.

The activity of water extracts which had been passed through washed activated
neutral charcoal was completely removed, as also was the activity of both water
and ether extracts passed through an alumina column.

Finally, an attempt was made to make some estimate of the molecule size by
using a range of Membranfilters graded as to pore size, in place of the cello-
phane in the soil germination test. The inhibition, as judged by the reduction
in spore germination on the soil-contact area, passed through all grades of the
filters, the finest of which had a pore diameter of 5 mp.

Calcareous Soils

It has from the first seemed certain that mycostasis in soils is a compl?x
phenomenon, and that a number of inhibitory substances are concerned in 1t
The behaviour of chalk and chalky soils (see Report on Forest Research, 1958)
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presents some problems distinct from those of the biologically produced inhibi-
tion which has been the main object of study. Some of the tests carried out in
1957 and 1958 have been repeated, and the results in general confirm that
natural chalk subsoil, when tested with the cellophane spore-film, gives complete
inhibition, even after the addition of glucose. In contrast to an earlier result,
however, an autoclaved chalk gave 50 per cent germination. ‘Analar’ laboratory
calcium carbonate, on the other hand, though completely inhibiting germination
when moistened with distilled water, allowed 40 per cent germination with 0-1
per cent glucose solution. Various samples of calcareous marine sands from
surface levels, and also from deeper levels, of the Newborough Warren dune
system in Anglesey, continued to show complete inhibition even after chrome-
washing, water-washing and autoclaving, although, on occasion, this sand has
been found to be compacted together by basidiomycete mycelium.

The observations of R. M. Jackson (1958) on a range of permanent grass
plots of differing pH, at Rothamsted, showed a direct relationship between soil
pH and inhibition effects. Limed plots showed a greater inhibition than un-
limed, and the most acid plots no significant difference from the controls over
filter paper. This, however, was with Penicillium citrinum and with the agar disc
method, which would detect only a fairly strong inhibition. The more sensitive
cellophane film method has shown that some inhibition is generally present in
acid forest soils, and, indeed, in all soils tested, except where the effect is masked
by the presence of soil-sugars. For many fungi there is also some inhibition of
growth and germination associated with high pH, but this does not fully account
for the effects produced by calcareous soils, which require a separate study.

Fomes annosus

The work of Rishbeth (1950, 1951, 1959) has drawn attention to the relative
yirulence of the wood-rotting fungus Fomes annosus on chalky soils, and to the
Importance of its basidiospores as agents of dispersal and infection. The exist-
ence of a strong inhibitory effect of forest soils on the mycelial growth of Fomes
annosus and other basidiomycetes has been recorded (see Report on Forest
Research, 1958, Table 25), and the conidia of Fomes have also been tested and
shown to be subject to soil mycostasis. Basidiospores, in general (including those
Of Fomes), owing to their less immediate and regular germination, had not
hitherto been satisfactorily tested.

Mr. M. S. Johnson, while a Forestry Honours student at Bangor, completed
a brief research project on this subject. Sporophores of Fomes annosus were
Collected from pine stumps both in Thetford Chase Forest, on a calcareous
soil of pH 7-5, and the Church Island site, near Menai Bridge, Anglesey, on
an acid soil, of pH about 4, which has long been used for mycostasis tests.
Samples of the mineral soil, at six- to eight-inch depth, were also collected from
both sites, and their effect upon the germination of the basidiospores from fruit
bodies of both provenances was tested by the cellophane film method. The
effect of both soils upon the mycelial growth of cultures derived from these
Spores was also tested by the agar disc method.

A strong inhibitory effect of both types of soil upon basidiospore germination
Was conclusively shown, and a similar effect upon mycelial growth was con-
ﬁrmed. The results were too variable, and the replications insufficient, to estab-
lish the existence of differences between the inhibitory effects of the soils or the
behaviour of the strains of Fomes, but they were sufficient to suggest that the
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alkaline Thetford Chase soil tested may be more inhibitory to basidiospore
germination, but less so to the mycelial growth of Fomes, than is the acid soil
from Church Island.

Changes in Staff

Early in 1961 Dr. D. A. Griffiths left Bangor to take up a lectureship in
mycology in the University of Malaya. The work on mycostasis has been taken
over by Miss Nancy C. C. Carter, Ph.D.(Cantab.).
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HYDROLOGICAL RELATIONS OF
FOREST STANDS
By L. LEYTON and E. R. C. REYNOLDS
Commonwealth Forestry Institute, Oxford

Progress continues in the development of suitable techniques for investigating
the various phases of the hydrological cycle in a pole stage plantation of Norway
spruce in Bagley Wood, near Oxford. The assistance of Mr. A. E. Ogden,
throughout the past year, is acknowledged.

Precipitation Over the Stand

For some months, daily records have been kept of the catch of 16 rain gauges
of various types mounted above, and at, canopy level. Differences observed in
the catches of these gauges were of the order of a few per cent, and could be
largely attributed to the type of gauge used. Comparisons with the catch of
gauges on nearby open ground, under standard Meteorological Office condi-
tions, indicated that the ‘above canopy’ gauges fitted with 60° Nipher shields
gave closest agreement; however, much depended on the length of the period
on which the comparisons were based and, over short periods, the degree of
the divergence in many cases suggested real differences in precipitation over the
two areas. In an attempt to assess the absolute precipitation over the stand, the
data for the ‘above canopy’ gauges are being analysed in terms of wind velocity
and evaporation conditions to see how far their variable behaviour can be
explained by these factors.

Interception and Throughfall

Earlier work has confirmed the superiority of large troughs over standard
rain gauges as a means of estimating precipitation reaching the forest floor
(throughfall). To facilitate the measurement of the large volumes of water
collected by the troughs, these have been made self-recording, using tipping



SHELTER RESEARCH 101

buckets fitted with micro-switches and ‘Post Office’ counters. The measurement
of stemflow has been improved by the use of aluminium coach guttering mounted
spirally around the stems.

Evaporation, Transpiration and Soil Moisture

Small lysimeters, filled with humus, have been installed to give an approxi-
mate measure of evaporation from the forest floor, and to improve their per-
formance, they are to be fitted with tension plates so as to simulate natural
drainage.

From preliminary experiments in the laboratory, a suitable technique has
been devised to measure sap flow rates in tree stems, using a heat flow method,
and results have confirmed the feasibility of this approach to the measurement
of relative transpiration of whole trees. The necessary apparatus has been
installed in the stand, and work is in progress in testing a technique for cali-
bration in terms of absolute values. Automatic recording devices on a number
of representative trees within the stand are being developed.

As a guide to soil moisture variations, tensiometers and nylon resistance units
have been installed at various depths; by locating these instruments along the
radius of the tree crown, it is intended to follow changes resulting from the
uneven distribution of throughfall below the crown.

SHELTER RESEARCH
By R. BALTAXE
Department of Forestry, University of Edinburgh

Introduction

This is the last research report to be submitted for the current three-year
period of this project, and it will be appropriate to consider briefly the general
direction in which progress has been made.

The most interesting result which has so far emerged is a conclusion about
what constitutes significant research on the fundamental aspects of shelter from
wind. Broadly speaking, the approach to research on shelter does not seem to
have changed since R. Geiger (1951) pointed out the proliferation of ‘occasional’
regearch of more or less local interest and the paucity of investigations system-
atically designed to elucidate the basic principles involved.

From an anlysis of the wind tunnel experiments referred to in the Report on
Forest Research, 1960, and a critical review of the literature based upon their
Tesults, it has been concluded that in many cases the significant feature of air
flow in relation to shelter will be the level of turbulence of the wind. It has been
Tecognised by several workers, and demonstrated experimentally by Jensen
(1_954), that the scale of turbulence in the incident wind is important in deter-
mining the flow pattern of windbreaks. It is therefore to be expected that the
Wide range of turbulence encountered in nature will be reflected in a considerable
Variation of shelter effect. Therefore to obtain a specific effect, at some critical
tll_ne for crop growth or soil blowing, a windbreak may have to be tailored to
elicit this from the sort of wind which is then critical or dominant. This implies
the need for a much more rigorous definition of situations in which it is proposed
to apply shelter than has hitherto been considered necessary or worth while.
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The available information on the potential effects of shelter, and how to
obtain them, appeals to evidence either of a very general or local nature, It is
generally admitted that there is as yet no guidance on how to set about obtaining
a specific effect, especially in quantitative terms, under given conditions. Now
that the significant feature of the air flow-windbreak-shelter effect complex can

be stated, it will at least be possible to design investigations to provide this
information.

Wind tunnel Experiments

The publication of these experiments is delayed for inclusion in a thesis, but
their main features and implications may be briefly described here.

The experiments were concerned partly with observing the direction of flow,
by means of a freely rotating vane (Burns, Childs, Nicol and Ross 1959), in the
lee of a series of model windbreaks of different permeability. It was observed
that when the permeability was high (50 per cent) the leeward flow was steady.
The rate of flow at any point in the wake was then the same as the positive hori-
zontal velocity. This can be measured with great accuracy with a pressure-tube
anemometer.

When the permeability was reduced, the flow ceased to be steady and exhibited
increasing fluctuation, with a concurrent reduction in the positive horizontal
velocity component. The observation of these changes showed that they were
quite systematic, with a series of models ranging from 50 per cent to 0 per cent
permeability. The way in which the flow patterns changed was analogous to
the device of delaying or preventing separation of the flow in the lee of bodies
generating a turbulent wake, by injecting fast-flowing fluid at the boundary
surface (Goldstein 1938 p. 530). This indicates how the flow patterns may be
controlled. Their characteristics also indicate the status of the special case of
windbreaks in the context of aerodynamics. In effect, the flow patterns they
generate are subject to the principles governing the flow around any more or
less bluff bodies and therefore principally a function of their form drag. This
in turn is governed by their shape and, as has been demonstrated, very con-
siderably by their permeability to the flow, and these two factors may be varied
independently.

This conclusion makes it possible to interpret the results of the many investi-
gations on the air flow behind windbreaks in terms of aerodynamics and so t0
assess their general applicability. It also enables a large amount of evidence, ob-
tained without specific reference to windbreaks, to be drawn upon in predicting
their effect on air flow. This constitutes a useful step towards the conclusion of
the first phase of the systematic investigation of shelter suggested by Geiger
(1bid.), namely the elucidation of the relationship between windbreaks and air
flow.

The second phase concerns the significance of the various features of the
resultant flow for the factors of the micro-climate, i.e. their effect on the trans-
port or diffusion of heat, moisture and soil particles.

In the wake of a model of low or moderate permeability (O per cent to ca.
40 per cent), some of the flow was steady and its velocity low, as can be reliably
measured with a pressure-tube anemometer. But over much of the wake the dir-
ection of flow fluctuated more or less intensely. From the known characteristics
of pressure-tube anemometers, it can be inferred that in such flow their responsé
will be virtually limited to the mean positive horizontal velocity component.
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PLATE 2. Holmes and Buszewicz: Forest Tree Seed: Seed mixer, recently installed at
Alice Holt.



PLATE 3, Matthews, Mitchell and Faulkner: Forest Genetics: Isolation of female flowers
of larch with “Terylene” pollination bag.
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PLATE 6. Thomas and Pickard: Fire Spread: Ten-foot long wooden crib for studying spread of fire.
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PLaTE 8. Nimmo and Weatherell: Leguminous Nurses: Wareham Forest. Experiment 13,
1945. Douglas fir and broom with phosphate. Total of 5 cwt. of bonemeal per acre. Average
height at 6 years, 6.2 feet. Very little return of heather in the broom plots.
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PLATE 10. Nimmo and Weatherell: Leguminous Nurses. Allerston Forest: (Broxa Area). Experiment 9, 1943, Sitka spruce grown
with phosphate and broom plus Scots pine as a long term nurse. An example ofl lay-out pattern No. 4. Age 10 years. Basic slag
2.8 cwt. per acre.,
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It was possible to confirm this by making velocity measurements with a pitot-
static tube in flow whose direction was observed with the vane. In a vortex, for
example, where the mean horizontal velocity is zero, the measured velocity was
zero. When there was a strong negative horizontal velocity component in addi-
tion to other high-frequency fluctuations, a negative velocity was measured.

When shelter effect is being considered, such measurement of the mean
horizontal velocity alone is largely irrelevant and may be seriously misleading.
The transport and diffusion effected by the wind when it is highly turbulent
will not be negative or zero. It will, on the contrary, be proportional to the
sum of the mean fluctuations (or eddy velocities) of the different velocity
components, and may considerably exceed the rate at which diffusion occurs
in the absence of shelter. This was observed by Blenk (1953), for example, for
the rate of evaporation in the lee of a dense windbreak model. Structures anal-
ogous to windbreaks, a mesh or perforated screen, are widely used in wind-
tunnels to regulate the level of turbulence. Since the natural wind is always more
or less turbulent, a shelterbelt can be regarded as a device for damping tur-
bulence. It follows that an important feature of air flow which requires investi-
gation in relation to shelter is its fluctuation, as well as the mean value of the
horizontal velocity component. In most investigations attention has been
focussed almost exclusively on the latter, mainly because of the inherent difficulty
of measuring atmospheric turbulence, particularly with the instruments usually
available for research into shelter.

Instrumentation

The only satisfactory method of measuring fluctuating flow is to use a hot
wire anemometer designed for the purpose. This is an expensive and long-term
undertaking which was impractical under the conditions of field work described
below. However, in a series of experiments about to be carried out, an attempt
to examine the relative magnitude of the fluctuations will be made.

For this purpose a bi-directional vane, responding to and recording the
horizontal and vertical fluctuations of the wind, is being constructed. A non-
directional evaporimeter is also being designed, to measure relative rates of
evaporation. A comparison of the relative fluctuations and rate of evaporation,
with the mean wind speed recorded by the usual cup-anemometers, will indicate
the significance of the latter for potential shelter effect, in the same way as has
been done for pitot-static tubes in the wind-tunnel.

A vane which gives a continuous record of wind direction has been con-
Structed. Its purpose is to record variations in the direction of the incident wind
over the course of a day, for which a movement of 180 degrees is quite sufficient.
This limitation greatly simplified the design, in which only one pen is used.
The vertical axis of the wind vane passes through the centre of a disc, which
revolves with the axis. The disc is inclined to the horizontal, and is in contact
With the end of a spring-loaded lever. At the other end of the lever is a pen,
In contact with the recording paper, which revolves on a clockwork drum.
Contact between the lever and the disc is maintained mainly by the weight of
the pen and through a rotating bearing. As the wind vane moves, the rotation
of the inclined disc forces the lever up or down and this movement is recorded
by the pen. For the latter a ball-point refill has been found very satisfactory, and
Particularly suitable for a robust instrument which is moved about a great deal.
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Field Work

The measurements on field shelterbelts are incomplete and it is too early to
discuss them. Instead it is proposed to record briefly the practical difficulties
encountered in making an intensive collection of data on farm shelterbelts
scattered about the countryside, and a method which has been devised to over-
come them.

The intensive collection of data was in fact never achieved, because condi-
tions were rarely suitable for making measurements at all, let alone replicating
them or extending them to each phase of seasonal variation in the belts. Wind
studies could only be made when the weather and wind direction was suitable
and, a more frequently limiting factor, when there was no interference with, or
from, farming activities. When these conditions were met, the actual time
available for measurement was limited by the necessity to erect and remove
the equipment newly every day, as the sites were freely accessible to anyone.
The time and facilities for the transport and erection of the equipment were
further strained by the actual height of the shelterbelts, say 30 to 60 feet, which
made the windfields to be investigated very large. It also virtually precluded
measurements at any level greater than could conveniently be reached from the
ground.

Although for two years equipment and techniques to cope with these condi-
tions were evolved, so that progress with the collection of data was eventually
being made, the method was finally abandoned. Its vulnerability to trivial acci-
dents, such as an outbreak of foot and mouth disease, which stopped access to
all farms; or damage to instruments by livestock, indicated that it might take
years to collect adequate data. A more intensive method, better suited to the
limited facilities available, has therefore been devised and is currently being
implemented.

Investigations of air flow on shelterbelts in the field are a necessary comple-
ment to wind-tunnel experiments, because from the latter alone it is not possible
to make adequate predictions about the effects of such factors as the varying
level of atmospheric stability; the absence of a closed system of flow and varia-
tion in the free wind speed in relation to the form drag of flexible shelterbelts.
These features may be preserved, while eliminating or controlling most of the
variables and disadvantages described above, by using a single small-scale shel-
terbelt constructed of natural tree material and capable of being moved to suit
any wind direction. Work is thus concentrated on one site, while rain or the
absence of wind remain the only factors to hinder it.

Finding a suitable site not put to other use posed a problem for some time,
until the Commandant, Edinburgh Airport, whose co-operation is here grate-
fully acknowledged, made a part of Turnhouse Aerodrome available. As well as
being a protected site where equipment may be left erected, it provides hourly
meteorological records.

After preliminary trials, the artificial shelterbelt is now under construction.
Its dimensions are: height, 10 to 12 feet; length, 120 feet; aspect ratio, 10 to 12.
Nageli (1953) found that an aspect ratio of 11 gave a full development of the
potential shelter zone of a free-standing screen.

The belt is made by fixing horizontal strands of rope, at various levels above
the ground, along the two sides of a line of posts supported by guy-ropes. This
provides a ‘hollow’ fence into which tree material (tops, branches, or small
trees) can be placed in any required pattern. The central post is fixed in the
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ground and provides an axis around which the belt can be moved when the
tree material has been taken out.

Shelter Planting Practice

In August 1960, Denmark and North West Germany were visited to study the
policies and techniques of shelter planting, in the context of the large-scale land
reclamation and agricultural improvement projects which are in progress there.
An account of these, under the above title, has been published in Scottish
Forestry, 1961, 15 (1), 17-32.
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FIRE SPREAD IN FOREST AND
HEATHLAND MATERIALS

By P. H. THOMAS and R. W. PICKARD

Fire Research Station, Boreham Wood, Hertfordshire

A study of the spread of fire in forest and heathland materials has been started.
It is hoped eventually to find the effects of different moisture contents and
different surface-to-volume ratios of fuel on the rate of spread, but so far
experiments have largely been confined to two effects of wind speed:

(1) On the spread of fire in long wooden cribs.

(2) On the burning of localised fires.

The work will provide data from which it is hoped to be possible to predict
the rate of spread and the extent of a heathland or forest fire, thus improving
the fire-fighting strategy for any particular fire.

The initial investigation into the effect of wind speed on the rate of spread
has been made using 10 feet long and one foot wide wooden cribs (Plate 6)
made of Parana pine of 3-inch square section, chosen in the first instance because
It provides a regular and reproduceable form of fuel.

All the cribs used were conditioned at 65°F and 65 per cent relative humidity
prior to being burnt in the working section of a large wind-producing apparatus.
The sides of the crib were protected by sheets of asbestos wood of the same height
as the crib (Plate 7) so that the burning would be representative of the propaga-
tion on a wide flame front where the entry of air to the centre of the burning
zone from the sides is excluded.

The rates of spread of the front and rear faces of the burning zone were
measured over a range of wind speeds from O to 30 feet per second, from
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photographic and temperature records at points along the crib. These results
are shown in Fig. 4, where it can be seen that although increasing the wind
speed increases the rate of fire spread, the effect becomes progressively less as
the wind speed rises. It has been found that at any given wind speed the rates
of spread of the front and rear faces of the burning zone become the same
within the length of 10 feet used experimentally. Theoretical studies suggest the
rate of spread increases as the thickness of the fuel element decreases, but it is
not yet known whether there is always a maximum rate independent of wind
speed.
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FiG. 4. —The Effect of Wind on the Rate of Spread of Fire.

A limited number of laboratory experiments on grass and heather gave rates
of spread about 10 times greater than those obtained with the wooden cribs.
This increase is probably mainly due to the high surface-to-volume ratio of the
natural vegetation. A more extensive study of natural fuels will commence
after the factor of specific surface has been studied on a regular fuel-bed of the
kind already used (Plate 6).

On the assumption that the spread of fire is controlled by the heating of the
unburnt fuel ahead of the burning zone, any effect of wind speed on the size
and deflection of the flames, and on the heat transfer to the material ahead of
the burning zone, or the rate of burning of unit area of the fuel, will affect the
rate of spread of the fire. A series of experiments is therefore being made in
which these effects can be studied separately as far as possible, by using localised
fires in the form of wooden cribs, the whole crib burning at the same time. This
type of fire approximately represents the burning zone of a spreading fire at any
given instant, -

In these experiments, four sizes of crib have been used, 3 feet wide and 6
inches high, with lengths of 6, 12, 18 and 24 inches, made of white pine. Wood
of 4, 4 and one inch square section has been used. The rate of burning (measured
as rate of loss of weight), the flame length and deflection of the flames are being
measured. These are the principal quantities affecting the heating of the un-
burnt fuel ahead of the flames and, in addition, provide information on which
the design of fire-breaks can be based.
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The crib, which rested on an incombustible base extending downwind, had
its sides parallel to the wind direction protected by incombustible boards, as
in the case of the long 10-foot cribs (see Plate 7). This had the effect of increasing
the effective width of the burning zone and restricting the air flow to the under-
side of the flames; the latter condition would occur in practice due to the ground.

Effect of Wind on Flame Length

The measurements of flame length from these localised fires have been correla-
ted by means of a formula based on theoretical considerations. Assuming the
fire is wide enough for the flame length L to be independent of width, we expect
the ratio L/ D to depend for a given fuel type on the dimensionless ratios:

m? U2
and D
gp*D gD

where g is acceleration due to gravity
U is the wind speed
D is the length of the burning zone in the direction of the wind
m is the rate of weight loss per unit ground area
p is the density of the gases liberated by the fuel
A statistical analysis of the experimental results, excluding the data for still
air, shows that L/D is correlated with m, U and D according to the groups of
terms above for the range 0-5 << U? < 20 and, assuming p = 62 x 10-3 Ib/ft3,
gD
Ix10-4 < m? < 400x10-4

gp*D
The analysis shows

L m? " 0-43 U2 —0-11
o et
D gD
0-11 m
Fig. 5 shows — { } plotted against
P ~/ gbh

For a given rate of burning the flame length decreases as the wind speed
rises, because the rate of mixing of air with fuel rises and this leads to a reduced
flame surface necessary for the combustion.

One would expect that, to a first approximation, a change of fuel would raise
or lower the line along the L/ D axis but not change the slope significantly.

The importance of this relation is that, coupled with a similar correlation of
flame orientation and data on convective heating, it should be possible to
estimate the heat transfer ahead of the burning zone. This heat transfer to a
large extent controls the rate of spread, which will be affected by the thickness
of the fuel elements, moisture content, etc. The value of m and D are also
related to the rate spread by a relation of the form

wv
m = —
D
where W is the amount of fuel burnt per unit ground area
and V is the rate of fire spread.
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Combining the various relations has enabled a theoretical model of fire spread
to be constructed and experimental studies are now being made in the context

of this theory.
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OAK POPULATION STUDIES IN SCOTLAND:
I. VARIATION OF SOME IMPORTANT
DIAGNOSTIC CHARACTERS OF QUERCUS
PETRAEA (MATT.) LIEBL. AND Q. ROBUR L.
By J. E. COUSENS
Department of Forestry, University of Edinburgh

This study originated from an earlier investigation by Mr. W. Finlayson aiming
to locate stands of indigenous oak. He ran into immediate difficulties in the
identification of the Pedunculate oak, Q. robur L., and the Sessile oak, Q.
petraea (Matt.) Liebl. ‘Dr. E. W. Jones’ ‘monograph’ (1959) on British oaks
appeared at the critical moment, but did not prove completely satisfactory for
practical field identification of any but the obvious ‘good’ types of either species.

There are thus two objectives in this investigation. The immediate objective
is to determine the normal range of variation of the diagnostic characters of
the two oaks so that limits, arbitrary if needs be, can be set defining them for
the purpose of population surveys. The more distant objective is to devise a
technique for sampling oak populations and recording characters which,
although perhaps not useful in diagnosis of individuals, may yield valuable
indications as to the nature of the population.

Collections made to date are listed by Ordnance Survey National Grid letter
squares in the Addendum.

Study of Variation on the Tree

Five terminal shoots were collected at accessible crown level from the North,
East, South, and West aspects of two isolated trees, one a good Q. petraea type,
and the other apparently good Q. robur. Each leaf on these shoots was detached,
measured for total length, maximum width, length of petiole and position of
maximum width, and then pressed and dried. Re-measurement when dry showed
greater shrinkage in width than in length, and a slight apparent increase in
petiole length. The pattern of variation on individual shoots was remarkably
constant on both trees, even though there were small but distinctive differences
between them. Both had smaller, relatively broader leaves at the base of the
shoot, and smaller but relatively narrower leaves at the apex, as compared with
those in mid-shoot. Auricles were less well-developed on apical and basal leaves.
General observation suggests that the distinct patterns of variation shown by
these two trees may well apply to Q. petraea and Q. robur generally. However,
it was sufficient for this investigation to establish that mid-shoot leaves were
likely to be most typical, if slightly larger than average. This was confirmed by
selecting two leaves from mid-shoot, and demonstrating a very close agreement
between relative dimensions (petiole length, and width of leaf relative to length)
of these, as compared with the average for all leaves per shoot.

There was also significant variation on both trees, again with slightly differ-
ent patterns, according to aspect; and there would appear to be direct correla-
tion between the type and number of leaves per shoot, and the amount of
Insolation that the shoot is likely to receive. Leaves on the north side of the
trees approached true ‘shade leaves’ in appearance. It was also apparent that
flowers were borne more abundantly on those parts of the crown receiving
greater insolation. Because of the importance of peduncle characters in diagnosis
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of the two species, and in order to reduce the number of specimens to be
examined, it was decided that specimens should consist, wherever possible, of
fertile shoots taken from that part of the accessible crown apparently receiving
the greatest insolation (the south or south-east). While this was a satisfactory
solution for the elucidation of the identification problem, it is not so satisfactory
when it comes to sampling woodland populations; for in sampling dense stands
of even moderate age only ‘shade leaves’ may be available.

A third tree of more definite Q. robur affinity than the second of the above,
was also sampled in the same way, but on the north and south sides only. The
results confirmed those outlined above.

Epicormic shoots were present on the Q. robur types, and the distinctive
characters of their leaves enumerated by Jones were confirmed.

A further minor study was made on a Q. aff. robur in Dalkeith Old Wood,
Midlothian, to compare lower (accessible) crown leaves, upper crown leaves
and inner crown (shade) leaves. As was expected, the leaves became smaller
and more coriaceous towards the top of the tree, while the shade leaves were
larger and thinner in texture. Possibly the most important observation here was
the remarkable consistency of the depth of the lobes (as a percentage of the
width of the leaf) on all leaves, except those on epicormic shoots. The shade
leaves of Q. robur types do not apparently have relatively shorter petioles, as
is the case with Q. petraea (from a comparison of sun-shoot and shade-shoot
leaves subsequently made in several Q. petraea woodland areas).

Study of Variation Through the Growing Season

In early April, 12 trees were selected to give a range of types based solely on
peduncle length and stoutness, and ranging from the short, stout type of Q.
petraea to the long, thin type of Q. robur. Specimens were taken from each at
increasing intervals through the season, starting on April 27th, 1960. The five
early collections, made before the end of May, were fully described and then
preserved in formalin. Subsequent collections were dried, pressed and mounted
as herbarium specimens after description.

The more important observations are given below:

(i) Leaves approached their full dimensions by early June, though mature
texture is not attained till later.

(ii) Abaxial stellate pubescence was strikingly constant throughout the grow-
ing season: adaxial pubescence and glandular hairs (abundant in the buds of
both species) are rapidly lost (before the end of May).

(iii) Buds developed slowly through the season and were seldom of use in
diagnosis till the winter - those of both species being small and obtuse early
in the season.

(iv) Peduncles of both Q. petraea and Q. robur types were densely pubescent
at first, Q. robur types losing it rather irregularly till they were mainly glabrous
by June.

(v) Peduncles reached their maximum length about mid-June. Subsequent
development of the peduncle depended on the development of fruit. Generally
from mid-June till the end of July the peduncle became stouter and more woody
as far as the most distal developing acron. Any part of the flowering peduncle
beyond this point withered, but usually remained attached. The maximum girth
attained by the green peduncle at the end of July was significantly greater than
that of the brown fruiting peduncle in October.
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(vi) Study of the ripening acorn was unfortunately not possible. Jones’ other
qualitative character difference, the stripes on the fully developed, but still green,
acorns of Q. robur, was not observed.

Method of Collection and Recording of Data

Much of Scotland’s oak woodland is rather open and consists of trees of
small stature presenting no problems either in sampling or collection. A pole-
cutter was carried which could reach to 20 feet if necessary. In dense stands,
specimens were taken on thc north side of rides and gaps where present, or
from the south or south-east margin of the wood. The sampling was thus some-
times neither random nor systematic. The preferred method, where it could be
applied, was to make a number of traverses, collecting from the nearest accessible
tree at spaced intervals. Where collections of shade-shoots had to be made,
they were almost invariably infertile.

A register of all collections has been kept showing date, locality, National
Grid reference and number of specimens. Each specimen, consisting of one to
several shoots, was numbered: two representative leaves from mid-shoot were
detached and marked to show the number of the specimen and the position on
the shoot. The original specimen and the two leaves were then dried, pressed
and mounted separately. The following characters were recorded for each
specimen.

(1) Total length of each of the two leaves, in mm.

(2) Length of petiole of each leaf, to the nearest half-mm.

(3) Petiole percentage: combined petiole length over total length of the two
leaves.

(4) Presence of abaxial stellate pubescence on the lamina.

(5) Presence of larger stellate hairs alongside the mid-rib abaxially.

(6) The type of auricle on each leaf classified as ‘strong’, ‘medium’, ‘weak’ or
‘nil’.

(7) The total number of lobes on each leaf, counting as a lobe only those
possessing a nerve running direct from mid-rib right to the leaf margin.

(8) The combined width of the two largest lobes on either side of the mid-rib.

(9) The width of lamina between the sinuses on either side of these largest
lobes as an average for each leaf. The method used was to draw a line
across the lobes between the bases of its flanking sinuses and then measure
from the point at which this line crossed the lateral vein to the mid-rik
and at right angles to it.

8—9
(10) The lobe depth percentage, being —— x 100.
8

(11) Total length in mm. of each peduncle present on the specimen.
(12) Length of peduncles to the first flower locus (bract) or acorn.
(13) Stoutness of peduncles.
(14) Pubescence on peduncles.
This work has been completed for 380 of the Scottish collections and some
260 more are in various stages of the process.

Preliminary Results from Collections

These collections show a preponderance of Q. petraea types and are rather
poorly representative of the north-east, where collections were made early in
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the year (May-June). Collections in 1961 will aim to redress the balance between
Q. petraea and Q. robur types, and provide reasonably complete geographical
coverage in Scotland. Some samples larger than those taken to date are required,
in order to determine the optimum sample size.

Some tentative observations and conclusions based on analyses made to
date are:

(i) Q. petraea is a much happier botanical entity than Q. robur. The natural
limits of variation in the important diagnostic characters of Q. petraea in Scot-
land could already be described.

(ii) Semi-natural oakwood composed predominantly of Q. pefraea types is
far more common than woodland dominated by Q. robur types.

(iii) In Q. robur-dominated woodland, ‘good’ Q. robur has so far always been
found with apparent Q. robur forms which have abaxial stellate pubescence
(considered by Heeg (1929) to be the most definite hybrid form).

(iv) The variation between individuals in every sample is so great that if
ecotypes and provenances are to be recognised it will only be possible with the
use of biometric indices from standardised samples.

Plans for 1961-62

(1) Fairly extensive collections in Q. robur woodland to bring the numbers
of these species up to those already made of Q. petraea.
(2) Some collections in North East Scotland to give a reasonably complete
geographical coverage.
(3) Some larger samples than have so far been taken — for purpose of estim-
ating the optimum size of sample necessary to assess population characteristics.
(4) Complete compilation and analysis of data.

ADDENDUM

LIST OF LOCALITIES WHERE COLLECTIONS WERE MADE,
BY ORDNANCE SURVEY NATIONAL GRID SQUARES

Specimens
Square NG (N.W.) 1959 Aug. Gruinard Bay, Gairloch, and
Loch Maree 43
» NM(W) 1959 Aug. Ardgour to Loch Sunart 38
1960 Oct. Appin, Taynuilt 31
,», NR (S.W.) 1959 Aug. Kintyre 37
» NH(N) 1959 Aug. Speyside, Lochan a Chuillin,
Falls of Rogie 8
,» NH (E.) 1960 June Cawdor g

» NH (N. Central) 1960 Oct. Falls of Leny, Loch Voil,

Glen Dochart, Loch Arkaig,

Spean Bridge, Glen Falloch 152
»» NS (S. Central) 1959 June Menstrie (Ochills) 7

1960 Oct. Loch Long 7

» NX (S.) 1960 July Glentrool, Cree Valley, Cairn-

ryan, Currarie Glen, Burn-

foot, Bladnock, Castramount 104
,» NI (N.E) 1960 June Donside (Nr. Invermosset) 13*
»» NO (N.E. Central) 1959 June Earnside, Dunkeld, N.E. as

far as Glen Prosen 65
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1960 June Glen Tanar 8*
,» NT (S.E. Central) 1959 Lothians and Borders 6
1960 June/July
Dalkeith, Elibank, Aikieside 112
. NY (S.E) 1959 June S.E. of Moffat 3

Total 642

* Specimens taken too early in June, not fully developed.
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TRACHEID LENGTH IN CORSICAN PINE
By L. CHALK and J. LADELL
Commonwealth Forestry Institute, Oxford

The ultimate object of this work is to examine the feasibility of predicting
tracheid length in the mature stem from that in the first-year shoot. It seems
that the pattern of variation outward from the pith may change abruptly after
the first year’s growth and/or after the time of needle fall in any one internode.
Elucidation of these points, which are being investigated at the time of writing,
will bring the investigation to a close. The results should show how near the
pith, and with what degree of confidence, prediction of mature tracheid length
can be made.

The pattern of tracheid length variation within the leading shoots of Corsican
pine has been extensively studied. This pattern has been shown to be complex,
and this emphasises the need to standardise the location of samples in studies
involving the comparison of shoots. Both the length and diameter of cells
decrease upwards in the shoot. At the same time the ratio of cell wall to lumen
increases, resulting in increased density towards the tips of shoots. The number
of rays also increases up the shoot. These changes parallel increases in needle
density, and in the relative size of the pith up the shoot; these in turn appear to
be associated with differing rates of elongation of the shoot. Some measurements
have shown that the lengths of the primary cells near the pith are very much
!Onger than those of the tracheids to which they give rise. It is probable that it
Is through these primary cells that a direct connection between shoot elongation
and cell length might be established, and this might well be the subject of some
future work.

The complexity of the pattern of variation in single shoots is increased by
th? strands of shorter cells beneath each leaf trace, already reported, and by
minor variations in the vicinity of an apparently undescribed structure under-
neath leaf traces and a short distance from them. This structure resembles a
Miniature leaf trace. It appears to be a duct running parallel to the trace, and
1S composed of both parenchyma cells and tracheal elements with spiral thicken-
Ing. Further investigation of this structure might show it to be useful for
taxonomic purposes.
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There is some evidence that density of needles tends to be a constant feature
on all the internodes in any one tree, independent of the length of the inter-
nodes. As wide needle spacing towards the base of leading shoots is associated
with long tracheids, it is hoped that the same relationship might hold for a
number of shoots, sampled at the same point, and that needle density may prove
to be a useful external index of inherent tracheid length. Analysis of the tracheid
data is now in progress.

THE JUVENILITY PROBLEM IN
WOODY PLANTS
By P. F. WAREING and L. W. ROBINSON
Department of Botany, University College of Wales, Aberystwyth

The main scope of this investigation was outlined in the Report on Forest
Research, 1960 (p. 95). Observations have been carried out on the effect of
grafting juvenile scions on to flowering trees of birch and larch, and on to adult
vines of ivy, in the field. So far the juvenile scions have shown very little flower-
ing response, although the branches of the stock trees are flowering profusely.
The same results have been obtained in similar graftings with blackcurrant.
Observations will continue to be made in future years on these, and also further
graftings which have been carried out. Clones of precocious-flowering birch
have been successfully established by cuttings, and seedling scions will be
grafted on to these to determine whether the precocity of the rootstock is
transmitted to the non-precocious juvenile scions.

Experiments with grafted plants of larch grown in pots have been used to
study the effects of day-length and temperature on flower-initiation, using
controlled environments in growth-rooms, but no clear-cut effects were observed.

A series of experiments has been carried out on the effect of the ‘size-factor’
in the flowering of seedling blackcurrants, and the results obtained were similar
to those previously reported for birch (Report on Forest Research, 1958, p. 108)
viz., flowering of seedling blackcurrants can be rapidly obtained by growing
the seedlings continuously in a greenhouse under favourable conditions of day-
length and temperature; flowering appears to depend upon the attainment of a
certain minimum size and does not require periodic growth with alternating
periods of activity and rest, as occurs under natural conditions. On the basis
of these results it would seem important, in breeding forest-trees, to grow the
seedlings as rapidly as possible until they attain the minimum size for flowering,
and then to apply the various other treatments known to promote flowering.

Attempts are being made to determine what is the operative factor in the
‘size-effect’, i.e. (1) whether the distance of the apical meristem from the roots
is important, or (2) whether the attainment of the adult condition depends
upon the apical meristem undergoing a certain number of cell-divisions.

The transition from the juvenile to the adult condition in ivy has been studied
by taking series of stem cuttings from vines at different heights, and studying
the behaviour of the transition zone between the juvenile and adult regions of
the vine. This experiment has indicated that the transition to the adult condition
takes place in lateral buds on the main axis, before the axis itself becomes adult.
This is an interesting result and may have important implications for forest
trees.
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It has been reported that the roots of juvenile ivy produce a substance
capable of causing reversion from the adult to the juvenile condition. Attempts
are being made to verify this report and, if possible, to extract the substance
involved.

THE EFFECTS OF STUMP TREATMENTS ON
FUNGAL COLONISATION OF CONIFER STUMPS
By D. PUNTER
Botany School, University of Cambridge

The effects of a range of chemicals on colonisation of Scots and Corsican pine
stumps have been investigated by means of laboratory and field experiments.
Special attention has been paid to Fomes annosus and other ‘primary stump
invaders’, such as Peniophora gigantea, Stereum sanguinolentum, and ‘blue-stain’
fungi (Ceratocystis spp.).

The method of laboratory screening by growing the fungi on treated sections
of fresh pine stem is essentially similar to that described by Rishbeth (Ann.
Appl. Biol., 1959, 47, 529). Replicates of each treatment are inoculated with
basidiospores of F. annosus and with a variety of microfungi. Air-dried litter
can be stored successfully for up to a year at ca. 5°C and 5 g. samples shaken
with 25 ml. water provide a consistent source of stump-colonising microfungi.
Results of these tests have shown that the great majority of treatments cause
some reduction in colonisation by F. annosus. Among inorganic radicals, metals
are more extensively fungitoxic than non-metals, while there is a tendency
towards non-selective toxicity by heavy metals and reducing agents. Two boron
compounds, ammonium biborate and ammonium pentaborate, inhibit growth
of basidiomycetes while allowing increased colonisation by fungi imperfecti,
such as Botrytis cinerea, Penicillium spp., and Trichoderma viride. This is in
agreement with results of earlier tests with disodium octaborate and ammonium
compounds (Rishbeth, 1959). Treatment with basic compounds appears to
favour growth of certain fungi imperfecti at the expense of basidiomycetes.
Only a few members of some major groups of organic compounds have been
tested; of these, the dihydrio phenols, catechol, resorcinol, and quinol are all
strongly fungitoxic, while N-methyl aniline favours growth of basidiomycetes.

Small-scale field experiments have been carried out to test the applicability
Of laboratory screening to field conditions. Results have shown good agreement
Wltl_]in certain limits. Stump inoculation is necessary for adequate testing of
ba51diomycetes in the field, whereas heavy inoculation with microfungi has been
found to have little effect on colonisation. Field conditions, as might be expected,
are most favourable for the ‘primary stump invaders’, but all are subject to
Seasonal variation, especially the ‘blue-stain’ species.

Large-scale field experiments have been laid down to test selected treatments
more fully. Killing of stump tissues, rate of initial penetration, and subsequent

Mmovement through the stump body by a number of treatments, are also being
Investigated.
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STUDIES ON THE FUNGUS FOMES ANNOSUS
By J. RISHBETH
Botany School, University of Cambridge

Inoculation of pine stumps with spores of the fungus Peniophora gigantea, as
a means of protection against Fomes annosus, continues to give encouraging
results. In 10 experiments, involving some 400 stumps of Pinus sylvestris or
P. nigra var. calabrica, samples taken after six to 12 months showed that inocu-
lation had consistently prevented colonisation of the cut surface by F. annosus,
whether derived from natural sources or from adding up to 3,000 spores per
stump. About 90 per cent of inoculated stumps produced sporophores of P.
gigantea within a year. The treatment also prevented growth of F, annosus into
stumps root-inoculated with the parasite soon after felling: in five stumps
excavated a year later, no roots were found to contain F. annosus. By contrast,
in root-inoculated stumps treated with creosote or urea at the time of felling,
two-thirds and one-third of the roots respectively were occupied by the parasite.
With naturally infected pine stumps, however, P. gigantea was rather less
effective because it seldom replaced F. annosus in resinous roots already dead
at the time of felling. Stump inoculation is effective at any time of year; in cold
weather P. gigantea spores may be suspended in 10 per cent ammonium sulphate,
which considerably depresses the freezing point without greatly affecting spore
viability.

Studies have been continued on spore dispersal of certain wood-rotting fungi.
The deposition rate of spores of such fungi may be measured by exposing discs
of pine wood previously treated with sodium o-phenyl phenate and then steril-
ised. Such discs, which may be stored in tins or sterile polythene bags, are often
superior to untreated discs with respect to selectivity and retain this property
for many months. They also provide a more uniform substrate than untreated
discs and support growth of a wider range of species.

D. S. Meredith has published a second paper on Fomes annosus and other
stump-colonising fungi in Ann. Bot., 24, 1960. A survey of losses in East Anglian
pine plantations through killing by F. annosus has been published by G. W.
Wallis in Forestry, 33, 1960.



PART III
Results of Individual Investigations

THE LONGEVITY OF BEECHNUTS IN RELATION
TO STORAGE CONDITIONS
By G. M. BUSZEWICZ

The nuts of the beech tree, Fagus sylvatica, are by nature short-lived seeds, and
in practice they are not normally stored for longer than about six months after
collection, i.e. storage overwinter in preparation for spring sowing. Relatively
little is known about methods of prolonging the life-span of the seeds beyond
this period. These facts, coupled with the long intervals of six to eight years
between good mast-years (years of heavy seed-fall), make it difficult for foresters
to plan and organise regular plant supplies for annual planting programmes.

These problems can be overcome to some extent by costly collection of seeds
during poor mast-years, and there is a possibility that low-temperature storage
may enable plants to be held over from one year to the next. However, these
are incomplete and costly answers to the problem and may result in an un-
desirable type of planting stock. The only satisfactory answer would seem to be
storage of seed over two or more seasons to permit stocks of good quality seed
to be maintained between mast-years.

Beechnuts, when collected in the autumn, are normally dormant and a period
under cool or cold conditions is necessary to hasten the ripening and maturation
of the embryos. They are not easy to test in the laboratory, as germination tests
are prolonged, requiring three to four months for completion (International
Seed Testing Association, 1959). Rapid biochemical methods of testing seed
viability may be of value, but their accuracy has not been adequately proven
(Rohmeder 1951, Schonborn 1958).

Methods for storing beechnuts over a single winter have been the subject of
many experiments, and the published literature is extensive (Holmes and
Buszewicz 1958). In Britain, the normal practice is to store the seeds by spread-
Ing them on an earth or concrete floor in a cool shed until mid-February, when
they are stratified in moist sand in an open pit for three weeks before sowing
(Forestry Commission 1957). Alternatively, the seeds may be sown shortly after
qulection in autumn. In this event, the beds require careful netting, or covering
with soil, to protect the seeds against birds and rodents. The choice of method
for short-term storage depends very much on local conditions and requirements,
but the essential principles common to all are: good ventilation, an even and
moderately low temperature, and an equable and fairly high moisture content,
Le. about 20 to 25 per cent (fresh weight). The normal germinative capacity
to be anticipated from seeds properly stored overwinter is about 80 per cent.

Methods of storage for periods longer than a single winter have been investi-
gated by several workers (Holmes and Buszewicz 1958; Johannsen 1921 ; Messer
1960; Nyholm 1960; Schénborn 1958), and their reports indicate the complexity
of the problem. Nyholm’s investigations are among the most extensive, and he

117



118 REPORT ON FOREST RESEARCH, 1961

succeeded in storing germinable seeds over four winters. His tests included
storage in open and sealed containers at temperatures of —15°C, —5°C and
+2°C, with a range of seed moisture content from 11 to 30 per cent. He con-
cluded that sub-freezing temperatures are best for long-term storage, and in
general the lower the temperature and the lower the seed moisture content, the
longer the seeds remain viable. Careful pre-drying of the seeds, and storage at
11 per cent moisture content at —15°C gave the best results in these trials.
Careful preparation of the seed for storage is important, and Nyholm found
that best results followed preliminary storage in a cool shed for three months,
with care to ensure uniform and slow drying of the seed, before storage at low
temperatures.

Schénborn (1958), carried out similar studies, but his trials extended only
over two winters. He found that sealed storage was better than open storage,
and a temperature of —4°C was superior to —15°C at all levels of moisture
content. (At —15°C, the only seeds surviving over two winters were those
below 15 per cent moisture content.) His results at above-freezing temperatures
were poor. Messer (1960) reports successful storage of beech over two winters
in polythene sacks at a temperature of —4°C, and moisture content levels of
25 to 27 per cent.

The Results of Storage Trials at Alice Holt, 195660

In preparation for these trials, beechnuts were collected in late October 1956,
and thoroughly cleaned, removing inert matter and empty and damaged seeds.
The seed bulk was then well mixed and samples allocated to a range of storage
conditions in series, as follows:

Series 1 - Storage of pre-dried seed in sealed containers at a range of moisture
and temperature levels.
(Seed was pre-dried at 20°C to moisture levels of about 15, 20,
25 and 30 per cent, and stored in sealed containers at —10°C, +2°C,
and 4-8°C.)

Series 2 — Storage of pre-dried seed stratified in peat in closed containers.
(Seed was pre-dried at 20°C to moisture levels of about 15, 20, 25
and 30 per cent, mixed with peat adjusted to equilibrium moisture
levels (i.e., 25, 30, 35 and 40 per cent respectively), and stored in
closed containers at 2°C only).

Series 3 — Undried seed stored at a range of controlled atmospheric moisture
levels at 2°C.

(Open and sealed storage was tested, viz.:

(a) Open - seeds stored in containers through which a continuous
flow of air of controlled relative humidity (R.H.) was
passed. Air relative humidity levels were maintained at
95, 85, 75 and 45 per cent in separate containers.

(b) Sealed - seeds placed in sealed containers within which the
atmosphere was controlled at relative humidity leve}s
of 90 per cent, 80 per cent and 60 per cent, by sulphuric
acid solutions within the containers.)

Series 4 - Seed stored in open (a), and closed (b) containers at 2°C. Seed
moisture content was maintained at approximately 20 per cent by
periodic re-moistening. ‘
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Seed samples were removed from each of these conditions at intervals of
several months for moisture content and germination analyses. Seed moisture
content was measured using an air-drying oven at 105°C, testing two replicates
of 20 grm. seed. Drying was discontinued when the samples attained constant
weight, and moisture content calculated on the fresh seed weight.

Germination tests were carried out as prescribed in International Seed
Testing Association Rules (I.S.T.A. 1959), except that replicates of 4 x 25 seeds
were used instead of the prescribed 4 x 100, on account of shortage of germinator
space. A filter paper substrate was used throughout.

Table 10

The Germinative Capacity and Moisture Content of Beechnuts in Sealed
Containers at a Range of Temperatures and Initial Seed Moisture Levels

Initial Germination and Moisture Content:
Seed Storage Percentages after Months of Storage
Moisture | Temper- Test
Level ature 0 5 8 17 21 31 39
%) (°C) months
8 Germination | 92-0 | 67-0 | 9-0| 0-0
Moisture 30-9 | 30-3 | 33:4 | 32-3
30-9 2 Germination | 92:0 | 95-0 | 73:0 | 17-0| 1-0
Moisture 30-9 | 31-1|32-3]|36-2(38:4
—10 Germination | 92:0 | 76-0 [ 64-0 | 59-0 | 15-0 | 9:0 3-0
Moisture 3009 |29-6(29:9]|30-6|30-8(29-3| 29:7
8 Germination | 93-0 | 770 | 79-0 | 0-0
Moisture 25-5124-0| 25-4( 28-8
25-5 2 Germination | 93-0 | 77-0 [ 80-0 | 4-0] 8-0| 00
Moisture 25-5|23-826-11}22-1|28-6|24-4
—10 Germination | 93-0 | 76:0 [ 73-0 | 75-0 | 91:0 | 61-0 50
Moisture 25-5(25-3(124-9]26-6|25-1(23-7| 24-4
8 Germination | 95-0 | 76-0 | 51-0 | 0-0
Moisture 2006 | 17°6 | 19-7 | 16-5
20-6 2 Germination | 95-0 | 73-0 | 81-0 | 25-0 | 50| 0-0
Moisture 20-6 | 206 [ 20-7 | 19-7 | 19-8 | 22-5
—10 Germination | 95-0 { 73-0 | 72-0 | 97-0 | 77-0} 3-0 0-0
Moisture 20-6 | 20-8 | 20-6(21-2(20-3]|20-8| 20-0
8 Germination | 950 [ 49-0 [ 1 1-1
Moisture 156 [ 15-2  15-1 | 13-8
15-6 2 Germination | 95-0 | 77-0 [ 64-0 [ 0-0
Moisture 156 1 15-6 | 15-6 | 15-4
—10 Germination | 95:0 | 59-0 | 87-0 | 63-0 (| 17-0| 4-0 0-0
Moisture 15-6 | 15:6 | 15-5| 15-6 | 15-0 | 15-4| 14-4
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It will be noted that, with the exception of Series 3 trials, which included
seed down to 10 per cent moisture content, the trials were restricted to a seed
moisture range of 15 to 30 per cent. This is now considered to have been a
mistake, as a range of lower moisture levels should have been included. How-
ever, it must be remembered that at the time the trials were established, it was
a general opinion that beech seed would not withstand drying below 15 to 17
per cent.

Series 1

This was the most extensive trial, including sealed storage at a range of
temperatures and moisture levels. Results are summarised in Table 10.

Several unexplained fluctuations in seed germinative capacity were found
during the period, but the general pattern of germination behaviour suggests
that the lower the storage temperatures the /onger the life-span of the seed.
Results at 2°C and 8°C show that seed may be stored over one winter, i.e. five
months, without serious loss; but only at —10°C was it possible to maintain
seeds at a reasonable germination level over a second winter, i.e. over 17 months.
Seed moisture content clearly had an effect, and the best results were achieved
and 20 per cent and 25 per cent, around the middle of the range tested. The
most successful method was —10°C at 20 per cent and 25 per cént moisture
content, which preserved seeds in good condition for 21 months.

Series 2

These trials included a similar range of seed moisture levels maintained by
stratification in dried peat at 2°C in sealed containers. Results are presented
in Table 11.

Results were generally similar to those achieved with unstratified seed in
sealed containers at 2°C (Table 10). The seed was successfully stored only over
one winter, the seed being of good germination quality up to nine months at
29, 23, and 18 per cent moisture content, and only up to five months at 15 per
cent moisture content.

Series 3

These trials were concerned with seed longevity under conditions in which
the seeds received no pre-drying treatment, seed moisture content being con-

Table 11

The Germinative Capacity and Moisture Content of Beechnuts Stratified in
Peat in Sealed Containers at a Range of Moisture Levels at 2°C

Period Germination and Moisture Content Percentages alter Storage
of
Storage Moisture Moisture Moisture Moisture
(months) Content 2 Content % Content %, Content %
Germ Germ Germ Germ
%% Seed ’ Peat o Seed | Peut A Seed Peat % Seed Peat
0 99 287 38-4 99 23-1 342 929 18-3 30-3 99 14:7 25-9
5 90 31-7 | 32-2 85 22-7 | 28-5 77 18-1 26-3 85 15-5 230
.9 79 29-8 30-9 83 22-6 | 27-4 77 181 23-8 57 14:6 22-1
12 18 [ 28-2 309 ]| 60 | 21-4 | 26-6 | 7/ 17-5 24-1 48 14-6 22-1
17 0 23-8 | 29-0 8 197 | 25-4 13 16-3 233 ! 14-4 219
22 1] 207 | 25-4 4 16-1 218 0 14-3 211
s 0 19-8 | 24-4 0 14-6 21-5
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trolled by means of the storage atmosphere, which was fixed at a range of
constant relative humidity levels. These seeds were stored in open and sealed
containers at a constant temperature of 2°C.

The ‘open’ containers were in fact glass cylinders through which air of con-
trolled humidity was passed at a slow rate throughout the period of storage.
The relative humidity of the air was controlled at 95, 85, 75 and 45 per cent, in
separate containers, by bubbling the air supply through sulphuric acid solutions
of appropriate specific gravity. In this way, it was possible to control seed mois-
ture content precisely without hermetic sealing, and its possible effects on the
seed respiratory processes. In the case of sealed containers, the seeds were stored
over sulphuric acid solutions inside the containers to provide a relative humidity
range from 60 to 95 per cent.

During the first year of storage, seed moisture content was checked frequently
to assess the rate at which equilibrium with the storage atmosphere was achieved.
The results of these tests, together with germination tests, are summarised in
Table 12.

Table 12

The Germinative Capacity and Moisture Content of Beechnuts Stored in ‘Open’
and Sealed Containers at 2°C in Atmospheres of Controlled Relative Humidity

Germination and Moisture Content Percentages

*Open’- Relative Humidity Sealed - Relative Humidity
oA (%)
Open
Storage 95% 85% 75% 45% | Control| 95% 80% 60%
(months)
GMC|G|MC|G|MC|G|MC|G(MC|G MC|G|MC|GIMC
0 99(26-9199|26:9]|99(27-2|99|29-5199(34-0(99(|34-0]99(34-0199)34-0
I —1{25-8]—125-9|—|25-3| —{22-4]—|32-4]|—|33-9{—|29-5|—|27-3
2 —|25-7|—|24-6{—|[22:9}—|15-2]—|27-31—(33-8]—|22-9]—|19-4
3 —|25-5]—|23-3|—120-3|—| 87|—|17-9|—|33-4]—|18-8]—]|14-2
6 —125-0|—|21-8|—|16-4 95115-5|84|32-6|66;14-6]|72|11-7
7 88124-7174|19-6|67|14-8|66| 8-6 13-8)—|31-8 13-6|—|11-2
8 66(13-8|64(31-8|68(13-8|77|11-4
12 57123-9|79(17-2135|14-2|62| 89
18 12124-0|35(17-6| 1|14-7 1(14-31 0|28-0] 0|12-5{69(11-1
22 0|22-6| 4|17-5 76| —
33 5114-5]48| 8-3
35 35(10-9
38 0|14-4(23]| 8-8
Notes: *G’ -: Germination percentage; M.C. -= Moisture Content percentage. Moisture
Content determinations were made at more frequent intervals than Germination determina-
tions, A dash, *—, indicates that no determination was made.

The initial moisture content of the seed in ‘open’ containers was lower than
for those in sealed containers, as these test conditions were set up some three
weeks after the others, and the seeds dried to some extent during this period.
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Seed moisture levels were slow in reaching equilibrium with their storage
atmospheres, especially for those seeds kept at high relative humidity levels.
However, seed stored at the lower relative humidity levels dried quite quickly,
and equilibrium was reached after three to six months.

All seed lots stored well over one winter, including control samples stored
in an open-topped jar. As the trial proceeded, seeds at the higher moisture
levels began to deteriorate, until after the second winter, 18 months after storage
began, only those seeds at 45 per cent and 60 per cent relative humidity levels
were of acceptable germination quality. These seeds had moisture contents
between eight and 10 per cent, much lower than were reached in any other tests.

Series 4

These tests were carried out as additions to the main trials to compare open
and sealed storage at 2°C, the seed being maintained at 20 per cent moisture
content. The seeds in open containers were moistened at intervals to maintain
seed moisture at a level comparable with that in the sealed containers. In this

Table 13

The Germinative Capacity and Moisture Content of
Beechnuts Stored in Open and Closed Tins at
a Temperature of 2°C

Storage Germination and Moisture
(months) Content
Open Closed
G% I MC% | G% | M.C%
95 23-7 95 23-7
1 22-1 23-4
2 217 23-5
3 20-5 23-4
5 73 18-0 75 22-3
6 22-8* 21-9
8 16-6 21-7
9 26-9* 21-5
10 22-1 21-0
11 19-8 21-0
12 80 14-9 49 20-7
13 24-8* 20-4
14 172 20-3
15 25-7*
16 19-7 20-2
17 23-1* 9 20-8
18 73 14-6 26-6*
19 21-0*
20 20-3 22-8
21
22 13 22-3%

*After soaking in the previous month.
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way, it was hoped to obtain a direct comparison of open and closed storage at
similar seed moisture levels. As can be seen in Table 13, seeds dried rapidly in
open containers, and adjustment of moisture content was necessary every two
months throughout storage.

Seeds in closed containers maintained a near-constant moisture level, but
deteriorated in germination quality much more rapidly than those in open
storage. In fact, the open-stored seed, with periodic adjustment of moisture to
-the 20 per cent level, was one of the most successful treatments in the whole
enquiry, the seed showing 73 per cent germination after storage for 18 months
under these conditions.

Discussions and Conclusions

It will be seen from Tables 10 and 12 that seeds remained alive and germin-
able for over three years under certain conditions, notably a subfreezing tem-
perature of —10°C, or low seed moisture content eight to 10 per cent. Three
years was the maximum period that any seeds remained alive, and in no case
was the germinative capacity high enough to be of practical importance after
this period.

A more practical appraisal of results can be obtained if a minimum accept-
able germinative capacity can be fixed. For this purpose, it is suggested that the
minimum germinative capacity of practical value to the nurseryman is about
60 per cent. This arbitrary minimum standard of germination quality has been
used in preparation of Fig. 6, which shows the period of time for which seed
germination levels were maintained above the 60 per cent minimum standard
with the storage methods tested.

With the exception of sealed storage at certain moisture levels at 8°C, all
storage methods tested were successful in maintaining an acceptable standard
of seed germination quality over the first winter.

- Seed germination quality fell below the suggested 60 per cent minimum stand-
ard at about the same time, i.e. after nine to 12 months’ storage, under the
majority of storage conditions examined.

Table 14
Storage Conditions Tested
Storage Temperature Seed Moisture Content Method of Moisture Content
During Storage Control
—10°C 25% Hermetic sealing
—10°C 207, » »
2°C 20% Open, seeds, moistened
periodically.
2°C 11% Hermetic sealing, humidity
controlled with H,SO,
solution.
2°C 9% Open, aeration with air-flow
of controlled humidity.

These treatments are of three classes, i.e.:
() Sub-freezu_lg temperature + high controlled seed, moisture-content %,
(b) Near-freezing ” + » » ”»
(C) 9 iX) + low 11 29 39
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Seeds were satisfactorily stored over the second winter, i.e. a storage period
of 18 months, under five sets of conditions, as shown in Table 14.

At 2°C, seeds stored well at about 10 or 20 per cent moisture content. However,
it is interesting to observe that seed with moisture levels between 12 and 20 per
cent did not store well under any temperature conditions. This seems to be a
critical range, and may explain the opinion of some workers that beechnuts
cannot be stored at a seed moisture content below 17 per cent.

The favourable results obtained with the lowest temperature (—I10°C), or
the lowest moisture content (10 per cent), suggest that seed respiration and
destructive metabolism are retarded under these conditions. Unfortunately, the
trials did not include a combination of these extremes, i.e. low temperature --
low moisture content, but there is good reason to suggest that such a combin-
ation would provide favourable storage conditions.

A low seed moisture level of the order of 10 per cent is clearly an advantage,
providing it can be achieved without damage to the seed during the process of
drying. In these trials, the lowest seed moisture levels were reached by storage
of the seed in dry air at low temperatures, thus avoiding possible damage to
seed through the effects of heat and rapid moisture loss associated with normal
seed-drying methods. Nyholm’s views (Nyholm 1958), seem important in this
connection, and he suggested that the seed should be dried slowly over a period
of several weeks at temperatures not exceeding 20°C, to reduce seed moisture
content to around 10 per cent prior to low-temperature storage.

Several of the storage methods tried would be difficult or impractical to apply
on a large scale, notably those involving air-humidity control or frequent adjust-
ment of seed moisture content. The use of sealed containers is undoubtedly the
most convenient practical method of controlling seed moisture content once
the seed has been correctly pre-dried.

The practical long-storage methods indicated would seem to be as follows:

(i) Slow pre-drying at temperatures not exceeding 20°C, reducing seed
moisture content to eight to 12 per cent for storage at —10°C to + 2°C,
or 20 to 25 per cent for storage at —10°C.

(ii) Seed moisture levels are most easily maintained using sea/ed containers,

and heavy-gauge polythene bags are the most convenient in large-scale
work.

Summary

Investigations of the longevity of the nuts of beech, Fagus sylvatica, under
contrasting storage conditions were carried out in the period 1956-60. The
storage conditions examined included temperatures of —10°C, 2°C, and 8°C,
with seed moisture content controlled at levels ranging from 10 to 30 per cent
_(fresh weight). Altogether, 26 different storage conditions were examined,
including storage in open and sealed containers, and storage at a range of
controlled air relative humidity levels.

The experiments showed that beech seed can withstand drying to 10 per cent
Mmoisture content, and can be satisfactorily stored over two winters at 2°C.
Similar results were achieved by storage at —10°C with a moisture content of
20 to 25 per cent. On the basis of these results, it was suggested that a favourable
storage method for beech would be a combination of low temperature, —10°C,
and low moisture content, eight to 12 per cent, with a suitably slow method
of seed pre-drying.
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EXPERIENCES WITH LEGUMINOUS NURSES
IN FORESTRY
By M. NIMMO and J. WEATHERELL

Introduction

As long ago as 1928, following the publication of the results of Prof. Siichting’s
work in Germany (Siichting 1928), Mr. W. H. Guillebaud, then the Forestry
Commission’s Chief Research Officer, became interested in the possible use of
leguminous nurse crops in forestry, and between that date and 1956 no less than
54 experiments were carried out on this subject. Siichting’s work, with broom
and lupin, on sites where Norway spruce struggled for 20 to 30 years against
dense heather competition, specially emphasised several points — firstly, the
greatly increased height growth of the spruce in the treated plots, and secondly,
the remarkable differences in the root systems. In the control plots the spruce
roots were very sparse, hardly penetrating the mineral soil below the surface
humus and with very few fine rootlets and little mycorrhiza; whereas in the
nurse crop units not only were there ample fine roots with well-developed
mycorrhiza, but also good penetration for as much as six inches into the
mineral soil.
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Notes on Experimental Sites

Work has been carried out mainly at Wareham Forest in Dorset (Nimmo 1952),
Allerston (Wykeham) and Allerston (Broxa) Forests in Yorkshire, the Forest
of Dean and Dymock Forest in Gloucestershire, Wilsey Down and Croft
Pascoe, Land’s End Forest, in Cornwall, with subsidiary trials at Teindland
Forest in Morayshire, Rockingham Forest in Northamptonshire, Queen Eliza-
beth Forest in Hampshire, and Friston Forest in Sussex. At all these sites
planting in the early years resulted in very slow initial growth, often followed
by severe check of the more exacting tree species, and it was therefore considered
worth while to experiment with leguminous nurse crops. In later years the
use of mechanical cultivation, and phosphate at the time of planting, lessened
this liability to check, but did not always prevent it occurring before canopy
was reached.

At Wareham, Wykeham, Broxa and Teindland, the problem was concerned
with dense heather on acid podzols; at the Forest of Dean, Dymock and Rock-
ingham, the difficulty was to raise oak on heavy soils with dense grass-herb
vegetation, with consequent prolonged and expensive weeding, unless early
growth could be accelerated; while at Queen Elizabeth and Friston Forests,
the experiments were concerned with getting beech crops, hampered by dense
grass mats on thin soils overlying chalk, to grow away.

The Leguminous Species Used

Over the years the following legumes have been used:
Species Number of Trials
Common broom (Sarothamnus (Cytisus) scoparius) . 39
Dwarf broom (from Holland) a variety of S. scoparius .
Spanish broom (Spartium junceum)
White broom (Sarothamnus alba). . . .
Perennial lupin (Lupinus polyphyllus) . . . . 1
Yellow tree lupin (Lupinus arboreus) . . .
Bladder senna (Colutea arborescens)
Pea tree (Caragana arborescens) .
Locust (Robinia pseudoacacia)
Gorse (Ulex europaeus)
Scotch laburnum (Laburnum alpmum)
Thus the Forestry Commission’s work has followed that of Siichting (1928)
and concentrated mainly on common broom. The other species will be dealt
with later.

N-BND—!»—AL»;—-:—-O\;—

Common Broom (Sarothamnus scoparius)

The 39 experiments dealing with common broom were widely distributed -
there were 16 at Wareham, 11 at Allerston (Broxa, Wykeham and Harwood
Dale), four at Wilsey Down, three at Croft Pascoe, two each at Queen Elizabeth
Forest and Friston, and one at Teindland. Details appear in Table 17, page 139.
Some early attempts were made to raise broom in the nursery and trans-
Plant into the forest, but far better results were obtained by direct sowings.

(1) Sowing Technique
(a) Pre-treatment of Seed. The testa of a broom seed is highly impermeable to
cold water, and unless the seed is scalded before sowing it may lie in the soil
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for several years before germinating. The accepted practice is therefore to pour
water, just off the boil, over the seed and then leave to soak overnight, before
sowing; the volume of water used should not exceed about five times the volme
of the seed to be treated, or the temperature may keep too high for too long
and the seed may be damaged. Allowance should be made for the fact that the
seeds swell considerably.

(b) Date of Sowing. Early sowing, such as late March or early April, is strongly
recommended because it lengthens the first growing season, thus giving bigger
seedlings better able to stand frost lift and other adverse weather conditions.
Frost lift is usually particularly troublesome on heavy soils, but at Broxa in
Yorkshire it was quite serious, even on a soil classified as a sandy loam.

(c) Density of Sowing. It is interesting to find that the density of sowing has
steadily diminished as experience has increased, coming down from as much as
22 1b. per acre in the earliest Yorkshire work to 2 1b. per acre in the most recent
experiments at Croft Pascoe in Cornwall.

Assuming good quality clean seed and broom patches spaced at five feet
along every furrow, 2 lb. of seed per acre gives over 50 seeds per patch and has
resulted in excellent crops in the South of England. Even in the rather more
unfavourable conditions in Yorkshire, 3 to 4 1b. per acre should be ample,
provided the seed is good. Unless the soil conditions are very bad, experience
has shown that continuous drill dowing does not need any more seed than is
used for patch sowings.

(d) Soil Conditions. Early work at Allerston (Broxa), Friston and Wareham
showed that on poor soils, whether heather, (Calluna vulgaris), podzols or thin
soils over chalk, a reasonable degree of cultivation is essential if broom is to
succeed. Nowadays this is usually achieved by some form of ploughing, but in
many of the older experiments hand cultivation of strips or patches proved
quite satisfactory where the ground was not subject to waterlogging; on wet
sites, however, ploughing is the best way of ensuring sufficient aeration to get
the broom roots well started. Elaborate seedbed conditions are not necessary
and, on ploughed ground, it is sufficient to prepare levelled and firm patches,
sow the seeds and cover lightly by raking.

(e) Manuring. Experiments both at Allerston (Wykeham) and Wareham showed
that phosphate is essential for the survival and successful development of broom.
In the early years there was unfortunately some doubts about using the more
soluble forms of phosphate, and consequently almost all the work with broom
involved the use of slow-acting types such as basic slag, bonemeal or ground
mineral phosphate; but in recent Experiments in South West England, super-
phosphate gave a much better result with broom than did bonemeal; both
applied at similar rates of P,O; per patch. Triple superphosphate would, of
course, have the considerable advantage of far less bulk for the same dosage
of phosphate. At the same time it should be remembered that ground mineral
phosphate has given very good results, and it is not likely that any other fer-
tiliser will prove cheaper per unit of P,O;. As regards dosage, experience has
shown that it is worthwhile to put 3 oz. of basic slag or 2 oz. of bonemeal,
ground mineral phosphate or superphosphate per sowing patch, but with tripl.c
superphosphate 1 oz. would be sufficient. For continuous strip sowings approxi-
mately the same amounts per yard run as per patch will be found adequate.
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The fertilisers should be worked into the top soil at the time of preparation
of the patches or strips for broom sowing.

If, as sometimes happens on poor, uneven ground, some broom patches
check severely, an ounce of nitro-chalk once or twice, as a surface dressing
during the growing season, can be very beneficial. Recent work in the South
West suggests that if potash is given to broom it greatly encourages flowering.
This is a disadvantage, firstly because it makes the shoots top-heavy and more
cutting back is needed, and secondly because it shortens the life of the broom.

(2) Tending

It is usual for broom to make heavy growth in the second and third years,
and experience has shown that, using planting patterns described below (excep-
ting No. 4), it is necessary to make from three to five annual cuttings to avoid
side shoots of the broom whippingorsuppressing the nursed trees. Topping of the
broom will shorten the period required for the trees to get their leaders free, and
also helps to minimise snow damage.

(3) Lay-out Patterns

Very many different lay-out patterns with broom have been tried and the
ones illustrated in Table 15 are only a selection of those widely used. Experience
has shown, however, that certain principles govern all successful lay-outs; the
broom must be close enough to the nursed species to have rapid effect, yet not
$0 close that early smothering takes place; many early experiments gave good
results with the broom patches alternating with, and 2} feet away from, the
tree species in the lines and 4} feet between the lines, but, where the broom was
vigorous, this resulted in too much cutting back being required, and more
recent work has favoured a spacing of six feet for the trees along each furrow
with broom patches at three feet from each planting point.

Table 15
Lay-out Patterns for Broom Experiments
Ms s s s s. s S S Bands of broom alternating
41 t0 5’ rows of spruce.
_ In oid experiments on this

pattern the broom was
sown along the top of the

e ———— ridges and the spruce

planted in the furrow, but

S S S S S S S S the same design has been
<41’» used more recently on

S Ploughed- — complete ploughing.

@S B s mM SHB S H S H SA
41" to 5’ Alternate patches of broom
S H S HEHSHES NS Ryl and spruce.
In early work the spacing
S M s B S H SH S B S between the spruces in the
lines was the same as be-
B S HE S E S HEHESHSBH tween the lines, i.e. 43 to
< 6" > 5 feet.

- Ploughed —>
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Table 15—continued

3S B S H S B S B S W S As (2), plus alternate rows of
Scots pine (dilutant and
P P P P P P P possible long-term nurse).

S H S B S H S H S B S
p P P P P P P

<~ Ploughed >

@ S S S S S S S Wide spacing of conifers, as
< 41 > used in certain Broxa ex-
T | 9’ periments.

In some experiments in

9° P P P P P P P Southern England two
< 4" > rows of nursed trees have
4’ | been planted between 9
foot spaced broom banks.
S S S S

<«—————— Ploughed —>
3P P P P P P P P A mixture design, using
groups of five plants of
S B S E N BN EHTs B Ts final species, with occa-

sional Scots pine nurses.

m S @ PENNPNENT N
S H SENBNENMNT RTs

~<— 6" —)
P P P P P P P P
Be B Bc W
41’ to 5’ between rows
Il Bce B P
Be W Be
<— 6"—>
- Ploughed —
@©6) P P P P P P P P Four rows of broom-nursed
spruce alternating with
P P P P P P P P double rows of pine.

S @ S H S H S HS BERS
H S H S H S HS H SH
S H S H S AR S H S B S

ISISISISISIi
{
!

41 to 5’ between rows

<—6 —>
P P P P P P P KEY
<4 Be = Beech
P P P P P P P N = Norway spruce
<« Ploughed —> S = Sitka spruce
Ts = Western hemlock
P = Pine nurse
B — Broom band

Broom patch
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Where the ground has been ploughed in single furrows, at the usual intervals
of about five feet, if the broom and the tree species are on alternate furrows,
as in pattern No. 4, the full benefits are likely to be somewhat delayed because,
on most soils, the roots of either species may take quite a few years to grow
across the furrows. For quick results it is therefore safer to sow the broom
along the same furrows as the species to be nursed, especially on poor, light
soils in Southern England where the life of the broom may only be about
seven years. The success of pattern No. 4 at Allerston (Broxa), however, sug-
gests that alternate furrows of broom and tree species encourage the tree roots
to develop roots in the broom-sown furrow, resulting in good growth and
increased stability.

If the aim is to produce a full crop of an exacting species, then some variation
of pattern No. 2 will give the maximum broom effect. Changes from this to
such patterns as Nos. 3, 4, 5 and 6 have two main aims - economy in establish-
ment and the introduction of a pioneer tree species, such as pines or Japanese
larch, that would prolong the nursing effect after the broom died back and
might also give some intermediate yield — a most desirable feature not catered
for by broom alone (Plate 10). Patterns such as 5 and 6, evolved from northern
experiments, seem likely to give some of the best results, combining as they do
the benefits of maximum broom effects with a reduction in the number of sowing
points per acre and the inclusion of long-term nurses.

Work at both Allerston (Wykeham) and Wareham has shown that if the
number of broom patches is drastically reduced — for example to 350 or 400,
evenly spaced per acre — the response on tree growth is so poor as to be ineffec-
tive; it is far better to keep areas of fairly close-spaced broom and economise
by planting intervening strips or groups of pioneer trees.

It is interesting to note that pines raised with broom tend to grow rather
too vigorously, becoming coarse and top-heavy with a consequent liability to
wind-throw.

(4) Costing
A detailed costing carried out in Yorkshire and based on work between

1943 and 1953, but adjusted to 1960 wage rates, can be summarised as shown
in Table 15.

Table 16
Costing of an Experiment in Yorkshire

Man-hours Cost per acre
Operation (@ 3/7 per hr.) £ 5. d.

Collection of sufficient pods for 3 lb. of clean
broom seed . . . . . 29 5 3 1
Extraction of broom seed . . . . 3 10 9
Carriage to and from stores . . — 5 0
Sowing patch preparation (say 1 500 patches) . 10 1 15 10
Sowing seed and fertiliser . . 10 1 15 10
2 cwt ground mineral phosphate . . . — 1 5 0
Weedmg and cleaning (three times) . . . 18 3 4 6
Total peracre . . . . . . 70 14 0 10

—
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At Wareham the cost of broom seed collection was rather less, because
women were employed, while the cost of preparation of patches was a little
heavier, but it is interesting to note the total came to £15 per acre, very close
to the Allerston cost.

Providing the spacing of the trees is normal, this cost represents the actual
increase per acre entailed by using a broom nurse crop, but if the trees are
planted wider apart than usual, to allow for the broom sowings, then the excess
figure would be proportionally less.

By far the largest single item is the cost of seed collection and there is no
doubt that this could be considerably reduced if large-scale work was envisaged.

(5) Magnitude of Nursing Effect

It is fair to say that on many infertile sites successful broom nurse crops,
together with phosphate given to both the broom and the trees, gave one of
the most dramatic effects seen in any of our early experiments. Taking two
examples from widely different areas, the results were as follows:

a. Wareham Forest, Dorser Experiment 36, 1938 Sitka spruce

Complete ploughing. Broom sown in 3-foot strips at 9 feet apart, centre to
centre. Bonemeal at 3 cwt per acre to broom and basic slag 2 oz. per plant to
trees. Assessment after 10 years:

Total bonemeal and

Treatments Mean height in ft.  basic slag per acre
in ewts
Control . . . 1-1 0
Tree-plus- phosphatc . 2-4 1%
Trees-plus-phosphate in broom plus-
phosphate . . . . 6-2 34

A similar experiment at Wareham (No. 73, 1945, details in Table 17, p. 141)
is illustrated in Plates 8 and 9.
b. Allerston Forest (Broxa). Experiment 9, 1943. (Plates 10 and 11)

Sitka spruce planted on five different ploughing methods with basic slag,
with and without broom sowing. Assessed at 13 years (ploughing treatments
pooled for this comparison):

Treatments Basic slag per acre  Mean height in fi.
in cwt

Pure Sitka spruce . . 14 6-3

Sitka spruce-plus-broom. 2% 12-8

In this experiment Japanese larch also gave excellent nursing effect but Scots
pine much less (Weatherell 1957; Leyton and Weatherell 1959). The mean
figures for all the broom experiments that contain the three treatments noted
above cover results of 18 experiments on five different sites and including seven
tree species.

Overall means at average age of 10 years:

Treatments Phosphatic fertiliser Mean height in fi.
(total cwt per acre)

Control . . . . . 0 3-48

Trees-plus- phosphate . . 2-6 4-74

Trees-plus-phosphate in broom plus-
phosphate . . . . . 4-1 8-23
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The few cases of poor results in our older work were usually concerned with
failure to get the broom properly established — due to such factors as poor seed,
seed killed by leaving in water that was actually boiling, ravages of slugs and
snails, insufficient soil cultivation, effects of drought or of waterlogging. It
should also be mentioned that, where exposure is severe, excessive stimulation
of growth by cither broom or phosphate, especially with pines or Japanese
larch, may lead to relatively coarse and top-heavy growth, resulting in an
increased liability to wind-throw, particularly on single-furrow ploughing and
with widely-spaced trees.

One of the most interesting aspects of the effect of broom has been its sustained
benefit as compared with the relatively short-term results usually obtained by
the equivalent doses of phosphate alone. In recent work on south western
heaths in Cornwall, however, the results with broom have not been quite as
expected in that the early effect was good but has not given the usual progressive-
ly improved growth. So far we cannot say why this should be so.

(6) Time of Establishing the Broom Crop

In the early days it was thought advisable to sow broom in advance of the
tree crop, but later experiments, both at Allerston (Broxa) and Wareham, gave
no evidence of any gain from advance sowing. Work concerned with other
projects clearly indicated that delayed planting following ploughing was dis-
advantageous (Weatherell 1953). Far better early growth of the nursed trees is
obtained if planted before any re-invasion of heather or of grass-mat has
started, and also the cost of cutting back the broom is less with simultaneous
sowing and planting.

(7) Alleviation of Check by Broom

The usual role of the leguminous nurse has been to obviate tree check, but
work at both Wareham and Wilsey Down has shown that severely checked
spruces may be brought back to good growth by inter-plant or inter-row sow-
ings of broom, though these results were confounded with the effect of the
phosphate given to the broom (see paragraph 9 below). On any site completely
re-invaded by dense heather, the cost of establishing and maintaining the broom
would be too high to justify any large-scale work. On difficult unploughed
ground at Harwood Dale the broom did not grow well enough to affect the
checked spruce at all.

(8) Tree Species Raised with Broom
Much of our early work, especially in Yorkshire, was done with Sitka spruce

but, over the years, the range has been much extended and the following species
have all responded to broom nursing.

Scots pine

Corsican pine

Lodgepole pine

Japanese larch

Douglas fir

Norway sprucc

Sitka spruce

Abies grandis

Abies procera (nobilis)
Western hemlock
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Western red cedar
Thuja occidentalis
Lawson cypress
Pedunculate oak
Red oak

Beech

(9) The Addition of Phosphate

A frequent and very legitimate criticism of most of the broom experiments
has been that they were so designed that it was never possible to separate the
effect of the broom from the effect of the phosphate given to it. To resolve this
point an experiment was laid down at Wareham in 1949 in which in one treat-
ment phosphate was applied to prepared patches, exactly as for broom, but no
broom was sown. Despite the fact that this experiment was on such poor ground
that the broom started to die-back after six years, the results showed that while
the phosphate effect was only temporary, the broom effect continued even
several years after the broom plants themselves had died out.

Experiment 93, 1949
Ploughing: Single furrows five feet apart.
Species: Norway spruce.
Manuring: 2 oz. of bonemeal per plant plus 2 oz. of bonemeal per patch.
Lay-out: Six replicas of each treatment.
Assessment after 10 years:

Bonemeal Height in feet
(cwt per acre) after 10 years

(a) Pure Norway spruce, 2 oz. bonemeal per plant . . 2 2-48

(b) As (a) plus 2 oz. bonemeal to blank patches between each S.E.
pair of Norway spruce . . . . 4 2-97 +

(c) As (b) but broom sown on the prepared patches . . 4 3-92J 0-349

Apart from increased growth, the colour of the spruce in the broom plots
was far better than in the plots with the double dose of phosphate, but no
broom.

At Wareham, where so much of the broom work was done, there were
two other experiments which added to the evidence that there, at any rate,
phosphate alone did not give the same results as broom plus phosphate. In
Experiment 8, 1932, a total of 5 cwt per acre of basic slag was given in two
doses — one at the time of planting and the other five years later — but the res-
ponses only lasted from three to four years and all the plants went into check;
the species were Douglas fir, Japanese larch, Western hemlock and Sitka spruce.

Then in Experiment 43, 1939, a total of 15 cwt of basic slag per acre was
given to both Norway spruce and Sitka spruce, again in two doses — 5 cwt at
the time of planting and a further 10 cwt five years later; here again the effect
was disappointing — the first application gave a very good start lasting up to
five years, but the second slagging gave a very poor response and did not get
the spruces away.

It is perhaps significant that there was little Dwarf gorse (Ulex gallii) on
either of these two sites, and experience now suggests that phosphate alone is
never so effective on pure heather areas as on those where either gorse or broom
is present.
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(10) Comparison of Common Broom and Tree Species as Nurses

So far there have been very few examples of tree species giving results as good
as those obtained by the combination of phosphate and broom. One such
example was with Japanese larch at Allerston (Broxa area). In the South of
England Japanese larch has not given nearly such good results.

In practically all the experiments a successful broom crop has given a quicker
and greater nursing effect than was obtained by pioneer tree species. Very often
from five to 10 years have elapsed before pine nurses begin to exert a marked
influence on the more exacting tree species. Against this, however, must be set
the expense of its establishment and maintenance and the fact that the broom
crop itself yields no returns other than the possible harvesting of its seed.

Work with pines at both Broxa and Wareham has shown that in using
pioneer trees the method of mixing is highly important and that intimate
mixtures such as alternate plants, and to a lesser extent two-row two-row
arrangements, nearly always result in a high proportion of the nursed species
being suppressed. Better results are obtained with at least three rows of the
nursed species, or group arrangements on the same principles. Experience has
also shown that mixtures across the furrows give earlier nursing effects, but
work in Yorkshire has suggested that if the mixture is made so that each furrow
contains only one species increased stability may be expected.

Probably, therefore, the best results may be expected with staggered groups
arranged so that the pioneer trees adjoin the nursed species both along the
furrows and across the furrows. By this means one may hope to get the best
of both worlds - i.e. the early benefits of mixing the species along each furrow
and the later advantage of rooting across the furrows into the sheltering pioneer
crop.

Lastly, when comparing the effects of broom with the benefits of a pioneer
tree crop, it should be made clear that the greatly improved colour of trees
within broom, together with the remarkable change in surface vegetation,
suggests that it is giving slow but continuous nitrogen supply and that until a
cheap, slow-acting nitrogenous fertiliser can be found it is difficult to produce
this effect in any other way.

(11) Discussion

The beneficial effect of broom is undoubtedly complicated and due to the
collective influence of quite a number of separate factors. By affording shelter
it reduces transpiration and evaporation and helps to avoid extremes of tem-
perature, providing a most favourable micro-climate for the nursed trees.

It is a deep-rooted species and does not rob the top-soil of moisture nearly
50 quickly as does dense heather, and during short dry spells it has been observed
that in broom shelter the soil round the shallow roots of spruces remains quite
moist, while on open ground it has already become dry.

The nitrogen factor has several aspects; the fixation of nitrogen by the root
nodules, thus making it available to adjacent tree roots; followed by the sup-
pression of the surface vegetation by the broom foliage. Heather, Calluna
vulgaris, often dominant or frequent, makes a high nitrogen demand and its
suppression has a two-fold action — first eliminating its competition and then
making available extra nutrients from its decomposition.

A further point of interest is that on poor soils, especially those having a pan
development, the deep roots of broom may bring back into circulation chemicals
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that have been leached out of the upper layers, as well as helping to aerate the
lower soil.

Before going on to the major consideration of cost, one or two other diffi-
culties associated with broom crops should be mentioned.

On chalk downland slugs and snails can ruin a crop of newly-germinated
broom seedlings and it may be necessary to use slug bait, but this trouble has
not been met with on heathland sites. In exposed positions, especially in the
north, wet snow can severely flatten a broom crop, as well as increasing the
depth of snow between the broom rows, thereby doing damage to young
nursed trees. In severe weather both hares and deer may browse on broom,
but they seldom do permanent harm unless the damage is constantly repeated.
Lastly, it should be mentioned that if broom dies out before the nursed crop
is getting into canopy, the dead material increases fire danger.

It has been shown, earlier in this paper, that a successful broom crop can be
established on newly-ploughed ground for about £14 per acre and that, with
the possible exception of Japanese larch on certain sites, no pioneer tree species
has ever given comparable early nursing results. The question is whether similar
results could be produced at less cost by any other methods.

Since the main work on broom nurses was done, two further lines of experi-
mentation have opened up new possibilities; firstly, the application of far
heavier doses of fertilisers than have usually been used in the past, and, secondly,
the use of herbicides as a means of controlling dense ground vegetation such as
Calluna or heavy grass swards.

Recent work in South West England has shown that on heathland carrying
dwarf gorse (Ulex gallii) heavy doses of phosphate will get Sitka spruce away
without a check but, elsewhere, on pure Calluna ground without any gorse,
phosphate alone does not wholly succeed and extra nitrogen seems essential.
At the moment, however, no cheap, slow-acting form is available, but results
with urea and di-ammonium phosphate are hopeful.

Broom may therefore still have a place on certain difficult sites, particularly
where exposure is a major factor, or where pioneer tree species can only be
induced to grow very slowly. It is now felt, however, that there are probably
few areas where more exacting species cannot be successfully and more eco-
nomically raised in a suitable matrix of pioneer trees combined with heavy
manuring and, if necessary, heather suppression by the use of herbicides.

Probably on some areas the ideal may be to combine groups of the nursed
species with broom sowings in a general matrix of manured pioneer trees, thus
greatly reducing the cost per acre of the broom while at the same time providing
longer term nursing and the possibility of intermediate yields.

On sites where manuring may be successful, but exposure effects are very
severe, continuous rows of broom at perhaps half a chain apart, both along
and across the furrows, may greatly accelerate closure of canopy.

Other Species of Broom
Dwarf Broom (Sarothamnus scoparius var.)

At Wareham, Experiment 102, 1952, compared the effect of common broom
and dwarf broom on the growth of Western hemlock.

There were no losses in either treatment, and after seven years the hemlock
in the common broom had a mean height of 7-5 feet as against 5-0 feet in the
dwarf broom. The dwarf broom gives far less shelter than does the common
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broom, so it is not known whether the same growth ratio would have applied
if a more wind-resistant species such as Sitka spruce had been used in place of
hemlock.

Since dwarf broom is less vigorous than common broom, it costs less to
prevent it overgrowing the tree species; but this advantage is outweighed by
the fact that it does not compete so well with the heather, so that it is not so
easy to attain adequate suppression of the surface vegetation. In exposed situ-
ations common broom gains by giving far more shelter. In severe winters,
however, when there is drifting on exposed ground, tall broom can encourage
the deposition of snow resulting in severe damage to the tree crop, and dwarf
broom may be preferable.

Spanish Broom (Spartium junceum)

Tried out in six experiments, four at Friston, and two at Teindland, Spanish
broom lives much longer than common broom, having a life up to 30 years
compared with 15 years for the latter species, but it gives much less shelter,
does not suppress vegetation nearly so well, and often results in a crop of rather
uneven density and height. It also has the disadvantage that the seed is far more
expensive. For these reasons Spanish broom cannot really compete with com-
mon broom, except perhaps on highly calcareous soils, to which it seems specially
suited.

White Broom (Sarothamnus alba)

Only tested on a very small scale, this species seeds itself very freely but does
not seem to stand periods of very cold winter wind as well as does common
broom. It grows taller than common broom and is inclined to be ‘leggy’ and
top-heavy.

Other Leguminous Nurses
Gorse (Ulex europaeus)

For several reasons gorse cannot be recommended for large-scale use despite
the fact that in some circumstances it can be a very successful nurse species.
Unfortunately, it is a very prickly shrub and creates an expensive and highly
unpopular weeding problem! It is most inflammable and causes an extremely
severe fire danger and, once established, its rapid and successful self-seeding
makes it difficult to control.

At Queen Elizabeth Forest there are some fine examples of how remarkably
successful it can be as a nurse species. On War Down there are two areas of
gorse sown for game cover about 1925, on a rendzina soil with chalk at about
eight inches below the surface. They formed a dense canopy completely sup-
pressing the Festuca Agrostis grass-mat. Beech was introduced into lanes cut
through the gorse at five-foot intervals in 1933 and grew well right from the
start. The cut lanes were invaded by a vegetation of better grasses and herbs
with some bramble, but the beech never looked back and made a most extra-
ordinary contrast with those planted on the adjoining open downland in the
same year. It is important to note that neither the gorse, nor the beech plants
received any phosphate.

Planted Mean height in 1937 Mean height in 1953
1933. Beech on open Down (grassland) 17-3 inches 17-4 feet
1933. Beech amid gorse 45-5 inches 28-1 feet
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Similar examples of the beneficial effect of gorse were noted in the early days
of planting beech at Friston Forest, also on chalk.

On the Yorkshire moors, however, gorse has at times been associated with
check to conifers — particularly Japanese larch; while at Thetford, possibly
owing to the light soil and low rainfall (approximately 23 inches annually), it
has not usually assisted tree establishment.

Bladder senna (Colutea arborescens)

This species did very badly at Wareham and is not thought to be worthy of
further trial. It is very subject to drought damage, and, in its early years, does
not compete well with ground vegetation. Later it assumes a very ‘leggy’ habit
of growth and would not afford much low shelter.

Pea Tree (Caragana arborescens)

Only tried on a very small scale, this shrub was not very successful at Ware-
ham, germination was poor and the plants were badly cut back by spring frosts,
but a further trial is to be made before completely condemning the species.

Locust (Robinia pseudoacacia)

Robinia was tested at Wareham and in Experiment 89, 1948, it gave a very
good result with Sitka spruce (Nimmo 1950).

Treatments Mean height, in inches, of
spruce after five years

Control . . . . 24-9

Control + phosphate . 27-3

Robinia + phosphate . 39-1

Broom -- phosphate. . 42-5

Despite its successful nursing effect, however, it is not a species that can be
recommended for general use because not only is it very thorny, and therefore
difficult and expensive to trim away from the nursed trees, but it produces a
mass of suckers and itself becomes a weeding problem.

Scotch Laburnum (Laburnum alpinum)

Tried out at Teindland and Queen Elizabeth Forest, laburnum has not proved
to be a successful nurse species, being very slow at suppressing the ground
vegetation and making poor growth on exposed sites.

Perennial Lupin (Lupinus polyphyllus)

More work has been done with this species than with any other except
common broom, but the results have not been good and further use of perennial
lupin in the forest cannot be recommended. There were four experiments at
Dymock, three of which involved ash and sycamore and two oak; two in the
Forest of Dean - one with oak and one with ash; three at Rockingham — two
with ash and one with oak and, in the north, two at Wykeham, one being with
Sitka spruce and the other with European larch and beech. Details appear in
Table 18, page 144.

After dressing with “Nitragin”, a proprietary preparation to provide inocu-
lation with the necessary nitrogen nodule-forming bacteria when sowing on
non-arable soils, the lupin seed was sown in bands along prepared strips about



139

LEGUMINOUS NURSES

‘jeawauoq Juisn Aq paureiqo
Sem UBRY] Wwoolq jo yimoid iase] aaed ajeydsoydisadns
oisseiod juawriadxa siyl u “auid 9Yy) Se Smolinj swes ay)
UO JoU SeMm 1 SB Jeak 2uo ul pajdadxa aq p[nod wooiq wolf
1999 uddoniu oN "Buipeys ol anp 1qnop ou sjojd wooiq ut
Yimoad 121004 ‘padnpodiul sem suld usaym y3ig 139) $ sem
pue smouinj 9jeiedas uUO 9OUBAPE Ul IBIA U0 UMOS Woolg Sd 0-C -0 0z 9.0 — 1 DJDIpDI Snutd 9561 ‘11
*(393) £0-7 surtede 193] £0-¢) 153q urede 3ury3nold adjdwo) sd o-v 0t 0T 0-Z — [y $$31dAo uosme] $$61 ‘T
*(199) ¢z suiede se 123§ p.¢) Jut
~-ydnojd [enired uey) synsar 19)13q daed Juiydnold 9sjdwo) Sd 0 € 0-z LT —_ [ aonids eyiIg 561 ‘2
d00Svd 110¥D
-asodind s)1 34195 03 A[peq
00} pajle} wooiq Ing ‘Suisinu 1aje| 1oj suid S100§ YIIm
9SIMU ULI2)-1I0YS B SE WOO0Iq JO UOIBIISUOWIP B SE Papuaju] — —_ — — — —_ —_ 2onuds exig 9461 ‘81
u — — —_ 1 $521dAd uosmey
81 —_ —_ —_ bl S1pup43 sa1qy
*$123A G[ ' 199) g1 Jo Iy uesw e pey eydsoyd no S1 — — —_ 1 1y sejdnoq
-yiam Ing wooaq yim auid $303§ Y] ‘saoads pasinu yoea sd SL-¢ 9] — —_ — S1 ysaeg
Jo sio[d [o4ju0d painuBWIUN 219m 213Y) Inq ‘Inoy3noiyy L1 — —_ — SI HOO[WaY WIISIA
sosinu auird S103§ pue woolq Yloq pey juswiiadxd SIYL 9] — — —_ 3 aonads eyig
91 — — — ST 2on1ds KemION £v6l1 ‘11
‘JuiySnojd 1noyym pajre) wooiq Yy : 4 8-T 0-2 ST-1 g1 — £l (8urysnoid oN)
(11 pue o] sare[d)
103J Z-p1 9sinu suid $100§ pue woolg yum 20nids eyus (punoca3
193§ .| asinu yoie[ ssausdef YIiim donids eyis paydnojd)
SIYBISY uedw BulISAIANUL 19YI0 OML sq 8T 8-71 -1 €9 - €1 2onuds exls £¥61 ‘6
*1BaA PuOIIS Ul MOS
=31 [elded )l 1504) pue dasys Aq 19sdn Fuimos wooiq IsITg sd ST-L S-vI 0-S 9-L (434 4 aonuds BYNS 6l ‘9
vxoud
aeydsoyd + (saeax)
pasn (3108 woolg ynm (108 areyd saa1y, | passossy
sudwIwo) 19z1111134 | 13d 1m2) | 9jeydsoyq | 19d 1) -soyd [onuo) usym saroadg 2011 Junueid jo 1eax
Jo 1921N12g + 53317, 12z | 45934 8y pue uonelo|
odAy 1101 “oN wewradxg
(1) swySisH (193)) syBIaY
woosg Y wooig oN

areydsoydiadng oissejod=Sd

"Je|g oiseg=Sq

L1 drqel

‘[eowauog =g :Ppas[) SIOSINIa] 01 A3y
SIUAWSSISSY Jo Aipuiung paSpriqy pup SIUdWWo) yiim Siuawiiiddxy fo 1s17
siuaduriadxg dod> asinp  wioosg



REPORT ON FOREST RESEARCH, 1961

140

*$9311 10 35108 03 eate sty Uo Neydsoyd ON
199 p.L1 = OPISINO Y333 [ojU0D) 19 [.87 :SIWIAL O ‘ty61 pAlueld
13118 WBI2N UBdIA ‘§TE] UMOS 05108 Ul £€6] PINPONUI U3y — — — — — — 174 qa39g | ‘eale uonealasqo
L-vl —_ bt e 14 yxoeg (S¥61 sBunuely)
‘puejumop uado uo pa1dadx? 9q p[Nom UEq) q 0t §-S1 — — — $1 JBPad P WINSIM [
19112q 1] JUOP dATY $3109d§ Y10q INQ ‘S[ONIUCI OU Jie AIBYL
-Ja1e[ SIBIA M3) B PIONPOLIUT IBPID Pal puUeR Y3a3q Uyl pue 8-91 —_ —_ —_ 1 yaosg (s¥61 sBunueld)
PIYSIQuIS? 151y sem doId Woolq B SjuUdWIIAdxd om) 959yl U] q 0-£ 0Ll —_ —_ — +1 I8P3D P31 UIASHM 6£61 ‘1€
H1Iavziia
NIFIND
-auid Aq pessaiddns 3ureq pue [} sz 1
SIB3A G] 1B 193 g.9 A[uo auld 109§ Aq pasinu donids expig a oy $-€1 —_ — _ (44 somuds exirg 6€61 ‘€
@TYADNVT
NOLSYATIV
“JuedyIuUdIs 10U SINSIY ‘[[aM
Ma18 19A9uU woolg ‘Balw paydnojdun nowyip e uo onids
BYIS PINOIYD P[O-1BIL-6 JO UOTIR[NWINS ) UO 1udwledxd uy sd S-€ €6 S-€ +-01 8:6 €1 2onuds eqis 161 ‘2€
*s1e3k p[ ul 199) Z-9 duid $)0d§ £q pasinu dnids eI
*3)1s WNAWIT *HP9YD 01 PILIAAAI 3dnIds BYIS "3Ip 01 uwdaq
pue InoSIA SO U YoIym 1338 '$pg] Tl paurud L[taeog wooag sq 0-9 €S _ — -— 1 sonads sUS 161 ‘LT
FTVA AOOMYVH
*BIBP [NJISN ON — — — — —_ — — - 8E61 9T
“Jg8nosp pue speus ‘sEn[s 0) aNp PI[ie) WOOIq UOWWO)) —_ —_ —_ — _ — — - 8€61 ‘ST
*sain3y sahesedwod 10 S[01U0D ON “YBIYy 193) o] 0 — —_ — —_ — - — — 8261 ‘6
#2198 pue 5183A Qf 10J PIAl] ‘[NJssadons d1dym Ing ‘Ig3noip — —_ —_ — —_ —_ —_ —_ 761 '8
pue s[ieus ‘s8n[s o1 anp pa|ie) L[ed wooiq ysiueds Jo sjeisl —_ — -_ —_ — - — — 8T61 'L
NOLSINA
sleqdsoyd + (s1ed2)
Posn (2100 woolg yim (a10e sreyd s9a11 | possassy
sjuaWwwo) 1921[1139,] | Jad 1md) | Sleydsoyqd | Jad 1m9) -soyd fonuo) uaym saadg a1 funuseiq jo Juax
Jo 127119 +s991] 12INI9 | 4931 o8y puB UONEN0’]
adAL m0L “oN wpadxy
() sIg3H (123)) sigdoy
woolg YA wooig oN

Spuawitiadxsy dodD asinp wioolg :panuiuod—L1 S[qe],



141

LEGUMINOUS NURSES

*sBuIMOS W001q PaYIaYa 01 1923 pood £194 Yiim paljdde sem
N[EYI-01NU ey} JUdwIadxa SIY} OI sem 3] "saonids paysegd
JO SIUdUNEBAI} TUIIYIP AUBW JO SISBq ,99S-)OO[, © UO [Bll) B — — — —_ — — —_ 2anads exlg .
A[1B3J Seam YIIYm ‘JUSWILIAAX3 SIY) WwoJy elep aaneiedwod ON 2onuds LemJoN 9p61 ‘9L
*(6 PUE g S9)2[d) WO0IQ YiIm 159) T-T] Jo yBlag
ueaw e sey 1y sefno@ oY1 udwiadxa siyy ul joid auo uy ,
“JuawEIadxa Siy wolj awod osfe [k sasinu suid uo TR q 0-S 1-8 §T 6y 0t 4 1y seisnoQg S¥6l ‘tL
"Juswiliadxa Iy} Woly suiod os[e [[Ia sasinu aurd uo eyeq q 0-$ b9 s-T 6-T 9-T 11 NOO[WIY UIAISIM SP6l ‘TL
‘Juawriadxd SIY) Woij awod os[e [[Im sasanu suid Uo IR d 0-S 9.9 (4% 4 213 9-1 11 2on1ds ABmION SH6l ‘IL
*JuUawWILIadNg SIY) WoJ AUO os[e [[I4 sasinu aurd uo meq d 0-S 6S [ ¥4 1-¢ L1 11 oonads eiIS SP61 ‘0L
“Bumos 192.1p wouj plo s1edk ¢ uonejueld suid uesisio)
Suusixs ue ur s)ueld g1 UIIMIQ UMOS SEM WOO1Q IUIWILIIXS .
SIY3 U] 'SaYIUL Q- p O3 SIYIUL €. ¢ WOIJ PISEIIIUL IJIWEIP UBIY q 113 4 8-T1 0-z 0-11 - 9 auid ueatsiod (4719 +
0-9 - 80 0l s1DIudP1IO0 DY L
‘s1eaf Q] 8- —_ 81 0l FO0|WIY WINSIM
INOQE ' WO0Iq JO Yieap 3yl Aidsap [[3m Buimold [[us siold q 0¥ 6:T - €1 0l (stp1qou)
woo1q 2y} Ul S3911 3Yy) puB PEIP [[BE I9M S|ONUOD A} pidzoud sarqy .
S18a4 Q7 19y "euoje ajeydsoyd pey adnids exug oy AJuQ z9 0-7 $-T I-1 o1 aonads ejUS 8£61 '9¢
S-L Ly 8-€ 01 auld sjodadpo]
g 0-s 6:11 0-€ -8 9-S ol pIDIpDd *d
*pafie) auld uesisio) Jo SO “uawiadxa Buimos 31p ¥ —_ g —_ 01 suid uesisio) .
£9 [ 39 [ 34 0l aurd s1025 yt6l LT
1em Sunnp a1y Aq pakosysap d snourep MMM“ ”ww
19)e] pue 'sasey pue sjiqqel Aq pafewep Ajpeq siuswiisdx: — —_ - _ — —_ — aul 1
iy Yy p 'qq! q P P AlpEq 1 £ Y RTAVA
*alqissod a19m suosuedwos Jadoid ou os ‘sBuimos nads By 6261 'Lc
woolq Y3 J3je] si1edf ¢ |1un pajueld ardm 2onids ejng o — — — —_ —_ —_ — Eel 1
o e 1 P N ANVIANIAL
eydsoyd + (sieap)
pesn (3108 woolg yim (2108 sreyd $931]. | pessassy
sjudawwo) 17111113 | Jad md) | 9reydsoyqd | 1ad md) -soyd lonuo) usaym s9193dg 2941 Sunuerd Jo 1894
Jo 1211125 4sa2u]  |PZIT | +S9R1L 28y pue uoneso]
adAy [e10L ““oN Juowndxg
() swyBH (339)) sIysIoH
woolg YIM woolg oN

Squsuaadxg do.y) asanpNl woolg  paniljiod—/ 1 2qer,



REPORT ON FOREST RESEARCH, 1961

142

0T 9-1 — 14 }eo pay
0-v St - 14 DIDIpD4 Snuld
Sd [YA¥4 6t ST 1 9-¢ - 14 $521dA> uosmu]
“wooaq 3y) o} uontppe ut ‘ynoydnolyy z-S 6t — b yoae[ ssauedep
dois asunu & se pasn sem suid 9jodalpo] pue Sleydsoyd 6'S 6 ¥ — b aurd sjodadpog
-1adns oissejod sem Ppasn sinuew ay) juswiradxs sy ug (339 €€ —_ b 20mads eqlg $561 ‘€
‘a1eydsoydiadns oissejod Ssem pasn sunuew dyJ
“moylim 133) 9.¢ pue aleydsoyd yiim 193] 9.4 sem I1YSoY
somuds eyi§ oY) ‘wooaq Jo ade|d ul suid 9[0dAFpOT YUM
‘paijdde alom SIUIWIIEII) BY) JIYJE S1AL §
JUAWISSASSE Y} YNM ‘BYIIS PIYOIYD uo JudWIAdXd 1dylouy Sd [il 2 € 0-T 8- € 6T [ aomads exqils $$61 ‘T
‘pandde
219m SIUGWIEAN) Y} IOYYE SIBA § IPBLU SBM JUILISSISSE
Y1 pue ‘exN§ PIYIDYD U0 N0 PaliIed Sem Judwiiadxd SIYL q 0-S f43 2 0-T I-€ $0-€ [y sonids exis €561 ‘1
NMOQ ATSTIM
193] -G WO00IQq JIBMP )M Yoo[way
“}99] ¢ . [ WOO0IQ UOWIWOD YITAM HIO[WSY SIBIA [ I9)) Y ‘Woolq
JIBMDP PUER WOO0Jq UOWWOD Yim XooJway Jo uvospedwod v [ 0-v — — — — — NO0[WIY UIASIAN 561 ‘zol
193 Q- ¢ SeM donuds
ABMION oyl Jo 1yBiay uesw Yy} ‘UmOS UIIQ IABY pInom
woolq 21oym saydied swos o) paijdde ayeydsoyd eiixd Yipn q ST 6t ST Sz $-T ol aonids AemION 661 ‘€6
*199) €€ SBA UBIW ‘WO0IQ JO PEIISUI DIMIGOY YA 4 0¥ St 0-T €T 1T S 2on1ds eNIg 8p61 ‘68
“Judwizadxa Siy) Woij dWod os[e |Im sasinu suld uo eieq q ST-€ €8 ST S-p b 9 2onids eys 9p61 ‘Z8
“juawrIadxa sig) WoJj suod os[e (|14 sasinu suid uo eieq d §T-€ €01 34 b€ $-T 9 1y se[@noQg 9v6] ‘I8
a1eydsoyd inoynm syueid oN d 0¥ S 0T 9-7 — L 9on1ds AemioN SY6l ‘6L
HHOO—NVHIU VM
ajeydsoyd + (sieax)
Pasn (a100 wooig yim (2108 a1eyd $921], | passassy
SUAWWo)) 132149 | dad md) | reydsoqg | Jod md) | -soyqg | [onuo)d udagm sa193dg 994, Funueld jo 1ee
Jjo 192111194 +soa1]  |a9zipag | +-sev1L a8y pue uoneso]
adAy, Jelol “ON udwiedxg
(y) siy8sH (139)) syBIoH
wooug YA wooig ON

sjuaruraadxsy doaD asinp wioodg :panupuod—j1 dqe],




143

LEGUMINOUS NURSES

¥l 1 $521dA> uosme]
[ir4 - - — 4! sipupi3 sarqy
0T - - - 4! 1y se|noq SP61
sd 0-¢ (44 - — - St Yovag
Ll — — — (41 1BPID PAI WINSIM
saeak ¢ 18 193] | Jo yBiay ueaws e pey ‘sreydsoyd had —_ — — 4] ND0[WIY UIISIAN
MoYNM Inq Wwoolq Yilm suid $109§ Y] *9NI3) 10w SI NS 174 — — —_ SI eonuds exng
weyaAp 241 Inq ‘gp6] ‘11 'ON Bxodg 0} WdwiIadxs Jeflwls ¢ Ll —_ —_ — Sl 9onads AemioN P61 ‘0L
*aanids § A1aa3 03 yded wooiq suQ "Jurydnoid a9jdwo) (N 0t %9 (%4 S € 1-€ 4| oonids eyiIs $€61 ‘OF
*a1e§ A[eal jou aie suosiredwod pue punyp) Aq paraye
Appinb a1am s9911 [043U0d 3y} ‘uonjeiedaid punoid isyuing
ou Yim pue SIUIMOS WOO0IQ Y 198 SIEIL $ pIdNpolur
Suraq 2onids ey)Ig 2yl o1 FuimQ "InoSIA JWOS puE INOJOd
150] 32ruds BN YIdIYm 19)Je ‘SIBI4 ¢ 0) T[ 1B palp Woolg sd S-L 9-€C $T ¥-6 L9 61 2onuds exis £€61 ‘TE
“Ino-Ae| pueq aleuId)e Jo asnerdq ‘uidn|
puE Wo01q JO 199)J9 3yl U2am}aq uosiiedwod ou pue ‘sjold
[onuod oy *a1eydsoyd yiim snosodia 1nq ajeydsoyd noyim
pa[Ie] wooig "siedk ¢ J31yE N0 palp suldn] :way) udamieq
pawueld asnads BYIIS Yiim Woolq pue urdnj Jo spueq )eusd)|y — — —_ — —_ —_ —_ osonids eiIS €61 ‘st
WVYHINAM
ajeydsoud + (s1e2))
pasn (asoe wooig yum (€3] sreyd $21] | passassy
sjuaWwo) 121194 | 3od amd) | oveydsoyyg | 1ad md) -soyd [onuo) uaym saradg L funuelq jo 1edx
Jo 19zI11194 +s321], 1271145 | +S991] 8y pue uole’o
adAL [eloy, “oN uawiiadxy
(y) siydsy (133)) sWB9H
wooug YIM woolg ON

sjuauiaadxsy dody) asinp wWoodg :panunuod—( 1 dqeL,



REPORT ON FOREST RESEARCH, 1961

144

*Jopurewal ay)

Jo yimoId aaoxdwni jou pip pue s3ulpass yeo Auew paloyjows uidng T LT 8 120 0£61 ‘1T
*S3UIIP3s 2I10WEBIAS pue Yse |[ells palayjows
31 saydyed asuap maj e Ul Inq “Jood Ajurew sem uidnj ay] -odewep
JSOI) pue 3Ji| 1501] 0} JuImo IJudWIIAdXd SIY) WOIf BIEp |NJasn ON — — — ysy 0£61 ‘0
*MO[S A19A Im013 apewl SunSOI) 9I9A Iz SL-1 8 )
! do_.uo ay vow_E wcrmo.m ﬁo>um g1 80-1 ¢ alouieaAs ‘
’ ) 6C:0 61-0 [4 ysy oe6l 61
‘paurRjUIEWw JOU
sem s1y) Inq ‘uidn] 03 asuodsal Ayored B MOYS pIp 910UIBIAS SIBIA
M5 181y ay) uf "syord urdny ay) ur saroads [jB Yiim 19ySiy A|qesapis 09 -9 81 2IOWERIAG
~U02 219M $3SSOT °sa10ads [[8 JO YImolI3 A[18d MO[S AIaA Ul pajnsal L9 1-01 81 ysy
Ymol3 poam Aaeoy pue ‘Sjuawussasse A[1es )jiods afewep 1S01J alaadg 6-8 16 81 yeQo 6261 ‘01
MO0NWAd
*S)usUI eIl Yloq ur Ie[iwis pue Jy3ifs sasso] LT v-C L sy 1€61 ‘SE
*syo1d urdnj ay3 ur Jazood 3upo0Ig V- Z-€ L 3eQO 1€61 ‘b€
NV3d 40 LS3¥01
uidng yip [onuo) Passassy Sunueld Jo
SHUBWWOD uaym a8y |  saroadg va1] JedX pue uoneso]

1994 Ul siySroy

“oN justadxg

SIUUISSaSSY fo dipunung paSpliqy pup SIUUUI0)) Yiim Stuausadxs fo 1s1T
Suauitaadxsg doaDy asanp urdng

81 2I9eL



145

LEGUMINOUS NURSES

"JnoAe| pueq JleuId)e Y} Jo asnedaq djqissod urdng
PUB WO00I1q JO 12313 9y} usamiaq uostiedwod oN ‘siold [01uod
OU 2I9M 219} PUB SIBIA 9AY I3JJE IO PaIp suidn| "Wayl Usamaq

ut pajue[d 9onids eyNG UMM woolq pue uidn| Jo spueq 2ABUIN|Y — — — 2on1ds eyig 1€61 S1
€61 JO pua Aq Aa39jdwod pajiey surdng — — — yole| ueadoing
pue yosog 6261 ‘8
WVHINAM
*sjueld |jews Aueul paJsyjows I1 1ey) o8 -9 $-9 ¥1 “
9y} uaye) aq isnuw sty jsuarede nq ‘uidn] AQ jysusq AjIes 1ysifs A1 £9-0 19-0 € Ne0 1861 ‘I
WVYHONINOOY
*3n0 31p 0y uedaq uidn| ay) sieak XIs Jnoqe Idje L-L1 8-L1 I3 o
!s1eak om} 51y ut syueld fews o3 sFewrep awos pasned uidn] asudq £0-C 9-1 € ysy 1€61 'C
8:6 76 SI “
*3|nsal jueoyiudis ou aaed uidng L0 L0 € ysy 0£61 ‘1
FTANNO
wdng Y [onuo) passassy Sunueld jo
sjuwwo) uaym 98y |  saroadg saI] Ies X pue uoneso]

1994 UI SIYBIOH

“ON juawntodxy

smauidadxsy dodD asunp widn  :panunuos—g| dqey,



146 REPORT ON FOREST RESEARCH, 1961

six inches wide and dressed with lime and basic slag. Germination was usually
very good and in most cases the lupin flourished, although growth was some-
times very uneven, but its life was rather short — often only five years.

The hardwood seedlings, or in some cases direct sowings, were made either
in the strips prepared for the lupins or parallel with them at a distance of
approximately nine inches on either side. Under these circumstances the lush
growth of the lupins proved to be more of an embarrassment than a blessing
and smothered many small plants, in some cases reducing the stocking by as
much as half. The use of larger plants, or wider spacing away from the lupin,
might have avoided this but, in most cases, only a very small height increase
could be attributed to the effect of the lupins and this would presumably have
been even smaller had the lupin been further away.

One small point of interest was that where the lupin was very vigorous it did
afford a little protection against spring frost damage.

To sum up, one can only say that the small benefits in height growth and
frost protection gained from the use of the lupin nurse crop did not balance its
bad smothering effect, coupled with its high cost of establishment.

Yellow Tree Lupin (Lupinus arboreus)

Of the three experiments with Yellow tree lupin, two were at Teindland and
one at Wareham, but all were unlucky in that almost all the seedlings either
died out during drought soon after germination or failed during the next two
years while still very small. However, judging from its general behaviour on
waste ground in the South of England and at Aldeburgh on the Suffolk coast,
it is the most promising of all the lupins and might well give results comparable
with those obtained by the use of broom, if it could be successfully established.

Summary

Of the various species of broom tried in the forest, common broom and dwarf
broom are the only ones likely to merit any further consideration.

Techniques have been evolved by which a successful broom crop can be
raised on the majority of poor sites and its beneficial early nursing effect usually
exceeds that produced by any pioneer tree species, but recent work suggests
that on most areas it will be more economic to use pine or Japanese larch nurses
combined with heavy manuring and, if necessary, control of surface vegetation
by chemical sprays.

On some sites, however, where exposure is extremely severe or where pioneer
trees, even with fertilisers, grow very slowly, broom may still have a place, not
as a full crop but in groups or strips combined with tree nurses to give long-
term shelter and the possibility of intermediate yields. Recent work suggests
that if Ulex gallii is abundant, the use of broom may be unnecessary.
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PROVENANCE OF SITKA SPRUCE

An Account of the Nursery Stage of Experiments Sown in 1958
By J. R. ALDHOUS

Summary

An account is given of the first three years’ growth of 12 provenances collected
between latitudes 61°N and 43°N from the coast of N.W. America

Height growth increased with decreasing latitude, especially in the range
61°N to 49°N, the taller provenances having the longer growing period; root-
collar diameter and seedling weight did not vary with latitude of origin so
clearly. The time of cessation of growth in late summer varied by up to three
months, the last provenances to stop growing being damaged by frost.

Introduction

During the past 30 years, the species most extensively planted by the Forestry
Commission has been Sitka spruce. The 1947-49 Census of Woodlands (Forestry
Commission 1952) showed that the species occupied 27 per cent of the high
forest area managed by the Forestry Commission. Since then, successive annual
reports show that while the percentage of this species planted each year has
dropped slightly (to 20-22 per cent), it still remains the most important species
used.

From the first years of the Commission’s acitivites, over 90 per cent of the
seed from which the plants have been raised has come from the Queen Charlotte
Islands. The sustained use of this provenance, and the absence, until the present
collection was made, of a comprehensive representation of the provenances of
Sitka spruce in Britain, reflect the suitability of the Queen Charlotte Islands
provenance to the many sites where it has been planted and the ease with which
seed has been obtained from the same source in most years. Seed from Washing-
ton and Oregon has been obtained from time to time, but as early as 1926,
there were reports from the nurseries of young plants of these provenances
being damaged by autumn frosts while plants of Queen Charlotte Islands
provenance were not affected (Edwards 1953).

There are three older provenance collections. The first was planted in 1929
at Radnor Forest, comprising single plots of four provenances (Queen Charlotte
Islands; Olympic peninsula, Washington; Siuslaw Mts., Oregon; Siskiyou
Mts., California). The second was planted in 1934-38 at Kielder and New-
castleton Forests in the Borders, and Leanachan Forest in Inverness-shire;
it included provenances from Queen Charlotte Islands, North British Columbia,
Washington and Oregon. The third collection, comprising six provenances from
Washington and one from Queen Charlotte Islands, was established in 1950 at
Gwydyr Forest, Caernarvonshire; Kielder, Northumberland; and Glendaruel,
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Argyll. All these experiments show the rate of growth of the Queen Charlotte
Island provenances to be appreciably less than those from further south, not-
withstanding early frost damage (Wood and Lines 1959). These observations,
and an interest in Alaskan provenances for planting in the northern counties
of Scotland, led to the decision in 1956 to obtain seed from sites ranging from
Alaska to Oregon. Most of the seed was obtained in 1957 through a firm of
seed merchants and represents seed available commercially, rather than seed
from specially selected seed sources. The sources of the seed are listed in Table
19 below.

Table 19
Origin of Provenances
Rainfall Mean Annual
F.C. Centre of Province Latitude (inches) Temp. (°F)
Indent No. Collection or State °N)
From nearest Met. Station
57(7985)1 Cordova Alaska 604 25 36
56(798)500 | Lawing Alaska 60* 25 36
56(7987)1 Juneau Alaska 58% 60 40
57(7986)1 Sitka Alaska 57 80 44
57(7114)1 Terrace British 54% 50 4
Columbia

57(7111)2 Skidegate, British 53 55 48

Q.C. Isles Columbia '
57(7116)500| San Juan River,| British 481 60 49

Vancouver Is./| Columbia
57(7116)3 Sooke, British 481 60 50

Vancouver Is.| Columbia
57(7971)1 Forks, Olympic | Washington 48 115 49

Peninsula
57(7972)2 Hoquiam Washington 47 62 50
57(7951)4 | Jewell Oregon 46 69 50
57(7952)1 North Bend Oregon 43 52 51
55/121 Jutland ‘Denmark’ (this seed collected from a stand raised from

seed [rom Washington)

*Though slightly to the south of Cordova, Lawing is four degrees to the west, and near the
limit of the species, which followed the retreating ice along the coast from British Columbia.

The elevation of all the seed sources, except Jewell, is between 0 and 500 feet
above sea level; the sources at Jewell are between 500 and 1,000 feet above sea
level. All are within a few miles of the coast, with the exception again of those
around Jewell, which is about 30 miles inland. In addition, seed was obtained
from a stand growing on the west coast of Jutland, Denmark, which is known
to have been raised from seed from Washington.

Treatment of Seed and Production of Plants

Most of the seed was received in January 1958 and was immediately tested
for quality. (The seed, with identification numbers commencing ‘56’ or ‘55,
had been in storage for one or two years and was tested in late 1957.) Germin-
ation percentage was determined on Copenhagen tanks, seed remaining on the
tanks for 35 days following pre-chilling for a similar period; the weight of 1,000
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pure seeds of each provenance, and the number of viable seeds per 1b., were also
determined.

Seed was sown in mid-April on replicated plots in three nurseries, at Ware-
ham, Dorset, at Fleet, Kirkcudbrightshire, and at Benmore, Argyll. The
methods of preparing seedbeds, preparing and sowing the seed, covering,
manuring, etc., were those in general practice in each locality. Towards the
end of the growing season, assessments were made of bud formation and cessa-
tion of growth, and at the end of season, yield and height of seedlings.

At all three nurseries, seedlings were big enough to be transplanted during
the first winter after sowing. Seedlings were taken from each plot with the
minimum of grading, rejecting those which were forked or physically damaged
(of which there were very few), those which were too small to handle, and those
damaged by frost.
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Treatment of transplants again followed the normal practice of the locality.
Assessments were made of the time of commencement and cessation of growth,
and of height and survival at the end of the growing season. The majority of
plants were then sent out for planting in the forest, but at Wareham and Ben-
more nurseries those plants required for planting in the following year were
transplanted again. Assessments of height and survival were again made on these
plants at the end of the third growing season.

Results
Seed Quality

The two top lines in Figure 7 show the number of viable seeds per Ib. and
the weight in grams of 1,000 pure seeds for each provenance, both plotted against
latitude of origin. It will be seen that there is no very clear relationship between
latitude and either of these seed attributes, though there is a suggestion that
seed size decreases the farther south the origin of the seed. This is unusual,
and at present unexplained.

The percentage germination, determined by test, was closely correlated to
the number of viable seeds per lb.; so also was the number of seedlings produced
per 1b. of seed sown. The seed from Jutland was poorer in most respects than
seed of other provenances.

Seedling Production

The lower three lines in Figure 7 show the percentage of the viable seed
which germinated and produced seedlings surviving to the end of the first year.
There was a slight overall reduction in germination/survival percentage, the far-
ther south the origin of the seed. (This trend does not coincide in detail with the
similar trend in seed size.) The reduction is a little less than the range of variation
between certain neighbouring provenances and markedly less than the differ-
ences in germination/survival percentage between the three nurseries where the
provenances were grown. In spite of the big differences between nurseries, the
relationship between germination/survival and latitude of origin follows the
same pattern at each nursery.

Growth of Seedlings and Transplants

(a) Height. Figure 8 shows the height growth of the various provenances
after one, two and three years’ growth, plotted against the latitude of origin
of the parent stands.

The expected increases in height of seedling with decreasing latitude of origin
of the parent stand are clearly marked at all stages of growth and in each
nursery.

The linear regressions of height on latitude are highly significant for each
age of plant and nursery, though there is a suggestion in Figure 8 of a diminished
height response in provenances from south of latitude 49°N. At Warcham,
plants from the southern latitudes (49° to 43°N) have grown faster, relative to
those from further north, than have similar plants in the two northern nurseries.
(This difference in response is reflected in the greater angle of slope for the
regression line for Wareham than for the two northern nurseries). This differ-
ence is thought to be due to a response by the southern provenances to the
higher temperatures at Wareham, rather than a response by the northern
provenances to the longer summer day-length at Benmore and Fleet.
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FiG. 8.—Height of Seediings and Transplants in the Sitka Spruce Provenance Experimenls.

A consistent feature of these experiments is the good performance of plants
from Sooke, Vancouver Island, both in relation to the other provenances as a
whole and in relation to the growth of the neighbouring provenances of San
Juan River, 40 miles to the north, and Forks, 40 miles to the south. At present
this can only be attributed to a local variation in the general pattern of behaviour.
The plants from Jutland, were similar in height to plants from Washington.

It has already been noted that there is a tendency for seed size to decrease
with decreasing latitude, but that seedling size increases with decreasing latitude.
This would appear to lead to the conclusion that there is no relationship between
seed size and seedling size, a conclusion contrary to that found for many other
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species. However, a closer examination of the data shows that within any group
of three or four neighbouring provenances, the differences in weight of a thou-
sand seeds is reflected in the height of the one-year old seedlings, thus supporting
the generally accepted view that the bigger the seed, the bigger the seedling.
However, this relationship appears less important for Sitka spruce (the seed of
which is relatively small) than the relationship that southern provenances grow
faster than northern ones.

(b) Root Collar Diameter. The root-collar diameter of a sample of 30 seed-
lings and 30 transplants of each provenance from Wareham was assessed at
the end of the first and second seasons. Table 20 shows these diameters and
also the ratio of root-collar to height of the same plants.

Table 20

Root-collar Diameter and Height Diameter Ratio for 140 Seedlings
and 141 Transplants, Sitka Spruce at Wareham Nursery

Root-collar Diameter (mm.) Ratio Height/Collar Diameter

140 1+1 1+0 1+1
Cordova 1-48 3-95 39 33
Lawing Not assessed 3-89 — 2-7
Sitka 1-53 4-47 4-3 4-5
Terrace 1-74 4-25 5-5 4-5
Skidegate 1-79 4-52 63 52
San Juan River 170 4-33 59 5-7
Sooke 1-62 3-86 7-1 6-3
Forks 1-48 4-04 79 6-7
Hoquiam 1-49 3-88 6-6 6-2
Jewell 1-58 3-84 6:6 6-2
North Bend 1-43 4-00 6-7 6-2
Jutland 1-49 4-02 71 9

It is clear from Table 20 that there is far less variation in root-collar diameter
between various provenances than there is variation in height; the variation in
the ratio root-collar/height principally reflects the differences in height. Com-
parison of the root-collar and height measurements for the seedlings showed
that for any given provenance there was a very highly significant correlation
between diameter and height of seedling; this has been previously shown for
Sitka spruce by Rutter (1955). Comparisons of the mean root-collar diameters
of the different provenances have given far less indication of relative subsequent
growth than have comparisons of mean height.

Survival of all provenances was so good following transplanting that there
was no evidence on which to test the relationship between diameter and survival
reported by Holmes (Edwards and Holmes 1951).

(c) Seedling Weight. The seedlings measured for root-collar diameter were
also weighed. The variation in weight with provenance followed a pattern
intermediate between those for height and root-collar diameter.
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Commencement and Cessation of Growth

(a) Commencement of Growth. All the plants in these experiments were dis-
turbed by transplanting in late winter or early spring, before the commencement
of growth. Not too much importance should, therefore be given to the observa-
tions that there was only a short interval between the dates when provenances
started to grow, and that the Alaskan provenances broke bud about a week
earlier than the more southerly ones. There were no severe late spring frosts
during the period of these experiments.

(b) Cessation of Growth. In contrast to the beginning of the season, the time
of cessation of growth and formation of resting buds has varied by more than
three months between extreme provenances, the pattern of behaviour being
similar in each of the three nurseries. All Alaskan provenances commenced to
form terminal buds in July; a certain amount of lammas growth was made,
especially by plants from Sitka, but growth had virtually stopped by the end of
August. Plants from further south continued growing longer and hardened off
later, the farther south their origin; the British Columbian provenances (except
Sooke) had formed most of their terminal buds by early October, provenances
from Washington (together with Sooke) by mid to late October, and most of
the plants of the two Oregon provenances by the end of October.

i 7
VI90— 1
a
=] - -
© LAWING
g %or 1
2
< J
&

E7er

w E

=

Qeol ]

¥ CORDOVA

o. - .

w

r4

o s} J

v

 f ]

I~

S4of L

2

m B -

w

Eio- J

5 T SITKA 1

w2 ]

9 JUNEAU )

E I Z E

Z 1oF TERRACE

] ] J

< SKIDEGATE

e r NORTH BEND . -.
obT—————"7 T ST M b}

T T
ISEPT IBSEPT 20CT 140CT 280CT 11 NOV 28 NOV 23 DEC

FiG. 9.—Progress of Development of Conspicuous Terminal Buds by Plants in the Sitka Spruce
Provenance Experiments.

Figure 9 shows the differences in the date of terminal bud formation at Fleet
nursery in 1959. In this figure, values indicate the percentage of conspicuous
terminal buds formed. Observations suggest that plants are relatively frost-
hardy as soon as terminal and side buds can be found, even though the terminal
bud is not conspicuous.
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There is an obvious prima facie connection between date of cessation of
growth and height growth made during the season; the longer the plants grow,
the greater their height at the end of the season. This is considered to be real
and to be a more important cause of the differences in height found between
provenances, than differing rates of growth during the earlier part of the growing
season.

(c) Susceptibility to Frost. There were autumn frosts in late October each year
in all thrce nurseries, but the frosts were not severe, and serious damage was
sustained only in the seedbed stage and by the two Oregon provenances; losses
in the seedbed due to frost varied from 10 to 25 per cent for the most southerly
provenance of all (North Bend, latitude 43°N) while the next most southerly
provenance ~ Jewell, latitude 46°N ~ suffered 1 to 5 per cent losses. Losses in
the lines also occured, but these involved less than one per cent of all the plants
in the experiments, the provenances affected again being those from Oregon.
In view of the relatively mild and late autumn in 1958, ’59 and ’60, none of the
provenances which continued growing late in the season can be considered to
have been severely tested. The reports by Edwards (1953) of past instances of
severe autumn frost damage to Washington and Oregon provenances in the
nursery, stressed the association of damage and growth late in the season.

The evidence from the nursery stage of the present collection does, however,
suggest that the southerly provenances may suffer more severely from autumn
frost in colder years, and that susceptibility to frost may yet limit their perform-
ance in the field.

Postscript

The raising and observation of provenances in the nursery is merely the first
stage in cstablishing a provenance experiment in the forest. Almost all the
plants raised in these experiments have been planted on sites ranging over most
of the western part of the British Isles. It remains to be seen whether the patterns
of behaviour observed in the nursery continue or are replaced by others.
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SIMAZINE - A WEEDKILLER FOR
FOREST NURSERIES
By J. R. ALDHOUS

Summary

The results of about 50 experiments carried out in 1958 to 1960 show that
simazine can be applied with safety at rates up to 4 1b. (50 per cent wettable
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powder) per acre to most conifer and hardwood transplants raised in forest
nurseries. Some second-year seedbeds can also be treated safely with simazine
at this rate. These results agree closely with those of workers in other countries.
Species which are not clearly resistant to simazine at 4 1b. (50 per cent W.P.)
per acre are European larch, Picea omorika, poplars, and common ash.

The residues from one year’s treatment do not affect the crops in the following
year.

Growth of germinating annual weeds following treatment with simazine is
very substantially reduced, but established annual weeds or perennials may be
unaffected.

Properties of Simazine

Simazine (2-chloro-4, 6-bisethyl-amino-1,3,5-triazine) is one of several deriva-
tives of triazine, the weed-killing properties of which group were discovered in
Switzerland and were announced in England in 1956 (Gysin and Kniisli 1956).
It is a stable colourless solid which is almost insoluble in water. It is not poison-
ous to human beings or animals (Weed Control Handbook, 1960). It is usually
formulated and sold as a wettable powder containing 50 per cent simazine.

Herbicidal Properties

Simazine (also other triazines) appears to be taken up through the roots,
of these species being able to germinate in the presence of quantities of simazine
which kill most other seedlings, including germinating conifers. Established
deep-rooted plants and, in particular, many species of woody plant, are also
able to tolerate amounts of simazine which kill germinating seedlings (Gysin
and Kniisli 1958). Simazine is extremely toxic to newly-germinated seedlings of
all weed species commonly found in forest nurseries, but it has no effect on
weed seeds.

Mode of Action

Simazine (also other triazines) appears to be taken up through the roots,
and to be translocated to the leaves where it interferes with photosynthesis,
inhibiting sugar formation. It is usual for seedlings of susceptible species treated
with simazine to survive for two to four weeks after germination before dying;
towards the end of this period, the seedlings turn yellow and eventually wither.
The triazines do not have any growth-regulating effect. Reports agree that it
is essential for rain to carry simazine into the rooting zone of young weeds
(i.e. 0-% inch of the top-soil) if the chemical is to have any effect.

Simazine is not taken up through the foliage; the risk of damage to established
plants (whether weed or crop) by this weed-killer coming into contact with the
foliage is very small indeed.

Factors Influencing the Persistence of Simazine in the Soil

(a) Uptake by Plants. Appreciable amounts of simazine can be taken up by
plants and so removed from the soil; in particular, plants resistant to simazine
can take it up and so lead to more rapid re-colonisation of treated ground than
on ground where the resistant species is absent (Dewey 1960).

(b) Absorption on Soil Particles. Absorption on the soil colloids (and hence,
inactivation) is given as the reason why up to five times more simazine may be
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required to control weeds on heavy soils or soils with a high content of organic
matter than on light sandy soils (Gysin and Kniisli 1959, Dewey 1960).

(c) Leaching. Leaching does not appear to be a serious cause of loss of sima-
zine. Most workers who have investigated the penetration of simazine into the
soil report that after a period of not less than four months, the bulk of the
residues in the soil were found in the surface O to 2 inches, and that only a very
little penetrated 6 inches or more.

(d) Microbiological Breakdown. Simazine can be broken down by fungi and
by bacteria in the soil, the rate of breakdown being faster in soils with a high
organic matter content than in soils where the organic matter is low. The results
of Audus (1960) for the microbiological breakdown of growth auxin weedkillers,
can be expected to apply to simazine, so that the rate of microbiological break-
down of simazine may well increase with successive applications as the popula-
tion of micro-organisms capable of breaking down and utilising simazine builds
up (i.e. successive applications of simazine may gradually become less persistent
and less effective in controlling weeds).

(e) Photochemical Breakdown and Evaporation. Little is known about either
of these factors, though there is some evidence that they might be important
in hot weather (Dewey 1960).

It is quite impossible at present to say which of the above factors will deter-
mine how simazine disappears. However, it is quite clear that simazine does
slowly disappear from the soil, and that its ‘half life’ (i.e. the time taken for
the quantity existing in the soil to be reduced to a half of that originally applied)
is in the region of 10 to 16 weeks.

Table 21
Details of Location and Soil of Nurseries Where Simazine
Experiments Have Been Carried Out

Mechanical Analysis of Soil (U.S.D.A. System)
pH of Soil
Nursery County (in water) Fine and Silt | Clay Soil Type
Coarse Sand
Alice Holt | Hampshire
Bramshill Hampshire | 4-6; 5-9* 85 8 7 | Loamy sand
Fairoak Monmouth | 5-1; 7-5 56 21 23 Sandy clay loam
Ferndown Dorset 4:5;5-5 74 15 11 Sandy loam
Honeywood | Essex 7-1 44 36 20 Loam
Kennington | Berkshire 5-1 83 3 14 | Sandy loam
Llyn Caernarvon | 4-9;5-1; 5.9 62 23 15 Loam
Savernake Wiltshire 4-3 18 59 23 | Silt loam
Tair Onen Glamorgan | 5-2;5-8;6-2 28 48 24 | Loam/Silt loam
Wareham Dorset 53;59 65 20 15 | Sandy loam
Waveney Norfolk 5-2 89 4 7 | Sand
Ystwyth Cardigan 4-6;5-1 8 46 46 | Silty clay

Note: *Where two or more pH values are given, they represent values in different sections of
the nursery. Each value is the average of two samples.
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Experimental Work

Experiments on the use of simazine were carried out in the period 1958-60,
as detailed in Tables 21 and 22. The objects of these experiments were:

(1) To confirm reports that woody species were resistant to simazine;

(2) To obtain quantitative evidence on the effect of simazine as a weed-killer;

(3) To assess the importance of simazine residues persisting from one year to
the next. (At the time this programme was planned very little work on
persistence of simazine had been published.)

(1) The Resistance of Woody Species to Simazine

These can be most conveniently discussed in three groups:
(a) Transplants and undercut rising two-year-old seedlings;
(b) Poplars;

(c) Rising one-year-old seedlings.

(a) Transplants and Undercut Seedlings. Table 22 gives details of the species
and of the age of stock used at the end of the year in which they were treated,
and a note of species damaged by simazine.

In 1958, there was one experiment, at Alice Holt Research Nursery. In 1959,
experiments were carried out at Kennington Research Nursery and in part of
the Conservancy nursery at Bramshill. In 1960, there were experiments at
Kennington and Alice Holt Research Nurseries and at 14 Conservancy nur-
series. A list of these nurseries, together with the results of a mechanical analysis
and pH test of the soil in each experimental area, are given in Table 21.

Simazine was applied, using an ‘Oxford’ precision sprayer, as a suspension
in water at rates of 2, 4, 8 or 16 1b. (50 per cent wettable powder) in 60 gallons
of water per acre. (The 16 Ib. rate was omitted in trials in Conservancy nurseries.)
The spray was applied between the rows of plants, spraying right up to the
base of the stems. No attempt was made in the majority of nurseries to remove
weeds which were already established at the time of spraying.

The spray was applied between the end of March and mid-May, according to
circumstances. In experiments in research nurseries, it was applied one week after
transplanting or five weeks after transplanting. In the experiments in Conser-
vancy nurseries, the interval between transplanting and application of simazine
varied, though it was applied in late April/early May in all cases.

Plots were usually six feet by four feet, though they varied by + one foot to
suit local circumstances. Each plot contained six or more rows of plants. Trans-
plants were usually spaced at eight by two inches. Undercut seedlings were in
rows six to seven inches apart, the distance between seedlings varying from a
half to two inches. In research nurseries, each plot included six species of trans-
plants (one per row); in Conservancy nurseries, there was one species only per
plot. Plots were replicated three, four or six times according to the experiment.

The number and height of live plants in each plot was assessed at the begin-
ning and end of the growing season. Where there was only one row of a given
species in a plot, all plants were assessed for survival and height growth; where
there were several rows of one species in a plot, all the live trees were counted
and a sample from the centre two rows in each plot was assessed for height.

Table 22 summarises these and earlier results, and shows that applications of
4 1b. per acre of simazine (50 per cent w.p.) have generally done no damage at
all to transplants and second-year seedbeds; the scorch that has occurred has
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Table 22

Age, Type and Species Used in Experiments on the Effect of
Simazine on Transplants

Year: 1958 1959 1960
No. of No. of *Damage;
Species Expts./ | Damage | Expts./ | Damage| No. of Expts./ | Nursery Concerned;
Age of Age of Age of Plant | Rate of Simazine;
Plant Plant and Age of Plant
Scots pine 1/1+1 | None | 1/141 | None | I/1ul, 4/1+1 | Ferndown, 8 lb.
reduced No.l14-1
Corsican pine — — 1/1+1 | None | leach/lul, None
141, 142,
2+1
Lodgepole pine — — — — 4/1+1 Kennington; 4and 8
Ib. slightly scorch-
ed 1+1
European larch — — — — 1/1--1 Wareham; No. of
1+1 reduced by
8 Ib.
Hybrid Larch — — — — 1/1+1 None
Japanese larch | 1/1-++1 | None [ 1/I+1 | None | 1/l ul, 4/141 | Kennington; 8 and
16 1b. scorched
and reduced No.
and height of 1-+1
Norway spruce — — — — leach/lul, None
. 1+2,2+1
Sitka spruce 1/1+1 ] None | 1/1+1 | None | 4/1+1,1/1+2 [ None
Serbian spruce — — — — 241 Fleet, 3 Ib. scorched
2+1
Douglas fir 1/1+1 | None | 1/141 | None { 1/1u, 3/1+1, Kennington, 8 and
/142 16 1b. scorched
1+1
Western — — 1/14+1 | None | 1/Tul, 2/1+1,| None
hemlock 1/14+2,1/24+2
Tsuga 1/2+1 | None — — — —
mertensiana
Western red — — 1/1+1 [ None | leach/1ul, None
cedar 142,242
Lawson cypress — — — — 1 each/l1 u 1, None
1+141,142
Abies grandis — — — — 1 each/2+1, None
142
Abies procera — — 1/14+1 | None | 1/1+42 None
Beech — — — — 1 each/1+1, None
241,142
Sweet chestnut — — — — 1/1ul None
Oak — — — — 1/1ul,1/241 | None
Ash 1/141 | None —_ — — —
Birch 1+1 None — — — —

tlul = One-undercut-one, i.e. two-year-old seedlings undercut at three to four inches in

March of the second year.

tIncluded only in an unreplicated trial at Fleet Nursery, South Scotland.

*‘Damaged’ means either that a statistically significant reduction in the numbers or height
of plants was found as a result of assessments, or that there was some visible scorch of foliage.
The two forms of damage did not always go together, e.g. the remaining Scots pine transplants
at Ferndown appeared quite healthy and normal in spite of the significant reduction in plant

numbers.
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been slight. Applications of 8 Ib. simazine have caused damage in about one
experiment in six. These results form the basis for the recommendations for the
use of simazine given at the end of the paper.

No species appears especially susceptible to simazine from the results in
Table 22, though Euorpean larch plants were damaged by the higher rates of
simazine; Gast (1960) also reports that European larch is more susceptible to
simazine than other conifers. Japanese larch appeared to be more resistant.
The other species which appeared to suffer quite extensive scorch was Picea
omorika. However, this species was included only in an unreplicated field trial,
and it was not quite clear whether the scorch was due to simazine or to some
other factor.

At one nursery, application of simazine to Sitka spruce, and at another appli-
cation to Japanese larch, was followed by an increase of height at the end of
the season. This increase in height can be attributed to the benefits of a reduction
of weed competition, which on untreated ground at both nurseries was intense.
In unreplicated trials in 1960 in two Scottish nurseries, similar increases were
observed in the height of Norway and Sitka spruce and Lodgepole pine trans-
plants sprayed with 3 1b. per acre simazine (50 per cent), compared with un-
sprayed transplants.

(b) Experiments on Poplar. Experiments were carried out in 1959 and 1960 at
Alice Holt and Kennington Nurseries. Table 23 gives details of the age and
clones used, the plot size and number of plants per plot. The rates and method
of application of simazine were similar to those in the transplant experiments
already described.

Table 23
Poplar Stocks Used

Age at Plot No. of
Year Nursery Clone Beginning of Size Plants
Experiment (feet) | Per Plot

1959 | Alice Holt | Various. . . . | 3 to 6-year-old | 4 x 8 8
Poplar stools

1960 | Kennington | P. tacamahaca x trichocarpa 37 | 9-inch cuttings | 4 x 8 8
1960 | Alice Holt | P. nigra x tacamahaca . . { 9-inch cuttings | 4 X 8 8
Table 24
Survival and Height of Poplar One-year Shoots from Cuttings
End of 1960
Rate of Application Percentage Survival Height in Feet
Ib. Simazine (50%, |
w.p.) Per Acre Kennington Alice Holt Kennington Alice Holt
0 82 100 3-6 57
2 84 99 3-2 5-6
4 80 100 2-8 5-5
8 76 100 2-5 54
16 59 97 2-1 5-1
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In 1959, simazine was applied in early June to poplar stools which had been
cut back at the beginning of the year and had formed new, actively growing
shoots. The stools were examined carefully at the end of the season but no
damage was observed on any plot.

In 1960, simazine was applied within seven days of cutting insertion or 28
days later, cuttings being inserted in mid-April so that the top of the cutting
was flush with the soil surface. The mean height of the shoots growing from
each cutting was assessed at the end of the season; results are given in Table
24 (page 159). (The mean of the results for the two dates of treatment are given
as they did not differ significantly from each other.)

The number of plants surviving at Kennington was seriously reduced by
sprays of simazine at 16 Ib. per acre, and slightly reduced by 8 1b. At Alice
Holt there was no significant effect on survival. The effect of simazine on height
growth was also more marked at Kennington than at Alice Holt, where it was
very slight. At both nurseries, however, the more simazine was applied, the less
height growth the poplars made. These results agree with those obtained in
Switzerland (Anon. 1959).

(c) Experiments on Newly-sown Seedbeds. Simazine was applied as pre- or
post-emergence sprays to seedbeds in Kennington and Bramshill Research

Table 25
Number and Height of Seedlings in Experiments with Simazine
Applied as Pre- or Post-emergence Spray
(Heights in inches)

Scots Pine Japanese Larch Douglas Fir Sitka Spruce
Rate of Application
Ibs. Simazine Per Acre Ken. Bram. Ken. Bram. Ken. Bram. Ken. Bram.
(502, wettable powder)
No.* | Ht.* | No.| Ht. | No.| Ht. | No.| Ht. | No.| Ht. | No.| Ht. | No.| Ht. | No.| Ht.
Pre-emergence (late April)
2 80 [ 2:7 | 70(2-4]| 36 (4-3]203-2] 11 2:9|37|1-9| 63]1-1] 38|12
4 48 | 2-5 [113(2-7] 24 |3-9]| 15 |3-4]| 14 |2-5| 42 (2-3] 36|1-3]| 29 |!-I
8 19 | 24 | 85(2:5] 9 (6-1| 10 {4:3| 3(2-1|45|2-4] 2]0-6[ 21|13
Post-emergence 4 weeks
after pre-emergence (late
May)
2 97 | 3-3 | 95|2-4| 68 |5-7]| 12 |2-1}23 |2-6| 45 |2-0]| 89|1-3| 29 |10
4 102 | 3-2 | 98|2-6| 62 |5-6]| 10 |4-6] 17 |2-6] 39 |2-4] 76|1-4| 18 |1-6
8 103 | 3-1 92(2-4| 56 [4-7| 18 [4-8] 16 [2-3 41 [2-2] s2|1-2| 27 (12
8 weeks after pre-emer-
gence (early June)
2 100 | 3-4 | 89(2-6] 54 |6-0f 14 |4-3) 18 |2-7| 41 [2-5] 84]1-5/ 33 [1:6
4 103 | 3-0 | 76|2-4]| 67 |5-7( 13 |4-1} 11 {2-3| 37 |2-0] 90|1-3| 38 (10
8 98 | 3-1 93|2-6) 54 |5-5| 17 {3-5| 12 |2-7| 37 |2-2| 87|1-3| 21 |13
12 weeks after pre-emer-
gence (late July)
2 96 | 3-1 99)2-5]| 63 [5-7| 16 [3-6] 14 [2-0| 45 |2-5|104]1.2) 32 [1-5
104 | 3-2 | 92]|2-6| 63 |5-5| 14 [2-9] 23 (22| 43 [1.9] 91{1-5|29[1-3
104 | 3-1 98|2-5] 60 |5-2| 18 [4-3| 18 [2.2]| 36 [2-1]104[1-2] 28 |13
Control (a)y** 108 | 3-1 98|2-4| 66 |5-5| 12 |3-6| 17 |2-6] 42 [2.0]| 98[1-4]| 22 |1-5
(b) 102 | 3-1 92]2-3| 57 [5-4| 14 [3-5] 23 [2.3] 39 [2-1|104[1-4[ 26 [1-0
Standard  + 4-7 [0-36 {11-0{0-18]|2-6[0-32[3-2 [0-64]2-9 |0-20[5-1 [0-21]8-0[0-10[7-60-22

*Number of seedlings per band, 4 by 36 inches. Height in inches.

**Control (a) was given a pre-emergence spray of vaporising oil at 60 gallons per acre at the same time as the
pre-emergence spray of simazine was applied. Control (b) was given the same pre-emergence spray as control (a).
but in addition sprays of white spirit at 15 gallons per acre were applied monthly, commencing one month aftec
the pre-emergence spray.
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Nurseries in 1959. Beds were sown in early April with five conifer species; the
pre-emergence spray was applied 21 days after sowing, and the post-emergence
sprays four, eight or 12 weeks after the pre-emergence spray. The rates and
method of application were as in the experiments previously described. Table 25
summarises the results of these two experiments.

Table 25 shows that at Kennington pre-emergence sprays of simazine seriously
reduced the number of all four species and reduced the height of two species,
but that the post-emergence sprays had little effect except for application of
8 Ib. per acre four weeks after the pre-emergence spray. At Bramshill, the
simazine had no apparent effect on any species. These results suggest that
simazine may possibly be of use as a post-emergence spray.

(2) The Effect of Simazine on Weeds

{(a) Weeding Time. In all the experiments previously described, the time taken
to hand-weed individual plots was recorded. With one exception, the weeding
time was less where simazine had been applied than where it had not, though
the amount of the reduction varied according to the nursery and the amount
applied. Table 26 shows the average weeding times, taking together the results
of 34 experiments in Conservancy nurseries in 1960.

Table 26
Average Annual Weeding Time — 1960 Conservancy Experiments

Rate of Simazine Total Weeding Time Weeding Time as a
(Ib. per acre, 50 per cent (Minutes per square yard) Percentage of Control
wettable powder)

0 2:42 100
2 1-67 69
4 1-40 56
8 1-07 44

These results show that there was a substantial saving where simazine had
been applied even at the lowest rate, but that the higher the rate of application,
the less the time spent weeding. Although the reduction in weeding time in these
experiments is clear and substantial, it is not as great as it might have been
owing to the failure in some nurseries to remove established weeds before
spraying.

The reduction in weeding time following an application of 4 lb. simazine
(50 per cent w.p.) per acre ranged from as little as 7 per cent at Waveney, where
there were very few weeds, to 68 per cent at Fairoak, where there were numerous
annual weeds.

In terms of cash, the saving in direct cost of hand-weeding following an
application of 4 1b. simazine per acre, has ranged from 15s. per acre to £30 per
acre, with an average of £19 per acre; against this, £9 to £10 per acre has to
be set as the cost of simazine plus cost of application.

(b) Weed Species. All species of newly-germinating weeds have been killed
by simazine in these trials, death occuring after the seedlings emerged above
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ground. Annual weeds which root deeply (e.g. spurrey), or perennial weeds
(e.g. couch, creeping buttercup) which were well-established at the time of
spraying, have not been killed by simazine, though established shallow-rooting
weeds (e.g. annual meadow grass) have been checked severely or killed. There
was a suggestion in two nurseries that perennial weeds, sorrel in particular, had
benefited from the removal of competing annual weeds and were more vigorous
where simazine had been applied than where it had not.

(c) Effect of Soil Type on Weed Growth., There was no clear evidence in any
of the results that lighter soil nurseries needed less simazine for a given control
of weeds than nurseries with heavy soils. Table 27 gives the effect of 4 Ib.
simazine (50 per cent w.p.) with the two lightest soils (Waveney and Bramshill),
two of the heaviest soils (Savernake and Tair Onen), and two soils intermediate
in texture.

Table 27

Reduction in Weeding Time (per annum) in Nurseries of
Contrasting Soil Type

Percentage reduction | Actual reduction in
Weed in weeding time weeding time (minutes

Nursery Soil Type Category | following application per plot) following

(percentage coarse + (see of 4 Ib. simazine application of 4 Ib.

fine sand) footnote) | (509 w.p.) per acre | simazine (50%; w.p.)

per acre

Waveney Sand (89) 1 7 0-1
Bramshill | Loamy sand (85) 3 47 1-3
Llyn Loam (62) 5 22 0-4
Fairoak Sandy clay loam (56) 3 32 1-5
Tair Onen | Silt loam (28) 4 6 0-1
Savernake | Silt loam (18) 3 46 1-2

Weed categories: (1) Few weeds - those present almost entirely Poa annua.
(2) Moderate weed population — mostly annuals, very
few perennials.
(3) Numerous annual weeds, few perennials.
(4) Numerous perennial weeds, some annuals.
(5) Numerous annual and perennial weeds.
The table shows clearly that in these experiments, the most important factor
was the weed flora, and that soil type was relatively unimportant.

(3) Simazine Residues

Experiments were carried out in 1960, at Kennington and at Bramshill, to
test the effect of simazine residues on crops in the year following application.

In the main experiments, plots which had been sprayed with simazine in
spring 1959 at rates up to 16 1b. (50 per cent w.p.) per acre had seed of four
species, namely Scots pine, Sitka spruce, Japanese larch and Western hemlock,
sown in spring 1960 on half of each plot, and one-year-old seedlings of the same
species transplanted on to the other half.

Germination of the seed and growth of young seedlings and transplants was
quite normal on all plots. On this evidence, there is no reason to fear the effect
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of any residues on ground treated in the spring of one year with simazine at
rates of up to 16 1b. per acre, when crops are established in the following spring.

In subsidiary experiments, known quantities of simazine were cultivated into
top-soil shortly before sowing or transplanting. These experiments had been
intended to provide a yardstick against which any damage occurring in the
main experiments could be measured. Table 28 shows the least quantity of
simazine causing a reduction in numbers or height of seedlings and transplants.

Table 28
Least Quantities of Simazine Found Effective

(Least quantity of simazine (lb. 50 per cent w.p. per acre)

applied and dug into the top five inches of soil, immediately

before sowing or transplanting, which reduced numbers and

heights of conifer seedlings and transplants. Kennington and
Bramshill, 1960)

Number Height
Species Seedlings Transplants Seedlings Transplants
Ken. | Bram. Ken. Bram. Ken. Bram. Ken. Bram.
Scots pine 8 8 16 > 16 (2-4)8 @16 >16 8)16
Japanese larch 4 ®)16 4 >16 4 8 8 4 > 16
Sitka spruce 8 16 [(16)>16] >16 @4 8 16 | (8)>16((16)>16
Western hemlock 8 >16 4 >16 4) 8| >16 >16 >16
Lodgepole pine - — 8 >16 — — >16 > 16

Note: (1) Figures in brackets indicate quantities of simazine which reduced numbers or heights
appreciably, but not significantly.

These results show that there was often no damage to plants where 4 1b. of
simazine (50 per cent w.p.) is cultivated into the top five inches of soil, trans-
plants being markedly less susceptible than seedlings. Where transplants were
damaged, the maximum reduction in survival was 25 per cent, and the maximum
reduction in height was of the same order. On this evidence, if simazine newly
applied to transplants at the recommended rate (see the Addendum) did, by
accident, get incorporated in the surface layers of the soil, the crop would
certainly not be completely lost and might well escape serious damage.

Conclusions

The results of the experiments described above agree closely with the results
of other work going on at the same time (Geigy 1959, Gysin and Kniisli 1959,
Gast 1960). They lead to the conclusion that simazine is eminently suitable for
use as a weedkiller among transplants and some second-year seedbeds in forest
nurseries. The majority of the tree species commonly raised in forest nurseries
are relatively resistant to simazine, while newly-germinated seedlings of the weed
species commonly found in forest nurseries are highly susceptible. There is no
clear evidence that the rate of application of simazine should vary according
to the soil texture; this is the only point where the results obtained in Britain
differ from those obtained elsewhere. There is complete agreement that residues
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which persist from one year to the next are not likely to damage seedlings or
transplants raised in the year following treatment.

Full recommendations for the use of simazine as a weedkiller in forest nur-
series are given below.

Recommendations for the Use of Simazine in Forest Nurseries

(1) Rate of Application

4 1b. simazine (50 per cent wettable powder) in 60 to 100 gallons water
per acre.

(2) Time of Application
(a) March - May (- August, but see 7(c) below). It can be used imme-
diately after transplanting.
(b) Simazine must be applied when the ground is free of weeds. Established
deep-rooting weeds will not be affected by simazine.

(3) Method of Application

(a) Apply as an inter-row spray where possible. (While there is no risk of sim-
azine causing scorch of foliage, every effort should be made to apply it to
the soil, rather than waste it on foliage. There is no objection to the spray
striking the bottom of the stems of transplants.)

(b) When spraying, take care to avoid overlap (i.e. double dosage), especially
if this is likely to occur near the stems of plants.

(c) Itis most important to keep the contents of the spray tank continuously
moving. Simazine does not dissolve in water and is sprayed as a suspen-
sion. It will settle to the bottom of the tank if not kept moving. For this
reason:

(i) Make up the simazine/water spray mixture as near as possible to
the time it is to be used.

(i1)) Ensure that the spray mixture is kept constantly agitated. Many
makes of tractor-mounted sprayer have a recirculating device which
keeps the contents of the spray tank agitated.

(iii) Clean out the sprayer thoroughly immediately after use. On no
account leave a sprayer containing any simazine/water mixture
standing for any length of time.

(4) Species

(a) The following species may be sprayed: Norway and Sitka spruce, Scots,
Corsican and Lodgepole pine, Douglas fir, Lawson cypress, Western red
cedar, Western hemlock, Hybrid and Japanese larch, Abies procera
(nobilis) and Abies grandis, oak, beech and Sweet chestnut.

(b) The following species should not be sprayed: poplars, ash, European
larch, Picea omorika, conifer and hardwood species not mentioned
above. Poplars and ash are definitely susceptible to damage. Recommen-
dations with regard to the others may be changed after further experi-
ment.
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(5) Age of Plants

(a) For species in 4(a) above, transplants of all ages may be sprayed (sub-
ject to the preceding paragraph).

(b) Second-year seedbeds, whether under-cut or not, may also be sprayed,
as long as plants are more than 2 inches high.

{c) Newly-sown seedbeds must not be sprayed.

(6) Precautions

Care should be taken not to get simazine on to the skin as it may occasion-
ally cause irritation. Rubber gloves should be worn when weighing out and
mixing simazine; any splashing on to arms, face or clothing should be washed
off quickly. Simazine is not poisonous.

(7) Notes

(a) Once simazine has been applied to the soil surface, no hoeing or culti-
vation should take place until it is quite clear from the growth of the
weeds that much of the simazine has disappeared. Individual established
weeds, overlooked at the time of spraying, should be removed by hand,
taking care to disturb the soil as little as possible.

(b) The presence of numerous young healthy weeds indicates that most of
the simazine has disappeared. A second application may generally be
applied up to the end of August (but see 7(c) below).

(c) Applications of simazine in March to May can be expected to have dis-
appeared by August/September, so that should plants have to be re-
lined-out on that ground in the autumn, there is no need to fear residues.
Applications of simazine in the summer (June to August) should only
be made on ground which will not have a new crop lined-out before
the late winter or early spring following.

(d) Simazine can also be used to control weeds on paths and waste land.
In this case it should be applied at 10 to 15 Ib. (50 per cent wettable
powder) per acre.

(e) Simazine may clog filters on certain makes of tractor-mounted spray
boom. Where this occurs, the filters should be removed.
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WESTONBIRT ARBORETUM
By R. F. WOOD

Westonbirt has been briefly mentioned in previous progress reports. This
famous arboretum came into the hand of the Forestry Commission in 1956,
and has since been maintained by the Research Branch. It is comprised of two
quite separate parts, the arboretum proper of 116 acres, and some 45 acres
developed on arboretum lines, in a nearby wood, known as Silkwood, which
is 370 acres in extent and forms part of Bradon Forest. The two areas are quite
distinct in the manner in which they have been developed.

Westonbirt lies just inside Gloucestershire (part of Silkwood is in Wiltshire),
about four miles south-west of Tetbury. The annual rainfall is approximately 35
inches. It is in typical Cotswold country of rather low relief, the arboretum
itself being practically level, but separated from Silkwood by a shallow dry
valley. The two areas range between 400 and 480 feet above sea level. Weston-
birt has, on the whole, a favourable climate. It is near enough to the Severn
estuary to receive some maritime influence, and as there is not much higher
land in the vicinity, the local frost factor is not excessive. It does not, of course,
compare with coastal Devon or Cornwall as regards the length of the growing
season or freedom from frost, but is certainly a less restrictive environment than
that occupied by the National Pinetum at Bedgebury in Kent.

The arboretum and Silkwood lie on the Jurassic Acton Turville beds, a rather
impure limestone which is usually much fractured and fissured at the surface.
The soils are rather variable. In the northern half of the arboretum, they are
clay-loams of no great depth. Where shallowest, the much-fissured limestone is
found at 12 inches from the surface. Soil reaction here is naturally high, in the
range pH 6 to 8. Soils increase in depth to the south-west, however, and about
the centre of the arboretum clay loams are found some two to three feet deep,
with distinctly acid reactions in the top foot. These soils are retentive, and may
even exhibit some drainage impedance. They are easily puddled by injudicious
treatment in winter. The western third of the arboretum has soils of a very
different character, deep, moderately acid (pH 4 to 5), well-drained sandy loams.
These may have been derived from a local bed of sandy and easily decalcified
limestone. They are so distinct from surrounding soils, and arboriculturally so
much more desirable, that it is perhaps not surprising that a local legend recalls
that they were specially transported to the site by the founder of the arboretum.
The soils in Silkwood are generally not dissimilar to those in the centre of the
arboretum. Much of this wood, however, has clay loams which are both deeper
and heavier, and in spite of the permeability of the underlying formation, there
is even some local gleying. Towards the shallow valley separating Silkwood from
the arboretum, the limestone nearly outcrops at the surface. In a narrow belt
to the south of Silkwood, rather lighter soils are found which may be related in
origin to the sandy loams of the arboretum. Soils at Westonbirt have not serious-
Iy restricted the development of a very varied arboretum, but the most important
plantations are confined to the deeper soils. They are everywhere of adequate
fertility. There is no doubt that the deep acid loams of the arboretum provide
the best conditions for subjects sensitive to physical conditions, and also for
those intolerant of much free lime in the root-run.

The arboretum was founded by Robert Stayner Holford in 1829, who no
doubt planted it as an integral part of the lay-out of his grounds. This is easily
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seen by the alignment of some of the major rides. The arboretum was sited on
agricultural land, not on the site of existing woodland, as none appears here on
the contemporary survey maps. The later developments in Silkwood, on the
other hand, were carried out in a matrix of old woodland, a typical tract of oak
standards with hazel coppice. Robert Stayner Holford lived till 1892, and must
be credited with the whole plan of the arboretum and the planting of all the
very large trees which today form an invaluable foil and background to the
collections. The oldest trees in the arboretum are oaks and Scots pines, some
of these having reached very impressive dimensions in 130 years. It appears
that the first plantings took place at the western end of the arboretum, on the
best soils, and it seems probable that a rather open woodland of big timber
with an underwood of yew, laurel, and Rhododendron ponticurn may have been
the first aim. Robert Holford was, however, one of the nineteenth-century
planters who were greatly attracted by the north-west American conifers being
introduced to the country during his lifetime, and he made an excellent collec-
tion of these, and sited them very skilfully, both as single trees and as groups
of a dozen or so. The now extremely large specimens of Douglas fir, wellingtonia
and Californian redwood are a feature of Westonbirt. A wellingtonia in the
grounds of the school is said by Jackson (1927) to be one of the first planted in
the country, but generally speaking the conifers in the arboretum do not rep-
resent the first introductions of the species. Robert Holford also planted conifers
and broadleaved trees from many other parts of the world, and though at first
sight the arboretum gives the impression of being predominantly broadleaved,
there is in fact an extremely comprehensive collection of conifers, a fair number
of which are amongst the biggest specimens of their kind in the country. He had
undoubtedly an excellent sense of scale. Many of his rides now appear to be
perfect in size with respect to the mature trees beside them.

Robert Holford was succeeded by his son, Sir George Holford, in 1892. Sir
George must have multiplied the number of species in the arboretum several
times over during his tenure of Westonbirt. His was a period of important
botanical exploration in the East, and the Westonbirt collection greatly benefited
from his support of expeditions. The rhododendron collection is mainly due
to Sir George Holford, and more important, the extensive and imaginative
plantings of autumn colouring trees and shrubs which are perhaps the most
notable feature of Westonbirt. The Acer collection is perhaps the best and most
comprehensive in Europe, and the use of the Japanese species and varieties forms
the core of the autumn colour display. But many less well-known trees have been
planted for colour, such as Cercidiphyllum, Parrotta, and Stewartia, the use
of which must have had a considerable influence on arboriculture in Britain.
Much attention has also been paid to coloured fruits in trees and shrubs, and
also to bark colour. Great ingenuity has been displayed in grouping the smaller
subjects against the background of the larger trees. Sir George Holford died in
1926, and his nephew, the fourih Earl of Morley, succeeded to the estate. The
third in this series of gifted arboriculturists, Lord Morley continued to plant
and diversify the collections, ably assisted by his curator, Mr. W. J. Mitchell.

When Lord Morley died in 1951, Westonbirt Arboretum had a history of
over 130 years of sustained endeavour, and equally important, of personal
skilled attention. The Second World War brought grave burdens to the estate,
and there is no doubt that the arboretum declined somewhat, largely due to
shortage of labour. It also suffered from the very success of the planters, who
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provided an embarrassment of riches, and often (not surprisingly) lacked the
necessary ruthlessness to choose between them. The arboretum and Silkwood,
together with 117 acres of parkland, were acquired from the fifth Earl of
Morley in 1956.

The Commission, on taking over Westonbirt, appointed an Advisory Com-
mittee of distinguished arboriculturists and botanists, the Chairman being the
Hon. Lewis Palmer, Treasurer of the Royal Horticultural Society. A Research
Forester (Mr. E. Leyshon) and an assistant Forester provide the local super-
vision, and it has been possible to recruit a fairly adequate labour strength,
including some of the experienced men employed under the previous manage-
ment. On taking over the management of the arboretum, the most immediate
tasks confronting us have been the following: bringing back the rides and
avenues to respectable condition, suitable for regular machine maintenance;
salvage operations throughout the arboretum and Silkwood, to free valuable
subjects from intrusive growth of natural regeneration or less worthy trees and
shrubs; the provision of adequate propagation facilities and nursery space; the
mapping and cataloguing of the collection; and the provision of further planting
space for new or under-represented subjects by clearing some of the over-
grown thickets of common material such as cherry-laurel, Rhododendron
ponticum, and yew, much of which has spread greatly since it was originally
planted as background material. The latter has also required the felling of some
heavy timber, where the canopy has been too dense.

The first two tasks require little comment, being reasonably straightforward
operations. The rides and much of the ground cover are now in a condition
which permits economical maintenance by the appopriate machines. It has been
found important to make as much use as possible of machines which will cut
herbage efficiently without the need for any raking up afterwards; for example,
gangmowers for the main rides, and horizontal rotating-knife types for the
herbage between trees and shrubs. Old hardwood stumps present something of
a problem, since it is not always convenient to blast, and other methods of
extraction are costly, and much damage is done getting the stumps off the
ground.

Concerning the provision of propagation and nursery facilities, the position
is now very satisfactory. Lord Morley maintained a number of small temporary
nurseries scattered about the arboretum, which also served as trial grounds.
During the period of acute labour shortage, a number of these became seriously
congested and overgrown. Much effort has been required to salvage the best
material in these nurseries, a good deal of which had lost its labels, and we have
been greatly assisted by members of the Committee in deciding what were the
most profitable things to keep. Inevitably there have been losses from crowding
and suppression. A new nursery of about half an acre has been prepared close
to the offices, and the largest of Lord Morley’s nurseries has been cleared out
and used to bring in plants from some of the scattered ones. In some of these,
large stocks have been root-pruned to make them fit for planting in the near
future.

Three sizeable glasshouses were available near the offices. As these were in
poorish condition, one was demolished to provide material to bring the other
two into good repair. The smaller of these has been converted for propagation,
and ‘mist’ frames installed, with thermostatically controlled soil-heating. Soft
water is available from the very large underground tanks storing rainwater from
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the roofs. The larger house has been fitted with heated plunge beds for grafting
work, and is used by the Genetics Section for the production of plants for seed
orchards and tree banks. A range of cold frames and plunge pits is being pro-
vided for the hardening-off of material vegetatively propagated in the ‘mist’
frames.

Much progress has been made on mapping and cataloguing, but at the time
of writing the work is still not complete. Westonbirt was one of the several
arboreta catalogued by Bruce Jackson, this particular catalogue being published
in 1927. An interleaved edition of the catalogue with very detailed lists of
subsequent plantings was kindly made available to us, and has been invaluable.
Unfortunately, neither Jackson’s original catalogue nor Mitchell’s subsequent
planting records were specific enough about the planting site for us to run down
the specimen in all cases. Also, a large number of labels had been lost, especially
the lead ones, which were often gnawed to illegibility by squirrels. Mr. W. J.
Mitchell, now living in retirement nearby, has been most kind in giving us the
benefit of his encyclopaedic knowledge of the arboretum. The number of entries
in the catalogue and subsequent planting lists totalled over 5,000 items. These
entries were transferred to individual cards, which were sorted by locality of
planting as far as possible. The arboretum was divided up into a number of
sections, and outline maps prepared for each section to the scale of 40 feet to
the inch. Each section was then surveyed systematically, all specimens being
marked with a number on the plan and entered in a field book. At this stage
temporary labels were affixed wherever the identity of the specimen was reason-
ably certain. Wherever possible, specimens were connected with the original
record, as this gave the date of planting and sometimes the source of the plant.
It has not yet been decided what form the new catalogue should take, but it
seems probable that the local record should be a card index. Much permanent
labelling, using an engraved plastic medium, has now been done. Doubtful
material has been sent to Kew for identification, or the assistance of visiting
botanists obtained on the spot.

The remaining item, the provision of further planting space, has absorbed a
great deal of the attention of the Advisory Committee. Certain parts of the
arboretum had an almost continuous canopy of sizeable oak, under which
masses of yew, cherry laurel, and rhododendron formed an almost impenetrable
thicket, interspersed with valuable specimens, many of which were almost
impossible to see. The work carried out so far has greatly lightened the over-
wood to produce the effect of open glades, and yew, laurel, etc., has only been
kept where necessary for side shelter on the boundaries, or, where desirable, to
provide backgrounds. Felling large timber in an arboretum as crowded as
Westonbirt has not been an easy operation, but it has been managed so far
with little damage, and the scars of extraction have healed rapidly.

The policy for future planting at Westonbirt has been the subject of much
discussion. While representation cannot be considered in detail till the catalogue
is completed, several broad decisions of policy have already been taken. The
collection will be maintained, and where possible extended. It is not thought
practicable to aim at a comprehensive collection over a very wide field, but it
is felt that Westonbirt might well attempt to be comprehensive in a few large
genera as well as some small ones. Quercus and Acer have been suggested, in
both of which Westonbirt has already very good collections. It has also been
decided that Westonbirt should complement the National Pinetum at Bedgebury
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by representing species of conifers which have not proved successful there. The
more fertile soils and lesser frost hazard at Westonbirt should extend the range
materially. An area of suitable soil in Silkwood, which already has the nucleus
of a conifer collection established on it, has been set aside for this purpose.
Silkwood is of considerable extent, and it has not yet been decided how much
of it should be kept in reserve for extensions to the arboretum.

The ageing of an arboretum as complex and fully stocked as Westonbirt
brings many problems. Many of the finest specimen trees are 100 years old or
more, and a number of species are clearly declining. This is most noticeable at
present amongst the silver firs (A4bies). Obviously the policy must be to have
younger trees on the ground to take over, but it is plainly going to be difficult,
if not impossible, to maintain some of the most attractive groupings by pro-
viding a succession of younger trees, simply because there is now not room
for potentially large trees to develop without grievous sacrifices. To maintain
the collections is one thing, but to maintain the existing aesthetic effect is
quite another. Certain of the most successful arrangements at Westonbirt can-
not be maintained indefinitely, and can only be reproduced by starting afresh
elsewhere. There should be two different sorts of rotation carried on in such an
arboretum, one concerned with the progressive replacement of ageing trees and
shrubs throughout the arboretum, the other involving more drastic replanning
of whole sections. For this it is essential to have adequate reserves of land.

Westonbirt is becoming increasingly popular with the public, and it has been
necessary to provide parking facilities for up to 800 cars. A leaflet guide (Forestry
Commission 1961) has been printed, but it will be desirable to publish a more
adequate description of the arboretum in the near future.
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THE PROTECTION OF REPLANTED GROUPS
WITHIN CONIFEROUS FOREST
AGAINST ROE DEER
By G. G. STEWART and S. A. NEUSTEIN

The roe deer, Capreolus capreolus L., which is native to Great Britain, for
preference inhabits thickets, scattered woodlands and the outskirts of large
forests. It damages young trees in two ways — by browsing the shoots, and by
fraying the stems. The latter form of damage usually occurs on a small scale
and though it is conspicuous, it is of little importance; it is caused when the
bucks are cleaning their antlers, or demarcating their territories. However, brow-
sing damage can be very serious, and may prevent the establishment of planted
groups within standing crops. Normal deer fencing will exclude deer from these
areas, but is very expensive. Consequently, cheaper means of excluding deer from
small areas under regeneration within standing crops, are required. In 1958, a
series of trials was begun with this object, and this paper summarises the results.
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Sites

The first experiment was at Grizedale Forest, Lancashire, and was laid down
by the Conservator for North West England with assistance from Research
Branch. Three other experiments were established the following year (1959) -
at the Forest of Ae, Dumfries-shire; Newcastleton, Roxburghshire; and Port-
clair, Inverness-shire. In all cases, deer were known to frequent the selected
areas. A description of the sites is given in Table 29.

Table 29
Description of Experimental Sites

Forest Grizedale Ae Newcastleton Portclair
Elevation 700 900 1,200 150
(feet)

Vegetation Coarse and soft grasses, Patches of Only small None
with some rushes coarse grasses| patches of
and bracken and rushes rushes

Soil Clay loam Peaty gley Peaty gley Sandy loam

Area Felled area of about 2% Area of about | Two areas of | Area of about
acres two acres, one acre each | three acres,

windblown windblown windblown

in 1956-58 in 1956-58 in 1957

Surrounding | Sitka spruce 33 years Sitka spruce Sitka spruce Douglas fir
crop Sitka spruce/Japanese larch | 30 years 30 years 31 years
18 years;

European larch/Japanese
larch 18 years;

Scattered individuals ol
Scots pine and European
larch 36 years, in gap in
which replanting was done

Species Norway spruce and Western Lodgepole pine and Sitka spruce
replanted hemlock (alternate plants) (alternate plants)
Size of plants Not recorded 3to 10 inches| 4to9inches| 6 to 12 inches

Protection Methods
The methods used in the experiments were based on the assumption that deer
dislike going where it is difficult for them to walk; and if an area were made
sufficiently unpleasant to walk into or through, young trees planted in that
area would not be damaged. In the trial at Grizedale the experimental treatments
were as follows:
(1) Individual plants protected by branches placed over them forming a
tangled layer.
(2) Groups of 300 plants protected by a barrier of branches laid around the
perimeter of the group to form a band of branches about 10 feet wide.
The main axis of each branch was placed in line with the boundary of
the group protected, so that to enter the group, deer had to walk over
the branches and not between them.
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(3) Unprotected control.

In 1959 the same treatments were used at Ae, Newcastleton and Portclair,
with the addition of one further treatment, viz.:

(4) Groups of plants protected with old wire-netting laid on the ground to

form a strip 10 feet wide around the edge of the group.

There were slight variations between treatments in the different forests. At
Grizedale, the branches (freshly-cut Norway spruce) were laid in spring, but
later it was thought that the layers were too thin and they were increased in the
summer (with fresh Sitka spruce brash) to make the layers three to four feet
high. This was done in both Treatments (1) and (2), which are regarded as
extreme treatments. At the other three sites, the protection treatments of bran-
ches round the perimeter were constructed mainly of Sitka spruce lop-and-top
and the layer was about 18 inches thick. The material was approximately two
years old.

At Newcastleton, in the treatment designed to protect individual plants
(Treatment (1)), alternate rows were protected with from six to nine branches
placed with butts in the ground round each plant to form protecting ‘wigwams’.

At Ae and Portclair, the wire-netting in Treatment (3) was placed loosely on
the ground, but in places stumps and branches helped to raise it to 12 inches.
At Newcastleton, the netting was stretched tight over stumps and pegged down
at the edges. This method made walking across the netting, which was about
six inches above the ground, much more difficult.

Two species were planted in each trial; at Grizedale, Norway spruce and
Western hemlock were used, and at the other three sites, Lodgepole pine and
Sitka spruce were planted. It was believed that Lodgepole pine would be
attractive to deer and Sitka spruce unattractive.

Because of the small size of the available sites, treatment replication was
impossible, except at Grizedale, where the three treatments were laid down in
the form of a Latin square with 10 to 20 feet wide strips between treatments.
At Ae and Portclair all treatments were in one area, but at Newcastleton two
treatments were in one area and two in a second area in the vicinity. The number
of plants used in each treatment varied between forests, but was never less than
100 (50 of each species). In all experiments it was assumed that all parts of the
area were equally attractive to deer. It is appreciated, however, that the shape
of the replanted area in relation to surrounding shelter, wind, compass direction
and possible thinning operations may have been of importance.

Assessments

Assessments of damaged and undamaged plants were made in the autumn
after planting (1958 or 1959), and were repeated periodically until May 1960.
It was considered that degree of damage was a matter of chance - the essential
point being whether or not a deer visited the tree. (Deaths from natural causes
were excluded.)

Table 30 gives the percentage damage for the various protection methods
and species used.

Discussion

Relative Effectiveness of Protection Measures. Comparison of damage between
forests depends on the local deer population, disturbance due to timber opera-
tions, etc., and these factors have not been assessed. It is seen, however, that
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Table 30
Roe Deer Damage on Trees Protected by Different Methods (May 1960)

Forest Grizedale Forest of Ae | Newcastleton Portclair
Lodge- Lodge- Lodge-
Species Norway | Hem- | Sitka | pole | Sitka | pole | Sitka | pole

spruce | lock |spruce| pine |spruce| pine |spruce| pine

No. of protected plants

per treatment 150 150 50 50 120 120 145 145
Treatment Percentage of Damaged Plants
Unprotected control 92 87 54 78 56 81 45 63
Brash round individuals| 95 74 42 62 13 24 54 73
Brash round groups 85 83 39 38 21 90 46 74

Wire-netting round
groups — — 55 94 17 24 21 53

No. of years after plant-
ing and protection 2 1 1 1

total damage over two years at Grizedale is roughly twice that for the one-year
period at the other forests. Even the most successful treatments allowed approxi-
mately 20 per cent of the trees to be damaged in one year, and without removal
of brash, it can be assumed that damage in subsequent years will be at least as
great and possibly much greater, since it was noted at Grizedale that the effec-
tiveness of the brash deteriorated after one season.

The concentration of various treatments in a small area might have had the
effect of herding deer into the least protected area. This would tend to accentuate
the differences between treatments but there is nothing in the results to support
this.

No treatment gave consistent effective protection. Only at Newcastleton did
the unprotected control (in Sitka spruce) suffer more damage than any of the
other treatments.

Costs. These were not recorded separately for each protection method, but
taking all treatments together, they were considerably less than for a standard
deer fence for the small areas concerned. At Grizedale, where brash had to be
transported to the site, costs were almost 10 times as high as where brash was
readily available. For larger areas the costs of standard fencing will decrease
with increasing extent, whereas the need to transport additional brash from a
distance will increase the cost of this form of protection.

Incidental Difficulties. The ‘complete cover of brash’ constituted a major
obstacle to weeding, and if this was delayed led to rotting of the plants under
their roof of brash and grass.

Season of Greatest Damage. Damage was first noted in mid-August at New-
castleton and in October at the other forests, although deer were recorded as
traversing the area and grazing the heavy grass sward within the plots in sum-
mer 1958 at Grizedale even where the brash was three to four feet thick and
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eight to 10 feet wide. Damage reached a peak in January and February and
ceased generally in spring.

Palatability of Different Species. After one year, Sitka spruce was less scverely
attacked than Lodgepole pine, at the three forests where these species were
planted. This confirms the original assumption that Sitka spruce is less attrac-
tive to roe deer. At Grizedale, where Norway Spruce and Western hemlock
were planted, both species were equally damaged after two years.

Conclusions. In spite of the limitations of these experiments, it can reasonably
be concluded that none of the treatments has given effective protection against
roe deer. It is not intended to pursue protective measures of this type, but
alternative cheap forms of fencing (nylon and polythene netting and electric
fencing) are now being investigated (see Part I, page 37).
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FECUNDITY OF THE PINE LOOPER MOTH,
BUPALUS PINIARIUS
By D. BEVAN and A. PARAMONOYV

The results of an investigation into the relationship between the fecundity of
female Bupalus piniarius L., and the pupae from which they emerged, appeared
in the Report on Forest Research, 1957 (Bevan and Paramonov 1957). Since
that time weights of pupae collected during the routine annual surveys have
frequently been greater than those in the range there published, and it would
seem to be of practical value to make more widely known an extension of this
relationship to include pupae of weights up to 0-26 grams.

The pupae used in this experiment were all derived from larvae bred in the
laboratory during 1956, and, although the topmost weight for which data was
obtained is in excess of anything so far found in the field, individuals weighing
more than 0-2 grams are not rare in British pine forests.

Method

"The technique and conduct of this experiment, and the apparatus used, were
the same as described in the previous article, apart from the fact that the pupae
were not, on this occasion, separated into weight classes, but were bred indi-
vidually; it was hoped by this modification to avoid any chance of fungal or
bacterial infection of a single pupa spoiling a whole weight-class.

Results

The data for Probable Fecundity from this extension experiment is displayed
graphically in Figure 10, together with that from the earlier published paper.
A total of 220 females were used, 132 in the former and 88 in the latter experi-
ment. Probable Fecundity was before defined as: That quantity obtained by
adding the number of eggs laid in the experiment to the number of fully-formed
eggs left in the ovary. This measure has been chosen as it is considered by the
authors to lie most closely to the true egg-laying potential of the field female.
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For Figure 10: Relationship between Fecundity of Females of the Pine Looper
Moth, Bupalus piniarius, and their pupal weights.

Also for Figure 11: Distribution of Compartments with High and Low Pupal
Numbers of Bupalus piniarius, Cannock Chase Forest, 1960.

See Oversize Diagrams at end of Text.
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Discassion

Following the suggestion made concerning the earlier data, it was decided to
test the hypothesis of the relationship of Probable Fecundity to pupal weight,
n = kw™ (where n = number of eggs, k and m are constants, w = weight in
milligrams). It was found that although this accounted for 438 per cent of the
variability in possible fecundity, a linear relationship would account for 63-2
per cent. The linear function thus not only gave the better fit but is a simpler
expression and has, therefore, been adopted in the form F = —42-34 + 1330 W
(where F = probable fecundity, W = weight in grams).

The regression line approximates closely in slope to that published recently
by Oldiges (1959), but gives a constant value for egg production, some 10 eggs
more for a corresponding weight, Oldiges’ ‘line’, however, is an almost perfect
fit to that obtained for the quantity previously defined as Experimental Fecun-
dity (Bevan and Paramonov 1957).
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THE PINE LOOPER MOTH,
BUPALUS PINIARIUS, AT CANNOCK CHASE
IN 1960
By J. M. DAVIES

In the annual pupal survey 1960, the population density in one forest, namely
Cannock Chase in Staffordshire, showed a marked increase over previous years’
counts. An extension of the normal survey confirmed the increase in widely
separated compartments of this forest. Since pupal counts can only provide a
warning, as instanced in the population collapse of both Rendlesham and
Sherwood 1V forests (Bevan and Brown 1960), it was obvious that a more
detailed investigation would have to be carried out at Cannock. The techniques
applied were those that had been developed over the years, both at the perman-
ent experimental plot at Thetford, and where threatening infestations had
occurred in other forests, e.g. Tentsmuir 1957, At Cannock in 1960 the popula-
tion did not collapse, but was reduced to such a level that defoliation was no
longer a danger, or control a necessity. The following article records the infor-
mation gathered, and attempts to explain the part played by one parasite,
Cratichneumon nigritarius.

Cannock Chase Forest lies in an area where the annual rainfall is about 28
inches, and the soil is derived from thin local drifts, especially material from
the Bunter sandstone and pebble beds. In the main, the crop is Quality Class
IT and III Scots and Corsican pine, from 20 to 40 years old.

In 1954 the Bupalus population reached infestation proportions and some
2,500 acres were sprayed with D.D.T. Since this operation, there has been a
slow increase in the pupal numbers. Table 31 presents a general picture based
on forest figures from 1954 to 1960. Examination of this data, in terms of
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laboratory sorted and sexed pupae for the last two years, showed that in 1959
the average number of pupae per square yard was 1-61 + 0-10. At this stage
in the life history of the moth, 103 per cent were parasitised by the Ichneumon
fly, C. nigritarius. As 38-5 per cent were males, the estimated population of
healthy females was therefore 0-89 + 0-07 per square yard. In 1960, the average
number of Bupalus pupae was 7-64 + 0-16. Of these, 22-6 per cent were para-
sitised, and 46-4 per cent were males. Hence the estimated population of healthy
females was 3-35 <+ 0-10 per square yard. The extension survey, carried out
later in 1960, gave an average number of pupae of 16:2 + 0-8. There was an
11-6 per cent parasitism, with 46-5 per cent males. The estimated number of
healthy females was 8:0 + 0-6 per square yard.

Table 31
Pupae per Square Yard by Compartments, at Cannock Chase
Compartment No. of Compartments in Class
Means
Pupae/sq. yd. 1954 1955 1956 1957 1958 1959 1960 1961
0-0-09 34 100 32 31 34 13 4 2
1-0-1-9 7 6 3 4 2 1t 13 7
2:0-2-9 8 — — — — 4 39 5
3-:0-3-9 12 — — 1 — 5 6 6
4-0-4-9 6 — — — — — 7 8
5:0-5-9 7 — — — — 2 3 3
6:0~6-9 1 — — — — 1 4 3
7-0-7-9 5 — — — — — 1 1
8-0-8-9 i — — — — — 5 2
9-0-9-9 4 — — — — — 6 2
10-19 12 — — — — — 7 13
20-29 4 — — — — — 5 3
30-139 6 — — — — — 2 _
40 - 99 15 — — — — — — —
100 - 299 7 — — — — — — -
Forest average | 35-48 0-17 0-29 0-37 0-25 1-61 7-64 7-13

In May 1960 the material from 100 quarter square-yard pupal plots in L5
was carefully examined. The results are summarised in Table 32.

Table 32
Healthy and Parasitised Pupae

Pupae
Healthy Parasitised Total
Males. . . . . 465 114 579
Females . . . . 419 100 519
Total. . . . . 884 214 1,098
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There was, as might be expected, considerable variability in the number of
pupae per square yard found in different compartments, ranging from none to
33-2. The distribution of compartments with high and low pupal numbers is
indicated in the map, Figure 11. There is a suggestion that the high populations
are concentrated at certain points in the forest, particularly in the northern
block around compartments L5, L7 and L10 (black), where there were 33-2,
30-0 and 26-4 pupae per square yard respectively. Of these, L5, the compart-
ment containing the highest number of pupae during the forest survey, was
selected for more detailed study.

The average number of pupae per square yard was 43-92 4 0-03. Of these,
19-4 per cent were parasitised, and 19-6 per cent males. This gave the number
of healthy females as 16-76 - 0-012 per square yard. The mean weight of the
female pupae was 0-124 milligrams. Hence, with an expected fecundity of 122
eggs per individual, and assuming successful adult hatch, it was quite evident
that infestation proportion could be reached with subsequent severe defoliation
at the larval stage.

It was obvious that adult and parasite hatch must be checked. In order to do
this, 100 (0- 1245 square yard) emergence traps were laid down throughout the
study plot (L5). Due to lack of time and available staff, this was not completed
until after the commencement of adult hatch of male C. nigritarius. Daily
collections were made from May until November. Every two days the traps
were moved a standard distance, to ensure that the second generation of para-
sites were traced.

Figure 12 indicates the host and parasite numbers over the whole period of
emergence and collection.

The main point of interest here is the continued appearance of parasite
adults after the initial peak emergence of the overwintering population. In the
past it was known that C. nigritarius laid its eggs during the autumn in the
Bupalus pupae. The following year, during April, May, June, depending on the
season, this generation emerged. However, at this point, the parasite apparently
disappeare¢ from view until again, in September, October, November, para-
sitised pupac were found. C. nigritarius is not specific to Bupalus, but the avail-
ability of an alternative host in any field area has never offered a solution to
this gap in the insect’s life history. The hypothesis of repeated parasitism in the
later-hatching pupae of the same season had been, in the past, impossible to
verify at the then very low host population levels. However, laboratory experi-
ments carried out in previous years, and field data obtained during the Rendle-
sham Forest infestation of 1959 have supported this idea. At Cannock Forest
in 1960, pupae collected towards the end of July, through August and September,
were almost all parasitised, with the last larval stage, or developing pupae of
C. nigritarius, present. On these occasions, adults were also observed in flight,
except for one period towards the end of June till the third week in July.

Trap emergence for host and parasite are recorded in the following Tables
32, 33, 34, Table 33 represents the total possible emergence of the winter
generation, while Table 34 summarises the second generation of parasites that
had developed in the later-hatching Bupalus pupae.

At the completion of adult Bupalus hatch only 9-9 + 0-4 per square yard
of the expected 43-92 + 0-03 had successfully emerged, whilst 13-85 + 0-5
parasites had appeared by July 10th. Thereafter, the number per square yard
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FiG. 12.—Emergences of Pine Looper Moth, Bupalus piniarius, and its parasite Cratichneumon
nigritarius, at Cannock Chase Forest in 1960.
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Table 32
Bupalus piniarius Adult Emergence

No. recorded per sq. yd.

Total emergence . . 123 9-90+0-4

Males . . . . . 55 4-4240-3

Females . . . . 68 5-424-0-3
Table 33

Cratichneumon nigritarius Adult Emergence Before July 10th

No. recorded per sq. yd.

Male . . . . . 52 4-2240-3

Female. L. 120 9-64--0-4

Total . . . . . 172 13-8540-5
Table 34

Cratichneumon nigritarius Emergence After July 10th

No. recorded per sq. yd.

Male . . . . . 57 4-62+0-3
Female. . . . . 270 21-70-+0-7
Total e 327 26-20+0-7

of parasites was 26-2 - 0-7. This suggested that the major portion of the
potential number of host adults (43-92) had been destroyed by this parasite.

Subsequent egg sampling in L5 gave a mean number of eggs per tree of
2,469, a figure below that set as the critical infestation level. The effect of egg
parasitism was negligible, since it only amounted to about one per cent. [t was
at this stage that control measures were confirimed as being unnecessary.

However, the study of this population continued and the wastage durning
the larval stage is illustrated in Table 35 below. The figures represent the results
from 50 head-capsule collecting-funnels. In addition, periodic larval collections
confirmed the examination of winter pupal and cocoon material in that the
larval parasite, Cammpoplex oxyacanthae, was not present in this part of the
forest, nor was it observed in the foliage during adult flight.

Prior to Bupalus larval drop and pupation, 100 (0-1245 square yard) trays
were put down in the compartment, and each day throughout September,
October and November, the number of larvae was counted.

At this time the parasite C. oxyacanthae leaves the host larvae to spin its
cocoon and overwinter in the soil. Breeding and dissection of this tray material
gave no evidence of the presence of this parasite; hence in this study C. oxya-
canthae was not an important factor in larval mortality. The results from these
larval drop trays gave a figure of 22-8 possible pupae per square yard for the
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Table 35
Head-Capsule Data
Cannock 1960 — Compartment L5

Head-Capsules Larvae Prepupac Pupae
Week No. of
Ending Collections Instars Instars Instars
Received I |1V VI]IV|V [VI|IV]|V |VI|[IV]YV

8.7.60 48 6l —|—l—|—=|=|=|=|=|=|=|=[=
29.7.60 50 17— —|—|=|=|=|=|=|=|=|=|=
12.8.60 46 2 6/—| —|=|=|=|=|=|=|=|=]—=
8.9.60 50 405(367| 69| 6| —|—|—|—=|—=|=|=|—]|—
4.10.60 50 si88(317(223| B 1| 6|1 |—|—|=]—=]1
2.11.60 50 — | — 16104 s|sl10]—|1]26 1|5
10.11.60 47 — =1 2| 2| 2| =[5 1}2]27|2 1
30.11.60 49 — == 1|=]=|=|1|=] 9 — | =

525(4611404(336| 80| 6 |31 | 3 |3 62| 2] 1|7

1961 population, while those collected incidentally from the funnel traps during
fourth, fifth, and sixth instars, etc., gave an additional probable pupal average
of 16-37 per square yard (Table 35).

In late November 1960, when pupation would have been completed, another
100 quarter square-yard pupal plots were examined in the study area. These
produced a mean of 17-0 pupae per square yard with 9-9 per cent parasitism.
At this time the annual survey was also carried out in the forest, and it appears
from these figures that the overall distribution has altered, so that the centre
of high population in the northern block has shifted and spread to other
compartments.

Discussion

One feature of general interest emerged from this investigation, that of the
complexity of factors that must influence the host, C. nigritarius played a part
in controlling the potential infestation at Cannock Chase in 1960. It was sus-
pected that the success and relative abundance of this parasite was not solely
due to availability of host numbers, but also to favourable effect of high atmos-
pheric humidity on survival rate.

Summary

(1) Adult Bupalus piniarius emergence amounted to only one quarter of those
expected from the results of the winter pupal survey.

(2) Comparison of parasite spring and summer emergence with host emergence
suggests that Cratichneumon nigritarius played an important part in the
control of B. piniarius.

(3) Subsequent egg and larval sampling, together with field observations of
foliage damage, indicated that the threat had been largely reduced, and
control measures were therefore unnecessary.

(4) Pupal counts in November 1960 indicated that the population had been
reduced from the threatening level in the previous spri