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Preface

Natural regeneration holds a special fascination yet in
formal forest management, aside from some medieval
systems, it has never featured strongly in Britain.
Impressive broadleaved forests in France and Ger-
many, based on natural regeneration silviculture, have
made British foresters sometimes desire to emulate
such achievements as, perhaps, the epitome of good
forestry practice. Yet the appropriateness or relevance
of such silviculture to much of our forestry is debata-
ble. Nevertheless, natural regeneration should perhaps
play a wider role on the grounds of amenity, conser-
vation and, in some instances, as genuinely the least
costly method of establishment. The Guidelines for the
management of broadleaved woodland and the Woodland
Grant Scheme booklets both encourage natural regener-
auon as well as planting. This account reviews experi-
ence with broadleaved species and, where possible,
recommends practices to follow.

Few foresters have concerned themselves with natu-
ral regeneration but in writing this Bulletin I would
want to single out some who have contributed greatly
to our understanding and experience. They include the
writings, in the first half of this century, of Ray
Bourne, R.S. Troup and A.S. Wart; and, more
recently, the work of that enthusiastic forester the late
Morley Penistan; Eustace Jones’ definitive accounts of
species and his studies of oak regeneration in the New
Forest; and today’s practitioners Ted Garfitt, Rodney
Helliwell, Tony Joslin, and John Workman.






Chapter 1
Introduction

Natural regeneration can broadly be defined as raising
a forest crop without resorting to planting, direct
sowing or coppicing. It is the random nature of exactly
where young trees spring up on a site and sometimes of
the species which grow that marks out natural regener-
ation, not freedom from man’s influence. Indeed,
many naturally regenerated stands are highly artificial,
being the result of frequent intervention before, during
and after the regeneration phase to achieve specific
well-defined ends.

The bulk of natural regeneration concerns raising
high forest from seed directly from parent trees.
Occasionally stems arising from sucker growth or
recruited by singling and storing coppice shoots are a
useful supplement to growth from seed or an appro-
priate system in their own right. They are mentioned
briefly.

Natural Regeneration in Britain and
Western Europe

As a formal management system natural regeneration
has been surprisingly little used in Britain. Evelyn
(1665) discusses coppicing, planting and sowing, but
makes almost no reference to the subject; similar
appeals to rebuild the nation’s forest estate were wholly
directed to planting, e.g. Pontey (1808). Evidence of
this can be traced in many old forests, where perhaps
natural regeneration might have prevailed, such as
Alice Holt, the New and Dean forests, where the great
majority of the prime oaks now standing were planted
or sown often in mixture with other species including
pine (Joslin, 1982; Small, 1982). Medieval Britain was
dominated by coppices (often with standards), wood
pastures and hunting forests, not by managed high
forest raised through natural regeneration. Where
natural regeneration did arise it was less by design and
more a response to changing browsing pressure — see
Figure 5.2. from Tubbs’ (1986) work in the New
Forest relating graphically tree age-classes and deer/
pony numbers.

In the present century natural regeneration has
remained largely neglected (Bourne, 1945) or a subject
of conflicting advice — Cotterell (1950) discourages use
of virtually any ash regeneration, Helliwell (1981)
rather the reverse. There have, of course, been some
successes such as with oak in the 1930s at Salisbury

Trench, South Bentley, and Bick Kiln in the New
Forest, group regeneration of beech in parts of the
Chilterns and at Ebworth in the Cotswolds, of oak at
Grizedale, and Garfitt’s (1963) work with ash at
Cirencester Park are all representative. An account of
current examples in Britain will be found in Pryor and
Savill (1986). The earlier use of the word ‘successes’
perhaps implies many failures. This, in fact, is not
true, in that there have been few attempts at controlled
natural regeneration, and is more a reflection that the
system is seen as a vague ideal rather than widely
applicable to British forestry.

The one exception to this picture of infrequent
natural regeneration is informal colonisation — succes-
sional woodland (Peterken, 1981) — whether birch on
heathland, sycamore and ash in old quarries and
roadside verges, or oak in rough pasture and scrub just
outside the woodland boundary. This natural process
has added significantly to woodland cover in Britain
and, where allowed to develop, can be brought into
productive use.

Overall, however, the contrast with the continent is
striking. The superiority of natural regeneration over
planting is a basic tenet of French and German
silviculture (Everard, 1986; Joyce and Gardiner, 1986).
It is still ardently encouraged for broadleaved species
(Schrotter, 1978) though recourse to planting to fill
gaps is now begun sooner than in the past. Neverthe-
less, generations of British foresters will continue to
visit Europe and come away impressed by the success
of the system applied over millions of hectares of oak
and beech forest, e.g. Evans (1982) and Penistan
(1960). As is well-known, much forest management in
Europe is directed at securing satisfactory natural
regeneration, and an array of silviculrural systems has
arisen, taillored to different species and site
requirements; they were recorded systematically by
Troup (1928) in his book on the subject.

Current Interest

Matthews (1986), in an important review of irregular
forestry practice, distinguishes two periods this
century in attitudes to natural regeneration. Up to the
1950s British foresters were largely content to study the
potential usefulness of natural regeneration systems
and application of continental methods; the primary



task occupying most attention was afforestation of
generally inhospitable upland sites. Since about 1950
increasingly widespread attempts have been made to
apply group selection systems, frequently to rehabili-
tate unproductive woodland such as arose from
wartime fellings, but also as a specific management
policy, e.g. in the woodlands of the National Trust, for
reasons of amenity and visual impact (Wright, 1982).
To this, today, may also be added conservation. In
general, Peterken (1981} includes natural regeneration
as one of the strategic principles which encourage
conservation values in woodland and, indeed, expects
foresters to make use of it when it occurs. Specifically,
there is the special case of upland woods of native
species, possibly relicts of Britain’s natural forest
cover, which are almost invariably heavily browsed and
largely devoid of regeneration, such as in many Welsh
oakwoods (Goodier and Ball, 1974; Kirby, 1982;
Smith, 1983; and Towler, 1980).

Twa silvicnltural reasons have also brought natural
regeneration, especially of broadleaved species, to the
fore: (1) the ability to cope with small areas, of any size,
through advances in individual tree protection and
hence the removal of the inordinate cost burden of
conventional fencing in such cases; and (2), on former
woodland sites, the recognirion of the value of spon-
taneous regeneration as side shelter for planted trees
and as a supplementary source of potential crop
species.

The attraction of potential cost saving, as a stimulus
to natural regeneration silviculture, is unclear. Cer-
tainly, where natural regeneration comes with little
assistance and the dominant species is well suited to the
site, some saving should result, the main expenses
confined to timely cleanings and removal of any
overstorey (Figure 1.1). Where management speci-
fically aims for natural regeneration — preparaticn {and
subsequent handling) of the overstorey, preparing the
ground, and care of regeneration — along with timing of
timber sales dictated by the seed crop rather than the
market, it will rarely be substantially cheaper than
clear felling and replanting.

Natural regeneration is eligible for grant support
under the Woodland Grant Scheme which, along with
the considerations just noted, is likely to lead to this
form of silviculture playing a greater role in British
forestry practice. The scheme offers grant aid both for
new natural regeneration and for existing regeneration
under 20 years of age. During the first 18 months
following the former Broadleaved Woodland Grant
Scheme’s launch the Forestry Commission received
over 5000 applications. These contain proposals to
regenerate by natural means almost 900 ha of wood-

Figure I.] Dense sycamore regeneration aged 15 years, with a
small proporuon of beech and an occasional ash, beneath
150-year-old beech standing at 20 stems per hectare. The
regeneration is in nrgent need of respacing. (Sussex.)

lands and to manage a further 360 ha of regenerated
waodlands under 20 vears of age. Twenty per cent of
these areas are in ancient semi-natural woodlands.

Perceived Obstacles

A number of factors have created a reluctance in
Britain to pursue natural regeneration methods. It is
useful to list the main ones and, in doing so, 1o dispel
the aura of mystery about the subject.

1. Need for great skil and art. Many writers have
intimated or stressed this. To quote an early
authority (Somerville, 1891) “When it is resolved
to renew a wood by natural seeding, all efforts must
be directed towards providing conditions which will
be likely to bring about a successful result . . . The
impediments which obstruct the path 1o the



successful formation of woods by means of selfsown
seed are so great . . . My conviction is thar our
(British) foresters should very seldom indeed aimn at
a hard and fast system of natural regeneration, but
while making use of all serviceable advance growth,
should depend on artificial planting . . . as the
mainstay of British silviculture.” Without doubt
patience and commitment are needed — natural
regeneration is not synonymous with laissez-faire
management (Pryor and Savill, 1986) — but whether
Somerville’s strident warning and discouragement
is valid will, at least it is hoped in part, be dispelled
by this Bulletin.

. Infrequent seed production. Only beech and oak have
infrequent seed years, and only beech really long
intervals of sometimes 10 years or more between
heavy mast years; other important broadleaves
generally seed freely in most years. This infre-
quency is mainly a problem when seeking to tie
forest management to a rigid timetable and tends to
be viewed as a shorrcoming more by those used to
conventional plantation forestry rather than those
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practising natural regeneration. If committed to
natural regeneration one either waits for plentiful
advance growth, i.e. to follow the regeneration, or
prepares the stand and ground by judicious
thinning in readiness for the good year when it
comes, and then felling. If neither approach is
feasible or hoped-for regeneration fails, then one
can simply fell and replant. There is nothing so
special about the system that it has to be slavishly
followed regardless of circumstance except, per-
haps, where preservation of rare or ecologically
important genetic stock is uppermost.

. Specific objections or fears such as the failure of oak 10

regenerate, especially under its oum canopy, and the
unreliability of ash regeneration. These are two fre-
quently heard comments, in part true but not to the
point that oak cannot be grown under oak or that all
ash growth must be rejected. To quote Shaw (1974)
“The case for reproductive failure of oak is there-
fore rejected as totally unsupported by the available
evidence . . . The only real threat to oak, in Britain,
is over-grazing and over-browsing.”

Bl e S SRS NE 25

Figure 1.2 No sign of natural regeneration under New Forest oak in ancient and ornamental woodland open to browsing and

grazing by ponies and deer. (A10894)
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Complexity of continental silvicultural systems. As
mentioned, these arose to meet particular situations
and most are not applicable to Britain. For example,
the absence of silver fir forests or other extremely
shade tolerant species rule out any possibility of true
selection systems. Equally, the ability to copy the
impressive uniform shelterwood systems of France
will be confined by sheer scale to large forests, by
the need for a high quality parent crop, by availabi-
lity of suitable sites to avoid significant exposure
and high risk of windthrow, and by an owner’s

circumstances to allow income to be spread over
many years. Continental practices should not be a
model, as British conditions are different, but only
an example.

5. Failure of any sign of regeneration in many mature and

over-mature woodlands (Figure 1.2). Except in the
case of very old trees in decline which are producing
little seed, this is very largely a question of protect-
ing against browsing and grazing, taking steps to
prevent such damage, and coping with dense weed
growth, especially on moist or fertile sites.



‘Chapter 2
Use of Natural Regeneration

Natural regeneration is simply one way that the
succeeding forest crop is formed. It can be planned or
unplanned, accepted or discarded but, while never
likely to become in Britain the kind of formal system so
widely adopted in Europe, there are many situations,
in addition to places where it is actively sought, where
it may be used or where its occurrence must be
considered in the overall silvicultural treatment of a
stand.

Use of Natural Regeneration in
Existing High Forest

In high forest in Britain the occurrence of natural
regeneration is probably mere frequent than our
predominantly plantation orientated forestry might
suggest. In the course of management it may arise
spontaneously or by design, i.e. as an object of the
silvicultural system employed. The following notes
consider both its formal and informal use and how best
to handle it in practice. Figure 2.1 shows diagrammati-
cally the principal silvicultural systems employing
natural regeneration.

ik Clear felling

; Shelterwood

(uniform)
Mﬂ@ Group regeneration

@ﬁ%?@@?%@@@g%

Figure 2.1 Diagrammatic representation ol the main natural
regeneration systems.

Selection

Largely because natural regeneration has been little
used in Britain, the economics of the system have rarely

been investigated and there are few direct comparisons
with planting. Superficially, restocking ground with-
out having to resort to planting is clearly attractive.
And, under favourable conditions of plentiful regener-
ation on suitable sites, natural regeneration offers the
potential of reduced establishment costs. Crockford et
al. (1987) cite group regeneration of beech, birch
colonisation of open ground, and use of shelterwood
systems to regenerate ash and sycamore, as situations
where natural regeneration can lead to savings in
establishment. They estimate that the reduced expen-
diture by not planting is not altogether offset by
increased costs of initial ground preparation, respacing
and cleaning operations. Pryor and Savill (1986), in an
earlier report of the work, suggest establishment by
replanting is nearly twice as expensive as the combined
costs of cultivation, weeding and cleaning involved in
natural regeneration.

It is difficult to assert categorically that natural
regeneration will necessarily be cheaper than planting.
There remain the imponderables with natural regener-
ation of denied opportunity to change species, of felling
operations determined by seed production potential in
a particular year rather than the market, and some-
times a prolonging of the regeneration phase. The
Woodland Grant Scheme recognises that, overall,
major savings are unlikely to accrue and both planting
and natural regeneration attract the same level of
support.

Clear felling

Clear felling and replanting is the principal method of
regeneration of broadleaved woodlands in Britain.
Nevertheless, it is observed from time to time, perhaps
where planting has been delayed, that natural regener-
ation develops profusely after a site is cleared (Figure
2.2). This can happen with all the main broadleaved
species but is particularly common with ash, sycamore,
birch and willow. Seed already deposited on the site or
brought or blown in from adjacent stands is the source
of the new crop.

Such restocking after clear felling can be used to
considerable advantage but as a formal system of
regeneration there are several problems: (1) it is
unpredictable and cannot be relied on unless there are
signs of advance regeneration; (2) the species which
arise may be neither what is wanted nor the same as the
previous crop; and (3) it is rare to achieve even

11



Figure 2.2 Seven-vear-old natural regeneration, mainly of oak and birch with some hornbeam coppice, which arose unplanned
following clear felling of the previous ocak stand. Initally the regeneration was neglected but it has now been cleaned and
respaced to release oak stems; a good stand is in the making.

moderate stocking over areas much larger than about
one hectare. However, if such regeneration can gen-
erally be expected and management is flexible enough
to ‘wait and see’ there are two distinct possibilities of
using it. First, there may be sufficient trees of final
crop potential that a worthwhile stand can be encou-
raged by judicious weeding and cleaning; any gaps can
usually be made pood by accepting and singling
suitable coppice regrowth. Secondly, the woody
regeneration can be used to provide side shelter for a
planted crop, especially important when planting at
wide (3 m) spacing or when small numbers of trees are
used for enrichment scattered over a large area.

Shelterwood

Shelterwood is where an ovorstorey or parent crop is
managed to bring about regeneration on the ground

12

beneath. The uniform shelterwood system is much the
commonest in Europe, where an even-aged regener-
ation is sought over the whole compartment, though
there are many variants employing the general prin-
ciples of shelterwood silviculture, i.e. a scattering of
parent trees over a site to provide the seed for the next
crop. Asa system its specific object is to achieve natural
regeneration, and that principally of the overstorey
rather than from some other seed source, of reasonably
uniform age class over a whole compartment.

In Britain the shelterwood systern has been little
used for many reasons though there is no doubt that
under the right conditions it can succeed with oak and
beech. The bulk of Chapters 3 and 4 which follow
describe how to encourage it and to show what
influences natural regeneration when it is specifically
sought, in the course of either shelterwood or group
regeneration systems (p.13).



Selection system

The selection system also depends on natural regener-
ation to perpetuate the stand and, in its strict form,
involves managing a compartment so that in all parts
there is a complete age range present of seedlings,
saplings, pole-stage trees, and semi-mature and mature
ones. New seedlings must continually augment the
young crop and must be very shade tolerant since they
are never completely opened up but always in the shade
of older trees. Although appearing ‘natural’ and
perhaps the forester’s fancied ideal, as Peterken (1981)
points out it is highly artificial and unnatural; Europe’s
ancient wildwood mostly consisted of ‘patchy even-
agedness’. True selection forestry is practised and
finds its best expression in the strongly shade bearing
silver fir forests of Switzerland, where continous
ground cover is essential on the steep mountain slopes,
bur is probably unworkable in Britain apart from,
possibly, with beech. This might be worth trving since
Koop and Hilgen (1987) found that, in a protected,
largely undisturbed, forest reserve mainly of beech
near Fontainbleau, even small, cne hectare plots

- o - > - i

Figure 2.3 Group regeneration in the New Forest.

contain beech trees of all sizes with very few pioneer
species.

Group systems

Group regeneration involves working with several
small areas of 0.1 1o 0.5 ha (Figure 2.3}in a stand which
is to be regenerated, waiting until they are making pood
progress say after 5 to 10 vears, and then further
opening up existing groups and starting new ones,
when seed or advance regeneration is plentiful, and
repeating the cycle until the whole compartment is
regenerated over 20 to 40 vears. As Pryvor and Savill
(1986) emphasise it is not so much a silvicultural system
in its own right but a variant, and an important one, of
either clear felling, shelterwood or selection forestry.
Rather than attempting to regenerate a whole compart-
ment at one time, work is concentrated in several small
parts or groups. Apart from clear felling, it is probably
the most widely used system in Britain in the lowlands
(Matthews, 1986) and is suited to the complex needs of
many upland woods (Smith, 1983).

13



Group systems have many landscape and amenity
advantrages but require skill and commitment over a
long period to complete regeneration of a compart-
ment. The group systemn approach is probably the most
appropriate to attempt when seeking to carry out
natural regeneration in Britain since it does not depend
on just one good mast year but allows a gradual
regeneration process following ‘nature’. Of course,
working is not concentrated in the same way as clear
telling but provided coupes are of the size indicated
(> 0.1 ha) and because there are usually several such
coupes in the compartment being worked, a marketa-
ble quantity of tmber will result. As a guide, the
minimum size of opening for group regeneration
should have a diameter of at least twice the height of
adjacent trees.

Other systems

The more formal high forest systems have been
outlined but quite frequently, especially in lowland

\ " NG %

woods, regeneration can Spring up in gaps or on
exposed edges. When dense, such regeneration in the
case of ash, for example, often survives better than
planted trees (Helliwell, 1981) and can be recruited
into the woodland. Opportunistic use of treeshelters
can, of course, more or less ensure good establishment
of sufficient trees and of the preferred species in mixed
regeneration.

Colonisation of Open or Waste
Ground

Throughout Britain wherever land, though not pre-
viously woeded, is enclosed and protected from heavy
grazing and browsing, woody growth will soon
develop. Indeed, many areas of scrub, particularly on
the Downs, can be attributed to the temporary reduc-
tion in rabbit populations by myxomatosis in the late
1950s and 1960s. Colonisation can be rapid and in only

Figure 2.4 Vigorous woody regrowth on abandoned allotments beside railway — birches, sallows and willows, alder, sycamore and

a few oak.

14



a few years pasture, abandoned arable land or waste or
derelict ground can become covered in ‘scrub’
typically of hawthorn, birches, willow species and oak.
Peterken (1981) gives many examples of such recent
secondary woodland, though probably the best known
are Broadbalk Wilderness, at Rothamsted, where
cereal cultivation stopped in 1881 and the land left to
develop naturally ever since and, in the New Forest,
the expansion of woodland cover, mainly of birch and
oak, at the forest edge on to adjacent heath. Small
(1982) cites a figure of 517 ha added to the forest area
since the 1880s. Also many commons have progressed
from open grass to woodland this century.

Such celonisation is not only confined to the more
undisturbed environment of the countryside but
occurs wherever land is disused (Figure 2.4) - railway
embankments, road-side verges (Figure 2.5), old min-
eral workings, spoil heaps, etc. In the uplands, pro-
vided browsing pressures are reduced, birch and rowan
colonisation of rough grazing and moorland will occur.

The extent of such woodland is not easily quantified.
Locke (1962) suggested that between the mid-1930s

and 1960 perhaps 16 000 ha of this secondary
woodland had developed in southern parts of Britain.
And, in the 1980 Census of Woodlands (Forestry
Commissicn, 1982), the evidence that the total area of
broadleaved woodland was little different from that in
1947, despite the widespread conversion of broad-
leaved woodland to conifer plantation in the period
immediately after the Second World War, suggests it
amounts to tens of thousands of hectares.

The great bulk of such natural colenisation has the
potential to develop into high forest and add to the
woodland estate. It can be used as a matrix of shelter
into which trees can be planted or its composition and
stocking can be augmented by enrichment planting;
but as virtually a free gift, apart from the opportunity
foregomne in not planting or using the land in some other
way, even unimproved woodland represents a welcome
addition of often considerable potential both to the
forester and conservationist. Older regeneration, even
if nor of a desired species, can be heavily thinned and
used to provide dappled shade for a few vears 1o give
protection from frost, sun-scorch and exposure to an

15



underplanted crop. This is a considerable aid to
establishment for many broadleaves, but notably beech
and southern beech.

Unplanned Regeneration in
Plantations

Broadleaved crops

Frequenty when broadleaved crops are planted some
natural regeneration also appears. This is especially
common on former woodland sites. Marketable species
can always be used to advantage to make good any gaps
in the planted stand but where such regeneration is
mainly of willow species or birch its role should
generally be confined to initial nursing followed by
removal during cleaning operations where it is a serious
threat t0 main crop trees.

As has been stressed above there are many benefits to
be had in using scrub woodland of mixed regeneration
into which the main crop of broadleaves is planted;
both Harley (1982) and Joslin (1982) advocate this
approach to establishing broadleaves.

Conifer crops

In coniferous plantations the appearance of
broadleaved species poses different questions. A
common sight on hillsides in the uplands is vigorous
growth of birches, rowan, sycamore and willows in
young spruce and Douglas fir plantations, especially on
second rotation sites, which outgrow the conifers
(Figure 2.6). This can also occurin lowland pine crops.
Such a broadleaved component within a stand, along
with the common ride and stream side trees and
shrubs, is a generally welcome addition for amenity
and conservation but occasionally can be a threat to
achieving a full stocking of conifers. Unless more than
ten per cent of a crop is seriously at risk it is probably
better to ignore such regeneration and accept it as an
enhancement adding diversity. Where large parts of a
stand are at risk of becoming swamped some cleaning
may be called for. If neglected, not only will the present
conifer crop become poorly stocked but its subsequent
replacement will be more difficult.

Figure 2.6 Birch and sallow begining 1o dominate a poorly stocked spruce planration. (A10895)

16



Landscape and Amenity

Woodland which appears natural has widespread
public appeal. The apparent absence of man’s infiu-
ence, though a mistaken belief, makes naturally
regenerated woodland mere attractive. There is a
greater diversity of structure, stocking, and species
than associated with planted woodland and, as a
silvicultural system, it is likely to have popular support
as a more ‘natural’ component of the countryside.

Within the uplands natural regeneration, especially
of broadleaved species, can soften harsh edges,
enhance topographic features and generally break up
the monotony of large blocks of conifers.

Role in Conservation

Using natural regeneration brings many conservarion
benefits. Peterken (1981) includes it as principle 10 to
adept in gocd woodland conservation and makes the
following points;

1. it favours native species;

. it favours the species already on the site;

. it tends to generate mixed stands;

. the stands produced tend 10 have a more irregular
structure than plantations;

5. the natural genetic variety can be better maintained;

and

6. the natural distribution of tree species in relation to

soil types is favoured with the whole habitat better

preserved.

[ VN 8]

Of course, natural regeneration is a disadvantage
where agpgressive species are a threat, of which rho-
dodendron is amengst the worst. The question of
sycamore is much less clear. A carpet of dense young
sycamore apparently invading a woodland (e.g. Figure
7.3) rarely resulis in development of anything
approaching pure sycamore stands (Taylor, 1982).

In general, where the principal aims are conservaticn
or amenity, natural regeneration of woody species
should be encouraged. Among planted trees it should
only be removed where it is a real interference, not
because of a desire for tidiness.

Figure 2.7 Poorly stocked upland wood open to sheep grazing with little prospect of natural regeneration in its present
condition. (Al108%3)

17
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Figure 2.8 Oak ‘coppice’ from repeated browsing and oak scedlings at edge of Wistman's Wood, Dartmoor. The

. L
Jrl M sy oy’ Tyt

wood has

expanded by about one hectare this century as browsing pressure has declined. (A/08%2)

Natural Regeneration
in the
Uplands

Narural regeneration of broadleaves, though perhaps
thought of as a lowland phenomenon, is highly per-
tinent to the uplands and not only because birch and
rowan spring up profusely on any exposed mineral soil
and heath. Many semi-natural woodlands in the
uplands are failing to regenerate and gradually dis-
appearing because of grazing pressures (Smith, 1983;
Towler, 1980) — see Figure 2.7.

Allaby (1983) suggests natural regeneration is probably
the most economical way of maintaining woodland in
inaccessible locations, and on steep and rocky slopes.

The dominant influence of grazing, mainly by sheep
and red deer, in preventing regeneration is dernon-
strated by the regrowth that follows whenever it is
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removed or sharply declines. Even a woodland as
unpromising a source of regeneration as Wistman’s,
Wood in Devon, at 400—420 m-elevation on Dartmoor,
and consisting of scrub oaks known never to have been
taller than 6 m for the last 300 years, has expanded by
natural processes in the present century (Figure 2.8)
owing to reduced populations of sheep on the moor
(Proctor et al., 1980).

The occurrence of natural regeneration of
broadleaves in the uplands brings some advantages. It
is a safer means of increasing the proportion of
broadleaves than by planting since it comes from
locally adapted stock and, necessarily, where it
survives it must be able to grow despite the harsh
conditions. The upland environment is generally less
well suited to broadleaves than the lowlands, so that
building on nature’s provision appears a sensible
course, especially since there is rarely any intention of
growing high quality timber crops.



2. Use natural regeneration only when conditions are
right:
a. there is a good parent crop well suited to the site;
b. the ground is not overrun with weeds or likely to

Practical Application — When to Use
Natural Regeneration

1. When it is available, natural regeneration can be

used for:

a. infilling gaps;

b. addition to woodland;

c¢. stocking inaccessible pockets of ground;

d. enhancing wildlife and conservation interest in
plantations;

e. occasionally restocking a clear felling where it
comes up in profusion unexpectedly; and

f. regeneration operations when a heavy seed year
coincides with harvesting.

prove difficult to handle, such as being very damp
or with deep accumulations of organic matter;

c. there is flexibility in forest management to time
operations with good seed years, or follow advance
regeneration; and

d. there is the skill and patience to oversee such
silviculture.

. Use natural regeneration to aid conservation and

amenity objectives.
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Chapter 3
Preparing for Natural Regeneration

Where it is decided to use natural regeneration as the
means to re-establish a forest stand, two preparatory
measures will improve the chances of success: ensuring
(1) a plentiful seed supply and (2) ground conditions
which will favour germination and survival.

The Stand

Where production of timber is the main object of
management, natural regeneration should only be
pursued if the parent crop is of good quality and is well
suited to the site. Good stem form and a history of
satisfactory growth are important but not the only
criteria. In the case of oak both criteria are frequently
found on sandier soils but these sites are generally
prone to shake in timber and, if on felling the defect
affects a significant proportion of the trees, perpetuat-
ing an oak crop is of doubtful value. Similarly, sites
associated with pink coloration in beech, blackheart in
ash, vein in cherry, etc., may be better growing another
species, especially since it is not known to what degree
these defects are inherited. It is better not to risk
perpetuating them.

Reproductive maturity

Most species produce plentiful seed for a substantial
part of their life but both in the years leading up to
reproductive maturity and when trees become very
old, seed yields may be small or negligible. Table 3.1
shows seed production characteristics for the principal
broadleaved species.

Crown development

To achieve the best quality timber crop only the best
parent trees should be a seed source. Thinnings late in
the life of a stand will favour such trees as a matter of
course, but where natural regeneration is planned
thinning should also encourage development of large,
even partially isolated crowns, on the most desirable
mother trees. Both the larger volume of crown and its
greater exposure tend to increase flowering and thus
seed bearing capacity. However, later thinnings are
often of the ‘low’ type concerned mainly with remov-
ing the poorest and most defective stems, therefore,
where natural regeneration is planned, an element of

Table 3.1 Seed production of broadleaved trees in Britain

Species Minimum seed-

bearing age

Interval between
large seed crops

Time of seed-fall or
seed dispersal

Age after which seed
production begins to

(years) (years)” decline (years) (months)

Alder (Common) 15-25 2-3 — Sept.-Mar.
Ash 20-30 3-5 80 Sept.—Mar.
Beech 50-60 5-15 160 Sept.—Nov.
Birch 15 1-3 60 Aug.-Jan.
Cherry 10 1-3 — July-Aug.
Hornbeam 10-30 2-4 — Nov.-Apr.
Lime (Small-leaved) 20-30 2-3 — Sept.—Nov.
Norway maple 25-30 1-3 — Oct.-Feb
Oak

Pedunculate 40-50 3-6 140 Nov.

Sessile 40-50 2-5 140 Nov.
Sweet chestnut 30-40 14 60 Oct.—Nov.
Sycamore 25-30 1-3 70 Sept.-Oct.

Note: Both rapidly growing trees and ones of coppice origin tend to bear seed earlier than shown. Decline in seed production is not a
sudden event and heavy crops can occur, though with longer intervals in between, well past 200 years of age for cak and beech.
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crown thinning in a stand must be retained towards the
end of the rotation. Preparing stands in this way is
normal procedure in France and Germany and has long
been recognised as an important prerequisite even in
Britain (Boulger, 1907; Bourne, 1942).

Seed production

Table 3.1 provides information about seed production
by species and several texts report species’ phenologi-
cal characteristics, including flowering and fruiting,
e.g. Laidlaw (1960), Newbold and Goldsmith (1981),
and in the notes abour individual species in Chapter 7.
Forestry Commission Bulletin 59 (Gordon and Rowe,
1982) provides a detailed account of all aspects of seed
biology, formation, collection and treatrnent and data
are tabulated by species. Matthews (1963) reviewed the
factors which affect seed production.

The quantity of ripe seed produced in any one year is
amongst the most unpredictable of silvicultural phe-
nomena; many factors can affect it but the question of
seed predation and mast years, critical to the practice of

natural regeneration, is considered separately. There is
no doubt that during the long period trees are repro-
ductively mature, weather conditions are probably the
most important influence determining seed yields from
year to year. The number of flower buds is influenced
by conditions when they form in the previous year,
such as a warm July favouring heavy oak flowering the
following May. When flowers emerge heavy rain, high
winds or frosts can do damage physically and prevent
satisfactory pollination, while warm summers are
required for many species, especially exctic ones, to
ripen fruits, e.g. sweet chestnut and walnut.

Other factors of importance are:

1. tree health, though where a tree is in rapid decline
seed preduction may temporarily rise as a stress
response;

2. defoliation by insects; and

3. period since previous heavy seed production — stem
carbohydrate reserves are depleted by heavy
seeding and may take several vears to replenish.

Fog o te N S ¥

Figure 3.1 Good beech regeneration at Ebworth, Gloucestershire, from the 1976 mast year.
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It is this array of potential problems that deters
attempts at natural regeneration and encourages
recourse to the safety of restocking by planting.
However, knowing there is uncertainty and adjusting
management attitudes accordingly, there is no prima-
facie case for abandoning natural regeneration. All
broadleaved species produce many heavy seed crops
(mast years) during the period they are reproductively
mature; the question therefore is not so much whether
but only when?

Mast years

From time to time conditions combine to favour very
heavy seed crops and some years become famous for
the quantities of mast produced. (The term ‘mast’
comes from the Scandinavian word ‘mat’ meaning
animal fodder and relates back to the time swine were
fattened on acorns and beech nuts.) In France, 1949 is
considered the mast year of the century and many crops
were successfully regenerated from that year’s heavy
seed fall. In Britain important mast years are listed by
Matthews (1963). For beech the years 1911, 1921, and
1945 have passed into forest lore, for oak 1919, and
even for ash, which seeds freely and frequently, 1939
and 1945 were noted for their phenomenal crops. More
recently 1965 was good for beech and, not surprisingly,
1976 produced heavy seed crops on both oak species
and beech (Figure 3.1); 1980 and 1984 have also been
well above average and 1987 exceptional for beech in
some parts and good for oak.

Clearly, the long interval that can elapse between
mast years rules out relying only on such exceptional
years, though obviously when they occur the oppor-
tunity must be taken to use the plentiful seed. Partial
mast years with heavier than average seed crops occur
at more regular intervals as indicated in Table 3.1.
Natural regeneration operations, both for shelterwood
and group systems, should be concentrated on these
and the mast years.

Assessment of seed crop

A reasonably good indication of the developing seed
crop of most broadleaves can be made by the end of
June, exceptions are the later, July flowering lime and
sweet chestnut. Confirmation that, for example, beech
nuts are full must await later examination in October.
Developing crops of all large seeded or large fruited
species, oak, beech, ash, cherry, sycamore and sweet
chestnut, are readily seen with binoculars from ground
level. Other general indications can also be looked for
to show how widespread or gregarious heavy seeding is
such as the olive hue imparted by beech mast to the
crown’s general appearance, clusters of acorns on
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fallen twigs and bundles of ash ‘keys’ hanging from
every branch. Apart from experience to judge whether
a seed crop looks heavy, signs of fruit or seed on most
branches and the bulk of trees of the species in the
neighbourhood can be taken as a general indication.
One word of caution is that prolific seeding can occur,
for example, in valley stands and not ones on hilltops
owing to frost or vice versa, thus it is important to
inspect the whole of a stand planned for regeneration.

The current seed crop should provide the bulk of
seed for intended regeneration, but where natural
regeneration has been planned and prepared for over
many years there will often be some accumulation of
buried seed in the soil from previous years. Advance
regeneration is a sign of this but when regeneration
operations begin and the stand is opened up seedlings
developing from the current year’s crop may be
augmented from these earlier seedfalls. This is a
parucular feature with ash, the seed of which is often
dormant for 18 months and only germinates in the
second year after falling.

Seed dispersal

The timing of seed fall and dispersal mechanisms
obviously plays an important role in the success of
regeneration. Neither can be influenced by the forester
—all he must do is to provide the right conditions for the
seed where it finally settles to survive and germinate
(see later) — but the forester must distinguish, in
planning his regeneration, between species where seed
can be dispersed long distances by wind and those
heavier seeded ones where most of it falls beneath or
close to the parent tree.

Seed dispersed by wind over considerable distances
tend to be small, light and winged or feathered,
typically >50 000 seeds per kilogramme, and pro-
duced in large quantities. The main broadleaved
species concerned include alders, birches, poplars
including aspen, and willows. These species can
colonise suitable sites far from parent trees, hence their
frequent occurrence, especially birches, alders and
willows, on almost all forest sites. The species are
rarely regenerated in their own right as an object of
management but they can, as suggested in Chapter 2,
provide side shelter, a woody matrix for enriching, or
dappled shade to protect underplanting. In succes-
sional terms they are colonisers preceding other high
forest species.

Seeds of ash, sycamore and lime, though large, are
partly dispersed by wind owing to their wings and may
be distributed some way beyond the tree’s natural
spread. However, seeds or fruits of Britain’s other
principal broadleaved high forest species including



oak, beech, sweet chestnut and wild cherry, are heavy
and mostly fall to the ground near the parent tree. In
either case, when seeking to regenerate stands natur-
ally, sufficient parent trees of the desired species must
be distributed over the site to yield a reasonably
uniform scattering of seed. Although birds and many
mammals will disperse large seeds long distances they
cannot be relied on to stock ground remote from parent
trees though they do account for some colonisation of
land adjacent to a wood such as the occasional oaks
springing up in grassland or a hawthorn thicket far
beyond the woodland edge.

Seed falls mostly in late summer and autumn, but see
Table 3.1.

Seed predation and other losses

Some seed can be lost while still on the tree. This may
be caused, for example, by weevils in beech nuts, by
knopper gall damage to acorns, by larval feeding
(Pseudo-argyotoza conwayana) of ash, and by crossbill
predation on sycamore, but most losses occur once seed
has fallen. Oak, beech and ash seed is eaten by rodents
(woodmice and voles), grey squirrels, and many birds
such as jays, wood pigeons and chaffinches. Such
predation can be very heavy. Shaw (1968) reported
predation rates of acorns of 200 kg ha™!, with wood
pigeons and small mammals together sometimes
destroying up to 99 per cent of the crop. It is difficult to
prevent such losses though Bourne (1945) reports
much reduced predation right next to human habita-
tion, greatly increased levels 50 to 200 m away, and
normal levels beyond about 400 m. He concludes that if
special protection is given to exposed seed in selected
areas of regeneration, abnormally high destruction can
be expected nearby. If predation of seed by mice is
excessively high, as may occur in beech woodland,
warfarin-baited cut wheat in a hopper will reduce mice
numbers. However, this is expensive as baiting points
are needed every 20 m and the bait replenished
regularly throughout the winter. It should only be
considered a last resort and not used where there are
sporting, conservation or amenity interests.

Seed which is quickly covered by litter suffers far
less predation and also is at less risk from damage by
sharp frosts in the autumn. Frost heave can expose
buried seed, and exceptional frost and cold can shrivel
beech nuts (Bourne, 1945) though adequate protection
is generally afforded if there is an overstorey. Usually
wet conditions may increase rotting of seed and Wardle
(1957) reports this as commonly killing ash seed during
the 18 months it often lies dormant.

The Ground

Requirements for seed germination and early growth

Of many thousands of seed which fall, generally only a
few will germinate and survive. First, the seed itself
must not be eaten nor allowed to dry out or become
waterlogged and rot. Secondly, when the radicle
emerges, early contact with mineral soil allows rooting
into a medium with generally a good water holding
capacity.

Ideal conditions are for seed to fall on the surface of
slightly disturbed mineral soil and become rapidly
covered by litter. Deeply buried seed germinates
poorly (Shaw, 1968) while unprotected seed on the
surface suffers predation and readily dries out. Seed
which falls on to matted vegetation or a deep layer of
accumulated litter may experience favourable condi-
tions for germination but die subsequently from
desiccation where the radicle has been unable to reach
mineral soil. Also, under thick vegetation, the heavy
shade and dampness expose newly germinating
seedlings to damping off and mould diseases and they
soon die.

These highly sensitive responses explain the
variation in regeneration success observed over a site,
for ash for example (van Miegroet et al., 1981), and the
difficulty of timing seedfall to coincide with optimum
ground and soil conditions so critical for success with
beech (Bourne, 1945).

Condition of soil

Physical, and to a lesser extent chemical, condition of
the soil will influence natural regeneration. Dry and
dusty or hard, compacted surfaces, waterlogged condi-
tions, especially with free water at the surface, and
eroding soils and other mobile substrates are mostly
unfavourable for germination except, perhaps, where
soil movement results in burying and hiding big seeds.
Species show some variation according to soil reaction,
with oak, ash and sycamore regenerating profusely on
base rich soils close to neutral. Poorer regeneration, of
oak for example on strongly acid soils, may be as much
due to the inhospitable environment of deep litter,
which frequently accumulates under strongly mor-
forming conditions, as to any inherent unsuitability of
soils of low pH, since Aldhous (1972) reports that most
broadleaves, except for poplar and ash, grow well on
acid (pH 4.5-5.5) nursery soils.

However, the main effect of soil conditions on
regeneration is indirectly via its influence on ground
flora. Indeed, in many situations soil conditions, such
as wetness or induration, influence the quantity, and
certainly the variety, of ground flora as least as much as
the overstorey canopy.
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Weed flora

The optimum condition is for the soil to be bare, vet
moist and not eroding or compacted, though a light
scattering of vegetation, particularly under beech on
acid sites, will hold litter and promote soil activity.
Presence of much herbaceous or grass weed growth
introduces many obstacles to regeneration.

1. Weeds affect accumulation and distribution of
litter.

2. Weeds shade seedlings — a carpet of dog’s mercury,
despite indicating a suitable ash site, can completely
smother ash seedlings and prevent them from
emerging (Rackham, 1980; Wardle, 1957), simi-
larly really dense bracken is inimical to almost all
species apart, possibly, from beech (Koop and
Hilgen, 1987).

3. Dense grass harbours mice and voles which prey on
seed and cotyledons of young seedlings.

4. Dense weed growth generally, but especially grass
and patches of nettles, is a strong competitor for
moisture and, probably to alesser extent, nutrients.

Weeds can sometimes assist regeneration where they
provide protection for seedlings from browsing. Qak
commonly comes up through brambles and in thorn
thickets for this reason.

Manipulation of shade cast by the overstorey canopy
is important in control of weeds. The canopy must not
be so opened up in the preparatory thinnings and
fellings as to allow an influx of weeds. If this occurs one
solution is to permit light grazing to browse vegetation
and, incidentally, tread in seeds, especially acorns
(Joslin, 1982).

In France most stands of oak are managed to
encourage an understorey of hornbeam or beech
specifically to suppress surface vegetation as well as to
shade stems in order to discourage epicormic develop-
ment (Figure 3.2). This understorey is cleared prior to
seeding fellings; it must neither interfere with seed fall
nor be a seed source of unwanted species nor become a
competitor to the regeneration when the overstorey is
opened up.

Preparing the ground

It will be clear that two conditions will greatly favour
chances of regeneration: (1) exposure of loosened,
mineral soil as a seedbed; (2) absence of rank vege-
tation. Achieving these in the autumn of a good seed
year is crucial to success.

In France and Germany soil is often mechanically
rotovated, scarified or disc ploughed in the summer or
early autumn to prepare the seedbed, incorporate litter
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Figure 3.2 Understorey of beech and hornbeam in fine stand
of oak in northern France. One of the first operaticns in

readiness for beginning natural regeneration will be to clear
the undergrowth, (¥. Evans)

and humus, an? dislodge vegetation. In Britain, this
has occasionally been practised, e.g. on the Harpenden
estate in the 1960s, and is presently the subject of trials
in the Forest of Dean. For small areas of regeneration
less sophisticated methods have worked well. A coarse
yew log covered with branch stubs was successfully
used by Garfitt (1983) at Cirencester Park to regenerate
ash; sometimes the extraction of the previous crop’s
logs provides sufficient disturbance; the judicious use
of livestock, as mentioned above, and the time-
honoured practice of pannage where pigs rooting for
mast and fungi turn over the scil and tread in much
seed, all have their place. Even badgers may function
rather like pigs in some areas.

When seed has fallen but remains mostly exposed, a
scarification or brief introduction of livestock will often
be encugh tww cover sufficient quantities. If disc
ploughing is planned it should be done at this time
(seed fall) in the autumn to break up the surface and
fold in the seed such as acorns.



Practical Application — Preparation
for Natural Regeneration

1.

Prepare the stand well in advance for natural
regeneration so that the best trees are likely to bear
most seed.

. Carry out natural regeneration operations only

following a good seed year.

. Ensure the ground is in a receptive condition with

few weeds.

. Scarify or disc plough at the time of or immediately

following seed fall.



Chapter 4
Regeneration Operations in the Stand

Timing
Markets and season

Opportunities for successful natural regeneration are
infrequent and it is difficult to time fellings to coincide
with peaks in demand for timber. However, fellings of
broadleaves made in the autumn after or as seed falls —
the ideal for natural regeneration — will generally attract
above average prices since there is often a seasonal
shortage of timber as many owners delay starting to fell
until February after pheasant shooting is over (Vena-
bles, 1988).

Seed years

As mentioned in the previous chapter, both oak and
beech yield seed infrequently. Natural regeneration of
these species must take advantage of heavy seed years.
A commitment to begin fellings must be made, ground
preparation to encourage regeneration carried out, and
the operations followed through, following expectation
of a good seed crop.

Handling the Overstorey

Considerations of light

The overstorey is one means of controlling weed
growth through the degree of shade cast and root
competition. Where a clear felling regeneration system
is followed, the main consideration is to ensure that the
preparatory thinnings in the preceding decades,
undertaken to encourage crown development of the
best trees, have not been so heavy that substantial weed
invasion has been allowed. Where some overwood is
maintained after the main regeneration fellings to
provide frost protection or possibly further seed, such
cover will also help suppress weeds but retention of too
many trees will also slow progress of the regeneration.
Here is the dilemma in conventional shelterwood
systems and is succinctly put by Brown (1960):
“The forester’s task in the ensuing years is, besides
ensuring rabbits are destroyed or kept out, to
increase the light reaching the seedlings without
fostering the ground vegetation excessively. On
some moist retentive soils it is well nigh impossible
to strike a balance between loss of most of the
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regeneration under dense shade and the encou-
ragement of a smothering ground vegetation by the
opening of the canopy’.

With group systems most regeneration occurs in the
better light conditions of the north side of the gap. This
demonstrates the fact that though many species can
tolerate low light levels (a few per cent of full daylight)
when seedlings, including ash, oak and beech, they are
not obligate shade demanders. Other things being
equal, the more light the better the growth; indeed for
all species, but notably ash, a rapidly rising level of
light 1s needed for satisfactory development. However,
maximising light supply has to be balanced by the need
to retain a degree of overhead cover in some regener-
ation systems to protect seedlings from frost and
sun-scorch, to suppress weed development, and per-
haps to provide additional seed.

Selecting trees to fell

In group and clear felling systems all trees are felled in
the area concerned. Gap diameter for group regener-
ation should be at least equal to twice the height of
adjacent trees. In both systems, nearby trees of
unwanted species such as birches and willows may
additionally be removed to lessen seed supply.

In shelterwood systems, the main felling — called
seeding felling in France and Germany — occurring in
the autumn of a good seed year, should remove 50 to 70
per cent of trees in a stand, provided it has been
prepared for natural regeneration in the preceding
thinnings. (Where advantage is taken of a good seed
year to gamble on natural regeneration without having
originally planned to do so, the proportion of trees
removed may differ from this percentage.) For oak and
ash, sufficient trees should be felled to leave at least 6 m
between crowns of the remainder, i.e. to leave about
20-25 trees per hectare, for beech rather more can be
left with a 4 m gap between crowns acceptable. Unless
further seed is hoped for, the trees left need not be the
best in the stand. It is more important to leave an even
scattering over the site.

Subsequent fellings

In both group and shelterwood systems further fellings



will be required and the timing of these is critical;
neglect, even for 2 or 3 vears, can seriously harm
progress of the regeneration.

In the group system, enlargement of the group by
felling trees around the edge is essential after 4 to 5
years. Up to this point the amount of open sky will have
gradually diminished since the original felling, due to
crown enlargement, and the regeneration becomes
increasingly shaded. Selection of trees to be removed
must depend on silvicultural judgement and amount of
shade being cast, but clearly there remains the need to
initiate sufficient groups to assemble a worthwhile
parcel of logs from the stand. New groups are opened
when the next good seed year occurs.

The rate of removal of trees in shelterwood systems
depends on species. For ash regeneration, all over-
storey trees should be removed within 3 years, for oak
in 5 to 7 years, perhaps in two operations, and for beech
the work can be spread out over 15 or even 20 years if
required (Figure 4.1). In Britain, since worthwhile
quantities of further seed to supplement regeneration
will rarely be forthcoming, except for ash and svca-
more, removal of remaining overstorey trees should be
dictated by their role in frost protection and dimi-
nishing weed growth and, of course, considerations of
amenity where these are important.

Felling Operations

Extraction of logs in initial regeneration fellings should
be all over the site, rather than chanelled to certain
tracks, to minimise compaction and maximise soil
disturbance overall. Opportunity should be taken
where possible to extract through patches of weeds and
other unwanted growth. Further scarification of the
site In ways suggested in the previous chapter may be
needed.

All fellings should be completed before the end of
March after seedfall. Where there is advance regener-
ation or in the later fellings for group enlargement or
renoval of overstorey in shelterwood systems, felling
should not be done in very cold frosty weather when
the young brittle stems of the regeneration will easily
snap. The direction of felling for trees where there is
regeneration on the ground should generally be into
weed infested areas or very densely stocked parts of the
site where damage can most easily be accepted. In
general, it is surpising how little damage results from
such fellings. Of course, this recommendation on
felling direction should not jeopardise the well-being of
the tree being felled. Large crowned broadleaves
require great care and should not be felled on to a large
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Figure 4.1

Well-established beech regeneration, 3—4 m tall.
Final felling of overstorey is now due.

limb or rock or across a gully which stresses the stemn
often causing splits and cracks. One does not want to
sacrifice the previous 150 years’ silviculture for a small
advantage for the next!

Practical Application

1. Felling in the autumn, just after seed fall, is ideal
but must be done before the end of March art the
latest. Fell trees into weed infested areas. When
regeneration is present fell into dense patches but do
not fell ar all in very frosty weather.

2. Generally extract logs all over a site to aid scarifying
except on heavy clays and other poorly draining
soils where extraction should be concentrated along
as few routes as possible to minimise compaction
and other soil damange.

3. Gap diameter for group regeneration should be at
least equal to twice the height of adjacent trees.
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4. Inshelterwood systems remove 50-70 per centof the 5. In group and shelterwood systems the timing of

trees when commencing regeneration to leave about further fellings is critical, neglect can ruin
20-30 trees per hectare and ensure that there is at promising regeneration. Further fellings must be
least 6 m between crowns of remaining trees (4 m is made within 5 years.

acceptable for beech).



Chapter 5
Protection and Care of Young Regeneration

Regeneration Losses
Background

attrition of numbers is common; Proctor et al. (1980)

Not infrequently a carpet of seedlings develops follow- report from the unpromising site of Wistman’s Wood
ing a good seed year (the famous ‘brosse’ in French oak that “After the 1976 good mast year 16 first year
woods or the ‘buchensalat’ of German beech woods) seedlings were found in autumn 1977 but a year later 10
only to disappear almost to nothing within a few years. had gone”. Many factors can cause such losses after a
Even with much less profuse regeneration steady promising start and each is considered separately.

Number of seedlings per square metre
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Figure 5.1 Average density of seedlings for first 2 years after heavy seedfall (modified from van Miegroet et al., 1981).
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Typically, dense regeneration covering the ground,
whether of oak, ash, beech or sycamore can amount
initially to 300 or more seedlings per square metre.
Commonly, densities are down to 100 per square metre
by mid-season. This general effect is illustrated in
Figure 5.1, derived from van Miegroet et al. (1981),
which shows density of ash, sycamore and oak
seedlings which developed spontaneously in spring
1977 in a semi-natural stand consisting mostly of oak,
some ash, and a few sycamore with several other
species, and standing at about 500 stems per hectare. It
shows well the inequality between species in loss of
seedlings (in this instance inability to survive under a
dense canopy) with a rapid fall in numbers of ash,
including heavy losses in the first winter, and the
almost negligible decline in sycamore. The oak data
suggest recruitment of regeneration, from seed other
than the initial (1976) seed fall, perhaps from buried
seed or from seed produced in 1977. Van Miegroet et
al. summarise four conclusions from the first two years
of observations: a general and quick reduction of the
number of seedlings; unequal resistance of species to
reduction; low level of additional regeneration; and
high degree of spatial variation (over the site).

Climatic damage

Late spring frost is a major cause of mortality in newly
emerged regeneration. Much regeneration first
appears in late April and early May and, where
exposed, is very susceptible. Beech in the cotyledon or
two leaf stage is at its most sensitive to frost while ash is
well-known for being so, especially since seedlings can
even appear several weeks before the species’ frost
tender foliage generally flushes in late May or early
June. Frost damage is lethal in these first weeks of the
growing season because the plant has used embryo
reserves in germination and emergence with little
available to replenish frost-damaged leaves. One gen-
eral exception to this is oak which, though its foliage is
as susceptible as that of other species, appears rarely
killed by frost alone; certainly in Germany late frost is
never considered to be lethal to oak regeneration (Otto,
1987). Nevertheless, the benefit of some overhead
shelter for natural regeneration is evident. Aspect will
also affect damage risk; north and north-west facing
slopes are found least at risk (Bourne, 1945) owing to
these cooler aspects possibly delaying emergence by a
week or two.

Frost heave can also cause high mortality. Miles
(1973) reports heave causing 94 per cent losses in birch
regeneration during the first winter.

The other major climatic hazard is drought particu-
larly in the late spring/early summer period as roots
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become established. Seedlings germinating in litter or
other poorly water-retentive substrates quickly desic-
cate and succumb.

Birds

Many birds will peck tender seedlings, especially as
cotyledons open, but pigeons are probably the most
generally destructive. Ground game including phea-
sants can also be responsible for considerable losses.

Mammals

Browsing by small mammals, rabbits, deer, and dom-
estic livestock probably constitute the most widespread
threat to regeneration. There is no doubt that complete
failure of regeneration in many upland woods is due to
uncontrolled sheep grazing (Shaw, 1982; Smith, 1983)
but rabbits and even slug damage are important. In the
lowlands, rabbits and deer are the principal agencies
today and exclusion can show dramatic effects e.g. as
reported by McNeill (1945). In ancient woodlands
browsing pressure can have persisted for centuries but
inevitably intensity has varied and cohorts of regener-
ation can develop reflecting periods when damage was
at a minimum. Tubbs (1986) has shown this for the
New Forest where variation in pony/deer/cattle
numbers can be related to age classes of regeneration;
this is illustrated in Figure 5.2. He developed a
weighted average system (grazing units) to describe the
relative grazing pressure of different proportions of
these animals together and indicates that 0.16 grazing
units per hectare is the critical level in the New Forest;
below this level regeneration is possible.

Feeding units per hectare
0.319

0.254
0.2-
0.157
0.1

0.051____

Ll L] L} T T 1
1700 1800 1850 1900 1950 1985
—"Main periods of tree regeneration

Figure 5.2 Grazing and browsing pressure and tree
regeneration phases in the New Forest. (Reproduced by kind
permission from Tubbs (1986) — Fig. 20.)



Browsing is not always lethal. Light browsing can
control weed growth and allow copious regeneration,
for example, of ash (Helliwell, 1981). Also, browsing
back of oak in winter and early spring before flushing is
much less damaging than defoliation, being little
different from the operation of stumping back which
specifically encourages vigorous shoot growth drawing
on large reserves in the root.

However, there is no doubt that as a general rule
every effort should be made to eliminate browsing
damage where natural regeneration is sought.

Weed growth

Natural regeneration mostly occurs, of course, on
former woodland sites where herbaceous weeds and
woody regrowth are abundant. Compared with growth
of tree seedlings, weeds, especially annuals, are very
vigorous and in a few weeks can overtop and heavily
shade any regeneration. Even a low growing species
such as dog’s mercury, where it carpets the ground,
will prevent ash developing, dense nettle patches can
be as harmful for beech and thick stands of bracken for
oak, for example. Bramble and thorn thickets are less
damaging and may even appear to favour regeneration,
especially of ash and oak, mainly through the measure
of protection from browsing they confer. Indeed,
citing a 17th century recommendation, Flower (1980)
suggests that in the past such thickets were specifically
used to supplement natural regeneration by sowing
acorns and ash keys among them:

‘caste acornes and ashe keys into the straglinge and

dispersed bushes; which, as experience proveth,

will growe up, sheltered by the bushes, unto suche
perfection as shall yelde times to come good supplie
of timber.’

Weeds compete for moisture and nutrients, as well
as casting shade and causing physical damage, and this
root competition, including that of the often prodi-
gious coppice regrowth from cut stumps, can be
severe. In addition to this external competition there is
also competition between seedlings themselves when in
high numbers, and overcrowding leads to spindly,
etiolated growth.

Nevertheless, it is the imbalance between weed and
seedling growth and the risk of complete loss of
regeneration that leads to such pains being taken to
control weed development — not allowing it to get
established before commencing regeneration and pre-
venting it becoming harmful during the first years —
which is at the heart of much of the skill of natural
regeneration silviculture. The main tools available are
manipulation of the overhead canopy to control light
and provision of favourable ground conditions for

rapid growth of emerging seedlings. Too much shade
which will suppress weed growth will not affect beech
seedlings greatly, will eliminate any birch, will favour
sycamore over ash and generally render seedlings more
susceptible to mildew and damping off. Too little
shade will allow vigorous weed growth and expose
seedlings to frost damage.

Outside the wood, regeneration coming up in fields
will mostly be affected by grass competition which
competes especially vigorously for moisture. Ash and
sycamore are very susceptible to grass competition and
will rarely survive; oak, on the other hand, can often be
found as a coloniser of such ground and will succeed,
along with thorn species and other shrubs, if the field is
left uncut and ungrazed.

Fungi and insects

Mention has already been made of the threat of mildew
and damping off, which Rackham (1980) suggests is
the main cause of failure of oak regeneration on damp
sites, but in fact seedlings are no less at risk from such
problems, especially when in damp overcrowded con-
ditions, than they would be in a nursery bed.

Losses from insect and other invertebrate damage
include chafer and cutworm girdling of roots and the
root collar zone, defoliation by slugs and the effects of
larval feeding reported in Shaw’s (1968, 1974) well-
known work with oak. Beneath an oak canopy final
instar feeding on seedlings by leaf roller and winter
moths, as larvae fall from the canopy to pupate, can be
as damaging as any late frost since it occurs in June
after the first leaves have emerged but before the
seedling has replenished reserves consumed in the
germination process. It explains in part why regener-
ation of oak under its own canopy is less profuse than
might be expected, a point Lanier (1981) notes as now
proved and accepted in France.

Assessing and Supplementing
Regeneration

Natural regeneration is often patchy and not uniform.
This appearance is not netessarily cause for concern. A
gap in a carpet of regeneration may have only a few
seedlings and look very poor, perhaps with less than
one per square metre, but conventional planting is at a
density of one seedling per 3-9 m? (1.7-3.0 m spacing)
and provided this density of seedlings becomes estab-
lished a satisfactory stand should result. The relative
density is unimportant, it is the desirability of having
about one seedling per square metre all over at the end
of the first year which is important.
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Figure 5.3 Oak and beech seedlings in Septer of first year; jus

t the right time to assess regeneration (leaves still on} and to

protect one of them with a treeshelter if at risk from browsing. (A /0896)

Assessment of regeneration is best made in Septem-
ber while foliage is still visible showing where living
seedlings are but after weed growth has largely ceased
(Figure 5.3). Walking up and down the site, perhaps at
4 metre intervals, will take about an hour per hectare
and reveal where regeneratien has failed and may need
supplementing. A sketch map of the gaps or marking
with a stick will allow ready relecation when planting in
the autumn or following spring.

Supplementary planting provides a chance to modify
the balance of species to increase the proportion of
desirable ones but will always be worth doing if there
are gaps in the regeneration larger than 50 m? (7 X 7 m)
without any seedlings of useful species. This is fifty
times less dense than the stocking suggested above {1
seedling per m?) but several plants will be put in and
their chance of survival will normally be high. Except
for ash and sycamore, waiting for another mast year to
restock a gap is a waste under British conditions and
either wildings, dug up from nearby dense patches of
regencration, or transplants {say, 3 or 4) should be
planted at the centre of a gap of 7 X 7 m. Supplement-
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ing regeneration by direct sowing is rarely worthwhile.
The seed is exposed to the same risks as that of the
natural regeneraticn and large quantities are usually
required to establish adequate numbers of plants.

Methods of Protection

Fencing

An area of natural regeneration does not differ from a
newly planted stand in its requirement for protection
from rabbits, deer and other mammals. The desirabi-
lity of protection from mice, voles and birds in the first
few months cannot be afforded by fencing. In general
the decision to use fencing should be based on the same
grounds as a plantation,

Treeshelters

Treeshelters have become one of the most useful
means of protecting regeneration from both small and
large mammals and birds on sites of less than about one



hectare, in gaps and for group regeneration. Very
important features are that they also clearly identify
where the seedling is growing, will usually enhance its
growth and permit easy use of herbicide to control
weeds. Table 5.1 illustrates the protective benefit and
the improved growth rate (Figure 5.4). Treeshelters
allow opportunistic use of repeneration — recruiting it to
fill gaps in plantations, stocking a neglected corner,
taking advantage of advance growth, etc. (Figure 5.5).
Treeshelters are likely to be the main method for
harnessing the potential of natural regeneration in
Britain on small sites and to have widespread apphi-
catiomn.

Treeshelters should be placed over young trees in
September of their first year, see Figure 5.3, or in later
years if stil] surviving but at risk. The aim is to protect
one tree every 3 m, or at least 1000 per hectare, but
ideally with no more than 5 m between any two
treeshelters. Unless browsing pressure is extreme,
additional stocking of trees will still arise raising overall
density to acceptable levels for satisfactory develop-
ment of broadleaved stands (Evans, 1984).

unprotected (right). (A 0899}

Figure 5.4 The benefit of protecting seedling of oak natural regeneration (about 50 cm tall in treeshelier on left} compared with

Table 5.1 Height development of matched pairs of
oak plants/shoots showing the effects of individual
protection by treeshelter. Number of pairs compared
for each plant type in brackets.

Plant type Mean height (cm)
Initial Year 1 Year 2 Year 3
Natural regeneration (15)
Treeshelter 14 27 54 76
No treeshelter 14 16 21 34+
Transplants {1+ 15) (15)
Treeshelter 32 52 94 123
No treeshelter 12 2 31 43+
Oak coppice shoots (10)
Treeshelter 32 132 178 200
No treeshelter 29 32 44 43

*Trees heavily browsed by red deer. In fact even better growth
would have been achieved in this instance by using 1.8 m
treeshelrers.
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Weed Control

Manipulation of any overhead canopy to control weeds
has been mentioned previously. Specific weed control
among regeneration is best carried out either by hand
or by very carefully placed herbicide applied with a
weed-wiper, in the first year when seedlings are tiny.
Efforts should be concentrated where stocking is light;
dense patches will maintain themselves, at least until
the next weeding. Where regeneraticn is very sparse or
absent time should net be spent searching for the odd
tree, ?

Where treeshelters are used, i.e. have been placed
over seedlings in the autumn of the first year, conven-
tional spot herbicide treatment can be used in second
and subsequent years.

In general, uniform application of weeding is not
needed; selective and careful treatment should be
carried out.

Cleaning and Respacing

The cleaning requirements of natural regeneration do
not differ from those of plantations; unwanted woody
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Figure 5.5 Treeshelters used ‘opportunistically’ to protect young oak regeneration.

growth, including coppice and climbers such as Clema-
tis, must not be allowed to threaten the desired crop.
However, often the operation is combined with respac-
ing where dense regeneration is thinned to prevent it
becoming drawn up {Figures 5.6 and 5.7). In France
rack cutting for ease of access and regular cleaning are
recognised as essential early maintenance operations to
secure a stand, see Lanier’s (1981) and Everard’s
(1986) accounts.

Cleaning and respacing should begin once regener-
ation is about 2 m tall when bramble vigour is declining
and some side branch suppression underway. Delay,
especially for ash and sycamore, can be very injurious
and ruin an otherwise promising crop. It is not
adequate, as Schadelin (1937) stresses, simply to let
individuals compete for superiority, i.e. a very early
self-thinning, since this selects only for vigour and not
stem form, which is so important for broadleaves.
Where regeneration is thick respacing sheuld be done
lightly, for example reducing stocking from 50 000
trees ha~! to 10 000 trees ha™’, i.e. to | m spacing, on
the first occasion and to more normal levels of 2500 to
3500 trees ha~',i.e. to about 1.5-2.0 m spacing, 2 or 3
years later, when trees have reached about 3 m average
height. Frequent light cleanings/respacings are much
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Figure 5.6 Respacing of young 2-3 m tall ash and beech
natural regeneration, Unwanted growth cut by hand. (A108%1)

safer than one heavy one. Investment in such cleaning
and respacing is essential and rewarding and, along
with much more careful weeding, is the compensating
expense, for the considerable savings of no initial
planting costs, incurred by properly managed natural
regeneration.

Such work is costly over a whole hectare and
compromises such as Garfitt’s (1980) spaced cleaning
are well worth adopting. He recommends cleaning and
releasing two sterns, which are far enough apart (>>2m)
for each to be able to develop into pole size, approxi-
mately every 7-8 m through the stand. Each favoured
tree is cleared to a distance of 1.2 m radius all round.
The intervening matrix is untouched. The system
ensures an even distribution of favoured trees whose
crowns are given adequate room to grow and it is cheap
10 operate.

AW AT T G Y e

Figure 5.7 Second respacing/cleaning of sycamore
regeneration 4-3 m tall. (AJ0898)

Practical Application

1. Apply the same degree of protection and good weed
control to natural regeneration as would be required
for a plantation.

2. Take time to assess stocking in the early autumn of
the first year after regeneration has begun and infill
gaps larger than 7 x 7 m by planting a small number
of trees. Except for ash and sycamore, do not wait
for further seed years to supplement stocking.

3. Treeshelters are an excellent tool to make the most
of regeneration and to use it as opportunity arises.
Place treeshelters over young trees in September,
while leaves are still on to indicate that they are
healthy.

4, Frequent, light cleaning and respacing are most
important operations to secure high quality and
health in a stand arising from natural regeneration;
the work should not be skimped.
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Chapter 6
Advance Regeneration, Recruiting Coppice Regrowth,
and Suckers

s . - i

Advance Regeneration

This term refers to natural regeneration which appears
in advance of felling operations. Indeed, it can arise
from mid-rotation onwards once a crop begins to bear
seed and thinning opens up a stand. It is of no
silvicultural value in itself at this stage (Figure 6.1),
other than indicating the potential for natural regener-
ation later on, and is unlikely to survive for very long.
On occasion such regeneration of sycamore, beech or
hornbeam can be used to advantage under oak to help
keep stems clean of epicormics.

Sometimes advance regeneration will occur in profu-
sion, without it being specifically sought, in the vears
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Figure 6.1 Advance regeneralion of sycamore {5-years-old) coming uvp prematurely beneath pole-stage ash and larch.

=

immediately preceding normal rotation length and
opportunity can be taken to use it to regenerate the site.
When this is done one is ‘following’ the regeneration, a
practice frequently advocated as the safest in the
uncertain conditions in Britain. Aldhous (1981) recom-
mends witholding any fellings until advance regener-
ation has become established, an approach well-suited
to regenerating small areas as with the group system.

Advance regeneration is often patchy and uneven-
aged and commonly occurs in stands of sycamore, ash
and wild cherry (Figure 6.1). With these species it will
not thrive long if the overstorey continues to cast heavy



shade, but with beech advance regeneration can last
many years growing slowly. If heavy shade is too
prolonged, however, such beech regeneration tends to
become bent topped; a condition which ruins its
potential since it fails to recover properly even if given
full light. Other disadvantages of ‘old’ advance
regeneration is that it is often badly damaged during
extraction and of poor form.

It is prudent to use advance regeneration when it
occurs prefusely around the time of final felling, say
within 5 years of the planned date, and amending plans
accordingly. There seems little point in husbanding it
for any longer period except possibly for conservation
and landscaping reasons when it might be used to help
spread out the regeneration phase.

Recruiting Coppice Regrowth

A feature of all restocking of broadleaved woodlands is
the prodigious growth of coppice from the cut stumps.
Although coppice itself is a type of natural regeneraticn
it has been considered elsewhere in detail (Crowther
and Evans, 1986), including pure coppicing, coppice
with standards, pollarding and related systems, and is
not covered here.

When restocking woodland sites to achieve high
forest, coppice growth is generally considered a weed
competing with the seedling crop but it is possible to
use the regrowth to stock bare patches and, on
occasion, even for it to form the basis of the next stand.
For all broadleaved species it is possible to thin
vigorous coppice to one or two stems per stool (stump),
in one or two operatiens over the first 15 or 20 years,
and bring such a crop to all intents and purposes to a
high forest condition (Figure 6.2). This practice is
called storing coppice and has been quite widely
applied in oak coppice, e.g. Pearson (1948).

Regeneration using coppice growth and then storing
to high forest appears attractive but has several
drawbacks. Development of such coppice growth,
though initially vigorous, often falls off later in the
rotation (Groos, 1953). Coppice shoots tend to have a
weak attachment to the stump, and can break away,
and almost always develop swept or curved butts. In
addition, dark staining in ash, shake in oak, and other
wood quality defects are believed to be more prevalent
in stems of stored coppice than those of maiden origin.

Generally, storing coppice sheuld not be the prin-
cipal method of regeneration for stands grown for
timber, but it should been borne in mind as an option.
And, of course, the widespread neglect of coppicing
this century has resulted in many stands of ‘stored’

Figure 6.2 Sycamore coppice, !8-years-old, just thinned to
one or (wo stems per stool to convert (store) to high forest.
{Coppice in background still to be treated in this way, stems
to be favoured are marked.)

coppice by default. Thinning of these to further the
development of high forest is quite practicable, as seen
for example in the extensive oak woods of Exmoor and
Dartmoor - see description in Penistan (1986).

Sucker Growth

A few species such as wild cherry, grey alder, false
acacia, elm and wild service tree throw suckers, but
though they can occasionally be used for stocking a gap
adjacent to a parent tree they are otherwise of little
silvicultural value owing to the species involved, and
can somelimes even be a nuisance. One exception
could be wild cherry where suckers and natural
regeneration often come up together and could be used
to advantage. Garfitt (1983) has proposed planting very
widely spaced mother trees of cherry, growing them for
15 years, and then developing a fully stocked stand
from all the additional sucker growth that would arise.
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Chapter 7
Notes on Natural Regeneration by Species

Alders

Common alder is a light demanding pioneer which
naturally regenerates easily to form small pure stands
on areas of freshly exposed soil in wet localities (Figure
7.1 It is frequenty a component of mixtures of ash,
hazel and birches, and on heavier soils with oak where
it can be a useful nurse. Common alder coppices well.

Ash

Throughout Britain ash shows a remarkable capacity ta
regencrate naturally both within and outside
woodland. Hewever, such regeneration will not neces-
sarily make a worthwhile crop and should be viewed
critically for three reasoms. Firstly, occurrence of
young regeneration, even if profuse, is no indication
that the ground is a good ash site. Often on ill-suited
sites, e.g. dry shallow soils over chalk, such regener-
ation will disappear after a few vears. Secondly, as with

all informal natural regeneration, no control has been
exercised over the penetic quality of the parent trees.
Many poorly formed trees are profuse seed bearers.
Thirdly, uniform regeneration is difficult to achieve,
dense patches interspersed by unstocked gaps are
typical. Survival of high stocking levels results from
locally favourable site conditions — moist but not poorly
drained soil — rather than high initial density of germi-
nating seeds.

Despite the above reservations, naturally occurring
trees are often a valuable addition in mixed woodland.
Also in mixed woodland ash regeneration in small
openings is a useful way of restocking, especially if it
continues to grow well beyond the fifth year (Figure
7.2). If ash regeneration is seught, and it should always
be practicable to achieve on good ash sites (Helliwell,
1981), only a 25 per cent scattering of female trees is
necessary. Typically a tree will bear about 10 kg of seed
and will drop seed over many months, indeed any time

Figure 7.1
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Dense natural regencration of common alder on wet ground in Forest of Dean. (A1061%)
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Figure 7.2 Ash regeneration in small opening in a beech wood on chalk dowﬁ]nd. It needs cleaning and respacing. (A4 /0890)

from September to the following August (Gardner,
1977). It should be remembered that seedlings often do
not ceme up until the second spring and they germinate
2-3 weeks carlier than the late flushing habit of older
ash.

Initially, ash seedlings are moderately shade tolerant
but within 3 or 4 years require increasing access to full
overhead light for satisfactory growth, though Wardle
(1957) suggests that the presence of partially
suppressed seedlings in a wood presages successful
regeneration. Most natural regeneration will need
respacing and cleaning two or three times during the
thicket stage though, unlike beech, it is generally able
to grow through Clematis competition and brambiles.

In general, in Britain, the most widespread use of ash
regeneration will probably be to develop groups that do
occur rather than pursuing silvicultural systems speci-
fically trying to encourage it.

Beech

Although good mast years of beech are probably more
infrequent than for any other broadleaved species in
Britain, usually at intervals of 10 or more years, success
with natural regeneration has not been especiaily
difficult. Good examples can be found on the Chil-

terns, Cotswolds and South Downs. Beech regener-
ation is widespread in many western oakwoods and
Wart (1931) reports self-sown beech as very commmen in
Scotland. Although suited to the uniform shelterwood
system, and there are a few examples in Britain, group
regeneration is probably the most suitable silvicultural
system for the smaller scale of forestry - felling coupes,
woodland size, tradition — typical of the English low-
lands compared with continental Eureope.

Beech seed germinates in May with the emergence of
the large unmistakable jade-green cotyledons. For
many years seedlings are tolerant of deep shade.
However, conditicns beneath beech stands de not
always favour regeneration, deep accumulaticns of
litter being especially inimical which is often why
regeneration is peor in acid beech woods (Cooper,
1986). Equally, more than the lightest scattering of
ground vegetation is harmful, though Workman (1986)
contends that no vegeration at all indicates too dense an
overstorey for satisfactory regeneration.

Because mast years are few, opportunities for
regeneration must not be missed and steps taken to
ensure success when a good seed crop develops.
Woodmice and pigeons consume great quantities of
seed, seedlings in the cotyledon stage continue to be at
risk from pecking by birds and from spring frosts,
while rabbits and deer will browse seedlings and young
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growth heavily. Retention of overhead cover, which
beech can tolerate for many years, will reduce frost risk
and lessen vigour of weed growth. Beech is not a
colonising species and, indeed, in openings in beech
woodland it often only appears after initial colonisation
by oak, ash, cherry, field maple, birch, etc., has
developed.

In general, the safest practice is to pursue group
regeneration, and do so by waiting for regeneration
first to appear and then to begin felling to open the
overstorey (Penistan, 1974; Aldhous, 1981).

Birches

Both birches produce seed freely, frequently and from
an early age. Although seed viability is not always high
the large quantities produced, and the fact that the seed
1s light and winged, enable colonisation by the species
of almost any suitable site in Britain. Birches are
light-demanding pioneer species and form a
component of most British woodlands almost wholly as
a result of natural regeneration.

Birches become readily established wherever there is
bare mineral soil of moderate phosphate status. Dense
ground vegetation can inhibit regeneration but birch
will spring up on many grassy sites and amongst
bracken and heather. Open, disturbed sites are where
birch regenerates most profusely.

Natural regeneration of birch is not so much a
silvicultural aim but a fact of life frequently adding to
amenity along upland rides and on lowland heaths,
providing woody growth to aid development of
broadleaved stands or dappled shade to shelter
regeneration of other species (Evans, 1984) and fre-
quently as a weed in other crops (page 16).

A full account of birch regeneration is given by
Harding (1981).

Field Maple

Field maple sets viable seed in most years though pure
natural regeneration is rare. Seed often germinates in
the second year after falling. In general, best develop-
ment occurs on heavy soils which are calcareous at
depth but without free lime at the surface. It is a
common, minor component of mixed regeneration.

Gean (Wild Cherry)

Most wild cherry in older woodlands has arisen from
unplanned natural regeneration or suckers which occur
commonly in woodlands over chalk and limestone
formations. The species sets viable seed at a young age
and the seed is widely dispersed by birds though most
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still remains within 50 m of parent trees (Pryor, 1985).

Suckering is a feature of cherry and occurs up to.
10 m from the parent stem and often comes up in
mixture with seedling regeneration — see page 37.
Initially, regeneration is shade tolerant but soon
becomes strongly light-demanding and any overstorey
should be removed after 3 or 4 years. On suitable sites
natural regeneration of wild cherry is a useful addition
to any stand.

Hornbeam

Hornbeam is principally a coppice species suitable for
heavy clays but natural regeneration does occur singly
or in small groups, mainly in south-east England. In
northern France the species is a common component
among natural regeneration of beech and oak and,
though welcomed as an understorey during the life of a
stand, it is removdd before regeneration is started and
normally cut back in early cleanings.

Limes

Small-leaved lime, the more widespread of the two
native species, flowers profusely in most years but only
sets viable seeds in warm summers. Generally,
regeneration, which is uncommon and mostly loca-
lised, comes in mixed woodland with ash, hawthorn,
field maple, birch, oaks and wild cherry, but occa-
sionally small pure stands can be found.

Seed can survive for 2 years in the soil before
germinating. Emerging seedlings bear deeply lobed
cotyledons, unlike virtually all other species where
they are always of simple outline even when later leaves
are much divided.

Norway Maple

Norway maple flowers and sets seed regularly and is
likely to be of potential for regeneration on calcareous
soils where the species is one of the few which will grow
well. In some situations it can be almost too prolific.

Oaks

Much of what has been written has already referred to
oak. Natural regeneration is much commoner than
often supposed, e.g. under even the most unpromising
neglected oak coppice in the West Country, and can
occur in most parts of Britain, though sessile oak sets
seed less frequently than pedunculate. There is no
general failure of oak seed to set, disperse or germinate.



To survive it needs protection and adequate light.
Reference has been made elsewhere 10 seedling defoli-
ation by caterpillars and the common sight of oak
saplings growing up in thorn thickets.

Acorns can continue to germinate for 2 or 3 years
after falling. The seedlings that develop have remarka-
ble root:shoot ratios, typically between 4 and 6 in the
first year, where the underground tissue acts as a
storage organ leading to great resisiance to browsing
{Shaw, 1974) and explaining the good growth which
occurs after stumping back and, perhaps, in the second
year when grown inside treeshelters. After years of
browsing a seedling can suddenly ‘come away’ and
establish itself when pressure is relieved. The root:shoot
ratio is much wider than other species including conifers
which, in the first year, are typically closer to 2.

Oak is a strong pioneer species, expanding woodland
fringes, and is an early arrival in scrub and colonisation
of open ground. It can grow up through brambles, in
less dense bracken and in grass.

Accounts of oak regeneration will be found in
Newbold and Goldsmith (1981), Jones (1959) and
Morris and Perring (1974) as well as in specific
references already cited.

Turkey oak and its hybrids with our native species
are common components of regeneration in southern
Britain.

Rowan

Rowan or mountain ash fruits regularly, with seed
widely dispersed by birds. Natural regeneration is
common and widespread throughout Britain and
growth of seedlings is initially very vigorous. The
species is a very hardy light-demanding pioneer adding
to amenity wherever it occurs; it is of little silvicultural
importance.

Southern Beeches

Both Nothofagus obligua and N. procera set viable seed
and regenerate naturally despite being recent introduc-
tions.

Sweet Chestnut

Sweet chestnut is mostly thought of asa coppice species
but timber trees are valuable when the wood is free
from shake. The species fruits in most years and after
warm summers the nuts develop well in southern
England. It occurs naturally on lighter soils of south
and east England and is fully ‘naturalised’ as a species
to the point that Rackham (1980) regards it as a
‘honorary native’.
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Sycamore

Sycamore is widely naturalised and regenerates more
freely, on almost any soil which is deep enough (Jones,
1945), than any other broadleaved species apart from
birches and willows, though a requirement for ade-
quate soil phosphate may be critical (Helliwell, 1965).
Indeed, there is concern (Peterken, 1981) that its
ability to regenerate can become invasive, swamping
ash, oak and beech (Figure 7.3). There are examples
where sycamore has spread in a wood, e.g. Bedford
Purlieus, bur generally the natural regeneration of this
robust species should be welcomed by foresters, other
than on sites of special ecological interest or where grey
squirrels are likely 1o be beyond control. Taylor (1982}
suggests the case against sycamore as damagingly
invasive on important sites is overrated.

Sycamore regeneration is often profuse on sites and
in group openings where beech is hoped for (Stern,
1982} and it is generally more tolerant of shade than ash
(see example in Figure 5.1) and can appear as advance
regeneration under light crowned species such as ash
(Figure 6.1). Rabbit browsing can be serious, perhaps
more 50 than that of deer and sheep. With adequate
light and moisture — considerable losses occur on dry
thin soils — sycamore regeneration will develop as dense
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Figure 7.4  Fifteen-year-old sycamoare natural regeneration after first thinning; note vigorous coppice from stumps of the thinned

thickets which require cleaning and respacing two or
three times to secure a stand and avoid drawn up
straggly stems. Thinning should continue frequently
and fairly heavily (Figure 7.4).

Willows and Sallow

Sallow and grey willow accur throughout Britain and
come up freely on woodland sites and wetter patches of
exposed mineral soil. Mostly they are a silvicultural
nuisance needing control because of their vigorous
growth and potential dominance of less competitive
but more important crop species.

Whitebeams and Wild Service Tree

Whitebeam grows naturally in association with ash,
beech, field maple and hawthorn; wild service tree may
also be found with rowan, wild cherry and oaks. Both
species are light-demanding pioneers though wild
service tree can endure some shade. Whitebeam is an
early coloniser in scrub on chalk but often survives the
transition 10 woodland to form an occasional upper
canopy iree.

Both species fruit strongly; wild service tree also
readily produces suckers.



Glossary

Scientific names and authorities of English names used in text

ALDER
Common
Grey

ASH
ASPEN

BEECH
Common

BIRCH
Downy
Silver

FALSE ACACIA
GEAN (Wild cherry)
HAWTHORN

HAZEL
Common

HORNBEAM

LIME
Large-leaved
Small-leaved

MAPLE
Field
Norway

Alnus glutinosa (L..) Gaertn.
Alnus incana (L.) Moench.

Fraxinus excelsior L.

Populus tremula L.
Fagus sylvatica L.
Betula pubescens Ehrh.
Betula pendula Roth.
Robinia pseudoacacia L.

Prunus avium L.

Crataegus monogyna Jacq.

Corylus avellana L.

Carpinus betulus L.

Tilia platyphyllos Scop.
Tilia cordata Mill.

Acer campestre L.
Acer platanoides L.

OAK
Pedunculate
Red
Sessile

Turkey
ROWAN

SOUTHERN BEECH
Roble

Raoul

SWEET CHESTNUT
SYCAMORE

WHITEBEAM
Swedish

WILD SERVICE
TREE

WILLOW
Grey
Sallow
White

Quercus robur L.
Quercus rubra du Roi
Quercus petraea
(Martusckha)
Quercus cerris L.

Sorbus aucuparia L.

Nothofagus obliqua (Mirb.)
Bl.

Nothofagus procera (Poepp.
& Endl.) Oerst.

Castanea sativa Mill.
Acer pseudoplatanus L.
Sorbus aria (L.) Crantz
Sorbus intermedia (Ehrh.)
Pers.

Sorbus torminalis (L.)

Crantz

Salix cinerea L.
Salix caprea L.
Salix alba L.
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