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V ll

The Potential for the Natural Regeneration of
Conifers in Britain
Sum m ary

An introductory chapter notes the historic and current use o f conifer natural regeneration
in Great Britain, listing the advantages and disadvantages of its use in forest management.
Coning levels vary markedly from year to year, so it is often desirable to predict the onset
of particularly favourable years for seed production. Early thinning helps to promote crown
development, which will lead to enhanced seeding from trees in stands when they reach
optimum productivity at 2 5 -4 0 years of age. The m ajority o f seed dispersed from mature
trees of around 20 m in height will fall within 100 m, equivalent to the radius o f a circular
coupe of 3 ha.
Conifer seed rarely rem ains viable on the forest floor for more than one year. Germination
norm ally occurs in spring with the onset o f warm moist conditions follow ing an
overwintering period where chilling helps to break the shallow physiological dormancy.
Silvicultural operations to prom ote rapid establishm ent o f dense natural regeneration
must be planned to coincide with years when good quantities of seed are produced.
Cultivation to mix the mineral soil with the litter layers helps to provide the favourable
seedbed conditions o f adequate soil moisture and lack o f vegetation competition. When
thinnings occur, canopy cover should be carefully manipulated because of its influence over
forest floor conditions. Conifer species vary in the ability of their seedlings to tolerate shade,
but good light levels are necessary to prom ote strong growth. M anagem ent aimed at
producing high densities of regeneration is recom m ended as the best approach in order to
com pensate for heavy seedling losses due to a host o f dam aging agents.
The spring of the third year following germination is considered to be the earliest time at
which a reliable estimate o f established seedlings, and hence the success of natural
regeneration, can be made. Supplem entary planting to modify the balance of species or to
infill gaps can then be undertaken. Dense regeneration may require respacing early in the
rotation. Timing is very im portant and should be linked to the identification of potential
crop trees when trees reach 1.5-2 m in height. A target density o f 2500 trees/ha is
appropriate at this stage.
In m aking an econom ic com parison between use o f natural regeneration and planting, the
probability o f success needs to be considered along with operational details. The use of
natural regeneration can be more cost-effective due to operational savings, and can enhance
the non-m arket benefits of the forest. However, after clearfelling there may be costs involved
with the delayed establishm ent of natural regeneration relative to that achieved by
planting. Respacing costs are com m only in the order o f £350-400/ha.
Under British conditions, natural regeneration will generally be a less certain means of
establishing trees than planting, but it has sufficient benefits to make it the preferred
option for some com binations o f crops and sites. The probability o f success can be increased
by adopting forest m anagem ent practices which incorporate the principles and advice
contained in this Bulletin.

Possibilities de regeneration naturelle des coniferes en
Grande-Bretagne
Resum e

Un chapitre d’introduction fait etat de Futilisation passee et presente de la regeneration naturelle des
coniferes en Grande-Bretagne, enumerant ses avantages et inconvenients au niveau de la gestion forestiere.
La formation de cones variant sensiblement d’annee en annee, il est souvent desirable de predire quand
commenceront les annees particulierement favorables a la production de semences. Pratiquees tot les
eclaircies contibuent a encourager le developpement des houppiers, ce qui amenera une meilleure
production et dissemination des semences chez les arbres en bouquet lorsque ceux-ci atteindront leur
productivity optimale a 25-40 ans d’age. La majorite des semences dispersees, provenant d’arbres adultes
ayant environ 20 m de haut, tombera a moins de 100 m, ce qui equivaut au rayon d’une coupe circulaire de
3 ha.
Sur le sol de la foret, les semences de coniferes restent rarement viables au-dela d’un an. La germination
se deroule normalement au printemps lorsque s’installent des conditions humides et assez chaudes faisant
suite au passage de l’hiver, periode ou le gel aide a briser la faible dormance physiologique. - Des operations de sylviculture visant a favoriser letablissement rapide d’une dense regeneration
naturelle doivent etre planifiees pour co'incider avec les annees ou de bonnes quantites de semences seront
produites. Le labourage ayant pour but de melanger le sol mineral avec les couches de litiere aide a fournir
un lit de germination presentant des conditions favorables - humidite du sol et manque de competition
vegetale. Au moment de l’eclaircissage, la densite du couvert devrait etre manipulee avec soin du fait de son
influence sur les conditions du sol forestier. Chez les semis de coniferes, la capacite de tolerer l’ombre varie
suivant les especes, toutefois un bon niveau d’eclairage est necessaire pour promouvoir une croissance
vigoureuse. Une gestion visant a produire de hautes densites de regeneration est recommandee comme
etant la meilleure fafon de compenser les fortes pertes de semis dues a une multitude d’agents nuisibles.
Le printemps de la troisieme annee suivant la germination est considere comme la premiere date a
laquelle on pourra proceder a une estimation fiable des semis etablis, et done a Fevaluation du succes de la
regeneration naturelle. Des plantations supplementaires visant a modifier Fequilibre des essences et a
remplir les vides pourront alors etre entreprises. Une regeneration dense pourra necessiter un reespacement, tot dans la rotation. Le choix du moment est tres important et devrait etre lie a Fidentification
des sujets eventuels du peuplement final lorsque les arbres atteindront 1,5-2 m de haut. Une densite cible
de 2500 arbres/ha est appropriee a ce stade.
Pour comparer d’un point de vue economique Futilisation de la regeneration naturelle et le recours a la
regeneration naturelle et le recours a la plantation, il est necessaire de considerer les probabilites de succes
en meme temps que les details operationnels. Le recours a la regeneration naturelle peut etre plus rentable
du fait des economies realisees sur les couts operationnels, et peut mettre en valeur les atouts noncommercialisables de la foret. Neanmoins, apres une coupe rase, des couts peuvent etre encourus du fait du
retard de l’etablissement de la regeneration naturelle par rapport a celui de la plantation. Les couts de reespacement sont generalement de l’ordre de £350-400/ha.
Dans les conditions existant en Grande-Bretagne, la regeneration naturelle s’averera generalement un
moyen moins sur d’etablir les arbres que la plantation, mais elle presente des merites suffisants pour en
faire l’option de predilection dans certaines combinaisons de peuplements et de sites. Les probabilites de
succes peuvent etre accrues par Fadoption de methodes de gestion forestiere incorporant les principes et
conseils contenus dans ce bulletin.
IX

Das Potential fur natiirliche Regeneration von
Nadelbaumen in Britannien
Zusamm enfassung

Die Einfuhrung vermerkt die historische und heutige Verwendung von natiirlicher Nadel-baumregeneration in Britannien, zusammen mit ihren Vor- und Nachteilen fur die Forstpflege.
Da Zapfendichte von Jahr zu Jahr sehr unterschiedlich sein kann, ist es oft wiinschenswert, den
Beginn von besonders giinstigen Jahren zur Samenproduktion vorherzusagen. Friihes Durchforsten kann
die Rronenentwicklung fordern und dies ftihrt zur verstarkten Aussaat von Baumen in Bestanden, wenn
diese, im Alter von 25-40 Jahren, ihre optimale Produktivitat erreichen. Die Mehrzahl der Samen, die von
schlagbaren Baumen von etwa 20 m Hohe, verteilt werden, fallen innerhalb von 100 m, entsprechend dem
Radius einer runden Hiebsflache von 3 ha.
Nadelbaumsamen bleibt, auf dem Waldboden, selten langer als ein Jahr keimfahig. Das Keimen erfolgt meist im Friihjahr mit dem Beginn von feuchtwarmen Bedingungen, die einer Oberwinterungsperiode
folgen, in welcher die Kalte zum Abbruch der Samenruhe betrug.
Waldbauliche
MaBnahmen,
um
schnelle
Etablierung
eines
dichten,
natiirlichen
Regenerationsbestandes zu fordern, mtissen so geplant werden, dafl sie mit Jahren von guter
Samenproduktion tibereinstimmen. Bodenbearbeitung, indem man den Mineralboden mit dem Waldstreu
mischt, fordert die bevorzugten Saatbettbedingungen - ausreichende Bodenfeuchtigkeit und wenig
Vegetationskonkurrenz. Beim Durchforsten sollte der Beschirmungsgrad sorgfaltig manipuliert werden,
da dieser einen EinfluB auf die Bodenbedingungen hat. Die Samlinge von unterschiedlichen
Nadelholzarten haben verschiedene Schattenertraglichkeit, aber gute Lichtwerte sind notig um starkes
Wachstum zu fordern. Es wird empfohlen, den Wald im Bezug auf Hohe Regenerationsdicht zu
bewirtschaften, da dies die beste Methode ist, um die schweren Samlingsverluste durch eine Reihe von
schadlichen Einfltissen, auszugleichen.
Der Friihling des dritten Jahres nach der Keimung gilt als der friiheste Zeitpunkt zu welchem eine
verlaflliche Schatzung der etablierten Samlinge, und damit des Erfolgs der natiirlichen Regeneration,
gemacht werden kann. Zusatzliche Pflanzungen, um die Artenbilanz zu andern oder Lticken zu fiillen,
konnen dann unternommen werden. Dichte Regeneration benotigt Umordnen moglicherweise frtih im
Umtrieb. Der richtige Zeitpunkt ist sehr wichtig hier und sollte mit der Identifizierung potentieller
Zukunfstbaumen verbunden werden, wenn die Baume etwa 1.5—2 m Hohe erreichen.
Will man einen wirtschaftlichen Vergleich zwischen naturlicher Regeneration und Pflanzung
anstellen, so muB die Erfolgswahrscheinlichkeit zusammen mit den betrieblichen Details betrachtet wer
den. Natiirliche Regeneration ist kostengiinstiger aufgrund niedriger Betriebskosten, auBerdem kann es
die nicht-wirtschaftlichen Nutzen des Waldes bereichern.
Nach dem Kahlschlag konnen jedoch Kosten entstehen, durch die relativ verspatete Etablierung von
naturlicher Regeneration im Vergleich zu Pflanzung. Umordnungskosten liegen allgemein im Bereich von
£ 350-400/ha.
Unter britischen Bedingungen ist natiirliche Regeneration, im Vergleich zur Pflanzung, allgemein eine
weniger verlaBliche Methode zur Baumetablierung, aber sie besitzt gentigend Vorteile, um sie bei gewissen Kombinationen von Kultur und Lage, zur bevorzugten Methode zu machen. Die Erfolgsrate kann
verbessert werden indem man forstwirtschaftliche Methoden benutzt, welche die Grundsatze und
Ratschlage in diesem Bulletin beinhalten.
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Chapter 1

Introduction

As Britain’s new conifer forests have matured
there has been increasing interest in the use of
natural regeneration for restocking after felling.
W hile achieving successful natural regeneration
can reduce costs and provide environm ental
benefits the uncertainties associated with its
use can make it difficult for forest m anagers to
decide when and where to rely on natural
regeneration in preference to planting.
This
B ulletin
aim s
to reduce
these
u n certainties
by
providin g
fu ndam ental
inform ation on the reproductive cycles of our
major conifer species and by outlining factors
which affect seed germ ination and seedling
establishm ent. The m anagem ent o f existing
regeneration is also considered. Guidance is
given on the identification o f forest sites suited
to natural regeneration and on the planning and
im plem entation o f forest operations which will
enhance the likelihood of success. The focus is
on the use o f natural regeneration to promote
regular, even -aged stands. H owever, the
principles can also be applied to irregular,
uneven-aged stands.

The historical use o f natural
regeneration in British conifer
forests
To date, the m ajor coniferous forest type in
Britain where natural regeneration has been
used has been in the Scots pine forests
particularly in northern Scotland. During the
last century there were many instances o f the
successful encouragem ent of native pinewood
regen eration
through
deliberate
stand
m anagem ent (Steven and C arlisle, 1959).
N atural regeneration has been used in the
managem ent of Scots pine stands in southern
Britain, such as the New Forest (Jones, 1947)

and the Crown Estates at W indsor (Hart, 1995).
However, the m ajority o f British conifer
forests are com posed o f non-native species
which date from 1920 or later. The initial
establishm ent and more recently the restocking
o f these forests has tradition ally been
accom plished by planting. As these forests
develop, more trees are reaching seed bearing
age, and there is greater potential to utilize
natural regeneration in the m anagement o f a
larger proportion o f the stands. _ _
The potential for using natural regeneration
m ore w idely in these con ifer forests was
appreciated from the early 1950s but the
uncertainty o f success restricted its use
(M acD onald and L ockhart, 1953; M cN eill,
1962). Natural regeneration first began to figure
in silvicultural practice during the 1960s when
high densities of Sitka spruce seedlings were
found to be developing spontaneously after
windthrow and clearfelling in the forests of
south and west Scotland and Wales (Davies,
1954; Dannat and Davies, 1970).

The current extent of natural
regeneration
Sitka spruce regeneration now occurs widely on
clearfelled areas in western districts of Britain
(Nelson, 1990). For example, a survey o f 47
restock ing sites in southern Scotland and
northern England found natural regeneration of
Sitka spruce occurring on 68% o f sites (Nixon et
al., 1994). Natural seedlings o f Sitka spruce are
often recorded at densities o f over 2500/ha and
examples o f over 400 000 seedlings/ha have been
noted on favourable sites. Nevertheless across
the whole country, the occurrence and density of
Sitka spruce regeneration tends to be very
variable both between and within sites.
1

Natural regeneration o f other conifer species
is often less prolific but there are numerous
exam ples o f sm all pockets o f regen eration
occurring on receptive sites where there are
parent trees o f seedbearing age. A separate
survey of Douglas fir regeneration in Wales and
south-w est
England
found
regen eratin g
seedlings on over 90% of sites with an average
density of 38 000 seedlings/ha (Blackhall and
Nixon, 1992). There was considerable variation
around this average density underlining the
degree to which regeneration success differs
with site. However the relative scarcity of
naturally regenerating seedlings o f species such
as larch, western hemlock and Douglas fir is
more often a result o f forest m anagem ent
practices than ecological adaptation.
Surveys o f the native pinew oods have

highlighted the overall scarcity o f established
Scots pine seedlings (Bunce and Jeffers, 1977).
However, the presence o f sm aller seedlings
indicates that many pinewoods remain capable
o f regenerating. One o f the main barriers to
regeneration of Scots pine and other species is
often grazing and browsing animals (Staines,
1995). D eer num bers in particu lar have
increased dramatically in Scotland over the last
century (Watson, 1983) and in many areas the
number o f sheep has also rem ained high.

Advantages and disadvantages of
using natural regeneration
The decision to use natural regeneration needs
to consider various factors in clu d in g the
advantages and disadvantages listed below:

Table 1.1
Advantages

Disadvantages

Em ulates natural processes

Relies on the presence o f parent trees of acceptable quality

Involves less dram atic environm ental change

The tim e o f seedling establishm ent can be less easily
predicted

Introduces greater structural, species and visual diversity

Does not allow for the use o f genetically im proved plant
material

Can be a less expensive m ethod of restocking than planting

Can involve a delay in w oodland establishm ent com pared
with planting

Provides a natural m echanism for rejuvenating and extending
native woodlands

Can result in patchy, variable tree stocking densities
Possible requirem ent for respacing w here seedling densities
are too high

2

Forest management utilizing
natural regeneration
Natural regeneration may arise spontaneously
or as a result o f deliberate managem ent to
encourage it. In both cases the use of natural
regen era tion
can
have
advantages
and
disadvantages com pared with planting (Table
1.1). The successful use of natural regeneration
presents the forest m anager with a num ber of
challenges requiring care, skill and flexibility in
the tim ing of forest operations.
The clear definition o f the objectives o f
managem ent for any given area, together with
consideration o f the stand and site type, will be
the first stage in deciding whether or not the
forest can be m anaged to encourage natural
regeneration . The presence o f advanced
regeneration either beneath or at the edges of
stands is also a useful indication of receptive
sites for regeneration.
D espite the u n certainty surrou n din g the
wider use o f natural regeneration, there are

good examples o f the successful encouragem ent
and use of natural regeneration in conifer stands
throughout Britain. Particularly notew orthy
examples are the naturally regenerated Sitka
spruce in the forests o f Kielder, Ae and
Fernworthy; larch, Douglas fir and other conifers
at Longleat Estate in Wiltshire; Douglas fir at
Coed-y-Brenin in Wales; larch in the northern
Lake District and Scots pine at Rothiemurchus,
Glentanar and Glen Dye.
These examples show that, given suitable
parent trees, with appropriate m anagement all
our major coniferous species are capable of
successful natural regeneration provided
certain key aspects like seed supply and site
receptivity are ensured. The challenge to the
forest manager is to develop the knowledge and
skill necessary to promote natural regeneration
in a successful and predictable manner. This
requires an understanding of the principles of
seed and seedling physiology and their
interaction with site and other factors. These
principles are outlined in the following chapters.

3

Chapter 2

Seed production and dispersal

F igure 2.1 The cycle o f flower and cone development in Scots pine (Gordon, 1992)

F ig u re 2.2 The cycle o f flower and cone development in Sitka spruce (Gordon, 1992)

4

Successful managem ent o f natural regeneration
must use the natural patterns and tim ing of
seed production to maximize the available seed
supply to a given site during the period of
greatest site receptivity.

crops is m ostly dependant upon favourable
clim atic conditions w hich can occur in
successive years or alternatively not occur for
many years. W hilst external environm ental
con ditions play a role at the stand level,
individual trees tend not to bear a heavy cone
crop in successive years due to the drain on their
carbohydrate reserves (Brown and Neustein,
1970). Therefore the concept of regular intervals
between seed years, or seed production cycles, is
only indicative o f the return period which might
be expected. It cannot be used to predict the next
occurrence o f a good supply o f viable seed.
Variation in seed production also occurs
between single trees, between stands in a forest
and on a regional scale. These differences are
more pronounced in some species than others.
Scots pine, for example, often exhibits a more
uniform level o f seed production than the
spruces (Bergman et al., 1981; Sqrvas, 1962).
The periodic production of very large quantities
o f seed is thought to be part o f an advantageous
evolutionary strategy to reduce the loss o f seeds
to predators in mast years (Fenner, 1991).
Table 2.1 shows the pattern of seed production
recorded in surveys of Forestry Commission
forests over the period 1930-1948 on a national
basis. More recent data are unavailable.

The timing o f flowering and seed
production
M ost conifers, except the pines, have a two-year
reproductive cycle. This starts w ith bud
initiation in the spring o f the first year and
leads on to flow ering and cone m aturation
during the spring and sum mer of the following
year. Pine species take three years to complete
the cycle o f seed production (Wareing, 1958).
Details of the various stages o f developm ent are
shown in Figures 2.1 and 2.2 for Scots pine and
Sitka spruce respectively.

The frequency o f good seed years
Seed production in conifers varies markedly
from year to year. A num ber o f authors
(Matthews, 1954; Brown and Neustein, 1970)
suggest typical intervals between years with
very high seed production (seed or ‘m ast’ years)
for some species. The production of large seed

T able 2.1

Record o f seed production in Forestry C om m ission forests 193 0-1 9 4 8

Species

Year of crops
1930

31

32

33

34

35

36

37

38
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45
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P

g

P

a

P

Douglas
fir

P

P

g

P

g

p

g

f

g

g

na

g

g

f

g

g

P

f

P

Sitka
spruce

P

P

p

f

p

a

g

g

f

g

9

g

g

g

p

a

P

a

f

Japanese
larch

a

f

p

g

a

f

p

a

g

f

g

p

a

p

p

P

P

a

g

a: abundant - extensive coning on both edge trees and trees within the stand,
g: good - extensive coning on edge trees and som e coning on trees w ithin the stand,
p: poor - sm all num bers o f cones on edge trees. N egligible coning on trees within the stand,
f: failure - no coning,
na: data not available.
(Forestry C om m ission, 1940)
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Table 2.2 Num ber o f cones and seeds produced in good seed years by 4 0 -5 0 year old trees o f the m ajor British conifers in
stand conditions

Number of
cones/tree

Number of
seeds/cone

Number of
seed/tree

Seed
viability

Sitka spruce

3000

100

300 000

7 0 -8 0

Corsican pine

2500

12

30 000

7 0 -8 0

Scots pine

800

15

12 000

5 0 -7 0

Lodgepole pine

700

11

7 700

8 0 -9 0

Species

%

1500

10

15 000

7 0 -8 0

700

15

10 500

7 5 -8 5

Larches

4500

10

45 000

1 5 -2 5

W estern hem lock

5800

10

58 000

5 0 -6 5

Douglas fir
Norway spruce

( adapted from G o rd o n ,1992 and Aldhous, 1972)

The quantity o f seed produced

Table 2.3

Average age of first good seed crops in

conifers in Britain

During good seed years the quantity o f seed
produced by a mature stand o f trees is very
high, often exceeding one m illion seeds/ha.
O ccasionally extrem ely large num bers o f seeds
may be produced; up to 22 m illion seeds/ha
have been recorded under Sitka spruce stands
in western Scotland (Neustein, 1966, 1967,
1968, 1969; M air, 1973). Table 2.2 gives
approxim ate figures for the num ber o f cones
and seeds produced in good seed years by
mature dom inant trees in stand conditions (c.
4 0 -5 0 years old) o f the m ain conifers. These
figures are much less than those for old opengrow n trees. For exam ple G arm an (1951)
recorded an average num ber o f 14 000 cones per
tree on scattered old growth Douglas fir trees
on V ancouver Islan d in B ritish C olum bia,
Canada.

Factors affecting seed production
Tree age
The flowering, coning and seed production of
young trees is often sparse and sporadic but
increases rapidly with age (M atthews, 1963)
and continues to increase th rou ghou t the
rotation up to a very late stage, providing that
the crowns o f the trees are free to develop.
6

Species
Sitka spruce

Age of first good seed crop
2 5 -3 5

Scots pine

1 5 -2 0

Douglas fir

3 0 -3 5

European larch

2 5 -3 0

Japanese larch

1 5 -2 0

W estern hemlock

2 5 -3 0

Corsican pine

2 5 -3 0

Lodgepole pine

1 5 -2 0

N orway spruce

30—40

Noble fir

30—40

Grand fir

3 5 -4 5

(adapted from Philipson, 1990)

In dense stands, particularly where they are
unthinned, it is common for the production of
seed to stabilize in mid rotation (30-40 years).
Sitka spruce, for example, begins to produce
seed crops around the age o f 2 0 -2 5 but does not
normally produce very large quantities o f seed
until after 3 5 -4 0 years of age (Brown and
Neustein, 1970).

Crown development and stand density
P rovided there is an am ple pollen supply,
isolated trees w ill flow er and seed more

abundantly than those in closed canopy
conditions. Flow ering is largely confined to
those parts of the tree crown which are fully
exposed to sunlight (M air, 1973). Seed
production
is
greatest
on
dom inants,
codom inants and edge trees. Therefore, the
release of the crowns of trees in stands by
th innin g prom otes in creased flow erin g and
hence seed production. For instance, Jones
(1943) found that, in Scots pine, selecting and
prom oting the growth o f dom inant trees was
critical
to obtain in g
su ccessfu l natural
regeneration. This was not com pensated for by
leaving a greater num ber o f sm aller trees since
the level of coning on dom inant trees was 4 .5 -6
times that o f interm ediate and suppressed trees.

Important site characteristics

Climate
Climate exerts a strong influence on flow ering
and seed production at both a regional and local
scale. Broadly, warm and dry conditions tend to
encourage flowering. Higher tem peratures are
norm ally required for flower bud initiation
than for the form ation o f vegetative buds. High
tem peratures and low rainfall in June and July
appear particularly im portant in flow er bud
form ation years as this corresponds to the time
o f initiation o f reproductive buds. However,
seed production may not just be determ ined by
a single subperiod o f the grow ing season (e.g.
during the differentiation o f the flow er buds)
but by the nature o f the whole growing season
prior to flow ering (Leikola et al., 1982).
Even where the clim atic conditions leading
up to flow erin g are optim al, the w eath er
conditions during flow ering and subsequent
cone developm en t m ay also in flu en ce the
production o f viable seed (Van Vredenburch and
La B astide, 1969). H igh rain fa ll during
pollination , early spring frosts and a cool
sum m er and autum n follow ing flow ering can all
reduce the final qu an tity o f fertile seed
produced. As a result the prediction o f good
coning years on a site by site basis using
clim atic
data
is
u n reliable
and
not
recom m ended.

Location, elevation and aspect
Within any climatic zone there is local variation
imposed by elevation, aspect and exposure.
Variation in seed production with elevation
has been described by many European authors
(Piussi, 1967; Bergman et al., 1981). At higher
altitudes cones tend to be smaller, with fewer
and lighter seeds which have lower average
viability levels. Increasing elevation can also
influence the periodicity o f good seed years with
the intervals between good seed years being
longer and more irregular at higher elevations
com pared with lower elevation sites. Although
the range of site elevation included in many of
these studies was greater than that to be found
in Britain, it is likely that similar, if smaller,
effects could be dem onstrated here.
Seed production is also often higher in stands
on sites with a southerly aspect, particularly in
com parison to n orth-facing slopes (Hagner,
1965; Sim pson and Pow ell, 1981). A t the
individual tree level, higher cone production is
also likely to occur on south-facing parts of the
crown (Hagner, 1965; Piussi, 1986; Garman,
1951). This is most com m only attributed to the
warm er microsite conditions favouring flower
induction.

Prospects for enhancing seed
production through cultural
treatments
A number o f cultural treatments can be used to
enhance flowering in conifers in addition to the
prom otion of good crown development. Those
most com m only used are fertilization, branch
and stem girdling and shoot pruning.

Fertilization
T here is a lack o f inform ation on the
reproductive response o f forest trees to
fertilization. However, increases in flowering
and fruiting, directly attributable to the
addition o f n itrogen fertilizer, have been
reported in species such as Scots pine (Bergman,
1960) and Douglas fir (Smith et al., 1968).
The quantities and relative proportions of
the nutrients necessary to stim ulate flow ering
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and seed production varies with the nature of
the stand, especially the age and size o f the
trees, and the site conditions. However, on
nutrient-poor sites in Britain, i.e. very poor to
poor nutrient status in ESC term s (Pyatt,
1995), seed production may be enhanced by
correcting any existing nutrient deficiencies of
the trees. Foliage analysis should be carried
out to see if fertilizer applications are likely to
be beneficial.
The most effective time to apply compound
fertilizers for the purposes of stim ulating bud
form ation is in the early spring before the new
flower buds are formed, i.e. during the period
February-M ay. It should be rem em bered that
in the pines where seed takes two years to ripen,
any effect will not be apparent until two years
after application.

Girdling
Treatments, such as girdling, place trees under
p h ysiological stress and can prom ote a
shortterm enhancem ent o f seed production. The
partial girdling of the stem is one o f the most
effective m ethods o f increasing flowering in a
w ide variety o f tree species u nder forest
conditions. This is m ost often achieved by
cutting two slightly overlapping half-circles
through the bark and cam bial layer approx
1—1.5 cm wide, one above the other 5—15 cm
apart and is most effective when applied before
the end o f May. G irdling may be carried out in
association
w ith
pa rticu la r
silvicu ltu ra l
system s o f crop m an agem en t such as the
retention o f seed trees on a restocking site to
provide increased quantities of seed during a
season when a receptive seed bed has been
prepared. However, due to the dam age caused
to the stems of the trees, the operation cannot
be repeated.

The use of plant growth regulators
In
tree
im provem en t
program m es
the
application of plant growth regulators has often
proved more successful in enhancing flowering
than cultural treatm ents such as those
described above. The application o f the growth
horm one gibberellin has been successfully used
to induce flowering in a num ber o f conifer
8

species (Pharis and Ross, 1986; Pharis et al.,
1987). The most successful treatm ent is often
gibberellin injection timed to coincide with conebud initiation and com bined with a cultural
treatm ent such as girdling (Philipson, 1990;
Tompsett and Fletcher, 1979). However, the
method has been developed as a technique for
use in tree breeding program m es and is not a
practical method o f encouraging widespread
flowering in forest situations due to the high
costs involved.

Predicting good seed years
W hen attem pting to utilize the abundant seed
supply in ‘m ast’ years, the earlier that the
potential o f the crop can be assessed, the sooner
appropriate m anagement plans can be made
and implemented.
Three methods are often proposed for the
early prediction of large cone crops in forest
trees:

The use of assumed periodic seed cycles
The lim itations to the use o f this method are
discussed at the beginning o f this chapter and it
is not recom m ended as a practical management
option.

Prediction using climatic variables
The use o f this method for the prediction of good
seed years in particular crops is difficult for
many reasons (Mencuccini, 1991; Clarke, 1992)
and it is not recommended.

The visual assessment of buds and flowers
In some conifer species such as Douglas fir and
the larches, an early assessment o f the potential
size of the cone crop may be made by observing
the external m orphology o f flowering buds as
they form in the preceeding autumn (Dobbs et
al., 1976; Gordon, 1992; Silen, 1967; Philipson,
1997). In other species this is more difficult,
requiring the buds to be dissected and studied
under a microscope.
Observation and assessm ent of buds from the
ground is not possible but they can be readily
seen on the tips o f branches o f felled trees in the
early autum n. A lthough a high density of

reproductive buds cannot be taken as definite
evidence o f a large cone crop in the following
year, they nevertheless indicate the possibility
o f good flowering. In most conifer species it is
therefore not possible to begin to assess the size
o f the potential seed crop until the spring flush
o f foliage has occurred.
The abundance o f male and fem ale flowers in
spring can be used as an indication o f the
potential cone crop but unfortunately even high
num bers o f flow ers do not n ecessa rily
guarantee a large seed crop due to the influence
o f the prevailing w eather conditions during
flower and cone developm ent (Philipson, 1997).
Late spring frosts and heavy rainfall during
pollination are particularly dam aging to some
species — for exam ple larches. The optimum
period for m aking an assessm ent o f em erging
flowers is given in Table 2.3 and the am ount of
flow ering can be classified using a sim ilar
system to that recom m ended for cone crops (see
next section).
This m ethod of early prediction is the only one
that offers poten tial for operation al forest
managem ent. However, estim ates derived by
this m ethod need to be correlated with
subsequent assessm ents o f cone production. At
present the reliability o f such estim ates is
uncertain and therefore the technique cannot
yet be generally recom m ended.

The assessment o f cone
and seed crops
Assessm ents of cone production need to be
made so that operations to encourage natural
regeneration can be planned. Cone crop
assessment involves m aking visual estimates of
the numbers o f cones borne on the crowns of
trees. The best time for assessment varies with
species (Table 2.4). However, care must be taken
with Scots pine, Corsican pine and European
larch to distinguish between the current year’s
mature cones and the spent ones of the previous
season. To make an estimate, binoculars are
used to observe the crowns of the trees or stand
in question from a suitable vantage point. Good,
clear weather is essential to allow cones to be

distinguished from the background foliage. An
estimate is made of the numbers of cones on a
given proportion of the trees. Gordon (1992)
suggests the following general classification for
recording the size of cone crops, although the
categories of light, moderate and heavy cone
production will vary with species. This has been
adapted to help predict the potential for natural
regeneration as follows:
• Absent
No cones on any trees.
No potential for natural regeneration.
• Light

A few cones (<50) on about one
tree in every 50.
Encouragem ent o f natural regeneration difficult.
• M oderate

A significant number o f cones
(50-100) visible on about 25-50%
o f the trees.
_ _
Good potential for natural regeneration providing
site conditions are conducive to establishment.
• H eavy

Very many cones (>100) on some
(5-10% ) trees, a significant
number of cones on many others
trees and at least a few cones on
nearly every other tree.
Very good potential for natural regeneration.

Table 2.4

Period for assessm ent o f flow ering and coning
Flow ering

Coning

European larch

March - April

April - May

Japanese larch

M arch - April

April - May

Hybrid larch

M arch - April

April - May

Sitka spruce

End o f May

July - Aug

Scots pine

June - July

Aug - Sept

Douglas fir

Mid M ay - Mid June

June - July

June

July - Aug

Norway spruce

End o f June

July - Aug

Corsican pine

June - July

Aug - Sept

Lodgepole pine

June - July

Aug - Sept

Species

W estern hem lock

(adapted from Gordon, 1992)
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The yield of viable seed
In order to assess the number of full or viable
seeds in the crop, a random sample should be
taken in the early autum n o f at least five cones
from the mid to upper crown of at least 20 trees.
These should be cut in h alf vertically with a
sharp blade and the num ber o f full and empty
seeds in the surface o f one h alf counted. The
minimum num ber of full seeds per cut surface
which represent good crops is in the order of:
Pines
3—4
Spruces
8—10
Firs
5 -6
Larches
2—3
Assessing the proportion of full seed in this
way is necessary to ensure that the cones
contain a high proportion o f viable seed. This is
particu larly im portan t w hen silvicu ltu ral
operations to prom ote natural regeneration are
being planned in years with light or m oderate
cone production levels.

Distance of dispersal

Seed dispersal
The timing of seed dispersal
In Britain, the shedding of seed o f many conifer
species may be spread over a long period o f the
year. Seed dispersal com m only begins during
the autumn, continues through the winter and
extends well into the following spring. Peak

T able 2.5

periods o f seed fall vary both w ithin and
between species and there is often no clear peak
of the pattern o f release. Exceptions to this rule
are Corsican pine, Scots pine and European
larch whose cones do not develop to the point of
releasing seed until the spring following cone
development (European larch cones may not
open properly for two or three years). Table 2.5
gives the period over which seed fall occurs for
the com m on conifer species.
Cone opening is caused by a reduction in the
moisture content of the cone with no appreciable
opening often occurring before perhaps 50% of
the moisture content has been lost. Cones will
naturally open and close several times before
total seed fall takes place due to variations in
clim atic conditions. P eriods w hen no seed
dispersal takes place are often associated with
long wet spells of weather (e.g. mid-winter),
whilst seed shed is favoured by drying winds
(Mair, 1973).

The m ajor vector o f seed dispersal in conifers is
the wind. The distance seed travels from the
parent tree varies with seed size and weight,
tree height, and wind speed. Consideration of
the likely distance over w hich significant
quantities o f viable seeds will be dispersed is
vital when natural regeneration depends on

Period o f conifer seed dispersal

European larch

Feb - May

Japanese larch

O ct - April

1

1

Hybrid larch

O ct - April

1

1

Sitka spruce

Nov - April

Scots pine

April - July

Douglas fir

Oct - April

W estern hem lock

Sept - April

N orway spruce

Nov - April

Corsican pine

M ar - June

Lodgepole pine

Nov - April

1

I

10

1
1

I

1
1

1

1
I

1
1

1
Sept

(adapted from G ordon, 1992)

1

Oct

Nov

I
1

Dec

Jan

Feb

M ar

Apr

M ay

Jun

Jul

seed supply from adjacent stands.
Conifer seeds vary greatly in size, weight and
shape,
and
in
the
surface
area
and
characteristics o f the wing. In general heavy
seeds tend to have a faster rate of fall than light
ones but w eight alone is not the only
determining factor (Siggins, 1933). Falling seeds
usually rotate about their centre of gravity due
to the curvature o f the wing. Variation in the
speed o f rotation also affects the rate of fall of the
seed and the size of the wing changes the seeds’
wind resistance. Each tree species produces
seeds having a characteristic average rate o f fall
although this rate will vary between trees and
stands. Table 2.6 gives details of the average
weight o f Sitka spruce, Douglas fir, western
hemlock, European larch, lodgepole and Scots
pine seed and estim ates o f seed dispersal
distances. Data for other species are unavailable.
120

-|

100

-

T able 2.6 Tree seed w eight and potential dispersal distance
- estim ates o f distance from m ature trees (-2 0 m in height)
w ithin which 80% o f seed will fall
Species

Average weight
o f seed (mg)

E stim ated dispersal
distance (m)

W estern hemlock

1.54

100

European larch

5.88

80

Sitka spruce

2.50

60

Douglas fir

11.36

40

Scots pine

6.06

20

Lodgepole pine

3.33

70

(adapted from G ordon, 1992; Mair, 1973; Booth, 1984; von
Lupke, 1972; Isaac, 1940);

80
oC/3
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a
O
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o
m
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o
to
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Distance from seed source (m)

F ig u re 2.3 Dispersal o f white spruce seed (Youngblood and Max, 1992)
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0
0
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S

Herbicide

[]

Scarify/herbicide

|

Scarify
Control

(O
c
o
0

t

d
Woodland
e dge

50m

100m

150m

F ig u re 2.4 Numbers o f natural regenerated Scots pine seedlings in 4 m x 2 m experimental plots at and beyond the edge of
a native pinewood two years after the application o f different ground preparation treatments. All plots were fenced against
browsing animals. (From Nixon, 1997)

Dispersal distances can be increased by factors
such as wind turbulence as well as seeds
blowing over frozen ground surfaces and snow
cover. Several m easurem ents o f seed dispersal
have been made in the field and most have
recorded a negative exponential relationship
between the am ount o f sound seed and distance
from seed source, e.g. Youngblood and Max
(1992); Figure 2.3. In order to generalise this
relationship, assessments of the consistency of
the exponential form would be required over a
range o f tree or stand heights.
Clearly the im portant question is how far
from the parent trees su fficien t seed for
successful regeneration can be expected to carry.
Given the seed dispersal distances listed in
Table 2.6, dense regeneration derived from a
stand of mature trees of around 20 m in height
is unlikely to occur beyond 100 m from the forest
12

edge. This limits the maximum size of coupe
that could be effectively restocked by natural
regeneration to around 3 ha.
An example o f seed dispersal and subsequent
regeneration out from the edge of a Scots pine
forest is shown in Figure 2.4. This experiment
was established on a heathland site at the
B raem oray Estate in Speyside in 1995.
Establishm ent of seedlings was studied at 50 m
intervals from the forest edge and related to four
different treatments o f the regeneration site (i.e.
no
treatm ent,
scarification,
herbicide
application and scarification plus herbicide).
The parent trees ranged from 15-20 m in
height. After two years natural regeneration of
Scots pine was concentrated within 50 m o f the
woodland edge. Even this close to the parent
trees soil disturbance was necessary to promote
densities greater than 5000 seedlings/ha.

Direction of dispersal
In addition to con siderin g seed dispersal
distance it is also necessary to take account of
the direction in which the seed will be blown.
Since low moisture levels encourage the opening
o f seed cones, a greater proportion of seed is
often released during periods when trees are
exposed to continental or drier winds. Working
with Sitka spruce, M air (1973) trapped over 10
times more seed released by dry easterly winds
compared with the m oister prevailing westerly
winds (Table 2.7).

Table 2.7 The number of seeds trapped along three
transects downwind of the edge of a Sitka spruce stand
in Argyll, Scotland over a seven month period November
1969-May 1970
Wind direction

Total number of
seeds trapped

Number of days *

55

27

North-easterly

546

24

South-easterly

79

6

Westerly

* Num ber o f days with wind from each direction
(adapted from Mair, 1973)

Summary
Consideration of the patterns of seed production is essential to achieving successful natural
regeneration. Coning levels vary markedly from year to year and as a result it is desirable to predict
the onset of particularly favourable years for seed production. Predictions made on the basis of climatic
data or assumed typical periodic seed production cycles are unreliable. Therefore it is necessary to
assess coning on parent trees prior to undertaking operations to promote regeneration.
• The seed production of young trees is often sparse and erratic and trees in closed stands must reach
25—40 years of age before large quantities of seed are produced. Early thinning helps to promote
crown development which will in turn enhance seed production.
• For most conifer species seed dispersal begins during the autumn and extends through to the
following spring. Exceptions are Scots pine, Corsican pine and European larch which release seed in
the spring and early summer.
• Consideration must also be given to the likely distance and direction of seed dispersal from the
parent trees. The majority of seed dispersed from mature trees of around 20 m in height will fall
within 100 m which is equivalent to the radius of a circular coupe of about 3 ha. Since drying winds
facilitate seed release from cones, the direction of the bulk of seed dispersal is often different from
that of the prevailing south-westerly winds.
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Chapter 3

Seed dormancy and germination

Once the seed is released from the cones, the
process of natural regeneration enters a new
phase. W hen the seed reaches the forest floor a
number of environm ental factors interact to
break the dorm ancy o f the seed and trigger
germination. During this period conifer seed is
vulnerable to many dam aging agents which can
greatly reduce the quantity of viable seed which
finally germinates. The microsite conditions of
the forest floor have a critical influence on the
process o f natural regeneration and the careful
m anipu lation o f these conditions, w here
possible, can significantly im prove the prospects
for success.

periods o f w aterlogging on the forest floor,
particularly when anaerobic conditions persist.
Seed overwintering in moist litter on the forest
floor can experience viability losses o f between
50 and 80% (Howells, 1966). Fungi are often a
principle agent o f seed deterioration.
Seed that has fallen to the ground rarely
remains viable for more than one year (Isaac,
1940; Scarratt, 1966; Hill and Stevens, 1981;
Hetherington, 1965). This was supported by a
study at Kielder Forest where Sitka spruce seed
was collected at intervals from October 1992 to
February 1994 and stored in the surface litter
for periods ranging from 24-61 weeks. Despite
high germ ination potential at time o f collection,
germ ination after storage was nil or negligible
(Table 3.1). This implies that seed germination
will take place during the spring and early
sum m er follow in g dispersal (C larke, 1992)
although periods of drought may delay the onset
of germination.
The absence o f a long-term viable seedbank
requires m anagers to respond to individual
years with high seed production levels to
achieve successful natural regeneration.

Seed viability and longevity
Seeds may be nonviable for a num ber o f reasons
including poor pollination, infertile pollen and
the failure o f the em bryo to fully develop.
Viability can vary between species, sites and
season.
It is also possible for seeds to lose their
viability before conditions becom e conducive to
germination. This can result from prolonged

Table 3.1 G erm ination percentage of Sitka spruce seed collected at different tim es from a stand in Kielder Forest before and
after varying periods o f storage in the litter layer (Edwards, unpublished)

Date
collected

Date
buried

Sitka spruce seed longevity
Initial
germination
at burial (%)

Burial period
in weeks
(date)

Germination after
retrieval (%)

Oct 1992

Oct 1992

90

37 (Jun 1993)

5

Nov 1992

Jan 1993

92

24 (Jul 1993)

0

Jan 1993

Feb 1993

94

35 (Oct 1993)

0

Oct 1993

Nov 1993

96

33 (June 1994)

26

Dec 1993

Dec 1993

95

34 (Aug 1994)

0

Feb 1994

Mar 1994

86

61 (May 1995)

0
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Germ ination may occur whenever the conditions
are favourable follow ing seed fall. Viable seeds
which do not respond quickly to conditions
w hich favou r germ in ation are said to be
dormant. M ost conifer species exhibit shallow
physiological dormancy. The exposure o f seed to
a period o f chilling or stratification helps to
break dorm ancy and results in higher seed
germ ination capacity over a wide range of
conditions. Japanese larch and Scots pine are
the main exceptions as seed of these species
appears to reach similar germ ination capacities
(although not germ ination rate) with or without
stratification. Under forest conditions, the need
for stratification of most conifer species is more
than satisfied during the winter.

germ ination
and/or
the
retardation
of
germination can result from low temperatures.
The threshold soil temperature for germination
in
m ost conifers
is around
10°C. At
temperatures above this threshold germination
proceeds more quickly with the m ajority of seeds
having germ inated w ithin 7 to 14 days
(Scarratt, 1966). Since the m ain effect o f
temperature is on the rate of germination rather
than the germination capacity, i.e. the total
percentage of seed which finally germinates, site
treatm ents that increase soil tem perature
during germination, such as cultivation, should
therefore im prove the rate o f germ ination.
Figures 3.1 and 3.2 show the faster rate of
germination o f stratified seed o f Sitka spruce
and Japanese larch as temperature increases
from 10-20°C.

Temperature

Moisture

Given adequate moisture, low tem peratures are
likely to be the most significant factor governing
the start o f germ ination in the spring. Poor

All seeds require moisture to allow germination
to proceed so the optim um conditions are
provided by a moist substrate with a high

Factors affecting germination

of germination of
stratified Sitka
spruce seed at
three different
temperatures,
(from Jones and
Gosling, 1991).

Days

10°C

15°C

20°C

(18 weeks pre-chilling)

15

F ig u re 3.2 The
rate o f germination
o f stratified
Japanese larch seed
at three different
temperatures.
(from Jones and
Gosling, 1991).

Days

10°C

15° c

relative humidity. Dry spells of weather in the
spring, depending upon the type o f seed bed,
may result in moisture becom ing a lim iting
factor restricting or preventing germination.
Desiccation can be particularly harmful to seeds
as it tends to retard the rate of germ ination
which leaves the seed more exposed to damage.
Dormancy may also be induced in seed which
has begun to develop but then experiences a
period o f desiccation due to dry weather. In this
instance, germ ination can be delayed for several
weeks (Aldhous, 1972). For example, Edwards
(1981) reported a drop in the germ ination rate of
Scots pine in Glen Tanar during a dry spell in
June but an increase in July after the dry period
had ended.

Creating a favourable seedbed
environment
The forest m anager needs to assess the
regeneration site to identify the factors that are
likely to lim it the suitability o f the seedbed for
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20°C

(18 weeks pre-chilling)

seed germination. Such factors can be separated
into ground conditions and stand environment.

Ground conditions
The most im portant features o f the site that can
affect germ ination are the soil type, the
vegetation, the litter layer, and the presence of
brash.
Provided the seed is in contact with the soil
surface and there is no com petition for moisture
from ground vegetation, soil type is unlikely to
be lim iting to germ ination other than on sites
with very dry or very wet soil moisture regimes
(Pyatt, 1995). On these particular site types
cultivation is desirable to create a suitable
microsite for germination: a scarified patch or
trench in the first instance, and a raised mound
in the second.
W here ground vegetation occurs it can
prevent the seed reaching the soil surface and
can com pete with germ inating seedlings for soil
m oisture and light. A lthough there is
considerable variation in vegetation competition

between soil types it is unrealistic to expect good
germ ination on a site which has more than 75%
dense vegetation cover. Both herbicides and
cultivation can be used to reduce vegetation
competition. However, experim ental evidence
with Scots pine (Figure 2.4; Edwards, 1981)
suggests that cultivation is much more effective
in im provin g germ ination than herbicide
application. This is because chem ical or manual
weed control does not disturb the litter layer
(see below). The potential speed of vegetation re
establishm ent has also to be considered since on
more fertile soil types a bare site can be
com pletely recolonized within one year. This
limits the length of time that a site remains
receptive to regeneration.
Needle litter can be a very favourable substrate
for germination but loses moisture readily during
dry spells because of a lack of capillary water
movement from the deeper soil layers. Therefore
mixing litter with the upper soil horizons through
cultivation will improve seedbed conditions. The
presence of a thin layer of litter covering the seed
will improve the seedbed moisture conditions but,
following germination, the emerging shoot may
have difficulty in reaching the surface.
The presence o f brash can also reduce
germ ination success. For example a study in
K ielder Forest betw een 1992 and 1994
com pared the num ber o f seedlin gs that
developed where brash had been rem oved with
those found under 5 -1 5 cm depths o f brash
cover (Table 3.2). Although initial germ ination
was higher under a light brash cover, by the end
o f two years survival, it was nearly double
w here the brash had been rem oved. The
germ ination under the heaviest brash cover was

consistently poor. Thus, minim izing the area of
a restocking site that is covered by dense brash
should improve the success of regeneration.

Stand environment
Stand density may greatly modify and influence
the nature o f the seedbed vegetation and
m icroclim ate. The principal effect o f stand
density is on the temperature and moisture
status of the seedbed environment. Light levels
are much less influential at this early stage and
the stim ulating effect of light is likely to be
small compared with the effect o f temperature
variation.
The need for a certain minimum temperature
to be reached before germ ination can proceed
often leads to germination occurring later and
more slowly under closed canopy conditions
com pared
w ith
open
ground
where
temperatures rise more quickly in the early
spring (Rowe, 1955). Thinning can help to raise
ground surface tem peratures and hasten
germination. Sitka spruce has a higher optimum
tem perature for germ ination than w estern
hemlock with the result that under cool, closed
stand conditions the hemlock is favoured (Allen,
1941). In seeking to improve the conditions for
seed germination under a closed canopy it is
necessary to reduce the crown cover without
allowing sufficient light to reach the forest floor
to prom ote vigorous grow th o f com peting
vegetation.

Predation and seed losses
In considering the predation and loss of seed it
is convenient to distinguish between the seed

Table 3.2 G erm ination o f Sitka spruce under differing depths o f brash on a peaty gley soil in Kielder Forest.
Values are expressed as a percentage o f the highest germ ination after 24 m onths

Treatment

Months after initial germination
2 months
10 months
24 months

Brash removed

80

115

100

Brash depth 5cm

112

92

54

Brash depth 15cm

69

76

51

which overwinters in the cone and that which
lies on the forest floor.

Loss of seed within or from the cone
Conifer seed is at risk from a range of cone and
seed feeding insects. However, only seed wasps
o f the genus M egastigm u s have posed a
significant problem so far in Britain. At least
three species are well established:
M. spermotrophus (Wachtl) which attacks seed
of Douglas fir; M. pinus (Parfitt) which attacks
Abies spp.; and M. pictus (Foester) on Larix spp.
Seed-trappin g
studies
from
1 9 6 5 -6 9
(Stoakley, un pu blish ed) dem onstrated that
when seed production is low, the percentage of
potentially sound seed infested is generally
high, frequently in the order o f 80-90% , but that
in good seed years infestation is only 20-30%
(Figure 3.3), as the local seed wasp population is
unable to fully exploit the increased amount of
seed available (Bevan, 1966-69). These results
indicate that silvicultural operations intended
to encourage natural regeneration of Douglas fir

are only w orthw hile in heavy cone years.
Although our knowledge o f the impact o f other
M egastigm us species is lim ited, the sam e
approach should also be ben eficial in the
regeneration o f Abies and Larix species.

Seed losses on the forest floor
There have been few studies o f the loss of seed
from the forest floor up to and during
germination. It is possible that such losses are
considerable and represent a potential barrier to
regeneration success. Losses are likely to be due
to voles, mice, fungi, insects and birds. Rodents
have been recorded destroying large quantities
of directly sown Scots pine seed (McVean, 1961).
Seeds exposed on bare mineral soil may be
particularly vulnerable and even buried seed
may be heavily predated in years which coincide
with peaks in the cycle o f rodent populations.
Soil dw elling saprophytic fungi have been
reported as causing considerable damage to
Sitka spruce seeds, particularly during periods
of slow germ ination (Scarratt, 1966).
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F ig u re 3.3 The percentage infestation o f Douglas fir seed by Megastigmus wasps from 1965-69 in relation to seed fall.
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Summary
• The seed of most conifer species exhibits shallow physiological dormancy and will normally
germinate quickly under warm, moist conditions. In the forest, germ ination usually occurs in the
spring following an overwintering period when the seed is subject to chilling which helps to break
the dormancy.
• Under most circum stances, conifer seed rarely remains viable on the forest floor for a period of
more than one year.
• The absence o f a seed bank of viable conifer seed on the forest floor makes it necessary to plan
silvicultural operations to prom ote natural regeneration to coincide with years when the parent
trees are producing good quantities o f seed.
• The most favourable seedbed environm ent combines adequate soil moisture with a lack of
vegetation competition. Cultivation that mixes the mineral soil with the litter layers is generally
the best way o f providing such a seed bed.
• The structure and density of forest stands greatly influence the nature of the vegetation and
microsite conditions o f the forest floor. W here thinning or preparatory seeding fellings are being
carried out, the canopy cover must be carefully manipulated to encourage seed germination
whilst restricting the growth o f other vegetation.
• Conifer seed may be lost through damage from birds, rodents, insects and fungi. Seed exposed on
the soil surface is particularly vulnerable to predation and may be removed or destroyed before
it has an opportunity to germinate.
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Chapter 4

Seedling establishment

Once germination has occurred the process of
natural regeneration enters a further phase. The
main environmental factors influencing seedling
growth and survival are light, m oisture,
temperature and nutrient supply. Because of the
increasing influence of light and nutrient supply,
the conditions which promote maximum seedling
survival and development are not the same as
those for successful germination. Since smaller
seedlings are more vulnerable to damage, rate of
growth plays an important role in survival.

Microsite variables
Moisture
Although seedling growth may be lim ited by low
light levels, it is not often the most important
factor in determ ining early seedling survival. Of
all the site related factors, the level o f soil
moisture is the most critical for the success of
natural regeneration and many instances of
young seedlings being lost through drought and
desiccation have been noted (Gregory, 1956;
Soos and Walters, 1963). M ost losses occur
during the first season following germ ination
due to desiccation o f the upper soil layers in
which the developing roots of the seedlings are
concentrated.

Light
For most conifer species the capacity to endure
shade varies with age with shade tolerance being
significantly greater in the early stages of
seedling development (Baker, 1945; Fairbairn
and Neustein, 1970, Howells, 1966). An estimate
of the relative shade tolerance of young seedlings
of a range of conifer species is given in Table 4.1
and typical light levels (expressed as a
percentage of full light intensity) under varying
densities of tree cover are given in Table 4.2.
The estimates in Table 4.1 are approximate
and based on published data (Brown and
Neustein, 1970; Fairbairn and Neustein, 1970)
and m odified by field observations. The
estimates suggest that conifer species can be
divided into three broad categories: those that
are intolerant of shade (larches, pines); those
that have limited tolerance to light shade (Sitka
spruce, Douglas fir); and others that are shade
tolerant (i.e. can persist under woodland shade).
The practical im plication o f these categories
is that it will be the more shade tolerant species
which will tend to colonize small gaps in mature
stands. The relative light levels that are found
beneath existin g stands, or in gaps, are
dependant upon the canopy species and the
number of stems per hectare. Examination of

Table 4.1 Estim ates o f m inim um light levels (relative to full light) for establishm ent o f conifer natural regeneration

60
Larches

20

—
Lodgepole,
Corsican and
Scots pines

50
Sitka
spruce

Percentage o f full light
—
Douglas fir

30
Grand fir,
Norway
spruce

—
Western
hemlock

10
Western
red cedar

Table 4.2

Percentage of full daylight in different gap sizes and beneath various crown cover densities

Species

Age

Number treeslha

Gap size (ha)

Norway spruce
Norway spruce
Norway spruce

46
46
46

3000
1700
500

-

Sitka
Sitka
Sitka
Sitka
Sitka

40
40
40
40
40

250
-

0.04
0.12
0.40
4.0

26
26
26
26

500
300
150
75

-

spruce
spruce
spruce
spruce
spruce

Japanese
Japanese
Japanese
Japanese

larch
larch
larch
larch

-

% Full daylight
1
8
13

-

26
35
39
48
100
50
55
63
66

-

Light intensity figures are mean values o f several m easurem ents m ade throughout each stand by photom eter in mid summer.
(Adapted from Fairbairn, 1963 and unpublished Forestry C om m ission data)

data in Table 4.2 suggests that most conifers
would develop satisfactorily under larch, but
only the m ost shade tolerant species, e.g.
western hemlock and western red cedar would
grow under Norway spruce and then only at the
low stem densities. A nother useful point
apparent from Table 4.2 is that even under a
w ell-thinned spruce stand close to norm al
rotation age the relative light levels are low
compared with a small sized gap. This suggests
that a strategy to promote advance regeneration
under a mature stand of a densely crowned
species w ill require either extending the
rotation, heavy th in n in g or the deliberate
creation o f gaps. If gaps are being created, a
useful rule of thumb is that the diameter of the
gap should be one to two times the height o f the
surrounding trees to provide regeneration niches
for both shade tolerant and intolerant species.
Once
established,
seedlings
require
considerably more light to prom ote fast growth.
Therefore, where thinning is carried out to
prom ote seed germ ination, provision must be
made to rem ove a greater proportion of the
overstorey to release the seedlings soon after
they becom e established. This will be
particularly im portant for regeneration under

densely crow ned
spruces.

species

such as firs

and

Temperature
Because o f their sm all initial size, young
regenerated seedlings are vulnerable to damage
from both heat and cold. High ground surface
tem peratures during the grow ing season,
particularly in the first year may kill young
seedlings through heat girdling and associated
bark necrosis. Litter substrates are more prone
to lethal surface tem peratures than mineral
soils because o f their dark colour and lower
reflectivity (Maguire, 1956; Day, 1963).
A t the other extreme, cold tem peratures can
result in frost heave p articu larly on fine
textured soils. This leads to exposure of the
roots and consequent dessication and seedling
death. U nseasonal frosts may also dam age the
actively growing shoots. Stand conditions will
m odify tem peratures at ground level (Chen,
Franklin and Spies, 1993) and consequently the
frequency and severity of frosts (Figures 4.1
and 4.2). In these exam ples, seedlings
developing close to a mature stand, or under a
shelterw ood, were at a low er risk o f frost
damage.
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a

Minimum

temperature difference

F igu re 4.1 Minimum
temperature differences
between shelterwoods of
different densities and an
open clearing during calm
and clear nights. Mean
values from 14 selected
readings M ay-Sept. 1984.
(Figure after Ottoson
Lofvenius, 1987)

Stand density (trees/ha)

F ig u re 4.2 Occurrence
o f frost damaged spruce
seedlings in a
shelterwood o f Scots
pine and on a
clearfelled area, at
various distances from
the edge o f the
shelterwood. (Figure
after Hagner, 1965)

Shelterwood

Stand edge
Distance (m)
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Clearfelled area

Site variables
Soil type
Natural regeneration can occur on most soil
types since the early establishm ent phase is
more dependent upon the microsite conditions of
the germ ination substrate at the soil surface
than on the soil type itself.
In the absence of dense com peting vegetation,
seedling establishment o f many conifer species
occurs most frequently on fresh to very moist
soils with very poor to medium nutrient regimes
(Figure 4.3). However, the occurrence of

regeneration is not a guarantee that the species
is ecologically adapted to the site. Thus, Sitka
spruce can be found regenerating under Scots
pine on dry, nutrient poor soils where it is at best
considered as ‘suitable’ (Pyatt and Suarez, 1997).

Surface vegetation
W here germ ination is successful, the influence
of vegetation becomes increasingly important as
the seedbed becomes recolonized. This may be
extremely rapid on soils with medium to very
rich nutrient regimes. Brown earths and surface
water gley soils are recolonized more quickly

F ig u re 4.3 The potential for conifer natural regeneration in relation to the soil types used in the ecological site
classification (Pyatt, 1995). Solid hatching = soil types good for natural regeneration. Broken hatching = natural
regeneration unlikely to occur or difficult to encourage on these soil types. (After Pyatt and Suarez, 1997.)
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than peaty soils. Fertile site types are
frequently colonized by species such as bracken
and grasses w hich are gen erally very
competitive and can seriously hinder or even
prevent regeneration. The vegeta tion -free
period may be drastically reduced making the
encouragem ent o f natural regeneration difficult.
On less fertile sites, Vaccinium and Molinia can
be strong competitors to conifers such as Scots
pine (Jones 1947; McNeill, 1955; Henman, 1961).
Other species, e.g. Calluna, provided it is not
rank, may be less detrimental. Figure 4.4 presents
data showing the correlation between Douglas fir
seedling density and different vegetation types
from the range of sites sampled by Blackhall and
Nixon (1992). Successful regeneration was
positively associated with the presence of mosses
and brash, but negatively correlated with bracken,
bramble and grass. However, thick moss cover can
restrict root penetration and also dry out quickly.
Greater losses of seedlings have been found to
occur on dense mosses such as Mnium hornum
and Dicranum scoparium compared with the less
compact moss species, e.g. Hypnum cupressiforme
(Howells, 1966).
The age of the vegetation sward is also an
important factor. Seedlings which survive their
first season on weed-free surfaces are often able
to compete successfully with other vegetation,
w hereas those germ in atin g in pre-existin g
vegetation often struggle to survive.

is com m only lower.
Although in extrem e cases the effects of
aspect can be clearly reflected in the success of
natural regeneration, these extremes are only
rarely encountered under British conditions.
The few studies carried out in the British Isles
have
not
dem onstrated
a
significant
relationship betw een success o f natural
regeneration and aspect (Blackhall and Nixon,
1992; Oliver, 1993; Von Ow, 1992).
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Aspect
South and south-west facing slopes tend to be
drier and experience higher maximum summer
temperatures. On some sites this may encourage
earlier germination of seeds as temperatures rise
in the spring and this initial advantage may
persist throughout the first season. Conversely,
higher temperatures later in the season may
result in the death of greater numbers of first
year seedlings, particularly on coarse textured
soils. Where this is a problem retaining a larger
proportion of the overhead canopy to provide
more shade may improve survival.
In contrast, north and n orth-east facing
slopes tend to be cooler and more humid. In this
case germ ination may be delayed but the loss of
seedlings through desiccation and heat girdling
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Bramble

Shrub

Bracken

Cover component
F ig u re 4.4 The relationship o f Douglas fir seedling density
with percentage cover o f various ground and field layer
components.

Predation and seedling losses
S eedling m ortality and losses through the
activities o f rodents, insects, birds and fungi can
be very high. Seedling susceptibility is greatest
im m ediately follow in g em ergence and also
w hen seedlings are w eakened by adverse
environm ental conditions.

Fungi
Grey m ould (B otrytis cinerea) can invade dead
or dam aged tissu es o f you n g seedlin gs,
particularly w here regeneration is dense, and
can then spread to in fect h ealth y plants.
In fection can occu r on shoots and foliage
dam aged by frost. The disease becom es less
im portant as the plants becom e w oody with age
alth ou gh occa sion a lly the fu n gus w ill kill
transplant-sized conifers (Aldhous and M ason,
1994).
Two oth er fu n gi m ay also be locally
im portan t.
T h ese
are
L oph od erm iu m
seditiosum on Scots pine and M eria laricis on
European and to a lesser extent hybrid larch.
Both these fungi attack needles and m ay cause
com plete defoliation. E xisting trees act as
reservoirs o f inoculum and thus attacks are
often more serious adjacent to and beneath an
overstorey o f the same species. In a sim ilar
manner, natural regeneration o f susceptible
European larch provenances may be infected
by canker (L achnellula willkom m ii) leading to
the early death o f regenerating trees.

Insects and slugs
Young conifer seedlings are susceptible to attack
from a wide range o f insect species. The most
com m on and serious attacks in volve the
caterpillars of noctuid moths (Agrostis segetum,
A grostis exclam ationas, N octua protiuba),
springtails such as Bourletiella hortensis and
chafer grubs of Scarabeid beetles - the most
com m on of which are M elolontha and Serica
brunnea (Gribbon, 1989).
Insect pests such as pine weevils (Hylobius
abietis) and black pine beetles (H ylastes spp.)
will damage young conifers by gnawing their
bark and causing death when ringing of the
stem occurs. W hilst this damage may be severe,

it rarely results in the loss of all regenerated
seedlings and as such tends to be less serious
than attacks on planted trees. Infestations of
the defoliating aphid E latobium abietinum
occur on Sitka and Norway spruce, especially
under conditions o f partial shade, and can result
in the death of apparently well established
seedlings up to ten years old (Brow n and
Neustein, 1970).
Slugs (Arion ater and A rion subfuscus) have
been recorded as the most im portant reason for
mortality in both Scots pine (McVean, 1963) and
Sitka spruce (Scarratt, 1966). Losses due to
slugs are particu larly high w here m oist
conditions prevail.

Rodents
R oden ts are one o f the m ost poten tia lly
dam aging agents to young seedlings. Losses
are often m ost severe during the succulent
cotyledon stage and usually decline as soon as
prim ary needle d evelopm en t com m ences.
R odents w ere resp on sib le for 4 0 -6 0 % o f
germ inant losses in Sitka spruce (Scarratt,
1966) with dam age being particularly high on
sites with an established cover o f grasses and
other vegetation. Bank voles ( Clethrionom ys
glareolus), field voles (M icrotus agrestis) and
field m ice (A p od em u s silv a ticu s) w ere all
responsible for heavy losses (Scarratt, 1966),
although the bank vole caused the m ajority of
dam age. In upland conifer forests, populations
o f field voles show a 3 -4 year cycle o f
abundance (Petty and Fawkes, 1997) and years
w ith high p op u lation s cou ld resu lt in
appreciable dam age to young seedlings.
Rabbits will also brow se young seedlings
and, if pop u la tion s are h igh, areas o f
regeneration may need to be fenced to prevent
damage.

Birds
There are very few published reports of bird
dam age to conifer regeneration in Britain
although it is known that many bird species will
peck or clip young seedlings (Evans, 1988).
Chaffinches and other small song birds damage
seedlings during the early stages o f germination
(Brown and Neustein, 1970).
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Deer
Browsing by deer will prevent the establishm ent
o f natural regeneration where deer num bers are
high. The effects o f deer browsing may not
become apparent until the plants becom e large
enough to be palatable to deer (i.e. after 2 or 3
years).
In Scots pine forests the im portance of
browsing by red deer has often been stressed
(Booth, 1984; Malcolm, 1976; Dunlop, 1975), and
its lim iting effect upon growth o f regeneration is
clearly dem onstrated by exclosure plots. Often
the total number o f Scots pine seedlings is not
influenced by fencing as the m ajor effect is in
releasin g
existin g
seedlin gs
to
achieve
unhindered h eigh t grow th (M cVean, 1963,
Fenton, 1985). M alcolm (1995) reported a 14
year study in Perthshire which showed that in
the first four years after germ ination growth of
seedlings was similar inside and outside a deer
fence, but thereafter brow sing prevented any
further height growth o f the unfenced trees. A
recent study o f the developm ent of Sitka spruce
regeneration in Kielder Forest showed 30%
lesser height growth in unfenced plots exposed
to roe deer browsing. This dem onstrates that
even regeneration o f reputedly less palatable
conifers can be dam aged by deer.
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Where small areas are being regenerated it
will rarely be desirable to fence individual
coupes. However, where browsing cannot be
controlled by other m eans, a rin g fence
surrounding a larger area o f forest can be
effective. The im m ediate exclusion o f deer
following harvesting is not always necessary as
a low level o f browsing, particularly on fertile
sites, may help to retard recolonization by weed
grow th and help to prom ote the early
establishm ent o f seedlings (Dunlop, 1983).
Protection will need to be m aintained as long
as the trees rem ain vulnerable. With red deer,
freedom from brow sing is not reached until the
m ajority of trees have reached 3—4 m in height,
and bark stripping may continue until trees
reach about 12—14 cm breast height diameter.
Roe deer may also cause dam age until the trees
reach approxim ately 1 m in height. Even at
relatively low densities o f deer (<5 km -), the
selective b row sin g o f tree seedlings and
herbaceous plants can affect the pattern of
regeneration since more palatable species (e.g.
D ouglas fir, larch) m ay be p referen tially
brow sed so favouring less palatable species
such as Sitka spruce (Ratcliffe and M ayle,
1992).

Summary
• The moisture status and the surface tem perature of the regeneration substrate critically affect
the early survival of young seedlings.
• The light environm ent is critical for subsequent seedling growth. Conifer species vary in their
ability to tolerate shade. Shade intolerant species (e.g. pines, larches) require full light to achieve
vigorous growth. M ore shade tolerant species such as Douglas fir and western hem lock can
benefit from greater overhead shade which also helps to avoid moisture loss and dessication.
• Young seedlings can survive for some time (commonly two to three seasons depending on species)
under quite dense stands. Following this initial period higher light levels are required to promote
strong growth. Care is needed less sequential fellings encourage vigorous growth o f other
vegetation which can sm other young seedlings.
• Heavy seedling losses may occur due to a host of dam aging agents including frost, fungal attack,
insect and animal damage. M any methods exist for protecting seedlings against animal damage
such as fencing, individual tree guards and direct pest control. Although seedlings may be
protected from larger animals such as deer, sheep, and rabbits, little can be done to avoid losses
from some other agents such as slugs. M anagem ent aimed at prom oting high densities of
regeneration will be the best approach in order to absorb subsequent seedling losses.

27

Chapter 5

The assessm ent and m anagem ent of established seedlings

Where the aim of utilizing natural regeneration
is to achieve stocking levels similar to those in
plantations, relatively high seedling densities
will be required. Ideally the seedlings should be
uniform ly scattered across the area and a
minimum density o f established seedlings will
be the aim (e.g. one seedling per 4 m2 to provide
2500 plants/ha) where tim ber production is
important. Uniform distribution of seedlings
rarely occurs on a large scale although in some
circum stances, very few seedlings m ay be
required to ensure continuity o f tree cover or to
improve the structural diversity o f the stand.

A s s e s s i n g r e g e n e r a t i o n S U CCeSS

The timing of assessment
W hen m aking estim ates o f the density of
regeneration it is essential that account is taken
o f the m ortality w hich w ill occur before
seedlings can be classed as safely established.
M ortality levels are very difficult to predict as
the death o f seedlings can occur for many
reasons (drought, frost, animal predation, etc.).
It is common for fewer than 25% o f the original
number o f germinants to be present by year 4. A
good example of this high early m ortality is
provided by a study o f the survival o f Sitka
spruce seedlings on a peaty gley soil at the forest
of Ae (M cNeill and Thompson, 1982; Figure 5.1).

Year of assessment
F igu re 5.1 Percentage survival at the end o f year 3 o f Sitka spruce seedlings germinating in 1968 and 1970.
(McNeill and Thompson, 1982)
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In the absence o f brow sin g and heavy
vegetation com petition naturally regenerated
conifer seedlings should have a high chance of
survival when they reach more than 50 cm tall.
W here the im pact of brow sing and/or weeds is
im portant the seedlings may need to be at least
1 m in height before they can be considered to be
established.
A prelim inary evaluation of the likely success
of regeneration can be made in the first summer
following germination. It will be sufficient to
walk a site noting the presence or absence of
young germinants. However, due to inevitable
losses, the variability o f m ortality on different
sites and also annual clim atic differences, the
longer any detailed assessm ent o f seedling
numbers can be delayed the more reliable will
be the final estim ate. F or this reason the
assessm ent o f one- and two-year-old seedlings
should be avoided. However, since the level of
m ortality norm ally declines each year following
germination, the earliest that reliable sam pling
Table 5.1

can be carried out is probably in the summer of
the third year following germination (this is not
necessarily the third year follow in g the
com pletion o f stand or ground preparation
operations). Even at this stage further losses
may occur but dramatic reductions in seedling
densities are unlikely.

Assessment procedure
N orm ally the prim ary aim in m aking an
assessment is to record the number o f seedlings
per unit area. An efficient way to achieve an
estimate o f stocking density is to use the desired
number of seedlings per hectare to determine
the size of sample plots. For example, for many
conifers full stocking would be achieved at 2500
plants/ha. This requires at least one seedling to
be present in each 4 m- area. Thus, sample plots
of 4 m- are used and a plot is ‘stocked’ if at least
one established seedling is recorded^within the
plot. Following this rationale a stocking of 1100
plants/ha would require sample plots of 9 m2.

Relationship between overall seedling density and sample plot stocking

Percentage o f 'stocked'
sample plots

Estimated minimum seedling density (no.lha) f
Sample plot size
9 m2

10
15
20
25
30
35
40
45
50
55
60
65
70
75
80
85
90
95
100

115
155
245
300
400
440
570
660
750
880
1000
1150
1320
1540
1760
2070
2550
3300
>3300

4 m2
260
350
560
700
900
1000
1300
1500
1700
2000
2300
2600
3000
3500
4000
4700
5800
7500
>7500

tPredicted seedling density assumes the number of seedlings in a plot is described by a Poisson distribution.
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The Poisson distribution can be used to
describe the number of seedlings/ha over the site
as a whole. This assumes that individual sample
plots receive a large number of seeds (n) with a
low probability o f germination (p). Table 5.1
gives the predicted seedling density over the site
as a whole based on the proportion o f ‘stocked’
sample plots (i.e. the number o f ‘stocked’ plots
divided by the total number sampled).
Variation
in
the
u n iform ity
o f the
regeneration over an area can be described by
locating stocked/unstocked plots on a map. This
allows each area to be subdivided into parts
requiring supplem entary planting and those
already fully stocked. Notes may also be made at
this stage o f areas which require respacing.
Large areas (perhaps >10 ha) can be stratified
into hom ogenous
sections
and sam pled
separately.
For areas up to 10 ha the minimum sam pling
intensity required to provide reliable results is in
the order o f 1% o f the area. The sample also
needs to be representative o f the whole area in
question. The most straightforward method of
achieving this is to walk over the site in a
system atic m anner laying down assessm ent
plots along transects. To achieve a 1% sample
would require the area to be traversed at 40 m
intervals with sample plots being assessed at
the rate of 10 for every 100 m of transect. To
avoid the problem s associated with repetitive
changes in the site (e.g. brash lanes) the plots
should be random ly located. Unplantable areas
such as very deep brash, rock outcrops, etc.,
should be excluded.

Supplementary planting
S upplem entary
plan tin g
provides
an
opportunity to modify the balance of species on
a site and to introduce more desirable species
and/or provenances. It may be necessary where
there is poor stocking or in areas w here
regeneration has failed. In alm ost all instances
waiting for further seedfall and germ ination to
restock gaps is not practical. In some instances
natural
seedlings
taken
from
nearby
regeneration may be used as in conventional
beating up operations.
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The direct sowing o f seed to supplem ent
regeneration is rarely worthwhile. It is quite
likely that the sown seed may fail for the same
reasons as the original naturally dispersed seed
and as such large quantities are often required
to achieve adequate numbers o f plants (Evans,
1988). If this method is used, it should also be
borne in mind that the growth o f the trees in the
sown areas would be at least one and possibly
several years behind the rest o f the
regeneration.

Respacing
Successful natural regeneration often results in
very high numbers of seedlings which are well
in excess o f conventional planting densities. As a
result o f these high seedling numbers, respacing
is often necessary to reduce the amount of
com petition within the stand at an early stage.
This operation has the effect of concentrating
the growth potential o f the stand on a smaller
number o f selected trees. As a rule of thumb
m anagers
should
consider
respacing
regeneration if there are substantial areas with
densities in excess o f 5000 stem s/ha. The
decision to respace will be influenced by species
and site characteristics. For example, in light
dem anding species such as larch a lower critical
density would be appropriate.

M ethods o f respacing
There are a num ber o f possible w ays o f
rem oving trees from dense stands. These can be
separated into m anual, m echanical and
chem ical methods.

Manual methods
M ost respacing work is currently carried out
manually. This com m only involves the selection
o f future crop trees and the cutting o f all
com peting trees by brushcutter or chainsaw.
Careful planning o f working method is required
to ensure maximum productivity. In particular,
operators need to be aware of site features such
as direction o f slope, drains and streams, blank
areas and the direction of the prevailing wind
(Dauncey et al., 1992). Brushcutters are safer
and ergonom ically more satisfactory. Trials have

indicated that the ideal crop height for motor
manual respacing is between 2 and 3 metres as
by this stage the better form ed and dominant
trees can be identified. For species such as Sitka
spruce, it is also very im portant to ensure that
no live branches rem ain on the stumps of cut
trees since these can regrow and com pete with
those that have been released. W hen working in
small regeneration it is often difficult to ensure
that the trees are cut below the lowest live
whorl.

Mechanical respacing
This involves the use of m achines such as
forwarders fitted with rotary cutters or flails to
cut swathes through the regeneration (Plate 9).
The use of m achines in this way provides good
access to the site, reduces the am ount of manual
cutting required and also potentially reduces
the overall cost. The most com m on cutting
patterns are strip and checkerboard patterns.
Higher outputs can be achieved using horizontal
shaft flails com pared with vertical shaft flail
configurations although rack widths can be
wider than ideal. In a test o f the Berti horizontal
shaft flail in Kielder Forest, the average rack
width after follow up motor manual respacing
averaged 2.6 m which was unacceptably wide
when the target density was 2500 stems/ha
(Harding, 1996). Further developm ent work is
therefore required to m axim ize the potential of
mechanized respacing methods.

Chemical respacing
The application o f chem icals to control young
regeneration (<0.5 m in height) can be done at
low cost but effective control can be difficult
with some species, e.g. Sitka spruce. It is also
difficult using present methods of application to
achieve any degree o f selection and thus the
main potential is in the control o f trees in blocks
or swathes. As with mechanical control, this
norm ally means that some follow up work by
m anual m ethods w ill be required. Further
developm ent work is needed on the effective
deploym ent o f chem icals and the control of
spray widths during the application process.
Glyphosate (applied as a foliar spray at 10 1
product ha 1 + adjuvant ) has been found to be

m oderately effective in controlling small Sitka
spruce natural regeneration (Nelson, 1990).
However, Sitka spruce, Norway spruce, Scots,
Corsican and lodgepole pine can tolerate overall
sprays with glyphosate during dormant periods.
Im azapyr is the only herbicide which has given
consistent control (applied as a foliar spray at 12
1 product h a 1 + adjuvant), but can only be used
as a pre-planting treatm ent prior to establishing
conifers (W illoughby and Dewar, 1995). The
optimum time for herbicide application is during
the early summer (June/July) and before any
new growth on the trees has hardened.

The timing o f respacing
The timing o f the respacing operation is very
important. Ideally it should be carried out as
soon as potential crop trees can be identified.
This is generally not possible in the first five
years after germ ination as at this stage it is only
possible to select for vigour and not form
(Rollinson, 1988). It is therefore necessary to
undertake the operation at a stage when trees
can be checked for stem straightness and form.
In dense conifer stands this means delaying
until a mean height o f around 1.5-2 m has been
reached which is norm ally at 5 -1 0 years o f age,
depending on the rate o f growth (Plate 10).
Delaying the respacing operation further,
beyond the point at which natural thinning
begins, results in decreased growth o f the crop
trees. A period o f growth check may also be
induced by respacing older crops during which
the rem aining trees develop poorly and fail to
utilize the favourable growth conditions which
are created. The delay in achieving canopy
closure m ay also allow fu rth er natural
regeneration and regrowth to occur in some
species, e.g. Sitka spruce.
The loss in future timber production due to
com petition in the early stages o f stand
development, although often overlooked, can be
su bstantial in close spaced con ifer stands
(Furey, 1984)

The benefits o f respacing
The competition for light between seedlings in
dense stands is so great that death through
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natural self-thinning will occur over time.
However, this occurs at the expense of the growth
of the trees which eventually form the final crop.
By spacing out the trees at an early stage the full
growth potential of the selected trees can be
realized. Follow ing selective respacing, the
potential size of the final crop trees is increased
and the range of tree size reduced. This can be a
particular benefit on high windthrow hazard class
sites where rotation lengths may be reduced.
An experim ent with Sitka spruce carried out
at the Forest o f Ae illustrates som e o f these
points. This experim ent com pared different
methods of respacing dense (27 000 stem s/ha)
Sitka spruce regeneration. A t tim e of respacing
the trees were about 5 years old with an
average h eigh t o f 1.6 m. S elective and
system atic respacing m ethods were compared:

the selective favoured vigorous trees at 2 m
spacing; the system atic cut 1 m swathes at 2 m
intervals with a second set o f swathes cut at
righ t angles to the first. A fter 20 years,
m ortality had reduced stocking density in all
treatm ents. The trees in the selective treatm ent
were significantly larger than those in the
system atic or in the control (Table 5.2).
R egrow th in the system atic treatm ent has
meant that the density was equivalent to that
in the control. The control plots (Figure 5.2)
were characterized by larger num bers o f small
sp in d ly trees. T hese have proved more
vulnerable to snow damage with 14% o f trees in
the control plots being dam aged by heavy snow
in February 1996 com pared with 5% for the
selective and 2% for the system atic treatm ents
respectively.
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F ig u re 5.2 Size distribution o f Sitka spruce in respaced experimental plots at the Forest o f Ae after 20 years
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Table 5.2 Respacing of Silka spruce natural regeneration: development after 20 years in the Forest of Ae

Control (no respacing)

Selective respacing

Systematic respacing

Stocking (stems/ha)

4963

2825

4650

Basal area (m2/ha)

48.0

44.9

48.4

Top height (m)

16.8

16.4

15.5

Mean DBH (cm)

12.8

14.3

11.5

During respacing, the opportunity can also be
taken to influence the com position o f the stand
for various reasons. W here selection is made on
the basis o f stem quality, dam aged trees, trees of
poor form and/or diseased trees can all be
removed. W here mixed species regeneration has
occurred the species com position of the stand
may also be altered by retaining a greater
number o f the desired species.

Target spacings for reduction of crop density
Although respacing to low densities can improve
the subsequent growth o f the trees, the potential
effect on tim ber quality must also be considered.
Wide inter-plant spacing can result in a higher
proportion o f juvenile wood, larger and more
frequen t knots and in creased stem taper
(H aygreen and Bowyer, 1996). All o f these
characteristics have the effect of reducing wood
quality. The aim therefore should be to release
trees from strong com petition whilst avoiding
sign ifican t redu ction s in tim ber quality
associated with periods o f open or free growth.
Wood quality studies in Sitka spruce have
shown that plant spacing greater than 2 m can
significantly reduce the production o f structural

quality timber (Brazier, Hands and Seal, 1985).
Thus, in respacing dense conifer regeneration at
an early age, a target density o f around 2500
stem s/ha (2 m x 2 m) would appear most
appropriate where tim ber quality is important.
Where respacing is being carried out later in the
rotation the target density may be lower.

Later crop development
There are few reports o f the effects of respacing
upon growth later in the rotation. However, it
has been shown
(Reineke, 1933) that any pure, fully stocked
stand of a given average stem diameter has the
same number of stems/ha as any other pure,
fully stocked stand of the same species with the
same mean diameter, i.e. independent o f age.
Therefore as the mean number of stems/ha
decreases, the mean diameter increases in a
predictable way (3/2 power law of self-thinning —
Yoda et al., 1963). Respaced stands can be
assumed to grow at a similar rate to planted
trees once inter-plant com petition occurs
(Nelson, 1991). Thus the development of a dense
even-aged naturally regenerated stand can be
predicted from existing yield models.
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Summary
• In m aking an assessm ent o f the success o f natural regeneration the tim ing o f the assessment is
important in order to allow for seedling mortality. Commonly the spring of the third year
following germ ination is the earliest a reliable estimate of established seedlings can be made.
System atic point sam pling techniques provide an efficient way of estim ating seedling density
and also allow the distribution o f seedlings to be recorded.
• W here the stocking of regeneration is less than that desired, supplem entary planting provides
an opportunity to modify the balance o f species and to infill gaps. The direct sowing o f seed under
these circum stances is rarely successful as it is likely to fail for similar reasons as the original
natural regeneration.
• Very dense regeneration often requires respacing to reduce inter-plant com petition early in the
rotation. This operation can be carried out manually by clearing saw or chem ical application or
by m echanized flail. The tim ing o f the respacing operation is very important and should be linked
to the identification of potential crop trees. In dense conifer stands this is com m only possible
when the trees reach around 1.5—2 m in height.
• Respacing encourages a period of increased diameter growth on the rem aining trees prior to
crown closure. A balance needs to be struck between releasing crop trees from com petition and
encouraging too long a period of free growth which can reduce timber quality. In general a target
density o f 2500 trees/ha at a crop height of 1.5-2.0 m is appropriate. Once direct inter-tree
competition resumes it is likely that respaced stands will develop in a similar way to planted
crops o f the same stocking density.
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P la te 1.

Extensive natural regeneration of Sitka spruce on a site at Glasfynydd, Wales. (39194) -

P la te 2. Visitors to Whinlater Forest in the Lake
District enjoying a walk through regenerating stands
at Comb Woods. (Forest Life Picture Library,
1015157020)
P la te 3. Natural regeneration of a relict native
pinewood in a gorge at the Beinn Eighe National
Nature Reserve in Wester Ross. (50773)

■U
P la te 5. Cut cone of Corsican pine showing numbers
of full, viable seed. (38852)

P la te 6. Young Scots pine seedling growing in dense
heather at Mar Lodge Estate, Deeside. (50776)

P la te 7. Damage to young
seedlings of Corsican pine
by field mice. (17407)

P la te 8. Fencing to exclude deer and promote
natural regeneration at Glen Affric Pinewood.
(Forest Life Picture Library, E4744)

P la te 9. Mechanical respacing of dense Sitka spruce seedlings
by forwarder mounted flail. (Forest Life Picture Library,
WAL/0/93/2-47)

P la te 10. A young Sitka spruce crop
following respacing. (Forest Life Picture
Library. 112/0/94/4-2)

P la te 11. Scarification of a Scots pine restocking site by a TTS Delta scarifier.

Chapter 6

Economics

The cost o f using natural regeneration will often
need to be com pared with conventional planting.
Careful con sideration o f the crop and site
potential for regeneration needs to be made in
addition to the financial analysis in order to
make an inform ed decision about the most
appropriate approach on a particular site.

To com pare the use of natural regeneration for
restock in g w ith more tradition al plan tin g
methods requires the quantification o f the cost
o f any m aterials and operations which are
specific to each approach. Costs com m on to both
establishm ent systems, e.g. fencing, roading and
overheads can be treated as fixed costs and
om itted from any calculations.
The
m ain variables
involved in the
com parison
of
plan tin g
w ith
natural
regeneration include: the preparation o f the

ground prior to regeneration or planting; the
purchase of plants and other establishm ent
operations associated with planting; the need for
pre-commercial respacing of dense regeneration;
and any establishment delay associated with the
encouragem ent of natural regeneration.
For example, assum ing no differential costs of
residual stand management, Tables 6.1 and 6.2
show the relative costs o f restocking compared
with natural regeneration of Sitka spruce on a
peaty gley soil in upland Britain. It i_s assumed
that good forestry practice results in quick
establishm ent with lim ited beating up and
weeding. Further assumptions include the need
for additional operations o f ground cultivation
and w eedin g associated with planting as
com pared with an establishm ent delay and
resp acin g
costs
incurred
with
natural
regeneration. Finally, it is assumed that good
coverage of natural regeneration will occur
leavin g
only
a
few
areas
requ iring
supplem entary planting.

Table 6.1

Table 6.2

Comparing the cost o f natural
regeneration with planting

Costs/ha associated with restocking by planting

Costs/ha associated with restocking by natural

regeneration

Year

0
0
0
1
1
1
1

Operation

Cultivation
Plants
Planting
BU plants
BU plants
Weeding
Hylobius spray

Actual cost
£lha
260
260
160
65
45
55
45

Total discounted cost
('Discount rate = 6%) (£1996/7)

Discounted
cost £lha*
260
260
160
62
42
52
42
£878

Year

Operation

Actual cost
£lha

Discounted
cost £/ha*

2

Regeneration delay

-

3

Supplementary plants

65

55

3

Supplementary planting

45

38

7

Respacing

370

246

Total discounted cost
('Discount rate = 6%) (£1996/7)

115

£504
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Following germination, natural regeneration
commonly takes two and sometimes three years to
reach the size of a freshly planted tree. This delay
reduces the net revenue from the rotation as
compared with planted crops. With a 6% discount
rate, a two-year delay in establishment will result
in a discounted revenue (DR) loss of around
11%
from
the
subsequent
rotation.
Assuming a discounted revenue of £ 1500/ha (for a
Sitka spruce stand growing at YC12) then this is
equivalent to a cost of£115/ha. Regeneration delay
will be less on sites with less competitive vege
tation and immediately following a good seed year.
In this exam ple the use o f natural
regeneration show s a net cost o f £504/h a
compared with £878/ha for planting, a difference
o f c. £375/ha. However, each case will vary and
there may be instances where planting would be
the more cost-effective approach, e.g. where
there are costs associated with overstorey
treatment, the intention is to restock a site with

genetically im proved planting material or there
is a very significant delay in the establishment
o f natural regeneration.

Respacing costs
The cost of respacing dense conifer crops is a
significant element of the expenditure required
to successfully manage natural regeneration.
The actual cost depends upon the number of
stems to be removed per unit area and the
height of the trees at the time o f respacing. The
direct cost of respacing dense Sitka spruce crops
at around 1 .5-2.0 m in height by manual
m ethods is com m only in the order of
£350-400/h a (1996/7).
The expected financial benefits from carrying
out the operation are dependent upon yield
class, predicted future prices and the planned
rotation length. Using a price size curve derived
from timber sales in Great Britain
during

Spacin g (m)

F igure 6.1 Potential improvements in discounted revenue at year 0 by respacing Sitka spruce seedlings from 0.9 x 0.9 m
initial spacing.
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1993/4, and follow ing the m ethods used by
Nelson (1991), crops growing at GYC 12 or
above could be profitably respaced at a cost of
£370/ha. H owever, this calcu lation is also
critically in flu en ced by the estim ate o f
windthrow hazard (Figure 6.1).
S usceptibility to w indthrow restricts the
benefits
to be gained from
respacing,
particularly o f higher yielding crops, due to the
reduced rotation length over which the trees can

respond to the favourable growth conditions.
When deciding upon the order in which existing
stands should be respaced the potential benefits of
the operation should be considered in each case
and work should give priority to sites with:
• the densest regeneration;
• the crops of highest yield class;
• the lowest windthrow risk.

Summary
• In m aking an econom ic com parison o f encouraging natural regeneration and planting, the
probability of success needs to be considered along with operational details. In operational terms,
the main differences associated with the use o f natural regeneration are the costs or savings
associated with ground preparation, plant purchase, respacing and any delay in establishment.
• Cost com parisons will vary with circum stances but the use o f natural regeneration cgn be more
cost-effective than planting. The use o f natural regeneration can also enhance the non-market
benefits (e.g. landscape, species diversity) o f the forest. However, where clearfelling is carried out
natural regeneration may nevertheless involve costs associated with a delay in establishment
relative to that which could be achieved by planting.
• W here respacing is necessary, this com m only costs in the order o f £350-400/ha although the
actual cost will vary with the initial stocking of trees and the proportion of the crop to be
removed. The initial stocking density, the predicted rate of growth o f the trees and the danger of
early windthrow are all factors which can be used to prioritize areas for treatment.
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Chapter 7

Forest m anagement to encourage natural regeneration

A number o f conditions must be fulfilled if
successful natural regen eration is to be
achieved. These are:
• the presence of parent trees of acceptable
quality;
• site conditions which are or can be made
receptive for seedling establishment;
• adequate coning or seed production on the
parent trees;
• a suitable m icroclim ate for seed germ ination
and seedling growth;
• the absence o f significant browsing pressure.
M eeting these preconditions requires the
manager to make a series of decisions which will
influence the likelihood of achieving successful
conifer natural regeneration. These steps are
shown in the form of a decision model in Figure
7.1. Key points are discussed in the following
sections which cross reference as necessary to
earlier chapters.

Stand quality
The first consideration is to decide whether the
parent trees on the site are of the desired
quality. If the trees are o f poor form and vigour,
there will be little to gain by encouraging
natural regeneration, particularly where the
production o f quality timber is a concern. Parent
trees should also be in good health and o f a seed
bearing age. M ost con ifer species produce
plentiful seed for much o f their life but in the
periods leading up to reproductive maturity, and
when trees become very old, seed yields may be
significantly sm aller (Chapter 2).

Preparatory thinning
Assum ing the parent trees are of an acceptable
38

quality, the main objective should be to ensure
that preparatory thinnings are com m enced
early in the life of the stand (normally between
25—35 years) to promote crown developm ent on
the future parent trees. As the m ajority of
coning occurs on the exposed parts of the crown
it is im portant to release crowns early in the
rotation to retain deep, full crowns for seed
production in later years. The aim should be to
maintain a live crown depth of at least h alf the
total height of the trees. This is particularly
im portant as many conifers have a limited
ability to redevelop crown depth once it is lost.
Preparing stands in this way is a norm al
procedure on the European continent and has
long been recogn ized as an im portant
prerequisite to achieving good regeneration.
Crown thinning can be used to favour the future
parent trees. The number o f thinnings and their
intensity will vary according to the site exposure
and vulnerability to windthrow (Table 7.1).
Where conventional thinning is not possible
due to high risk of windthrow, other approaches
may be taken to promote seed production. On
these sites the creation o f windfirm stand edges
through the early respacing o f some parts o f the
stand can help to promote crown development
on a proportion o f the trees whilst also allowing
them to develop greater stability.

Table 7.1

N um ber o f thinnings in relation to site exposure

Preparatory thinning
Windthrow hazard

Number o f thinnings

l-lll

Normal thinning cycle

IV-V

Single thinning

VI

Single early respacing

Are Ihe p ar e n t tre es on
the site of the de si re d
s p e c ie s and qua li ty?

Plan to es ta bilis
lis hh ^ N
site by plan ti " 9 /

, YES

I

W a s the pr ev io u s
ye ar s c o n e c ro p
good o r m o de ra te ?

Can the felling
be d el a ye d by
one year?

NO

Can the s e e d b e d be
i m pr o v e d by c u lt iv a ti o n
or use of h e r b i c id e s to
co n t r o l ex is ti n g
ve g e t a t io n ?

I

Do the tre es have a
g ood or m o de r a te
co ne cr op?

YES
•

Is the site typ e c o n d u c i v e to
good na tu ra l re ge n e r a t io n ?

YES
YESr

C a r r y out |
o p e r a ti o n I

C ar ry out
p re p a r a to r y
fel ling as
n ec e s sa ry

NO

C

PIan to e s l a b l i s n S
site by p la n ti n g
J

YES

is th e r e strong
ve g e t a t io n
g ro w th on the
site?
NO

A s s e s s s e e d li n g d e n si ty
in fo l lo w in g s u m m e r

C o n s i d e r need for
f u rt h e r r e g e n e r a t io n
fe lli n g to re le a s e
s e e d l i n g s and en su re
e ffe c tiv e p ro te ct io n
from b ro w s in g

Is th e r e th e de s ir e d
of s e e d l i n g s p re se n t?

I

NO

I

NO

Plan to establ>lishSs\
site by plan ti n g ^ /

NO

YES

Is th e r e a pot e nt ia l
s u r r o u n d in g sta nds?
NO

YES

Ar e the s e e d l i n g s of a size
and in a c o n d i ti o n which
can be c o n s i d e r e d sa fel y
e s ta b lis h e d ?

NO

A s s e s s co ni n g on
s u r r o u n d in g trees.
Is th e r e good or
m o d e r a te conin g
levels?

YES

I
PIan to e s t a b l i s h e s
site by p la n ti n g
J

C

F igu re 7.1 A decision model showing the major factors influencing the management of conifer stands to encourage natural
regeneration prior to and following preparatory felling.
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Site suitability for natural
regeneration
To achieve successful regeneration the condition
of the forest floor must be suitable for the
germination and growth of seedlings. Seedling
establishment can occur in the absence of special
m anagem ent action and the presence of
seedlings on a site can often be a good indicator
of regeneration potential. Sites with low nutrient
status often regenerate well due to their slow
recolonization by competing vegetation following
tree felling. As a result, sites with dry sandy soils
often support regeneration o f Scots and
lodgepole pine and larch, whilst moist peaty soils
commonly provide suitable seedbeds for Sitka
spruce and lodgepole pine. Dense Douglas fir
regeneration is not often found in the absence of
site disturbance due to the nature of the sites
upon which it thrives, i.e. fresh and rich soils
with potentially vigorous weed growth. Figure
4.3 shows the general relationship between soil
type and regeneration potential.

Improving site conditions for
regeneration
Competing vegetation
N atural regeneration can be encouraged by
operations which remove or disturb existing
vegetation
and
also
areas
of
deep,
undecom posed needle litter which are prone to
drying out. A com bination of humus and mineral
soil provides the best surface conditions for
regeneration and this mixing of the surface soil
layers can be achieved by cultivation. On many
sites patch or strip scarifica tion is to be
preferred to more extensive disturbance.
Ground preparation measures will be most
effective when carried out in the autumn or early
winter period prior to seedfall. This minimizes
the time available for competing vegetation to
become established prior to the germination of
tree seedlings. Depending on the fertility of the
soil, prepared regeneration areas may only
remain receptive for a short period (1 -2 years)
before competing vegetation recolonizes the site.
W here sites have becom e dom inated (i.e.
>75% cover) by vigorous weeds such as bracken,
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bramble or grasses, the potential for natural
regeneration will be significantly reduced and
conventional methods o f site preparation and
planting should be preferred.

Felling residue
The distribution o f felling residue or brash on a
site can affect the subsequent pattern of natural
regeneration. Areas covered with brash of >15
cm depth are unlikely to regenerate well due to
the creation o f unfavourable conditions for seed
germ ination and/or seedling growth. Spreading
brash thinly, or raking brash into piles can help
to increase the proportion o f a site which is
suitable for regeneration establishment.
The burning o f brash was a common practice in
Nordic countries, especially Finland and Sweden,
until the development of mechanical scarifiers
about 20 years ago (Bergman et al., 1981).
Controlled burning, mimicking the effects of
wildfires, has also been used to encourage the
regeneration of Scots pine in Britain on sites with
a dense cover of Calluna. However, burning is not
recom m ended for several reasons. Firstly,
controlled burning, particularly beneath existing
seed trees, is difficult and expensive. There is also
a risk of damage to seed trees and any existing
regeneration. On sites with a thin humus layer
nutrients (especially nitrogen) may also be lost.

Coning and seed production
Assessing the potential
A good quality stand on a receptive site, which
has been prepared for regeneration through
careful thinning, will have very good natural
regeneration potential. However, the timing and
quantity of seed production by the parent trees
will still be critical to the ultimate success of
regeneration. Assessments o f flowering in early
spring, and cone num bers in sum m er will
provide indications o f the level of seed production
in any given year (Chapter 2). It is unrealistic to
expect good regeneration unless the cone crop
has been assessed as moderate or heavy.

Timing the felling
Figure 7.2 illustrates the optimum period for
tim ing felling to encourage regeneration in
species such as spruces, firs and Japanese larch

which release most of their seed over winter.
Felling the mature stand much before October
reduces the potential for regeneration because
the seed in the cones w ill not have fully
matured. Felling later than April in the year
following a large cone crop risks dam aging the
new seedlings germ inating on the forest floor.
Exceptions to this rule are Corsican pine, Scots
pine and European larch which release seed in
the spring and early summer. With these species
late spring felling is most appropriate.
M anagers can also use the inform ation on the
optimum seed dispersal period to time fellings
so that the occu rrence o f regen era tion is
minimized. This can be particularly useful if
seeking to replace existing tree species or retain
perm anent open space.

the first season. Following this, it is essential to
increase the light reaching the seedlings without
fostering excessive com petition from ground
vegetation.
P reparatory regeneration fellings w ill be
required where tree canopy density is too great
to allow successful seedling establishm ent
beneath the existing stand. The levels of canopy
cover beneath which seedlings can establish
varies between species, and also the height of
the surrounding parent trees. Estim ates of
critical canopy cover (plan view) for mature
stands (i.e. 2 5 -3 0 m tall) of a range o f species
are given in Table 7.2.
Table 7.2.

Critical canopy cover for seedling establishment
under mature stands of different conifer species

Tree species

Preparatory regeneration fellings
and silvicultural system s
Where natural regeneration is being encouraged
beneath an overstorey, the task in promoting
regeneration is initially to allow in sufficient light
to allow the young seedlings to survive, at least for

Bud differentiation

Flowering

Critical canopy cover for
seedling establishment*
40'-50%
45-55%
60-65%
70-75%

Pines/larch
Sitka spruce
Douglas fir/Norway spruce
Western hemlock

*Estimates for stand conditions unaffected by
significant sidelight.

Cone
development

F ig u re 7.2 Optimum period
for tree felling to encourage
natural regeneration in
spruces, firs and larch
(excl. European larch).

Seed fall
Seedlings

^ Flowers, cones^
assessment
period

Optimum felling ^ F^ing may danroge
period

germinants
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For most conifers preparatory regeneration
fellings must be undertaken during the autumn
and early winter period in a moderate or heavy
coning year to maximize the quantity of tree seed
reaching the forest floor (see Figure 7.2).
Successful regeneration will often be the first
phase of the introduction of a new silvicultural
system.
In
plantation
forests,
careful
consideration is needed of the desired future goal
in term s o f stand structure and future
regeneration. Alternative silvicultural systems
will not be covered in detail here, but where the
objective is to utilize natural regeneration to
sustain forest cover, the characteristics of the
species in question will help to define the range of
possible approaches to stand management. In
general the more shade tolerant species such as
Sitka spruce, western hemlock and Douglas fir
lend themselves to more intensive management
within selection and group shelterwood systems,
whilst light demanding species such as the pines
and larches are more suited to shelterwood and
seed-tree systems. (For further information on
silvicultural systems, see Hart, 1995).

Monitoring seedling establishment
Visual checks for young seedlings can begin
during the summer following seed dispersal.
However, seedlings will not normally become
safely established until the third growing season.
Assessment of established seedlings can be made
by noting the presence or absence of seedlings in a
series of temporary sampling plots (see Chapter
5). If the density of seedlings is low or patchy,
consideration will need to be given to
supplementing the regeneration by planting. This
is also an opportunity to manipulate the
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proportion of particular species in mixed stands.
Under these circumstances a careful appraisal of
the likelihood of further natural regeneration
occurring on the site needs to be made. This
commonly occurs as a result of seed dispersed
from adjacent stands.
Where regeneration proves to be poor or absent
a reassessm ent o f the future potential for
regeneration will be needed. Where site and/or
stand conditions appear unfavourable planting
may well prove a more reliable option (Figure 7.1).

Protection of regeneration
Young seedlings will require
protection,
particularly from browsing animals such as deer,
sheep and rabbits, if they are to become safely
established. For example, red deer densities
above 5 animals km - can prevent Scots pine
regeneration and above about 10 animals km'2
regeneration of less palatable species such as
Sitka spruce will be seriously checked or
prevented. Under circumstances where there are
likely to be a significant density of grazing
animals either fencing or a sustained cull or
reduction in animal numbers will be essential in
order to achieve successful regeneration.

Respacing
Where dense regeneration occurs, respacing of
young conifer seedlings will often be necessary to
encourage the diameter growth of the remaining
trees and to reduce stem densities in line with
planted crops. This operation is normally carried
out when the trees reach a height when it becomes
possible to identify the more vigorous and
dominant trees (Chapter 5).

Summary
While natural regeneration will generally be a less certain means of establishing trees than planting it
has sufficient benefits to make it the preferred option for some combinations of crops and sites. Where
natural regeneration is both desirable and feasible, the probability of success can be increased by:
• stand treatment to increase the bud and frequency of seed production and the microclimate of the site;
site treatment to improve germination, seedling survival and early growth;
• vegetation management to ensure adequate light and moisture for the young seedlings;
• pest management to limit subsequent losses;
• respacing where necessary to achieve optimum spacing.
However, given the variability of seed production, foresters need to be flexible in their approach to
natural regeneration. They must be prepared to wait for an abundance of seed, be flexible in making the
most of opportunities and be willing to adopt alternative methods when natural regeneration is too
uncertain or is failing to achieve the objectives of management. By application of the general principles
stated in this Bulletin and the development of local knowledge an increasing proportion of s'ites can be
regenerated by natural means.
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Appendix 1

Notes on natural regeneration by species

Sitka spruce
M any Sitka spruce crops are capable o f
producin g large quantities o f seed w ithin
relatively short rotation lengths and the seed
often has a high viability.
The seed has a high moisture requirem ent for
successful
germ ination
and
therefore
germinants are often most successful on peat
soils and in damp hollows and wet flushes on
other soil types. The distribution o f felling
residue on harvesting sites often restricts dense
regeneration to brash-free areas. The treatm ent
o f brash is therefore im portant in the
encouragem ent of regeneration in this species.
Sitka spruce is com monly found regenerating
naturally following clearfelling o f crops on sites
in the border regions of north England and
south Scotland, in western Scotland and also in
Wales. There is estim ated to be at least 1000 ha
o f young natural regeneration present on sites
in Forest Enterprise forests in these areas. The
moderate shade-tolerance o f young seedlings
makes it possible to encourage regeneration
beneath well-thinned stands o f mature trees as
an alternative to clearfelling systems. However,
once the seedlings have reached lm in height
they require releasing to maintain satisfactory
growth. If this is not done growth stagnates and
they can becom e vulnerable to defoliation by
Elatobium.
Due to its ability to regenerate very densely,
there are many occasions when the respacing or
pre-com m ercial thinning of young regeneration
will be necessary. The tim ing and methodology
used must be carefully considered.

The larches
Larch species tend to produce good quantities of
seed almost every year m aking it sim pler to plan
regeneration operations. However, the seed has
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quite low viability levels and so very good coning
levels are needed to provide sufficient seed to
make good natural regeneration possible. The
seed has a very low requirem ent for cold strati
fication and can therefore germinate throughout
the year whenever conditions are favourable.
As pioneer species larch seedlings are very
light dem anding and need very open canopy
conditions in order to establish successfully.
This lends itself to silvicultural systems which
involve patch or clearfellin g and strip
shelterwood.
Due to the low moisture requirem ent o f the
seed during germination, young seedlings are
often found on disturbed soil, sand or even
roadside spoil. Thus ground preparations which
disturb the soil surface and expose mineral soil
are generally most successful. Although larch
seedlings often begin to establish on many
nutritionally poor sites, subsequent fertilization
may be necessary to m aintain satisfactory
growth.
As with other light dem anding species such as
Scots pine, early respacing o f dense seedlings is
needed to ensure the final crop trees are given
sufficient space to develop before dam aging
com petition occurs.

Scots pine
Scots pine trees produce some seed almost every
year m aking the tim ing o f regen eration
operations less critical than with species such as
Sitka spruce and Douglas fir. The seed has a
lower moisture requirem ent for germ ination
than spruce and fir and as such young
germinants often occur on drier soils such as
sands and gravels, roadside spoil, etc.
Scarification or some other form o f ground
disturbance which reduces the com petition from
vegetation is often needed to achieve dense

regeneration.
The seed is relatively heavy which restricts
the potential for dense regeneration far beyond
the
edge
o f existin g
w oodlands.
This
characteristic makes system s o f management
involving the retention of seed trees the most
appropriate in many circum stances.
Young seedlings need light open conditions to
grow successfully m aking it necessary to remove
any overhead canopy once young seedlings are
established. As with all regeneration, protection
from grazing animals is essential to allow seed
lings to grow beyond the height o f the matrix
vegetation. In the native pinewoods protection
from deer is often the m ost sign ifican t
requirement.
W here regeneration is dense, early respacing
will be needed to ensure the release o f final crop
trees as with other light dem anding species such
as larch. Fertilization may be necessary on
nutritionally poor sites to achieve successful
developm ent beyond the initial establishm ent
phase.

Douglas fir
Seed production in Douglas fir tends to be erratic
with often long gaps between mast years. In poor
years many seeds can be infected by the seed
wasp Megastigmus spermotrophus rendering
them non-viable. This can make the successful
encouragem ent o f natural regeneration very
T able A1

difficult unless operations are timed to coincide
with a mast year.
D ouglas fir grows best on more fertile,
sheltered sites which also support vigorous
vegetation. This often makes it difficult for
germ inating seedlings to establish. The control
of com peting vegetation by a gradual opening up
o f the overhead canopy is possible where mature
stands are sufficiently dense. In cases where
strong vegetation growth is already established
the use o f herbicides or scarification operations
will be necessary to create a receptive seedbed.
Seedlings o f D ouglas fir are m oderately
tolerant m aking it possible to manage stands to
create a multi-storied structure. Protection will
be required in the early years, particularly from
roe deer which find Douglas fir very palatable.

Western hemlock
W estern hem lock is norm ally only a minor
com ponent o f most forests. However, where
mature trees occur, seed production can be
prolific and good seed years are frequent. The
very shade tolerant seedlings can establish
beneath m ost tree canopies m aking it
potentially invasive. This same characteristic
makes it an ideal com ponent of stands where
selection
and
shelterw ood
system s
of
managem ent are employed.
Seedlings establish best on disturbed soil
w ith little vegetation com petition. Seedling

F requency o f occurrence o f natural regeneration o f Britain’s m ajor conifer species

Species
Abies grandis
Abies procera
Chamaecyparis lawsoniana
Larix decidua
Larix x eurolepis
Larix kaempferi
Picea abies
Picea sitchensis
Pinus contorta
Pin us nigra
Pinus sylvestris
Pseudotsuga menziesii
Tsuga heterophylla

Frequent

Frequency o f occurrence
Occasional

Rare

V
V
V
V
V
V
V
V
V
V
V
V
V

(adapted from Brown and Neustein, 1970)
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densities can be very high requiring respacing
operations to be carried out. The tim ing of this
operation is perhaps less critical than with other
more light dem anding species.

Other conifers
There are a number o f other conifer species
which can be found naturally regenerating
successfully in parts o f Britain. These include
Corsican and lodgepole pine, Norway spruce and
Abies species such as grand and noble fir plus a
range of other m inor species. A t present there
are few examples of active stand m anagem ent to
deliberately encourage natural regeneration of
these species but the presence o f young
seedlings after stands have been thinned or
felled dem onstrates the potential to regenerate
these species by natural means.
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