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Introduction
Our native woodland communities, as defined by National 
Vegetation Classification woodland types, comprise mixed 
stands of ecologically compatible tree species that reflect 
climate and soils (Rodwell, 1998). In contrast, much of the 
productive woodland in Britain is composed of even-aged 
monocultures (Mason, 2015). More recently, interest in 
using mixed species stands has been revitalised due in 

part to damage from exotic pests, pathogens (Figure 1) 
and by the ongoing impacts of accelerated climate change 
(Jactel et al., 2017). Mixed stands offer an opportunity to 
improve the proportion of quality timber from broadleaved 
stands and may ‘overyield’ where mixed stands produce 
more biomass than their component species grown in 
monoculture (Feng et al., 2022).  

Mixed species stands represent 49% of the forest area 
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Figure 1. Even-aged monoculture of ash severely damaged by ash dieback (Hymenoscyphus fraxineus) in Cumbria. (Photo: Andrew Leslie)
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in GB, where mixed stands 
are defined by the National 
Forest Inventory as those with 
less than 90% basal area of 
one species. Of the area of 
mixed species stands, 60% 
were mixed broadleaves and 
21% were mixed broadleaved/ 
conifer, 19% were conifer 
mixtures, and 60% were even-
aged and 40% uneven-aged 
(Beauchamp et al., 2024). 
Table 1 shows the inventory 
results for mixed species 
stands that cover more than 
15,000 ha; there will be many 
other combinations found 
covering a smaller area. Of 
the broadleaved stands, oak 
(Quercus spp.) with ash (Fraxinus excelsior), and sycamore 
(Acer pseudoplatanus) with ash are most extensive.

There are few formal trials of broadleaved mixtures in 
Britain, but there is a body of knowledge gained through 
experience of the silviculture of such stands. Using a 
variety of literature, this article focuses on the range 
of mixed species stands in Britain, where broadleaves 
comprise the final crop.  

Managing competition between species 
For long-lived mixtures, compatibility between species is 
important. Evans (1984) provided simple rules for lowland 
broadleaved stands using a conifer nurse. The predicted 
General Yield Class (GYC) of the conifer should be no more 
than double that of the broadleaved species, the exception 
being larch, which has rapid, early height growth and 
should only be chosen as a nurse if its GYC is no more than 
50% greater than the broadleaved species. Mason (2006) 
proposed that this rule also be applied in the uplands.  

In general, compatibility of growth rates is more a 
problem when mixing broadleaves and conifers rather than 
mixing broadleaves (Evans, 1984; Mason, 2006). Shade 
tolerance is important when predicting the compatibility 
of tree species in a mixed stand. Schlich (1910) divided 
mixtures into those with shade bearing species, those with 
shade bearing and light demanding species and those 
with light demanding species. Schlich’s general rules were 
that mixtures of light demanders and mixtures of shade 
bearers should be planted in the same year. However, to 
reduce excessive competition between shade bearing and 

light demanding species he recommends planting shade 
bearers after light demanders, although this could disrupt 
site capture and increases costs. In general, incorporating 
a shade bearing species like beech in a mixture provides 
resilience to delayed management, as it will suffer less from 
overtopping (Darrah and Dodds, 1967). 

A method incorporating both shade tolerance and 
growth rate was developed by Kerr et al. (2021) who also 
provided guidance on how planting pattern and its influence 
on the level of interaction between species can be used 
to improve compatibility. This has been developed into a 
spreadsheet management tool (Forest Research, 2023).  
An intimate mixture results in the highest level of interaction 
between species and is best achieved by careful matching 
of growth rates of the species and other characteristics 
such as shade-tolerance or crown architecture. If faster 
growing species are mixed with slower growing ones, 
then to maintain all species in the canopy, regular release 
of the slower growing species is needed. Interspecific 
competition can also be reduced through the planting 
pattern. For example, planting species with different growth 
rates in discrete single-species blocks results in competition 
between species only occurring on the edges of these 
blocks. This approach is recommended by Rodwell and 
Patterson (1994) for creating robust mixtures for new native 
woodland.  

Darrah and Dodds (1967) conducted a survey of 
conifer and broadleaved mixtures in England and came 
to some general conclusions about planting patterns for 
such mixtures. Traditional alternate row mixtures could 

Table 1. Species composition of reported areas greater than 15,000 ha (Beauchamp et 
al., 2024). 

Top two species Mix type Area (ha) % GB Area

Lodgepole pine (Pinus contorta)/Sitka spruce 
(Picea sitchensis)

Conifer mix 71,722 2.5

Ash and oak Broadleaved mix 65,228 2.3

Ash and sycamore Broadleaved mix 38,941 1.4

Hybrid larch (Larix x eurolepis) and Sitka spruce Conifer mix 24,934 0.9

Hybrid larch and Scots pine (Pinus sylvestris) Conifer mix 24,105 0.8

Birch (Betula spp.) and Scots pine Broadleaved/conifer 22,810 0.8

Scots pine and Sitka spruce Conifer mix 22,738 0.8

Birch and oak Broadleaved mix 21,071 0.7

Ash and beech (Fagus sylvatica) Broadleaved mix 19,549 0.7

Ash and hawthorn (Crataegus spp.) Broadleaved mix 16,344 0.6

Ash and hazel (Corylus avellana) Broadleaved mix 16,248 0.6

Birch and Sitka spruce Broadleaved/conifer 16,110 0.6
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be successful when compatible species 
were used and they were not neglected. 
For conifer/broadleaved mixtures they 
needed to comprise more broadleaves 
than were needed for the final crop and 
they were intolerant of the inevitable 
delays in management. Band mixtures 
of predominantly broadleaves with a 
component of conifer were successful in 
growing a broadleaved stand but do not 
provide the economic return of ones with a 
higher proportion of conifers. These bands 
should contain at least three rows of the broadleaves. The 
arrangement of the bands should also accommodate the 
spacing between final crop broadleaved trees (Evans, 
2024). 

Forest Development Types, a useful tool for establishing 
specific mixed species stands, has been developed 
by Forest Research (2024). For each type of stand this 
provides information on suitability to soils and climate and 
a timeline of interventions. An aim of this framework was 
to stimulate silvicultural innovation, including increasing 
adoption of mixed species stands. 

Benefits of broadleaved mixed 
species stands 
There have been few formal trials of broadleaved mixtures 
in Britain. However, many landowners and forest managers 
have developed successful approaches to creating and 
managing mixed species broadleaved stands, through 
practical experience. This was captured by Anderson (1950) 
who describes nurse species that could support primary 
species across different site types, defined by their ground 
flora communities.   

Moderating adverse abiotic influences
Different tree species respond to abiotic stresses in different 
ways. For example, a study of mixed stands in Germany 
showed that the diffuse porous species (sycamore and 
lime) were more sensitive to drought than the ring porous 
species (pedunculate oak and ash) (Fuchs et al., 2021).  
Mixing species with different ecological requirements may 
decrease the risk of catastrophic loss of the entire stand.  
However, mixed stands may not offer a solution to the 
depression in yields caused by damaging events such as 
drought (e.g. Ovenden et al., 2022). The effects of mixing 
species on stand resilience to damaging climatic events is 
likely to be highly dependent on the tree species employed. 

The poorer soils, lower temperatures and greater 

exposure in the uplands encourages use of mixed 
stands where one species ameliorates the harsh growing 
conditions, improving the microclimate for other more 
sensitive tree species. Nursing mixtures are an example 
of this, where the nurse species improves survival and/
or growth of the principal species, and the benefits were 
recognised by Evans (1984).

A simple, unreplicated experiment in the North York 
Moors tested growth and survival of sessile oak, beech, 
sweet chestnut and birch grown as single species, 
and including the same species grown in mixtures with 
Scots pine and Japanese larch. Planting a mixed stand 
improved the growth of the broadleaves (Table 2) and 
mixing with larch alone had a more beneficial effect than 
with a mix of larch and Scots pine (Gabriel et al., 2005). 
Stem straightness was improved in mixture for sessile oak 
and beech but was poorer for birch and sweet chestnut.  
A subsidiary trial testing red oak (Quercus rubra), two 
Nothofagus species and downy birch (Betula pubescens) 
was also established with the same conifer nurses. An 
observation after 30 years was that Nothofagus alpina, 
normally susceptible to frost damage, had survived hard 
frosts and temperatures down to -14°C (Gabriel, 1986).  

An experiment at a very exposed upland site at Gisburn, 
near the Forest of Bowland, tested growth and survival of 
sessile oak, common alder, Scots pine and Norway spruce 
in monoculture and in mixture (planted in a checkerboard 
pattern). General findings after 26 years in the first rotation 
were that mixtures with Scots pine grew more rapidly than 
monocultures of the companion species, while those that 
contained oak performed worse than monocultures of the 
other species (Jones et al., 2005). Oak itself grew better 
with Scots pine and with alder than in monoculture. Alder 
grew more rapidly in a mixture of Scots pine than it did in 
monoculture. This experiment was replanted with the same 
species, except for the inclusion of Sitka spruce, and after 
20 years it yielded similar results, except for a higher basal 
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Table 2. Top height of broadleaves in pure and mixed stands in the North 
York Moors. Data for 15 years is from Gabriel (1986) and for 47 years from 
Gabriel et al. (2005).

Species Top height (m) at 15 years Top height (m) at 47 years

Pure With JL Pure With JL & 
SP

With JL

Sessile oak 2.12 3.97 11.2 13.48 15.15

Beech 1.73 4.06 11.57 14.76 13.86

Sweet chestnut 1.73 4.45 12.33 15.69 16.26

Birch 4.15 15.35 16.55 17.19
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area of Scots pine and Norway spruce in mixture. Of the 
mixtures with broadleaves, the Norway spruce and alder 
mix basal area was about 40% greater than that of the 
same species in pure plots, evidence of overyielding, and 
showed the benefits of growing oak with alder on such 
exposed sites (Mason and Connolly, 2014). 

In the lowlands, where soils and climate are generally 
better for tree growth, mixed species stands can provide 
benefits. The provision of shelter through use of nurse 
species can be important even in the lowlands. Willoughby 
et al. (2009) found that side shelter benefits the height 
growth, if not survival, of ash and sycamore, both mid 
successional trees. Shelter from frost is also important 
for some broadleaves. Table 3 
describes the frost sensitivity of 
common broadleaved species; 
hardier species can be used to 
provide shelter to sensitive species. 

Mixing nitrogen-fixing trees 
with others is known to improve 
stand growth in certain situations. 
An analysis of results from 148 
experiments, with 80 being from 
temperate regions, showed that 
growth in temperate regions was 
improved in stands where nitrogen-fixing trees made up 
a significant proportion of the trees (Marron and Epron, 
2019). In a trial in the lowlands of England, planting walnut 

(Juglans regia) with nitrogen-fixing shrubs was found to 
increase nitrogen in the walnut to an optimum, whereas 
those without nitrogen-fixing nurses were found to be 
deficient (Clark et al., 2008). The walnut grown with autumn 

olive (Elaeagnus umbellata), one of the 
nitrogen fixers tested, also benefited 
through increased height growth. Evans 
(1984) described the improved growth in 
ash through the nitrogen provided by a 
nurse of alder. It is likely that benefits from 
growing trees with a nitrogen fixer will be 
greatest where soil nitrogen is limiting.

Improving timber quality
In the UK, the average volume of 
sawlogs produced annually per hectare 
of domestic broadleaves is much less 
than in France and Germany, with the 
UK average being six times less than 
in France and fifteen times less than in 
Germany (Table 4) (Taylor, 2019).  

Growing oak in a mixture with a 
species with a dense canopy as an 
understorey will inhibit epicormic growth 
and improve stem form (Figure 2). In 

Table 3. Susceptibility to frost of broadleaved species 
(modified from Evans, 1984).

Sensitivity Species

Very susceptible Walnuts (Juglans spp.), ash, sweet 
chestnut (Castanea sativa), oak, beech, 
Nothofagus, Eucalyptus.

Moderately sensitive Sycamore, horse chestnut (Aesculus 
hippocastanum), some poplars, red alder 
(Alnus rubra), Italian alder (Alnus cordata).

Hardy Birch, hazel (Corylus avellana), hornbeam 
(Carpinus betulus), lime (Tilia spp.), elm 
(Ulmus spp.), most poplars, common 
alder, grey alder (Alnus incana). 

Table 4. Comparison of UK hardwood sawlog production with France and Germany 
(Taylor, 2019).

Broadleaves area 
(million ha)

Annual hardwood 
sawlog production 

(million m3)

Annual hardwood 
sawlog production/ 
broadleaves area 

(m3 per ha)

Relative sawlog 
production (UK 
to other country, 

UK=1)

France 13.55 4.1 0.3 6
Germany 4.7 3.5 0.74 14.8
UK 1.5 0.075 0.05 1

Figure 2. Oak grown with western hemlock (Tsuga heterophylla) at Micheldever Forest 
to improve stem form and reduce branching. (Photo: Andrew Leslie)
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Germany it is considered that to obtain quality stems, 
beech, lime or hornbeam should be planted with sessile 
oak which is managed on long rotations to produce 
sawlogs (>160 years) or veneer (>240 years) (Joyce and 
Gardiner, 1986). In a study in the English lowlands, planting 
walnut with autumn olive reduced coarse branching and the 
number of multiple stems, and increased height growth in 
the walnut, as did planting with hazel (Clark et al., 2008).   

Increasing yield
There are many examples of mixed stands ‘overyielding’ 
or producing more volume or biomass than each 
species in monoculture. Feng et al. (2022), in an analysis 
across multiple experiments and continents, found 
complementarity in functional traits to be an important 
element of overyielding. For example, mixing a light-
demanding species with a shade-bearing species may 
increase the efficiency of use of light within a stand. Other 
traits influencing overyielding are described in Figure 3.  
A global meta-analysis across 54 studies also provided 
evidence for overyielding, and identified important factors 
such as evenness in the proportions of species making 
up the mix and also variation in shade tolerance (Zhang et 
al., 2012). Overyielding would appear to be linked to the 
attributes of the species present rather than the level of 
species diversity in the stand (Jacob et al., 2010). Also, in 
practice, simple mixtures may be better than higher yielding 
but more complex approaches (Del Rio et al., 2022). For 

ease of management there are benefits to keeping the 
number of species in a mixture to two, rather than adopting 
more complex mixtures, as they are easier to manage and 
are likely to be more resilient to lack of management, such 
as delayed thinning (Darrah and Dodds, 1967).   

Overyielding in some cases appears to be most 
pronounced on poorer sites and declines as site quality 
improves (Toigo et al., 2015; Pretzsch et al., 2013). For 
example, an analysis of 37 experiments in Europe showed 
that mixing beech and oak increases productivity by about 
30% compared to monocultures of the same species, but 
the benefits were only found on poorer sites (Pretzsch et al., 
2013). However, there are instances on good sites where, 
at least early in the rotation, there is an increase in yield. 
An experiment on a good ash site in Devon mixing ash 
with cherry (Prunus avium), ash with beech, and ash with 
oak investigated the influence of mixture on diameter and 
height growth and stem form. After five growing seasons 
the relative yield totals (volume compared with pure stands 
of the same species) were 1.78 for ash and cherry, 1.77 for 
ash and oak and 1.44 for ash and beech (Kerr, 2004).

A recent and innovative approach to managing mixed 
species stands has been applied to a 19 ha compartment 
at Norbury Park Estate (Roberts et al., 2022). This involved 
establishing a highly diverse, intimate mixture of 27 species, 
of which 22 were broadleaves at a stocking density of 2,600 
stems ha-1. At age seven there was a line thinning of one 
in seven rows and of the remaining trees 200-250 quality 

stems were selected as final 
crop trees. The competitors to 
these trees were halo-pollarded 
at 1.8 to 2.4 m of height, 
creating an open zone of 1-2 m 
around the final crop trees. This 
free growth approach increased 
growth of the final crop trees, 
although overall volume 
production was reduced. This 
is an interesting approach to 
managing diverse, intimate 
mixtures but is management 
intensive. 

Improving financial return
There are economic reasons 
for establishing mixed species 
stands. Growing a species 
that has a shorter rotation 
with species that have longer 
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Figure 3. Factors influencing overyielding through complementarity or reduced competition for 
resources (modified from Lu et al., 2018).
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rotations can improve the financial return from a forest 
stand (Figure 4). In Britain, this has often involved growing 
a conifer to provide shorter term financial returns with a 
broadleaved species to provide longer term returns. Up 
to 50% of the stand can be planted with conifers without 
detrimentally affecting the quality of the final broadleaved 
crop (Kerr et al., 1992). The current England Woodland 
Creation Offer grants, while focused on pure conifer or 
broadleaved stands, can support conifer/broadleaved 
mixtures (Chris Watson, Forest Resilience Advisor, pers. 
comm 2024).  

Bolton (1949) notes that sycamore grows much better in 
a mixed stand – with shelter from the other species – than in 
pure stands. He also recommended growing sycamore and 
European larch or Japanese larch at a ratio of five larch to 
one sycamore for economic reasons, as early thinnings of 
larch had a market and sycamore did not. Table 5 describes 
the general compatibility of five conifers when grown with 
oak, beech and ash. These combinations conform to those 
recommended by Schlich (1910). 

Improving resilience to biotic agents
Mixed stands can have greater resilience to damaging 
biotic agents because the level of damage will differ 
between tree species. This has been called the ‘insurance 
hypothesis’ by Pautasso et al. (2005) as it is likely that 
following a devastating pest or pathogen incident, not 
all tree species in a mixed forest will be lost. Mixing tree 
species may also reduce the apparency of host trees to 
their pest or pathogen, and also may reduce transfer of 
these damaging agents from one tree to another tree of 
the same species. In France, decreasing the proportion of 
pedunculate oak in mixed species stands reduced damage 
by leaf miners, but not leaf chewing insects (Castagneyrol 
et al., 2013). Some broadleaves are prone to damage 
by pathogens when grown in monoculture. For example, 
growing large areas of cherry in monoculture is not 
recommended due to damage by canker (Pseudomonas 
syringae) (Kerr and Evans, 1993). 

Conclusion
Mixed species broadleaved stands have a place in modern 
forestry in Britain. There is limited but positive evidence 
that their use can increase overall yield and, through a 
nurse, moderate unfavourable climatic or soil conditions 
for a more sensitive tree species, and certain species 
can improve soil nutrition. However, in an era of climate 
change and the devastating introduction of novel pests 
and diseases, mixed stands can also provide an insurance 
policy as different species will be subject to varying 
degrees of damage. By using a faster growing species in a 
mix, with a slower growing final crop species, the financial 
returns can be improved. Finally, the use of a nurse species 
that provides competition and shade can improve the form 
and decrease branching in the final crop species.

Acknowledgements
This review was supported by DEFRA core funding under 
the ‘Silvicultural Systems’ project and Teagasc under 
the ‘RForestS – Diversifying broadleaf stand structures 
to promote resilience project’. The authors would like to 
thank Professor Julian Evans and the late Dr Bill Mason for 
suggesting useful improvements to this article. 

References
Anderson, M.L. (1950) The selection of tree species: an ecological basis 

of site classification for conditions found in Great Britain and Ireland.  
Oliver and Boyd, Edinburgh and London. 

Table 5. Compatibility of conifers and broadleaves (Kerr 
and Evans, 1993).

Norway 
spruce

European 
larch

Scots 
pine

Corsican 
pine

Western 
red cedar

Oak ✔ ✔ ✔

Beech ✔ ✔ ✔ ✔ ✔

Ash ✔ ✔

Figure 4. Oak, Scots pine and larch planted in Ireland to be grown 
on different rotations. (Photo: Ian Short) 



88 www.rfs.org.uk  Quarterly Journal of Forestry

TECHNICAL PAPER

Beauchamp, K., Bouquet, D., Burns, N., Arcangeli, C. & Whittaker, 
C. (2024) MOU Task 3.7-3.8 Mixed Species & Mixed Aged Forest 
Stands: Interim Report. Forest Research.  

Bolton, L. (1949) The growth and treatment of sycamore in England. 
Quarterly Journal of Forestry, 43(4):161-7.

Castagneyrol, B., Giffard, B., Péré, C. & Jactel, H. (2013) Plant 
apparency, an overlooked driver of associational resistance to insect 
herbivory. Journal of Ecology, 101(2):418-429.

Clark, J.R., Hemery, G.E. & Savill, P.S. (2008) Early growth and form of 
common walnut (Juglans regia L.) in mixture with tree and shrub 
nurse species in southern England. Forestry, 81(5):631-644.

Darrah, G.V. & Dodds, J.W. (1967) Growing broadleaved trees in mixture 
with conifers. Forestry: An International Journal of Forest Research, 
40(2):220-228.

Del Río, M., Pretzsch, H., Ruiz-Peinado, R., Jactel, H., Coll, L., Löf, M., 
Aldea, J., Ammer, C., Avdagić, A., Barbeito, I. & Bielak, K. (2022) 
Emerging stability of forest productivity by mixing two species 
buffers temperature destabilizing effect. Journal of Applied Ecology, 
59(11):2730-2741.

Evans, J. (1984) Silviculture of broadleaved woodland. Forestry 
Commission Bulletin 62, HMSO, London.

Evans, J. (2024) Forty years of broadleaved silviculture in eight pairs of 
photographs. Quarterly Journal of Forestry, 118(1):28-32.

Feng, Y., Schmid, B., Loreau, M., Forrester, D.I., Fei, S., Zhu, J., 
Tang, Z., Zhu, J., Hong, P., Ji, C. & Shi, Y. (2022) Multispecies 
forest plantations outyield monocultures across a broad range of 
conditions. Science, 376(6595):865-868.

Forest Research (2023) Designing compatible mixtures spreadsheet. 
Available at: https://cdn.forestresearch.gov.uk/2022/02/designing_
compatible_species_mixtures_v1_8july2020.xlsx

Forest Research (2024) Forest Development Types. Available at: 
https://www.forestresearch.gov.uk/tools-and-resources/fthr/forest-
development-types/

Fuchs, S., Schuldt, B. & Leuschner, C. (2021) Identification of drought-
tolerant tree species through climate sensitivity analysis of radial 
growth in Central European mixed broadleaf forests. Forest Ecology 
and Management, 494:119287.

Gabriel, K.A.S. (1986) Growing broadleaved trees on the North York 
Moors. Quarterly Journal of Forestry, 80(1):27-32.

Gabriel, K., Blair, I. & Mason, W.L. (2005) Growing broadleaved trees on 
the North York Moors: results after nearly 50 years. Quarterly Journal 
of Forestry, 99:21-30.

Jactel, H., Bauhus, J., Boberg, J., Bonal, D., Castagneyrol, B., 
Gardiner, B., Gonzalez-Olabarria, J.R., Koricheva, J., Meurisse, 
N. & Brockerhoff, E.G. (2017) Tree diversity drives forest stand 
resistance to natural disturbances. Current Forestry Reports, 3: 
223-243.

Jacob, M., Leuschner, C. & Thomas, F.M. (2010) Productivity of 
temperate broad-leaved forest stands differing in tree species 
diversity. Annals of Forest Science, 67:503.

Jones, H.E., McNamara, N. & Mason, W.L. (2005) Functioning of mixed-
species stands: evidence from a long-term forest experiment. In 
Forest diversity and function: temperate and boreal systems (pp. 111-
130). Berlin, Heidelberg: Springer Berlin Heidelberg. 

Joyce, P.M. & Gardiner, J.J. (1986) The management of oak in Germany: 
A Silvicultural Note. Irish Forestry, 43(1):56-65.

Kerr, G. (2004) The growth and form of ash (Fraxinus excelsior) in 
mixture with cherry (Prunus avium), oak (Quercus petraea and 
Quercus robur), and beech (Fagus sylvatica). Canadian Journal of 
Forest Research, 34(11):2340-2350. 

Kerr, G. & Evans, J. (1993) Growing broadleaves for timber. Forestry 
Commission Handbook 9. HMSO, London. 

Kerr, G., Haufe, J., Stokes, V. & Mason, B. (2021) Establishing robust 
species mixtures. Quarterly Journal of Forestry, 114(3):164-170. 

Kerr, G., Nixon, C.J. & Matthews, R.W. (1992) Silviculture of mixtures in 
the UK. In Cannell, M.G., Malcolm, D.C. & Robertson, P.A. (eds.), 
1992. The ecology of mixed-species stands of trees. Blackwell, 
Oxford.

Lu, H., Mohren, G.M., Del Río, M., Schelhaas, M.J., Bouwman, M. & 

Sterck, F.J. (2018) Species mixing effects on forest productivity: A 
case study at stand-, species- and tree-level in the Netherlands. 
Forests, 9(11), 713:1-21.

Marron, N. & Epron, D. (2019) Are mixed-tree plantations including a 
nitrogen-fixing species more productive than monocultures? Forest 
Ecology and Management, 441:242-252.

Mason, B. (2006) Managing mixed stands of conifers and broadleaves in 
upland forests in Britain. Forestry Commission Information Note 83.  
Forestry Commission, Edinburgh.

Mason, W.L. (2015) Implementing continuous cover forestry in planted 
forests: Experience with Sitka spruce (Picea sitchensis) in the British 
Isles. Forests, 6(4):879-902.

Mason, W.L. & Connolly, T. (2014) Mixtures with spruce species can 
be more productive than monocultures: evidence from the Gisburn 
experiment in Britain. Forestry, 87(2):209-217.

Ovenden, T.S., Perks, M.P., Forrester, D.I., Mencuccini, M., Rhoades, J., 
Thompson, D.L., Stokes, V.J. & Jump, A.S. (2022) Intimate mixtures 
of Scots pine and Sitka spruce do not increase resilience to spring 
drought. Forest Ecology and Management, 521:120448.

Pautasso, M., Holdenrieder, O. & Stenlid, J. (2005). Susceptibility to fungal 
pathogens of forests differing in tree diversity. In: Scherer-Lorenzen, M., 
Körner, C., Schulze, ED. (eds) Forest Diversity and Function. Ecological 
Studies, vol 176. Springer, Berlin, Heidelberg. pp. 263-289.

Pretzsch, H., Bielak, K., Block, J., Bruchwald, A., Dieler, J., Ehrhart, H.P., 
Kohnle, U., Nagel, J., Spellmann, H., Zasada, M. & Zingg, A. (2013) 
Productivity of mixed versus pure stands of oak (Quercus petraea 
(Matt.) Liebl. and Quercus robur L.) and European beech (Fagus 
sylvatica L.) along an ecological gradient. European Journal of Forest 
Research, 132:263-280.

Roberts, L., Shortman, G., Spencer, S., Malkin, A. & Bradwell, J. (2022) 
Halo-pollarding of complex species mixtures for enhanced growth 
rates. Quarterly Journal of Forestry, 116(3): 204-209.

Rodwell, J.S. ed., (1998). British plant communities: volume 1, 
woodlands and scrub (Vol. 1). Cambridge University Press.

Rodwell, J. & Patterson, G. (1994) Creating new native woodlands. 
Forestry Commission Bulletin 112. HMSO, London.

Schlich, W. (1910) A manual of forestry, Volume II Silviculture. Bradbury, 
Agnew. 

Taylor, G. (2019) Creating value from woodlands. Presentation for the 
Institute of Chartered Foresters, January 2019. Available at: https://
www.charteredforesters.org/wp-content/uploads/2019/01/Taylor-
MBE-MICFor-Graham.-Creating-Value-from-Woodlands.pdf

Toïgo, M., Vallet, P., Perot, T., Bontemps, J.D., Piedallu, C. & Courbaud, 
B. (2015) Overyielding in mixed forests decreases with site 
productivity. Journal of Ecology, 103(2):502-512.

Willoughby, I., Stokes, V. & Kerr, G. (2009) Side shelter on lowland sites 
can benefit early growth of ash (Fraxinus excelsior L.) and sycamore 
(Acer pseudoplatanus L.). Forestry, 82(2):199-210.

Zhang, Y., Chen, H.Y. & Reich, P.B. (2012) Forest productivity increases 
with evenness, species richness and trait variation: a global meta-
analysis. Journal of Ecology, 100(3):742-749.

Dr Andrew Leslie is Head of Silviculture and Wood 
Properties at Forest Research. He is currently working 
on mixed species stands, continuous cover forestry and 
short rotation forestry.

Email: Andrew.Leslie@forestresearch.gov.uk

Dr Ian Short is a Senior Research Officer in 
Teagasc, the Irish Agriculture and Food Development 
Authority. His research interests include silviculture of 
broadleaves, alternative silviculture systems, continuous 
cover forestry, agroforestry and knowledge transfer. 

Email: Ian.Short@teagasc.ie


