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Many factors need  
to be considered 

when assessing 
environmental 

impacts of vegetation 
in towns and cities. 
Tijana Blanusa 
and Leigh Hunt 

look at the criteria, 
focusing on 

atmospheric 
pollution   

Even in the busiest and  
  most populated of Western  
  cities, a surprisingly high 

proportion of the surface is covered 
in vegetation (almost 50% in some 
cases). Furthermore, in the UK, 
almost half of the urban green areas 
are made up of private gardens. 
Hence, what we do in our gardens 
and green spaces and how we 
manage them can have a real impact 
on our environment, both positive 
and negative (Cameron et al. 2012).

What are the issues?
There are a number of areas where 
we know, with a high degree of 
certainty, about positive and 

negative ‘services’ that plants and 
gardens provide. For example, 
scientists are very confident that 
plants provide localized cooling, 
decrease the risk of flooding and 
support biodiversity. They are also 
confident about the risks and the 
extent of potential damage from 
using peat, chemicals and fertilizers 
in plant management.

But there are some areas where 
scientific confidence in the available 
information is low and where public 
perception and scientific data 
disagree. For example, while it is 
widely publicly perceived that plants 
are good for ‘cleaning up’ the air 
there is a significant level of scientific 

uncertainty about the extent to 
which urban vegetation, such as trees 
and hedges, remove air pollutants. 
This uncertainty extends to 
domestic gardens, the make-up of 
which is very diverse and where no 
direct evidence is available. 

Plants can capture and 
temporarily hold pollutant particles 
from the air (i.e. particles of various 
sizes resulting from fuel burning, 
vehicle emissions etc.); plants can 
also take up gaseous pollutants 
(NO2, SO2, CO etc.). However, at 
the same time, many plant species 
emit biogenic volatile organic 
compounds (BVOCs) (Niinemets  
& Penuelas 2008). BVOCs can 
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interact with other components in 
the air to cause the formation of a 
gaseous pollutant ozone (O3) as well 
as create new physical particles, both 
of which can be harmful to human 
respiratory health. 

A lot of the evidence supporting 
the role of vegetation in pollutant 
removal stems from modelling 
studies (Nowak et al. 2006, Tallis et 
al. 2011). In situ studies of the role of 
vegetation, in various environmental 
conditions and with different types 
of vegetation or different plant 
species, are not so common. 

Even when the models and in situ 
measurements agree, scientific data 
suggest that quite large belts of 

vegetation are required to elicit 
significant reductions in air pollutant 
concentrations (Pataki et al. 2011). 
Therefore, the perception that 
adding a green wall, a few trees or  
a small lawned area in the middle  
of a busy city will solve pollution 
problems is clearly simplistic.

Furthermore, recent research in a 
northern European climate, Finland, 
suggested there was a only a minute 
and inconsistent role for urban 
vegetation in the removal of 
particulate pollutants, as well as 
gaseous pollutants such as NO2 and 
anthropogenic VOCs, in that 
climate (Setälä et al. 2013). In more 
southern parts of Europe, however, 

urban street trees, for instance in 
Siena, Italy, have been shown to 
significantly reduce concentrations 
of particulate pollutants (Fantozzi  
et al. 2013) as well as those of a 
gaseous pollutant, NO2 (Fantozzi  
et al. in prep.). 

Choosing useful urban plants
Research suggests that plants with 
complex leaf structures or arrange-
ments, such as rough or hairy leaves, 
or needle-like leaves, are likely to 
capture more particulate pollutants 
across the range of particle sizes. 
Conifers such as Leyland cypress  
and pines have been shown to 
accumulate more particles (in size 
ranges greater than 2.5μm) on their 
surfaces than broadleaved trees such 
as poplars, maples or whitebeams 
(Freer-Smith et al. 2005). However, 
both broadleaved and conifer species 
have been shown to effectively 
accumulate the finest particles  
(less than 1μm). These smaller 
particles are potentially the most 
detrimental to human health and 

Western cities, such as Hanover (above) in Germany, 
often have a high proportion of vegetation cover. 
Myrtus communis (left) emits medium to high 
levels of harmful volatile chemicals.
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respiratory systems (Freer-Smith et 
al. 2005). 

On the other hand, some species 
that emit fewer BVOCs, such as a 
number of oaks, but surprisingly also 
pines and plants in the cypress family, 
may be better net accumulators of 
pollutants than, for example, 
poplars, which emit more BVOCs 
(Kesselmeier & Staudt 1999).

However, before we dismiss 
particular species it is important to 
remember that identifying the right 
plant for a particular place is driven 
by many factors. These include the 
plant’s suitability for soil conditions, 
water availability and hardiness.  
A plant’s environmental impact is 
important too. But this is a composite 
construct where a multi plicity of 
benefits, such as cooling, water 
capture, sequestering of pollution, 
biodiversity support and potential 
costs, need to be considered.

The best urban plants?
What is the right plant for a place is 
not always simple and straightforward. 
In the table (right) we present a list 
of plants that emit low levels of 
BVOCs (below 10μg g(LDW)−1 h−1, 
based on Kesselmeier & Staudt 
1999). We propose this as a guide 
only, showing plants that are unlikely 
to adversely affect air quality. 

To make the table as useful as 
possible, the content is broken  
down by plant and planting types, 
including hedges, fruit and 
vegetables, trees and shrubs. In 
addition, where there are numerous 
literature sources indicating a plant 
is useful for supporting wildlife 
(Bostock 2012), this is shown. This 
refers to providing food for bees, 
moths and birds as well as providing 
habitat, but not necessarily all of 
these by each plant. Likewise, if a 
plant has the RHS Award of Garden 
Merit (AGM), this is shown. 
However, while there are many 

species attributes 

Annuals and perennials 

Helianthus annuus H  W
Carthamus tinctorius  

Hedging  

Carpinus betulus  W AGM
Crataegus species   W
Fagus sylvatica  W AGM
Ligustrum lucidum  W AGM
Thuja plicata H

Tender and conservatory plants

Nerium oleander 
Pittosporum tobira    AGM
Washingtonia filifera   AGM

Shrubs

Amelanchier alnifolia 
Cistus incanus H W
Cistus salvifolius H W
Hamamelis virginiana H
Helichrysum stoechas H
Kalmia latifolia 
Phillyrea angustifolia 
Rosmarinus officinalis H W
Spartium junceum   AGM

Native plants

Betula pendula   W
Crataegus species  W
Fagus sylvatica  W AGM

Garden or smaller trees

Acer rubrum 
Acer saccharinum 
Aesculus flava   AGM
Arbutus unedo  W
Cercis canadensis  W

Cupressus sempervirens H
Juniperus chinensis H
Olea europaea 
Magnolia grandiflora 

Parkland or large trees 

Acer platanoides 
Cedrus deodara   AGM
Ginkgo biloba 
Juglans regia 
Liriodendron tulipifera   AGM
Metasequoia glyptostroboides H 
Picea abies 
Picea sitchensis 
Pinus pinea
Pinus radiata
Quercus cerris  
Ulmus parvifolia 

Fruit and vegetables

Citrus limon ‘Meyer’   AGM
Citrus sinensis ‘Valencia’
Citrus sinensis
Malus domestica   W
Phaseolus vulgaris H
Prunus domestica  W
Prunus dulcis  W
Prunus persica  W
Rubus fruticosus  H W
Vitis vinifera 

Green manure

Medicago sativa   W

KeY H  Visibly hairy upper leaf surface, or 
 with rough leaf or branchlet structure 
 W  Known to have benefits for wildlife 
 AGM  RHS Award of Garden Merit

Plants with low bvoc emissions ANd HiGH orNAMeNTAl or WildliFe vAlue 

species                   attributes 

The leaf and branchlet structure of plants in the cypress family, such as Thuja plicata (above), means they 
capture particulate pollutants effectively. Surprisingly, some plants that contain scented oils are low 
emitters of biogenic volatile organic compounds (BVOCs), such as Rosmarinus officinalis (right).
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cultivars with AGMs, it is not 
possible to automatically confer on 
them the same benefits as the 
species. This is because research 
indicates that even within species, 
plants can produce different levels  
of BVOCs. Therefore, cultivars  
with AGMs, such as those of Kalmia 
latifolia, have been omitted. 
However, where a pure species 
might not be available or visually 
desirable, cultivars of that species  
are likely to be best.

What is most noticeable in the 
table is that none of the plants have 
all three positive attributes: rough or 
hairy leaves to trap pollutants, 
benefits to wildlife, and the AGM. 
This again highlights the need to 
choose the right plant for the right 
place based on growing conditions, 
and then looking to include a variety 
of taxa. It is worth noting that out of 

the full list of more than 350 species 
in the research (Kesselmeier & 
Staudt 1999), most that are grown 
outside in the UK produce low to 
medium levels of BVOCs. 

There are also no definitive 
physical characteristics indicating 
which plants produce high levels  
of BVOCs. Take scented leaves for 
example – scented volatile chemicals 
could be associated with producing 
harmful BVOCs. Yet Myrtus 
communis produces medium to high 
levels of isoprenes (a type of BVOC), 
whereas Cistus salviifolius and 
Rosmarinus officinalis are very  
low emitters. 

Plants where the benefits of low 
BVOCs are particularly welcome are 
fruit, vegetables and hedges. Apples 
and pears are listed, and a hedge of 
Thuja plicata would make a good 
choice where particulate pollution 
from a road is an issue. And for 
wildlife, natives such as Crataegus and 
Betula pendula are options.

What can you do?
Despite the known scientific 
uncertainties about the ability of 
plants to provide certain ecosystem 
services, the overwhelming majority 
of evidence is positive. The impact 
of urban plants, both environmentally 
and for people’s physical, 
psychological and social well-being 
makes a difference, particularly in 
the towns and cities where more 
than 90% of the UK population 
lives. Retaining as much urban green 
space as possible, and expanding it 
by choosing the right urban plants,  
is key for the future.

Dr tijana blanusa is a Senior 
Horticultural Scientist, leading the 
RHS’s urban greening research 
programme. 
leigh hunt is the RHS Principal 
Horticultural Advisor and chair of 
the RHS Urban Greening Group.
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