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Foreword

The role of ivy (Hedera helix) on historic monuments is a significant issue for heritage
conservation in England. As a common plant ivy is found throughout the British Isles and is
found at many heritage sites. Opinions are divided as to whether it should be removed of
could play a role in conservation. To better understand ivy impact on stone surfaces English
Heritage commissioned a 3-year project that investigated whether ivy covering historical
walls and buildings plays a largely deteriorative or protective role. The research investigated
several aspects of ivy impact on historic walls and buildings and was carried out by Heather
Viles and colleagues in the School of Geography and the Environment, University of Oxford
in association with Alan Cathersides of the Gardens & Landscape team, English Heritage..
The project was based in Oxford and included sites across England. This report is a write-up
of presentations given at the end-of-project seminar held at the Geological Society of
London on May 19, 2010. The chapters present the main findings of the ‘Ivy on Walls’
research project and related work on ivy undertaken by English Heritage, the National Trust
and Natural England. Findings are expected to contribute to a lengthy debate on the topic
and should influence future practice, management, and policy surrounding ivy growth on
walls. The report has been edited by Dr Troy Sternberg, University of Oxford.
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Figure 1.1 Wigmore Castle – decades old ivy being removed
from unharmed walls.

Research Aim
The aim of this project was to investigate the effects of Common or English Ivy (Hedera helix)
canopies on walls in England in order to test whether ivy serves as a beneficial
(bioprotective) or detrimental (biodestructive) agent on historical walls and buildings.

It is important to highlight that we have confined the research to Hedera helix, the Common
or English Ivy, which is the most prevalent self-clinging climber found on walls in England.
The plain green species is dominant but on garden sites ivy may be one of several dozen
ornamental varieties available. The research findings should be applicable to all forms as
their method and pattern of growth is identical. They should also be applicable to the 10 or
so other species of ivy which also have very similar growth. With the exception of the Irish
or Atlantic Ivy (Hedera hibernica) these are rarely found outside garden sites in England.

There are a handful of other self-clinging climbers which will grow outside in the UK, most
notably Virginia Creeper or Boston Ivy, but these are only rarely encountered outside
garden sites. Some of these are not evergreen and thus may not offer the same potential
for bio-protection as Hedera spp.

Hedera helix is a native evergreen creeper/climber common in woodlands throughout the
British Isles, Europe and into Asia Minor. It will creep along the woodland floor until it
encounters something to climb up – usually a tree – although as we all know buildings will
do equally well in providing a location for climbing. The driver for climbing is to reach high
light levels to enable flowering. This usually starts when the ivy reaches the top of
whatever it is climbing, but can then occur from the ground. It is unusual for flowering to
occur before the top has been reached. The flowering growth, usually referred to as
‘arboreal growth’ is distinctly different from the climbing growth (Figure 1.2). It grows
horizontally out from the vertical stems, is much more woody than the soft flexible
‘juvenile’ climbing stems and has leaves of a very different shape (Figure 1.3). In
undisturbed situations this growth can reach several metres in length. Cuttings taken from
this growth will grow as small shrubs and do not revert back to ‘juvenile’ growth.
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Research Approach
The approach we have used is to look at the protective potential of ivy as well as what
potential it has for damage in order to produce an informed and balanced assessment of its
role (Figure 1.4). For this purpose we have focussed our attention on:

1. The temperature and humidity conditions at the wallface
2. The mechanism of attachment
3. What causes ivy to send ‘proper’ roots into walls
4. Particulate filtering

In more detail we have investigated:
1. The temperature and humidity conditions at the wallface – conditions behind a layer

of ivy in comparison to those on uncovered walls. It is well known that two major
causes of damage to exposed historic fabric are the freeze/thaw cycle where water
expanding as it turns to ice causes damage and the wet/dry cycle where salts within
the fabric cause damage by expanding as they come out of solution. Anything
which moderates either of these cycles is potentially protective

2. The mechanism of attachment – how the aerial rootlets stick to walls and whether
this causes permanent damage.Because ivy is a “self-clinging” climber it uses small,
aerial rootlets to attach itself to the surface on which it climbs. Understanding how
these rootlets adhere helps to determine the severity of an damage caused.

3. What causes ivy to send ‘proper’ roots into walls – the aerial rootlets which ivy uses
to climb are not roots in the normal sense. They do not continually grow bigger and
they appear to have no water/nutrient uptake function. ‘Proper’ roots are not
generally produced by climbing stems, but when they are will inevitably be
damaging. Such roots grow and displace the masonry around them causing cracking
and possible destabilisation.

Figure 1.2 (right). Flowering or arboreal
growth of Hedera helix showing altered leaf
shape and flowering heads

Figure 1.3 (below). Typical juvenile leaf of
Hedera helix
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carried out and observations made both as part of the Ivy on Walls project and by National
Trust and National Heritage. Chapter 8 considers future research directions whilst Chapter 9
gives concluding remarks about the seminar presentations.

Clearly, despite our research goals, there are some circumstances where ivy is an
undeniable nuisance and must be removed (Figure 1.6). There is no question that ivy or
other plants properly rooted into walls will cause damage and should be removed in a
similar way to any other tree or shrub – at the earliest possible stage.

Condition surveys – are they possible with ivy cover? Presentation – does a building look better
with ivy or without?

Figure 1.5 Ivy issues not investigated by the project.

Figure 1.6 Ivy rooted in the wall, not the ground, is always damaging.

Reference

Carter, N.E.A., Viles, H.A. 2006. Ivy on walls: scoping report (unpublished report to English Heritage).
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2. Ivy and the Presentation of Ancient Monuments and Buildings.
Jeremy Ashbee, English Heritage

When looking for evidence of historic attitudes to ivy in the conservation and presentation
of historic buildings and monuments, the default position, at least in the written word, is
generally unremitting hostility. What is curious is that pictorial and photographic sources
sometimes give a rather more positive message, suggesting that at least from an aesthetic
point of view, ivy might sometimes have arguable benefits in the presentation of a structure.
This is why some of this paper will fall into a pattern, in which I shall quote from eminent
authors deprecating the presence of ivy on walls, while showing at the same time a
photograph of a building or monument wearing a beard of ivy (Figure 2.1).

Figure 2.1 Cleeve Abbey refectory with ivy cover (left) and after ivy removal.

Attitudes to ivy are a side-issue of attitudes to vegetation in general, and for this reason I
have to revisit some of the remarks I made in 2007 as part of the day conference on soft
capping of ruined monuments. On that occasion I quoted from historic correspondence
about one of the sites from the soft capping experiment, Hailes Abbey in Gloucestershire, to
highlight a divergence of opinion. This was between the essentially technical arguments of
the Office of Works, concerned with the practical matter of ensuring the survival of historic
masonry in good repair, and a counter-view, particularly espoused by certain commentators
like James Lees-Milne of the National Trust. Lees-Milne had taken vocal objection to a piece
of masonry conservation that the Trust’s own labourers had carried out in 1938 under the
direction of the Office of Works’s local foreman, works that had involved the dismantling
and re-erection of a section of wall around the cloister (in fact, not quite the bit in these
photos), and he complained that the works had been so brutal that no vegetation would
ever grow on the wall again. Lees-Milne was unimpressed by the argument that without
conservation the wall would have collapsed. As he wrote ‘it will henceforward always look
artificial and self-conscious. It is the worst example I have yet seen of wanton sacrifice of
aesthetic considerations to mere archaeological pedantry…’ One undercurrent of the Hailes
Abbey correspondence is worth noting in the light of what will follow: Lees-Milne and his
superiors at the Trust set themselves up as advocates for the view of the wider populace,
ranged against the uncaring and unsympathetic ‘experts’ of the Office of Works, and this
appeal to popular opinion is actually quite common in other cases, for example in the
letters pages of Country Life. Plant life is good, soft and widely-appreciated: bare stonework
is bad, hard, and the exclusive province of the specialist. (Ivy, admittedly, has a notably bad
popular press as uncontrollable and almost parasitical, but this sets it apart from the
mainstream: an appreciation for other kinds of greenery on monuments has always been
widespread).
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Ivy as Concealer: Rochester Castle
The publications by Inspectors of Ancient Monuments, and also a number of antiquarians of
the 18th and 19th centuries, make it clear that in their view, monuments were to be
preserved for a well-defined social purpose: the instruction of those who visited them. As
the Norfolk antiquary Henry Harrod wrote in 1872, historic buildings provided ‘valuable
studies for the architect, the antiquary and the historian’ or in other words, people with a
high level of expertise, already minded and equipped to interrogate the monuments to
ascertain their earlier form. At almost exactly the same time as Harrod was writing, a Royal
Engineer took the black and white photograph of the castle gardens at Rochester in Kent, in
which the section at the bottom left shows the drastic effect of ivy on site-presentation and
the education of the visiting public. As the photo shows (Figure 2.2), the elevation of the
curtain wall facing into the interior of the castle was entirely hidden by ivy until the early
20th century when the architect George Payne removed the covering in order to inspect and
repair the stonework. This revealed several features of great interest in this stretch of the
wall: the remains of two window embrasures of two lights (it has been suggested that there
was formerly a third, in the place where the putlog holes mysteriously stop), the wall arches
on the ground floor, the offset for the level of the first floor, and the line of joist sockets,
which, incidentally, had to be restored by Payne: the medieval stonework in this area was
fast deteriorating. But the obvious point to make is that only after the ivy came off was it
possible to argue about the form of the building, or even to recognise that this was part of a
building rather than just another stretch of the curtain wall. In fact it is generally accepted
that this is one wall of the king’s chamber in the castle, built in the 1220s on the orders of
King Henry III, so there is evidence that the building is historically significant as well as
architecturally reconstructable.

Figure 2.2 Rochester Castle wall covered in ivy (left) and without ivy (right).

Ivy as Concealer: Beaumaris
The point is a fundamental one and underlies not just the past approaches of the Office and
Ministry of Works but also much of what we do now. The writings of Michael Thompson are
perhaps the most elegant recent exposition of the objective, and in these publications, he
draws particular attention to the paramount importance of making the buildings and
monuments legible. A few quotations give an idea of the governing principle. ‘The pleasure of
a ruin is to stimulate our imagination and reconstruct in our mind’s eye the structure in its original
state.’ ‘The dominant factor in the minds of those concerned with preserving ruins today is an
awareness of the value of the remains as evidenc ’ (Thompson 1981, page 17). The role of the
Inspector is ‘to secure what remains, and to render what he secures intelligible both to himself and
to the onlooker…’ ‘Intelligibility is the foundation of the whole operation of preservation and display’
(Thompson 1981, page 22). Like the curtain wall at Rochester, the back of the south
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gatehouse at Beaumaris Castle on Anglesey is a complex but fragmentary structure that
benefits from analysis according to the techniques of Buildings Archaeology (Figure 2.3).
Only the de-vegetation of wall surfaces after the site came into guardianship in 1925
revealed the stubs of cross-walls, details of the wall-head and so on. (I should note in
passing that the concealing ivy has adverse consequences for the modern work of
interpretation and conservation in the 21st century: since there are very few good records
from the early years of guardianship, historic photographs of this kind become crucially
important in assessing how much of the fabric is original and how much dates from early
consolidation works in the 1920s). When ivy or other vegetation compromises the legibility
of a monument, this is obviously an impediment to the site’s presentation, at least to an
archaeologically informed audience: it’s a good thing that the ivy has stayed off.

Figure 2.3 Beaumaris Castle with ivy (left) and without (right).

Ivy as Concealer: Byland Abbey
While our predecessors have kept sight of the social and educational benefits that arose
from their conservation work, it is true that much of their writing explicitly about ivy and
vegetation focused on the technical problems that plants might pose for conservation and
maintenance. In fact the Office of Works files for a site like Byland Abbey (Figure 2.4) say
less than we might expect about ivy: they give the impression that lots of the debate is
taken as read. Vegetation is generally malign and ivy is to be regarded as particularly
dangerous, for practical reasons of which two stand out. Heasman, the Office of Works
architect directing the conservation works at Byland in 1921, was particularly concerned
about the potential for ivy roots to loosen stones at high level, especially on the wall-heads,
and bring them down. Thus the first tasks he identified were the ‘cutting out of all growths
on the walls and wall-tops’ and ‘securing loose and dangerous stones on the wall-heads and
elsewhere’: this task was assumed to be necessary in all parts of the site. His second
complaint about ivy concerned the weight it imposed on masonry and particular wind-
loading in stormy weather. Thus there was fairly acrimonious correspondence between the
Office and a local resident about the old gatehouse at Byland, where an ivy bush that had
taken root in the masonry was deemed to pose a risk of pulling the monument over.

One further technical problem is implicit in the examples I have already used: as well as
hiding the architectural and archaeological details from view, a thick growth of ivy will
necessarily conceal the condition of the wall face, as was found to be the case in the
decaying stonework of the curtain wall at Rochester: only when it comes off can a proper
assessment be made.
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Figure 2.4 Byland Abbey.

Ivy and aesthetics - a subjective matter: Netley Abbey eastern end and St John’s
College, Cambridge.
The other field in which ivy and vegetation have entered the wider debate about the
presentation of historic buildings has been in aesthetics. This is of course a very subjective
matter, and before launching into it, it’s important to bear in mind that the debate is
concerned with the visual aspect of two sometimes different things: the merits of the
building or monument itself, as it would be without the addition of any covering, and the
‘finished product’ of building fabric-plus-ivy. The sites that perhaps illustrate the issue most
obviously are the remains of monastic houses, of which a good example is the east end of
the church at Netley Abbey in Hampshire (a site for which there exists a particularly
excellent set of photographs pre-dating the clearance of the early 20th century) (Figure 2.5).
Almost by definition, the medieval abbey churches were buildings of some architectural
merit, with complex features such as traceried windows, rib vaults, moulded columns and
so on: this is why the traditional approach is to focus on the mental reconstruction of the
buildings as they once were, and clearly many of them were truly a sight to see. But in some
ways, they have proved no less inspiring as ruins. The appearance of a new set of
fragmentary monuments in the English landscape in the middle of the 16th century
stimulated a variety of creative endeavours, ranging from a revived interest in history in
Tudor onlookers, to better known responses in poetry and art. A key moment must be the
later 18th century and early 19th century, when writers such as William Gilpin were alerting
travellers around Britain to the potentially picturesque qualities of the monuments they
might visit. Netley got the same kind of reaction, as in this description of 1818: “Where
legendary saints and martyrs on the ornamented panes once testified the zeal of the founder and the
skill of the artist, the ivy flaunts and the daw builds her nest while to a fanciful eye Nature and Time
seem proud of their triumph over the labour and ingenuity of man" (Bullar 1818, page 17). The
fact that ivy will colonise a masonry wall on its own without the assistance of wires, beams
or other support, gives particular emphasis to this quality of nature untamed and without
human intervention.

Figure 2.5 Netley Abbey; abbey with little girl.
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The picturesque quality of Netley Abbey in its late 19th century state with ivy is undeniable,
as shown in numerous carefully composed photographs like this one (Figure 2.5). To read
descriptions of what it felt like to visit such an abbey, or a castle during the nineteenth
century is to be left in no doubt that many visitors responded very positively to the ruined
nature of the sites, and that the shrouding of walls in ivy was regarded as a genuine
enhancement. The spirit of ‘melancholy contemplation’ is a recurrent motif in appreciations
of this kind of monument. Rather like Edward Gibbon taking inspiration from the ruins of
the Forum in Rome, a visible sense of the monument in decay, over-run by greenery, only
served to heighten the contrast between the present scene and the supposed former
prosperity of the days when monks still processed chanting around the cloister. (This
contrast may be attractive at abbeys suppressed by Henry VIII or castles ruined in the Civil
War, but it is likely to be unwelcome in more recent buildings or monuments: for example
the ivy that covers Western Heights at Dover, a Napoleonic and Victorian fort, appears
obviously as a matter out of place and highlights the poor condition of a monument that
should not be allowed to fall into disrepair (author’s view).

It is true that people at all ages have been influenced by more widespread cultural trends,
but ultimately the question of whether something is appealing or unsightly is often going to
be a subjective matter. When reviewing historic buildings the potential for controversy is
likely to rise considerably compared with modern structures. That said I’m happy to stick my
neck out and give this example of a building that ivy has helped, through softening and even
concealment: it’s the rear face of New Court at St John’s College Cambridge, commonly
known as the ‘wedding cake’, built between 1826 and 1831 (Figure 2.6). The nickname
refers to the other side of the building, mostly faced in stone with much more complex
architectural detailing: this side has plain brick walls articulated only by tiers of identical
windows and looks for all the world like a factory or a workhouse.

As I mentioned, it has sometimes been possible to detect a separation between the views of
the ‘professionals’ and those of the ‘laity’: what we are now talking about is the latter
position, and among its principal characteristics has been an appreciation of the monument
in its current state, not solely as an archaeological or architectural understanding shows it
once to have been. As we’ve seen, this point of view has a long ancestry, longer than that of
the analytical approach. But it is a fair question of whether as professionals we have
completely divorced ourselves from the emotional baggage in favour of their potential to
inform directly from their existing fabric.

Figure 2.6 St John’s College.
Cambridge, rear face with ivy
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In 1977 the answer from within the Inspectorate would have been ‘yes.’ The late Andrew
Saunders, formerly Chief Inspector could insist that ‘we have moved a long way from the
‘cult of ruins’, attractive though this can be, to something a good deal more scientific.’ He
nevertheless felt the need to sound a note of caution. ‘There are still those who see virtue in
the ‘progressive ruin’; who value monuments more for their ‘atmosphere’ and the aesthetic
appeal of decay and creeper. It is however a selfish view which tolerates the rapid
destruction of the object which is admired. A balance has to be struck between the romantic
approach which can at least be catered for at monuments of little archaeological
importance and the identification of those monuments to be kept for their evidential
quality’ (Saunders 1977, page xv-xix). The contrast he drew between the evidential value of
sites and their atmospheric quality was apparently in some cases too fundamental to
reconcile, and he also clearly took the view that in most cases, making the evidential value
of the sites visible to the public was the over-riding priority.

Ivy and Conservation Principles
Nowadays it is unlikely that we would be so prescriptive. When analysing a problem, we are
now required to use the terminology of Conservation Principles in whose schema three of
the four types of value are likely to embody appeals to the emotion as well as the intellect:
aesthetic value, but also historical value (which I choose to interpret as associations with
persons, groups or events other than those that can be read directly from the fabric), and
communal value (how modern people use the site, what it means to them). I should note by
the way that Conservation Principles really only deals with cultural values: any modern
project will additionally involve cognisance of ecological values, both the importance of the
vegetation itself and its capacity to serve as habitat for other species.

So to start to look for a way forward, as with soft capping, it seems to me that there are
certain basic priorities that should not be forgotten, of which the most pressing must be to
ensure the ongoing survival of the monument, and at the very least to remove agents that
accelerate the process of deterioration. For this reason this seminar is invaluable, for a
dispassionate assessment of the conditions under which ivy is dangerous and those under
which it has a protective effect. Recent experience has provided a salutary reminder of how
these two effects can appear together in close juxtaposition. The conservation works at the
Chapter House at Westminster Abbey involved the removal of ivy from two large buttresses,
in order to allow assessment and where necessary conservation of the masonry. For the
overwhelming majority of the elevations, the stonework was found to be in astonishingly
good condition: masonry joints completely sound and good survival of the facing,
sometimes with tooling still preserved. But at the highest level of the buttress, this coping
stone had become displaced through ivy action, and obviously needed to be re-set: such
measures are central to the work of an organisation such as English Heritage.

Such works will require ivy to be taken off: whether we keep it off is another question. To
determine this will depend on the part of the building and monument in question, and
Conservation Principles sets out a rationale for the discussion. It isn’t now taken for granted
that the evidential value of a site will always take precedence over other factors, and it is
now permissible to acknowledge that the values may sometimes be in direct conflict: for
example some parts with the greatest interest for reconstructing the development of the
fabric may also be visually jarring, with a mixture of building materials, ragged stubs of
walling, exposed wall core and so on. In those moments the task becomes one of assessing
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the degree to which the fabric expresses or embodies each of the values and still more
subjectively, how central each is to the identity of the site.

Conclusion
While we have moved some distance away from the cultural values of the Picturesque, it is
undeniable that positive associations of vegetation run deeply, in discussions among
professionals as well as the laity: this is sometimes signified by emotive terms such as the
contrast of ‘hard and soft’ surfaces, the use of the word ‘organic’ and the most generic term
of all, ‘green.’ But among plants, ivy brings certain specific associations. We may have
moved away from the ubiquitous mown lawns, straight paths and bare masonry of the
traditional site presentation regime, but an organisation like English Heritage is still likely to
struggle with the connotations of lack of control that free-growing ivy can sometimes
embody. Where to draw the line is the difficult part, and I leave you with this image of
Fountains Abbey (Figure 2.7). For me this just on the uncomfortable side of the line, partly
because I’d admit that Fountains is an especially famous site among the suppressed
monasteries of the north, partly because this west elevation is one of the show-pieces of
the monument, recorded in millions of photographs, and partly because ivy conceals some
evidence for the form of the western galilee porch. I leave it to others to consider whether
the softening effect of the ivy here strikes them as pleasing, as inessential but harmless, or
as intrusive, as matter out of place. And then after hearing in greater detail over the course
of the day about the physical effects of ivy on the fabric, we should ask ourselves again at
the end whether we still view this kind of image in the same way.

Figure 2.7 Fountains Abbey
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3. Research Methods and Sites Heather Viles, University of Oxford

The Ivy on Walls research project had five main objectives and specific methods and sites
have been used to address each of these, as documented in Table 3.1. Our basic
methodology was to combine field monitoring, field experimentation and laboratory
analyses with questionnaires and interviews in order to provide an interdisciplinary
assessment of the role of ivy.

Table 3.1 Project objectives and the sites and methods used to address them

Objective Sites Methods
1. Testing the role of ivy in

regulating wall temperature
and relative humidity regimes

a) 5 field sites in different
climatic areas

b) 5 sites within Oxford

Each site monitored for
1-3 years with
temperature and RH
probes and dataloggers.

2. Evaluating how aerial rootlets
attach to walls

Small-scale test walls in Oxford Medium term growth
experiment

3. Finding out when, why and how
ivy roots into walls

Large-scale test wall at Wytham
Woods, near Oxford

Long term growth
experiment

4. Testing whether ivy prevents or
reduces particulates (e.g. dust
and pollution) reaching walls

Various Oxford walls Collection of samples
followed by laboratory
analysis

5. Understanding perceptions and
management strategies for ivy
on walls

Oxford and monitored field sites Interviews and
questionnaires

Objective 1: Testing the role of ivy in regulating wall temperature and relative
humidity regimes.

a) Sites used
To provide a broad, England-wide test of the role of
ivy in moderating microclimatic conditions at the wall
face, we monitored conditions at five sites. Ideally,
we wanted to compare sites which were similar in
every characteristic except their location. We
hypothesized that ivy might provide a different
influence on wall microclimates in harsher climatic
zones (e.g. northern and coastal locations) than in
more benign environments. The spatial distribution
of sites is shown in Figure 3.1. However, a range of
practical constraints meant that our sites varied not
only in location, but also in terms of thickness of ivy
cover and aspect. Within the Northern part of
England we monitored the front (east-facing) wall of
the Abbey Inn in Byland, which is built of the local
sandy-limestone. Parts of the wall are covered with
an ivy canopy around 20 cm thick (Figure 3.2a). In

Figure 3.1 Ivy test sites in England.
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western England we monitored conditions on the west-facing side of Elms Colliery in
Nailsea. The wall is around 10 m high and composed of limestone (Figure 3.2b). Sections of
it are covered by a relatively thin (< 10cm) ivy canopy. The third monitored site (Figure 3.2c)
is in the south east of England and forms part of the Drop Redoubt, within Western Heights,
Dover. It is an east-facing brick wall, around 7 m high largely covered by a thick ivy canopy
(around 90 cm thick). In the east of England we monitored a south-facing limestone wall
forming part of the boundary of the St Thomas a Becket churchyard in Ramsey,
Cambridgeshire. The wall, probably built of limestone, is around 2.5 m high and patchily
covered with a c. 25 cm thick cover of ivy (as shown in Figure 3.2d). Within the central part
of England we monitored a south facing limestone garden wall at Worcester College in
Oxford, about 2.5 m high and patchily covered with a 35 cm thick growth of ivy (see Figure
3.2e). A further site was monitored for several months before vandals stole the monitoring
equipment in Autumn 2007. This site at Leicester Abbey was on a west-facing sandstone
and granite garden wall around 3.5 m high with a 50cm thick ivy canopy (see Figure 3.2f).

a. Abbey Inn, Byland b. Elms Colliery, Nailsea (2 views) c. Drop Redoubt, Dover

d. Ramsey churchyard e. Worcester College, Oxford f. Leicester
Figure 3.2. Ivy monitoring sites in England

In order to test the influence of ivy on wall microclimate on walls of different aspect,
without the confounding influence of different climatic conditions, we used a similar
network of sites within Oxford as summarised in Table 3.2. We hypothesized that ivy might
have a more obvious impact on the microclimate of walls whose aspect favours intense
heating and cooling throughout a diurnal cycle, i.e. walls facing south. As Table 3.2 indicates,
some problems were experienced in Oxford with trimming and cutting down the ivy at
some sites. Replacement sites were established where possible. Clearly, it is not possible
to hold all other variables apart from aspect constant in this type of field experiment and
sites also varied in respect of the thickness and nature of ivy cover. Furthermore, the
geometry of roads and buildings means that the aspect is not the only control of conditions
on the wall – as some walls may be shaded by other nearby buildings.
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Table 3.2 Sites used to investigate the influence of ivy on the microclimates of walls of different
aspects in Oxford.

Rewley Abbey Rhodes House Trinity College Old City Wall
(Social Studies

Library)

Pembroke
College

East facing East facing West facing North facing South facing
Limestone Limestone Limestone Limestone Limestone
2.5 m high 3m high 3 m high 3.5 m high 5m high
25-55 cm thick ivy 25 cm thick ivy 40-100 cm

thick ivy
110 cm thick ivy 50 cm thick ivy

Ivy cut down in
Dec 2008

Set up Jan 2009 to
replace Rewley Abbey

No problems Ivy removed in
Feb 2009

Ivy trimmed
April 2009

b) Methods used

In order to test the role of ivy in regulating temperature and relative humidity at the surface
of the walls we used two sets of monitoring equipment. At the beginning of the project we
used Tinytag data loggers (Tinytag Plus 2: TGP-4500) with self-contained temperature and
RH sensors (Figure 3.3a). These small (c 8 x 6 x 3 cm), weatherproof and robust dataloggers
are capable of storing 32,000 data points and can be programmed to collect data at any
specified time interval from 1 sec to 10 days. We attached them to the walls with Blu-tack
adhesive and programmed them to collect data every hour. Initial tests indicated that these
dataloggers were reliable under our field conditions, but two problems emerged later.
Firstly, the RH sensors were prone to clogging with dust, and secondly they were prone to
theft. A second type of datalogger was then deployed at all sites, i.e. iButton hygrochrons
which also record temperature and RH at intervals (Figure 3.3b). Hygrochrons are also
robust, weatherproof devices, but much smaller than the Tinytag (c 1.5 cm diameter and
0.25 cm thick). They can be programmed to collect data at intervals from 1 sec to 273 hours,
and can store over 8,000 data points. We attached them to the walls with Blu-tack. At each
site we set up pairs of dataloggers, one set on the wall behind the ivy canopy and one set on
an adjacent section of wall without ivy. We collected data every hour for at least 1 year and
then statistically analysed (t-test, analysis of variance) the data to compare ivy-covered with
bare walls. We also assessed the impact of ivy on surface moisture using a GE Protimeter on
test walls at Wytham Woods, Oxfordshire. This involved monthly surveys on walls beneath
ivy canopy vs exposed surfaces. Protimeters give a rough estimate of surface moisture,
based on the resistivity method. Because porosity and salt contents influence protimeter
readings it is not possible to compare data between sites composed of different materials.

a) b)

Figure 3.3 a) Tinytag and b)Hygrochron devices in place on an ivy-covered wall.
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Objective 2: Investigating the effects of ivy’s aerial roots
In order to study how ivy’s aerial roots interact with walls, it was necessary to create our
own micro-scale test walls so that we could grow ivy on fresh and clean stone and mineral
samples over a known period of time and then observe what occurred. There is very little
published information on how ivy rootlets adhere to materials; recent work suggests that
the ivy can secrete nanoparticles which rely on hydrogen bonding to attach to surfaces
(Zhang et al., 2008; Meltzer et al. 2010). We hypothesized that ivy rootlets would have a
greater effect on carbonate stones and minerals (calcite, limestone and marble). Two micro
test walls (35 x 45 cm) were constructed in the oxford Rock Breakdown Lab from plywood.
Individual test blocks of limestone, sandstone, calcite, marble and glass were then glued to
the wall to create an array of different substrates for the ivy to grow on. The walls were
placed in two Oxford centre gardens (one facing north and one facing east). Ivy was planted
in front of them and encouraged to grow over them. After 1 year in situ from May 2009 to
May 2010, the test walls were taken down and studied in detail. Where ivy stems had
grown over the different substrates and rootlets attached to them, these were observed
and photographed under the dissecting microscope.

Objective 3: Finding out when, why and how ivy roots into walls
In order to address this objective, we built a test wall at our field site at Wytham Woods,
near Oxford, and allowed ivy to grow up it. Based on field observations, we hypothesized
that ivy roots would penetrate into walls only when there are holes reaching right through
the wall. The wall was built in August 2007 from Elm Park limestone with lime mortar. It
consists of four faces (facing N, S, E and W) around a central core. Each face is 1.2m wide
and 2m high. The wall was built with a range of defects which we hoped would encourage
ivy to take root within the wall. The defects were different forms of hole within the mortar
joints, from small tubes to large crevices. Ivy was planted at the base of the left hand side
of each face and encouraged to grow up the walls, so that on each face we would end up
with one ivy covered half and one bare half. A wire mesh fence was placed around the wall
to prevent deer (common in Wytham Woods) and other animals from nibbling the ivy. The
test wall is shown in Figure 3.4 before and after ivy growth.

Figure 3.4 Wytham test wall before and after ivy growth.

Objective 4: Testing whether ivy prevents or reduces particulates reaching walls
Ivy may play a role in protecting walls from the deposition of dust, pollutants and other
harmful particles. In order to test whether ivy does play a significant role, we chose three
sites in and around Oxford where ivy grows on roadside walls. The sites were chosen to
reflect different levels of traffic, which we assume results in different concentrations of

Built-in
defects
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particulates in the air, based on much evidence which suggests that traffic is a major control
of particulate pollution levels within urban areas. The three sites chosen were (a) London
Road, Headington which experiences around 19,000 vehicles a day (b) Walton Street which
has around 3,100 vehicles a day and (c) two sites in Wytham Woods – one of which has 50
vehicles a day passing (and where the ivy grows on a tree) and the other of which has no
traffic (where the ivy grows on our test wall).

We investigated a range of methods to compare the particulate pollution loading on ivy-
covered and bare sections of walls, and found problems with most of them. The use of test
substrates (plastic, glass or foam) on which to collect particulates deposited on ivy-covered
and bare walls suffered from high loss rates of the substrates. Comparing particulate
deposits on actual bare and covered wall surfaces was difficult because of the ancient
nature of many walls and the difficulty of taking samples. Finally, we devised a method
whereby at each site two leaves were sampled from the front and back of the ivy canopy.
This sampling reflects the amount of material deposited on identical substrates (in this case
ivy leaves) at the front of the canopy (which would be analogous to the amount deposited
on a bare wall surface) and at the back of the canopy (analogous to that deposited on an
ivy-covered wall surface). It has the advantage that it compares like with like – as both sets
of samples are taken from ivy leaves themselves. Furthermore, it has the advantage of
illustrating exactly how particulates get absorbed onto ivy leaves. Disadvantages of this
method include the fact that we do not know how long each leaf has been exposed to
particulate deposition.

Having taken the samples, two 1cm2 sections of leaf were attached to aluminium stubs and
viewed at high magnifications (x 100, x 250 and x 500) using scanning electron microscopy
(SEM) in the Department of Earth Sciences, University of Oxford. The number and areal
coverage of particulates on each section of leaf was then quantified using Image J software
and statistical comparisons made between front and back of canopy samples at the three
different sample sites.

Objective 5: Understanding perceptions of ivy
Whilst the major focus of our research was on the actual impacts of ivy on the environment
surrounding walls and the deterioration of building materials, we were also interested to
find out more about people’s perception of ivy and its role in building conservation and
deterioration. We carried out interviews with the people in charge of managing the ivy at
all our study sites to find out whether they regarded ivy as a nuisance or something which
might bring practical benefits. We also carried out a questionnaire survey of 113 people
within central Oxford to gain a wider sample of views on ivy and whether it is a good or bad
thing on walls. The questionnaire involved both closed questions (using a 5-point ranked
scale for answers from strongly disagree to strongly agree as shown in Table 3.3) and open
questions in order to try and get a balanced impression of people’s views.
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Table 3.3 Section of the questionnaire showing the closed questions asked

1=strongly
disagree

2=mildly
disagree

3= neither
agree nor
disagree

4=mildly
agree

5=strongly
agree

Ivy looks attractive on walls
Ivy damages walls
Ivy cover makes walls look neglected
Ivy protects walls
Ivy has an effect on old buildings
Ivy gets out of control
Ivy may have health benefits
Ivy is harmful to stone walls and
buildings
Ivy is part of England’s history
Ivy should be removed from walls
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4. Field and laboratory results Troy Sternberg, University of Oxford

Part 1 Ivy – biodeterioration or bioprotection
To meet the project objectives in Chapter 3 we conducted exploratory tests including
several lab-based and in situ trials to assess the effect of ivy (Hedera helix L.) on stone walls.
Two objectives were selected for in-depth examination - investigating ivy’s impact on wall
surface microclimates and whether ivy stops particulate pollution from reaching walls.
Ongoing research of two additional aims assesses ivy rootlet attachment on different stone
types through a micro-wall study and uses the purpose-built ivy wall to examine ivy rootlet
attachment and impact on stone and mortar, moisture patterns on ivy-covered and exposed
surfaces and the importance of aspect on ivy-related processes. Additional work identified
the public’s perception of ivy in the built environment.

Public impressions of ivy
The project began with interviews of gardeners, landscape managers and architects. These
‘experts’ had a predominately negative view of ivy’s impact on stone. It was expressed that
ivy had a deteriorative effect wall surfaces and should be ‘managed’. We followed this up
with a survey of the general public in Oxford in Spring, 2010. A representative sample
(n=113) covering three age groups (18-29 years; 30-59 years; 60+) was undertaken in
central Oxford. Strongest responses were that ivy gets out of control, that it looks attractive
and that ivy is part of English history. Next came opinions that ivy affects old buildings,
harms stone and damages walls. There was less consensus over whether ivy makes walls
look neglected or may have health benefits whilst there was no agreement whether ivy
should be removed or that it protected walls. Women and people with ivy on their walls
had stronger opinions, while there was no difference between town and country dwellers. A
large majority of respondents (80%) formed their opinion from personal experience. Older
(>60 years) residents disliked ivy whilst young (18-29 years) people had a favourable
impression. Some respondents believed, perhaps a little idealistically, that ‘ivy should be
managed by ivy managers’.

Ivy Microclimates
Research investigated whether ivy affects wall microclimates and thus might contribute to
protection or deterioration of stone wall surfaces. The study selected five sites in England in

different areas with varying aspect and thickness of ivy canopy
(Figure 4.1). Locations included Byland (near the North York
Moors in Yorkshire), at Dover Drop Redoubt near the coast,
Elms Colliery in Nailsea, Somerset, at St Thomas a Becket
Church in Ramsey, Cambridgeshire and at Worcester College
in Oxford.

iButton Hygrochron recording devices (about the size of a coin)
were used to monitor temperature and relative humidity
fluctuations at the wall surfaces (Figure 4.2) as explained in
more detail in chapter 3. Hourly temperature and relative
humidity data were recorded for and data has been analysed
for one year from May 2008 to April 2009 (Table 4.1).

Figure 4.1 Ivy monitoring sites in England.
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From the iButton measurements daily maximum, minimum, and mean temperature and
relative humidity statistics were calculated for each site. This process provided a huge data
base (>3 million points) on the ivy microclimate for analysis. A data checking process
enabled an evaluation of the quality of temperature records and identified problems with
relative humidity results when humidity reached 100% and then cycled back to 0,
necessitating some ‘cleaning’ of the data.

Table 4.1 Summary site information

Site/Location Aspect
Ivy canopy
thickness (cm)

Exposure
to light*

Byland East c.20 high
Dover East c. 95 high
Nailsea West c. <10 low
Oxford South c. 45 high
Ramsey South c. 24 medium

* Exposure to sunlight without obstruction (building, trees)
evaluated through repeated visual inspection.

Figure 4.2 Byland site showing ivy-covered surface (left) and exposed surface (right).

Results
Hourly data showed a general mediating effect of ivy canopies on both temperature and
relative humidity regimes. The ivy reduced extremes of temperature and relative humidity,
with the most clear-cut differences found for temperature. Across all five sites the average
daily maximum temperature was 36% higher and the average daily minimum temperature
15% lower on exposed vs ivy-covered surfaces. Differences in the exposure level of studied
walls (i.e. whether they are shaded or not by trees or other walls) influenced the degree of
microclimatic alteration provided by the ivy canopy. Other important factors influencing
the strength of the ivy impact on microclimate were found to be thickness of the canopy
and aspect of the wall.

Figure 4.3 illustrates the difference between ivy covered and exposed walls at each site. The
bar chart shows the differences between the average daily maximum and minimum
temperature on ivy-covered vs exposed surfaces throughout the year. The last pair of bars
uses data from all sites to create an average across all sites. This shows on average exposed
walls experienced 4.5 °C warmer maximum temperatures and 1.5 °C cooler minimum
temperatures.
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Figure 4.3 MaxImum and minimum daily temperatures with and without an ivy cover at the five
sites and mean values for all sites

The ivy also affected the diurnal range of temperature and humidity throughout the year.
On average, exposed surfaces had a mean daily temperature range which was 3.6 times
greater and a humidity range 2.7 times greater than those found on the ivy-covered walls
(Table 4.2).

Table 4.2 Average temperature/humidity and range of temperature/humidity between ivy-covered
and exposed surfaces.

Mean Daily Mean Daily Mean Daily Mean Daily
Temperature oC Temperature oC Range Relative Humidity % Humidity Range %
Covered Exposed Covered Exposed Covered Exposed Covered Exposed

11.20 11.75 2.30 8.27 89.6 86.04 9.33 24.95

Byland – detailed analysis
Looking at one site in detail helps understand the microclimate processes at work over the
year. For example, the Byland site illustrates the multiple effects ivy cover can have on a
stone wall. The difference in mean daily temperature between ivy-covered and bare
sections of the wall at Byland was only around 1 °C, but the exposed surface experienced
higher maximum daily temperatures (average 3 °C higher) and lower daily minimum
temperatures (average 3 oC lower) than the ivy-covered surface. Such differences were
highly statistically significant. Similar differences are also found in the relative humidity data
(Table 4.3).

Table 4.3 Differences in maximum and minimum daily temperature and relative humidity data from
Byland, Yorkshire (summarised after Sternberg et al., 2011, table 5)

Temperature ( oC) Relative humidity (%)
Max Min Mean Range Max Min Mean Range

Covered 15.14 12.58 13.77 2.56 76.90 62.76 69.53 14.14
Exposed 18.61 9.20 12.68 9.41 91.22 60.65 78.68 30.57
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Difference 3.47 -3.38 -1.09 6.85 14.31 -2.11 9.16 16.42
Investigating daily temperature data for January and July at Byland illustrates greater
variability on the exposed surface, particularly in July (Figure 4.4). The ivy cover creates a
microclimate with less variation and a more limited daily range than the exposed surface. In
July the major effect of the ivy cover is to significantly reduce the diurnal temperature
maxima, especially on warmer days, keeping surfaces cooler. In January, conversely, the
major impact is to prevent the surfaces from cooling down excessively at night – and
reducing any threat of the temperature falling below 0 °C. There was a marked difference
(exposed minus covered) in maximum and minimum temperatures for the highlighted
months.

Byland Temperature °C - January, July
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Figure 4.4 Byland hourly covered and exposed temperature, July 2008 (top 2 lines) and January,
2009 (bottom 2 lines). From Sternberg et al., (2011).

More details on the data collected from the England sites are reported in Sternberg et al.,
(2011).

Ivy, Stone and Particulates
A range of recent research papers have addressed how urban greenery interacts with
airborne dust and pollutants. As a common form of vegetation across much of the world the
role of ivy (Hedera helix L) can have broad environmental and management implications in
diverse urban settings. Using Scanning Electron Microscopy we investigated particulate
deposition on ivy along roadways to determine if ivy can protect or reduce exposure to dust
and pollutants that can instigate decay processes on stone walls and impact upon human
health in urban environments.

We examined three sites in Oxford (London Road – high traffic; Walton Street – moderate
traffic; Wytham Woods – minimal traffic) to assess (a) dust adherence on ivy leaves; (b)
particle number, size, density and composition; (c) potential role of ivy in reducing impact of
pollutants. As presented in Sternberg et al. (2010), our findings showed that ivy trapped
particulate matter to act as a ‘particle sink’, especially in areas with lots of traffic. Figure 4.5
illustrates the difference in particle loadings on exposed leaf surfaces from the different
locations. As figure 4.6 shows, the outer parts of the ivy canopy on the busy road site
(London Road) had significantly more particles per mm2 than the inner parts of the canopy,

July

January
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and a higher proportion of fine and ultra fine particles (< 2.5 micron in diameter) which
often come from vehicle exhausts.

Decreasing traffic volume

high traffic moderate traffic minimal traffic

Figure 4.5 Microscope images at 100x magnification on exposed surface (left – London Road, centre
– Walton Street, right – Wytham Wall). Scale bar = 500 microns in each image. Reproduced from
Sternberg et al., (2010).

Figure 4.6 Number of particles per mm2 of leaf surface at x250 magnification (note logarithmic scale)
– left, and % of fine and ultra fine vs coarser particles at x 250 magnification – right.

Figure 4.6 also illustrates that the other, less well trafficked, sites had less clear differences
between the outer and inner parts of the ivy canopy. The difference between the
particulate loadings on leaves on the outer and inner parts of the canopy at the most
trafficked site suggests that ivy can protect or reduce exposure to pollutants that can
instigate decay processes on stone walls. However, the low particulate counts on sites along
quiet roads limit its bio-protective role in rural settings. Further details on the methods used
and the data collected to elucidate the role of ivy in removing harmful pollutants are given
in Sternberg et al., (2010).

Part 2 - Ongoing research
Two ongoing research experiments not covered in the seminar presentation include
monitoring on a specially-built ivy test wall and examination of ivy rootlet attachment to
different stone types. The ivy test wall was constructed in 2007 (see Chapter 3) to
investigate the role of ivy on stone surfaces, including ivy effect on the wetness of wall
surfaces, exploitation of structural weaknesses, methods of attachment and the potential
role of aspect. As Figure 4.7 Illustrates ivy has successfully started to climb the walls. As yet
there is no evidence of ivy roots growing into any of the hollows and crevices built in to the
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