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Abstract: 

Pollinator biodiversity and abundance is an ecosystem service vital for humans, provisioning a range of essential 

goods including food, fibre and medicines. Despite this, pollinators are under threat and are experiencing global 

declines. Habitat loss is a driving force behind such declines and, as such, the potential to provision more pollinator 

habitat is of interest. Currently, urban areas host abundant unused space in the forms of roofs and walls, which 

could be utilized to provision some pollinators with additional forage, and possibly nesting sites, without 

compromising human use of the land. While several studies exist regarding the habitat potential of living roofs, 

the impact of living walls on biodiversity is little studied. This paper sets out a theoretical approach on whether 

living walls could be used to host pollinator habitat by surveying living wall manufacturers regarding the physical 

properties of the living wall systems they use and their plant choice. 
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Pollinators are vital for human wellbeing and survival, being essential for the continued propagation of most 

plants, which in turn provide a range of essential goods such as food and medicines. Pollinators are, however, 

globally declining. Habitat loss due to factors such as agriculture, urbanization and climate change are driving 

forces behind such declines and there is a growing need to provision pollinators with more habitat to forage and 

nest. As countryside becomes increasingly degraded, urban landscapes are becoming important for wildlife. 

Currently, many bare walls and roofs exist in cities offering space that’s largely unutilized. Much of this space 

has potential to support plant life that could provide foraging opportunities to help support pollinators while not 

disturbing human land use. Nevertheless, the potential of greened walls to benefit biodiversity is little studied. 

This paper therefore seeks to investigate whether living walls, a type of green wall, could provide pollinator habitat 

by surveying living wall manufacturers regarding the features of their living wall systems and the plants they 

recommend. 
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1. Introduction 
 

Healthy biodiversity contributes to a range of ecosystem services. Among these is pollination which 

provides humans with multiple benefits including food, plant-based medicines, fibre, genetic diversity 

and improved ecosystem resilience (Bauer & Wing 2016, Potts et al. 2010). 

It’s estimated that animals pollinate 90% of all plant species (Evans et al. 2018, Menz et al. 

2011), and among these pollinators, insects, and particularly bees, are the most prevalent. By volume, 

pollinators contribute to 35% of global food, but by species, 75% of cultivated plants require animals 

for their reproduction. These species include many forage and vegetable crops and the majority of fruits 

and seeds (Nicholls & Altieri 2013, Potts et al. 2010,  Steffan-Dewenter et al. 2005), which are 

important nutritional sources for humans. As such, pollinators are important to a country’s food security 

and economy (Breeze et al. 2012) and globally this ecosystem service is worth more than $100 billion 

annually (Nicholson & Ricketts 2019).  

The value of pollinator biodiversity to agriculture can be underestimated, however. It’s been 

suggested that a few generalist pollinators could maintain pollination services (Steffan-Dewenter et al. 

2005) with the generalist European honey bee, Apis mellifera, often credited as agriculture’s most 

valuable pollinator (Evans et al. 2018, Bortolotti et al. 2016). However, while honeybees can pollinate 

most crops (Breeze et al. 2012), generalised crops, specialized crops, and even self-compatible plants, 

have all been shown to benefit from increased pollinator biodiversity (Steffan-Dewenter et al. 2005). 

Many wild pollinators, including solitary bees, bumblebees, wasps and flies, appear equally as 

important as honey bees. Furthermore, wild pollinators pollinate some crops, such as orchard fruits and 

oil-seed rape, more effectively (Evans et al. 2018). Mason bees, for example, are the most effective 

pollinators for apples, long tongued bees are needed for field beans, and for some crops, including 

strawberries, managed and wild bees are both required to produce market quality fruit. In some cases, 

honeybees cannot pollinate the crop at all, such as in tomatoes where large bodied bumblebees are 

needed to vibrate flowers for pollen release, a task honeybees are ineffective at performing (Breeze et 

al. 2012). Financial gains from wild pollinators can be significant. In blueberries, wild bees have been 

shown to boost both quality and quantity of fruits, improving farm revenue by up to 36% per year 

(Nicholson & Ricketts 2019).  

Pollinators are also vital for natural ecosystems. Like domestic crops, wild plants also benefit 

from high pollinator biodiversity (Blaauw & Isaacs 2014a) and the plants they pollinate are important 

for wider biodiversity, provisioning resources, such as food and shelter, to other animals (Breeze et al. 

2012), However, declines of both pollinators and plants are likely leading to pollen limitation, a 

phenomenon in which plants struggle to reproduce due to inadequate quantities or quality of pollen 

(Ashman et al. 2004, Menz et al. 2011).  

Typically, pollinator communities consist of a few highly specialist species, many moderate 

specialists and some common generalists which perform most biotic pollination (Menz et al. 2011). 

This diversity is important as where ecosystem redundancy exists, resilience is improved (Potts et al. 

2010). This redundancy refers to that a single plant species can be pollinated by multiple pollinator 

species, specialists and generalists often crossing over in the plants they use, buffering events where 

rare specialists are lost (Blaauw & Isaacs 2014a, Menz et al. 2011) or where generalist populations 

collapse (Potts et al. 2010). This is an important function for where generalists are at risk. In Europe 

and America, for example, most wild and feral honey bee colonies have disappeared and, as beekeeping 

is a declining industry in these areas, domestic colony numbers are also diminishing. Between 1947 and 

2005, Central Europe lost 25% of its honeybee colonies and the USA 59% (Potts et al. 2010). 

In regards specialist loss however, generalists cannot always fulfil the role. Generalists can visit 

many species but their ability to transfer pollen may be limited when compared to pollinators 

specifically adapted for the plant (Menz et al. 2011). Obligate outcrossers, in particular, are generally 

declining along with their specialist pollinators (Nicholls & Altieri, 2013, Potts et al. 2010) and the 

absence of specialists, and their associated habitat, can put certain functions, such as long-distance 

pollen dispersal, at risk (Potts et al. 2010). Generalist abundance is additionally vital, however, with 

generalist losses from ecosystems predicted to incur great plant diversity losses (Blaauw & Isaacs 

2014a). 

 



2 
 

All these factors highlight the importance of pollinator biodiversity and abundance for both ecosystems 

and agriculture but, despite this, pollinators are suffering global declines in both diversity and 

abundance (Bauer & Wing 2016, Evans et al. 2018, Garbuzov & Ratnieks 2014a, Steffan-Dewenter et 

al. 2005). 

The causes are multiple with declines been linked to habitat loss and fragmentation, diseases, 

agrochemicals, invasive species and climate change (Potts et al. 2010). Of these, agriculture is a major 

contributor. Intensive practices drive habitat loss by fragmenting and homogenizing landscapes (Evans 

et al. 2018, Nicholls & Altieri 2013) into monocultures where flowers are uniform in colour, size, shape 

and blooming period. This is at odds with natural habitats where diverse, wild flower phenologies have 

co-evolved with pollinators, resulting in high pollinator diversity and numerous, specific plant-animal 

relationships (Nicholls & Altieri 2013). “Weeds”, which provide food, nesting sites and floral diversity, 

are being increasingly lost, and not only from cultivated fields, but also as important rural habitats, such 

as hedges, field margins, weed patches and uncultivated land, are being increasingly fragmented and 

destroyed (Nicholls & Altieri, 2013). Habitats such as hedges also act as corridors, allowing pollinators 

to move between areas. Their loss is causing isolation of populations and inability to access forage and 

nesting sites. This is particularly problematic for smaller species with limited ability to disperse, 

ultimately resulting in losses of genetic diversity and subsequent inbreeding depression (Breeze et al. 

2012). 

Further factors in agriculture include the introduction of potentially harmful exotic species and 

the intensive use of agrochemicals (Evans et al. 2018, Nicholls & Altieri 2013). The use of fertilisers 

has reduced available areas of nutrient poor soils which underpin biodiverse pollinator habitats such as 

calcareous grassland (Breeze et al. 2012). Additionally, certain pesticides, such as neonicotinoids, are 

also thought to be harmful to wild pollinators (Evans et al. 2018). Pollinator declines have been linked 

to parasites and pathogens but, in honey bees, pesticide exposure has been shown to increase disease 

susceptibility. Furthermore, some insecticides have also been reported to reduce honeybee peak larval 

weights which may affect adult immune systems (Evans et al. 2018). As honey bees are generalist 

pollinators, immunocompromised individuals may spread disease to other species in shared foraging 

patches. It’s thought that synergistic interactions between pesticides and diseases could have serious 

impacts on wild pollinators (Evans et al. 2018). 

As such, modern agriculture has rendered much of the countryside uninhabitable for many 

pollinator species (Nicholls & Altieri, 2013). The decline in rural pollinator habitat has been significant. 

The UK, for example, has lost 97% of its wildflower meadows since the 1930s, which were important 

food sources for pollinating insects (Breeze et al. 2012, University of Bristol 2002-2015). Ironically, 

while agricultural practices are a leading cause in pollinator declines, globally agriculture is becoming 

increasingly dependent on them (Bauer & Wing 2016). Pollinator dependant crops have increased by 

300% since 1961 and while there has been a 45% increase in honey bee hives over the same period, this 

increase is too small for domestic pollinator numbers to keep up with pollination demand (Potts et al. 

2010). 

 

Additional to farms, pollinator habitat is also been lost to urbanization. Over half of the global 

population now lives in towns and cities and trends of urban growth are set to continue with the 

developing world expected to host 80% of the global urban population by 2030. While urban areas 

account for a relatively small percentage of land globally, just 4%, their ecological footprints reach far 

beyond their boundaries, impacting environments on global, as well as local, scales. Urbanisation is a 

factor in species extinction, having significant impacts on current extinctions as well as those predicted 

(Goddard et al. 2010, Levé et al. 2019) and as cities continue to sprawl and populations grow denser, 

semi-natural habitats within urban areas are likely to be degraded or lost (Hennig & Ghazoul 2012). 

However, while negative biodiversity trends are associated with urbanisation, there is also 

evidence that green urban spaces are becoming progressively more important for native biodiversity, 

with some declining taxa able to reach surprisingly high densities in urban environments (Garbuzov & 

Ratnieks 2014a, Garbuzov & Ratnieks 2014b, Goddard et al. 2010, Hennig & Ghazoul 2012, Levé et 

al. 2019). Considering pollinator examples, when compared to farms, urban gardens in North America 

and Europe are known to host higher densities of solitary bees and bumblebees due to greater floral 

biodiversity and more nesting opportunities (Salisbury et al. 2015). In England, growth of bumblebee 

nests is higher in suburban gardens than agricultural areas and suburban garden nest density is 
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comparable to hedgerows and other countryside habitats (Goddard et al. 2010). Additional examples 

include that, bumblebees are more numerous in San Francisco’s parks than outside the city (Goddard 

et al. 2010), in Birmingham honey production is higher than in neighbouring countryside and in a single 

Leicester garden 35% of British hoverfly species were found (University of Bristol 2002-2015). 

Some conservation methods segregate humans from nature, setting aside certain areas for 

preservation purposes and attempting to restore degraded ecosystems. However, it’s been shown that 

global land area available for such conservation methods is insufficient to prevent current and predicted 

extinction cascades. As such, the idea that humans and the rest of the natural world cannot co-exist 

needs reviewing. Reconciliation ecology is a study that confronts this idea and seeks to alter human 

habitats to support more species but without compromising anthropogenic use of land. This approach 

is particularly relevant to cities (Francis & Lorimer 2011, Pérez-Urrestarazu 2015). Humans require 

land for uses such as farmland and urban infrastructure, resulting in less area for other species, but in 

urban areas large spaces are unused, notably on walls and roofs. While not every empty space is 

appropriate for plants a lot of it is and certainly more than is currently utilized (Askorra et al. 2015). 

Considering this, can unused urban spaces be modified to encourage more pollinators? 

Conventionally, urban biodiversity is largely conserved within gardens, parks, rivers and any 

existing green corridors between them. With projected urban growth these spaces are not enough, 

however, to prevent continued biodiversity loss in these areas and therefore more green space is needed 

(Collins et al. 2017). Urban pollinator abundance and diversity is impacted by the area of impervious 

surfaces and therefore replacing such surfaces with greenery could increase local pollinator numbers by 

creating more habitat, food and green corridors (Goddard et al. 2010, Levé et al. 2019). As a 

reconciliation technique the use of green roofs and walls is particularly favourable as they occupy the 

same space as buildings and therefore don’t impede human use (Francis & Lorimer 2011, Manso & 

Castro-Gomes 2015). The available space is also large. In Greater London, roofs cover 240 km2, 16% 

of the horizontal surface. In some places it can be as much as 32%. While variation exists due to building 

dimensions, green walls could cover an even greater area, more than the underlying land (Francis & 

Lorimer 2011). In urban centres, potential greened wall space could be double that of the ground space 

the building occupies (Manso & Castro-Gomes 2015). In the UK it’s been estimated that there’s 

0.01km2 of wall for every 0.1km2 of urban land. There could therefore be significant potential to utilize 

walls to support and encourage urban biodiversity (Francis & Lorimer 2011), including pollinators, if 

suitable habitats could be established on them. In achieving this, challenges associated with the harsh 

environment of walls, such as moisture levels, wind, height and exposure, are expected and need to be 

overcome (Riley 2017).  

There are several options to grow plants on a vertical surface and a “green wall” commonly 

refers to any type of vegetated wall. In literature many terms exist to describe various green walls 

including vertical greening systems, vertical gardens, biowalls and others, but largely, green walls can 

be divided into two groups, “green facades” and “living walls” (Francis & Lorimer 2011, Manso & 

Castro-Gomes 2015, Riley 2017). Green facades represent the oldest type of green wall and have been 

used since antiquity. An historical example would be the Hanging Gardens of Babylon. Green facades 

use climbing plants such as ivy, climbing roses and fruit espaliers, rooted in planters, or the ground, 

which have been trained to climb either directly onto walls, a direct façade, or using trellises or wire 

frameworks for support, an indirect facade (Francis & Lorimer 2011, Köhler 2008, Manso & Castro-

Gomes 2015, Ottelé et al. 2011, Riley 2017). They can also utilize plants which grow downward when 

hung (Manso & Castro-Gomes 2015). By contrast, living walls are different in that the plants are rooted 

into the wall, or into a substrate attached to it, rather than at the wall’s base. As such, living walls can 

be considered more akin to vertical living roofs (Francis & Lorimer 2011, Köhler 2008). Due to this, 

they’re not limited to climbing plants and are able to host a far wider range of flora, improving their 

potential for biodiversity conservation (Francis & Lorimer 2011, Köhler 2008).  

Living walls are a relatively new technology and while scientific interest in them has grown 

significantly in recent years, most available data regards their thermal performance (Pérez-Urrestarazu 

et al. 2015). While several studies have investigated the biodiversity potential of green roofs, the 

observations that a range of fauna can be supported on living walls is largely anecdotal (Francis & 

Lorimer 2011, Pérez-Urrestarazu 2015). Nevertheless, there is evidence to suggest that urban parks and 

gardens hold great potential to be more pollinator friendly through knowledgeable plant selection 
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(Garbuzov & Ratnieks 2014a) and thus it would be logical to propose that living walls could also have 

potential assuming it’s possible to plant them with suitable species. 

 

As such, the aim of this paper is to investigate the physical properties and potential range of flora which 

can exist on living walls to investigate the following research questions: 

 

• What plants and physical conditions, including pH range, moisture levels and nutrients, can be 

supported on living walls? 

• Can these plants and conditions provide favourable habitat for pollinators? 

 

2. Background 
 

2.1 Definitions and Assumptions 
 

2.1.1 Pollinators 
Pollinators exist within many animal taxa. Among vertebrates, birds and bats are the most common but 

other groups such as rodents, primates and marsupials are also known to visit plants (Cariveau et al. 

2011, Menz et al. 2011, Reece et al. 2011). Insects, however, are the most important group, required by 

65% of all flowering plants and an even greater percentage for major crops (Reece et al. 2011).  

 Many insect taxa have pollinating species. At least 17 beetle families pollinate flowers and 

wasps and ants are also known to be important to some plants, in some cases having highly specialized 

relationships such as the Agaonidae wasps with figs. The most important insect groups, however, are 

butterflies and moths, flies and bees (Cariveau et al. 2011). 

 Butterflies and moths consist of around 300 000 species, of which the vast majority are moths. 

Pollinating taxa are mostly found in the butterfly families Papilionoidea (common butterflies) and 

Hesperiidae (skippers) and in the moth families, Noctuidae (owlet moths), Sphingidae (hawk moths), 

and Geometridae (geometer moths). The economic contribution of butterflies to crops is small but 

they’re important for other plant species (Öckinger & Smith 2007). Data is lacking but it’s thought that 

this group are less frequent floral visitors than flies and bees, and deposit less pollen, but that they carry 

pollen farther and therefore could be important in plant genetic diversity (Cariveau et al. 2011).  

 The second most common floral visitors are flies (Diptera) which can outnumber bees in cooler 

regions. Flies are diverse with over 150 000 species, but regular flower visitors are mostly confined to 

three families, the Bombyliidae, bee flies, Syrphidae, hoverflies, and Tachinidae, tachinid flies, with 

the syrphids being the most important group (Cariveau et al. 2011). 

Lastly, bees (Apiformes) are considered the most important and dominant pollinators in most 

ecosystems and are usually the most frequent floral visitors (Blaauw & Isaacs 2014a, Cariveau et al. 

2011, Reece et al. 2011). Regarding their nesting habits they can be split into three groups. Ground 

nesting bees make up the majority of bee species and include the Melittidae and Andrenidae families 

as well as the majority of the Halictidae and Colletidae. In these species, females excavate underground 

burrows. The second group are above ground nesting bees which can nest in pre-existing holes or dig 

their own into firm substrates such as soft wood or plant stems. These include the Apidae and 

Megachildae families. Lastly, cleptoparasitic bees lay their eggs in nests of other species, thereby 

earning themselves the name ‘cuckoo bees’ (Fortel et al. 2016). Bee predominance can be noted in that 

all 20 000 bee species, both as larvae and adults, are obligate florivores. By comparison, in all other 

pollinator taxa only some visit flowers and in all florivory is limited to adults (Cariveau et al. 2011).  

Due to the relative importance of taxa, this paper will focus primarily on predominant insect 

groups with particular reference to bees. 

 

2.1.2 Living Walls 
Living walls were designed to allow for uniform, vegetative coverage on the vertical surfaces of high 

buildings and are capable of growing a wide range of plants. In addition to being external structures 

they can be also grown inside buildings (Manso & Castro-Gomes 2015, Riley 2017).  
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Generally, they’re constructed with a supporting structure that holds a porous substrate which 

provides plants with nutrients, water and physical support. Additionally, a waterproof membrane can 

keep the building and living wall system separate to avoid dampness issues. Due to a wall’s vertical 

nature, water retention is low and thus substrate must be kept damp and irrigation is essential (Pérez-

Urrestarazu 2014). Typically, buildings are most suited for hydroponic systems (Francis & Lorimer 

2011, Köhler 2008).  

Numerous living wall systems exist but they’re largely categorized as continuous or 

modular/soil-cells (Manso & Castro-Gomes 2015, Riley 2017). Continuous systems have frames 

attached to the wall and a base panel on which layers of root-proof, flexible, lightweight and permeable 

screens are fixed. They lack substrate, instead imbedding plants in absorbent screens and utilizing 

hydroponic methods to allow plants to grow without soil (Manso & Castro-Gomes 2015). 

 By contrast, modular systems utilize a growing medium contained in elements and fixed onto 

the wall or an additional structure. The growing media can consist of organic and inorganic compounds, 

or include an inorganic substrate layer, such as foam, to reduce weight. Additives such as inorganic and 

organic fertilizers, hormones and minerals can be applied. Most modular systems use a media consisting 

of a granular material and light substrate, for example, mineral granules with recycled fabrics, to achieve 

good water retention. Modular systems can be constructed in a variety of ways including the use of; 

rigid lightweight trays to hold plants and substrate, usually plastic or metal and fixed to a frame, flexible 

bags, which hold growing media and better allow for growing vegetation on sloped surfaces, and planter 

tiles which work as building cladding with individual insertion points for plants (Manso & Castro-

Gomes 2015). 

 This study will gather information regarding any external living wall system. Data regarding 

internal living walls will be excluded as will other types of green walls, notably green facades. 

 

2.2 Background Literature 
 

2.2.1 Pollinator Habitat Requirements 
Due to the number of pollinator foraging niches being directly related to the number of floral species, 

and the number of their associated nectar and pollen profiles, floral communities are principal factors 

in determining the structure of pollinator communities (Potts et al. 2003). It’s been shown that bee 

diversity and abundance has been strongly linked to floral diversity, (Garbuzov & Ratnieks 2014b, Potts 

et al. 2003) especially annuals (Potts et al. 2003), and both hoverflies and bees have displayed parallel 

declines with insect-pollinated plants in the Netherlands and Britain (Garbuzov & Ratnieks 2014b). 

Declines in floral abundance and diversity are also blamed for bumblebee, Bombus, declines in Europe. 

By contrast, in Germany, solitary bee and wasp abundance and diversity is boosted by mass-flowering 

crops, implying that floral resources are a limiting factor (Garbuzov & Ratnieks 2014b).  

It would therefore follow that using living walls to increase floral abundance and diversity could 

benefit pollinators in urban areas. The benefits of different flora are expected to vary widely (Garbuzov 

& Ratnieks 2014a) and therefore this paper will focus on what types of plants are possible to use. In 

literature, the relative impacts of exotics, ornamentals and native plants isn’t entirely clear (Goddard et 

al. 2010) but several studies have noted the benefits of wildflowers generally (Benvenuti 2014, Blaauw 

& Isaacs 2014a, Blaauw & Isaacs 2014b, Bretzel et al. 2016, Feltham et al. 2015, Garibaldi et al. 2014, 

Hoyle et al. 2018, Sidhu & Joshi 2016). An in-depth review of beneficial plant species and habitat types 

is available in the results. 

 

As well as food resources, pollinators also need nesting sites and materials to complete their life cycles 

(Menz et al. 2011, Sidhu & Joshi 2016). Some species, such as solitary bees, can experience nest site 

limitation (Menz et al. 2011). In urban areas, habitat is destroyed and green spaces which remain, such 

as gardens and parks, are usually modified and managed to render food and nesting sites scarce 

compared to natural environments. Urban development especially impacts ground nesting bees as 

converting scrub to lawns, compacting soil and removing dead and fallen vegetation all remove 

substrates these bees require for their nests. Such changes do not affect above ground nesting species 

as intensely, as cavities can still be found in trees, houses and other above ground sites, but cutting and 

removing dead trees and brush piles still removes nesting sites for these species (Fortel et al. 2016).  
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To support urban pollinators, it’s therefore important to provide nesting sites (Fortel et al. 

2016). A popular method is the installation of artificial nesting sites (Bortolotti et al. 2016) such as ‘bee 

hotels’. Bee hotels, also known as trap nests or nest boxes (MacIvor & Packer 2015), can be constructed 

in a variety of ways including drilling holes into wood or plastic or forming holes from bundled plant 

stems or paper tubes (Fortel et al. 2016, MacIvor & Packer 2015). A number of wild bee species have 

been shown to use artificial nesting structures such as bee hotels (Fortel et al. 2016).  

 

2.2.2 Plant Requirements on Living Walls 
Plants require enough water and nutrients to grow. Except for oxygen and carbon, naturally most plants 

derive water and nutrients from soil. There are a few exceptions regarding epiphytes, parasitic plants 

and carnivorous plants which can obtain nutrients from other sources (Reece et al. 2011). 

Soil consists of mineral particles and organic matter. It forms layers with the upper layers, 

especially topsoil, being the most important for plants. Due to soil’s importance in delivering nutrients 

and water, its structure greatly impacts the plant species adapted to live in it. Topsoil thickness ranges 

from millimetres to meters and its texture depends on particle size, ranging from clay particles, 

microscopic at less than 0.002mm diameter, to sand at 0.02-2mm. Between soil particles exists soil 

solution, a solution of water and dissolved minerals which nourishes roots, and air pockets, which allow 

for diffusion of oxygen. Smaller particles result in less air spaces, inhibiting drainage, while large 

particles increase drainage and promote better gas diffusion. Soil also hosts diverse communities of 

organisms of which many, such as rhizobacteria and mycorrhizae, impact the ability of plants to uptake 

nutrients (Reece et al. 2011).  

Soil pH is another important property as it impacts cation exchange, the process in which 

cations are released into soil solution from soil particles and become available for plants. Undesirable 

pH can cause minerals to exist in un-absorbable forms or be bound too tightly to soil particles. Most 

plants prefer slightly acidic soils as H+ can displace positively charged minerals into soil solution, but 

pH remains a delicate balance as while H+ makes some minerals more available it can make others less 

so (Reece et al. 2011).  

In living walls, nutrients and water can be delivered with either hydroponics, typical for 

continuous systems, or with soil in soil-cell systems. Additionally, hydroponic systems can also use 

cells with materials such as rock wool (Manso & Castro-Gomes 2015, Riley 2017). Where soil is used, 

appropriate soils and fertilizers for the species can be chosen (LiveWall 2019, Manso & Castro-Gomes 

2015). With hydroponics, plants are grown in a solution providing water and specific nutrients while 

ensuring adequate gas exchange by aerating the solution (Reece et al 2011). It eliminates the need for 

soil and thus some soil properties, such as grain size, become unnecessary considerations in this system 

(Manso & Castro-Gomes 2015, Riley 2017). Additionally, while soil biota facilitates nutrient uptake to 

plants, such as soil bacteria providing nitrogen in an accessible form (Reece et al. 2011), in hydroponic 

systems nutrients are delivered in an already absorbable form. Nonetheless, pH remains important 

within hydroponic systems (Trejo-Téllez & Gómez-Merino 2012). 

 

A living wall can be a challenging environment regarding climatic conditions. Due to factors such as 

height and shadows, a single wall can host several microclimates differing in wind stress, heat, humidity 

and daylight. This results in plant species able to thrive in one part of a wall potentially struggling in 

another. Failed living walls are often due to inappropriate plant selection, such as plants unable to 

survive the winter (Riley 2017). 

Ideally, when planning walls, local humidity and temperature should be individually assessed 

with daily data collection to reveal extremes. This data can reveal suitable plants and substrates for a 

specific area and considers the most extreme conditions plants must survive, not just the mean. Rainfall 

is important if irrigating the wall with rainwater is planned and again data should be daily to identify 

extreme wet and dry periods. As wind direction and speed influences humidity this is also a factor. 

Wind can also stress plants and damage foliage, especially at the ends, corners and tops of walls which 

renders wind tolerant plants particularly desirable in such areas (Riley 2017). Plants in colder climates 

also need to be frost tolerant if left on the wall in winter months (Manso & Castro-Gomes 2015).  

With enough light, any wall orientation and variation can feature a living wall providing 

appropriate plants are selected. For instance, plants at a wall’s base need to be more shade tolerant while 
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high plants need to be more drought tolerant due to direr substrate from wind-driven evaporation. 

Individual light conditions, regarding quantity and duration of light plants receive per day, need to be 

ascertained before plants are selected (Riley 2017). 

Additionally, plants can face specific wall based challenged such as potential stress from 

growing on a vertical surface. To account for this, some cell-based systems are angled which is more 

natural for most species. In modular systems/soil-cells, plants also face similar environmental 

challenges to potted plants including climatic stresses, nutrient replenishment and soil compaction 

(Riley 2017).  

 

3. Methods 
 

To gather data on the sorts of plants and habitats living walls could support a survey for manufacturers 

was designed regarding the physical properties of the living walls they offer and their recommended 

plant choice. This approach was chosen largely due to a lack of time and resources. Initially it was 

considered to measure example walls directly regarding environmental properties such as moisture, 

nutrient levels, pH, sunlight etc. This plan was scrapped, however, due to the highly variable conditions 

expected on walls due to local climate, the direction the wall faced, surrounding buildings which could 

cast shadows, wind direction and the numerous different types of living wall design structures. The 

sample size needed to account for this variability would be large, but living walls are uncommon and 

therefore the amount of travel required to achieve an appropriate sample size was not considered 

feasible in the given time frame. These issues led to the use of a survey instead. 

 

Questions were designed based on the background literature (table 1). These questions were arranged 

into a question sheet which was divided into two sections, a first question set regarding the physical 

environment of walls and nesting opportunities for insects, and a second set referring to plants already 

recommended and reasons for their selection. The full survey can be viewed in the appendix. 

 
Table 1: Survey question topics and selected questions to be sent to living wall manufacturers. 

 
Question Topic Questions Brief Justification 

Plants used What plant species/types do you typically 

use/recommend for your walls? 

 

Is any plant species feasible to grow on your 

living walls/ do you recommend any plant 

species/ types of plants not be used? 

 

Have you ever integrated wild plants into your 

walls? 

 

-If so have they been successful? 

 

-If so can you comment on what species/types 

of plants you used and why? 

 

Pollinators require plants for 

foraging opportunity. Different plant 

species will differ in their potential 

benefit (Garbuzov & Ratnieks 

2014a) 

Nesting Site Potential Do you offer any options to incorporate 

nesting sites for insects within the wall? E.g. 

insect hotels, hives. If yes, what options do 

you offer? 

 

What thickness is the substrate/medium? 

 

Could insects burrow into the 

substrate/medium? 

 

In addition to food, pollinators 

require nesting sites to complete 

their life cycles (Menz et al. 2011 

and Sidhu & Joshi 2016) 

Physical Conditions, 

Limitations and Types of 

What types of systems/substrates/mediums do 

you have available for external living walls? 

Manufacturers will likely use a 

variety of substrates/ systems. 
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Living Wall 

Systems/Substrates 

 

 

Are there any restrictions for how much water 

can be supplied to plants? If so, what are these 

limits? 

 

Can nutrients be tailored to any type of plant? 

 

What pH range can your walls support? 

 

How tall and heavy can plants be? 

 

Establishing substrates/systems used 

will allow for comparison. Different 

plant species are adapted to different 

soil conditions (Reece et al. 2011) 

rendering living wall potential to 

tailor nutrients, water and pH 

important features. Limitations 

regarding plant heights and weights 

are expected.  
 

Climatic Conditions 

 

Are there any specific plant adaptations that 

are generally favoured? (e.g. drought/wind 

tolerance)? 

 

Would your plant recommendations change 

depending on local conditions? (e.g. direction 

wall faces, height of wall, local rainfall, 

temperature etc)? 

 

Climatic factors are important for 

living wall selection (Riley 2017). 

 

A beta version of the survey was sent out to a few manufacturers to ascertain the rate of response 

and whether the information they provided was useable. The survey was subsequently modified to make 

the wording of some questions clearer. Originally the question sheet also had a third section regarding 

sustainability of walls, but these questions were cut to make the survey more focused on the research 

questions and shorter in the hopes more businesses would participate.  

Living wall manufacturers were found online through google. Additionally, Facebook was used 

to search for smaller businesses less likely to come up on a google search. Initially only UK based 

companies were targeted but this was later changed to companies within Europe and then to include 

any country due to issues with receiving enough responses. For a full list of countries where companies 

were approached see appendix table 20. Based on the available information companies provided, any 

found company which appeared active in the construction of external living walls was contacted 

providing contact details were publicly available. In total, 100 businesses were contacted. They were 

contacted and sent the survey either directly by email, by forms on their website where email addresses 

weren’t provided, or through Facebook. Reminders were sent out via the same methods. Companies 

were contacted over a 20-day period from the 1st of April 2019 to the 20th of April 2019. Reminders 

were sent out from the 25th of April up to the 6th of May. 

Answers from questionnaires were compiled and summarized in tables using the 

substrate/living wall systems given as a point of comparison for wall traits. Where companies offered 

more than one living wall system, systems were listed together in the tables and separated from other 

company results by thicker lines for clarity. A “ was used for repeated answers. Returned surveys varied 

in their quality and completion. Where companies did not provide an answer, or a usable answer, it was 

marked with N/A. Where companies provided imperial measurements, they were converted to metric. 

Where specific plant species or genera were recommended in surveys, these recommendations 

were placed in separate tables along with a range of characteristics (see tables 6-19 in appendix). The 

Royal Horticultural Society (RHS) website was used to determine their common names, foliage, habit, 

height, spread and required growing conditions including, exposure, aspect, sunlight, soil type, moisture 

and pH. Where stated by RHS the country of origin was also included. In addition, plants were noted 

for their hardiness according to the scale RHS used on their website. This rating states minimum 

temperate ranges plants can survive, largely relating to a UK climate (see table 2).  

 
Table 2: RHS hardiness codes. Utilized in appendix tables. 

 
Code Temperature range 

H1a Under glass year-round >15 °C 

H1b Can grow outside in summer 10°C to 15°C 

H1c Can grow outside in summer 5°C to 10°C 
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H2 Tolerates lower temperatures but not below freezing 1°C to 5°C 

H3 Hardy in coastal and mild UK regions -5°C to 1°C 

H4 Hardy across most of UK -10°C to -5°C 

H5 Hardy across most of UK including severe winters -15°C to -10°C 

H6 Hardy across UK and Northern Europe -20°C to -15°C 

H7 Hardy in severest continental European climates < -20 °C 

 

“The Plant List” database, a collaboration between Royal Botanic Gardens Kew, and Missouri 

Botanical Garden, was also used to determine whether a species was classified as a Bryophyte, 

Pteridophyte, Gymnosperm or Angiosperm in instances the clade was unobvious, i.e. no visible flowers 

could be seen on the plant on the RHS website.  

When only genus was given general details relating to the whole genus were noted where 

possible. Some companies provided common names rather than scientific names. In such instances the 

scientific name was obtained from RHS and placed in the table. Occasionally, the scientific name 

couldn’t be established in which case the entry was removed from the table. There could also be 

additional difficulties with misspellings or synonym names given in surveys. Where possible these were 

corrected but in situations where no information could be found on the scientific name given it was 

removed from the table. 

For the largest species lists provided, pie charts were made regarding pH, moisture levels, soil 

type, and plant height. Pie charts were not made in cases where 5 or less data points existed. This 

occurred in several plant lists due to the RHS database being incomplete. Missing information in tables 

was noted with a dash. 

Species were also noted for the RHS perfect for pollinators logo. RHS states that plants marked 

with this logo will provide pollinating insects with pollen and nectar resources and that listed species 

have been selected using scientific evidence, experience, and beekeeper and gardener records (RHS 

2019). This was simple to note in tables where specific species were given, but in the case of genera 

three options were used, ‘yes’ ‘no’ and ‘some species/varieties’. Two pages of species/varieties were 

looked at on the RHS website for each genus. If all featured the logo the genus was marked with a ‘yes’, 

if none featured the logo they received a ‘no’ and if there was a mixture it was marked as ‘some 

species/varieties’. While frequency was noted for all lists, as RHS is a UK based organization it is likely 

their recommendations are only applicable to the UK. As such, only pie charts regarding UK based lists 

were included.  

 

Following this, a literature review was done to support the findings for what plants and potential habitats 

can be grown on living wall and to identify plant species and habitat known to be beneficial to 

pollinators for the purpose of comparison with the living wall plant choice findings. 

 

Ethics statement 
All participants for the survey were informed of the questionnaire’s purpose and for confidentiality they 

were assured that any data received would only be used in an anonymous and amalgamated form. 

 

4. Results 
 

4.1 Literature Review 
 

4.1.1 Plants Available on Living Walls and Potential Habitats 
Living walls were originally inspired by epiphytes, plants which grow on other plants and derive 

nutrients and moisture from rain, air and sometimes nearby debris. Despite this, living walls can host a 

great variety of plants (Pérez-Urrestarazu 2015). Species can be epiphytic and lithophytic (plants which 

grow on rocks and derive their nutrients from the atmosphere) but grasses, shrubs, ferns, perennials, 

succulents, herbaceous plants, climbing plants, ornamentals, vegetables, herbs and berries are also 

possible (Charoenkit & Yiemwattana 2017, Manso & Castro-Gomes 2015, Pérez-Urrestarazu 2015), 

providing their water and nutritional needs are met (Manso & Castro-Gomes 2015).  
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Additionally, plants must be suitable for the local conditions and the building (Manso & Castro-

Gomes 2015). Therefore, species selection will vary from region to region. Few studies exist regarding 

living wall plant choice but in Mediterranean climates, the aromatic plants Cistus × purpurescens, 

Teuchrium × lucydris and Myrtus communis were found to survive well on living walls (Devecchi et 

al. 2013, Larcher et al. 2013). These findings are favourable as aromatic plants can grow on poor, 

shallow soils and are drought resistant thereby resulting in less water input. They are also favourable as 

ornamentals (Larcher et al. 2013). 

 Regarding a Scandinavian climate, a study has shown that some evergreen and edible perennials 

can survive the harsh conditions present in this region. When tested species were subjected to drought 

stress the evergreens, Chamaecyparis pisifera, Euonymus fortuneii, Ilex crenata, Luzula sylvatica, and 

Vinca minor all had total survival, as did Allium schoenoprasum, an edible species (chives), and 

Vaccinium vitisidea an edible ever green, rendering these species particularly good choices for 

Scandinavian climates. It was noted that L. sylvatica and I. crenata were not considered suitable 

ornamental species however. In addition, the edible perennials Fragaria vesca and Calamintha nepeta 

and evergreen perennial species, Euphorbia polychroma, and Waldsteinia ternata were also shown as 

viable options in a Scandinavian climate (Mårtensson et al. 2016) 

In general, living wall plants tend to be low growing (Charoenkit & Yiemwattana 2017) and 

require characteristics that render them tolerable to extreme environmental conditions, such as large 

temperature differences, high irradiation and potentially drought like conditions (Mårtensson et al. 

2014), but despite some limitations, plant options are far more diverse than green facades. There is 

potential for at least some substrate characteristics to be manually determined such as pH and substrate 

particle size. Further, unlike green facades, which mimic cliff-like environments, living walls may be 

able to incorporate species from a wide range of habitats, forming novel communities that could be 

tailored for specific functions. Selected plants could fill functional roles lacking in urban environments 

such as the use of herbs, such as thyme, Thymus spp., to support pollinators (Francis 2011). 

In regards supporting biodiversity and habitat types available on living walls, research is 

extremely scarce, but one study, looking at green wall potential to host beetles and spiders, found that 

living wall systems created cool, damp environments with high plant species richness similar to 

mountainous, vegetated, waterfall habitats. The study looked at both a modular living wall system, 

using a sphagnum-based substrate, and a system based on felt layers. The modular system was the 

coolest and dampest and hosted the greatest invertebrate species richness. They suggested that the 

sphagnum-based substrate could offer more diverse habitats than the felt layers due to its greater 

structural diversity, a trait which has been demonstrated in many ecosystems, including green roofs, to 

increase invertebrate abundance (Madrea et al. 2015). 

Among species found on their living walls was Gongylidiellum vivum, a rare spider associated 

with moss and leaf litter of moors and woodlands, Entelecara omissa, a rare spider associated with 

ground litter, and Aphileta misera, a wetlands spider. In general, the study found that both types of 

living walls, along with green facades, were far more species rich than bare walls which could have 16-

39x less invertebrates than a simple green façade. They found that vegetated facades could increase 

urban arthropod abundance and biodiversity, especially in the modular system analysed (Madrea et al. 

2015). 

 

4.1.2 Favourable Plants and Habitat for Pollinators 
 

Types of Plants Suitable for Pollinators 
When restoring areas for pollinators, plant choice is vital. Selected species should attract and provide 

bountiful resources to many pollinator species, both generalists and specialists, for the time periods they 

require these resources. Such plants are called ‘framework’ plants. Whether plants that share pollinators 

act facilitatively or competitively is difficult to predict but some evidence suggests relative abundance 

is important to consider when constructing such communities as pollinators can temporarily specialize 

on more common species. In addition to ‘framework’ plants, ‘bridging’ plants are also needed. Their 

necessity varies between environments, but they can be particularly important for specialists. Bridging 

plants provide floral resources at typically resource limited times and therefore benefit species that 

require nectar or pollen most of the year, such as bumblebees (Menz et al. 2011). In terms of recreating 
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such habitat in urban environments, habitat heterogeneity promotes biodiversity and urban areas have 

been shown to support high heterogeneity that can provide suitable habitats for a range of plants and 

insects through the use of green roofs, parks, gardens, railways, brownfield sites (Henning & Ghazoul 

2012) 

Selecting species to fill these roles can be challenging but when considering suitable plant 

species to provide forage for pollinators in the forms of nectar and pollen resources, some plant groups 

can be immediately discounted. Primitive nonvascular bryophytes, which include liverworts, mosses 

and hornworts, and seedless vascular plants, including the lycophytes (club mosses, spike mosses and 

quillworts) and pterophytes (ferns, horsetails and whisk ferns), do not require animals for their 

reproduction. As such, these plants do not provision nectar resources as this trait has evolved for the 

specific purpose of pollinator reward. Additionally, these groups don’t produce pollen resources either 

due to this structure being the reduced male gametophyte of seed baring plants specifically. Amongst 

the seed-baring plants, gymnosperms additionally don’t provision nectar and while they do produce 

pollen, its dispersal is abiotic. As such, the only plant group of interest are angiosperms, the flowering 

plants (Reece et al. 2011).  

Angiosperms constitute an extremely large group comprising 90% of all modern plant species. 

20% of this group disperse pollen abiotically, mostly via wind, and such species have small flowers 

with no traits to either attract or provision animal pollinators. Notable plants in this category are grasses 

and most temperate tree species. 80% of angiosperms, however, are reliant on biotic pollination, thereby 

resulting in around 72% of all plants acting to attract animal pollinators in some way (Reece et al. 2011). 

Factors involved in plant attractiveness are diverse and include scent, colour, size, shape, 

flowering period and quality of pollen and nectar reward (Garbuzov & Ratnieks 2014a). Natural 

selection has favoured the coevolution of plant and insect physiology to enhance mutualism. An 

example could be the length of a floral tube matching the length of its specialist pollinator’s proboscis. 

Some traits can be more general, however. Angiosperms that favour bees, for example, typically have 

sweet, delicate fragrances and feature bright colours in the yellow, blue and UV parts of the spectrum. 

Many species pollinated by bees, such as dandelions, Taraxacum vulgare, have UV nectar guides to 

help insects locate nectaries. Butterflies and moths are sensitive to odour and thus plants which attract 

them are often fragrant. Butterflies perceive a range of bright colours while moth pollinated plants are 

usually yellow or white, rendering them more visible at night when moths are active (Reece et al. 2011). 

Nevertheless, not all insect pollinated angiosperms necessarily benefit their pollinators on equal 

terms. An extreme example is how some orchids trick pollinators by mimicking mating opportunities 

but offer no food reward, only acting to waste the pollinator’s energy. Where flowers do offer food 

rewards not all are equal in the quality or accessibility of their resources (Garbuzov & Ratnieks 2014b, 

Garbuzov & Ratnieks 2014a).  

 

Literature is lacking regarding the most beneficial floral species for pollinators. In particular, the impact 

of exotic vegetation and ornamentals is debatable (Goddard et al. 2010) and studies assessing the 

relative value of exotic versus native plants to animal biodiversity are scarce (Garbuzov & Ratnieks 

2014b). It’s often considered that only native plants benefit wildlife, but while this may be the case 

where plant and animal species are largely endemic, such as Australia or Hawaii, it’s generally not the 

case for temperate areas (Garbuzov & Ratnieks 2014b). Nectar and pollen are generalized resources, 

nectar being mostly a sugar and water solution, and are therefore edible whether sourced from a native 

or non-native flower (Garbuzov & Ratnieks 2014a, Garbuzov & Ratnieks 2014b). This is particularly 

the case for generalists. Bumblebees, Bombus terrestris, for example, is able to source nectar from at 

least 66 native plants in Australia, despite being an alien species, while the European honey bee, Apis 

mellifera, can potentially forage 40 000 species globally, irrespective of native or exotic status 

(Garbuzov & Ratnieks 2014b).  

A study in Sheffield, UK, showed that garden invertebrate diversity was rarely related to native 

plant diversity (Garbuzov & Ratnieks 2014b, Goddard et al. 2010), and a study in New York found 

butterfly and bee biodiversity was primarily associated with floral abundance and sunlight while the 

plants’ origins weren’t significant. In another UK study, the most attractive garden plant species found 

were a mix of natives and non-natives. Stand outs included Borago officinalis, that was very attractive 

to honeybees, Origanum vulgare, Agastache foeniculum and Echium vulgare were particularly 

favourable to hoverflies and Agastache foeniculum and Erysimum linifolium were favoured by 
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butterflies and moths (Garbuzov & Ratnieks 2014a). There is also evidence that non-native plants can 

provide resources natives don’t. For example, in the absence of native species, bumblebees rely on 

exotic, winter flowering plants for nectar in London (Salisbury et al. 2015).  

Additionally, research has shown that exotic ornamentals can be as attractive, or even more 

attractive, than native flowers to native pollinators (Garbuzov & Ratnieks 2014b). However, many 

ornamentals have been bred to change their appearance in ways that can affect their floral resources. 

Such breeding is not always negative, for instance, the hybrid lavender L x intermedia attracts more 

insects than non-hybrids, being especially attractive to honeybees and bumblebees. Further, sterile 

hybrids may create longer flowering periods due to their inability to set seed (Garbuzov & Ratnieks 

2014a, Garbuzov & Ratnieks 2014b). However, some bred traits can limit pollinator reward and 

accessibility to flowers such as doubling petals (Bates et al. 2011, Garbuzov & Ratnieks 2014a, 

Garbuzov & Ratnieks 2014b). In the case of Dahlia, two open flowered Dahlia varieties, Bishop of 

Oxford and Bishop of Llandaff, were found more attractive than two varieties with highly modified 

flowers, semi-cactus ‘Tahiti Sunrise’ and pompon ‘Franz Kafka’. This was likely due to limited access 

to disc florets and that the increased size and number of ray florets could additionally reduce disc floret 

numbers. This finding was supported by a garden plant survey in Lewes, UK, which found open flower 

varieties attracted considerably more insects than closed varieties (Garbuzov & Ratnieks 2014a). 

While it’s been suggested that structural and phylogenetic plant diversity is more important 

than geographical origin to pollinator diversity and abundance (Salisbury et al. 2015), there is also 

evidence in favour for the use of native plants. The use of exotics risks invasive behaviours (Goddard 

et al 2010), with horticultural and invasive plant taxa having been shown to drive native plant losses in 

urban areas. As such, loigolectic bee species, which rely on one or a few plants for food, are rare in 

urban environments when compared to generalist polylactic bees which can forage many plants, 

including exotics and ornamentals (Fortel et al. 2016). Further, in the UK, the plant species Origanum 

vulgare, Echium vulgare, Stachys byzantina, and Achillea millefolium were found to be particularly 

attractive to non-Apis and non-Bombus bee species. Three of these four plants are native to the UK, 

suggesting that native plants may be particularly important for non-Apis and non-Bombus bees 

(Garbuzov & Ratnieks 2014a). However, there is also evidence to suggest that native plants may be 

preferable even amongst generalists. One study found that while increased floral resources increased 

pollinator visits generally, native plants were associated with greater abundance than exotic plots. They 

also found that honeybees preferred near-native plants in the UK, unexpected due to it being a super 

generalist species. It was considered that this preference may be due to the honeybee’s geographical 

origin (Salisbury et al. 2015). A study in Pennsylvania also found that native plants were associated 

with increased butterfly diversity while experimental gardens have shown that native pollinators don’t 

use exotic plants that much (Goddard et al. 2010). In regards hoverflies, another study showed a strong 

positive relationship with native plant abundance (Salisbury et al. 2015). It was concluded that a variety 

of flowering plants, of largely native and near-native origin, with a few exotics to extend the season and 

possibly provide food for specialists, is most beneficial for urban pollinators (Salisbury et al. 2015). 

Considering European butterflies, adult shelter, colonization ability and larval habitat have been 

shown to be more important than adult forage to their population size (Garbuzov & Ratnieks 2014b). 

As such, plants are also important for herbivory in this group due to butterfly larval stages. Non-native 

plants can be good quality hosts for herbivorous insects, and buffer native plant fluctuations, where 

insects are pre-adapted to feed on the species or adapt via natural selection (Graves & Shapiro 2003). 

However, non-native plants can have a reduced use for herbivorous animals, including insects, which 

can only consume a narrow range of plants (Garbuzov & Ratnieks 2014a, Garbuzov & Ratnieks 2014b). 

Many butterfly species exhibit high specialization regarding larval host plants and require a sufficient 

density of host plants within habitat patches to sustain viable populations (Öckinger & Smith 2007). As 

such, exotics may have a harmful impact and, in the worst scenarios, may even be toxic to larvae. Due 

to limited larvae mobility, total egg mortality could result if eggs were laid on such a plant, resulting in 

shrinking populations and even extinctions in vulnerable populations (Graves & Shapiro 2003). 

 

Pollinator Habitat- species composition and physical environment 
While research is mixed, findings favouring the use of native species are supported by many studies 

suggesting that native wildflowers provide good floral resources for pollinators and increase pollinator 
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diversity and abundance in rural areas (Benvenuti 2014, Blaauw & Isaacs 2014a, Blaauw & Isaacs 

2014b, Bretzel et al. 2016, Feltham et al. 2015, Garibaldi et al. 2014, Hoyle et al. 2018, Öckinger & 

Smith 2007, Sidhu & Joshi 2016). It’s been stated that recreation and restoration of flower-rich 

grasslands would increase pollinator biodiversity and abundance (Öckinger & Smith 2007) and native 

wildflower benefits have also been seen in urban areas, native wildflowers having been shown to 

increase the abundance of many pollinators including bumblebees, hoverflies, moths, butterflies and 

many other invertebrates (Bretzel et al. 2016). The positive impacts of native wildflowers are especially 

seen in native pollinator species which have formed mutualistic relationships with specific wild plants 

and, on green roofs, native wildflowers have been shown to attract complex assortments of pollinators 

including domestic bees, solitary bees, bumblebees, hoverflies and butterflies (Benvenuti 2014).  

 The most productive wildflower habitat may consist of only a few species. One UK based 

study found that out of 22 wildflowers, 85% of pollinator visits were on just four species, being three 

species of native clover, Trifolium repens, Trifolium hybridum and Trifolium pratense, and non-native 

Phacelia tanacetefolia which they state would be preferably replaced with a native species (Feltham et 

al. 2015). However, despite the dominance of some floral species regarding visitation, when creating 

productive wildflower habitat diversity remains one of the most important factors for pollinator density, 

with more pollinators being found visiting patches with greater numbers of floral species (Blaauw & 

Isaacs 2014a). While some plants may not attract a wide range of pollinators they may still be important 

to specialists who depend on them and are therefore important for pollinator diversity. For example, 

mignonette (Reseda lutea or Reseda luteola), has been found to attract the oligolectic bee, Hylaeus 

signatus, despite it not being recorded in the area previously, and genus Lysimachia, including plants 

such as yellow loosestrige, are thought to be highly attractive for specialized Macropis bees (Garbuzov 

& Ratnieks 2014b). Floral diversity also provides pollinators with a longer season (Sidhu & Joshi 2016), 

with native species, in particular, providing early season resources (Bretzel et al. 2016).  Where floral 

diversity is limited, such as in mass flowering crops, flowers are only available for a certain time, 

thereby depriving pollinators of resources at other points of the year (Sidhu & Joshi 2016). As well as 

species diversity, colour diversity is also important, and, in meadow flowers, high colour diversity has 

been shown to rise bumblebee and hoverfly abundance significantly (Hoyle et al. 2018). 

What habitats are most desirable varies between target species. The specialist Andrena 

semilaevis favours un-mown flower rich grassland, for example, while the larvae of Helophilus 

pendulus, require damp habitats or water bodies (Bates et al. 2011). Natural species rich wildflower 

habitats are varied and include grasslands, steppes and prairie, which occur where abiotic stresses, such 

as drought, cold or fire, don’t permit tree and shrub growth. By contrast, species rich meadows and 

pasture are semi-natural and were formed by the clearing of forest and maintained by grazing, burning 

and hay production (Bretzel et al. 2016, Habel et al. 2013).  

The semi-natural grasslands of Europe are examples of particularly biodiverse habitats and are 

highly important to butterflies (Habel et al. 2013, Öckinger & Smith 2007), able to provide abundant 

resources of larval host plants (Öckinger & Smith 2007). Two thirds of European butterfly species are 

found in semi-natural grasslands (Habel et al. 2013) with the calcareous grasslands of north-western 

Europe (Wallis De Vries et al. 2002) being especially important for European butterflies (Van Swaay 

2002). Calcareous grasslands formed when primeval forests were felled by humans ca. 7000 B.P. and 

are characterized as dry grasslands, based on chalk, limestone and calcareous loess. They’re open 

environments that are highly species rich and highly endangered (Wallis De Vries et al. 2002). They’re 

importance to butterflies likely owes to their large flower diversity and warm microclimate. Of the 576 

native European butterfly species, 274 (48%) are found in calcareous grasslands, more than alpine and 

subalpine grasslands although these habitats are also biodiverse with 261 butterfly species. Of the 71 

threatened butterfly species in Europe, 37 (52%) inhabit calcareous grasslands (Van Swaay 2002). 

Butterflies, especially calcareous grassland specialists, are experiencing severe declines due to habitat 

loss and isolation (Wallis De Vries et al. 2002). 

In addition to butterflies, semi-natural grasslands, such as calcareous grasslands, are also 

important foraging sites for bees (Breeze et al. 2012, Öckinger & Smith 2007). In the UK, relative 

importance of UK bee habitats is unknown with wild bees living in many habitats.  Nevertheless, they’re 

associated with species rich grasslands, wildflower meadows and heathland which are known to 

produce high quality forage and nesting sites (Breeze et al. 2012). 
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Different types of grasslands are associated with specific soil properties and pH, nitrogen content and 

organic matter have a particularly strong influence on what plant communities can grow. For example, 

acidic grasslands are characterized by low pH and sometimes low N and organic matter content 

(Critchley et al. 2002), while calcareous grasslands are associated with quite extreme soil properties 

including high pH and low nutrient content (Critchley et al. 2002, Wallis De Vries et al. 2002). 

Conversely, mires have high N and organic content and agriculturally improved and semi-improved 

grasslands usually have neutral to slightly acidic pH and intermediate levels of organic matter (Critchley 

et al. 2002) 

Generally, grasslands with high species richness are characterized as nutrient poor (Bretzel et 

al. 2016, Critchley et al. 2002). At very low nutrient values, habitats such as sandy grasslands and dunes 

can exist. Increasing soil nutrients rapidly results in species richness declines. Of the nutrients 

commonly found in fertilizers, nitrogen, phosphorous and potassium, (NPK), N is a primary factor in 

determining species richness. While N can increase plant productivity it lowers diversity by allowing a 

few species, including invasive species, to dominate and outcompete native plants adapted to low 

nitrogen environments. High P has a similar effect and increases N content of soils by promoting 

nitrogen fixing soil microorganisms. The impact of K is less clear with studies both suggesting that K 

decreases biodiversity and that it doesn’t affect species composition (Bretzel et al. 2016). 

These beneficial pollinator habitats are under threat due to fertilization and intensification of 

agricultural fields, abandonment of pasture and climate change (Bretzel et al. 2016, Habel et al 2013) 

and thus the possibility of recreating such habitats within cities has been proposed to conserve rare 

species (Benvenuti 2014). 

 

Pollinator nesting sites 
In addition to forage, urban areas must also provide nesting sites in order to support diverse pollinator 

communities (Fortel et al. 2016). In nature, bees are diverse in the habitats they will nest in varying 

from sand dunes and beaches to dense clay embankments, alluvial silts and weathered sandstone (Cane 

1991). The importance of soil substrate has been shown to vary. While one study showed different 

species favoured different soil types, (sandy, loamy, clayey) (Cane 1991), another found it had no 

influence on species richness (Fortel et al. 2016). Generally, information about the biotic and abiotic 

factors that impact nesting site selection and success of different species is lacking, but studies have 

suggested that, for ground nesting species, soil moisture, texture, compaction, slope, sunlight, exposure 

and cracks are all important. Above ground nesting species generally do better in urban habitats due to 

more potential nesting resources in tree cavities or brickwork (Bates et al. 2011, Fortel et al. 2016). 

Their nesting substrates remain variable however. Height and diameter of pre-existing holes are 

important in nest site selection and different species require different building materials such as mud or 

resin (Fortel et al 2016). 

Many wild bee species have been observed using artificial nesting structures such as bee hotels 

(Fortel et al. 2016). Common cavity nesting species are attracted to these structures with one study 

showing good occupation from leafcutter and mason bees as well as promising results from carpenter 

bees. This study also showed, however, that ground nesting bees were not found in the soil below the 

bee hotels and they cite additional studies as showing that artificial nests are not effective for these 

species (Bortolottit et al. 2016). Another study, based in Canada, also showed that wild bumblebees 

didn’t use artificial nests, a finding supported in other literature showing that artificial nests are not 

favoured by wild, social species. The same study showed that urban location also impacts the species 

which colonize bee hotels. In residential gardens, bee hotels host significantly more native bees, but 

green roof locations were shown to support significantly higher numbers of introduced bees and wasps 

(MacIvor & Packer 2015). Further, artificial nests boost available nest densities above that naturally 

available which can increase predation and parasitism of the insects which use them (MacIvor & Packer 

2015, Fortel et al. 2016). While artificial nests can increase bee populations (Menz 2011) more research 

is needed to fully understand the benefits and pitfalls of artificial nests for wild, native bee conservation 

(Bortolottit et al. 2016, MacIvor & Packer 2015).  
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4.2 Survey Results 
 

4.2.1 Survey response 
Regarding response rate, number of returned surveys was low. Most businesses did not respond, some 

accepted questionnaires but did not return them, some stating they did not have time or were otherwise 

unwilling, others responded but unfortunately only worked with interior living walls or were no longer 

working in the field, and one stated they did not share information generally. 100 businesses were 

contacted with 9 usable surveys returned, yielding a response rate of 9%. Companies often used more 

than one living wall system and results cover 15 different system types. Returned questionnaires were 

from the UK, US, Canada, Nigeria and Singapore. 

 

4.2.2 Nesting Sites 
Substrate thickness was highly variable ranging from <10mm and <25mm in felt based and hydroponic 

pocket based systems respectively to in excess of 200mm in tray and planter based systems. The average 

was 94mm. Most companies stated that insects could burrow into substrate with many utilizing soils. 9 

living wall systems from 6 companies responded positively. Two companies didn’t answer this 

question. One stated that no insects had been observed in their systems and inferred insects in the 

substrate was undesirable. Regarding artificial nesting sites, 4 companies responded that they offer 

options to include nesting sites in their designs on request from the client. 4 others stated this was not 

something they offered or usually offered but that it would be possible to install artificial nesting sites. 

1 company stated that while it would be possible they preferred to keep the system insect free and did 

not offer this service. In general, results suggest that installation of artificial nesting sites on walls is 

quite possible. 

 
Table 3: Living wall structure and design results. Results are compiled from returned questionnaires. Each row 

represents factors applicable to one living wall system/substrate, derived from data from a single manufacturer. 

Where manufacturers provided more than one living wall system, systems are listed consecutively and separated 

from other manufacturer results by thicker black lines. 

 
Living Wall 

System/ 

Substrate used 

by company 

Substrate 

thickness 

(mm) 

Can insects 

burrow in 

substrate? 

Any 

irrigation 

limits? 

Can 

nutrients be 

tailored to 

specific 

plants 

pH range Maximum 

Plant 

Height (m) 

Maximum 

Plant Weight 

(kg/ m2) 

Can insect 

nesting sites 

(e.g 

hives/insect 

hotels) be 

included 

Fytotextile.  85 

(total is 

135mm 

with 

50mm 

subframe 

included.) 

Yes, top soil 

is exposed. 

No 

technical 

limit 

Yes, if the 

whole wall 

was one 

species 

Any, pH 

can be 

altered by 

adjusting 

soil, 

chemicals 

or water 

Greater than 

other 

systems due 

to large 

pockets, 

small 

trees/large 

shrubs are 

possible 

Greater than 

other systems 

due to large 

pockets, small 

trees/large 

shrubs are 

possible. 

40kg/m2 

living wall 

weight but 

250kg/m2 has 

been achieved 

in tests 

Yes 

Soil Pockets 50-150 Yes No 

technical 

limit 

Yes, 

although 

plants 

haven’t 

required 

supplements 

N/A N/A Not specified, 

but low 

weight 

inferred. 

Yes 

Coconut-based 

mesh 

100 Yes No 

technical 

limit 

“ N/A N/A Not specified, 

but low 

weight 

inferred. 

Yes 
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Pro-wall (panels 

made of rock 

wool) 

N/A N/A No 

technical 

limit 

Yes, but 

more than 

one variety 

needs to be 

considered 

Any Not stated 

but 

preference 

for short 

plants to 

prevent 

shading of 

low plants 

and stability 

on vertical 

surface 

N/A Not normally 

but possible 

Tray system 

using 1-gallon 

pots filled with 

media varying 

on plants and 

climate 

N/A N/A No 

technical 

limit 

“ Any “ N/A Not normally 

but possible 

“Basic Wall” – 

5 gallon potted 

plants in soil 

N/A N/A No 

technical 

limit 

“ Any “ N/A Not normally 

but possible 

“Planter based 

system”, soil 

type used varies 

project to 

project. 

101.6-

203.2mm 

Yes Typically, 

sufficient 

water to 

saturate 

soil 

applied 

Yes, but 

generally a 

controlled 

release of 

fertilizer 

with a 

generalized 

formula  

which 

supports 

most plant 

types is used 

Any, pH 

should be 

suitable 

for 

selected 

plants. 

Substrate 

used 

determine

s pH, most 

fall 

beterrn 6-

7.5. 

0.05-0.6 N/A Not offered by 

company but 

possible to 

modify by 

client 

Felt with limited 

soil 

Felt 

<10mm 

In soil yes. 1-

5L/m2/da

y 

depending 

on 

climate/ 

season 

Plants 

receive 

same 

fertilizer 15-

30mg N 

Not stated 

specificall

y but no  

issue with 

pH 

N/A Some plants 

develop trunks 

and may 

weigh 10-

20kg 

 

 

No 

Waterproof 

backer board 

with moss 

mimicking 

material layers 

attached to 

board. Roots 

grow throughout 

material like in a 

natural moss 

e.g. on a tree 

side or next to a 

waterfall. No 

soil. 

Frame, 

waterproo

f panel 

and fabric: 

51 mm 

Plant 

depth can 

vary from 

150mm to 

up to 1.8 

meters 

Fabric could 

be inhabited 

by insects. 

The 

waterproof 

panel would 

be to too 

dense for an 

insect to 

use. 

Hydroponi

c system 

which 

allows 

water to 

drain 

easily. 

Difficult 

to 

overwater 

but water 

input 

closely 

monitored 

to avoid 

waste. 

Yes, 

nutrients can 

be tailored 

for whatever 

species 

used.  

Depends 

on water 

being used 

to irrigate. 

It could be 

changed 

but 

typically 

plants 

suited to 

the pH are 

selected. 

Usually 

most 

plants do 

best in a 

slightly 

acidic 

substrate 

Trees, 

bushes and 

shrubs can 

be grown, 

up to 2m tall 

Including 

infrastructure 

and mature 

plants, 14.7- 

19.5 kg/m2 

No, but open 

to the idea 

Panel based 

hydroponic 

system with 

sponge layers 

114mm None 

observed  

Highly 

controllabl

e, 

minimized 

to 

quantities 

needed to 

Can be 

regulated 

within the 

living wall 

surface. 

Nutrients 

have not 

- Designed 

for mature 

tropical 

plants,  large 

ferns, shrubs 

that have to 

be trimmed 

Original 

weight of the 

saturated 

living wall 

system with 

plants is 

58.59 kg/m2. 

May be 

possible but 

not offered by 

company 
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keep 

substrate 

moist 

been 

isolated to 

feed specific 

plants, all 

get an even 

distribution 

within 

automated 

irrigation. If 

necessary to 

treat a 

specie 

differently it 

can be done 

externally 

with spray 

or injection. 

for the 

design 

purposes.  

Pocket based 

hydroponic 

system with 

sphagnum moss 

<25mm None 

observed 

“ “ - “.  Lighter than 

panel based 

system 

May be 

possible but 

not offered by 

company 

Hydroponic 

mineral wool 

50mm N/A Sensors to 

measure 

moisture 

content in 

every zone 

of wall, 

water 

applied 

differently 

depending 

on 

location 

Set 

fertilizers 

used for 

spring/sum

mer and 

winter/sprin

g 

4/4.5-6pH N/A Larger than 

herbs and 

grasses. Bushy 

shrubs 

possible. 

Butterfly 

hotels  

Structural 

frame, with 

substrate in  

modular 

planters, or bags 

type planters.  

 

50-

120mm 

depending 

on plant 

species 

Yes, 

millipede, 

moth(pupa), 

butterfly(cat

erpillar) ants 

and wasps. 

 

No 

technical 

limits, rain 

sensors to 

control 

irrigation 

system 

during 

heavy rain 

Nutrients 

distributed 

equally 

through 

irrigation 

system 

4-8 N/A 100kg/ m2 to 

300kg/ m2 

Preferred 

system for 

larger plants 

Depends on 

client. Have 

provided walls 

to include bird 

feeding, 

bathing and 

nesting and 

larva cages 

and butterfly 

feeding table. 

 

Structural 

frame, with 

substrate in bag 

type planters.  

 

50-

120mm 

depending 

on plant 

species 

“ 

 

“ Nutrients 

distributed 

equally 

through 

irrigation 

system. 

Powder type 

fertilizer or 

pellets type 

can be 

added 

4-8 N/A 100kg/ m2 to 

300kg/m2 

“ 

 

Structural 

frame, with 

substrate in  

hanging trays 

Up to 

200mm3 

“ 

 

“ “ 4-8  “ “ 
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4.2.3 Nutrients, water and soil 
5 companies stated that nutrients could be tailored to any type of plant while 3 others stated they use 

set fertilizers only, although 1 of these companies stated it would be possible to fertilize specific plants 

externally with a spray. In most cases, companies stated that while tailoring nutrients was possible the 

entire wall would require the same nutrient mix and species with different requirements would therefore 

be difficult to account for.  

No companies reported any limitations regarding water consumption, most stating no technical 

limit applied. This implies that plant species available on walls would not be limited by their water 

needs. However, where companies provided plant species lists, RHS descriptions of these species 

showed consistently that most plants used were able to survive in dryer soils (see Fig. 1-4, appendix 

tables 7, 9, 11, 13, 15, 17 and 19). ‘Well drained/moist but well drained’, was the most regular option 

across tables as well as ‘moist but well drained’ and ‘well drained’. Plants that required poor drainage 

were very rare. The largest plant lists are represented below. 

 

 

 

 

 

 

 

Well drained (25.5%)

Moist but well drained (27%)

Poorly drained (2%)

Well drained/moist but well drained  (38%)

Moist but well drained/poorly drained (5.5%)

Well drained/poorly drained (0%)

Well drained/moist but well drained/poorly drained (2%)

Well drained (33%)

Moist but well drained (17%)

Poorly drained (0%)

Well drained/moist but well drained  (42%)

Moist but well drained/poorly drained (8%)

Well drained/poorly drained (0%)

Well drained/moist but well drained/poorly drained (2%)

Fig. 1. Moisture tolerances of plants recommended to grow 

with fytotextile living walls. Data based on survey results 

regarding one UK based company. Plant species moisture 

optimum is based on RHS recommendations. See appendix 

table 7.  

 

Fig. 2. Moisture tolerances of ‘pollinator friendly’ plants 

recommended to grow with fytotextile living walls. Data 

based on survey results regarding one UK based company. 

Plant species moisture optimum is based on RHS 

recommendations. See appendix table 9. 
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4.2.4 Soil Type 
Some companies which utilized soil stated that the soil type used could vary depending on the project. 

The majority of recommended species, however, could survive in multiple soil types. In 3 of the 4 

largest plant lists provided by companies, plants which could survive in every soil type, clay, loam, 

chalk and sand, made up the largest share (see Fig. 5-8, appendix tables 7, 9, 11, 13, 15, 17 and 19). 

Loam, chalk and sand was the second largest group. Clay, loam and sand was also quite common. Very 

few species had specific soil requirements, but a few species came out as requiring loam or sand. No 

species had a sole preference for clay and where only two soil types were tolerable, clay was rare. These 

findings concur with moisture results which showed that few recommended species like poorly drained 

soils which is a feature of clay. 

Well drained (12.5%)

Moist but well drained (25%)

Poorly drained (0%)

Well drained/moist but well drained  (44%)

Moist but well drained/poorly drained (12.5%)

Well drained/poorly drained (0%)

Well drained/moist but well drained/poorly drained (6%)

Well drained (0%)

Moist but well drained (36%)

Poorly drained (0%)

Well drained/moist but well drained  (46%)

Moist but well drained/poorly drained (9%)

Well drained/poorly drained (0%)

Well drained/moist but well drained/poorly drained (9%)

Fig. 3. Moisture tolerances of recommended plants to grow 

with hydroponic mineral wool. Data based on survey 

results regarding general plant recommendations for one 

US based company. Plant species moisture optimum is 

based on RHS recommendations. See appendix table 13. 

 

 

 

 

Fig. 4. Moisture tolerances of recommended plants to 

grow with hydroponic mineral wool. Data based on 

survey results regarding one US based company. Plants 

recommended for a cool climate. Plant species moisture 

optimum is based on RHS recommendations. See 

appendix table 15. 
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Fig. 5. Soil requirements of plants recommended to grow with fytotextile living walls. Data based on survey 

results regarding one UK based company. Plant species soil optimum is based on RHS recommendations. 
See appendix table 7 

 

Clay/loam/chalk/sand (47%) Clay/loam/chalk (2%) Clay/loam/sand (9%)

Clay/sand/chalk (0%) Loam/chalk/sand (29%) Clay/loam (2%)

Clay/chalk (0%) Clay/sand (0%) Loam/chalk (2%)

Loam/sand (4%) Chalk/sand (0%) Clay (0%)

Loam (4%) Chalk (0%) Sand (2%)

Clay/loam/chalk/sand (33%) Clay/loam/chalk (8%) Clay/loam/sand (17%)

Clay/sand/chalk (0%) Loam/chalk/sand (42%) Clay/loam (0%)

Clay/chalk (0%) Clay/sand (0%) Loam/chalk (0%)

Loam/sand (0%) Chalk/sand (0%) Clay (0%)

Loam (0%) Chalk (0%) Sand (0%)

Fig. 6. Soil requirements for ‘pollinator friendly’ plants recommended to grow with fytotextile living walls. 

Data based on survey results regarding one UK based company. Plant species soil optimum is based on RHS 

recommendations. See appendix table 9. 
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Fig. 8. Soil requirements of recommended plants to grow with hydroponic mineral wool. Data based 

on survey results regarding one US based company. Plants recommended for a cool climate. Plant 

species soil optimum is based on RHS recommendations. See appendix table 15. 

 

Clay/loam/chalk/sand (64%) Clay/loam/chalk (9%) Clay/loam/sand (9%)

Clay/sand/chalk (0%) Loam/chalk/sand (18%) Clay/loam (0)

Clay/chalk (0%) Clay/sand (0%) Loam/chalk (0%)

Loam/sand (0%) Chalk/sand (0%) Clay (0%)

Loam (0%) Chalk (0%) Sand (0%)

Clay/loam/chalk/sand (60%) Clay/loam/chalk (6.6%) Clay/loam/sand (6.6%)

Clay/sand/chalk (0%) Loam/chalk/sand (20%) Clay/loam (6.6%)

Clay/chalk (0%) Clay/sand (0%) Loam/chalk (0%)

Loam/sand (0%) Chalk/sand (0%) Clay (0%)

Loam (0%) Chalk (0%) Sand (0%)

Fig. 7. Soil requirements of plants recommended plants to grow with hydroponic mineral wool. Data 

based on survey results regarding general plant recommendations for one US based company. Plant 

species soil optimum is based on RHS recommendations. See appendix table 13. 
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4.2.5 pH Range 
6 companies stated that pH could be tailored to whatever value needed. Hydroponic mineral wool gave 

a range of 4/4.5-6 while one company stated 4-8 for the 3 systems they offered. pH ranges for species 

recommendations can be viewed in appendix tables 7, 9, 11, 13, 15, 17 and 19. The largest tables have 

been converted into the pie charts (Fig. 9-12). Like soil type, the majority of recommended species are 

highly flexible in pH, able to tolerate acidic, alkaline and neutral conditions with a small number 

requiring two out of three pH ranges. Plants from small lists haven’t been included but they too followed 

a similar pattern. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Acid/Alkaline/Neutral (75%) Acid/Neutral (7%)

Alkaline/Neutral (18%) Acid/Alkaline (0%)

Acid (0%) Alkaline (0%)

Neutral (0%)

Fig. 9. pH tolerances of plants recommended to grow 

with fytotextile living walls. Data based on survey 

results regarding one UK based company. Plant species 

pH optimum is based on RHS recommendations. See 

appendix table 7. 

 

Acid/Alkaline/Neutral (82%) Acid/Neutral (18%)

Alkaline/Neutral (0%) Acid/Alkaline (0%)

Acid (0%) Alkaline (0%)

Neutral (0%)

Fig. 10. pH tolerances of ‘pollinator friendly’ plants 

recommended to grow with fytotextile living walls. Data 

based on survey results regarding one UK based 

company. Plant species pH optimum is based on RHS 

recommendations. See appendix table 9. 

 

Acid/Alkaline/Neutral (94%) Acid/Neutral (0%)

Alkaline/Neutral (6%) Acid/Alkaline (0%)

Acid (0%) Alkaline (0%)

Neutral (0%)

Fig. 11. pH tolerances of plants recommended to grow with 

hydroponic mineral wool. Data based on survey results 

regarding general plant recommendations for one US based 

company. Plant species pH optimum is based on RHS 

recommendations. See appendix table 13. 

 

 

 

 

Acid/Alkaline/Neutral (91%) Acid/Neutral (9%)

Alkaline/Neutral (0%) Acid/Alkaline (0%)

Acid (0%) Alkaline (0%)

Neutral (0%)

Fig. 12. pH tolerances of plants recommended to grow with 

hydroponic mineral wool. Data based on survey results 

regarding one US based company. Plants recommended for 

a cool climate. Plant species soil optimum is based on RHS 

recommendations. See appendix table 15. 
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4.2.6 Plant heights 
Regarding plant sizes, most survey data wasn’t that helpful as it wasn’t answered in specific heights 

and weights or figures were unclear. For example, plant weights were given as low as 14.7 kg/ m2 to as 

high as 300kg/ m2 but surveys were often unclear or variable in whether this was the entire system 

weight, saturated weight, the weight of plants and substrates or just the weight of plants. Many 

companies also skipped these questions. However, using the plant lists provided by some companies 

revealed a significant preference for low growing species The majority of species grew less than 1m 

high (See Fig. 13-16 and appendix tables 6, 8, 10, 12, 14, 16 and 18). There were a few outliers however 

with one species able to grow in excess of 4m. Two companies stated that they either offered or were 

working on systems that could accommodate small trees. 

 

 

 

0-0.1 0.1-0.5 0.5-1 1-1.5 1.5-2.5 2.5-4 4+

Fig. 13. Size range (m) of recommended plants to 

grow with fytotextile living walls. Data based on 

survey results regarding one UK based company. 

Plant sizes based on RHS data. See appendix table 

6. 

 

0-0.1 0.1-0.5 0.5-1 1-1.5 1.5-2.5 2.5-4 4+

Fig. 14. Size range (m) of ‘pollinator friendly’ 

plants to grow with fytotextile living walls. Data 

based on survey results regarding one UK based 

company. Plant sizes based on RHS data. See 

appendix table 8. 

 

0-0.1 0.1-0.5 0.5-1 1-1.5 1.5-2.5 2.5-4 4+ 0-0.1 0.1-0.5 0.5-1 1-1.5 1.5-2.5 2.5-4 4+

Fig. 15. Size range (m) of recommended plants to 

grow with hydroponic mineral wool. Data based on 

survey results regarding general plant 

recommendations for one US based company. Plant 

sizes based on RHS data See appendix table 12. 

 

Fig. 16. Size range (m) of recommended plants to 

grow with hydroponic mineral wool. Data based on 

survey results regarding one US based company. 

Plants recommended for a cool climate. Plant sizes 

based on RHS data See appendix table 14. 

See appendix table 14. 
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4.2.7 Plant diversity 
Out of 201 species/genera recommendations 96.5% were angiosperms. The rest, 7 species/genera, were 

pteridophytes, representing 3.5% of the total (see appendix tables 6, 8, 10, 12, 14, 16 and 18). However, 

the proportion of pteridophytes used in reality could be far more significant. Four companies contacted 

provided plant lists and pteridophytes were represented in all of them. Further, within fytotextiles’s 

extensive lists, the pteridophyte representative was merely listed as ‘ferns’ rather than individual species 

as the angiosperms were. As such, the number of fern species used is unknown. Additionally, the 

proportion of species on lists gives no incite on the frequency with which species are selected. Proposed 

angiosperm species came from a wide range of genera, some utilizing insect pollination, others not, 

such as Poaceae (grasses). -No bryophytes or gymnosperms were represented in the plant lists or 

mentioned generally in the other surveys. 

For companies who did not provide lists, some didn’t answer this question or referred to general 

plant types (see table 4). These included epiphytes, hemi-epiphytes, lithophytes, annuals, perennials, 

shrubs, edibles, tropicals, succulents and groundcover plants. Considering plant lists, perennials and 

shrubs were very common and a range of habits were represented with ‘mat forming’ and ‘bushy’ being 

particularly abundant (see appendix tables 6, 8, 10, 12, 14, 16 and 18). Surprisingly, sedums were stated 

to not be suitable for the hydroponic mineral wool system due to poor root growth, they were, however, 

represented in the fytotextile lists and recommended for use with soil in the planter-based system.  

As expected, every company stated that their plant recommendations would change depending 

on local climatic conditions and wall orientation. In particular, sunlight, temperature and wind were 

considered important factors with rainfall considered negligible (see table 4). List species could be 

found that suited any wall orientation and lighting conditions (see appendix tables 7, 9, 11, 13, 15, 17 

and 19), expected as companies will need to tailor for a variety of wall types. Like with pH and soil 

conditions, however, plants able to survive in any or most wall orientations were very common. The 

hardiness rating of plant species was expected in relation to the area from which the plant lists were 

sourced. Recommendations from the UK and cool US climates, for example, mostly featured plants H5 

and above, capable of surviving a minimum of -15°C to -10°C. For the cool US climate (see appendix 

table 15), all recommendations ranked H5 or higher, for the UK, 76% ranked higher than H5 and no 

species ranked lower than H3 (see appendix tables 7 and 9). Recommendations from Singapore and SE 

America by contrast were largely tropically adapted species ranging from H3 to H1A (see appendix 

tables 11 and 18). As such, cross over of plant species across lists was very low but this was expected 

due to information being sourced from multiple countries and climatic zones. In all cases, exotic plants 

were commonly used.   

 Regarding reasons for selection, companies which answered usually stated environmental 

conditions. Other reasons included aesthetics, plant availability, long term survival and ease of 

maintenance. Only one company stated that food for local fauna was a factor in their plant choice (see 

table 4). 

 Use of wild native plants on walls was generally positive. 7/9 companies stated they had used 

wild natives, results of use varied however. One company stated that they do not usually offer them due 

to lack of knowledge on native plants and that the growth of native wild plants is too aggressive for the 

wall. The company offering fytotextile commented that while the plants survived they didn’t look 

aesthetic in the winter months and it was also stated that wild plants could be more challenging to 

maintain on walls. 3 companies however responded that the use of wild plants was successful and they 

were often used due to being adapted to the local climate (see table 5). 

 
 

 

 

 

 

 

 

 

 



25 
 

Table 4: Recommended plant selection survey results. Results are compiled from returned questionnaires. Each 

row represents factors applicable to one living wall system/substrate, derived from data from a single 

manufacturer. Where manufacturers provided more than one living wall system, systems are listed consecutively 

and separated from other manufacturer results by thicker black lines. 
 

Living Wall 

System/Substrate 

used by company 

Recommended 

Plant Species 

Reason for Selection Possible to 

grow any 

species? 

Specific plant 

adaptations generally 

favoured? (E.g 

drought/wind tolerance) 

Would plant 

recommendations 

change 

depending on 

local conditions? 

(e.g. direction 

wall faces, height 

of wall, local 

rainfall, 

temperature etc) 

Fytotextile See appendix 

tables 6-9  

N/A Technically yes None Yes for 

shade/sunlight, 

wind and 

temperature. 

Rainfall is 

considered 

negligible. 

Soil Pockets N/A Numerous, including 

sentimentality,  

N/A Herbs for scent and 

robustness 

Yes 

Coconut-based 

mesh 

N/A “ N/A “ Yes 

Pro-wall (panels 

made of rock 

wool) 

N/A Feasibility for long term 

existence. 

Environmental 

conditions – i.e. temp., 

lighting etc and 

availability. 

N/A Not generally. Dependant 

on climate not on living 

wall design. 

Yes 

Tray system using 

1-gallon pots 

filled with media 

varying on plants 

and climate 

Normally 

groundcover 

plants, perennials, 

small shrubs 

“ 

 

N/A “ Yes. Designed for 

use in colder 

climates as plants 

can be easily 

removed and 

stored in a 

greenhouse or 

replaced if they 

die. 

“Basic Wall” – 5 

gallon potted 

plants in soil 

N/A “ N/A “ Yes 

“Planter based 

system” soil type 

used varies 

project to project. 

Large variation 

including edibles, 

annuals, 

perennials, 

succulents and 

tropical plants. 

Climate, lighting, 

maintenance, goals and 

function 

No, plants must 

be appropriate 

for hardiness, 

growth habit 

and light and 

water needs. 

Must be hardy as a 

containerized plant. 

Otherwise plant choice 

varies depending on site. 

Yes, temperature, 

sunlight/shade and 

height all factor. 

Rainfall is 

negligible as 

plants are 

irrigated. 

Felt with limited 

soil 

Depends on 

climate/ sun 

exposure. Mostly 

epiphytes and 

lithophytes. 

 

They grow well without 

soil 

N/A N/A Yes 

Waterproof 

backer board with 

moss mimicking 

material layers 

attached to board. 

Roots grow 

Depends on client 

design preference 

but typically 

consists of native 

and locally 

adapted species. 

Able to thrive in local 

climate, easy to 

maintain, appearance, 

colour, texture, flowers, 

seasonal interest, food 

Not all plants 

are meant to 

grow vertically 

and need to 

grow 

terrestrially 

Designed according to 

exposure. A north wall will 

have a completely different 

plant palette than a south 

wall. Wind tolerance is 

also considered, especially 

Yes 



26 
 

throughout 

material like in a 

natural moss e.g. 

on a tree side or 

next to a 

waterfall. No soil. 

Epiphytes and 

hemiepiphytes are 

the best because 

they have evolved 

to grow vertically 

for local fauna, adapted 

for vertical growth. 

(tulips, onions, 

etc) so we do 

not use these.  

on tall walls or walls in 

wind corridors 

Panel based 

hydroponic 

system with 

sponge layers 

See appendix 

tables 10-11 

Long-term performance. 

Full and lush coverage. 

Bush-like do not 

develop long-stems. Can 

be trimmed. When 

mature plant base is full 

and not easily exposed. 

They drape down. Good 

colour variety, plant leaf 

colour has nice pallet, 

texture and shape to 

come up with creative 

designs. 

N/A Systems pre-planted before 

installation, at least 1 

month prior. This ensures 

100% success rate, no 

systems ripped during 

hurricanes. 

Yes 

Pocket based 

hydroponic 

system with 

sphagnum moss 

See appendix 

tables 10-11 

“ N/A “ Yes 

Hydroponic 

mineral wool 

See appendix 

tables 12-17 

Good root growth and 

adapted for specific 

climate 

Sedums not 

used due to 

poor root 

growth 

Specific for every 

wall/climate. For example, 

in Hong Kong topicals are 

used as it never freezes 

there. 

Yes 

Structural frame, 

with substrate in 

modular planters,  

 

See appendix 

tables 18-19 

Easy to grow on green 

walls and require 

minimum pruning 

N/A Plants which require full 

sun are preferable. Drought 

tolerance, especially for 

smaller size planters or 

modules which generally 

contain less water. 

Yes, especially 

direction, height 

and location of 

wall,  sizes and 

types of substrates  

Structural frame, 

with substrate in 

bag type planters.  

 

See appendix 

tables 18-19 

“ N/A “ “ 

Structural frame, 

with substrate in 

hanging trays 

See appendix 

tables 18-19 

“ N/A “ “ 

 

Table 5: Living wall potential to grow native, wild plants. Results are compiled from returned questionnaires. 

Each row represents factors applicable to one living wall system/substrate, derived from data from a single 

manufacturer. Where manufacturers provided more than one living wall system, systems are listed consecutively 

and separated from other manufacturer results by thicker black lines. 

 
 

Living Wall System/Substrate used by 

company 

Has company used the substrate to 

grow wild plants previously? 

If yes, were they successful + any 

particularly successful species? 

Fytotextile Yes, wildflower walls Yes, but didn’t look good in the winter 

Soil Pockets No N/A 

Coconut-based mesh No N/A 

Pro-wall (panels made of rock wool) Yes, but not usually due to 

availability, growth habits and a lack 

of knowledge of what is native for the 

location. 

Normally growth is too aggressive 

Tray system using 1-gallon pots filled with 

media varying on plants and climate 

“ Normally growth is too aggressive 

“Basic Wall” – 5 gallon potted plants in soil “ Normally growth is too aggressive 

“Planter based system” soil type used varies 

project to project. 

Yes Some yes, others not. Some selections of 

Amsonia, Allium and Heuchera hardy enough 

to survive north American winters. 
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Felt with limited soil Yes Yes, natives often used as well adapted to local 

climate. 

Waterproof backer board with moss mimicking 

material layers attached to board. Roots grow 

throughout material like in a natural moss e.g. 

on a tree side or next to a waterfall. No soil. 

Absolutely, native plants included 

whenever possible. However, many 

native plants are not grown for their 

beauty year-round so they need to be 

strategically placed so sections of the 

wall are not bare or ugly. A living 

wall should be beautiful as we view it 

as a living art piece 

Ornamental and garden plants have been bred 

and hybridized to not have certain diseases 

(powdery mildew, rust, etc) and discourage 

insects from feeding on them (aphids, etc) 

whereas native plants have not been. So in 

terms of maintenance and keeping the wall 

(and client) happy we have found that some 

native plants are more difficult to look after. 

A very large range of plants have been used. 

Some walls have up to 120 species. 

 

Panel based hydroponic system with sponge 

layers 

Most installations are high-end luxury 

projects, in which manicured live art 

look is the priority. We have not used 

wild plants. 

N/A 

Pocket based hydroponic system with 

sphagnum moss 

“ N/A 

Hydroponic mineral wool Yes Very successful due to adaptation to local 

climate 

Structural frame, with substrate in modular 

planters 

 

Yes Usually wild plants are suitable for local 

conditions and will propagate by itself. Very 

successful. Mimosa pudica ‘Sensitive Plant’ 

(Touch-Me-Not), Microsorum punctatum 

‘Garadiceps’ (Fish Tail Fern). 

Structural frame, with substrate in bag type 

planters 

 

Yes “ 

Structural frame, with substrate in hanging trays Yes “ 

 

 

4.2.8 RHS perfect for pollinator’s logo 
All plant lists were analysed for the frequency of the RHS perfect for pollinator’s logo. Absence of the 

logo was high. Including the ‘some species/varieties’ category, the highest result was from Fytotextile’s 

own pollinator friendly plant list, applicable for the UK, at 51% (see fig. 18). Inclusive of the ‘some 

species/varieties category’, general fytotextile recommendations, also applicable to the UK, featured 

the logo in 35% of incidences (see fig. 17). The frequency was slightly higher in general US 

recommendations for hydroponic mineral wool at 37%. In their list for ‘cool’ US climate, this dropped 

to 18%. Plants recommended to grow with panel and pocket based hydroponic systems in a south-east 

US climate had 10% of their recommendations featuring the logo. In plants recommended for modular 

planters/bags and hanging trays from Singapore, and in hydroponic mineral wool for shaded walls in 

the US, 0% carried the logo.  
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There were some additional responses from companies who’d had difficulties establishing living walls 

externally. One company from Serbia stated that they didn’t construct external living walls due to plants 

being unable to survive both the scorching summers and freezing winters present in the country. 

Another company from Sweden did provide a detailed survey but it wasn’t included in the main results 

due to it no longer being attempted as an outdoor system. The system was initially designed for external 

use, however, once again survival of plants was problematic. They stated they’d tried most 

Scandinavian flora and experimented with the system in different microclimates but that the majority 

of plants died during their first winter. 

 

5. Discussion 
 

While one paper showed that living walls were akin to damp, vegetated, waterfall-like habitats, this 

study implies a greater variety of environmental conditions may be possible to mimic. The survey 

suggests that pH, nutrients and moisture levels are all highly flexible and many plant species can be 

established. The most common types of plants recommended included small herbaceous species, 

perennials, grasses and shrubs. Ferns featured in many recommendations, but gymnosperms and 

bryophytes were surprisingly absent across all lists. In surveys, selecting plants for pollinators was a 

rare priority, however, and in order to benefit biodiversity, a preference for insect pollinated 

angiosperms rather than ferns and grasses is preferable. Available literature is mixed with a lack of 

consensus regarding the use of exotic, native and ornamental plants in urban environments. Few specific 

species could be pinpointed in literature as beneficial for pollinators, but out of those found there was 

crossover with living wall species recommendations. These included Origanum vulgare and Echium 

vulgare and the Stachys, Erysimum, Trifolium and Lavender/Lavandula genera which crossed over with 

the UK based fytotextile lists. Achillea millefolium crossed over with the hydroponic mineral wool list 

for general USA recommendations. This shows that at least some pollinator friendly species can grow 

on living walls. 

Many studies cited the importance of florally diverse natural grasslands, prairie, tundra and 

wildflower meadow to pollinator diversity and abundance. The conditions of these environments are 

typically harsh and feature low nutrient availability. pH is variable depending on the environment in 

question. As results imply tailoring water, nutrient and pH conditions is possible, and that plant species 

found in such habitats are low lying, such species could be workable options for living walls. Some 

wild species, such as clover, are already in use on living walls and several companies stated they already 

Some species/varieties (8%)

Yes (27%)

No (65%)

Fig. 17. Percentage of plants baring RHS perfect for 

pollinator logo for plants recommended to grow with 

fytotextile living walls. Data based on survey results 

regarding one UK based company. Plant pollinator 

status based on RHS data. See appendix table 6. 

 

 

Some species/varieties (24%)

Yes (27%)

No (49%)

Fig. 18. Percentage of plants baring RHS perfect for 

pollinator logo for ‘pollinator friendly’ plants 

recommended to grow with fytotextile living walls. 

Data based on survey results regarding one UK based 

company. Plant pollinator status based on RHS data. 
See appendix table 8. 
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offer wildflowers which are successful due to adaptations for local climates. This is positive for 

pollinator habitat potential.  

Nevertheless, there are limitations regarding local climatic conditions and the wall used. As 

such, plants available for any one wall needs to be individually investigated. While one wall may be 

able to replicate favourable pollinator habitat another nearby location may not. Further, two companies, 

contacted in Sweden and Serbia, stated they do not offer external living walls due to past failures in 

keeping plants alive through the extreme temperatures in their countries, even when using native, locally 

adapted flora. This suggests that using living walls to benefit pollinator biodiversity is not a viable 

option in every area, however, the living wall systems used could be a factor and no conclusion can be 

derived from just a couple of manufacturers. 

Recommended plant species were marked as to whether they carried the Royal Horticultural 

Society’s ‘perfect for pollinators’ label. The highest results were found in the UK lists and one general 

US plant list, with the highest frequency being in fytotextile’s own pollinator friendly plants 

recommendations. Higher results from the UK were expected, especially regarding the list specifically 

designed for pollinators, however, it was surprising that one US based list had a slightly higher 

frequency of the logo than a general UK list. As RHS is a UK based organization, their 

recommendations likely focus on plants common to and able to grow outdoors in the UK and which are 

attractive to local pollinator assemblages. As such, while RHS recommendations may be relevant for 

British pollinators, plants recommended for other areas may be beneficial for their local pollinators but 

lack the logo due to not being preferred by British species. This may be particularly the case in lists 

regarding hot climates such as Singapore and South Eastern US where 0% and 10% of their plants 

carried the logo respectively. Not only would the pollinator assemblages in these countries likely be 

very different, but in a UK climate most of these plants wouldn’t survive outdoors and would therefore 

be inaccessible to pollinators even if native species could use them. Additionally, preferred plant species 

in the UK may not be attractive to pollinators native to other regions.  As such, the RHS logo cannot be 

applied outside of the UK lists. However, even in the UK lists, presence of the logo was still low at just 

51% in fytotextile pollinator friendly recommendations and 35% in the fytotextile general 

recommendations.  Nevertheless, it can be concluded that some species with the logo are possible to 

establish on walls in some areas, but this data cannot be considered conclusive regarding pollinator 

friendly plants on walls, in part due to sample size, but also due to the scientific validity of such lists.  

While pollinator friendly plant lists are popular amongst the public, the quality of their 

information is debatable. Whether sourced from amateurs or semi-professional and professional 

organizations, such as the UK’s Royal Horticultural Society, lists typically don’t reference empirical 

data or describe how a plant’s pollinator value was determined by the author. In cases where they are, 

the data is not always peer-reviewed. It can be assumed that for most lists, including the RHS list used 

here, authors are basing their recommendations on personal opinion and experience (Garbuzov & 

Ratnieks 2014b). RHS themselves state that experience was a factor while constructing their lists (RHS 

2019). Genera overlap between lists, even lists for the same country, is also low. While this could be in 

part due to climatic differences in large countries like the US, or differing target species such as bees, 

butterflies, or pollinators generally, it additionally suggests that authors are not agreeing on what the 

best plants for pollinators are (Garbuzov & Ratnieks 2014b). This was seen in this study where only 

51% of plants listed on fytotextile’s pollinator friendly plant list was matched with the pollinator 

supporting plants in RHS’s list. 

Pollinator lists also often have other issues such as suggesting species with short flowering 

periods, species which have been shown to attract few pollinators despite being rich in nectar and 

relying heavily on native plants as a criterion for pollinator activeness. Further, lists seldom state relative 

attractiveness of recommended plants leading readers to assume all listed species are equal in their 

benefit (Garbuzov & Ratnieks 2014b). This is highly unlikely as data shows that garden plants vary 

widely in their visitation (Garbuzov & Ratnieks 2014a). Species shown to be attractive to pollinators 

are also often omitted, in the case of RHS Borago, is an example (Garbuzov & Ratnieks 2014b, 

Garbuzov & Ratnieks 2014a, RHS 2019), and lists can infer that plants not on them are of little value 

to pollinators, which is not the case. For example, important plants for the preservation of rare specialists 

are often not included due to receiving little visitation (Garbuzov & Ratnieks 2014b).  

Nevertheless, some listed species are good suggestions such as Solidago, and Origanum. 

Research on pollinator preference and beneficial plants is lacking and more information is needed to 
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assess how best to support pollinators in urban habitats. As such, recommendations based on personal 

experience and observation can provide a useful starting point for further research (Garbuzov & 

Ratnieks 2014b), hence the inclusion in this paper as a point of interest. 

 

Regarding nesting availability, most living wall manufacturers stated that artificial nests could be 

included within living walls, but further investigation would be beneficial as where living walls have 

high moisture this may impact the suitability for artificial nesting sites. There would also be questions 

regarding how high on a wall pollinators would access artificial nests and whether the conditions of 

specific walls, such as their orientation and light levels, would factor in their use. Wall height especially 

could also be a factor influencing foraging ability. 

If artificial nests were successful, they may provide nesting sites for above ground nesting 

species but, in regards bees, the majority are ground nesting species and do not use such nests. Further, 

artificial nesting sites have been shown to favour invasive bee species and wasps over natives (MacIvor 

& Packer 2015). As such, while artificial nests may increase pollinator abundance, whether they would 

increase diversity is more questionable. 

 

There were some issues regarding obtaining enough survey responses in this study. Due to this 

difficulty, companies were contacted worldwide but this was undesirable as it introduced numerous 

variables regarding differing climates and pollinator and plant species, and, as such, the results are less 

valuable then had they been constrained to one geographical area. Despite increasing the countries 

accepted in the study, however, the response rate was still very low. This could have been for several 

reasons. Some were stated, such as businesses being too busy, but questions may have also been difficult 

to answer, possibly due to their broadness or wording and companies could also have simply been 

uninterested in participating.  

The survey questions were open, which was advantageous in that more in-depth answers were 

possible and potential biases incited in leading multiple-choice questions could be avoided, however, 

there were also downsides in that sometimes questions weren’t fully understood, unusable answers were 

given, and data was more challenging to analyse. In hindsight, including some closed questions would 

have been preferable. In any case, the sample size of this study is too small to generalize results. 

Nevertheless, the results obtained may point towards interesting areas of future research. 

Already existing literature regarding the biodiversity potential of living walls, and even what species 

are best suited for pollinators, is lacking and future fieldwork in these areas would be beneficial. This 

particular study could have been improved by utilizing a longer and more in-depth questionnaire 

although unfortunately this felt inviable due to the already low response rate. Some questions already 

included, however, may have been unsuitable for manufacturers, specifically ‘can insects burrow into 

substrate?’ which manufacturers may not have had the expertise to answer. This sort of question would 

be better answered in a dedicated field study, but this was beyond the scope of this paper. Future work 

regarding the ability to use and preference of insects for various living wall substrates, and whether 

ground nesting bees would use substrate on a vertical surface, would be of interest. 

 

5.1 Reconstructing Habitat in Practice 
 

It's been stated that diverse pollinator communities can be supported in urban areas with good habitat 

quality (Bates et al. 2011). The findings of this paper suggest that living walls could likely support 

plants that could provide pollinators with forage and, possibly, provide nesting sites for some species. 

However, there are additional factors to consider when speculating living wall effectiveness in practice. 

City habitats are typically fragmented and small (Goddard et al. 2010), features which generally 

decrease pollinator diversity and abundance (Menz et al. 2011). An urban matrix’s overall structure 

influences pollinator mobility, density and diversity with features like roads and railways being 

particularly restricting to dispersal (Henning & Ghazoul 2012). As such, it needs to be considered 

whether pollinators would access living walls in such settings.  

Pollinating insects need habitat connectivity (Henning & Ghazoul 2012) but not all species are 

equally impacted by urbanization and fragmentation. Invertebrate pollinators with slow development, 

low mobility and specific habitat needs, for example, are rare in cities (Bates et al. 2011 and Menz et 



31 
 

al. 2011) and are associated with worse declines. This suggests that species with more complex life 

cycles, or life cycles that don’t lend themselves to swift colonization and recovery, may be challenging 

to restore (Menz et al. 2011). By contrast, strong flying, generalist species such as Apis melifera and 

Bombus lapidarius can already cope well in urban settings (Bates et al. 2011, Blaauw & Isaacs 2014a). 

Supporting this, it’s been shown that garden plant choice can easily benefit bumblebees and honeybees 

as they can forage over long distances in relation to their nests. Therefore, these species can exploit 

fragmented resources such as gardens. Moths and butterflies, however, are rare garden visitors and 

therefore may not experience the same benefits. Additionally, it’s been found that adult forage isn’t 

particularly limiting for this group (Garbuzov & Ratnieks 2014a, Garbuzov & Ratnieks 2014b). If living 

walls were to follow a similar pattern as gardens, behaving as fragmented, urban, habitat patches, they 

may improve the abundance of far foraging species, such as honeybees and bumblebees, but their ability 

to support more niche groups, and therefore their benefits to diversity, may be more limited. 

Where pollinators can move through hostile environments, stepping stones of green space, such 

as living walls, can increase landscape and genetic connectivity, facilitating movement between isolated 

habitat fragments and improving pollinator diversity on a landscape scale. However, where species are 

limited regarding dispersal ability, they require continuous habitat links to move between sites. Sites 

linking habitat fragments together are called “green” or “habitat corridors” (Menz et al. 2011).  

Corridor efficiency varies between taxa but generally the enlargement of habitats is of greater 

benefit, especially when such patches exceed the minimum area needed to support viable populations 

(Menz et al. 2011). Potential wall space for such habitat expansion could be significant. In England it’s 

been estimated that wall surface is equivalent to 10% of urban land, while in the US this has been 

estimated at 50% for American cities (Madrea et al. 2015). In 2009, global city surface area was 

predicted to double, along with wall area, by 2030 (Madrea et al. 2015). Further research regarding 

minimum habitat requirements, colonization capabilities and requirements or barriers to dispersion of 

pollinator species is desirable to restore populations (Menz et al. 2011) but the impacts of these factors 

in comparison to available wall space is beyond the scope of this paper.  

On a general level, however, it’s been shown that larger habitat patches, with better 

connectivity, support larger and more stable populations across a range of taxa (Goddard et al. 2010). 

However, like with fragmentation and corridor efficiency, different pollinators respond differently to 

habitat size. It’s been found that wild bee density increases with increasing patch size, being 

significantly higher in 100m2 patches than 1m2 patches. This is especially the case for smaller bee 

species with limited dispersal. By contrast, larger bee species, honey bee and hoverfly density don’t 

seem affected at these scales, possibly due to larger ranges (Blaauw & Isaacs 2014a). 

This may suggest that isolated living walls could again benefit larger bees and honey bees, as 

well as hoverflies, but smaller bee species may also benefit from larger walls. In any case, to maximize 

potential, the entire urban matrix needs to be considered (Henning & Ghazoul 2012). While living walls 

could act as a habitat fragment or a piece of a corridor, their potential benefit would be impacted by 

structures such as roads separating one wall from another (Menz et al. 2011). Living walls are only one 

urban greening technique and other avenues of reconciliation ecology are important to use in addition 

to living walls for best results. These include living roofs, parks, private gardens, allotments, road and 

railway buffers and urban trees (Francis & Lorimer 2011, Menz et al. 2011). 

It may also be beneficial to consider captive breeding and subsequent reintroduction programs 

of pollinators where species have been extirpated and natural colonization is unlikely. However, 

research in this area is needed as studies on native pollinator breeding and reintroduction into either 

natural or restored areas is lacking (Menz et al 2011).  

 

In practice, to install green infrastructure for conservation efforts would require a top-down approach 

and the cooperation of landscape engineers, urban planners, ecologists and politicians (Francis and 

Lorimer 2011), especially if high connectivity between green urban fragments is desired (Bretzel et al. 

2016). Education, income, levels of home ownership and building types and density will also all impact 

how willing and able people are to invest in environmental improvements. For example, poor, densely 

housed areas take up less land but are also limited in appropriate spaces for urban greening, while 

affluent areas typically have low building densities, fragmenting more natural habitat, but their structure 

better accommodates green infrastructure (Francis & Lorimer 2011).  
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Wealth particularly impacts how much a community or government is willing to invest. Living 

walls are quite expensive. Roughly, prices are around £260/$390 per m2 (Francis & Lorimer 2011) but 

they can be as much as 1200€/m2 ($1350), depending on the system (Manso & Castro-Gomes 2015). 

This is more expensive than the typical cost of a living roof, roughly £100/$150 per m2 (Francis & 

Lorimer 2011) and considerably more than green facades at 75€/m2 ($85) (Manso & Castro-Gomes 

2015). Additionally, living walls need more maintenance. This difference in cost may explain the 

relative rarity of living walls compared to other green structures (Francis & Lorimer 2011).  

Positively, however, the use of pollinator friendly plants doesn’t need to be more expensive, 

nor increase gardening work, or compromise aesthetics compared to less preferable species (Garbuzov 

& Ratnieks 2014a). Nevertheless, some beneficial, native species such as dandelions, Taraxacum ssp., 

and clovers, Trifolium ssp., may be considered unsuitable as ornamentals (Feltham et al. 2015, 

Garbuzov & Ratnieks 2014b).  Additionally, many native species are essentially unusable due to being 

difficult to obtain even from specialist suppliers (Garbuzov & Ratnieks 2014b). 

 

5.2 Other Benefits 
 

In addition to benefitting pollinator biodiversity, green urban infrastructure, such as living walls, could 

also benefit other sustainability issues. There are several potential benefits to the local and global 

environment. One such factor is air pollution, which is linked with a range of illnesses including lung 

cancer, atherosclerosis and asthma, and, in 2012, air pollution was estimated to have caused 3.7 million 

premature deaths globally. Plants in living walls have been shown to reduce air pollution by removing 

a wide range of particulates and toxic gases from the air, including heavy metals, therefore improving 

air quality and, by extension, human health (Feng & Hewage 2014, Weerakkody et al 2017). 

Urban greening can also mitigate the urban heat island effect (Feng & Hewage 2014, Manso & 

Castro-Gomes 2015, Ottelé et al. 2011), important for climate change adaptation (Ottelé et al. 2011). 

The urban heat island effect is the phenomenon where towns and cities are hotter than nearby 

countryside. This is due to the release of heat from anthropogenic sources, such as vehicles, but also 

due to widespread dark surfaces, such as asphalt and concrete, which absorb and re-radiate the sun’s 

heat rather than reflect it. Some air pollutants, notably aerosols, may also re-radiate heat (Memon et al. 

2008).  

More vegetation has been cited by many studies as a promising solution for the urban heat 

island effect (Memon et al. 2008, Ottelé et al. 2011). This includes living walls which can help to 

thermally regulate buildings as the vegetation uses the sun’s energy for photosynthesis and 

evapotranspiration. Additionally, plants have a higher albedo than regular city surfaces so more light 

energy is reflected. The result is increased humidity, lower temperatures and little energy left to 

penetrate the building’s wall (Feng & Hewage 2014, Manso & Castro-Gomes 2015, Memon et al. 2008, 

Ottelé et al. 2011). 

This saves both money and energy (Memon et al. 2008). Building durability is improved as 

plants reduce the quantity of damaging UV light hitting building surfaces. Additionally, electricity used 

in air conditioning can be reduced by 8% for every 0.5°C internal air temperatures decrease (Ottelé et 

al 2011). In the UK, air during summer was found to be 3 to 5°C cooler around a living wall and the 

wall surface itself could be 10°C cooler (Riley 2017). A study in Singapore showed similar results with 

maximum temperature reductions of 11.6°C, and potential energy savings between 35% to 90% (Feng 

& Hewage 2014). While the benefits are most apparent in hot climates (Charoenkit & Yiemwattana 

2017), plants also act as insulators in cold weather and reduce the cooling effects of wind on buildings. 

These warming effects can reduce mean energy spending by up to 38% (Manso & Castro-Gomes 2015, 

Ottelé et al 2011, Riley 2017, Tudiwer & Korjenic 2017). 

Living walls can also benefit storm water management by utilizing rainwater for irrigation 

(Riley 2017). Plants on living walls can also act as carbon sinks. Although research on this benefit is 

limited, recent estimates suggest that a 98m2 living wall can capture an average of 13.41 to 97.03 kg of 

CO2 per year (Charoenkit & Yiemwattana 2017). While plant choice has a strong effect on the efficiency 

of many of these benefits, and the most suitable plants may not be the same as those most beneficial for 

biodiversity, some positive effects tend to be seen with any plant assortment (Charoenkit & 

Yiemwattana 2017, Riley 2017, Weerakkody et al 2017). 
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Urban greening additionally has societal benefits (Manso & Castro-Gomes 2015). Certain 

urban stimuli, such as pollution, crowding and noise, results in stress, which is correlated with numerous 

illnesses including anxiety, depression, addiction, fatigue, (Rawson et al. 1994, Ulrich et al. 1991) 

impaired immune system function (Reiche et al. 2004), autoimmune diseases, asthma (Cohen et al. 

2007), the likelihood of some cancers (Reiche et al. 2004) and cardiovascular disease (Cohen et al. 

2007). By contrast, people who can access nature are generally happier and healthier (Kaplan & Kaplan 

1989) with studies showing that natural scenes relieve stress (Maller et al 2006, Ulrich et al. 1991) and 

can even facilitate faster recovery in hospital patients (Ulrich 1984). Living walls could promote such 

benefits and improve living conditions by improving local aesthetics (Ottelé et al 2011), reducing sound 

pollution (Askorra et al. 2015, Manso & Castro-Gomes 2015) and facilitating urban people’s 

interactions with the natural world (Goddard et al 2010, Henning & Ghazoul 2012). Increased plant life 

has also been shown to reduce crime and other anti-social behaviour and increases property value 

(Manso & Castro-Gomes 2015).  

 

5.3 Are they Sustainable? 
 

In addition to socioeconomic challenges, when considering living walls for their environmental and 

social benefits, the environmental impacts of living walls needs considering. Living wall systems 

provide more sheltered and diverse plant communities but currently run a greater environmental cost 

when compared to other methods of urban greening. Their water and fertiliser consumption (Madrea et 

al. 2015, Riley 2017), construction materials, durability, recycling potential and vegetation durability 

all effect their environmental impact (Manso & Castro-Gomes 2015, Riley 2017, Tudiwer & Korjenic 

2017). 

A life cycle analysis study looking at direct and indirect green facades and living wall systems, 

based on felt layers and planter boxes, found that the living walls and the indirect greening system all 

had major environmental impacts, even when considering temperature related energy savings (Ottelé et 

al. 2011). This was due to that materials required for the support frameworks needed to be sourced, 

transported and generate waste when reaching the end of their service life. The plants themselves also 

had a small environmental burden due to their transportation to the wall. The felt layers living wall was 

considered the most unsustainable due to the panels requiring replacement five times over a 50 year 

service life with the modules being impossible to fully recycle, resulting in excessive waste. 

Additionally, regarding fresh water and aquatic ecotoxicity, felt layers had more than five times the 

impact of the planter box living wall systems and indirect façade. By contrast, planter box living walls 

were far less impactful in their materials and waste and were also more efficient insulators, saving 6.3% 

heating related energy, compared to 4% from felt layers (Ottelé et al. 2011). 

Otellé et al. found in their study that only direct green facades were always a sustainable method 

of greening, requiring no framework and no watering, nutrient systems or plant replacement. 

Nevertheless, the study did suggest that living wall systems based on planter boxes were a superior 

environmental choice to felt systems and that better integration within the building could reduce 

material requirements. Further, changing materials to more sustainable options could significantly 

reduce environmental burden. For example, the use of stainless steel has a tenfold greater environmental 

impact than using recycled materials (Ottelé et al. 2011). 

Additional to the environmental impact of the structure, continuous systems are also 

particularly water intensive due to being hydroponic systems (Manso & Castro-Gomes 2015). Irrigation 

needs are highly variable and depend on multiple factors such as location, temperature and humidity, 

light exposure, substrate and vegetation and whether a wall is indoor or outdoor, passive or active 

(Pérez-Urrestarazu et al. 2014). Little information has been published regarding unsustainable use of 

water in living walls, but criticism does exist within the design profession and published research is 

growing (Riley 2017). For example, in Seville, Spain, it was found that interior living walls required 3 

to 5L per m2 per day and there are examples where living walls are being over-irrigated to the point that 

it kills the plants. This can occur due to different wall microclimates. For example, a cool, shady part 

of a wall will experience far less evaporation and transpiration (Riley 2017). Typically, more irrigation 

is observed in synthetic substrates and due to gravity, irrigation can be difficult to achieve uniformly, 

and runoff can be high (Pérez-Urrestarazu et al. 2014). 
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Nevertheless, the most efficient exterior living wall systems can consume as little as 1L of water 

per m2 per day and systems can be designed to reduce potable water consumption. These systems can 

even turn a wall’s environmental burden into an environmental benefit by recycling grey water or 

harvesting rainwater which can also confer advantages to storm water management. Currently, most 

living wall systems also don’t recover their wastewater (Riley 2017). Recirculation systems can 

massively save water, but they are complicated and expensive to construct. (Pérez-Urrestarazu et al. 

2014, Riley 2017). There is also concern of damage to plants if they’re effectively living in their own 

waste and exposed to non-nutrient salts (Riley 2017). 

Two recently established living walls have made strides in obtaining water sustainably. One 

wall, the Rubens at the Palace, in London, claims to irrigate solely with rainwater harvested in rooftop 

tanks and has been used to demonstrate how urban stormwater run-off can be reduced by green 

infrastructure (Riley 2017). Another example is in Sydney where a wall used rainwater and recycled 

black water for its hydroponic living walls (Riley 2017). There is also potential that living walls could 

be supported with greywater. One study yielded promising results that living walls could be used as a 

technology to reduce the environmental burden of water treatment by using light greywater from uses 

such as showering (Fowdar et al. 2017). 

In order to be a sustainable option for conserving pollinator biodiversity, living wall 

technologies need to be developed further. Natural and recycled building materials need to be favoured 

and water recovery systems and sensors should be used to minimalize water and nutrient use (Manso & 

Castro-Gomes 2015). Wall systems must also be integrated with the building’s function and use little, 

or preferably no, portable water (Riley 2017). Currently, plants are typically selected for aesthetic 

appeal (Manso & Castro-Gomes 2015, Riley 2017, Salisbury et al 2015). However, in order to be both 

a pollinator benefitting and sustainable option, this shouldn’t be the priority in plant selection. To reduce 

irrigation needs, vegetation should be adapted to the local climate, weather conditions and exposure of 

the wall (Manso & Castro-Gomes 2015, Riley 2017). The use of drought tolerant succulents, rather than 

perennials and shrubs, is becoming more popular as this reduces irrigation needs, they require little 

maintenance and they minimize system weight (Riley 2017). Herbaceous, native species may be such 

an option and reduce input costs due to adaptations for local rainfall and requiring nutrient poor 

environments. Their lesser need for nutrients also renders less human labour and cost in the form of 

maintenance. Additionally, they can also be used for aesthetic purposes (Bretzel et al. 2016). Literature 

shows such species are preferable options for pollinators and therefore creating pollinator friendly walls 

may be quite compatible with designing sustainable living wall systems. 

 

6. Conclusion 
 

Results show that a wide range of conditions can be established on living walls regarding pH, moisture 

and nutrients which can be tailored as required. However, the potential floral species are limited by 

climatic conditions and the specific wall itself. Plant species favourable to pollinators could likely be 

grown on living walls and the study noted some crossover with favourable pollinator species and species 

already used by some living wall manufacturers. In particular, native wildflowers were found to be 

important for pollinating insects and some companies were found to already use such species.  

 Living walls can carry a high environmental burden and this must be considered when 

proposing them to support pollinators, there are options, however, to improve current practice. 

Environmental impact can be reduced through the use of more water efficient systems and the reduction 

or elimination of potable water use by utilizing other water sources such as stormwater or greywater. 

Construction materials should also be low impact or recycled to be sustainable options. Building walls 

for biodiversity may be compatible with these sustainability aims as native wild plants are adapted for 

the local environment and generally require less water and lower nutrient input.  

Regarding nesting sites, installation of artificial nests is possible but the potential for insects to 

utilize living wall substrate’s for nesting could be a point of further research. Due to a lack of data the 

results of this study can’t be generalized but they do identify habitat potential of living walls and 

pollinator plant preferences as useful areas of further study.  

 

 



35 
 

7. Acknowledgements 
 

I would like to extend my thanks to all individuals who participated in the study by taking time to fill 

out the survey and providing recommended plant species lists. Additionally, I’d like to thank Ann-Mari 

Fransson for supervising the project and Christine Haaland as the subject reviewer.  

 

8. References 

Ashman, T.L., Knight, T.M., Streets, J.A., Amarasekare, P., Burd, M., Campbell, D.R., Dudash, M.R., 

Johnston, M.O., Mazer, S.J., Mitchell, R.J., Morgan, M.T., & Wilson, W.G. (2004). Pollen limitation 

of plant reproduction: ecological and evolutionary causes and consequences. Ecology. Vol.85. No.9. 

p.2408-2421. 

Askorra, Z., Pérez, G., Coma, J., Cabeza, L.F., Bures, S., Álvaro, J.E., Erkoreka, A., & Urrestarazu, M. 

(2015) Evaluation of green walls as a passive acoustic insulation system for buildings. Applied 

Acoustics. Vol. 89. p. 46-56. 

 

Bates, J.A., Sadler, J.P., Fairbrass, A.J., Falk, S.J., Hale, J.D., & Matthews, T.J. (2011). Changing Bee 

and Hoverfly Pollinator Assemblages along an Urban-Rural Gradient. PLoS ONE. Vol. 6. No.8: 

e23459. https://doi.org/10.1371/journal.pone.0023459 

 

Bauer, D.M., & Wing, I.S. (2016) The macroeconomic cost of catastrophic pollinator declines 

Ecological Economics. Vol. 126. p.1-13. 

 

Benvenuti, S. (2014). Wildflower green roofs for urban landscaping, ecological sustainability and 

biodiversity. Landscape and Urban Planning. Vol.124. p. 151-161. 

 

Blaauw, B.R., & Isaacs, R. (2014a) Larger patches of diverse floral resources increase insect pollinator 

density, diversity, and their pollination of native wildflowers. Basic and Applied Ecology. Vol.15. p. 

701-711. 

Blaauw, B.R., & Isaacs, R. (2014b). Flower plantings increase wild bee abundance and the pollination 

services provided to a pollination‐dependent crop. Journal of Applied Ecology. Vol. 51. No.4. p. 890-

898. 

Bortolotti, L., Bogo, G., de Manincor, N., Fisogni, A., & Galloni.M. (2016). Integrated conservation of 

bee pollinators of a rare plant in a protected area near Bologna, Italy. Conservation Evidence. Vol.13. 

p. 51-56. 

 

Breeze, T.D., Roberts, S. P. M., & Potts, S. G. (2012) Decline of England’s Bees: Policy review and 

Recommendations, Friends of the Earth report. 

 

Bretzel, F., Vannucchia, F., Romano, D., Malorgio, F., Benvenuti, S., & Pezzarossa, B. (2016) 

Wildflowers: From conserving biodiversity to urban greening- a review. Urban Forestry & Urban 

Greening. Vol.20. p.428–436 

 

Cane, J.H. (1991) Soils of ground-nesting bees (Hymenoptera: Apoidea): texture, moisture, cell depth 

and climate. Journal of the Kansas Entomological Society. Vol. 64. No.4. p.406–413. 

 

Cariveau, D.P., Bartomeus, I., & Winfree, R. (2011). Native Pollinators in Anthropogenic Habitats. 

Annual Review of Ecology, Evolution, and Systematics. Vol. 42. p.1-22. 

 



36 
 

Charoenkit, S., & Yiemwattana, S. (2017). Role of specific plant characteristics on thermal and 

carbonsequestration properties of living walls in tropical climate. Building and Environment. Vol. 115. 

p.67-79. 

 

Cohen, S., Janicki-Deverts, D., Miller, G. E. (2007) Psychological Stress and Disease. JAMA. Vol. 298. 

No.14. p.1685-1687. 

 

Collins, R., Schaafsma, M., & Hudson, M.D. (2017) The Value of Green Walls to Urban Biodiversity. 

Land Use Policy. Vol.64. p.114-123. 

Critchley, C.N.R., Chambers, B.J., Fowbert, J.A., Sanderson, R.A., Bhogal, A., & Rose, S.C. (2002). 

Association between lowland grassland plant communities and soil properties. Biological 

Conservation. Vol.105. p.199-215. 

Devecchi, M., Merlo, F., Vigetti, A., & Larcher, F. (2013). The cultivation of Mediterranean aromatic 

plants on green walls. Acta horticulturae. No.999. p.243–248. 

Evans, A.N., Llanos, J.E.M., Kunin, W.E., & Evison, S.E.F. (2018) Indirect effects of agricultural 

pesticide use on parasite prevalence in wild pollinators. Agriculture, Ecosystems & Enviroment. Vol 

258. P. 40-48. 

Feltham, H.M., Park, K., Minderman, J., & Goulson, D. (2015). Experimental evidence that wildflower 

strips increase pollinator visits to crops. Ecology and Evolution. Vol.5. No. 16. p.3523–3530. 

Feng, H., & Hewage, K. (2014). Lifecycle assessment of living walls: air purification and energy 

performance. Journal of Cleaner Production. Vol. 69. p. 91-99. 

 

Fortel, L., Henry, M., Guilbaud, L., Mouret, H., & Vaissière, B.E. (2016) Use of human-made nesting 

structures by wild bees in an urban environment. Journal of Insect Conservation. Vol.20. No.2. p.239-

253. 

 

Fowdar, H.S., hatt, B.E., Breen, P., Cook, P.L.L., & Deletic, A. (2017). Designing living walls for 

greywater treatment. Water Research. Vol. 110 218-232 

Francis, R.A. (2011). Wall ecology: A frontier for urban biodiversity and ecological engineering. 

Progress in Physical Geography. Vol.35. No.1. p.43-63. 

Francis, R.A., & Lorimer, J. (2011) Urban reconciliation ecology: The potential of living roofs and 

walls. Journal of Environmental Management. Vol. 92. p. 1429- 1437. 

 

Garibaldi, L.A., Carvalheiro, L.G., Leonhardt, S.D., Aizens, M.A., Blaauw, B.R., Isaacs, R., Kuhlmann, 

M., Kleijn, D., Klein, A.M., Kremen, C., Morandin, L., Scheper, J., & Winfree, R. (2014) From research 

to action: enhancing crop yield through wild pollinators. Frontiers in Ecology and the Environment. 

Vol.12. No. 8. p. 439-447. 

 

Garbuzov, M., & Ratnieks, F.L.W. (2014a). Quantifying variation among garden plants in attractiveness 

to bees and other flower-visiting insects. Functional Ecology. Vol.28 p.364–374. 

 

Garbuzov, M., & Ratnieks, F.L.W. (2014b). Listmania: The Strengths and Weaknesses of Lists of 

Garden Plants to Help Pollinators. BioScience. Vol. 64. No. 11. p.1019–1026. 

 

Goddard, M. A., Dougill, A. J., & Benton, T. G. (2010,) Scaling up from gardens: biodiversity 

conservation in urban environments, Trends in Ecology and Evolution, Vol. 25, Issue 2, p. 90–98. 

 



37 
 

Graves, D.S., & Shapiro, A.M. (2003). Exotics as host plants of the California butterfly fauna. 

Biological Conservation. Vol. 110. p.413–433. 

Habel, J.C., Dengler, J., Janišová, M, Török, P., Wellstein, C., & Wiezik, M. (2013) European grassland 

ecosystems: threatened hotspots of biodiversity. Biodiversity and Conservation. Vol.22. No.10. p.213-

2138. 

Hennig, E.I., & Ghazoul, J. (2012) Pollinating animals in the urban environment. Urban Ecosystems. 

Vol.15. p.149-166. 

 

Hoyle, H., Norton, B., Dunnett, N., Richards, J.P., Russell, J.M., Warren, P. (2018). Plant species or 

flower colour diversity? Identifying the drivers of public and invertebrate response to designed annual 

meadows. Landscape and Urban Planning. Vol.180. p.103-113. 

 

Kaplan, R. & Kaplan, S. (1989) The Experience of Nature: A Psychological Perspective. Cambridge 

University Press, Cambridge, New York. 

 

Köhler, M. (2008). Green facades-a view back and some visions. Urban Ecosystems. Vol.11. p.423-

436. 

Larcher, F., Merlo, F., & Devecchi, M., (2013). The use of Mediterranean shrubs in green living walls. 

Agronomic evaluation of Myrtus communis. Acta horticulturae. No.990. p.495–500. 

Levé, M., Baudry, E., and Bessa-Gomes, C. (2019) Domestic gardens as favorable pollinator habitats 

in impervious landscapes. Science of The Total Environment. Vol. 662. P.1012-1027. 

 

MacIvor, J.S., & Packer, L. (2015) ‘Bee Hotels’ as Tolls for Native Pollinator Conservation: A 

Premature Verdict? PLoS ONE. Vol. 10 No.3: e0122126. https://doi.org/10.1371/journal.pone.0122126 

 

Madrea, F., Clergeaua, P., Machona, N., Vergnes, A. (2015). Building biodiversity: Vegetated façades 

as habitats for spider and beetle assemblages. Global Ecology and Conservation. Vol. 3. p.222–233. 

 

Maller, C., Townsend, M., Pryor, A., Brown, P., & St Leger, L. (2006) Healthy nature healthy 

people ‘contact with nature’ as an upstream health promotion intervention for populations. Health 

Promotion International. Vol.21. No.1. p.45-54. 

 

Manso, M., & Castro-Gomes, J. (2015) Green wall systems: A review of their characteristics. 

Renewable and Sustainable Energy Reviews. Vol.41. p.863-871. 

Mårtensson, L.M., Fransson, A.M., & Emilsson, T. (2016). Exploring the use of edible and evergreen 

perennials in living wall systems in the Scandinavian climate. Urban Forestry & Urban Greening 

Vol.15. p.84–88 

Mårtensson, L.M., Wuolo, A., Fransson, A.M., & Emilsson, T. (2014). Plant Performance in Living 

Wall Systems in the Scandinavian Climate. Ecological Engineering. Vol. 71. p. 610 – 614. 

 

Memon, R.A., Leung, D.Y.C., & Chunho, L. (2008). A review on the generation, determination and 

mitigation of Urban Heat Island. Journal of Environmental Sciences. Vol. 20. p.120–128. 

 

Menz, M.H.M., Philips, R.D., Winfree, R., Kremens, C., Aizen, M.A., Johnson, S.D., & Dixon, K.W. 

(2011) Reconnecting plants and pollinators: challenges in the restoration of pollination mutualisms. 

Trends in Plant Science. Vol. 16. No. 1. p.4-12. 

 



38 
 

Nicholls, C.I., and Altieri, M.A. (2013). Plant biodiversity enhances bees and other insect pollinators in 

agroe-cosystems. A review. Agronomy for Sustainable Development.  

Vol. 33, No. 2, p.257-274. 

 

Nicholson, C.C., Ricketts, T.H. (2019) Wild pollinators improve production, uniformity, and timing of 

blueberry crops. Agriculture, Ecosystems & Environment. Vol. 272. P.29-37. 

Öckinger, E., & Smith, H.G. (2007). Semi‐natural grasslands as population sources for pollinating 

insects in agricultural landscapes. Journal of Applied Ecology. Vol. 44. No.1. p.50-59. 

Ottelé, M., Perini, K., Fraaij, A.L.A., Hass, E.M., & Raiteri, R. (2011) Comparative life cycle analysis 

for green façades and living wall systems. Energy and Buildings. Vol.43. No. 12. p. 3419-3429. 

 

Pérez-Urrestarazu, L., Egea, G., Franco-Salas, A., & Fernández-Cañero, R. (2014). Irrigation Systems 

Evaluation for Living Walls. Journal of Irrigation and Drainage Engineering. 

doi:10.1061/(ASCE)IR.1943-4774.0000702. 

 

Pérez-Urrestarazu, L., Fernández-Cañero, R., Franco-Salas, A., & Ege. G. (2015). Vertical Greening 

Systems and Sustainable Cities. Journal of Urban Technology. Vol.22. No.4. p.65-85. 

 

Potts, G.S., Biesmeijer, J.C., Kremen, C., Neumann, P., Schweiger, O., & Kunin, W.E. (2010). Global 

Pollinator declines: trends, impacts and drivers. Trends in Ecology and Evolution. Vol. 25. Issue. 6. p. 

345-353. 

 

Potts, S.G., Vulliamy, B, M., Dafni, A., Ne’eman, G., & Willmer, P. (2003) Linking Bees and Flowers: 

How do Floral Communities Structure Pollinator Communities? Ecology. Vol. 84. No. 10. p. 2628-

2642. 

 

Rawson, H. E., Bloomer, K., & Kendell, A. (1994) Stress, Anxiety, Depression, and Physical Illness in 

College Students. The Journal of Genetic Psychology: Research and Theory on Human Development. 

Vol. 155. No.3. p.321-330. 

 

Reece, J.B., Urry, A.l., Cain, M.L., Wasserman, S.A., Minorsky, P.V., Jackson, R.B. (2011). Campbell 

Biology, Ninth Edition. San Francisco. Pearson. p.646-681, 831-841, 847-853. 

 

Reiche, V., Maria, E., Odebrecht S., Nunes, V. & Morimoto, H. K. (2004) Stress, depression, the 

immune system, and cancer. THE LANCET Oncology. Vol. 5. No. 10. p.617–625. 

 

Riley, B. The state of the art of living walls: Lessons learned. (2017) Building and Environment. Vol. 

114. p. 219-232. 

Salisbury, A., Armitage, J., Bostock, H., Perry, J., Tatchell, M., & Thompson, K. (2015). Enhancing 

gardens as habitats for flower-visiting aerial insects (pollinators): should we plant native or exotic 

species?  Journal of Applied Ecology. Vol.52. p.1156–1164. 

 

Royal Horticultural Society. (2019) RHS Plants for Pollinators. [Online] Available from: 

https://www.rhs.org.uk/science/conservation-biodiversity/wildlife/plants-for-pollinators Accessed: 

01/05/2019. 

Sidhu, C.S., Joshi, N.K. (2016). Establishing Wildflower Pollinator Habitats in Agricultural Farmland 

to Provide Multiple Ecosystem Services. Frontiers in Plant Science. Vok.7. p.363. doi: 

10.3389/fpls.2016.00363 

Steffan-Dewenter, I., Potts, S.G., and Packer, L. (2005). Pollinator diversity and crop pollination 

services are at risk. TRENDS in Ecology and Evolution. Vol. 20, No.12, p.651-652. 



39 
 

 

Trejo-Téllez, L.I., & Gómez-Merino, F.C. (2012). Nutrient Solutions for Hydroponic Systems, in: Asao, 

T. (Ed.). Hydroponics—A Standard Methodology for Plant Biological Researches. InTech. 

 

Tudiwer, D., & Korjenic, A. (2017). The effect of living wall systems on the thermal resistance of the 

façade. Energy and Buildings. Vol. 135. p.10-19. 

 

Ulrich, R. S. (1984) View through a Window may Influence Recovery from Surgery. Science, New 

Series. Vol. 224. No. 4647. p.420-421. 

 

Ulrich, R. S., Simons, R. F., Losito, B. D., Fiorito, E., Milles, M. A., & Zelson. M. (1991) Stress 

recovery during exposure to natural and urban environments. Journal of Environmental Psychology. 

Vol.1. No.3. p.201-230. 

 

University of Bristol. (2002-2015) Urban Pollinators Project. [Online] Available from: 

http://www.bristol.ac.uk/biology/research/ecological/community/pollinators/background/ 

[Accessed: 04/03/2019]. 

Van Swaay, C.A.M. (2002). The importance of calcareous grasslands for butterflies in Europe. 

Biological Conservation. Vol.104. p.315–318. 

Wallis De Vries, M.F., Poschlod, P., & Willems, J.H. (2002).  Challenges for the conservation of 

calcareous grasslands in northwestern Europe: integrating the requirements of flora and fauna. 

Biological Conservation. Vol. 104. No. 3. p. 265-273. 

Weerakkody, U., Dover, J.W., Mitchell, P., & Reiling, K. (2017). Particulate matter pollution capture 

by leaves of seventeen living wall species with special reference to rail-traffic at a metropolitan station. 

Urban Forestry and Urban Greening. Vol. 27. p. 173-186. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



40 
 

9. Appendix 
 

9.1 Living Wall Questionnaire 
 

Many thanks for participating in this questionnaire! Data gathered will only be used in aggregated form 

and answers will remain anonymous. Any additional details in answers are gratefully received. Feel 

free to just answer in part, or skip, any questions not applicable to you or cannot be fully answered.  

 

Structural and Design Questions: 

 

1) What types of systems/substrates/mediums do you have available for external living walls? 

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________ 

 

-What range of thicknesses do these substrates/mediums have?  

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________ 

 

-Could insects burrow into any of these substrates/mediums? If yes, which? 

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________ 

 

2) Are there any restrictions for how much water can be supplied to plants? If so, what are 

these limits and to which substrates/living wall systems/mediums do they apply? 

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________ 

 

3) Can nutrients be tailored to any type of plant?  

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________ 

 

-If not, what are the limits in the type and quantity of nutrients and to which substrate/living wall 

systems do they apply? 

__________________________________________________________________________________

__________________________________________________________________________________ 

__________________________________________________________________________________ 

 

4) What pH range can your walls support? 

__________________________________________________________________________________

__________________________________________________________________________________ 

 

-Does this vary with substrate/system, if so how? 

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________ 
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5) How tall and heavy can plants be? (in m and kg/ m2 if possible, for example is the system 

limited to short plants such as herbs and grasses or can it support larger species such as 

trees?)  

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________ 

 

-Does this vary with substrate/system, if so how? 

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________ 

 

6) Do you offer any options to incorporate nesting sites for insects within the wall? E.g. insect 

hotels, hives. If yes, what options do you offer, and can they be included with any 

substrate/living wall system? 

__________________________________________________________________________________ 

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________ 

 

Plant Choice Questions: 

 

7) What plant species/types do you typically use/recommend for your walls? Does this vary 

with substrate/system? 

__________________________________________________________________________________

__________________________________________________________________________________ 

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________ 

 

-Why are they chosen? 

__________________________________________________________________________________

__________________________________________________________________________________ 

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________ 

 

8) Is any plant species feasible to grow on your living walls? Do you recommend any plant 

species/ types of plants not be used? Does this vary with system/ substrate, if so how? 

__________________________________________________________________________________

__________________________________________________________________________________ 

__________________________________________________________________________________

__________________________________________________________________________________ 

 

9) Are there any specific plant adaptations that are generally favoured? (e.g. drought/wind 

tolerance). Does this vary with system/ substrate, if so how? 

__________________________________________________________________________________

__________________________________________________________________________________ 

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________ 

 

10) Would your plant recommendations change depending on local conditions? (e.g. direction 

wall faces, height of wall, local rainfall, temperature etc) Does this vary with system/ 

substrate, if so how? 
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__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________ 

 

11) Have you ever integrated native wild plants into your walls? 

__________________________________________________________________________________

__________________________________________________________________________________ 

 

-If so have they been successful? 

__________________________________________________________________________________

__________________________________________________________________________________ 

 

-If so can you comment on what species/types of plants you used and why? 

__________________________________________________________________________________

__________________________________________________________________________________ 

__________________________________________________________________________________

__________________________________________________________________________________ 

 

 

Thank you very much for taking the time to fill out this questionnaire! 

 

9.2 Plant recommendations 
 
Table 6: Fytotextile general plant recommendations- Plant Characteristics. Recommendations for UK 

climate. Plant characteristics details sourced from RHS. Clade details sourced from The Plant List. In addition to 

this plant list, fytotextile installer also stated they’d been working to design a system with much larger pockets to 

accommodate small trees and large shrubs such as birch, rowan, pinus, cryptomeria, juniper and rhus. 

 

 
Species Common 

name 

Clade Origin Foliage Habit Height (m) Spread (m) RHS ‘perfect 

for pollinators’ 

logo 

Abelia 

chinensis 

Chinese 

abelia 

Angiosperm China Deciduous Bushy 1-1.5 1-1.5 No 

Acorus 

ogon 

Slender 

sweet flag 

'Ogon' 

Angiosperm - Semi-

evergreen, 

grass-like 

perennial 

Bushy 0.1-0.5 0.1-0.5 No 

Agapanth

us 

Various Angiosperm - Perennials, 

sometimes 

evergreens 

Clump-

forming  

- - Some varieties 

Ajuga 

reptans 

Bugle 

'Braunher

z' 

Angiosperm - Evergreen Mat-

forming 

0.1-0.5 0.5-1 Yes 

Allium 

schoenopr

asum 

Chives Angiosperm Temper

ate N. 

Hemisp

here 

Deciduous, 

bulbous 

perennial 

Upright 0.1-0.5 0-0.1 Yes 

Armeria 

maritima 

thrift 

'Splendens

' 

Angiosperm - Evergreen 

herbaceous 

perennial 

Tufted 0.1-0.5 0.1-0.5 Yes 

Artemisia 

dracuncul

us 

tarragon  

biting 

dragon 

Angiosperm Europe/

Russia 

Deciduous, 

woody 

perennial 

Upright 0.5-1 0.1-0.5 No 

Asplenium 

scolopend

rium 

Hart's 

tongue 

fern 

Pteridophyt

e 

- Evergreen 

fern 

Bushy 0.1-0.5 0.1-0.5 No 
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'Angustatu

m 

Aubrieta 

argenteov

ariegata 

Aubrieta Angiosperm - Evergreen 

perennial 

Trailing 0-0.1 0.1-0.5 Yes 

Aquilegia Columbin

e 'Bunting' 

Angiosperm - Deciduous 

perennial 

Bushy 0.1-0.5 0.1-0.5 Yes 

Azalea Snapdrago

n 

Angiosperm - Deciduous Bushy 0.5-1 0.1-0.5 No 

Bergenia  Various Angiosperm - Evergreen 

perennials 

Rhizom

atous 

- - Yes 

Buxus 

sempervir

ens 

Common 

box/ 

European 

box 

Angiosperm SW 

Eurasia, 

N Africa 

Evergreen 

shrubs/small 

trees 

Bushy 4-8 4-8 Yes 

Campanul

a 

Various Angiosperm - Annuals, 

herbaceous 

or evergreen 

perennials 

- - - Some varieties 

Carex 

oshimensi

s 

‘Evergold

’ 

Japanese 

sedge 

'Evergold' 

Angiosperm - Deciduous 

or 

evergreen, 

rhizomatous

/tufted 

perennials, 

Tufted 0.1-0.5 0.1-0.5 No 

Carex 

panicea 

Carnation 

sedge 

Angiosperm Greenl., 

Eur. to 

C Asia 

- - - - No 

Cerastium 

tomentosu

m 

Dusty 

miller/ 

Snow-in-

summer 

Angiosperm Eur. & 

W As. 

(mts) 

Deciduous 

perennial 

Mat 

forming 

0.1-0.5 1-1.5 No 

Chamaem

elum 

nobile 

Chamomil

e 

Angiosperm W 

Europe 

Deciduous 

perennial 

Mat 

Forming 

0.1-0.5 0.1-0.5 No 

Convolvul

us 

cneorum 

Shrubby 

bindweed/  

silvery 

bindweed 

Angiosperm Mediterr

anean 

Evergreen 

shrub 

Bushy 0.5-1 0.5-1 No 

Cotoneast

er 

horizontal

is 

Wall 

spray/ 

rock spray 

Angiosperm W 

China 

Dwarf 

deciduous 

shrub 

Trailing 0.5-1 1-1.5 No 

Cyrtomiu

m 

falcatum 

- - - - - - - No 

Delosper

ma 

cooperi 

 

Cooper's 

ice plant 

Angiosperm Africa, 

Lesotho 

Evergreen 

succulent 

Mat 

forming 

0-0.1 0.5-1 No 

Dianthus Various Angiosperm - Annuals, 

evergreen 

perennials 

or subshrubs 

- - - No 

Digitalis 

purpurea 

- Angiosperm - Semi-

evergreen 

biennial 

Upright 0.5-1 0.1-0.5 Yes 

Echinops Various Angiosperm - Annuals, 

biennials or 

perennials 

- - - Yes 

Epimediu

m 

grandiflor

um 

Large-

flowered 

barrenwor

t 

Angiosperm Far East Deciduous 

perennial 

Clump 

forming 

0.1-0.5 0.1-0.5 No 
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Erica 

carnea 

Heather Angiosperm - evergreen 

shrub 

Mat 

forming 

0.1-0.5 0.1-0.5 Yes 

Erigeron 

glaucus 

albus 

- Angiosperm - - - - - No 

Erigeron 

karvinskia

nus  

Mexican 

fleabane 

Angiosperm Mexico 

to 

Panama 

Deciduous 

perennial 

Mat 

forming 

0.1-0.5 0.5-1 Yes 

Erysimum 

‘Bowles 

Mauve’ 

Wallflowe

r 

'Bowles's 

Mauve' 

Angiosperm - Evergreen 

perennial 

Bushy 0.5-1 0.5-1 Yes 

Escallonia Various Angiosperm - Evergreen 

shrubs 

- - - Yes 

Euonymus 

fortune 

varities 

Spindle Angiosperm - Deciduous 

or evergreen 

shrubs or 

small trees 

- - - No 

Euphorbia  - Angiosperm - Annuals, 

perennials, 

shrubs or 

succulents 

- - - Some 

species/varieties 

- Ferns Pteridophyt

e 

- Perennial - - - No 

Fragaria Strawberr

y 

Angiosperm - Perennial Mat 

forming 

0.1-0.5 0.5-1 No 

Fuchsia 

riccartonii 

Fuchsia Angiosperm - Deciduous 

Shrub 

Bushy 1.5-2.5 1-1.5 Yes 

Geranium - Angiosperm - Annuals, 

biennials 

and 

perennials, 

herbaceous 

or evergreen 

- - - Yes 

Geum 

rivale 

Water 

avens/ 

chocolate 

root 

Angiosperm Europe, 

Asia, 

America 

Deciduous 

perennial 

Bushy 0.1-0.5 0.1-0.5 Yes 

Haberlea 

rhodopens

is 

Rhodope 

haberlea 

Angiosperm Bulgaria

, Greece 

Evergreen 

perennial 

Clump 

forming 

0.1-0.5 0.1-0.5 No 

Hebe 

pinguifoli

a ‘Pagei’ 

Hebe 

'Pagei' 

Angiosperm - Dwarf 

evergreen 

shrub 

Mat 

forming 

0.1-0.5 0.5-1 Yes 

Helleboru

s  

Various Angiosperm - Rhizomatou

s, 

herbaceous 

or semi-

evergreen 

perennials 

- - - Yes 

Heuchera Various Angiosperm - Evergreen, 

clump-

forming 

perennials 

- - - No 

Hosta Various Angiosperm - Clump-

forming 

herbaceous 

perennials 

- - - No 

Houttuyni

a cordata 

‘Chamele

on’ 

Heart-

leaved 

houttuynia 

'Chameleo

n' 

Angiosperm - Deciduous 

herbaceous 

perennial 

Clump 

forming 

0.1-0.5 0.5-1 No 

Hyacintho

ides Non-

scripta 

Bluebell Angiosperm W 

Europe 

Deciduous 

perennial 

Tufted 0.1-0.5 0-0.1 No 
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Hydrange

a 

Various Angiosperm - Deciduous 

or evergreen 

shrubs, or 

self-clinging 

climbers 

- - - No 

Hyssopus 

officinalis 

Hyssop Angiosperm SE 

Europe 

Eemi-

evergreen 

sub-shrub 

Bushy 0.1-0.5 0.5-1 Yes 

Iberis 

sempervir

ens 

Perennial 

candytuft 

Angiosperm S 

Europe, 

SW 

Asia 

Evergreen 

sub-shrub 

Spreadi

ng / 

Branche

d 

0.1-0.5 0.1-0.5 No 

Iris Various Angiosperm - Rhizomatou

s or bulbous 

perennials 

- - - Some 

species/varieties 

Juncus 

inflexus 

Hard rush Angiosperm Eurasia - - - - No 

Lamium 

maculatu

m 

Spotted 

deadnettle

/ 

devil's 

clover 

Angiosperm Europe, 

Asia, 

Africa 

Deciduous 

perennial 

Mat 

forming 

0.1-0.5 0.5-1 Yes 

Lavandula Various Angiosperm - Small 

aromatic 

evergreen 

shrubs 

- - - Some 

species/varieties 

Liriope 

muscari 

Big blue 

lilyturf 

Angiosperm China, 

Taiwan, 

Japan 

Evergreen 

perennial 

Clump 

forming 

0.1-0.5 0.1-0.5 No 

Lithodora 

diffusa 

Gentian 

gromwell 

Angiosperm - - - - - No 

Lonicera 

pileata 

Box-

leaved 

honeysuck

le 

Angiosperm China - - - - No 

Lupinus Various Angiosperm - Annuals, 

perennials 

or shrubs 

- - - No 

Luzula 

nivea 

Snow rush Angiosperm C & S 

Europe 

Evergreen 

perennial 

Bushy 0.5-1 0.1-0.5 No 

Luzula 

sylvatica 

Great 

wood-rush 

Angiosperm Europe 

SW 

Asia 

Evergreen 

perennial 

grass 

Mat 

forming 

0.5-1 1-1.5 No 

Mahonia 

aquifoliu

m 

Oregon 

grape/ 

mountain 

grape 

Angiosperm W North 

America 

Evergreen 

shrub 

Bushy 0.5-1 1-1.5 Yes 

Mentha 

spicata 

Spearmint Angiosperm S&C 

Europe 

Deciduous 

rhizomatous 

perennial 

Suckeri

ng 

0.5-1 1-1.5 Yes 

Nandina 

domestica 

Sacred 

bamboo 

Angiosperm C 

China, 

Japan 

Small 

evergreen 

shrub 

Bushy 1-1.5 1-1.5 No 

Omphalod

es verna 

Blue-eyed 

Mary/  

creeping 

forget-me-

not 

Angiosperm Europe Deciduous 

perennial 

Mat 

forming 

0.1-0.5 0.1-0.5 No 

Origanum 

vulgare 

Oregano Angiosperm Europe, 

N. 

Africa 

- - - - No 

Pachysan

dra 

terminalis 

Japanese 

spurge 

Angiosperm China, 

Japan 

Evergreen, 

rhizomatous 

perennial 

Mat 

forming 

0.1-0.5 1-1.5 No 
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Perovskia 

atriplicifol

ia 

Russian 

sage 

Angiosperm China Deciduous 

perennial 

Bushy 1-1.5 0.5-1 No 

Petrorhag

ia 

saxifraga 

Tunic 

flower/ 

coat 

flower 

Angiosperm S & C 

Europe 

- - - - No 

Phlox 

subulata 

Moss 

phlox/  

flowering 

moss 

Angiosperm E & C 

USA 

- - - - No 

Pratia 

peduncula

ta 

Blue star 

creeper 

Angiosperm Australi

a 

Evergreen 

perennial 

Mat 

forming 

0-0.1 1-1.5 No 

Primula  Various Angiosperm - Herbaceous 

or semi-

evergreen 

perennials 

- - - Some 

species/varieties 

Primula 

vialii 

Vial's 

primrose/ 

orchid 

primrose 

Angiosperm China Deciduous 

herbaceous 

perennial 

Clump 

forming 

0.1-0.5 0.1-0.5 No 

Prunella 

vulgaris 

Selfheal Angiosperm N 

Hemisp

here 

Semi-

evergreen 

perennial 

Mat 

forming 

0.1-0.5 0.1-0.5 No 

Rhododen

dron 

Various Angiosperm - Evergreen 

or 

deciduous 

shrubs or 

trees 

- - - No 

Rosmarin

us 

officinalis 

Rosemary Angiosperm Mediterr

anean 

Evergreen Bushy 1.5-2.5 1.5-2.5 No 

Salvia 

officinalis 

Common 

sage 

Angiosperm Med. 

Africa 

Evergreen 

sub-shrub 

Bushy 0.5-1 0.5-1 Yes 

Sarcococc

a 

Various Angiosperm - Evergreen 

shrubs 

- - - Some 

species/varieties 

Satureja 

montana 

Winter 

savoury 

Angiosperm S 

Europe 

Deciduous 

perennial 

Bushy 0.1-0.5 0.1-0.5 No 

Saxifraga 

x Urbium 

London 

pride 

Angiosperm - Evergreen 

perennial 

Mat 

forming 

0.1-0.5 0.5-1 No 

Scirpus 

cernuus 

- Angiosperm - - - - - No 

Sedum 

acre 

Biting 

stonecrop/  

wall 

pepper 

Angiosperm Europe/

Africa/T

urkey 

- - - - No 

Sedum 

 album 

‘Coral 

Carpet’ 

- Angiosperm - - - - - No 

Sedum 

ewersii 

- Angiosperm Himalay

as to 

Mongoli

a 

- - - - No 

Semperviv

um 

- Angiosperm - Evergreen 

perennials 

- - - No 

Silene 

schafta 

Autumn 

catchfly 

Angiosperm Caucasu

s 

Semi-

evergreen 

perennial 

Mat 

forming 

0.1-0.5 0.1-0.5 No 

Silene 

uniflora 

Sea 

Campion 

Angiosperm Europe, 

Africa 

- - - - No 

Soleirolia 

soleirolii 

mind-

your-own-

business 

Angiosperm W 

Mediterr

anean 

Is. 

Evergreen 

perennial 

Mat 

forming 

0-0.1 0.5-1 No 
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Tellima 

grandiflor

a 

Fringe 

cups 

Angiosperm North 

America 

Deciduous 

perennial 

Bushy 0.5-1 0.1-0.5 No 

Thymus 

vulgaris 

Common 

thyme  

garden 

thyme 

Angiosperm W 

Mediterr

anean 

Evergreen 

shrub 

Bushy 0.1-0.5 0.1-0.5 Yes 

Tiarella  Various Angiosperm - Rhizomatou

s 

herbaceous 

perennials 

- - - No 

Uncinia 

rubra 

Red hook 

sedge 

Angiosperm New 

Zealand 

Evergreen, 

perennial 

sedge 

Tufted 0.1-0.5 0.1-0.5 No 

Veronica 

umbrosa 

Georgia 

Blue 

Speedwell 

'Georgia 

Blue' 

Angiosperm - Semi-

evergreen 

perennial 

Mat 

forming 

0-0.1 0.5-1 No 

Viburnum 

tinus 

Common 

laurustinu

s 

Angiosperm Mediterr

anean 

Evergreen 

shrub 

Bushy 2.5-4 2.5-4 Yes 

Vinca 

minor 

Lesser 

periwinkle 

Angiosperm Europe, 

W Asia 

- - - - No 

 

 

 

Table 7: Fytotextile general plant recommendations- Growing Conditions. Recommendations for UK climate. 

Plant growing details sourced from RHS.  
 

Species Hardiness Soil Type Soil pH Soil Moisture Sunlight/Aspect Exposure 

Abelia chinensis H5 Sand, Chalk,  

Loam 

Acid, 

Alkaline, 

Neutral 

Moist but  

well-drained 

Full sun,  

South-facing/ 

 East-facing 

Sheltered 

Acorus ogon H6 Clay, Chalk, 

Loam 

Acid, 

Alkaline, 

Neutral 

Poorly-drained Full sun South-

facing or West-

facing 

Sheltered 

Agapanthus - - - - - - 

Ajuga reptans H7 Clay, Loam, 

Chalk, Sand 

Acid, 

Alkaline, 

Neutral 

Moist but well-

drained 

Full sun/ full/partial 

shade, South, 

North, West or 

East-facing 

Exposed or 

sheltered 

Allium 

schoenoprasum 

H6 Loam, Chalk, 

Sand, Clay 

Acid, 

Alkaline, 

Neutral 

Well-drained/ 

Moist but well-

drained 

Full sun/ partial 

shade, South/ West/ 

East-facing 

Exposed or 

sheltered 

Armeria maritima H5 Sand, Chalk, 

Loam, Clay 

Acid, 

Alkaline, 

Neutral 

Well-drained Full sun, South/ 

West/ East-facing 

Exposed or 

sheltered 

Artemisia 

dracunculus 

H6 Loam, Sand Acid, 

Alkaline, 

Neutral 

Well-drained Full sun South/ 

West-facing 

Sheltered 

Asplenium 

scolopendrium 

H6 Sand, Clay, 

Chalk, Loam 

Alkaline, 

Neutral 

Moist but well-

drained 

Full/Partial shade 

South/ North/ West 

or East-facing 

Exposed or 

Sheltered 

Aubrieta 

argenteovariegata 

H6 Sand, Chalk, 

Loam 

Alkaline, 

Neutral 

Well-drained, 

Moist but well-

drained 

Full sun, South/ 

West-facing 

Exposed or 

Sheltered 

Aquilegia H5 Sand, Loam Acid, 

Alkaline, 

Neutral 

Moist but well-

drained 

Full sun/ partial 

shade South/ East-

facing 

Exposed or 

Sheltered 

Azalea H3 Sand, Chalk, 

Loam 

Alkaline, 

Neutral 

Well-drained Full sun South/ 

West-facing 

Sheltered 

Bergenia  - - - - - - 

Buxus 

sempervirens 

H6 Clay, Chalk, 

Sand, Loam 

Acid, 

Alkaline, 

Neutral 

Well-drained, 

Moist but well-

drained 

Full/Partial shade 

South/ North/ West 

or East-facing 

Exposed or 

Sheltered 
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Campanula - - - - - - 

Carex oshimensis 

‘Evergold’ 

H7 Loam, Chalk, 

Sand, Clay 

Acid, 

Alkaline, 

Neutral 

Well-drained, 

Moist but well-

drained 

Full sun/partial 

shade South/ North/ 

West or East-facing 

Exposed or 

Sheltered 

Carex Panicea - - - - - - 

Cerastium 

tomentosum 

H7 Loam, Chalk, 

Sand, Clay 

Acid, 

Alkaline, 

Neutral 

Well-drained Full sun South/ 

West facing 

Sheltered 

or Exposed 

Chamaemelum 

nobile 

H7 Loam, Chalk, 

Sand 

Acid, 

Alkaline, 

Neutral 

Well-drained Full sun/partial 

shade South/ West 

or East-facing 

Exposed or 

Sheltered 

Convolvulus 

cneorum 

H4 Chalk, Sand, 

Loam 

Acid, 

Alkaline, 

Neutral 

Well-drained Full sun, South/ 

West-facing 

Sheltered 

Cotoneaster 

horizontalis 

H7 Chalk, Clay, 

Sand, Loam 

Acid, 

Alkaline, 

Neutral 

Well-drained Full sun South/ 

North/ West or 

East-facing 

Exposed or 

Sheltered 

Cyrtomium 

falcatum 

- - - - - - 

Delosperma 

cooperi 

 

H4 Sand Acid, 

Alkaline, 

Neutral 

Well-drained Full sun, South-

facing 

Sheltered 

Dianthus - - - - - - 

Digitalis 

purpurea 

H5 Sand, Clay, 

Chalk, Loam 

Acid, 

Alkaline, 

Neutral 

Well-drained, 

Moist but well-

drained 

Full sun/partial 

shade South/ North/ 

West or East-facing 

Exposed or 

Sheltered 

Echinops - - - - - - 

Epimedium 

grandiflorum 

H5 Clay, Loam, 

Sand 

Acid, Neutral Moist but well-

drained 

Partial shade, East/ 

West-facing 

Sheltered 

Erica carnea H6 Loam, Clay, 

Sand, Chalk 

Acid, 

Alkaline, 

Neutral 

Well-drained, 

Moist but well-

drained 

Full sun/partial 

shade South/ North/ 

West or East-facing 

Exposed or 

Sheltered 

Erigeron glaucus 

albus 

- - - - - - 

Erigeron 

karvinskianus  

H5 Sand, Loam, 

Chalk 

Acid, 

Alkaline, 

Neutral 

Well-drained Full sun, South/ 

East/ West-facing 

Sheltered 

Erysimum 

‘Bowles Mauve’ 

H4 Sand, Loam, 

Chalk 

Alkaline, 

Neutral 

Well-drained Full sun, South/ 

East/ West-facing 

Exposed or 

Sheltered 

Escallonia - - - - - - 

Euonymus fortune 

varities 

- - - - - - 

Euphorbia  - - - - - - 

- H4- - - - Part-shade - 

Fragaria H6 Loam, Clay, 

Sand, Chalk 

Neutral, Acid, 

Alkaline 

Moist but well-

drained 

Full sun, South/ 

East/ West-facing 

Sheltered 

or Exposed 

Fuchsia 

riccartonii 

H6 Chalk, Clay, 

Sand, Loam 

Neutral, Acid, 

Alkaline 

Well-drained, 

Moist but well-

drained 

Full sun/partial 

shade, South/ East/ 

West-facing 

Sheltered 

or Exposed 

Geranium - - - - - - 

Geum rivale H7 Sand, Loam, 

Chalk 

Neutral, Acid, 

Alkaline 

Moist but well-

drained 

Full sun/partial 

shade, South/ East/ 

West-facing 

Sheltered 

or Exposed 

Haberlea 

rhodopensis 

H5 Loam, Chalk, 

Sand 

Neutral, Acid, 

Alkaline 

Moist but well-

drained 

Full shade/partial 

shade, South/ East/ 

West-facing 

Sheltered 

Hebe pinguifolia 

‘Pagei’ 

H5 Chalk, Clay, 

Sand, Loam 

Alkaline, 

Neutral 

Well-drained, 

Moist but well-

drained 

Full sun/partial 

shade South/ North/ 

West or East-facing 

Sheltered 

or Exposed 

Helleborus  - - - - - - 

Heuchera - - - - - - 

Hosta - - - - - - 
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Houttuynia 

cordata 

‘Chameleon’ 

H5 Sand, Clay, 

Loam 

Neutral, Acid, 

Alkaline 

Poorly-drained, 

Moist but well-

drained 

Full sun/partial 

shade South/ West 

facing 

Sheltered 

or Exposed 

Hyacinthoides 

Non-scripta 

H6 Chalk, Clay, 

Sand, Loam 

Neutral, Acid, 

Alkaline 

Well-drained, 

Moist but well-

drained 

Partial shade South/ 

North/ West or 

East-facing 

Exposed or 

Sheltered 

Hydrangea - - - - - - 

Hyssopus 

officinalis 

H7 Chalk, Loam Alkaline, 

Neutral 

Well-drained, 

Moist but well-

drained 

Full sun/partial 

shade South/ West 

facing 

Sheltered 

or Exposed 

Iberis 

sempervirens 

H5 Loam, Chalk, 

Sand 

Alkaline, 

Neutral 

Moist but well-

drained 

Full sun South/ 

North/ West or 

East-facing 

Exposed or 

Sheltered 

Iris - - - - - - 

Juncus inflexus - - - - - - 

Lamium 

maculatum 

H7 Clay, Loam, 

Chalk, Sand 

Acid, 

Alkaline, 

Neutral 

Well-drained, 

Moist but well-

drained 

Full/partial shade, 

North/ West or 

East-facing 

Sheltered 

Lavandula - - - - - - 

Liriope muscari H5 Sand, Loam, 

Clay 

Acid, Neutral Moist but well-

drained 

Full/partial shade, 

North/ West or 

East-facing 

Sheltered 

Lithodora diffusa - - - - - - 

Lonicera pileata - - - - - - 

Lupinus - - - - - - 

Luzula nivea H5 Sand, Clay, 

Loam 

Acid, 

Alkaline, 

Neutral 

Well-drained, 

Moist but well-

drained 

Full/partial shade, 

North/  East-facing 

Sheltered 

or Exposed 

Luzula sylvatica H7 Sand, Clay, 

Loam 

Acid, Neutral Moist but well-

drained, Poorly-

drained 

Full sun, 

Full/Partial shade 

South/ North/ West 

or East-facing 

Exposed or 

Sheltered 

Mahonia 

aquifolium 

H5 Chalk, Clay, 

Sand, Loam 

Acid, 

Alkaline, 

Neutral 

Well-drained, 

Moist but well-

drained 

Full/partial shade 

North/ South/ East/ 

West-facing 

Sheltered 

or Exposed 

Mentha spicata H7 Chalk, Clay, 

Sand, Loam 

Acid, 

Alkaline, 

Neutral 

Poorly-drained, 

Moist but well-

drained 

Full sun/partial 

shade North/ South/ 

East/ West-facing 

Sheltered 

or Exposed 

Nandina 

domestica 

H5 Sand, Clay, 

Chalk, Loam 

Acid, 

Alkaline, 

Neutral 

Moist but well-

drained 

Full sun/ East/ West 

facing 

Sheltered 

Omphalodes 

verna 

H6 Sand, Chalk, 

Loam 

Acid, 

Alkaline, 

Neutral 

Moist but well-

drained 

Partial shade North/ 

East/ West-facing 

Sheltered 

or Exposed 

Origanum 

vulgare 

- - - - - - 

Pachysandra 

terminalis 

H5 Chalk, Loam, 

Clay, Sand 

Acid, 

Alkaline, 

Neutral 

Well-drained, 

Moist but well-

drained 

Full/partial shade 

North/ East facing 

Exposed or 

Sheltered 

Perovskia 

atriplicifolia 

H5 Sand, Chalk, 

Loam 

Acid, 

Alkaline, 

Neutral 

Well-drained Full sun, South/ 

West facing 

Sheltered 

or Exposed 

Petrorhagia 

saxifraga 

- - - - - - 

Phlox subulata - - - - - - 

Pratia 

pedunculata 

H4 Loam, Clay, 

Sand, Chalk 

Acid, 

Alkaline, 

Neutral 

Well-drained, 

Moist but well-

drained 

Full/partial shade 

North/ West/ East 

facing 

Sheltered 

Primula  - - - - - - 

Primula vialii H5 Loam Acid, Neutral Well-drained, 

Moist but well-

drained 

Full sun/partial 

shade North/ South/ 

East/ West-facing 

Exposed or 

Sheltered 

Prunella vulgaris H5 Loam, Clay, 

Sand, Chalk 

Acid, 

Alkaline, 

Neutral 

Well-drained, 

Moist but well-

drained, Poorly-

drained 

Full sun/partial 

shade North/ South/ 

East/ West-facing 

Exposed or 

Sheltered 
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Rhododendron - - - - - - 

Rosmarinus 

officinalis 

H4 Sand, Clay, 

Chalk, Loam 

Acid, 

Alkaline, 

Neutral 

Well-drained, 

Moist but well-

drained 

Full sun, South/ 

West/East facing 

Exposed or 

Sheltered 

Salvia officinalis H5 Clay, Loam Acid, 

Alkaline, 

Neutral 

Moist but well-

drained 

Full sun/partial 

shade North/ South/ 

East/ West-facing 

Sheltered 

Sarcococca - - - - - - 

Satureja montana H5 Loam Alkaline, 

Neutral 

Well-drained Full sun, South/ 

West/East facing 

Sheltered 

or Exposed 

Saxifraga x 

Urbium 

H5 Sand, Loam, 

Chalk, Clay 

Acid, 

Alkaline, 

Neutral 

Moist but well-

drained 

Full/partial shade 

North/ West/ East 

facing 

Exposed or 

Sheltered 

Scirpus cernuus - - - - - - 

Sedum acre - - - - - - 

Sedum album 

Coral Carpet 

- - - - - - 

Sedum ewersii - - - - - - 

Sedum 

sempervivum 

- - - - - - 

Silene schafta H5 Loam, Chalk, 

Sand 

Alkaline, 

Neutral 

Well-drained Full sun/partial 

shade North/ South/ 

West/ East facing 

Exposed or 

Sheltered 

Silene uniflora - - - - - - 

Soleirolia 

soleirolii 

H4 Loam, Chalk, 

Sand, Clay 

Acid, 

Alkaline, 

Neutral 

Well-drained, 

Moist but well-

drained 

Full sun/partial 

shade North/ South/ 

West/ East facing 

Exposed or 

Sheltered 

Tellima 

grandiflora 

H6 Sand, Chalk, 

Loam 

Acid, 

Alkaline, 

Neutral 

Moist but well-

drained 

Full sun, full/partial 

shade North/ south 

facing 

Sheltered 

Thymus vulgaris H5 Loam, Chalk, 

Sand 

Alkaline, 

Neutral 

Well-drained Full sun, South/ 

East/ West/ facing 

Sheltered 

or Exposed 

Tiarella  - - - - - - 

Uncinia rubra H3 Loam, Chalk, 

Sand, Clay 

Acid, 

Alkaline, 

Neutral 

Well-drained, 

Moist but well-

drained 

Full sun/partial 

shade North/ South/ 

West/ East facing 

Sheltered 

Veronica 

umbrosa ‘Georgia 

Blue’ 

H5 Sand, Chalk, 

Loam 

Acid, 

Alkaline, 

Neutral 

Moist but well-

drained, Well-

drained 

Full sun, South/ 

West facing 

Sheltered 

Viburnum tinus H4 Sand, Clay, 

Chalk, Loam 

Acid, 

Alkaline, 

Neutral 

Well-drained, 

Moist but well-

drained 

Full sun, full/partial 

shade 

South/West/East 

facing 

Sheltered 

Vinca minor - - - - - - 

 

Table 8: Fytotextile plants for pollinators recommendations- Plant Characteristics. Recommendations for UK 

climate. Plant characteristics details sourced from RHS. Clade details sourced from The Plant List 
 

Species Common 

name 

Clade Origin Foliage Habit Height 

(m) 

Spread 

(m) 

RHS ‘perfect 

for pollinators’ 

logo 

Pulmonaria Lungwort 

species 

Angiosperm - Herbaceous 

or semi-

evergreen 

rhizomatous 

perennials 

- - - Yes 

Mahonia ( 

small or dwarf 

if possible) 

Various Angiosperm - Evergreen 

shrubs 

- - - Some 

species/varieties 

Fritillaria 

Meleagris 

Snake’s head Angiosperm - - - - - No 

Ceanothus 

(small variety 

if possible) 

Various Angiosperm - Evergreen or 

deciduous 

shrubs/ small 

trees 

- - - No 
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Lonicera 

fragrantissima 

 

Winter 

flowering 

honeysuckle 

Angiosperm China Deciduous 

shrub 

Bushy 1.5-2.5 1.5-2.5 Yes 

Centaurea 

Montana 

White 

perennial 

cornflower 

Angiosperm - Rhizomatous 

perennial 

Bushy 0.1-0.5 0.1-0.5 Yes 

Erica carnea Alpine heath Angiosperm C & S 

Europe 

Evergreen 

shrub 

Mat 

forming 

0.1-0.5 0.1-0.5 Yes 

Rhododendron 

(dwarf) 

Various Angiosperm - Evergreen or 

deciduous 

shrubs 

- - - No 

Digitalis Foxgloves, 

various 

Angiosperm - Biennials or 

usually short-

lived 

perennials 

- - - Yes 

Nepeta Catmint Angiosperm - Annuals or, 

more often, 

perennials 

- - - Yes 

Centaurea Knapweeds, 

various 

Angiosperm - Annuals, 

perennials or 

subshrubs 

- - - Some 

species/varieties 

Lupinus Lupins, 

various 

Angiosperm - Annuals, 

perennials or 

shrubs 

- - - No 

Organium 

vulagre 

- - - - - - - No 

Calamintha  Various Angiosperm - - - - - No 

Veronica Speedwells, 

various 

Angiosperm - Annuals, 

perennials or 

sub-shrubs 

- - - Some 

species/varieties 

Eryngium Various Angiosperm - Annuals, 

biennials or 

perennials 

- - - Some 

species/varieties 

Echinops Various Angiosperm - Annuals, 

biennials or 

perennials 

- - - Some 

species/varieties 

Myrtus 

communis 

 

Myrtle Angiosperm Mediterr 

anean 

Evergreen 

shrub 

Bushy 1.5-2.5 1.5-2.5 No 

Aquilegia Various Angiosperm - Clump-

forming 

herbaceous 

perennials 

- - - Some 

species/varieties 

Erica cinerea Bell heather Angiosperm Europe, 

N. 

Africa 

Evergreen 

shrub 

Bushy 0.5-1 0.5-1 Yes 

Escallonia Various Angiosperm - Evergreen 

shrubs 

- - - Yes 

Fuchsia Fuchsias, 

various 

Angiosperm - Deciduous or 

evergreen 

shrubs 

- - - Some 

species/varieties 

Erica vagans Cornish 

Heath 

Angiosperm - Evergreen 

shrub 

- - - Yes 

Sedum 

matrona 

Stonecrop 

'Matrona' 

Angiosperm - - - - - No 

Succisa 

pratensis 

Devil's bit 

scabious/ 

blue ball 

Angiosperm Europe, 

Africa, 

Asia 

Deciduous 

perennial  

Clump 

forming 

0.5-1 0.1-0.5 No 

Stachys 

palustris 

 

Marsh 

woundwort 

Angiosperm - - - - - No 
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Papaver 

rhoeas 

Common 

poppy 

Angiosperm - Deciduous 

annual 

Upright 0.5-1 0.1-0.5 Yes 

Papaver 

cambricum 

 

Welsh poppy Angiosperm W 

Europe 

Deciduous 

perennial 

Clump 

forming 

0.1-0.5 0.1-0.5 No 

Lotus 

corniculatus 

 

Bird’s foot 

trefoil 

Angiosperm - Deciduous 

perennial 

Bushy 0.1-0.5 0.1-0.5 No 

Trifolium Clover, 

various 

Angiosperm - Erect or 

creeping 

annuals, 

biennials and 

herbaceous 

perennials 

- - - Some 

species/varieties 

Lamium 

purpureum 

 

Red 

deadnettle 

Angiosperm - - - - - No 

Vicia sepium 

 

Bush vetch Angiosperm Europe 

to C 

Asia 

- - - - No 

Vicia sativa 

 

Common 

vetch 

Angiosperm - Deciduous 

annual 

Climbing 0.5-1 - No 

Symphytum 

 

Comfrey, 

various 

Angiosperm - Rhizomatous 

herbaceous 

perennials 

- - - No 

Melilotus 

albus 

White 

melilot 

Angiosperm - - - - - No 

Linaria Toadflax, 

various 

Angiosperm - Annuals, 

biennials or 

herbaceous 

perennials 

- - - Some 

species/varieties 

Echium 

vulgare 

Viper’s 

bugloss 

Angiosperm Europe Deciduous 

biennial 

Upright 0.5-1 0.1-0.5 Yes 

Arctium Burdock, 

various 

Angiosperm - Tap-rooted 

biennials 

- - - No 

Ballota nigra Black 

horehound 

Angiosperm Eurasia, 

N Afr. 

Semi-

evergreen 

perennial 

Bushy 0.5-1 0.5-1 No 

Leontodon Hawkbit, 

various 

Angiosperm - Herbaceous 

perennials 

- - - No 

Senecio Ragwort, 

various 

Angiosperm - Annuals, 

biennials, 

perennials, 

climbers or 

shrubs 

- - - Some 

species/varieties 

 
Table 9: Fytotextile plants for pollinator recommendations- Growing Conditions. Recommendations for UK 

climate. Plant growing details sourced from RHS.  
 

Species Hardiness Soil Type Soil pH Soil Moisture Sunlight/Aspect Exposure 

Pulmonaria - - - - - - 

Mahonia ( 

small or dwarf 

if possible) 

- - - - - - 

Fritillaria 

Meleagris 

- - - - - - 

Ceanothus 

(small variety 

if possible) 

- - - - - - 
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Lonicera 

fragrantissima 

 

H6 Chalk, Clay, 

Sand, Loam 

Acid, 

Alkaline, 

Neutral 

Well-drained, 

Moist but well-

drained 

Full sun, partial 

shade, North/ East/ 

South/ West-facing 

Sheltered 

or Exposed 

Centaurea 

Montana 

H7 Sand, Clay, 

Chalk, Loam 

Acid, 

Alkaline, 

Neutral 

Well-drained, 

Moist but well-

drained 

Full sun, partial 

shade, East/ South/ 

West-facing 

Exposed or 

Sheltered 

Erica carnea H6 Sand, Clay, 

Loam, Chalk 

Acid, 

Alkaline, 

Neutral 

Well-drained, 

Moist but well-

drained 

Full sun, partial 

shade, North/ East/ 

South/ West-facing 

Exposed or 

Sheltered 

Rhododendron 

(dwarf) 

- - - - - - 

Digitalis - - - - - - 

Nepeta - - - - - - 

Centaurea - - - - - - 

Lupinus - - - - - - 

Organium 

vulagre 

- - - - - - 

Calamintha  - - - - - - 

Veronica - - - - - - 

Eryngium - - - - - - 

Echinops - - - - - - 

Myrtus 

communis 

 

H4 Chalk, Clay, 

Sand, Loam 

Acid, 

Alkaline, 

Neutral 

Moist but well-

drained 

Full sun, South/West-

facing 

Sheltered 

Aquilegia - - - - - - 

Erica cinerea H7 Loam, Clay, 

Sand 

Acid, Neutral Well-drained, 

Moist but well-

drained 

Full sun, 

South/West/East- 

facing 

Exposed or 

sheltered 

Escallonia - - - - - - 

Fuchsia - - - - - - 

Erica vagans - - - - - - 

Sedum 

matrona 

- - - - - - 

Succisa 

pratensis 

H7 Loam, Chalk, 

Clay 

Acid, 

Alkaline, 

Neutral 

Moist but well-

drained, Poorly-

drained 

Full sun, partial 

shade, North/ East/ 

South/ West-facing 

Exposed or 

Sheltered 

Stachys 

palustris 

 

- - - - - - 

Papaver 

rhoeas 

H7 Loam, Chalk, 

Sand 

Acid, 

Alkaline, 

Neutral 

Well-drained Full sun North/ East/ 

South/ West-facing 

Exposed or 

Sheltered 

Papaver 

cambricum 

 

H6 Loam, Clay, 

Sand 

Acid, Neutral Moist but well-

drained 

Partial shade North/ 

East/ South/ West-

facing 

Sheltered 

Lotus 

corniculatus 

 

H7 Loam, Chalk, 

Sand 

Acid, 

Alkaline, 

Neutral 

Well-drained Full sun East/ South/ 

West-facing 

Exposed or 

Sheltered 

Trifolium - - - - - - 

Lamium 

purpureum 

 

- - - - - - 

Vicia sepium 

 

- - - - - - 
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Vicia sativa 

 

H7 Loam, Chalk, 

Sand 

- Well-drained Full sun - 

Symphytum 

 

- - - - - - 

Melilotus 

albus 

- - - - - - 

Linaria - - - - - - 

Echium 

vulgare 

H7 Loam, Chalk, 

Sand 

Acid, 

Alkaline, 

Neutral 

Well-drained Full sun, North/ East/ 

South/ West-facing 

Exposed or 

Sheltered 

Arctium - - - - - - 

Ballota nigra H4 Loam, Chalk, 

Sand 

Acid, 

Alkaline, 

Neutral 

Well-drained, 

Moist but well-

drained 

Full sun, partial 

shade, East/ South/ 

West-facing 

Exposed or 

Sheltered 

Leontodon - - - - - - 

Senecio - - - - - - 

 
Table 10: Plant recommendations for panel and pocket based hydroponic systems- Plant Characteristics. 

Recommendations for South-eastern US climate. Plant growing details sourced from RHS. 
 

Genus/Species Common 

name 

Clade Origin Foliage Habit Height 

(m) 

Spread 

(m) 

RHS 

‘perfect for 

pollinators’ 

logo 

Dracaena Various Angiosperm - Evergreen 

trees and 

shrubs 

Bushy - - No 

Schefflera Various Angiosperm - Evergreen 

trees, shrubs 

or climbers 

- - - No 

Scindapsus 

pictus 

 

Potho Angiosperm - Evergreen Climber 1-1.5 0.5-1 No 

Philodendron Various Angiosperm - Evergreen 

trees, shrubs 

or climbers 

- - - No 

Calathea - Angiosperm - - - - - No 

Alocasia Various Angiosperm - Evergreen 

rhizomatous 

or tuberous 

perennials 

- - - No 

Nigella 

damascena 

 

Bird’s nest Angiosperm S 

Europe 

N 

Africa 

Deciduous 

annual 

Bushy 0.1-0.5 0.1-0.5 No 

- Great 

Variety of 

Fern 

Pteridophyte - - - - - No 

Hoya - Angiosperm - Evergreen 

perennials 

Climbing - - No 

Salvia Purple 

Queen/sage 

Angiosperm - Semi-

evergreen 

woody 

perennial 

Bushy 0.5-1 0.1-0.5 Yes 

 

Table 11: Plant recommendations for panel and pocket based hydroponic systems- Growing Conditions. 

Recommendations for South-eastern US climate. Plant growing details sourced from RHS. 
 

Species Hardiness Soil Type Soil pH Soil Moisture Sunlight/Aspect Exposure 

Dracaena - - - - - - 
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Schefflera - - - - - - 

Scindapsus 

pictus 

H1C Sand, loam Acid, 

Alkaline, 

Neutral 

Well-drained, 

Moist but well-

drained 

Full sun, South/ 

East-facing 

Sheltered 

Philodendron - - - - - - 

Calathea - - - - - - 

Alocasia - - - - - - 

Nigella 

damascena 

 

H3 Sand, Chalk, 

Loam 

Alkaline, 

Neutral 

Well-drained Full sun, 

South/West-facing 

Sheltered 

Great Variety 

of Fern 

- - - - - - 

Hoya - - - - - - 

Salvia H3 Loam Acid, 

Alkaline, 

Neutral 

Moist but well-

drained, Well-

drained 

Full sun/partial 

shade South/ West/ 

East-facing 

Exposed or 

Sheltered 

 

Table 12: Plant recommendations for hydroponic mineral wool - Plant Characteristics. Recommendations for 

USA. Plant growing details sourced from RHS 
 

Species Common 

name 

Clade Origin Foliage Habit Height 

(m) 

Spread 

(m) 

RHS 

‘perfect for 

pollinators’ 

logo 

Achillea 

millefolium 

‘Cerise 

Queen’  

Yarrow 

‘Cerise 

Queen’ 

Angiosperm - Semi-

evergreen 

Bushy 0.5-1 0.1-0.5 Yes 

Ajuga reptans Bugle Angiosperm Europe, Iran, 

SW Asia 

Evergreen 

perennial 

Mat 

forming 

0.1-0.5 0.5-1 Yes 

Alchemilla 

mollis 

Lady’s 

mantel 

Angiosperm Carpathians 

Caucas 

Deciduous 

perennial 

Clump-

forming 

0.1-0.5 0.1-0.5 No 

Bergenia 

cordifolia 

heart-leaf 

bergenia 

Angiosperm Russia 

(Siberia) 

Evergreen 

perennial 

Bushy 0.5-1 0.5-1 Yes 

Campanula 

poscharskyana 

trailing 

bellflower 

Angiosperm Croatia, 

Bosnia, 

Herzogovina 

Deciduous 

perennial 

Mat 

forming 

0-0.1 0.1-0.5 Yes 

Carex 

morrowii ‘Ice 

Dance’ 

Sedge ‘Ice 

Dance’ 

Angiosperm  - Evergreen 

perennial 

Tufted 0.1-0.5 0.1-0.5 No 

Carex 

morrowii 

‘Irish Green’ 

‘Irish Green’ Angiosperm - - - - - No 

Euonymus 

fortunei 

‘Emerald ‘N 

Gold’ 

Spindle 

'Emerald 'n' 

Gold' 

Angiosperm - Evergreen 

shrub 

Climbing 0.5-1 1-1.5 No 

Euonymus 

fortunei 

‘Emerald 

Gaiety’ 

Spindle 

'Emerald 

Gaiety' 

Angiosperm - Everygreen 

shrub 

Bushy 0.5-1 1-1.5 No 

Fragaria 

vesca 

‘Improved 

Rugen’ 

Wild 

strawberry 

Angiosperm Europe Semi-

evergreen 

perennial 

Trailing 0.1-0.5 0.5-1 No 

Geranium 

sanguineum 

‘Max Frei’ 

Bloody 

cranesbill 

'Max Frei' 

Angiosperm - Deciduous 

perennial 

Mat 

forming 

0.1-0.5 0.1-0.5 Yes 

Imperata 

cylindrica 

‘Red Baron’ 

Cogon grass 

'Rubra'  

Japanese 

blood grass 

Angiosperm - Deciduous 

perennial 

grass 

Tufted 0.1-0.5 0.1-0.5 No 
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Lonicera 

nitida 

‘Maigrun’ 

- Angiosperm - - - - - No 

Potentilla 

fruticosa 

‘Abbotswood’ 

Shrubby 

cinquefoil 

'Abbotswood' 

Angiosperm - deciduous 

shrub 

Bushy 0.5-1 0.5-1 Yes 

Spiraea 

japonica 

‘Goldflame’ 

- Angiosperm - - - - - No 

Tiarella 

wherryi 

Wherry's 

foam flower 

Angiosperm SE North 

America 

Deciduous 

perennial 

Clump-

forming 

0.1-0.5 0.1-0.5 No 

Thymus 

vulgaris 

Common 

thyme  

garden thyme 

Angiosperm W 

Mediterranean 

Evergreen 

shrub 

Bushy 0.1-05 0.1-0.5 Yes 

Veronica 

prostrata 

Prostrate 

speedwell  

rock 

speedwell 

Angiosperm Europe, SW 

Asia 

Semi-

evergreen 

perennial 

Mat 

forming 

0.1-05 0.1-05 No 

Waldsteinia 

ternata 

Siberian 

waldsteinia 

Angiosperm Europe, N 

Asia 

Semi-

evergreen 

perennia 

Mat 

forming 

0-0.1 0.5-1 No 

 

Table 13: Plant recommendations for hydroponic mineral wool – Growing Conditions. Recommendations for 

USA. Plant growing details sourced from RHS. 
 

Species Hardiness Soil Type Soil pH Soil Moisture Sunlight/Aspect Exposure 

Achillea 

millefolium 

‘Cerise 

Queen’ 

H7 Sand, Chalk, 

Loam 

Acid, 

Alkaline, 

Neutral 

Well-drained, 

Moist but well-

drained 

Full sun, South/ 

West/ East-facing 

Exposed 

Ajuga reptans H7 Chalk, Clay, 

Sand, Loam 

Acid, 

Alkaline, 

Neutral 

Moist but well-

drained, Poorly-

drained 

Partial shade, 

North/ West/ East-

facing 

Sheltered 

Alchemilla 

mollis 

H7 Chalk, Clay, 

Sand, Loam 

Acid, 

Alkaline, 

Neutral 

Moist but well-

drained 

Full sun/partial 

shade/full shade 

South/ East/ West/ 

North-facing 

Exposed or 

Sheltered 

Bergenia 

cordifolia 

H7 Sand, Clay, 

Chalk, Loam 

Acid, 

Alkaline, 

Neutral 

Moist but well-

drained 

Full sun/partial 

shade/ South/ East/ 

West/ North-facing 

Exposed or 

Sheltered 

Campanula 

poscharskyana 

H5 Sand, Clay, 

Chalk, Loam 

Acid, 

Alkaline, 

Neutral 

Moist but well-

drained 

Full sun/partial 

shade/ South/ East-

facing 

Exposed 

Carex 

morrowii ‘Ice 

Dance’ 

H6 Sand, Clay, 

Chalk, Loam 

Acid, 

Alkaline, 

Neutral 

Well-drained, 

Moist but well-

drained 

Full sun/partial 

shade/full shade 

South/ East/ West/ 

North-facing 

Exposed or 

Sheltered 

Carex 

morrowii 

‘Irish Green’ 

- - - - - - 

Euonymus 

fortunei 

'Emerald 'n' 

Gold'  

H5 Chalk, Clay, 

Sand, Loam 

Acid, 

Alkaline, 

Neutral 

Well-drained, 

Moist but well-

drained 

Full sun/partial 

shade/full shade 

South/ East/ West/ 

North-facing 

Exposed or 

Sheltered 

Euonymus 

fortunei 

‘Emerald 

gaiety’ 

H5 Sand, Clay, 

Chalk, Loam 

Acid, 

Alkaline, 

Neutral 

Well-drained, 

Moist but well-

drained 

Full sun/partial 

shade/ South/ East/ 

West/ facing 

Exposed or 

Sheltered 

Fragaria 

vesca  

H6 Loam, Sand, 

Clay 

Acid, 

Alkaline, 

Neutral 

Moist but well-

drained 

Full sun, South/ 

East/ West/ North-

facing 

Sheltered 

Geranium 

sanguineum 

‘Max Frei’ 

H7 Sand, Clay, 

Chalk, Loam 

Acid, 

Alkaline, 

Neutral 

Well-drained, 

Moist but well-

drained 

Full sun/partial 

shade/ South/ East/ 

West/ North facing 

Exposed or 

Sheltered 
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Imperata 

cylindrica 

‘Red Baron’  

H4 Clay, loam Acid, 

Alkaline, 

Neutral 

Well-drained, 

Moist but well-

drained 

Full sun/partial 

shade/ South/ East/ 

West facing 

Exposed or 

Sheltered 

Lonicera 

nitida 

‘Maigrun’ 

- - - - - - 

Potentilla 

fruticose 

‘Abbotswood’  

H7 Loam, Chalk, 

Sand 

Acid, 

Alkaline, 

Neutral 

Well-drained, 

Moist but well-

drained 

Full sun/partial 

shade/ South/ East/ 

West/ North facing 

Sheltered 

or Exposed 

Spiraea 

japonica  

- - - - - - 

Tiarella 

wherryi 

H5 Chalk, Loam, 

Clay 

Acid, 

Alkaline, 

Neutral 

Moist but well-

drained, Poorly-

drained 

Full sun/partial 

shade/ East/ West/ 

North facing 

Sheltered 

Thymus 

vulgaris 

H5 Loam, Chalk, 

Sand 

Alkaline, 

Neutral 

Well-drained Full sun, South/ 

East/ West/ facing 

Sheltered 

or Exposed 

Veronica 

prostrata 

H5 Loam, Chalk, 

Sand 

Acid, 

Alkaline, 

Neutral 

Well-drained Full sun South/ 

East/ West/ North 

facing 

Exposed or 

Sheltered 

Waldsteinia 

ternata 

H7 Sand, Clay, 

Chalk, Loam 

Acid, 

Alkaline, 

Neutral 

Moist but well-

drained, Well-

drained, Poorly-

drained 

Full/Partial shade, 

North/ West/ East-

facing 

Sheltered 

 

Table 14: Plant recommendations for hydroponic mineral wool - Plant Characteristics. Recommendations for 

cool USA climate. Plant growing details sourced from RHS. 
 

Species Common 

name 

Clade Origin Foliage Habit Height 

(m) 

Spread 

(m) 

RHS 

‘perfect for 

pollinators’ 

logo 

Achillea 

millefolium 

'Cerise 

Queen'  

Yarrow 

'Cerise Queen' 

Angiosperm - Semi-

evergreen 

perennial 

Bushy 0.5-1 0.1-0.5 Yes 

Alchemilla 

mollis 

Lady’s mantel Angiosperm Carpathians 

Caucas 

Deciduous 

perennial 

Clump-

forming 

0.1-0.5 0.1-0.5 No 

Bergenia 

cordifolia 

heart-leaf 

bergenia 

Angiosperm Russia 

(Siberia) 

Evergreen 

perennial 

Bushy 0.5-1 0.5-1 Yes 

Brunnera 

macrophylla 

Siberian 

bugloss  

great forget-

me-not 

Angiosperm E Europe Deciduous 

perennial 

Bushy 0.1-0.5 0.1-0.5 No 

Physocarpus 

opulifolius 

‘Andre’ 

Ninebark 

'Andre' 

Angiosperm - Deciduous 

shrub 

Suckering 1.5-2.5 1.5-2.5 No 

Physocarpus 

opulifolius 

‘Diablo’ 

- Angiosperm - - - - - No 

Lonicera 

nitida 

‘Maigrun’ 

- Angiosperm - - - - - No 

Mahonia 

aquifolium 

Oregon grape/ 

mountain 

grape 

Angiosperm W North 

America 

Evergreen 

shrub 

Bushy 0.5-1 1-1.5 Yes 

Euonymus 

fortunei 

‘Emerald ‘n 

Gold’ 

Spindle 

'Emerald 'n' 

Gold' 

Angiosperm - Evergreen 

shrub 

Climbing 0.5-1 1-1.5 No 

Ligustrum 

sinense 

‘Stauntonii’ 

- Angiosperm - - - - - No 

Cotoneaster 

microphylla 

- Angiosperm - - - - - No 
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Euonymus 

fortunei 

‘Emerald 

gaiety’ 

Spindle 

'Emerald 

Gaiety' 

Angiosperm - Everygreen 

shrub 

Bushy 0.5-1 1-1.5 No 

Dianthus 

deltoides 

‘Brilliant’ 

- Angiosperm - - - - - No 

Festuca 

glauca 

- Angiosperm 

(poaceae)  

- - - - - No 

Heuchera 

mic. ‘Palaca 

purple’ 

- Angiosperm - - - - - No 

Hosta hybrid 

‘Golden 

tiara’ 

- Angiosperm - - - - - No 

Tiarella 

cordifolia 

Foam flower/ 

coolwort 

Angiosperm Eastern N 

America 

Deciduous 

perennial 

Clump 

forming 

0.1-0.5 0.1-0.5 No 

Veronica 

spicata 

‘Incana’ 

Silver 

speedwell 

Angiosperm - - - - - No 

Waldsteinia 

ternata 

Siberian 

waldsteinia 

Angiosperm Europe, N 

Asia 

Semi-

evergreen 

perennial 

Mat 

forming 

0-0.1 0.5-1 No 

Cornus 

stolonifera 

‘Kelsey 

dwarf’ 

- Angiosperm - - - - - No 

Potentilla 

fruticose 

'Abbotswood' 

Shrubby 

cinquefoil 

'Abbotswood' 

Angiosperm - Deciduous 

shrub 

Bushy 0.5-1 0.5-1 Yes 

Spirea 

japonica 

‘Goldflame’ 

- Angiosperm - - - - - No 

 

Table 15: Plant recommendations for hydroponic mineral wool – Growing Conditions. Recommendations for 

cool USA climate. Plant growing details sourced from RHS. 
 

Species Hardiness Soil Type Soil pH Soil Moisture Sunlight/Aspect Exposure 

Achillea 

millefolium 

'Cerise 

Queen'  

H7 Sand, Chalk, 

Loam 

Acid, 

Alkaline, 

Neutral 

Well-drained, 

Moist but well-

drained 

Full Sun, 

South/West/ East-

facing 

 

Exposed 

Alchemilla 

mollis 

H7 Chalk, Clay, 

Sand, Loam 

Acid, 

Alkaline, 

Neutral 

Moist but well-

drained 

Full sun/partial 

shade/full shade 

South/ East/ West/ 

North-facing 

Exposed or 

Sheltered 

Bergenia 

cordifolia 

H7 Sand, Clay, 

Chalk, Loam 

Acid, 

Alkaline, 

Neutral 

Moist but well-

drained 

Full sun/partial 

shade/ South/ East/ 

West/ North-facing 

Exposed or 

Sheltered 

Brunnera 

macrophylla 

H6 Sand, Clay, 

Chalk, Loam 

Acid, 

Alkaline, 

Neutral 

Moist but well-

drained 

Full/partial shade 

North/ East/ West-

facing 

Sheltered 

Physocarpus 

opulifolius 

‘Andre’ 

H7 Sand, Loam, Clay Acid, neutral Moist but well-

drained 

Full sun/partial 

shade/ South/ East/ 

West/ North-facing 

Exposed or 

Sheltered 

Physocarpus 

opulifolius 

‘Diablo’ 

- - - - - - 

Lonicera 

nitida 

‘Maigrun’ 

- - - - - - 

Mahonia 

aquifolium 

H5 Chalk, Clay, 

Sand, Loam 

Acid, 

Alkaline, 

Neutral 

Well-drained, 

Moist but well-

drained 

Full/partial shade 

North/ South/ East/ 

West-facing 

Sheltered or 

Exposed 
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Euonymus 

fortunei 

‘Emerald ‘n 

Gold’ 

H5 Chalk, Clay, 

Sand, Loam 

Acid, 

Alkaline, 

Neutral 

Well-drained, 

Moist but well-

drained 

Full sun/partial 

shade/full shade 

South/ East/ West/ 

North-facing 

Exposed or 

Sheltered 

Ligustrum 

sinense 

‘Stauntonii’ 

- - - - - - 

Cotoneaster 

microphylla 

- - - - - - 

Euonymus 

fortunei 

‘Emerald 

gaiety’ 

H5 Sand, Clay, 

Chalk, Loam 

Acid, 

Alkaline, 

Neutral 

Well-drained, 

Moist but well-

drained 

Full sun/partial 

shade/ South/ East/ 

West/ facing 

Exposed or 

Sheltered 

Dianthus 

deltoides 

‘Brilliant’ 

- - - - - - 

Festuca 

glauca 

- - - - - - 

Heuchera 

mic. ‘Palaca 

purple’ 

- - - - - - 

Hosta hybrid 

‘Golden 

tiara’ 

- - - - - - 

Tiarella 

cordifolia 

H5 Clay, Loam, 

Chalk 

Acid, 

Alkaline, 

Neutral 

Moist but well-

drained, Poorly-

drained 

Partial/full shade 

East/ West/ North-

facing 

Sheltered 

Veronica 

spicata 

‘Incana’ 

- - - - - - 

Waldsteinia 

ternata 

H7 Clay, Loam, 

Chalk, Sand 

Acid, 

Alkaline, 

Neutral 

Moist but well-

drained, Well-

drained, Poorly-

drained 

Partial/full shade 

East/ West/ North-

facing 

Sheltered 

Cornus 

stolonifera 

‘Kelsey 

dwarf’ 

- - - - - - 

Potentilla 

fruticose 

'Abbotswood' 

H7 Loam, Chalk, 

Sand 

Acid, 

Alkaline, 

Neutral 

Well-drained, 

Moist but well-

drained 

Full sun/partial 

shade South/ East/ 

West/ North-facing 

Sheltered or 

Exposed 

Spirea 

japonica 

‘Goldflame’ 

- - - - - - 

 

Table 16: Plant recommendations for hydroponic mineral wool - Plant Characteristics. Recommendations for 

shade, USA. Plant growing details sourced from RHS. 
 

Species Common 

name 

Clade Origin Foliage Habit Height 

(m) 

Spread 

(m) 

RHS 

‘perfect for 

pollinators’ 

logo 

Asplenium 

scolopendrium 

Hart's 

tongue fern 

Pteridophyte Temp. 

N. 

Hemis. 

Evergreen 

fern 

Tufted 0.1-0.5 0.1-0.5 No 

Blechnum 

spicant 

Hard fern/  

deer fern 

Pteridophyte Temp. 

N. 

Hemis. 

Evergreen 

fern 

Tufted 0.1-0.5 0.1-0.5 No 

Carex 

morrowii 

‘Irish Green’ 

‘Irish 

Green’ 

Angiosperm - - - - - No 

Darmera 

peltata 

dwarf 

umbrella 

plant 

Angiosperm - Deciduous 

perennial 

Clump 

forming 

0.1-0.5 0.5-1 No 
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Euonymus 

fortunei 

‘Vegetus’ 

- Angiosperm Japan - - - - No 

Ilex crenata Box-leaved 

holly/ 

Japanese 

holly 

Angiosperm Far 

East 

Evergreen 

shrub/small 

tree 

Bushy 4-8 1-1.5 No 

Lonicera 

pileata ‘Moss 

Green’ 

- Angiosperm - - - - - No 

 

Table 17: Plant recommendations for hydroponic mineral wool – Growing Conditions. Recommendations for 

shade, USA. Plant growing details sourced from RHS. 
 

Species Hardiness Soil Type Soil pH Soil Moisture Sunlight/Aspect Exposure 

Asplenium 

scolopendrium 

H6 Loam, Chalk, 

Sand, Clay 

Alkaline, 

Neutral 

Moist but well-

drained 

Full/partial shade 

South/ North/ West/ 

East-facing 

Exposed or 

Sheltered 

Blechnum 

spicant 

H6 Loam, Clay Acid, Neutral Poorly-drained, 

Moist but well-

drained 

Full/partial shade 

South/ North/ West/ 

East-facing 

Exposed or 

Sheltered 

Carex 

morrowii 

‘Irish Green’ 

- - - - - - 

Darmera 

peltata 

H6 Loam, Clay Neutral, Acid, 

Alkaline 

Poorly-drained Full sun/partial 

shade South/ West/ 

East-facing 

Exposed or 

Sheltered 

Euonymus 

fortunei 

‘Vegetus’ 

- - - - - - 

Ilex crenata H6 Loam, Chalk, 

Sand, Clay 

Neutral, Acid, 

Alkaline 

Well-drained, 

Moist but well-

drained 

Full sun/partial 

shade South/North 

West/ East-facing 

Exposed or 

Sheltered 

Lonicera 

pileata ‘Moss 

Green’ 

- - - - - - 

 

Table 18: Plant recommendations for structural frame with modular planters/bag type planters/hanging trays– 

Plant Characteristics. Recommendations for Singapore. Plant growing details sourced from RHS. 
 

Species Common 

name 

Clade Origin Foliage Habit Height 

(m) 

Spread 

(m) 

RHS 

‘perfect for 

pollinators’ 

logo 

Tradescantia 

spathacea 

Boat lily Angiosperm Central 

America 

- - - - No 

Solenostemon 

scutellarioides 

Coleus  

painted/ 

nettle 

Angiosperm Malaysia 

and SE Asia 

- - - - No 

Euphorbia milii Christ plant  

Christ thorn 

Angiosperm Madagascar Evergreen 

shrub 

Bushy 0.5-1 0.1-0.5 No 

Caladium 

bicolor 

- Angiosperm - - - - - No 

Aglaonema - Angiosperm - Rhizomatous 

evergreen 

perennials 

- - - No 

Nephrolepis 

exaltata 

Sword fern/  

boss 

fern/Boston 

fern 

Pteridophyte Tropics Evergreen 

fern 

Bushy 0.5-1 1-1.5 No 

Pilea 

nummulariifolia  

Creeping 

Charlie 

Angiosperm Tropical S 

America 

- - - - No 

Chlorophytum 

comosum 

‘Variegatum’ 

Variegated 

spider ivy 

Angiosperm - Evergreen, 

rhizomatous 

perennial 

Clump 

forming 

0.1-0.5 0.1-0.5 No 
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Most feasible species for any wall type 

Epipremnum 

aureum 

Ceylon 

creeper/  

Devil's ivy 

Angiosperm - Evergreen Climbing 4-8 1-1.5 No 

Pyrrosia 

piloselloides 

- Pteridophyte - - - - - No 

Anthurium 

andraeanum 

Tail flower  

/flamingo 

flower 

Angiosperm Colombia, 

Ecuador 

Evergreen 

perennial 

Bushy 0.1-0.5 0.1-0.5 No 

Syngonium 

‘pink’ 

- Angiosperm - - - - - No 

 
Table 19: Plant recommendations for structural frame with modular planters/bag type planters/hanging trays– 

Growing Conditions. Recommendations for Singapore. Plant growing details sourced from RHS. 
 

Species Hardiness Soil Type Soil pH Soil Moisture Sunlight/Aspect Exposure 

Tradescantia 

spathacea 

- - - - - - 

Solenostemon 

scutellarioides 

- - - - - - 

Euphorbia milii H1B Sand, Chalk, 

Loam 

Acid, 

Alkaline, 

Neutral 

Well-drained Full sun South/ 

East-facing 

Sheltered 

Caladium 

bicolor 

- - - - - - 

Aglaonema - - - - - - 

Nephrolepis 

exaltata 

H1B Loam, Sand Acid, Neutral Moist but well-

drained 

Partial shade, West/ 

East/ North-facing 

Sheltered 

Pilea 

nummulariifolia  

- - - - - - 

Chlorophytum 

comosum 

Variegatum’ 

H2 Sand, Clay, 

Chalk, Loam 

Acid, 

Alkaline, 

Neutral 

Well-drained, 

Moist but well-

drained 

Partial shade, West/ 

East/ South-facing 

Sheltered 

Most feasible species for any wall type 

Epipremnum 

aureum 

H1B Chalk, Clay, 

Sand, Loam 

Acid, 

Alkaline, 

Neutral 

Moist but well-

drained 

Full sun/Partial 

shade South/ West-

facing 

Sheltered 

Pyrrosia 

piloselloides 

- - - - - - 

Anthurium 

andraeanum 

H1A Sand, Loam Acid, 

Alkaline, 

Neutral 

Moist but well-

drained 

Full sun/Partial 

shade South/ 

West/East facing 

Sheltered 

Syngonium 

‘pink’ 

- - - - - - 

 

 
Table 20: List of countries where companies were approached for the survey. Countries where responses where 

successfully obtained have been written in bold. The UK and the US constituted the majority of contacted 

countries. 

 
Country 

Australia 

Bangladesh 

Brazil 

Canada 

Egypt 

France 

Hawaii 

Hungary 

India 

Indonesia  

Iraq 

Ireland 
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Israel 

Malaysia 

The Netherlands 

Nigeria 

Philippines 

Serbia 

Singapore 

South Africa 

Sweden 

UK 

US 
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