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Abstract

Naturalistic meadows inspired by thppearance of grassland communities in nature have
been increasingly fashionable as a design tool in urban landscapes. Forb species richness and
diversity in a meadow community often determine public appreciation in urban areas and the
ecological values tpollinating invertebrates. However, grasses are often more competitive
leading to dominance in the longer term particularly on fertile soils. Where grasses are
excluded in seed mix design to try to slow down this process, weeds tend to be more
problematic potentially leading to parallel declines in forb species richness and standing
biomass. This study aims to test the possibility to design meadow mixes that contain grasses
but that do not lead to competitive elimination of the forbs at least in a shortThe

research involved setting up a field experiment at the Green Estate Ltd, Manor Top,
Sheffield, UK. Twenty nine forbs (15 species geographically distributed in both Western
Europe and Inner Mongolia, China and 14 species distributed in Inner Neogbt) and

one grass specieBéschampsia cespitosaere established by sowimgsituto test design
variables: initial sowing rates (including 2 sowing densities and 3 sowing ratios of forb to
grass), 2 ecotypes Bfeschampsia cespitopgshort and tall to represent a gradient of light
competition), and 2 contrasting depths of sand mialgér (i.e. difference in levels of

moisture stress). The study showed that a forb (predominactiylea millefoliumand

Echinops sphaerocephalusthis study) dominated community can be achieved thought
design, but sensible management is essentiahtomise performance. Light competition

and especially the ability to project taller foliage above grass canopy before it closes the
ground proved to be a critical factor. However, dominant forbs reduced the diversity and
abundance of subordinate forbs thgh competition in the same way as grasses do. Thus, this
study suggests that species characteristics can play a more important role than the life form of
forb or grass in a community.

Increasing forb sowing density or decreasing grass sowing densiasect forb seedling

numbers but not forb biomass in the longer term. Also, having a higher forb sowing rate
speeded up the dominance effect. Thus, the most powerful design tool for a forb rich and
diverse meadow community is not sowing density or ratiof: grass across all species but
changing the ratio between the species, and in particular reducing seeds of the potential
dominant species seeds to very low levels. The higher moisture stress increased the numbers
of forb seedling and biomass but dexsed the subordinate forb biomass. This may benefit

forb species diversity in the short term but reduce the biomass coexistence in the longer term.
Forbs that had a distribution in both Western Europe and Inner Mongolia appeared to be
more persistent thanner Mongolian forb species, with ability to compete for light more
important than geographical origins per se.
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An overview to the dignd meadow comniﬂylvolved in this research projct (picture taken on the
29" July 2019)
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Chapter 1 Introduction

1.1 Background

Seminatural grasslands, inspired by the complexity of more natural herbaceous communities,
have become increasingly fashionable in both Western and Eastern countries as a design tool
for landscape to improve both social and ecological vdldéshmough and Dunnett, 2004;

Jiang and Yuan,2017) I n ur ban settings, the publicos
importance to ecological persistence of species for sustaining a naturalistic herbaceous
community, especially where these landscape types are not familiar to most lay people
compared to aoventional mown grasslan@Southoret al, 2017) Community performance

in line with initial design expectations are essential to deliver the cues such as care and
excitement that are expected by the public and which help gaiit gupport(Nassauer,

1995; Hoyle, Hitchmough and Jorgensen, 2017k urban public appears to becoming
increasingly biocentric, however, the ecological benefits of meadows may fail to kevpdrc
without clear design intentiorfSouthonet al, 2018) A high ratio of forbs to grass leadimo

high density of flowers have been recognised as critical indicators to deliver these desired
notions. Highly flowery meadow communities have been shown to be one of the most
appreciated greenspace type to the pyBlauthoret al, 2017; Hoyleet al, 2018)

In a grassland ecosystem, maximum biodiversity valuessarally achieved where forbs
diversity and biomass are higWalkeret al, 2004; Delval and Crawley, 2005; Pywetdit

al., 2007) However, particularly in early industrialised countries, most current day grassland
habitats often have a history of agricultural fertilisation which increase grass species
dominancgPywell et al, 2002, 2007; Sluis, 2002; Walket al, 2004) Grass species are
consistently the superiors in the system due to abundant seed recruitment from soil seed
banks, and vigorously vegetative growth and persistencégtoell et al, 2003) Forb rich
grasslands mostly exist in the part of the world where has beendafjomanaged by
traditional methods (e.g. grazing or hay harvest) (Hitchmough, unpublished). However, the
forb rich communities are fragile in that species diversity soon disappears when the
management ceases. The ecological process that supportforess is unlikely to be
recovered simply through reintroducing the original spe@&ss, 2002) Restoration is
theoretically feasible but is potentially an extremely slow process under productive soill
conditions(Walkeret al, 2004) Reestablishing theauiilibrium between forb and grass
biomass may require continuous management approaches for few d&keeownet al,
2006) The general experience in ecological practice is that even when forbs are initially
dominant, this situation generally shifts to dominance by grasses within a fewQebval

and Crawley, 2005; Dickson and Busby, 2009)

Planting design in urban landscapes can provide a cléareng point (i.e. sowing into a

ground in which the weed seed bank has been supressed and closely managing competition
within the community from the beginning. However, grass dominance that reduces forb
biomass and diversity is still a common problem.ai¢hgrasses are left out from the species
mix to slow down the process of grass dominance, weeds tend to be problematic in the
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meadow also leading to a decline in forb performdhiiehmough, Paraskevopoulou and
Dunnett, 2008; Hitchmough, 2017&his is also the major concern in projects proposed and
managed by the Gredistate Ltd, one of the experimental sites sponsor in this study.

Bjorn, Weiner andrgaard2016)questioned whether it was possible to create a sustained
forb rich community through design. Dominance and invasion seemed to inevitably diminish
the original design effects unless intensive management is involved. From the other
prospedie, designing the outset to maximise the initial ratio of desire species to weeds
appears able to enhance the community persistence in the long term. These approaches
usually involved topsoil removal and application of unproductive mulch layer (e.g)sands
(Hitchmough and Fleur, 2006Also, using tall productive species that have broadly
equivalent competitiveness to weedy grasses can resist the comframiipvasion in the

long term(Hitchmough and Fleur, 200&8Mowever, designs contain a base level of grasses
can form a valuable contrast to brightly asled forbs and create a feeling of coherence and
relaxed naturalnegkindemannMatthies and Bose, 2007; Lucas, 2QIlhe grass biomass

can also close the gaps in an early stagfere the forbs are established when the selected
forbs are significantly less productive. This raises that question that whether it is possible to
design meadow mixes that contain some grasses but that do not at least in {tezraHesad

to competitive elimination of the forbs? Also, is there a critical grass biomass threshold for
decline in forb biomass and diversity?

Colour diversity is a critical indicator for ecological benefits to the publayle et al,

2018) a forb dominant community also requires a good level of forb species coexistence that
contains sufficient biomass of many flowering species rather than merely forb survivals
which are visually insignificant. However, species loss and the trend of assimmmet
development through both inter and intra species competition are naturally part of the
ecological procesgsrime, 2002) The pattern of dominance by few species is often long
retained(Silvertownetal, 2006) Pr acti cal experiences al so
may be more impactful and even override other design factors such as plant density
(Hitchmough, Wagner and Ahmad, 2017; Bjetral, 2019) Thus, we do not expect a highly
symmetric growth within the communities, however, a relatively high coexistence and
establishment of diverse species can be achieved through design. Evediwdrsigy may

only be retained in a short term, it is still socially valugblechmough, Paraskevopoulou

and Dunnett, 2008nd potentially allows scope for further management to be applied to
extend the community values.

Thus, for landscape practitioners, the core technical question is can what wedeésignne

what is established at least for a short term (e.g. three years)? In herbaceous communities
created by sowing techniques, longer term species composition is unlikely to reflect the
community composition beyond this, with competition within theaswnity and invasion

from outside take place, community appearance can quickly become something very different
from the original starting point. Most commonly, any subtle difference in sowing density and
soil productivity may significantly affect the contjiizve relationship and drive the

community to a completely different direction. This research will mainly focus on how the
starting point of those two factors affect the forb diversity within community and how grass
biomass shapes this in the longer term.



Most of the ecological literature on forb establishment and grass competition involves native
forb speciegfor example Pywell et al, 2002; Walkeeet al, 2004; DelVal and Crawley,

2005) Much less is known about how raative forb species compete with grasses, and
whether they are more or less sensitive than native species or show no such patterns. Non
native species have been proved to have equivalent ecological values as natigd@patie
least some invertebrat€®wen, 2010and the cagcity to improve landscape values
(Hitchmough, 2011, 2017aJhis study has an implicit@ss cultural basis in that it deals

with meadow vegetation both in the UK and in Inner Mongolia, with the added complexity
that many Inner Mongolian grasslands species are also UK native species. This raises some
interesting research question; are someidmiongolian forbs with a European distribution
equally fit to grow within the UK climate in competition with grasses, and are Mongolian
forbs with purely Eastern Asian distribution less well fitted in the UK? Or, are canopy heights
and layering far moramportant in determining competitiveness and the outcomes?

This study involves setting up controlled fi@gperimentsn order to test how these factors
interact in designed meadow vegetation in order to assess how theoretical principles on grass
competiton might be translated to create a practical model for future meadow design.

1.2 Research questions

Key overall research questions for this study are as follows;

- Do grasses inevitably dominagewnmeadows leading to a decline in forb survival
and biomass?

- What are the impacts of grass competition on forb biomass and survival in
sown meadowike grasslands?

- To what extent, can design approaches enhance forb performaetaion to grass
compeition?

- Does increasing sowing density lead to grass dominance happening sooner?

- Does initial sowing ratio of forb: grass affect forb survival and abundance of
forb biomass in the longer term?

- Does grass density and foliage height affect forb suppression?

- Can grass dominance be reduced by increasing nutrient and water stress?

- Can a persistent forb rich and diverse community be achigvddreduced effestof
dominance)n urban landscape through design?

- To what extent, can design approackelance coexistence within meadow
forb communities?



What forb species tend to be more persistent?

Are nonnative forbs (i.e. forbs not native to the UK) more subject to
competitive dominance than native forbs?

Does increasinthe height of the forb camuy reduce the capacity for grasses
to dominate in meadows?

Is there a critical grass biomass threshold for decline in forb biomass and diversity?



Chapter 2 Literature Review

2.1 Perceptionsto grassland acrossa contextual gradient from natural to
urban environments

2.1.1 Perception of grasslands at the landscape scale

Grassland arethe largest geographical vegetation type found on every continent (with
exception of Antarctica) covering about 40% of land sue{Allaby, 2006) Ecologists
defineas perennial grass domted communitiesas thosevith few or no scattered woody
speciesand these ar@n important part ahe ecosysten{Spedding, 1976; Allaby, 2006)

Grasslandglayeda central role in human evolution. East Africa gradually shifted from dense
forests into savannahs from about 14 million years(Afjaby, 2006) Krajick and Lee
(2016)argued that this evolution of grassland, creaiteyge open landscape, provided

more diverse sebf niches and opportunities for homideitodeveloptheir living and social

skills, for example to cmperate with one another untingand foragingHominids ewlved

to becomehumanlike in East Africa from 6 million to 7 million years ago. Grassland became
geographically dominant due to its flexibility to adépenvironmentadisturbance as did
humansAfter hundreds of thousands of years of living as hunter gatherers, a profound
revolution t o huma naosand ®82000 yeafsith thecultvatidnefg an f r on
crops and domestidah of animals(Diamond, 2002) This transformation settled, civilised

and expanded human populati@iamond, 2002)Settlements gradually expanded and
became permaner@ndhumans became moadienated fronthe grasslandshey had

originally evolved in(Morris, 1994).

The physical alienation to t hEobgteeaad,2000nds sh
and unfamiliarised the original habitat of human beings which raised the notion that

gr ass | ands (Esanddf, 200B6) Elumans aldo dudturally shifte@articularly post

the indusrial revolutionfrombeingad gr as s | a n a6 usrpbeacn esspbe ctioes d® and
opportuniy to maintain close proximity to wildature(Turner, Nakamura and Dinetti, 2006)

In theearly 19" century, American prairies were still referredsas nt er nal desert so
being 6unf i t(Kinkeg, Roberts antl Sayre, P01 Thes® attitudes and the need

to generate food to fuel the industrialisation of Eastern Araglédl to the destruction of the

native people grassland cultures of the USA in theC19

In other parts of the world, cultures that had experience much longer periods of contact with
other cultures continued to operate as grassland dependent pedgtethern China,

Traditional Mongolian culture has remained dependent on grasslands up to the present day,
and the same is true for many other cultures in Asia, Africa and South America. These
cultures involve a more interactive and arealtompassing sysin between humans and

nature. Using animals and plants as living resources thioaiging and transhumance are
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seen as moral activities that also contribute positively to maintaining grassland ecosystems.
Grasslands are perceived as the homeland for Mongolian people because they offer freedom
over life styles and freedom of mobililiumphrey, Mongush and Telengid, 1993)

From grassland aesthetics point of view, Mongolian grassland people value the openness of
grassland landscapes and accept the variogseganof pl ant communi ti es a
(Humphrey, Mongush and Telengid, 199B8he public living away from grasslands perceive
grasslandsa 6 pr ospect 0 (Kinsey, Raberts and Sayre, 20GThey 6
appreciate the O6open glades with smooth grou
mind (Ulrich, 1986) Grasslands are of course a mixture of grass and forbs, although typically
dominated by the formerdfos potentially addnore colours andynamicchange to

grasslands. However, at landscape sqaeple are unlikely to notice the difference at

species level and forb richness is likely tovimually less importantib humans living in these
landscapes

2.1.2 Perception of rural grasslands

Today, grasslands in the rural areas of {nodtistrialsocieties, other than those in nature
reserves are almost all managed for various agricultural purposes. In the UK, although they
mostly exist to support agricultural activities from the very intense, for example silage
production, through to low intensityrazing and hay making, typically in the uplands under
more marginal conditions. This diversity or gradient of roles means it is widely accepted that
they havesocial and ecological as well as agricultural valiZsvieset al, 2006) In China,

there has recently been policy moves to in a similar directrardat restoring original
grassland value@Vanget d., 2018)

In many countries, most rural grasslands we see today are heavily transformed from their
natural antecedents through agricultural management. Grasslands are easier and cheaper than
other types of land (e.gvoodlands) to transform for nesgricultural uses, such as to grow

new crops. European countries converted woodlands, and heathlands to grasslands for
agricultural uses centuries ago (in some cases millennia ago) while the US began farming
tallgrass praie only in the 18 Century(Allaby, 2006) Today, rural grasslands for the most

of Europe are senmmatural and represents cultural landsc@pebsteret al, 2007) In China,
increasing livestock ratencsseminatural grazed grasslands was designated as a key political
principle from the 1950s oijCaoet al, 2013) The impact of this has been to reduce species
diversity, and in particular diversity of forb specieghese grasslands. Structural and species
changes in these grazed grasslara&ibeen gradual and whilst these changes have resulted
in grasslands that are very different from those which existed at least a centuheago,

public may have already adapted to and accepted these. It is just like urban people preferring
close mown grss because they are familiar with the tiding$syle etal., 2017) However,

this familiarity may consist of a cultural loss of rural experience and aesthetic richness.



Intensively farmed grasslands are found all over the world especially in developed countries
where more advanced techniques and greatermttofaagriculture productions are in

operation. After the industrial revolution, improved transportation and agricultural

technologies provided people more possibilities to utilise grasslands that were once
considered di st ant (Kmsey Robartsmiand Sayre, 20tA)sc ul t i vat i o
ownership of specific areas of grassland, especially in the US, enhanced the sense of
belonging(Kinsey, Roberts and Sayre, 201These changes were likely to make grasslands

more physicallyaccessible and psychologically close to humans again. Agriculture made

rural grasslands more familiar, controllable and safer to human. This awareness of safety and
coherence reflected human needs of grasgl@nbster, 1995)For the grasslands that were

most distant, people became mor nseynRobeuss i ast i
and Sayre, 2011)

Aesthetic preference to agricultughsslands to rural people

Peopl ebs demands on grasslands as resources
agriecosystems. Agricultural people living in rural area may appreciate grasslands as crop

l ands or swards i mplying t lWilliassandCary,@001) 6 pr odu
Well manged or oOneat 6gnofpolficady,eved sealtiNaayness,t and f
represented by the landscape picture of tall, uniformly green andfreeeds a strong

predictor of the attractiveness of rural agriculture landscéyessauer, 1992)or feeding

livestock, intensive agriculture tends to value grasses more than forbs although many forb
species are palatable for livestock, and more proteinkichntyre, Mclvor and Heard,

2004) As a result of this grass only culture, fodve usually not desired or even treated as

weeds in rural grasslands by farm@Eeok, 1983) As result of these attitudes and the

removal of forb biomass by grazing has led to severe degradation of diversity, and in

particular forb diversity of grasslands.

Needs for delivering ecological and aesthetig#ions to the urban public

Parallel to the devel opment of attitudes to
concern of loss afiatural beautywhich implies ecological value in rural landscapes, became
popular among the public in western coigdrfrom the 1960s. This awareness was probably

due to increasing urbanisationmanydevelopectountries and a series of environmental

crises and perceptions of crises in the(G8bster, 2010)This led to the notion that

grasslands should be both abundant in productivity and offer ecological benefits as rural
grassland¢Lee-Hsueh, 2018)

However, it is reasonable to assume thatway that public perceive the signs of naturalness
or ecological benefits are different from ecologistélliams and Cary (2001fpund that



there are 6considerable challengesd to commu
grassland ecosystems preferred for nature conservation with the generalgnditigical

services and aesthetic attractiveness of these systems may not be judgeshtoabealy

pleasing to the lay publit.ee-Hsueh, 2018)The height and complexity of vegetation

structure on grasslands are important factors for the sense of naturalness bdi¢ch&qu

example, areas with dense trees are seen as more natural than open grasslands; tall and messy
grasslands are seen as more natural and ecol¢gidaams and Cary, 2001)Yet less

productive grasslands, despite of high spediesrsity, may be less valued by the public.

Species diversity is an important index in ecology, but people tend to underestimate it

regarding the herbaceous performance in a grassland sffstetemannaMatthies, Junge

and Matthies, 2010)

In rural context, the sense of either productivity or ecological values is widely accepted in
different locations in ruttegrasslands. Urban people who visit rural grasslands mostly expect
to be away from the routine environments to natural settings for restoration while restorative
effects are predominantly perceived from a large scale of rural landscape rather than a micro
scale of species compositiikaplan and Kaplan, 1989; Kaplan, 200A)so, the urban

public is unlikely to expect the notion of cultural realm in rural landscapes. Remote
landscapes are usually perceived as somewhere beyond the territory that requires the notion
of duty of care. Vegetation in rural grasslands are aestiigtexpected to reflect rural

characters with less needs for excitement and the sense of fam{Nagyauer, 2011)

Rural grasslands in the UK

In the UK, agriculture is extremely intensive and dominates rural landsiceiies20’

Century. Agricultural land covers approximately 70% of the total UK land(&eaning

and Coe, 2018nd politically has been encouraged by the Common Agriculture Policy

(CAP) from the EUThe CAP subsidies can make up about5@®® % of UK f ar mer s
income. This support is unlikely to be affected after Brexit and will stillbe offeredat least

until after 2024. The contribution of tlagricultural industry in the UK is significant and

provides for a certain degree of food security, export values and jobs for about 466,000
people(Downing and Coe, 2018)

The application of fertilizers pre and part of the CAPdosi agricultural production caused
massive loss agpecies diversity in UK grasslands. It began to decrease inth@etfury
when the fertiliser was applied to increase agricultural productivity. This became severe
during the 1940s and 1950s due tosuskchemical fertilisers and herbicid@he Wildlife
Trust, no date)Additional fertiliser increases soil productivity which boosts for
competitiveness of the most productive species many of which are grasses, which then
suppress the performance of many stteksating forb species (Grime, 1988). The greater
the fertilizeruse the greater the biodiversity loss.



In the C19th meadows could contain up to 40 species per square metre but few habitats can
match this diversity in the UK today, due to excess fertiliser udRigeling, Redhead and

Pywell, 2015) During the 28 Century, ove®7% of species rich wildflower meadows have
been lost, while only 1% of total UK land area today is species rich gragSlaled, 2015)

This dramatic change to the UK rural landscapes began to happen more than a hundred years
ago and undoubtedly transformig# public impressions of what is normal in grassland
landscapes. Familiarity with landscapes determines the preference of landscape scenes
(Orland, 2013)hencepublics who have never seen landscapes of speciegrasslands

readily adapt to the current reality of mostly low diversity grasslands. Therefore, it is
reasonable to assume that, currently, species poor rural agricultural landscapes have been
widely accepted by the public as normal. The disappeardrgrassland diversity is part of

an unseen loss of cultural experience in British rural landscapes. Increasingly there is
growing awareness of this situation, and public interest to beginning to revive, for example,
through events like The National Mead®ay in every July (Save Our Magnificent

Meadows, 2019).

Grasslands in China

The grasslands of Inner Mongolian, China are the largest existing contiguous grassland

biome in the world. It has also suffered from degradation in terms of species diversity f

the 1950s; 90% of grasslands have degraded in both the size of grasslands and the volume of
biomass in the 200d&iu et al, 2018) Thesame pattern of loss happened in other grassland
communities in China during this periddevelopment of a more intensive agriculture

grassland industry in the UK was driven by a combination of the indivahaates of

farmers responding to agricultural policy within a martieénted economn In China, the

current situation in Inner Mongolian grasslands is largely a response to highly centralised
political decision makingConte, 2018)

Theideaofjr assl and as O6éwasted was deri(Makd fr om a
and Shapiro, 2002A series of political ampaigns which aimed to maximise the utilisation

of grasslands, mainly about massively cultivating grains and vegetation removal for

construction of infrastructures, caused the most grassland degrg@smet al, 2013) The

stocking rates in the remaining grazing area were also increased with a view to maximise
oeffectivenessd | ivestock production. Howeve
traditional nomadism and was not considered as a major threat to gratejmadation until

the 1980gCaoet al, 2013).

In the 1980s, the policies from the central government significantly changed the system of
grassland management. The livestock and pastures owned by communes were decollectivized
and divided among pastoral households. This policy was generateddgnition of the
6tragedy of the commonsd model . However, in
pastures and | imited |Iivestockds mobility si
trampling(Caoet al, 2013 Conte, 2018)What commonly happened was that necessary (to
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maintain diversity) appropriate ecological disturbance was absent in productive areas while
overgrazing took place in unproductive areas. This massively changed the original ecological
patern which were based on organically derived understanding from practice in combination
with Mongolian philosophy and traditionally derived knowledge of nature.

Today, it is unclear whether people living in these areas mourn the loss of species diversity
grasslands. As in the West it seems that people living in grasslands have adapted the current
livestock production system and accept the land use under the combination of the current
political framework and market forcéSonte, 2018)Again, huma familiarity and

adaptability facilitates the acceptance of new, degraded landscapes as normal.

However, the cultural loss in historical grassland ecosystems in China is probably more
serious compared to western countries. It seems reasonable to #ssuiokds and their

flowers were more symbolic and appreciated in China, alththegk is no research on the
comparison of preferences for flowers in rural landscapes within western and Chinese
culture. The images and symbols of flowers usually magee comprehensive and deeper
cultural meanings in historically pastoral regions of China while they stand more for
horticulture, gardening or appreciation of nature in{odtstrial western cultures. A good
example is that, in Chinese literature, flosveegarding their habitats and traits are

commonly personified to represent the characters of people (e.g. Lotus stands for the
personality of integrity regarding the Chine
bl ooms pure and wepdsitive assoeiaiang, imagbsuokflovters areé verg s
popular in traditional paintings, to appear on book covers or to be used as patterns on textiles
as part of spiritual visions.

Fortunately, from the mi@000s, China central government recognised thedggms and

| aunched a series of programme, known as O0Be
(Liu, 2015). An important part of this programme is to restore the rural landscapes with local
characteristics and using native wild species to reveal tlils¢ape characters. This is a good
opportunity to bring the O6pastdé, when grassl
species i ch, back to the dérealityd. I n the meant
(reducing agriculture intensity) policy wapplied in grassland regions including Inner
Mongolia(Caoet al, 2013) However, simply excluding the grazing, which is again contrary

to the nomadic philology on ecology, appears less effective on restoring species diversity and
biomass on grasslan@i#/anget al, 2018) Although the impact of this policy has to some

extent been criticisedsa 06 o v e(Feh,t2@10) thelsé are still good political foundations to

enhance the species divigysn the context of rural grassland in China. What remains blurred

is that there is no clear guidance on restoring the herbaceous community of a grassland

system e.g. cultivation approaches and management vision for the longer term.

2.1.3Grasslandsin urban areas
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Nowadays in the UK, grassland normally covers up to a third area of a town or city while
about twethirds is managed as mown grasslands primarily for recreational and social
purposegForest Research, 2020/lown grassland as urban green infrastructure is also
accepted by and attached to the aesthetics of the urban public due to the familiarity of the
landscape typé@\assauer, 2011)Frequent mowing can maintain the tidiness and sense of
care to the publi¢(Nassauer, 2011However, ecological are low in mown grasslands due to
lack of species diversity and canopy layersupp®rt invertebrate€&Smith, Chapman and
Eggleton, 2006)This lowers the greenspace quality in terms of ecological services which is
recognised as a key aspect in urban landscapes int@e2tury(Hitchmough, 2004;

Marzluff and Rodewald, 2008AIso, whilst neat mown grasslands have a possible
restorative effect on people, a lack of colours and signs of biodiversity reduces aesthetical
pleasurgHoyle, Hitchmough and Jorgensen, 201T@jreasing amounts of research has
focused on connections between aesthetics and ecology in urban landscapes’in the 21
century, and concludes that landscape design should enhance both aspects-fana win
strategy(Dunnett and Hitchmough, 2004; Gobst¢ral, 2007; Ozgiiner, Kendle and

Bisgrove, 2007)

Urban meadows, that are unmown and seen as natdesksdisturbed grasslands, improve

the complexity of community structure. This can be an alternative to mown grasslands to
increase the biodiversityvalse and decrease the management cc
of grasslands is far more sensitive for wurba
grasslands can deliver the signs of ecological benefits in rural sdififijams and Cary,

2001)but are challenging to be accepted as a part of daily landscape in urbaiHaydast

al., 2017; Hoyle, Hitchmough and Jorgensen, 2017a)0 Hi gh human i ntent & i
perception in urban landscap&obsteret al, 2007) Simply introducing nature and

biodiversity back to the urban landscapes through ecological approaches blurring the
boundary between the contexttoh e &6éwi | dé and O6urband real ms ¢
acceptance. Designing for both social and ecological needs in urban areas therefore requires
understanding of the cultural and philosophical development of relationship between humans

and nature. The @nation from nature and interests in naturalistic vegetation took different

paths in the Western and Oriental cultures.

Alienation from nature and interest in naturalistic landscapes in Europe and in China

The idea of cultural alienation from nature in the western world was generated within ancient
Greek philosophy. People in this time were highly influenced by the idea that only humans
were rational beings and only they possessed the capacity for moid,clbich placed
themselves in opposition to natydenni 2005) These ideas were influential urthle

publ i cat i oTheooyfof Ellutiofl850)Gand afterwards). Despite increased
alienation between humans and the natural world resulting from the industrial revolution in
the 19" Century and dramatic growth of urban areas in tHeCéntury(Berry, 2008)

practical ideas to revive huan appreciation of, and connections with the natural world have
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been widespread in the western woRthwer of theField (1851) by Reverend C. A. Johns

had firstly drawn attention to encourage gardeners to reappreciate wildflowers. William
Robinsonthenbi | d on Johns6 ideas and is often con
ideas, especially in connection with his publicafidre Wild Garder{1870). However, this

only dealt with the naturalisation of hardy exotic plants in grassy swards and was merely
supposed to modernise an old gardening pra@it®idstra, 2004)From the early 20

Century, the emergence and popularity of amateur gardening in Western Europe appears to
have contthuted to the idea of natural landscapes; spontaneous plant communities were
introduced as a model for design also became evident in the Netherlands and Germany
(Hitchmough, 2017a)The value of natural environment began to be promoted. From 1970s,
landscapelesigners were influence by this and attempted to reflect the idea in practice
(Ozguner, Kendle and Bisgrove, 2007; Kendle and Forbd$)20he application of
environmental ethic ideas to nature in the urban context to designed communities is therefore
a relatively recent phenomenon which has developed spontaneously in many places
particularly in the western world during the past 4argéGoode, 1998; Woudstra, 2004)

Integration of people with nature was & kéea within Ancient Chinese philosophy. From at

least the # Century BC, Daoism started to develop its environmental philosophy and the
aspiration of people to live in a manner convergent with né@meper, 2014; Liu, 2016)

However, in most of the following dynasties, Confucianism dominates the mainstream of
philosophy in China. Although Confucius emphasised more ethical issues between human
than natural environments, overall, there was no sharp philosophical distinctioemhé¢tee

human and the natural wor{tyanhoe, 1998; Cooper, 20143ardening, presenting Chinese
imagining of nature, had long history (from about 1,000 BC) and as a cultural symbol.

Chinese gardening culture heavily influengaadening style in the Western world from the

19" Century on(Fan, 2003; Liu, 2012; Peter, 2018)ultural interest in of natuke

planting declined with sodi@hanges and campaigns starting from the 1900s on due to the
chaos associated with the collapse of the Imperial State and then again in the 1970s due to the
Cultural Revolution when much traditional Chinese culture was damXged2015;

Schopohl, 2016; Stanzel, 2018Yith the growth of the bourgeoisie in China from 2000s on
(Barton, Chen and Jin, 2013) new positive engagement with nature has gradually @ctur
again(Xie, 2015) This agrees with thfinding inHoyle et al, (2017)that appreciation of

owil dé | andscapes tends to be higher among t
higher hierarchy of needs and a more sense of nature reflected in landscape style.

Currently, in the UK, only people who reguly access wild environments tend to accept

more natural landscapes in their daily life while the frequent users of mown grasslands are
more | i kely t o(Sputhenétalr2017)fCemparediwithithe eesulss rom

recent studies between the WHoyle, Hitchmough and Jorgensen, 2017a; Sougtah,
2017)and China contextgliang and Yuan, 201,7paturalistic meadows appear less
appreciated in urban landscapes in China (the research was conducted in Beijing and mostl
represents the mainstream of Chinese urban culture; the result could be different if it was
conducted in a remotely nomadic culture region for example Inner Mongolia). However,
Jiang and YuaKf2017)found te similar pattern that the naturalistic meadows are more
valued by the people who have better botanical or horticultural knowledge. Limited
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gardening opportunities due to the dominance of high rise apartment living, and limited
engagement to greenspacenagement work as a community member may distance people
from nature in urban area in China.

Public perceptiorof naturalistic meadows in urban landscapes

Naturalistic meadow vegetation inspired by the appearance of natural grassland communities
has great potential to enhance both social and ecological values in urban landscapes
(Hitchmough and Dunnett, 2004; Ozgiiner, Kendle and Bisgrove, 2D83pie meadow

like vegetation increasingly being developed in urban areas, this still only takes up a tiny part
of urban greenspadgelitchmough and Fleur, 200@nd is unfamiliar to the most of the urban
public. Also, people who support to enhance urban ecological values are unlikely to enjoy the
natural landscape in urban aré@srbuzov, Fensome and Ratnieks, 20I®)investigate the

public acceptance of this type of vegetation in urban landscapes, research was undertaken by
Hoyle (Hoyle et al, 2017, 2018; Hoyle, Hitchmough and Jorgensen, 2017a, 2@hdb)
Southon(Southoret al, 2017, 2018mainly based on the Urban BESS (Biaalisity and

Ecosystem Service Sustainability) in Bedford and Luton, UK and other sites across the UK
representing landscape planting contexts in urban areas. Integrating with previous theories of
aesthetics and environmental philosophy in urban lands¢ejge&obster, 1995; Nassauer,

1995 LindemannMatthies and Bose, 20Q7public perception of naturalistic meadows in

urban landscapes was explored. Flowers in meadows are recognised as the key to gain social
support.

Forb performance determines social acceptaficaturalistic meadow vegetation

To be seen as appropriatethe urban environments sanse of intention and care is essential
to be refl ected i n(Naskaeer,4995¥alltgrassycmteadowsdréd pl ant i
unlikely to provide the sense of excitement and enjoyment even to people who in principle
support the ecological landscafg€arbuzov, Fensome and Ratnieks, 20B&gidesdespite

the evidence that urban people have increasingly become more biocentric and realise the
importance okcological values (for example the awareness of species rich vegetation
supporting more invertebrates, particularly urban pollina{gteyle, Hitchmough and
Jorgensen, 2017&loyle, Hitchmough and Jorgensen, 201Jiang and Yuan, 201,Ahe lay
public are unlikely to perceive and enjoy the ecological values from the natural form of
vegetation without notable cu@doyle, Hitchmough and Jorgensen, 2017d¥0, species
diversity is often underestimated by the public without legible visual signs, and even
landscape professionals were unlikelyeatal identify biodiversity at the species le{idbyle

et al, 2018) Social sustairzlity may largely depend on the clarity of signs of ecological
value to public.
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The communication to deliver aesthetical and ecological cues are critical. Flowers

traditionally induce powerful positive emotiofidaviland-Joneset al, 2005)and in urban
landscapes, extremely flowery vegetation reflect the sense of design intéHogreset al.,
2017)delivering the cues of cafdlassauer, 1995; Hoyle, Hitchmough and Jorgensen,

2017a) 06 Sense of cared can positively connect
potentially enhance the familiarity with surrounding landscéNassauer, 2011flowery

meadows can gain positive social support by delivering the key messagesin multi
dimensiongHoyle et al, 2018) Forbs in grassland communities therefore reconnect people

with nature in urban areas. Forb richness and performance determines to what degree this
takes place.

Naturalistic meadows can be more attractive and exciting than the more traditional,
horticulturally managed vegetation to the public when meadow communities are highly
flowery (Hoyle, Hitchmough and Jorgensen, 2017a; Sou#tab, 2017)whereas increase in
grass decreases appreciatibloyle et al, 2017) The most colourful meadows are perceived

as the most interesting grassland and the most beneficial to insects at the sgiHeytieye
Hitchmough and Jorgensen, 201.78yuthoret al. (2017 andHoyle et al. (2018)found that

the public tend to use colour as a cue for the evidence of plant species diversity. The level of
diversity in colour becomes a measaféehe perceived level of biodiversity and ecological
benefits(Hoyle, Hittchmough and Jorgensen, 201 B®sides, forbs can enrich the

community structure which alse@livers the sense of species diversity and increase the sense
of satisfaction to the publiSouthonet al., 2018) Meadows that contain structural diversity

(i.e. foliage heights) were seen a more preferred grassland type and to provide better
ecological benefits than short meadows even when the latter is also co(Soritioret al,

2017) Based on this evidence, a positive relationship between ecological and aesthetic values
can be achieved through designing urban meadbowdémannMatthies, Junge and

Matthies 2010)

Flowery naturalistic grasslands have great potential to improve the site quality and

appreciation, and gamore supports from a wide range of peq@@euthoret al, 2017) The

fl owery meadow in the BESS project has posit
public preferring the &6fl ower(joyleebat, 20072 6 over
Southoret al, 2017) However, a flower coverage of 27% or greater is suggested as a

threshold for high appciation(Hoyle, Hitchmough and Jorgensen, 2017djis rejuires an

abundant even dominant forb biomass to persist in a community in the long¢Bterm

Weiner and @rgaard, 2016)loreover the diversity of flowering species is also important.
Therefore acceptable coexistence between forb species for the longer term is needed in

design and management processes-fRogering meadows still imply the sense of

0 me s s (Hayk etalg 2017)Establishment of forbs species and extendingditesry

period are therefore critical to successful utilisation of ecological processes.

Introducing nomnative species can prolong the flowering period from early spring to late
autumn and enhance community floweriness and resilience, by for exampgi¢alishiorth
American forbgHitchmough and Fleur, 2006; Hitchmough, Wagner and Ahmad, 2017)
Fromaesthetics point of view, people prefer to value the appearance and variety of flowers in
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a meadow community over the sense of nativenessnidtive species with additional flower
colours and forms in urban landscapes are potentially more attractivetaresiing than

native species per geloyle, Hitthmough anda¥gensen, 2017aYhe public are also likely
to prefer the

notion of O6ecol ogyé6
to appreciate exotic species when they are well informed with ecological knowledge such as
benefits of nomativespecies to climate chan@idoyle, Hitchmough and Jorgensen, 2017b)
Finally, as Britain has long history of importing and cultivating-native plant§Dehnen

Schmutzet al, 2007) the public are genergltulturally accepting of theqéloyle,
Hitchmough and Jorgensen, 2017b)e perception to nenative species is different from

rural landscapes and tipsovides a good opportunity to enrich the species diversity in urban

ecosystem.

To conclude, forbs are the key to increase the appreciation to grassland community in urban
landscapes. Diversity in colour and structure provides visual pleasure as wellogscat

values. Frequently, visible species diversity represented by the flowering species deliver the
signs of biodiversity which create the enjoyment and satisfaction to the public since
biocentric values are increasingly fashionable and recognisetlan landscapes. However,

forb richness and persistence are a challenge for both social and ecological sustainability. A
core question would be that can design, that through applying the ecological process and is

over

involved at the beginning, determine thebfperformance in both short and long terms?

Table 2.1 The perception of sense of care and intention increaswith the gradient from natural to urban
contexts. Thus, design becomes an extremely critical issue with the increased sense of cultural realm.

Forb richness is an essential indicator in urban landscape designs.

Grassland at
Landscape scale

Rural grassland

Urban grassland

Perception Nature of pen Rural peoplé agricultural land | Managed greenspace
glades with and utility;
scatteredr no .
trees Urbf'in peoplé na_tqral
environment to visit or remote
area distant from daily life
Aesthetical As what it is Rural peoplé productivity and | Neat, intention and care;
needs stewardship; increasingly notion of urban
L , ecological values
Urban peoplé 6 bei ng
ard ecological values
Importance Not important Not important Extremely important
of forb
performance
to the public
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2.2 Synthesising forb rich grassland communities

2.2.1Competition as the main factor shaping a grassland community

Competition generally refers to the negative effects on plant growth or fithess caused by the
presence of neighbours, usually by reducing the availability of resdiiteddy and Cabhill,
2012) This ultimately occurs between neighbouring individ@e#eine, 1990) There are
various factors determining and shaping the composition of a plant community. Light,
nutrients, space and water are the major resources in the comp@&iiime, 2002) Within a
community, seedling density, time of emergengrowth rate and other morphological
variables interact to affect the amount of resources available to eackBaantster, 1976
Grime, 2002) Competition ean appear both between different species (interspecific
competition) and between the members of the same species (intraspecific competition)
(Bannister, 1976)A common measurement of competition outcome is the biomass
production of an individual or popation which is usually considered to reflect plant growth
or fitness(Mead, 1968)

Under condition of high productivity and low disturbance, species which can capture more
resources than others are de(Grime@2as O6compet
Capturing the key resources modifies the local environment and suppresses, even eliminates,

the neighbours. Competitive species are usually associated with a combination of rapid

growth rate, high increase in height, lateral spraadiroot mass etc, and high capacity of

phenotypic plasticity in the established sté@eme, 2002) In the early stage, plants which

emerge first within a population also have advantages to access the resources before the
competition is formed(Firbank and Watkinson, 1987)his advantge may help to develop

taller seedlings in the early stage. It can be compounded over time as they intercept more

light resources and accumulate more biomass for a better competitiveness (@atenonel

and Bazzaz, 1993Kdppler and Hitchmoug(R015)also argued that under productive site

condition, the competition is mainly between leavessmabts for light where water and
nutrient are abundant to each individual . Th
intraspecific competition sooner where the seedling density reaches a certain level. On the

other hand, the competition can be reduaeder the condition of low productivity or intense
disturbancé€Grime, 2002) The competitive relationships between species may be changed

by the relative fitness of those species.

Competition between individuals can be symmetric or asymmetric. In general, the larger
individual is barely affected by the smaller dieeckleton and Watkinson, 200&einer,

1990) In an everaged communities, competition is not necessarily asymmetric from the
beginning. It initially takes place between the roots for water and nutrients without much
interference. Then it turns into asymmetric competition when ket large enough to

shade one anoth@WVeiner, 1990)The relevant growth rate (RGR) as well as the intrinsic
size of a species may determine its ultimate foliage height in the community and this
difference causs sizeasymmetry(Connolly and Wayne, 1996] his can lead to a massive
reduction in the light resources available to the smaller individuals. The resource removal
exponentially reduces the performance of the smaller ones and even leads to elimination.
Thus, light exploitation is often acknowledgasithe major factor forming asymmetric
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competition(DeMalachet al,, 2016andSchwinning and Weiner, 1998)Vithin a closed
community, small difference in height can lead to large changes in the species biomass
composition and seedling composition in successional s(&gase, 2002) In practice,

only a slight relative advantage may be suffitito suppress a neighbour to achieve
asymmetric competitio(Hitchmough, 2017a)

Within a community, plants accumulating biomass as they grow causes greater inter and intra
specific competition that cause the competitive elimination to diminish the mwhbe

individuals and eventually thin the seedlings down to a sustainable number. This was
discovered and defined Moda et al(1963)as selthinning. Again, productive conditions

in the absence of disturbance can drive these effects to take place sooner as it increases the
rate of biomass accumulation without restrictions. Higher seedling density and the

distribution frequency of laggplants can also increase the eff§¢estoby, 1981)

The interaction between the individuals within a community is not always negative. As
resources become more limiting as in unproductive habitats, the stress gradient shifts the
competitive interactions to become beneficial and species sometimes facilitate each other. As
competition for resources increase eventually resource shortfalls occur and hence competitive
effects becomeeducedMaestreet al, 2009) Plants can protect each other from herbivores,
potentially competitors or climate extremes as well as all@li¢éional resources through

canopy leaching, microbial and mycorrhizal netw(Bknnister, 1976Grime, 2002and
Partzsch and Bachmann, 2011) However, this oO0facilitationd |
the ecological process. Grime (2002) also suggests that most of the scientific results proving
facilitation effects between plants are mainlyided from plants in laboratory environments
which are usually more stablished and ideal, rather than the real situation. Thus, competition
is still the key issue shaping a community in landscape prdjddthmough, 2017a)

Herbivory also plays a key role shaping plant communities, often in conjunction with
competition. Depending on timing and amount of tissue consumed, herbivores can alter the
population structure of plant and-s&ructure the community by impacting on the seed bank
and the individualife cycle(Del-Val and Crawley, 200&ndWilby and Brown, 2001)In

most cases, herbivory effects are seen to promote species richness in a community by
reducing the capacity of the most rapid growing species from outcompeting the slower
growing specie¢Del-Val and Crawley, 2005)I'his occurs because the most rapid growing
species are often the most palatgklates and Orians, 1975)

Dominants and subordinates

Inaommunity, the competitive species accumul ¢
greatest proportion of the biomass. This group of plants controls the abundance and fitness of

ot her minor contributors within ntamdGesig me sys
2002 The difference of Oscaled and Oprecisiort
between dominant and subordiné&@ampbell, Grime and Mackey, 199The dominants

tend to exploit more resources in both space and time while the subordinates can employ the
small patches of resources left by the dominants to survive but remainGnirak, 1987)

As the dominants forage a much higher proportion of resource, the dominance effect tends to
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be severe and suppress the subordinates, especially when the soil productivity increases
(Keddy, TwolanStrutt am Shipley, 1997)When dominance increases, the species density
declines in a communit§Grime, 1973) Owning to light competition playing the major role

in shaping the community structut€dppler and Hitchmougt2015) the subordinates

which can survive in the longer term are likely to have above average shade tolerance. The
slow growing and full sun preferring species are likely to be eliminated sooner. However, no
single speciessicapable to completely dominate a community. Intra specific competition
occurs when the dominants biomass reaches a certain level. This leads to the mortality of
dominant species and leaves unused resources, especially space and light, to the subordinates
(Aarssen, Schamp and Pither, 20@3spite the dynamic shifts within a community, the
dominance normally lasts in the long term. The lergn experiment at Rothamsted
Experimental Station (initiated in 1856) records the persistence of grass dominance patterns
and suggests that altering astebilising the dominance pattern by constantly changing NPK
levels may take up 40 yegSilvertownet al, 2006) Herbenet al, (2003)found that the
dominant grass biomass can return to the similar level within a short term after being
selectively removed. Also, enhancing species diversitydominance situation is suggested

to be an extremely slow process in grassland restorgiidakkeret al, 2004)

However, the dominants are not always the ©6c
favoured by the habitat condi ti otnosl.erFaonrt Ge x an
species which sustain slower growing rates under limiting conditions over comparatively

long periods are likely to develop large stature to dominant in a comn{Gmitye, 2002)

Low yielding species may have a competitive advantage under extreme environment
conditions(Bannister, 1976)Also, altering environmental conditions for the same plant mix

may favour different species to take advantage of the competition processarshetthe

role between dominants and subordinates. Sooner or later a dominant or a few dominant

species which are well fitted to the environment still inevitably emerge as dominance is a

relative phenomenofHitchmough, 2017a)

There are a very large numrbof species that consistently occupy subordinate positions
within herbaceous community as an outcome of evolf#amssen, Schamp and Pither, 2006
andGrime, 2002) According toGrime (2002) there are three propositions that permit the
survival of subordinates;

- Exploiting similar niches associated with different dominant species;

- Exploiting the resources left from restricted development of paleswiminants by
environmental and biotic factors;

- Exploiting the resource left from the temporary absence of dominants.

Subordinates account for high species richness in plant communities. The survivorship of
them is the key to determine the ecologicdligaegarding species diversity, and

productivity in many caseMariotteet al, 2013) The loss of subordinates can directly and
indirectly affect the community structure and succession in a longer term through the
alteration of identity, recruitmemnd relative abundance of dominaf@ime, 2002) With

the event of major climate shift or the change of management scheme, the dominant species
may decline and one or a few subordinate species can become the new dominants (Grime,
2002andSluis,2002.
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Coexistence

The precondition for a high species coexistence is for factors to be present which limit the
appearance of dominance. Nonetheless, the presence of coexisteooe petition outcome
from the past. An increase in coexistenaathereforebe encouraged by the effects of stress
and disturbance which is associated with reduction of potential growth of domiGainte,
2002)

Apart from the studies of species competition, niche occupation may also explaiera patt
coexistence. The smaller species associated with less biomass but still successful, exist
within the community due to the diversity in morphological difference which help them
constantly explore the spatial resources left from the large indiviyaissen, Schamp and
Pither, 2006)Tilman (1982)also suggests that coexistence is achieved by exploiting
different ratios of above and below ground resources, particularly light and nitrogen. More
effectively exploiting the resources belground with a higher ratio of root: shoot may be
the strategyesponding to the limiting availability of light resourg@ao and Ohkubo, 1998)

Communities with higher species coexisteaoepotentiallymore productivéPartzsch and
Bachmann, 201andPokornyet al, 2004) Therdore, in terms of creating productive

synthetic plant communities, diversity provides the capacity to fill up nigivesy the

community more stabilityvith designed species and reduce invasion of undesired species
(Tilman, Reich and Knops, 20Q8)his pattern again reveals an equilibrium between species
at the 6mid or end pointdé that is reached
theoreticallyfa si bl e i n ecol ogical models however
in urban landscapes is often a different issue all together. Simultaneously different size and
other characteristics also speeds up asymmetric growth and competition that cediais sp
gain dominance over the rest.

2.2.2Forb performance as a critical issue in grassland communities

Forb performance not only contributes to landscape values from aesthetic point of view, it
also has critical effects on ecological aspects. A fatb community is therefore a culture

and nature wirwin solution in designed landscagéstchmough, 2017a) Ecology wise,

forbs are the most diverse group within a grassland syé@okson and Busby, 200énd
Lauenroth and Adler, 2008Forb functional groupaccount for the majority of richness and
biomass of a grassland plant commuiiRgpkornyet al, 2004) Morphologically, forbs are
more varied in stem architecture and root pattern. This diversity contributes to explore and
occupy a wider range of ecological niches

Thus, the loss of forb richness and abundauatertially results in lover biomass production
and lowercommunity resilience in response to weeds invasion and climate ctRoigeny

et al, 2004andTilman et al,2006) Although tere is little evidence that resilience to
invasion is correlated with the species rictlmiagdesigned meadowstilising different

canopy layers of forbs can extend the time period of vegetative ground coverage in a year
which effectvely reduce weeds invasigHitchmough, Wagner and Ahmad, 201Bgsides,
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a forbrich grassland community can significantly support more pollinators as the key process
for wildlife diversity (Pottset al, 2009)

In practice, the focus of ecological restoration works has been shifted from degradey
area to the agricultural lands associated with intensive cultivation hisiameshe mid20"
Century(Pywell et al, 2003) This transformation began to require species diversity and
ecological functions rather than a simple vegetation conesites Agricultural grasslands
originally suffered significant loss of forb species and are now commonly dominated by a
few competitive perennial grass spediegwell et al, 2003) This is mostly due to NPK
fertilisation which made the soil overqatuctive.The fertility commonly results in a quick
disappearance of stress tolerant fdrbs the vigorous species competition, driven by
perennial grasses in most of ca@@gwell et al, 2002) Introducing animal grazing back to
the commurty can theoretically benefit the forb communities but mostly lead to a temporary
appearance of ruderal forfBBullock et al, 2001) Thus, achieving forb establishment and
persistence is key thié¢ successful ecological restoration of grasslédbdakson and Busby,
2009)

From an ecologts point of view, grass dominance is often seen as the major problem
reducing forb species richness and ecological values in grassland systems particularly where
associated with intensive agriculture ugsklis, 2002; Pywelet al, 2003; DelVal and

Crawley, 2005)Increasing the ratio of biomass of forb to grass and creating forb dominant
communities usually involves approaches of existing dominant grass biomass removal plus
forb seeds additionStevenson, Bullock and Warti995; Edwards and Crawley, 1999a;

Sluis, 2002; Pywelét al., 2003, 2007)Increased sowing density of forb seeds has also been
tested to increase the likelihood of forb dominance from the begifDingson and Busby,

2009) However, forb dominance has generally been found unlikely to persist after
approxi matel y t hr ereofgrassdomsirancé damet be sdlveckwitiptheo b | e
6o ¢ op b6 a phekVval and Grawlely (2005esearch, a forb dominant community

was mantained by graminicide application to suppress the growth of grass for three growing
years. However, when the graminicide treatment ceased, the biomass ratio of forb: grass was
gradually reduced. This fate of grass dominance in grassland restoratiostlis aetermined

by the productive soil from the outset. Persistent seed banks and vigorous growth form allow
grasses to rapidly colonise and perform increasingly well with time in the absence of

effective managemeiPywell et al, 2003; DelVal and Crawley, 2005)

Restoring species richness requires a persistence of species richness post the cessation of
oweedd (plant r e mov al(DockwondandPsneneld@ndthpd ant add
ecological studies and grassland restorateviews often conclude that recreation of forb

rich grasslands is only technically feasible for a relatively short period ofWaékeret al,

2004) In the longer term, grass competition inevitably reduces forb richness irrespective of

the initial forb seedling density andtaislishmen{Stevenson, Bullock and Ward, 1995;

Dickson and Busby, 2009rasses in generaleasuperior competitor that suppress forb

biomass in a grassland system as the traits associated with grasses indicate the ability 1) to
outcompete others and 2) to decrease the risk of grass mdiRghtell et al, 2003)

In the longterm field expement at Rothamsted, although the species composition is
dynamic within the forb or grass group with the change of annual climate, grass dominance
persists and the equilibrium point between forb and grass biomass is essentially stable in the
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fertile grasshnd systen(Silvertown, 1980; Storkegt al, 2016) Despite the fact that forb
species are able to coexist with ggas in a grassland either by recruitment from seed or by
vegetative growth even under intense competifioel-Val and Crawley, 2005; Dickson and
Busby, 2009)Staabet al, (2015) found that extinction of forb species diversity (>50% of
forb species) in a community requires grasses to represent 95% of the total biomass
production. At these grass biomasses however the forb biomassasdinyould not be
considered to be a satisfactory community for urban landscapes.

From the 2% Century, the potential ecological values of urban areas have been recognised by
ecologists and landscape architects to accommodate species diverse habiatmacidthe

wider green corridor@Marzluff and Rodewald, 2008This emphasises the ecological value

of creating forbrich grasslands in urban landscagagespect to social values in urban

landscape projects, forb performance, to some extent, may be requitgdtzrdevel A

l evel of forb domi naremaningimthetsiiberdinate tole, is ne@dedi r v i v
for maximising visual impacts$dowever, forbs are rarely the dominant species in natural or
semtnatural grasslands, so to turn this aroundhenlonger term is a major ecological and

technical challengéHitchmough et al, 2008ywell et al,, 2007)

Fortunately, urban areas can provide a different scenario which potentially supports forb rich
meadows. The brownfields in urban areas ofte
subsoils, mineral aggregates amdshed building materials. This creates extraordinary
opportunities to develop the forbs which have stress tolerating characters and shade
tolerance/low palatabilityHitchmough, Kendle and Paraskevopoulou, 200hgre are more
chancesd manipulate the site conditions, for example the topography, mulch layer, and
species composition from the sowing onwards. Meadows made in these environments have
turned out to be successful in terms of the persistence in forb dominance and richness in a
longer period (e.gHitchmough, 201&). Non-native forbs are seen as inappropriate to be
introduced in the rural areas, due to both ecological consideration and social acceptance of
landscape character. However, these can be applied in many urban landscape projects to
provide significant addibnal visual effects as well as equivalent, or even in some cases more
persistent, ecological valuélditchmough, 2011)

However there are practical problems in using diversity in this way as to have diversity low
productve environments are required, leading to diverse but open communities thairare
vulnerable to invasion and may also make a low contribution to visual effects. Also, in a forb
dominated vegetation, most of the species are winter deciduous. In a mild winter, this
absence creates physical space and light availability at soil ledétaahs to winter and

spring germinating weeds to establ{shtchmough, 2017a)nvasion can be reduced by

adding more grasses or other forbs with evergreen foliage or persist dead foliage to the
community(Hitchmough, 2017aHowever, this may cause grastesutcompete forbs or

other dominants changing the community dynamic.

2.2.3What makes grass more competitive than forbs?

Dominance of grasses over forbs has been commonly obsengaslide range of productive
herbaceous commuigs both in thevild (Pywell et al, 2003 Sluis, 2002)and also in
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designed urban landscapg®grnet al, 2019 Hitchmough, 201y Where grasses are

observed talominate for the most cases, this was associated with low floristic diversity

(Grime, Hodgson and Hunt, 198&)utcompeting of forbs by grasses creates a problem of
reduced forb density @ardswi twhitchi £onmédudedcddn
acceptance and ecological value. The mechanism of grass compes$iveas been widely
studied(Edwards and Crawley, 1999; Hitchmough, Kendle and Paraskevopoulou, 2001;

Pywell et al, 2003; Bog and Reader, 2006; Hitchmough, Paraskevopoulou and Dunnett,

2008)

Grass species tend to be superior than forb species in survivorship from the initidhstage.
fertile grasslands in the UKhe number of grass seedlings recruited from soil seedsbaek

much higher than forb seedlinjsdwards and Crawley, 1999}rass therefore gains

numeric advantages from the outsgetthe research ditchmough, Kendle and
Paraskevopoulo(2001) the grasses could achieve a higher and earlier emergence than forbs.
This potentially gives grasses more competitiveness than the forbs. This study suggested this
was because grasses have medium to large size of seeds among selectetesargss
speces(Hitchmough, Kendle and Paraskevopoulou, 20Bigger seeds contain larger
carbohydrateeserves facilitating seedling survivaider limited availability of watgiBen

Hur and Kadmon, 2019urado and Westoby, 2006Jowever, this advantage of grass may

be mitigated ifdrge seeded forbs are introduced in the sowing mix.

In the seedling stagetags seedlingsan develop apid root expansion for exploitation of

the substrates and abegeund shoot growth rate for resource hun{i@gmpbell, Grime

and Mackey, 1991Hitchmough, Kendle and Paraskevopoulou, 200hgse advantages are
enhanced when the productivity increases and generate greater effects of dominance
(Campbell, Grime and Mackey, 199These characters help grasses dominate key resource
especially light and nutrients giving them superior survivorship to neighbouring forbs
(Williams, Jackson and Smith, 20el-Val and Crawley, 2005Earlyadvantage igrowth

has strong relationship to the plants overall competitive performance. This can further
enhance theslevantgrowth rate of grass seedlingg suppressing the neighboyRywell et

al., 2003) This islikely to be keyto perforning better in seedling competition.

With established grasses, denser tillers may be the profound morphological advantages to
outcompete forb speci€Bywellet al, 2003 Bosy and Reader, 2006}rass shoots can close
the canopy faster and form a dense layer of litter above the ground. The foliage of grasses
typically persists for longer p@d than the most of for&rime, Hodgson and Hunt, 1988;
Grime, 2002; Hitchmough, 2017d)his is assumed to impose additional stress to suppress
forbs development and persistence. Dense grass leaf &itte¥azl b a reduction in

amplitude of daily fluctuation in air temperaturehich accompanies a reduction in the
maximum daily air temperatureess fluctuation in air temperature can cause a low
germination rate of neighbouring for@annister, 197@ndBosy and Reader, 2006}
mechanical barrieranbe formedby grass leaf mass supressing young forb seedling to
penetrate to access the ligBosy and Reader, 2006)his is due to a lot of forb spies

having horizontal orientation of cotyledons that makes it difficult to push upwards through
the grass litter. This leads to high mortality because there is insufficient light beneath the
litter for photosynthesis to match respirati@annister, 1976pr because higher humidity
increased infection from pathogeiacelli and Rikett, 1991) Grass litter also forms a
physical barrier to prevent forb seeds from being in contact with minergRsgrecht and
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Szabd, 2012)In chemical terms, biologically active leachate from grass litter can also reduce
forb emergenc@Verner, 2006)However, the effect may not be significanthefield (as
opposed to in laboratoriedue to more complex microbial activities and heavy rain reducing
the concentration of the inhibitorsinally, grass tend to have longer life span. Resources will
be made available for new grass seedling establishment throudéatieof neighbours
especially in absence dfsturbancgLauenroth and Adler, 2008)

In terms of disturbance factors, grasses are typically more tot#rdisturbance than forbs.

Grass tolerates frequent defoliation by grazing or cutting because its clonal growth form and
the position of their perennating buds just below or close tedthsurfacgPywellet al,

2003) This makes grass recovery and canopy closure faster, decreasing the risk of grass
mortality. Disturbance would especially become less effective to increase forb species

diversity when the grasses are establishednmser(Bullock et al, 2001) Forbs gaining
advantages to survive and establish from disturbance are normally short term whereas grasses
soon seize back the dominance rdMalkeret al, 2004; DelVal and Crawley, 2005)

Moreover, grass is less palatable to molluscs. Where grasses are dominant molluscs densities
are often high due to the structure of the grass cafttwards and Crawley, 1998el-Val

and Crawley, 2005)Grass often contain silica in their leaves and are often avoided by

molluscs leading to differential grazing pressurdarbs. In addition, because of the timing

of attack on forbs usually occurs at the seedling stage rather than mature plants, molluscs
cause high forb seedling mortality. This encourages transition from -@déonmated

community to a grasdominated commmity (Wilby and Brown, 2001)

Once a perennial grass dominated community is established, seedlings of the same species
are soon be established in the surrounding gaps or even replacesting @gedlings groups
(Edwards and Crawley, 199Bickson and Busy, 2009) Hitchmough(2009)found that

200mm wide gaps was not sufficient to stop grass invasion to eliminate forbs previously
established by planting, includingrbs native to the area in grasslanbis pattern is

unlikely to be turned around unless a large scale disturbance to the dominant grass in
combination with reintroducing desired species are applied to a grassland community
(Edwards and Crawe 1999; Sluis, 2002Valkeret al, 2004)

Most of the studies above strongly support the superior competitiveness of grass species. The
outcome is often based on complex effects from large scale measurements with long term
observations. There are a few previous researches carried out at smaddiendach may

provide another insighA study(Dwyer, 1958)carried out on a grassland site where were
relatively undisturbed (i.e. free from grazing or other unnatural disturbances for many years)
in Kansas, the US found that the spontaneous féunbosia psilstachya Aster ericoides

Aster oblongifolius, Solidaga molledSolidago rigidg with rhizomatougyrowth form can
suppress dominance grags)firopogon gerardi, Andropogon scopararsdBouteloua
curtipendulg through direct contact with each othetlie surface four inches of soil
Rhizomatous forbs tend to be more vigorous in growth and competitive for space. This
causes a biomass reduction in grass. Besides, the forbs with tapaioteatea

angustifolia, Gutierrezia sarothrae, Petalostemon candigBetalostemon purpurea

Psoralea tenuifloraandSchrankia uncinadecan coexist well with grasses by utilising

moisture and nutrients below the root system of grasses. In additeonmel and Bazzaz
(1993)suggested that the forbs which produce a larger leaf area tla@ersdyrasses can
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impose more light stress to the neighbouring grass individuals and to be more competitive
than grasses. However, both studies were short term (one growing season) and small scaled,
which reduces capacity to reflect on the overall comtyudynamic and development

between forbs and grasses. Also, the studies merely cropped and captured a small picture of
the interaction between some established plants. This excluded the factors for example,
responsible for the difference in emergence asdikng growth rate between forb and grass
species.

2.2.4Designing a semnatural grassland communityin urban landscapes

From the late 20 Century in the UK, management funds for public parks have been
dramatically reduced due to a series of political changes and financial lcaigisr¢ Jones,
2016) Traditional plantings appeared less affordable to maintain to high guality
greenspce, in terms of resistance to invasion and regeneration. Such plantings usually
require extreme intensity of horticultural disturbance (maintenance) to prolong their
performance, especially in the longer term. Monoculture planting may need complete
repla@ments when the designed species reaches the limit of life span or experiences any
extreme climate. Landscape managers then started to seek out an alternative way maximising
the effectiveness of management resources to provide both ecological and $oesal va
(Kendle, Rose and Oikawa, 2003 his idea brought back the focus onto planting models in
nature which are supposed to be-setjulated but alseisually attractive as communities
(Koppler and Hitchmough, 2019\ aturalistic planting especially the meadbke

vegetation, which derived from naturabpt communities synthesising between ecology and
design, have systematically been studied and developed as a tool for urban landscape
architecture from the early 2Century(Hitchmough and Dunnett, 2004)jhis planting style
has been increasingly fashionable in Weskurope leve(Koppler and Hitchmough, 2015)

Meadow-like vegetation

Traditional/ Structured } * { Naturalistic

Figure 2.1 Meadowlike vegetation are strongly naturalistic in philosophy and the appearance is highly
closed to the grassland communities in nature

Naturalistic communities involve design with speaies and multilayer plantings. Forbs in
particular are plantedh random arrangements that mimic natural plant commyR#yer to

Figure 2.1). They can involve a @isity of species which occupy different niches and will
establish and reproduce whenever the environmental condition is favotablenough

and Dunnett, 2004ndBjgrn, Weiner and @rgaard, 2016)At t r act i veness o i
upon the productivity of individual plants but the entire vegetgtibtthmough, Kendle and
Paraskevopoulou, 2003Ylanagement approaches are often easier and more time efficient
compared with conventional horticultural vegetatiarcsithe activities are applied to a

whole community rather than individual plaiiksitchmough, 2017a)The consideration of
environmental sustainability is equally important and can be comprehensively achieved by a
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naturalistic community by reducing carbemission of management equipment and
supporting a wider range of wildlifg¢ditchmough and Dunnett, 200@zgtiner, Kendle and
Bisgrove, 2007)

The mechanism of coexistence of many plant species in a diverse community of this type is
not yet fully understood, however the major challenge is the persistence of forb species
diversity and richness.

Can a forb rich community be persistent in urbard$zape?

The increasing notion of ecological and biodiversity values in urban area brought up the idea

of éstabilityd. It mostly implies an equilib
can underpin persistent productivity, that is resistant tasiaw and can return to the original

state after disturban¢&6ppler and Hitchmough, 2015) diversity of precedent planting

projects have proved that higlweed resistant communities can be achieved with a complex
structure on relatively high productivity soi($litchmough and Wagner, 2018itchmough,

Wagner and Ahmad, 201Bjgrnet al, 2019)

However, within these communities, full persistence of the original species, as designed may
never exist, species continue to change spontaneously, as is the nature of vegetation process.
Without regular disturbance, competition in combination with hergivoevitably takes

place leading to aggregation of biomass from planted or incoming colonising individuals .

Any minor change to resource allocation may contribute to asymmetric growth and change
the envisaged pattern at the local level. This procesgapeously drives the community

structure. A stable community has always been an illu8grn, Weiner and @rgaard, 2016
andHitchmough, 2017)

Species richness diminishes wiihssage aime

With the passage of time, the loss of species richness in designed communities is mainly due
to conpetitive elimination, namely sethinning, and weed competition in some cases (e.g.
Hitchmough, De La Fleur and Findlay, 200%he original seedling number is often reduced

by half after about three growing years in a carefully designed herbaceo(es gnix

Hitchmough and Wagner, 201Bjgrnet al, 2019) The effect of initial species composition

and spatial distribution would be diminish@jarn, Weiner and @rgaard, 2016; Bjanal,

2019) Symmetrical growth across each species does not occur in a meadow community since
the difference in individual stature is accentuated by the variety of key traits éimmpéx

relevant growth rate) responding to #ite conditions and neighbouring individuals. This

again inevitably leads to the pattern that vigorous species, playing the dominant role and
representing the major coverage and biomass,ecsabbrdinates igspective to the mix

originally designedqHitchmough, Wagner and Ahmad, 201[zight competition still plays

the key role to the sethinning and loss of diversity in meaddike communities in urban
landscapegéVojtech, Turnbull and Hector, 20pHAitchmough and Wagner, 2013)
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Disturbance can be effective butireluction of new plants is needed

Appropriate management approaches camebttee duration of brb richness in a
community.The key is to balance out resource allocatind keep the survivorship as high

as possible since most of the seedlings remain subordirregencrease of light access at the
soil level for reemerging seedlings is usually achieved in meatikevcommunities by
standing biomass removalh&communitycan return to the same productivity level within
theyearand the disturbance is often required annu@jgrnet al, 2019) The timing of
application is critical to the pattern of dynamics. Early cutback, for example in August, can
disadvantage the tall species but increase the survival of short suboristesough and
Wagner, 2013)However, reduction of vegetative cover in summer can make the community
vulnerable to invasio(Bjgrn, Weiner and @rgaard, 201®n the contrast, a late cutback
maximises potential photosynthesis and hence dry weight of individual, providing their
foliage is arranged in space and time in such a way as to intégtgto a community).
Species with tall or widely spreading foliage are likely to benefit from(Hitshmough,

2009) This mechanism leads to small species eliminaamner but can reduce the
establishment of invaders.

However, the evidence that disturbance effectively improves species diversity in a
community is weak or even negati@i$dppler and Hitchmough, 2019y a designed
community the effect of recruitment from sedkeeding within the system usually appears too
low to change the dynamic, especially where there is no seed rain from the outside into the
meadow in most cases. Ov&ywing or transplanting combining with disturbance efarne is
needed for preserving a colourful and spedes forb community in the longer term
(Dickson and Busby, 20G8ndBjgm, Weiner and @rgaard, 2016y seminatural meadows
diversity in a given patch is significantly maintained by seed rain from outside the patch
(Hitchmough, Paraskevopoulou and Dunnett, 2008; Hitchmough, 20héalternative is to
accept a lower level of species diversity which is stable at a given level of managehen
productivity.

The trend for diversity to diminish being the norm as part of the ecological process.

Completely seHregulated and selegenerating communities do not really exist in either the
natural world or in the landscapes of cities. It is Begr possible to maintain forb rich

communities for long periods of time, to deliver politically attractive ecological experiences

and develop social values in urban landscapes. This brings a key question; can design process
extend the persistence of faibhness, at least for a relatively long term?

2.2.5To what extent, can the starting point change community performance through
design in the longer tern?

Thereare three main factors playing the key sifedesigning a sermatural community
resource availability, plant community composition and disturb@&@ascorbi, 2007)These
factorsaffectthe interactive relationship between thdiuidualsas well as community
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patternin both short term and long term. In general, the strategy is to achieve a longer
coexistence by limiting the proportion of the large growing potential dominants to reduce
competition with small growing species. Dasigpproaches usually involves setting up the
initial seedling densities and manipulating soil fertility and moisture status of the soill
(Hitchmough, De La Fleur and Findlay, 2004; Hitchmough, 2Q1Relatively high
community productivity reduces seedling invasion from the outside and quickly achieves a
substantial visual impact which is critical to gain public support. However, in general,
taxonomic diversity decreasesth increasing density of potential dominants or soil
productivity (Keddy, TwolanrStrutt and Shipley, 1997; Hautier, Vojtech and Hector, 2018)
Thus, the best possible solution to maintain equilibriuto maintain a relatively productive
but diverse community, however this is always something conundrum especially in
communities created by sowing.

Theoretically, the effect of initial seedling composition diminishes after few years but the
accumulated eéfcts of survival, growth and regeneration strategies become dominant to
shape the community appearance in the long (8jern, Weiner an@rgaard, 2016)lt is
inevitable that seedling mortality and recruitment flux as a part of this ecological process.
However, designing the starting points can substantially affect the dynamic within a
community.In an urban sermmatural community, the design process can be involved from a
very beginning prior to site construction and sowing, and then into the longer term. This
provides the opportunity to design the initial species composition, and control thefleve
resource availability, through for example by different types of mulch layers, or soils. This is
likely to affect the biomass distribution and the pattern of coexistence for a longer period
which may also affect the pattern of light competition arldydthe impact of dominance
effects.

First year survival is important to represent the species composition in a relatively longer
term (Lauenroth and Adler, 2008\ higher number of surviving seedlings allows more
opportunities for community regeneration in respect to the scope of management and
potential climate change. Maximising the initial ratio of biomass of desired speuiesds

can be a good indicator to a persistent community in the longe(ltchmough and Fleur,
2006) Combining sensible management (usually low resourput required such as

cutting), designed communities can effectively satisfy both ecological and social needs, and
sustain this in the long termx&mples of projects in practice that have achieve this include;
The Merton Boders at University of Oxford Botanic Garden, Sheffield Botanical Gardens
Prairie and large scale project of Queen Elizabeth Olympic Park UK Native Wildflower
Meadows Hitchmough, 2017)

Species selection

060Speciesb6b is as an extremely i mportant wvaria
the community structure and behavigditchmough, Wagner and Ahmad, 2017; Bjetn

al., 2019) Some guidance for species selattias been proposed to extend fodh

persistence by practitioners. Firstly, selecting species with similar key traits, for example

growth rate, can increase stability of mixed plantifig$ppler and Hitchmough, 2015)

27



Secondly, species that fit within the ecological conditions of the habitat, but are as different

as possible in their niches within the habitat would tend to coexist (Bjgen, Weiner and
@rgaard, 2016)Thirdly, species performing equally well under low resouszgliring

maintenance and having similar response to major disturbance such as mowing are
advantageous to pers{&jarn, Weiner and @rgaard, 201&)jnally, the capacity for survival

more likely determines the persistence of a species than the reproduction ability in a perennial
community(Bjgrn et al, 2019) Pywell et al, (2003)also found that higher vegetative
competitiveness is more important than abilities of succession and colonisation for a species
to persist in the long term in a sematural community.

Sowingtimes,wateringintervals and initial establishment

Sowing time and irrigation concurrent with the germination window are critical to enhance
initial percentage emergence. Emergence is higher when species whose seed has a chilling or
afterripening are subjected to peds of low temperature chilling, a common phenomenon in
temperature speci€Baskin and Baskin, 2014Thus autumn or winter sowing are
advantageous for these speciéitchmough, De La Fleur and Findlay, 200#jigation and

in particular he frequency of irrigation increases percentage emergence even for the species
from dry habitatg§Fay and Schultz, 2009; Hitchmough and Wagner, 2013; Hitcigtm,

2017a) Many meadows are undermined from the outset in the absence of temporary
irrigation, as forb numbers are often very low, especially if dry weather is experienced during
the emergence window. Higher seedling numbers close the ground suakeg a

community more resistant to weed invasion in the first year by reducing invader
establishmenfHitchmough, 2017aHigher seedling numbers will of course potentially lead

to greater seithinning, so a density balance has to be struck. A commumitgtms of

seedling survivals and growth, will be harder to control from the second year as an entirely
different dynamic will appear. The carbohydrate accumulated from the growth of first year
boosts growth from the next spring exponentiallyreasingtie size of individual plants
(Hitchmough, 2017a)The interactive effects thus also exponentially increase. As individual
size gets largegrom the second growing year, disturbance such as plant removal aiming to
reduce the density of dominant species may leave large gaps on soil surface for weeds
invasion.

Are there any design approaches that can reduce dominant effects and encourage the
persistence of subordinate forbs and high species richness?

Longer persistence of forb richness in a designed community requires a higher forb survival
but lower presence of dominants, which can be either forb or grass species. In principle,
greater forb prsistence can be achieved by;

1) Increasing forb diversity and survivals in the first year;
2) Limiting grass presence to a threshold biomass;
3) Reducing the number and density of potentially dominant forbs/grasses;
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4) Limiting resource availability to discouratiee growth of potential dominants.

The first three of these fAleverso are | argel
season and are strongly related to community design and establishment protocols. The fourth
lever is important in both the firgear and into the distant future.

Increasing sowing rate was traditionally used in agriculture as-hedicidal way to reduce
weed establishment by a quick closure of plant canopies when dealing with monocultures
(Andrew and Storkey, 2017)he same mechanism has also been applied in grassland
restoration works and urban planting projects. Both were shown to have sigreffeats on
the establishment of desired species with a reduction of weed iny&seawenson, Bullock

and Ward, 1993itchmough and Fleur, 2006) he initial sowing rate and emergence is
positively related and even almost be linear whicleast effectively enhance the forb
richness in the shotérm, however, the biomass ceases to increase after reaching a certain
threshold(Hitchmough, De La Fleur and Findlay, @0 Hitchmough, Paraskevopoulou and
Dunnett, 2008)Higher seedling density leads to the competition taking place sooner and
more intensely leading to lowseedling surviva{Hitchmough and Fleur, 2006;

Hitchmough, Wagner and Ahmad, 201%&)lower sowing density is likely to aid sown
seedlings surviving into the second year providing the sitecasifidesired plants weedy
colonists which will compete with the sown spediggevenson, Bullock and Ward, 1995;
Hitchmough and Fleur, 2006cotton, 2019)The use of sand and other sowing mulches is
effective in reducing emergence of these weedy species from the soil sedHlibemkough
and Fleur2006; Hitchmough, 20172a)

Within a community, grass species are likely to outcompete the forbs sooner when the
sowing rate increases in both. Higher seedling ratios of forbs to grasses potentially increase
forb survivals and biomass in the short termmt the long ternfDickson and Busby,

2009) However, a high sowing density of shade tolerant forbs can be effective to retain forb
abundance to coexist with grasses even reduce the grass biomass in the longer term
(Hitchmough, Paraskevopoulou and Dunnett, 2008 efficiency of increasing forb sowing
density depends on various factors including site prtivdty, species in sowing mix and the
existing seedling composition.

In the study oHitchmough, Kendle and Paraskevopouw@001) a series of stress tolerant
forbs wereshown to be able to emerge and survive under severe moisture stresses. Imposing
moisture stress can perhaps reduce stadssant forbs mortality from competitors of both
competitive grasses and forbs. This process may be indirect; the restricted dgrpeténaal
competitors would allow more light resource allocating to slow growing sp@&eisly,
Twolan-Strutt and Shipley, 1997However, there is as yet no evidence to support if this
model(Hitchmough, Kendle and Pakevopoulou, 20019an maintairforb richness in

longer term Another consideration is that a certain level of productivity is often needed to
deliver the ecological and visual values in urban landscajpeslevel of moisture stress
critical; extreme moisture stredsasticallyreduce the germination eveof thosespecies

from dry habitat§Fay and Schultz, 2009; Hitchmough, 201 &y initial irrigation is really
helpful, but thervariability in soil moistureonce emergence has occurred is alstulise
youngseedling survivafFay and Schultz, 20093ome of which show lower survivorship at
constant and high irrigation frequen@yitchmough, 201Q)This requirscritical decision
making on tharrigation schemeo balance emergence percentage and seedling survival.
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Designing to have higher forb survival leads to intense competition and may increase the
dominance effect. However, altering the availability of key resources can perhaps adjust the
threshold of domiance and improve the persistence of forb richness with the same species
composition. To our knowledge, there are few tests of grass competition with forb species in
which design is used to manipulate the starting point to provide a community that contains
some grass biomass to perform critical function roles whilst retaining forb richness. Also, to
date there are no clear guidelines on critical values of biomass of dominant species, or density
in relation to subordinate forb persistence in the literature.

Foliage height and plant architecture in relation to light competition

Developing leaves above the neighbaarghe primary strategy to win in light competition
(Grime, 2002) Species with greater canopy height have a dispropotti@oanpetitive
advantage\(ojtech, Turnbull and Hectp2007) However, the dynamic can be more
complicated depending on the site conditions and species composition. As a relative effect,
the advantage in height can be accumulated from the beginning for example early
germination or fast relevant growth rate at thedng stagé/Neiner, 1990 Tremmel and

Bazzaz, 1993)Both advantages can help to intercept more light and shade their neighbours,
restricting their capacity to achieve their potential heightlef seedlings tend to be more
competitive in the later stag&éremmel and Bazzaz, 1993)ate emerging species (either as
seedlings or adult plants) tend to be more likely outcomgétiechmough, 2009)

Where a group of plants have similarities in the key traits of for example growth rate and

habitat conditions, plant architecture can affect the effectiveness of ligttgption

(Hitchmough, 2009; Ford, 2014y his difference causes asymirnc competition for light

and is the majofactor leading to a dominance and low diversity in a community under

productive conditiongVojtech, Turnbull and Hector,(®7). These factors are very important

in forbbs potenti al abi | i(Htghmaugh, 2008y vi ve wunder

Plants that allocate more growth to structstains than leaves are likely to be most
competitive for light{Westoby, 1981)This growth form also helps leaves to penetrate

through the dense vegetation canopy to be superior to the neighbours and is referred to as
shoot thrus{Grime, 2002) Moreover, the strength of light interception depends on the gross
leaf area. Species with large but fewer leaves may not be as competitive for light as species
with many small leaveflremmel and Bazzaz, 1993)Jhese latter morphologies may leave
fewer light gaps to the neighbouring plants.

Another key issue ikaf arrangement. Plants with upright stems or long petioles which allow
leaves to be held in sunlight tend to be success in the competition whbeskesirgolerant
species with low or basal foliage are likely to be eliminated sooner under productive
conditions(Hitchmough, 2009)In addition, the later species tend torgmore benefits from
disturbancdgBullock et al, 2001) Finally, leaf angle and the spatial distribution of leaf
biomass where towards the sunlight can also optimise the light competitifEaes2014)

30



2.3 The use of Inner Mongolian grassland species to create meadlike
grassland communities

Inner Mongolia is found between ®8121°E to 40N 10C0°E, spanningpproximately
1,200,000 krhas one of the most Northerly parts of China and supports a large grassland
flora. There is increasing interest, in parallel with interest in meadow like vegetation in the
UK in usingelements ofthis vegetation in designed enwiments.

Steppes in the Mongolian region comprise various ecological gradients with distinctive
planting habitats representing the largest grassland biome in the (Kgiuget al, 2007;

Chenet al, 2016) The temperate steppes efficiently service ecological functions of the

region and support diverse species of plants and wil@Nife2003; Kanget al, 2007;

Ariuntsetseg and Boldgi2009) Since the very first scientific study of the Mongolian flora
commenced in 1870s present research on Mongolian grassland plants and ecosystem is quite
advancedKanget al, 2007) There are considerable gradient changes in altitude (140m
1,700m), annual mean temperat(@e7 °C i1 6 °C), and annual mean precipitation (400
600mm)from the eastto the west(Ni, 2003; Wang, 2004gading to a diversity of grassland
habitats(Ni, 2003)

Most of the research on these grassland ecosystems of the Mongolian region are mostly
single-discipline/perspective basédanget al, 2007; Shinoda, Nachinshonhor and Nemoto,

2010) There is a lack of research and understanding towards utilising this ecosystem as a
vegetation type for urban areas for example. In Inner Mongolia, both landscape or

horticulture academics have not shown much interest in trying to do this. In the UK, man
Mongolian forb species are commercially available and have been widely cultivated as
ornamental planting such agermopsis lanceolai®elphinium grandiflorumandKalimeris
incisaetc.(Royal Horticultural Society2020) However, there is limited data of plant traits
availabl e, such as the Ell enbergds indicator
from precedent studies and the Plant Trait Database (TRY).

As previously mentioned, a key factor in suafey establishing a species rich community

is to control the biomass traaéf between grasses and forbs. Interestingly, many natural
Mongolian grassland communities show that some forbs can coexist with productive grasses
very well(Liu, Jiang and Duan, 2015)his character mighie worth investigating and

utilised in flower rich urban meadows.

An interesting link between the meadow/ steppe flora of Inner Mongolia, and the meadows of

the UK is that many species are distributed from Western Europe to Asia and are present in

both countries. These cross over species provide an opportunity to test hypotheses as to how
nativeness influences plant survival in grasslands and in particularly when subject to
competition from grasses. For example, would
compatibility or competitiveness that the 06e€:
0fitnessd to certain habitat also show a str
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Chapter 3 Methodology

3.1 Experiment site and materials

3.1.1Experiment site

The experimenivaslocated at Manor Tos(3 A 3 7 NjA 2 8j NjSShefijisid. The
experiment field at on a westacing slopgoreviouslyused for agriculture and cultivation
with afertile topsoil(as explained in 3.1)3The field surroundingsverecultivated meadow
planting mixes and shrub mass. A 1.5m wide gapmaintained around the experiment to
reduceweedyingress Ground preparation work took place in the middle of M&@h7
including spraying herbicid® controlled perennial grass@wice) and cultivating the
ground. Experiment plots and sand substrate were installed ffdag and the seed mixes
were sown in the 28May 2017.

3.1.2 Species selection

In order to testvhethemon-native to the UK species were more sensitive to competition than
the species that were originally distributed across the UK and Eurasia (especially Inner
Mongolia, China) in the long term study, 29 forb species were selected and divided into two
cate@ries; 1) species with distributions in Western Europe and Inner Mongolia, and 2)
species restricted to Inner Mongolia. The selection criteria ased ondee alsdable B in
Appendicek

- Foliage canopy height (3 categoriessential to the experimemecause of the
significance of light competition between forbs and grasses, in addition to layers
related to visual appreciatipn

- Growth ratépotential productivity

- Adequate fitness for cultivation iorthern England

- Attractiveness and landscape value

- Capacity to be germinated from spring sowing in the UK

- Low palatability to molluscan herbivores

- Thecommercialavailability of seeds

The selected species are listed as follow:

Forb species | Low foliage canopyO 3 0 0| Medium 300-600mm Tall foliage canopyO 6 0 0
Shared Anemone sylvestris Achillea millefolium Echinops ritro
distribution ) o )
between Inner Galium verum Stachys officinalis Geranium pratense
Mongolia and | pgtentilla rupestris Campanula glomerata | Sanguisorba officinalis
W. Europe

Pulsatilla vulgaris Origanumvulgare Thalictrum aquilegifolium
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Veronica teucrium

Polemonium caeruleum

Veronica longifolia

Inner
Mongolian
distribution
only

Dracocephalum rupestre
Dracocephalum ruyschiana
Thalictrum petaloideum
Thermospsis lanceolata

Veronica incana

Campanula punctata
Delphinium grandiflorum
Kalimeris incisa
Platycodon grandiflorus

Scutellaria baicalensis

Aconitum carmichaelii
Angelica sylvatica
Echinops sphaerocephalus

Patrinia scabiosifolia

The species seeds were purchased mainly d@itto Perennial SeedCampanula glomerata
was purchased frolBmorsgate SeedsdDeschampsia cespitogaB a r ¢ awagfeom a 6

Barenbrug

Because hard seedatsreduce water absorbing fdhermospsis lanceolataeedsof this
speciesverescarifiedby sandpapert® enhanceéhe germination rate. Also, Gibberellic acid
(GA3) treatment1,000 ppm)vere applied to the dormant seedstdchys officinalis
Aconitum camichaeliiandAngelica sylvaticdor better germinatiopercentage in a spring
sowing Campanula punctataeranium pratensandPulsatilla vulgariswere purchased as
commercially GA3 treated seed to ensure adequate emeirfgemcthe spring sowing

To avoid having another species as a varighte distinctive genotypesf thegrass
Deschampsia cespitoseereused ¢mall and less competitive and larger and more
competitivg. This species was chosen because it is

- Widely distributed across the wor{ohcluding Western Europe and Inner Mongolia)
- Relatively attractive and persistent
- Readily availability

Deschampsia cespitosaie widespread in moist grasslands in both Western Europe and Inner
Mongolia, and commonly used in designed landscape plant community. This species forms
tussock and remain structurally intact and reasoratiigictivepost flowering, whichs

important n designed landscapddost C3 grasses of both European and Inner Mongolian
grasslands do not possess the characteri$tiese two genotypes welbeschampsia

c e s p iPixie Foantaid(foliage canopyapproximately300mm tall) andDeschampsia
cespitosad B a r c¢ a(fol@ageicandpy approximately 700mm tall)

Figure3. 1

bel ow shows

an indicat.i

0 t 4bl) dgraéses in designed grassland communities.

vV e

f of@andh ei ght
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3.1.3Mulch layer selection and existing topsoll

Grit Sand(MKM Building Supplies) was used as the experimental substrate. This was used
to help provide a relatively high percentage seedling emergence, whilst controlling
subsequent growth rate (by lowering moisture and nutrient levels) and suppressing weed
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immergance from the underlying soil. The particle diameter was approximately 0.05mm
2mm and pH 6.5, i.e. neutral.

The sands have higher water supplying capacity comparing with rubbles and low resistance
to root penetration. This allowed seeds to have sufficiptitke of water and emerged
seedlings to access sabrface moisture during drier perio@itchmough, Kendle and
Paraskevopoulou, 2001n addition, it was essentially weed seed freducing subsequent
weed establishment. Sand is often use in meadow sowing in practice for these reasons.

The soil type of existing topsoil beneath the sand layer was categorised as clay loam. The soil
pH was 5.5. Soil nutrient analysis to contextualrsedite was not available, however as
biomass harvesting was a key part of the research methodology this provided a much more
meaningful measure of potential productivithe level of productivity as an integrated
indicator of key site conditions includymutrients, moisture, and annual climate etc. can give
the most critical context to field experiments on meadow communities. This site supported
approximately 1008g and 1218g standing biomass on average per unit area (800 x 800mm
excluding the 200mm edgeis 2018 and 2019 (at the time point the plant roots effectively
penetrated through the sands). This level of above grioianaass (i.e> 900g/m2)

production corresponds to upper levels possible inmethand sites in both UKQi et al,
2018)and Inner MongoligNi, 2004) and is much higher than the productivity values
associated Wi species rich meadow communities (typically 80®g/nf). To put this into
context,generalexperience in gardens with intensive fertilisation history usually support 900
i 1,200g/n of garden plant biomagslitcthmough, 2017aHighly productive soils are

common in urban areas and the site represented the worst case scenario in terms of likely
competitive dominance in meadow making in urban landscapes.

Figure 3.2 Grit sand (left) and clay loam topsoil (right) samples
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3.2 Experiment layout

The hypotheses underpinning the experinievitlved the following positions:

1) Higher density sowing lead to competitive elimination sooner.

2) Forb total standing biomass and species richness will be enhanced when the initial
ratio offorbs: grasses increased.

3) Lower soil productivity willkeep forb species diversity for a longer period.

4) Tallerforb and grass speciasll be morecompetitive.

A factorial experiment was designed that involves following factors to test the hypotheses
above:

- 2 seedling densities (as initial seedling numberd_ow: 500 and High 1,000 (forbs
+ grasses) seedlingsim

- 3ratios of forbs to grasses (as initial seedling numbers}: 9, 1: 1 and 9: 1

- 2soil productivities (mainly moisture): higher (75mm sandhulch laye} and lower
(150mm sandanulchlayer)

- 2 grass foliage heightsShort:Deschampsia cespitogaP i x i e FOOmmmdné i n 6
Tall: Deschampsia cespitogaB a r ¢ a(fdpPmsm) a 6

Thesefour factors ledo have24 treatmentombinations, with 4 replicates of each treatment
combinationmaking a total 06 plots(Figure 3.2) After considering the visual effects and
meadow communitgtructure, the seedling targets represented a ratio in terms of species
height of that specidew: medium: tall of approximately 4:2:1. The ratio of tall forbs to

other forb categories was higher than usual meadow sowing mix for laristapes, where

the difference of the target number of seedlings of low canopy v tall canopy species is much
greater than four folds, as this is a key means of reducing competitive elimination of small
species by the tallespecies. The 4:2:1 was aassary evil to ensure that 1) sufficient tall

forb seedling emerged in the low sowing rate treatment and 2) to ensure sufficient light
competition. It was however anticipated to lead to greater elimination of subordinate species.
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R H9O T L50T H90 S H90 S L10T H9O T
Q L10S L90T L50S H50 S H10T H10T
P L10T 90T L50T H10S H50 T H50T
N L50 S H50 S L10S H10 S L90 S L90 S
M H10 S H50 T H10 S H9O T L90T H10T
L L50 S H10T L90 S H90 S L10T 90T
K L10S L10S L90S H50 S H9O T L50 S
J HS0 S H50 S L10T LS0T H50T L50T
H L0 T H10 S H10T L90 S L50 S H50 T NORTH
G L10S H50 S 90T LS0T H90 S H90 S
F HOO0 T L10S H10 S H90 T L10T L50T
E L90 S L50 S H10T L10T H50 S H50T
D L90 S H90 S L90 S L50 S L9oT L10S
C 50T H10S L10T L10S H50 S H50T
B H10T L50T H10T H50 T H90 S oo T
A H90 T L10T H50 S H90 T L50 S H10 S
1 2 3 4 5 6

Figure 3.3 Experimental plot arrangement plan on site (H/ L = highllow sowing density; 10/ 50/ 90 =
sowing ratio of forb: grass of 1: 9/ 1: 1/ 9: 1; S/ T = short/ tall grasssingle plot outline denotes 75mm
mulch depth; doubleline plot outline denotes150mm sand substrate)

Target seedling numbers for both forbs and grasses for each treatment were diesigerd
to achieve a target number of seedlififsble 31 and 3.2 The amount of seed sown into
each of the 96 plots was calculated for each species in each plot based on seéiigmam
2017) emergence rasgHitchmough, 2010; Jelitto, 201@nd estimated percentage

37



emergencéHitchmough, 2017alll the mixes differedn seeddensity andheratio between
forb and grass but not species richness.

The dimension of site is about 11 x 24m. 96 1x1m randomised timber plot placed evenly
within the area leaving 1m (vertical) and 0.5m (horizontal) gaps betthegiots. From the

5" to 16" May 2017, altthe plots stapled with damp proof course inside to prevent timber
rotten. Ground matting then applied to prevent weeds growth on the gaps. About 25 tons of
sharp sands filled into all the plots according to designed depths as the substichimixes
sowing commencedndwereraked into sandsn 239 until 25" May (as shown in Figure 3.3

T 3.6).

Table 3.1 Target seedling numbers for forb and grass at two sowing densities x threewingratios of

forb: grass. Sowing densities of 500/m2 (lojand 1,000/m2 refer to target emergence numbers of 500 forb
+ grass seedlings; and 1,000 forb + grass seedlin§ewing ratios of forb: grass refer to target emergence
ratio of forb: grass of 9: 1 (90% forbi e.g. 450 forb seedlig in the low sowing dendly; 900 forb seedling

in the high sowing density, respectively 1: 1 (50% forb) and 1: 9 (10% forb)

500/m2
[ Forb: Grass = 100%
LM:T=4:2:1 Species name Forb: 90% - 450 seedlings |Forb: 50% - 250 seedlings |Forb: 10% - 50 seedlings
Low Shared Anemone sylvestris 26 14 3
Galium verum 26 14 3
Potentilla rupestris 26 14 3
Pulsatilla vulgaris 26 14 3
Veronica teucrium 26 14 3
Mongolian|Thermopsis lanceolata 26 14 3
Dracocephalum repestre 26 14 3
Dracocephalum ruyschiana 26 14 3
Thalictrum petaloideum 26 14 3
Veronica incana 26 14 3
Medium |[Shared Achillea millifolium 13 7 1
Betonica officinalis 13 7 1
Campanula glomerata 13 7 1
Origanum vulgare 13 7 1
Polemonium caeruleum 13 7 1
Mongolian|Campanula punctata 13 7 1
Delphinium grandiflorum 13 7 1
Kalimeris incisa 13 7 1
Platycodon grandiflorus 13 7 1
Scutellaria baicalensis 13 7 1
Tall Shared Echinops ritro 6 4 1
Geranium pratense 6 4 1
Sanguisorba officinalis 6 4 1
Thalictrum aquilegiifolium 6 4 1
Veronica longifolia 6 4 1
Mongolian|Aconitum carmichaelii 7 5 1
Angelica sylvestris 7 5 1
Echinops sphaerocephalus 8 5 2
Patrinia scabiosifolia 8 5 1
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1,000/m2

[ Forb: Grass = 100% |
LM:T=4:2:1 Species name Forb: 90% - 900 seedlings |Forb: 50% - 500 seedlings |Forb: 10% - 100 seedlingd
Low Shared  |Anemone sylvestris 52 29 6

Galium verum 52 29 6
Potentilla rupestris 52 29 6
Pulsatilla vulgaris 52 29 6
Veronica teucrium 52 29 6
Mongolian|Thermopsis lanceolata 52 29 6
Dracocephalum repestre 52 29 6
Dracocephalum ruyschiana 52 29 6
Thalictrum petaloideum 52 29 6
Veronica incana 52 29 6
Medium |Shared  |Achillea millifolium 26 14 3
Betonica officinalis 26 14 3
Campanula glomerata 26 14 3
Origanum vulgare 26 14 3
Polemonium caeruleum 26 14 3
Mongolian|Campanula punctata 26 14 3
Delphinium grandiflorum 26 14 3
Kalimeris incisa 26 14 3
Platycodon grandiflorus 26 14 3
Scutellaria baicalensis 26 14 3
Tall Shared Echinops ritro 12 7 1
Geranium pratense 12 7 1
Sanguisorba officinalis 12 7 |y
Thalictrum aquilegiifolium 12 7 1
Veronica longifolia 12 7 1
Mongolian|Aconitum carmichaelii 15 8 1
Angelica sylvestris 15 9 1
Echinops sphaerocephalus 15 9 2
Patrinia scabiosifolia 15 9 1
500/m2
Grass: 10% - 50 Grass: 50% - 250 Grass: 90% - 450
Deschampsia cespitposa 'Barcampsia’ 50 250 450
Deschampsia cespitposa 'Pixie Fountain' 50 250 450
1,000/m2
Grass: 10% - 100 Grass: 50% - 500 Grass: 90% - 900
Deschampsia cespitposa 'Barcampsia’ 100 500 900
Deschampsia cespitposa 'Pixie Fountain' 100 500 900

Table 3.2 Estimated % of emergence for designed forb and grass spedig®e seeds weighing process and
calculation shown in the Table C in Appendices)

Forb species Estimated % of emergence

Anemone sylvestris 21
Galium verum 30
Potentilla rupestris 25
Pulsatilla vulgaris 27
Veronica teucrium 30
Thermopsidanceolata 30
Dracocephalum repestre 30
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Dracocephalum ruyschiana 17
Thalictrum petaloideum 26
Veronica incana 12
Achillea millefolium 30
Campanula glomerata 3
Origanum vulgare 5
Polemonium caeruleum 31
Stachyfficinalis 13
Campanulgpunctata 4
Delphinium grandiflorum 20
Kalimeris incisa 30
Platycodon grandiflorus 33
Scutellaria baicalensis 21
Echinops ritro 21
Geranium pratense 20
Sanguisorba officinalis 24
Thalictrum aquilegifolium 13
Veronica longifolia 7
Aconitum carmichaelii 8
Angelica sylvestris 20
Echinops sphaerocephalus 20
Patrinia scabiosifolia 34

Grass species

Estimated % of emergence

Deschampsia cespitpo$arcampisa’

10

Deschampsia cespitpo&ixie Fountain'

25
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[Deschampsia cespitpsa *
cespitpsa_pixie fountain’ | 250

JGrasses: 50%
] Seeds/g/m2 |
schampsia cespitpsa * 500 | 1.450116009|Deschampsia cespitpsa’
champsia cespitpsa 'pixie fountain’ 500 0.463177397|Deschampsia ' pixl

R T : ~
Figure 3.4 Seed mix weighing Each species was weighed for $8ots individually accordingto designed
target seedling densities. This wat minimise the error from outset (pictures taken on 29" April 2017)

Figure 3.5 Frames to hold in the 75 and 150mm Iyers afand mulch were made of recycled timber
panels. Due to limited availability of labour resources, March and April 2017 were spent building the
timber frames; the inside was lined with plastic sheeting matting to reduce wood rot in the longer term
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i 3 A

Figure 36 Experiment plot set up in m'id—May 2017. Approxirhately 27 tons of sands were filled into the
plots as the mulch layer. Wheelbarrows were used when the tractor was not available

-, AEN

Figure 3.7 The sandmulch was raked and firmed to be prepared for sowing
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3.3Managementand adjustmentfor the field experiment

In May 2017, lessias werestretched over each top of timber bed immediately after sowing
(as shown in Figure 3.7This created approximately 50% more shady area to keep the
temperature lower and moisture post irrigation/rain to boost germinatearmmer Plots
were irrigated esry 2 days in the absence of rarith asoft rain lanceplot by plot. In late
June hessians were replaced by wire meshes to prevent fox digdieg it seemethe
sufficientgerminationhad been achieved (as shown in Figure.3.Bg irrigation routine \a&s
also adjusted to once per week but stopped when soil was observed s8iineetMay and
June in 2018 were extraordinarily hot and dry, manual watering reapplied every week (3
times in total) in absence of rain to reduce seedling elimination.

i

Figure 3.8 Hessian was stretched overall the top of each plot to retain moisture and maintain lower
temperature (picture was taken on the 2% May 2017)
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Figure 39 In late June 201 Aapproximately 5 weeks after sowing)hessians were replaced by wire mesh
when emergencéiad generally achieved the expected level

To maximige initial species diversityn this long term study, species identifiadfast

growing in early summer, inithcondition, heavily suppressing surrounding seedhingie
selectivelydisadvantageto prevent thexcessivalominance and elimination in the early
stage The largest and fastest seedlingginly Achillea millefolium Echinops ritro,

Echinops sphaerocephaluSeranium pratensandDeschampsia cespitosaere cut back
approximately every 10 days from th® August 2017%o simulate mowing, a practice that is
often applied to newly sown meadows on real life proj&dsdling numbers ofchillea
millefolium, Echinops ritrandEchinops sphaerocephalugere then thinned dowly

manual removaio designed numbefas shown in Table 3.1) for each plam 5" to 13"
August2017. Grasses weralsoselectively thinnedo achieve the designed density.
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The density ofhetall grass Deschampsia cespitogaB a r ¢ a) mgs overtian

expectation in July 20170 redeem this, neseeds were purchased (these proved to have
better emergence rate in parallel seedling tray tests) sswwie accordingly on theé"s

October 2017. In early June 2018, additidDatespitosad B a r ¢ asequlsgs #pdeviously
grown in seedling trays, refer Figure 3.9) were transplanted into the plot, where their
density was still low, to achieve as uniform establishment before harvest as possible.
However, mostly due to the extreme weather and light competition of tall forbs, both the tall
grass sowingrad transplanting did not achieve comparable density to that of the short grass
by the time for data collection in August 2018. Relatively uniformed coverage between tall
and short grass had been achieve by spring.2019

RLERY. e .. =

Figre 3.10New Deschampsia cspitos’aB ar c a sepdsiera gown in seédling trs to germinate and
then weretransplanted into seedling pots in midMay 2018prior to transplanting into the experimental
plotsin June 2018

Aconitum carmichaeljiiAngelica sylvestriandStachys officinalisiwhich were separately
cultivated in seed trays, were transplanted into the plots according to designed seedling
numbers in late November 20IHowever, due to insufficient seedlingsAxonitum
carmichaeliiandAngelica sylvestrig trays, seedling density of the two species were
reduced from the designed seedling number. Armitum carmichaeliwasplantedin each

plot andAngelica sylvestribad numbers of 1 (in low density x 10% forb and high density x
10%forb), 2 (in low density x 50% forb) , 3 (low density x 90% forb and high density x 90%
forb) and 5 (in high density x 90% forb).

The 1m wide zone around the experiment was sprayed by herbicide (glyphosate) twice a year
during the growing seasons to minamiweedy seeds blowing into the experiment plots.
Hand removing potentially tall ruderal weeds in plots was undertaken whilst small frem mid
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June 2017 to May 2018. In late June 2018, grass seed heads were nsampipdéigoff and
removed before seed shedding to avoid contamination of other plots.

Cutback to about 20mm above the ground wigeaol hedge trimmer (Figure 3.10)

(followed by removal of the cut material) was undertaken at the beginning of each growing
seasonn late FebruaryBiomass was cutback to the same level in August 2018 and 2019 for
biomass data collection, with each species sorted and its biomass placed in coded bags. This
was undertaken to reflect standard meadow management in practice

N\

s

hedge trimmer was used to cutback in eachebruary and hand snippers were used for
biomass data collection in each August

3.4 Data collection

All the data were collected from an 800 x 800mm quadrat placed in the centre of each plot to
minimise the edge effe¢as shown in Figure 3.1IJhree types of data were collected;

1) Forb seedling number present in each plot in September 2017, April 2018 and April
2019

2) Biomass weight of each species per plot in August 2018 and August 2019

3) Forb, gras and bare ground cover values in each plot in October 2017, May 2018 and
May 2019
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Seedling counting took about 6 weeks from early September in 2017. In April 2018 and
2019, as the author became more familiar with forb seedlings and the counting method, the
counting reduced to 3 weeks.

The actual number of seedlings that emerged in sam2@17 in relation to the target
numbers was not known, as seedlings were not counted till large enough to be confident
about identification in September 2017. By then it is assumed that the numbers counted
represented maximum emergence minus seedlintalitpthrough competition and other
sources.

Thalictrum sppandVeronica sppseedling numbers were not counted in the first gearto
difficulties of identification Also, all theCampanula sppwere counted aSampanula
punctatadue to difficulties andhe lack ofreliably distinctiveness between very small
Campanulaspp.seedlings within the quadrats. Evidence from parallel pot studiestlid
show emergence @ampanulaglomerata suggesting this speciass poorly representezh
the plots.This suggests the seeds quality was likely to have beerAloecision was made
not to count grasseedlinggue to insufficient time availability.

: = Opf o AN <=
Figure 3.12 An 800 x 800mmtimber quadrat wasused for forb seedling countingPlastic pegs(the red
points) marked the corners of the quadrato ensuredata collection within the samepermanent areain
the longer term (picture on the left taken on the 3' October 2017) Large numbers of tiny seedlings were
counted within eachquadrat where the forb sowing density was high (picturgon the right taken on the
12" April 2018)

Biomass harvest started in late July and took about 4 weeks in 2018 and 3 weeks in 2019
(Figure 3.12). The plant matter was eatd put into the coded paper bags for each species per
plot (Figure 3.13). All the bags were stored in a dry polytunnel to allow preliminary air
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drying. From midSeptember, the bags were dried in a drying cabinet atféb 24 hours
left inthe room humidity and temperature for another 24 hours before weighing to achieve

some consistency between weighings as weight increased quickly in the first few hours when
moisture from the air was absorbed.

Figure 3.13 Dominant species biomass (maly Deschampsia cespitosAchillea millefolium and Echinops
sphaerocephaluswere collected in individual potato sacks on site. The subordinate species were brought
back together and separate into individual envelopes in the lafpictures taken in August2018)
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