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ABSTRACT

Brownfield restoration has become a frontier topic in the research
on urban ecosystem governance. Optimizing brownfield ecosystems
through proper bioremediation approaches can provide urban
landscapes and habitats with sound ecological potentials. Currently,
the lagging theory and technique development of brownfield
vegetation restoration, the species selection based on single
causality, and the neglect of community structure and ecological
functions formation have become major bottlenecks of brownfield
restoration. Introducing the mechanisms of the assembly of plant
communities for theoretical support, this paper proposes a novel
technical framework of herbaceous planting for the ecological
restoration of urban brownfields, which includes micro-topographic
design, adaptive species selection, symbiosis structure design,
building quasi-nature community structure, and in-situ planting. This

1 Introduction

Brownfields are previously developed lands that are currently
being abandoned or unoccupied™. With the industrial restructuring
and the decline of industrial areas, as well as the reform and
relocation of heavily polluting industrial and mining enterprises
under environmental policies, brownfields are commonly found in
cities, and resulting in problems such as soil contamination, habitat
degradation, and damage of ecosystem services. In recent years,
brownfield remediation has been a hotspot in the research on
urban ecosystem governance. Proper clean-up and bioremediation
approaches to brownfields would allow to restore them into
urban landscapes and habitats with sound ecological potential®.
Internationally, there is research focusing on the restoration of
ecological structures and functions of urban brownfields under
the dominance of natural processes without human disturbance,
offering opportunities for open mosaic habitats and urban
rewilding®.

In urban brownfield remediation practices, vegetation plays
a key role in improving soil and habitat quality and enhancing
purification function. However, due to the lagging research and
application on vegetation restoration in urban brownfields,
the deficiency of related techniques, and the severe growing
condition in brownfields, researchers and practitioners are
challenged with the following problems: 1) barren soil, severe
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research selected a brownfield site located in Hechuan District,
Chongqing City for the application of the herbaceous planting,
and evaluated the ecological benefits after restoration. Results
showed that severely degraded brownfield vegetation has turned
into an herbaceous community with a multi-species symbiosis and
a stable structure, effectively optimizing its ecological functions
such as stormwater retention and biodiversity conservation. This
research can provide scientific evidence and a referable technical
paradigm for urban brownfield restoration, and also contribute to
the enhancement of urban ecological networks and ecosystem
resilience.
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contamination, and other problems often make urban brownfields
have a low biodiversity and homogeneous structure of vegetation
communities!®; 2) because of the damage of existing vegetation
community and the ruderal seed banks in the soil backfill, urban
brownfields are often dominated by malignant weeds and even
invasive species™; 3) existing research on adaptive plant selection
for urban brownfields only measures the adaptability of different
plant species to contamination and their capacities of heavy metal
accumulation'”, lacking consideration about other ecological
factors’ (e.g., soil depth and drainage properties) impacts on plants;
and 4) there are few studies on the eligible measures for the species
assemblages and the configuration of vegetation communities in
urban brownfields, offering little scientific guidance to promoting
the symbiosis of multi-species and maintaining the structure of
vegetation community and the biodiversity of native wild animals.
Currently, there are already a number of international studies
utilizing herbaceous plants for brownfield remediation™ " to
establish vegetation communities and improve habitat quality,
due to their advantages including fast growths, high adaptability
of built environment, low soil depth and nutrient requirements,
and flexibility for use with multiple species!""?, In recent years,
ecological planting techniques such as mixed sowing of herbaceous
plants have been rapidly developed to establish urban vegetation
communities by simulating community structures in natural

[13][14]

meadows , as a potential strategy to improve soil quality,
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enrich biodiversity, and increase the aesthetic value of brownfields.
Nevertheless, the lack of effective theoretical and scientific guidance
for the composition of herbaceous communities and the preservation
of biodiversity limits the practice of ecological restoration of urban
brownfields.

This paper holds that a well comprehending of the formation
and maintenance of plant communities and their diversity patterns
(e.g. the processes of community assembly) is fundamental to
the establishment of healthy herbaceous communities in urban
brownfields. Mechanisms of the assembly of plant communities as
one of the core research interests in community ecology studies
play a key role in understanding the coexistence patterns of
species and the maintenance of biodiversity. They are also crucial
in understanding how can plant communities effectively sustain
ecological performances*'""®, Community assembly is mainly
shaped by ecological filtering (including environmental filtering and
biological filtering) which selectively letting species adaptive to a
certain type of environment pass through in order to become part of

7108 Environmental stress factors in urban

a stable local community
brownfields, including soil nutrient, moisture, and contaminants, can
act as environmental “filters” to select species with certain adaptive
characteristics, and significantly impact the future establishment,
survival, and growth of vegetation communities''”. Therefore,
increasing the heterogeneity in abiotic conditions to provide more
niches for diverse types of vegetation and selecting the species of
high adaptability to environmental stress is key to the assembly
of plant communities for brownfields. When environmental
conditions and site resource availability are improved, interspecific
competition (e.g. biological filtering) will become the dominant
process in shaping plant community assembly. Therefore, promoting
interspecific facilitation and coexistence of species is of great
significance for the long-term maintenance of community structure
and function of vegetation communities in urban brownfields"*".
Based on the above theories of mechanisms of the assembly of
plant communities, this research, differing from existing studies
that simply focus on single causality, proposes a novel technical
framework of herbaceous planting for the ecological restoration
of urban brownfields, which includes micro-topographic design,
adaptive species selection, symbiosis structure design, building
quasi-nature community structure, and in-situ planting. This
framework would facilitate the maintenance of species coexistence
and the performance of ecosystem services such as biodiversity
conservation. With a case study on the ecological restoration of the
brownfield in Chongqing City, China, this research demonstrates
the application of the technical framework, and conducts follow-
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up ecological performance evaluation. It aims to provide scientific
evidence and a referable paradigm for the practice of urban
brownfield remediation and improvement of ecosystem services, and
for the enhancement of urban ecological networks and ecosystem
resilience.

2 Study Site and Design Objectives

The studied brownfield site is located at the northwest side of
Senkai Road and the north bank of Jialing River in Hechuan District,
Chongqing City (Fig. 1). This area has a humid subtropical monsoon
climate, with relatively low solar abundance throughout the year and
frequent summer storms™Y. Covering an area of 3,600 m?, this vacant
site was a typical urban brownfield piled with construction wastes
and scraped vehicle parts. The site was roughly flat, and the soil was
barren and only 30 ~ 40 cm in depth, under which was the backfilled
construction debris. Due to the poor moisture retention capacity of
the soil and construction wastes layers, runoffs frequently occurred
on the site during rainfalls, which washed and carried pollutants
and heavy metal contaminants into the 90-centimeter-wide ditch
near the northwest boundary of the site, and finally flowed into the
Jialing River, causing pollution problems. The site also suffered from
poor vegetation coverage and biodiversity, where invasive species
such as Alternanthera philoxeroides, Humulus scandens, and Conyza
Canadensis were dominant (Fig. 2).

As the study site is located at the intersection of the historic
downtown and new urban development areas and close to the Jialing
River, it is urgent to establish a sustainable vegetation community
through restoration approaches, and to create a buffer zone from
the river with functions of runoff retention, pollution prevention
and control, and biodiversity improvement, aiming at optimizing the
landscape effect and providing recreational places for surrounding
residents.

3 Technical Framework of Herbaceous Planting for
Urban Brownfields

Based on mechanisms of the assembly of plant communities and
considering the environmental stress factors such as barren soil,
pollution, invasive species propagation, and poor moisture retention
capacity, this research concentrated on micro-topography design (to
increase spatial heterogeneity and ecological niches) and adaptive
species selection (by the tolerance of barren soil and contaminants,
adaptability to varied soil moisture levels, etc.). Thereby, this
research proposed a vegetation assembly pattern to promote the



Jialing River

|

<--- Drainage direction
«—.— Study area

c
]
s

E

£

S
5
g

e

3
3

2

N
o
g
5

2

N

=
3
g
S

w
3

K
<
]

2
<
]

2

n
c

o

(=]

X:)

2
c
]
5]

K

©)
1

1. Site location plan
2. Site conditions before ecological restoration

symbiosis of plants and animals by simulating natural community
structure, and utilized the in-situ mixed-seed sowing combined
with seedlings planting to establish a well-coexistent and self-
maintained herbaceous community with improved biodiversity
and appealing landscapes. All the design strategies synergize

and supplement each other, thus can form an effective technical
framework of herbaceous planting for the ecological restoration
of urban brownfields (Fig. 3). The planting on the study area was
implemented spanning from October 2017 to March 2018.

3.1 Micro-topography Design

Urban brownfields usually suffer from harsh soil and pollution
problems and see homogeneous habitats due to the previous
landform construction, making the sites difficult to maintain
biodiversity and retain runoffs and vulnerable to invasive plants
propagation'. Since the variety of topography largely defines the

spatial heterogeneity of the site*”

, micro-topography design is the
key to enriching the biodiversity of urban brownfields.

Enriching continuous topographic variation through design
would help create diverse niches and varied habitat conditions
and facilitate runoff retention””, Sunken areas are suitable for
hygrophilous plants, among which deeper ones (often in forms of
ponds and ditches) can retain runoffs, provide water to surrounding
habitats, and lower the micro-environment temperature while
creating favorable growing conditions for moisture-tolerant
species™™. At the same time, the slopes of elevated areas would
help with drainage and provide favourable growing conditions for
drought-tolerant species; mounds and ridges can provide not only
higher places for heliophilous species but also shelters for shade-
tolerant species. Such rich micro-topographic changes can buffer
runoffs and gather propagules of spontaneous plants to increase the

biodiversity of vegetation community, which can be particularly
realized by creating a certain amount of gentle slopes (< 15°) that
would have moderate and varied humidity. Since south-facing
slopes have better thermal and light conditions for herbaceous
plants, increasing the slope length will also help enhance the
biodiversity of vegetation community'*®,

In addition, to enrich the diversity of micro-topography, this
research also formed a complex mosaic of micro-topography with
diversified forms, sizes, heights, and depths. Materials like gravels,
coarse sands, and wood chips were used to improve the soil texture,
enhance infiltration, and the impermeability of a small part of
sunken areas are improved with clay to create micro-wetlands that
are suitable for hygrophytes and can be used for runoff retention.

3.2 Adaptive Species Selection

Adaptive species selection is determinant to the establishment
of resilient vegetation community and its sustainability and low-
maintenance. The following adaptive species selection principles
are determined according to the specific site conditions.

1) Select drought-tolerant species with low nutrient
requirements on soil, moisture retention capacity, etc., so as to
reduce irrigation, fertilization, and other maintenance cost.

2) Select plant species with strong capture, adsorption, and
purification capacities to pollutants and heavy metal contaminants,
to alleviate soil pollution of the site.

3) Select plant species adaptive to the environmental conditions
of the sunken areas and the rainwater retention ponds. Cyclic
moisture fluctuation between water storage and drainage days will
also require the species that can withstand 24 ~ 96 hours of water
logging"”".

And 4) avoid competitive species, such as those with large
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3. Technical framework of herbaceous planting for the ecological

restoration of urban brownfields

size, excessive seeds, overgrown creeping stems, and propagative

prolifically with rhizomes.

Based on the above principles, this study selected 39 herbaceous
species (Table 1), among which 24 are perennials, 7 annuals, and 8
perennial ornamental grasses.
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Density of each sub-layer
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Cluster distribution

Evenness of each sub-layer
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3.3 Symbiosis Structure Design

The research attempted to build symbiosis structures for the
herbaceous community and keystone animals (which play an
important regulatory role in the other species’ distribution and
community diversity), to promote the self-sustain and -maintain
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Table 1: Plant species selected for the study site

Adaptability
Life form Species Barren- or drought- Pollution-resistant/ Water-tolerant/withstand
tolerant purification 24 ~ 96 hours of water logging

Perennial Achillea millefolium ] )
Antirrhinum majus o o
Artemisia austriaca L] L]
Coreopsis grandiflora ° °
Digitalis purpurea ] ° )
Echinacea purpurea ° o °
Filipendula Palmata ° ° o
Gaura lindheimeri ° ° °
Hyacinthus orientalis ° °
Hylotelephium spectabile o o
Iris ruthenica var. nana L] ] °
Iris tectorum L] ] °
Kniphofia uvaria ° ° o
Leucanthemum vulgare ‘Short’ ° o
Liatris spicata L] L]
Linaria vulgaris ° °
Lupinus micranthus ° ° °
Physostegia virginiana ° o
Primula malacoides ° ° o
Salvia japonica ° °
Senecio cineraria ° °
Stachys lanata o o
Verbena bonariensis ° ° o
Veronica didyma ° °
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Continued
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Table 1: Plant species selected for the study site

Adaptability
Life form Species . . .
Barren- or drought- Pollution-resistant/ Water-tolerant/withstand
tolerant purification 24 ~ 96 hours of water logging

Annual Centaurea cyanus L] L]

Cosmos sulphureus o °

Eschscholzia californica o °

Gaillardia pulchella L] L]

Papaver rhoeas L] L]

Sanvitalia procumbens ° L]

Tarenaya hassleriana ° L] L]
Perennial Acorus gramineus L] L] L]
ornamental grass

Calamagrostis x acutifolia ‘Karl Foerster’ ° ° )

Cortaderia selloana ° ° °

Festuca glauca o ° o

Melinis repens o L] o

Miscanthus sinensis o ° °

Pennisetum alopecuroides ‘Little Bunny’ o ° o

Stipa tenuissima L] L]

capacity of vegetation community, and further facilitate the
biodiversity conservation and low-cost maintenance. Nectar

and pollen source species with different flowering seasons

such as Hylotelephium spectabile, Primula malacoides, Verbena
bonariensis, Digitalis purpurea, and Gaura lindheimeri were
selected to provide adequate food for pollinators like butterfly,
bee, and hoverfly. “Insect inns” (Fig. 4) were built with the scraped
vehicle parts, construction wastes, and dead branches. Pebbles and
blocks were piled up to provide nests and shelters for pollinators,
such as bees that nested on the ground or bumblebees that cannot
nest on their own. Some large rocks and gabions were randomly
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placed to form platforms above the plants for pollinators to bask
in the sun (Fig. 5). Some gentle slopes were left unvegetated to
provide a safe environment for insects (e.g. butterflies) to sip water
after rainfall (Fig. 6). Ornamental tall grasses such as Pennisetum
alopecuroides ‘Little Bunny, Calamagrostis x acutifolia ‘Karl
Foerster, and Miscanthus sinensis were planted in clusters with
wooden debris around (e.g. fallen trees, dead branches) to provide
foraging, nesting, and shelters for small birds (Fig. 7). All these
diversified micro-topographies can increase the “vegetation-
pollinator-bird” symbiosis structures while physically forming a
series of mosaic patterns on the site, to conserve keystone species,
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4. Insect inn
5. Platform for pollinators to bask in the sun

among which pollinators can sustain the generative propagation and
genetic vitality of vegetation communities and small birds can help

seed spread"®.

3.4 Quasi-Nature Community Structure

Most artificial herbaceous communities in cities are planted in
dense clusters and horizontally arranged by the height of plants to
form a “low front, high back” landscape. Such planting not only lacks
natural appearance, but also requires frequent maintenance because
any end of flowering or dormancy will compromise the landscape
effect or even lead to bare soil. In natural meadow, a combination of
various herbaceous plants with different flowering seasons, heights,
and leaf shapes ensures a higher vegetation coverage and a more
complex layered structure, creating rich seasonal landscapes with
long-lasting aesthetic values.

In this research, herbaceous community planting simulated the
mosaic pattern in natural meadow community””, forming three
horizontal patterns (Fig. 8). Table 2 displays the selected herbaceous
species and their corresponding patterns of an example site.

1) Even distribution: plants distribute in certain distances. Form
even distribution through mixed seed sowing of species with various
flower colours, small inflorescences, and different flowering seasons.
Calculate each species’ percentage of seed weight in seed mixture
according to thousand-seed weight to make the proportion of each
species roughly the same. Greater species richness for this pattern
is emphasized to effectively prolong the flowering and vegetation
coverage period.

2) Random distribution: each plant randomly distributes
horizontally in the community, and would not impact the distribution
of the others. Select large plant species such as Cortaderia selloana
and Pennisetum alopecuroides ‘Little Bunny, and species with
distinct leaf and flower shapes such as Artemisia austriaca, Senecio
cineraria, and Kniphofia uvaria to randomly scatter seedlings. This

@1 © Yuan Jia, Qian Shenhua, You Fengyi,
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6. Gentle slopes for insects to sip water

7. Tallgrass communities for small birds to nest, forage, and shelter.

pattern can control the growth range of competitive species, and
increase the aesthetic values by these ornamental species.

And 3) cluster distribution: plants densely distribute in groups,
clusters, or blocks. Select species with strong environmental
adaptability, long flowering season, and rich nectar and pollen
sources. This can help promote the establishment and the
dominance of target populations, create and sustain the expected
landscape effects, and support pollinator foraging.

Natural meadow communities have layered structures, which
can greatly increase plants’ utilization of environmental resources,
and moderate the competence of nutrition. There are normally 3 ~ 5
sub-layers in a natural meadow community™”. The highest sub-layer
receives more sunlight, supports better photosynthesis, and will
be easier to dominate; the medium sub-layer usually has a richer
biodiversity; while the lowest sub-layer has higher shade-tolerance
and earlier flowering seasons.

Based on the above theory, the research designed a three-sub-layer
vegetation community (Fig. 9). Plant species that have higher leaves
(50 ~ 90 cm), small leaves, and tall flower stalks (90 ~ 120 cm) were
set in the first sub-layer to provide more sunlight for the plants below
and ensure a layered effect during flowering seasons. Species with a
medium height (30 ~ 50 cm), a longer flowering season, and colourful
head or raceme inflorescence in the second sub-layer. Shade-tolerance
species with lower leaf arrangement (10 ~ 30 cm), shorter flower
stalks (20 ~ 30 cm), and earlier flowering season were planted in the
third sub-layer; in addition, this sub-layer needs to include species
with a larger cover to ensure the vegetation coverage and landscape
effects in early spring.

3.5 In-situ Planting

Compared with seedling planting, mixed seed sowing and
utilization of native seed bank can greatly save cost, and reduce
resource consumption and greenhouse gas emissions*"'*?, Based
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Table 2: Plant assembly patterns that simulate the structure of natural plant communities

Even distribution

Random distribution

Cluster distribution

Mixture of Percentage of Mixture of Percentage of Mixture of Planting Mixture of Planting
annuals seed weight perennials seed weight different life forms density different life forms density
(%) (%) (stem/m?) (stem/m?)
Centaurea cyanus 1.5 Achillea millefolium 0.2 Artemisia austriaca 2~4 Digitalis purpurea 2~4
Cosmos sulphureus 60.8 Antirrhinum majus 0.3 Hyacinthus orientalis 1~2 Filipendula Palmata 2~4
Eschscholzia 9.1 Coreopsis grandiflora 3.0 Kniphofia uvaria 1~2 Gaura lindheimeri 2~4
californica
Gaillardia pulchella 15.2 Echinacea purpurea 2.5 Liatris spicata 1~2 Hylotelephium 2~4
spectabile
Papaver rhoeas 0.9 Iris ruthenica var. nana 10.0 Senecio cineraria 2~4 Physostegia virginiana 4~6
Sanvitalia 1.5 Iris tectorum 10.0 Cortaderia selloana 1~2 Primula malacoides 2~6
procumbens
Tarenaya 11.0 Leucanthemum 0.6 Festuca glauca 2~4 Stachys lanata 4~6
hassleriana vulgare ‘Short’
Linaria vulgaris 0.2 Melinis repens 2~4 Verbena bonariensis 2~4
Lupinus micranthus 72.0 Pennisetum 1~2 Acorus gramineus 2~6
alopecuroides ‘Little
Bunny’
Salvia japonica 0.6 Calamagrostis x 2~4
acutifolia ‘Karl
Foerster’
Veronica didyma 0.6 Miscanthus sinensis 2
Stipa tenuissima 4~6
% XX Y X % X X X e 8. An example of
X X X XX X X X A - horizontal patterns
% % N distribution 5 .
%% % Polygonum viviparum X X X 5 in the natural
X XX XXX Sc meadow communit
X XA X A AA - Random 5 i !
X K XK XX 4 A distribution 5% In northwest
P4 X Pedicularis densispica A, - 52 Yunnan, China.
XX Ax L 52
XT X X XX a S
MR RAXXK XXX O 8@ Cluster <%
Cynoglossum amabile distribution =8
XXX X XX X <g>
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9. Vertical structure of herbaceous
community

10. Diagram of a sample plot of the
restored herbaceous community
(surveyed in June 2018)

7—|—,—|_‘_, First sub-layer (90 ~ 120 cm)

Second sub-layer (30 ~ 50 cm)
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Third sub-layer (10 ~ 30 cm)

on the consideration of cost, low-impact development, and specific previously infertile and ruderal species dominated site turned
establishment of the even, random, and cluster distribution into a dynamic plant community that is highlighted with aesthetic
patterns, this research implemented mixed seed sowing together of nature. Researchers conducted a random sampling on the

with seedling planting. Before sowing, manual removal of weeds restored site (8 m x 12 m) in June 2018 (Fig. 10) to monitor and
and mixing the topsoil (2 ~ 3 cm in depth, which was rich of ruderal ~ evaluate the horizontal distribution of different plant species in the
seeds) with humus are required. During the sowing, seeds need to community. The results show that the biodiversity of the restored
be fully mixed with coarse sands, fine river sands, and vegetation herbaceous community substantially increased, presenting

fibers (2 ~ 5 mm long, 0.2 ~ 0.8 mm in diameter) made by reeds. even, random, and cluster distribution patterns as expected and
Then, 60% of the area was sown with mixed seeds, including witnessing a sound symbiosis among various species. Meanwhile,
perennials (sowed in October to November 2017) and annuals the vegetation coverage of the cultivated community increased to
(sowed in March 2018), with a seed density of 5 g/m°. Random 96.3%, effectively inhibiting the growth of malignant weeds such
and cluster distribution patterns were established using 15 cm cup as Alternanthera philoxeroides and Humulus scandens.

seedlings, which helps form the small clusters for dominant species In the first year after restoration, the herbaceous community
and control the growing range of the larger plants. was observed a 5-month of flowering attractiveness (from early

March to late August), which greatly enhanced the aesthetic

4 Ecological Performance Evaluation value of the site (Fig. 11). Plants in the third sub-layer such as
Leucanthemum vulgare ‘Short, Iris ruthenica var. nana, Primula

4.1 Community Structure and Landscape Effect malacoides, Eschscholzia californica, and Achillea millefolium
After the implementation of ecological planting techniques, the began to cover the ground in early spring, and started their

Melinis repens

Kniphofia uvaria

Liatris spicata

Artemisia austriaca
Senecio cineraria
Hylotelephium spectabile
Physostegia virginiana
Acorus gramineus

800 cm

Verbena bonariensis
Digitalis purpurea
Stachys lanata
Filipendula Palmata
Stipa tenuissima
Primula malacoides

5009700080 D¥O X

Annuals

LY

Perennials
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July 2018

11. The rich aesthetic value of the restored herbaceous communities

blossom from March to April while the other two sub-layers
started to grow. Entering May, plants in the second sub-layer

such as Hylotelephium spectabile, Melinis repens, Kniphofia
uvaria, Digitalis purpurea, Liatris spicata, Sanvitalia procumbens,
Gaillardia pulchella, Centaurea cyanus, Senecio cineraria, Papaver
rhoeas, and Lupinus micranthus, and the ones in the first sub-layer
such as Verbena bonariensis, Pennisetum alopecuroides ‘Little
Bunny, and Calamagrostis x acutifolia ‘Karl Foerster,’ blossomed
one by one and covered the third sub-layer, presenting a beautiful
layered structure with diverse inflorescence types (e.g., spike,
panicle, umbel, and head), which distinctly contrasted with rosette
herbaceous and ornamental grasses such as Stipa tenuissima and
Miscanthus sinensis. Grass species would last the landscape effect
after August.
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August 2018

4.2 Runoff Management

The research used Guelph permeameter to measure the soil
permeability of the topsoil (10 ~20 cm in depth) in August 2017
(before restoration) and June 2018 (six-months after restoration),
which has significantly increased from 3.96 # 0.305 cm/h to
6.22 £0.259 cm/h . The restored herbaceous community increased
the complexity of root system architecture, which would be beneficial
for the improvement of soil porosity and permeability and
further to the strengthening of water retention capacity of the
sitel*1%,

The enlarged vegetation coverage and the layered structure
help improve the stormwater management on site by detaining
and reducing runoffs. In 2018, the site experienced 31 times of
storm (24-hour precipitation up to 50.0 ~ 99.9 mm), 24 torrential

= © Yuan Jia, Qian Shenhua, You Fen

gyi, Zhang Zhaoliang, Yin Yuan



rain (24-hour precipitation up to 100.0 ~ 249.9 mm), and 6 raging

storms (24-hour precipitation exceeds 250 mm). The research team

surveyed the site every time 24 hours after the end of each rainfall
event, and found that there was no obvious water logging except
for the ponds and sunken areas with impermeable treatment. The
results proved that the designed micro-topography enhanced the
efficacy of rainwater retention, preventing Jialing River from the
runoffs and carried pollutants.

4.3 Biodiversity Conservation

Monthly survey of pollinators, which was used as indicator
taxa for biodiversity in this research, was conducted during the
summers of 2018 and 2019. The results showed that the restored
herbaceous community had an enriched species in pollinators
(Fig. 12). There were 37 observed butterfly species during
research period, increased 32% compared with 28 species before
the implementation. Those species with colourful head or raceme
flowers and rich in nectar and pollens, such as Hylotelephium
spectabile, Eschscholzia californica, Verbena bonariensis, Achillea
millefolium, Liatris spicata, Centaurea cyanus, Papaver rhoeas,
Lupinus micranthus, and Echinacea purpurea, have attracted
pollinators (e.g., butterflies, bees, bumblebees) most and formed a
sound symbiosis. It was demonstrated that the “pollinator-nectar
plants” symbiosis structures and the structural characteristic
of nestedness are vital to sustaining the number of insects, the
community structure, and the stability of community ecosystem
services, which also promote the sustainability of the ecological
performance of the site and the minimum management and
maintenance cost.

5 Conclusions and Prospects

The ecological planting design of the brownfield in Senkai Road,
Hechuan district, Chongqing City in this paper is an exploratory
research addressing complicated environmental challenges in

brownfields, including infertile soil, pollution, and malignant weeds.

After restoration, the site that was vulnerable to environmental
stress, overgrown with invasive species, and severely declined in
species richness and ecosystem services now has turned into a
healthy herbaceous community that provides functions such as
runoff retention and biodiversity conservation with optimized
structure and landscape aesthetics. The proposed technical
framework of herbaceous planting for the ecological restoration of
urban brownfields—steps as micro-topographic design, adaptive
species selection, symbiosis structure design, building quasi-

021

nature community structure, and in-situ planting—is an innovative
application case in China. This research aims to provide scientific
evidences and a referable technical paradigm for brownfield habitat
restoration, biodiversity conservation, and aesthetic promotion, in
order to contribute to the improvement of urban ecological network
and ecosystem resilience.

In future, more quantitative analysis for the dynamics of
species composition and interspecific competition within urban
brownfield vegetation communities, as well as mechanisms for
plant community’s response and modification to the brownfield
environment are needed. Research efforts can focus on the
exploration of design parameters such as the plant composition
proportion in different horizontal /vertical structures, to provide
more empirical studies for the optimization of community structure
and ecological functions of urban brownfields. It is also necessary
to conduct quantitative monitoring to assess the long-term
adaptability of constructed plant communities to polluted soil and
its purification capacity, combined with in-situ tests to further select
hyperaccumulator plants, which can provide reference to the species
selection and composition of herbaceous community. Scholars and
practitioners are expected to explore new models of herbaceous
planting in urban brownfields with high land-use conversion rates
and under different climatic and flora conditions. There also needs
more attention on urban brownfield herbaceous landscape ecological
processes (including species flow, nutrient flow, and hydrological
flow), and on the role of spontaneous plants and potential vegetation
in ecological planting, to create communities with a better
adaptability and a higher self-sustain and -maintain capacity.

12. Pollinators in the restored herbaceous community

~

LANDSCAPE ARCHITECTURE FRONTIERS / PAPERS

© Yuan Jia, Qian Shenhua, You Fengyi, Zhang Zhaoliang, Yin Yuan



RESEARCH FUNDS

REFERENCES

Adaptive Design for the Herbaceous Community of the Water Sensitive
Urban Area in Mountainous Cities, Young Scientists Fund of the National
Natural Science Fund of China (No. 51808065);

Adaptive Changes in the Functional Traits of Spontaneous Plants in
Response to Urbanization in Mountainous City, Young Scientists Fund of
the National Natural Science Fund of China (No. 31901152);

Nature-Based Solutions to the Ecosystem Restoration of Drawdown Zone
of the Three Gorges Reservoir, Fundamental Research Funds for the Central
Universities (No. 2021CDJXKJCO005)

VOLUME 10/ ISSUE 6 / DECEMBER 2022

022

[1]

2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

Alker, S., Joy, V., Roberts, P., & Smith, N. (2000). The definition of
brownfield. Journal of Environmental Planning and Management,
43(1), 49-69.

Strauss, B., & Biedermann, R. (2006). Urban brownfields

as temporary habitats: Driving forces for the diversity of
phytophagous insects. Ecography, 29(6), 928-940.

Macgregor, C. J., Bunting, M. J., Deutz, P., Bourn, N. A. D., Roy, D.
B., & Mayes, W. M. (2022). Brownfield sites promote biodiversity
at a landscape scale. Science of the Total Environment, (804),
150162.

Schadek, U., Strauss, B., Biedermann, R., & Kleyer, M. (2009).
Plant species richness, vegetation structure and soil resources

of urban brownfield sites linked to successional age. Urban
Ecosystems, 12(2), 115-126.

Enell, A., Andersson-Skoéld, Y., Vestin, J., & Wagelmans, M.
(2016). Risk management and regeneration of brownfields using
bioenergy crops. Journal of Soils and Sediments, (16), 987-1000.
Radwanski, D., Gallagher, F., Vanderklein, D. W., & Schéfer, K.

V. R. (2017). Photosynthesis and aboveground carbon allocation
of two co-occurring poplar species in an urban brownfield.
Environmental Pollution, (223), 497-506.

Gil-Diaz, M., Luchsinger-Heitmann, A., Garcia-Gonzalo, P.,
Alonso, J., & Lobo, M. C. (2021). Selecting efficient methodologies
for estimation of As and Hg availability in a brownfield.
Environmental Pollution, (270), 116290.

Schrdéder, R., & Kiehl, K. (2020). Ecological restoration of an urban
demoilition site through introduction of native forb species. Urban
Forestry & Urban Greening, (47), 126509.

Matanzas, N., Afif, E., Diaz, T. E., & Gallego, J. R. (2021).
Phytoremediation potential of native herbaceous plant species
growing on a paradigmatic brownfield site. Water, Air, & Soil
Pollution, (232), 290.

Dergez, A., Bordas, D., Kovacs, H., Forrai, G., Zsigrai, G., Szabd,
S., Magyar, B., & Kiss, I. (2012). Possibilities of biorefinery by
sweet sorghum (Sucrosorgo) on brownfield site. Journal of
Environmental Science and Engineering A, 1(1), 89-98.

Tian, Z., Chen, K., Da, L., & Gu, H. (2008). Diversity, spatial
pattern and dynamics vegetation under urbanization in Shanghai
(I1I): Flora of the ruderal in the urban area of Shanghai under the
influence of rapid urbanization. Journal of East China Normal
University (Natural Science), (4), 49-57.

Hitchmough, J., & Dunnet, N. (2004). Naturalistic Herbaceous
Vegetation for Urban Landscapes. In the Dynamic Landscape,
Design, Ecology and Management of Naturalistic Urban Planting
(pp. 130-183). Spon Press.

Bretzel, F., Vannucchi, F., Romano, D., Malorgio, F., Benvenuti,
S., & Pezzarossa, B. (2016). Wildflowers: From conserving
biodiversity to urban greening—A review. Urban Forestry & Urban
Greening, (20), 428-436.



[14] Yuan, J., & Du, C. (2017). The application and design of the new
naturalistic herbaceous planting in urban rain gardens. Landscape
Architecture, (5), 22-27.

[15] Niu, K., Liu, Y., Shen, Z., He, F., & Fang, J. (2009). Community
assembly: The relative importance of neutral theory and niche
theory. Biodiversity Science, 17(6), 579-593.

[16] Vellend, M. (2010). Conceptual synthesis in community ecology.
The Quarterly Review of Biology, 85(2), 183-206.

[17] Xu, Y., Dong, S., Li, S., & Shen, H. (2019). Research progress on
ecological filtering mechanisms for plant community assembly.
Acta Ecologica Sinica, 39(7), 2267-2281.

[18] HilleRisLambers, J., Adler, P. B., Harpole, W. S., Levine, J. M., &
Mayfield, M. M. (2012). Rethinking community assembly through
the lens of coexistence theory. Annual Review of Ecology,
Evolution, and Systematics, (43), 227-248.

[19] Gotzenberger, L., de Bello, F., Brathen, K. A., Davison, J., Dubuis,
A., Guisan, A., Leps, J., Lindborg, R., Moora, M., Partel, M.,
Pellissier, L., Pottier, J., Vittoz, P., Zobel, K., & Zobel, M. (2012).
Ecological assembly rules in plant communities—Approaches,
patterns and prospects. Biological Reviews, 87(1), 111-127.

[20] Kraft, N. J. B., Adler, P. B., Godoy, O., James, E. C., Fuller, S., &
Levine, J. M. (2015). Community assembly, coexistence and the
environmental filtering metaphor. Functional Ecology, 29(5), 592-
599.

[21] Zhang, Y. (1987). A brief account on the climatic characteristics
of Chongqing and the causes. Journal of Chongqing Teachers’
College (Natural Sciences Edition), (5), 81-87.

[22] Mahammedi, C., Mahdjoubi, L., Booth, C. A., & Butt, T. E. (2022).
Framework for preliminary risk assessment of brownfield sites.
Science of the Total Environment, (807), 151069.

[23] Wang, B., Cheng, W., Song, K., & Li, H. (2022). Preliminary study
on eco-geomorphology research dynamic: The interdisciplinary
science of geomorphology and ecosystem ecology. Acta
Ecologica Sinica, 42(11), 4334-4348.

[24] Silvertown, J. (2004). Plant coexistence and the niche. Trends in
Ecology & Evolution, 19(11), 605-611.

[25] Yuan, J., You, F., Hou, C., Ou, H., & Yin, Y. (2021). Reconstruction
of urban wilderness habitats based on vegetation rewilding:
Taking wildflower meadows as an example. Landscape
Architecture Frontiers, 9(1), 26-39.

[26] Nadal-Romero, E., Petrlic, K., Verachtert, E., Bochet, E., &
Poesen, J. (2014). Effects of slope angle and aspect on plant
cover and species richness in a humid Mediterranean badland.
Earth Surface Processes and Landforms, 39(13), 1705-1716.

[27] Yuan, J., & Dunnett, N. (2018). Plant selection for rain gardens:
Response to simulated cyclical flooding of 15 perennial species.
Urban Forestry & Urban Greening, (35), 57-65.

[28] Yuan, J., & Du, C. (2020). Design framework of collaborative
symbiosis between urban plant landscape and keystone species:
Taking wildflower meadows and pollinators as a case study.
Landscape Architecture, 27(4), 50-55.

[29] Niu, C., Lou, A., Sun, R., & Li, Q. (2015). Foundations in Ecology.
Higher Education Press.

[80] Fang, W., Ren, H., Ling, J., & Yuan, T. (2015). Analyses on
structure and composition of northern meadow community, and
simulated construction of wildflower combination. Journal of Plant
Resources and Environment, 24(2), 97-103.

[31] Sendzikaité, J., & Pakalnis, R. (2006). Extensive use of sown
meadows—A tool for restoration of botanical diversity. Journal of
Environmental Engineering and Landscape Management, 14(3),
149-158.

[32] Hitchmough, J. D. (2000). Establishment of cultivated herbaceous
perennials in purpose-sown native wildflower meadows in south-
west Scotland. Landscape and Urban Planning, 51(1), 37-51.

[33] Yuan, J., Dunnett, N., & Stovin, V. (2017). The influence of
vegetation on rain garden hydrological performance. Urban Water
Journal, 14(10), 1083-1089.

LANDSCAPE ARCHITECTURE FRONTIERS / PAPERS



https://doi.org/10.15302/J-LAF-1-020069

FE T RE R DL B 3 v A bl e A R P A SR 5

REYY, SREM, KRR, KBS, AW
1 ERAFRAA

2 BRAF LSRR R SRR EHEARRE

3 ERAY SREREER ESEE SABRHABRL

4 ERAZHHIRS ES R

5 ERTAESTFRTIRARAT

EXiEHE

PESES

“EREE

[ TU984, Q948

ik ERTIMITIIXIDEELT4S

#B4R: 400030

HBFE: jyuan523@vip.163.com

EAVAESviz s

ETEE MRS
W iRt E A5
ESMIE

stz IRt hEHELDIRIT

RINB AR R

TEtAhiE

=1

s

ot

XE

EEFERARIESR
EREREWEEE

BU%E*@@71&$¢§1&EK$E4%E¥;
ETMERR, B2

- ETRERENFINRZEL,
- EERHHIREE TPt EMZA L

BETRE

- NIFMAERNK . EMSHEEREREW

BN ES

EZMERTTRETISERAER

VOLUME 10/ ISSUE 6 / DECEMBER 2022 024

KHEia

whiRit;
SMEVERE;
RTINS

E£HEE;
S
SEEERFRS

SCRRFRIRAS | A




HE

IFIEE R AMHESRENRGHR, BEEMEERARAIFIESRS, EBRHEGEXRES
BAONEHSRUSEMREH .. S50, BRIMZBEREERIERRIAKERIER. BREMSXIE—F
=, URRBURSEENSESIRSNEEE A A HIRIEHRIZEERI BRI . A KIERFEZISIF R
B, SIFTMHRE “RUbRIT - BRMER - thEHESERIT - RIUBARSSEN - EitbipiE” AR
WEREYESIERITHIAER . AREFEXRHE) X RFREAEDEEEESHESLE, 7
FEERMEESH@MATI G EREP, FEAETINRETERRIIMREEERIZN TSI EE . £515
RENEAEYESE, DNEREESENSHMERESESRISDESSUEZNESE TERIET .
FRARA A HIREREEREMFRIES I SERATEL, WRERHESHESERMHESRS]

Y im B el

2022-10-02

MHEEEERE N,

1515

B2 0 B HAL T R EDIRAS Y 3™ Bl S 7l 45
iR . Tk XKEiR, LARARER R —LE 5 {5 5 T ol i 5% 7=
o XAZ IR, BB AESR rh ORI B, e R g AR A S AR
BRGNS AR UTAEA, B MBS O ST A A B R AR
ML, 38 R BOFES S A YE E R BRIR A AR L, RERSSR LAY BOR AR
AW SO0 S YRR EBR O A BRSO A A2 1k
NN T H R T T N BE IR A S S S IEE, IR AN T
TP S5, 3t SRE e R 3 T B A AL e 22

TESR T Ak L B2 S, AEBOR R TR L T Pl S A B R
AT ARG . AR, R T PN AN R A A ST S A
IR . MOCEARTRA L, B R A B 2 R0, Y RTAF R
FEMFAL: 1) SRR A7 AE LT | TS QR AR SR AR, WA
PIHERIE G, SEREEYRITZ . Aty 2) by TR A A B
IG5 %  IUEC T 517 (9 2% R A7 PR A SN, R A U A R e 2 A
BRI SR BA A 3) A AR IS A AT Y BT SR A A
25 B [ AL A Pl 26 X e E 4 (38 17 R O M 4 IR AR R e 0, ez
XPHAM ARSI T (AN )28 BRI ) MZEHIE; 4) A
B 5 4 A 30 T A b AR 0 A 1) 00 o 2 B S HG 2 ) A Jmy S B AR, Bz
et Z Y P ILAT | ERER U I R v 2540 I & B A= sh W) Z PR B2
Ei= 8

Hii, BEbr b EA 82 2O Am Y # T A e =, R
AR AP | N TEREE X SR R SR R . T

Wi\ AR, SWE
i s, BF

RGP FHI Sy A R RO F R AR S R TRk, LARETE
TRAR A B A S PR B R DR R R, e AL 11 AR AR R 45 ) s Sk
AR, TR S A | BRI E Y R S IR S 2
TEATETESR MG . SR, T8k AR BE MR 48 &, ARV
AR 2EL B R 2 RV AR A B AL A8 52 S B ) SRR

ARSIy, M A5 K T RERRE A3 T A m A ML) B I O I
e TR A YRR SO AR P BT O AE R AL, ROREFE A Ol o HEVE
P ERAIL S T8 A A 2 AL O BT ST R 2 — , XA v rh ) ol ) 3L A7
MR AR Z AR A, JF ORI A S T Re R R I BEE
PR AL 32 A B s i A A U (LR PR g A A= W U8 ) 03
Mo RAVRIE R PR AL IR D, O U RN RS S AR R
ST A s R Y BRI A (AR ERAY L Ky TR AR AR M I B I
T AN kAT, TSR E MR R AR R, OF R R A
VIR RER . RIS AR BRI, 0 g b N B 85 1 4 ) S 1 LA
M2 A AL, DTG 18 25 A B 22 2R A W), (] AR 9 0 PR 5 Jpde [
THA RAFENAYER R R, RARHURE T O A GBI . IR A
PEAF LASGRE | BEURAH XS STl s, AR VE B4 32 SO AL U 8 A )
Foft 6] 60 5 SRR CBIZERIE 8 ) 5 DR, 3l A s AR A A 4 2%
Pyh = LE Al Rl GE 2R T A B R 4r 3847, XS 454 5 Zh RE Ay KRR E
HeFp A EE R,

AR SCAR YR 7% K A ML) ) BV A, SR BB LA 30 T A AR B b O
B 2R | ML 2RI, DR B EY Z R T SRS
RERYIRAT, BUFPEMBIR RO Bt — & N Pk e Al — P[] SE A 254 i
T — U F AR A5 A — TE AR (Y T A s A AR ) A S R AR EOR

LANDSCAPE ARCHITECTURE FRONTIERS / PAPERS



HEZR o BIFSE LR T BT 1Y — AL A e St ie 52, IR AT B 5 2k
BHEOAL, B A T AR 2R BB S R A S iR o5 D RE A AL de L2

R R T 2% (IR, 58 S T A A5 I A S R A S R
P AA TR X
2 Wrsiinth s Beit B s

WF5E T A T 8 PTG ) AR B e . kit (&) o
¢ DI WA R R, AR H IR, RN 5
Yyt 5 H A3 600m”, b AR N E , HERCE SRS . RE A
WA, B A IR AR AL . S N e . R R
1230~40cm, TJELPIT ARG . b g, b T 4 A
Wl FEAKIRRIRE )1 25, RERIETIR ) R AR T, ol kil IF-485 47 3 b Py
AR TE Y KO 4B T BRI AR S M v b B — 25 T8 R 2990 m 1Y
PR, AR AR R ST, IR IR K A v S e . 3 N AR
B RO, PURMEHE h LA 03 70 (Alternanthera philoxeroides )
B ( Humulus scandens ) . /NER. ( Conyza canadensis ) 5 AMZAHY) 5
XA IAL, MR T = (E2)

1 A5 S b 5 T 5 PG )1 DX TR 8 g i X S i 2 Ak, B
SRFE b VL TE , iR A AT REAR M AR I W s,
Yl 5N B VLZ R Sy — A B R AR IR L RS B L A
YRR T ERER AR X, AL oW RSCR , B R4
P R 7 e T

3 Y bR A R 2 SR B REZR

LT YRR WEIE, P e b A e i L S
. AR S FHKIRIERE ) 22 5 BRI ALY AR K R RS i R 7
FAF BT OB T (DU s ) 5 i B2 (8] A= 2507 ) L o P i
Fr (L85 % BRI T T 308 SRR 32 1 . AN [A] - 58K 43 Sk A 1 3
REPE . 15 Qe 57 A AR ARVESE ) BN JT I . AERGIERN [, BRI
SRR IL A | B E AR A R VR A AR e A, R T
IRARSS G TRNIR R AR AR, @R e R o ILrr . felg A4
21 AYERFR AR YIRS R ISR TR S LR A ) 2 R RO R AL
Heo BT BT RBAR A UME, T 4L SUR A R0 i . B AR R A A 25 Pk
FARMER (E3) o #HFFEHAIBAT20174E10H 220184E3 A 8], %37 4 52 i
TR S E .

3.1 BB it
Sl T A 3l B L TR ROUR E S, I B2y T R s

VOLUME 10/ ISSUE 6 / DECEMBER 2022

(1 3R 5 S0, TR U o S B AR B AR, BRJCIA T AL R
VI ZREPEAERFTE R, U BRI IEAE FEIF sy 2, kLl A
FOME RN . MR AR 2 ) S B A B SR Y, R,
M BT SR TR T A 2 ) 2 R PR I S B

A B S ) M AR A, AR TS 2 R i s ] A 2
i SRR A KA, WA R T RER I AESHE.
S M3 BEAS O EARAR ) QS BT s AR s 1a], Herp, 3, SE AN A SR
JE AR IV M 2 DU i A 0 422 A8 iy ML SR AR R R T RE L 38 FC T KA ) A
K, HAA 0 A B $ K 43 9F A AR SO R R  BE o™ JE fh d8
AR THOK, EEmFaE P YRR NS RN L RERE N =
JCAEY B BE AT BAT S 2O MR R A, SR DU MG, (R B B
Pre R R R F . il M I 2 5, DU RE A HT M 3% 64 /N BlGE AR S8 B2
Tk, [FmFRBORE RS AL 0 A A SR, AR TR
YRR L 2Rk . i TP (<150 ) R HoKRAE 1k
BoREE, WM b s — - S, AR TR A
VR BN SRR B g 1 TR TR PCROE,  DRMHE Re 1) SR A B
AE S S 2 R AR AR AL L A A KRR

a0 O P TRY SR R 6 LY A - RV E 2 S & S L N ol [ET o6 1% 2
RN RHEE . REEAS 5209 M M i S A B4 5 TR IE, R TR A L
W ARIBSEAR GE L IR i, IF XN AT LA
N EREZSPB AR, P GE B AR A A KO RS AR TR R/ MRGE
HuZEH

3.2 JE NPz
B A B AR AT G R Bl S ST A I IR R A S R A%
T, X B AR B A R R S R R R TR P A B S A o AR SOk
TR AR SR 25 1, B T T A e Ao U
1) W0 L HER AR R . A — @M P RE AR, LUE N
Dyt SRR O M BOKORIERE 25 . LR VAR Oy Inl SO SR A A AT
M, IR/ . MEACAE N TR IR
2) MRS YR G U R A B AT . W KA RE ) AR
YrRhde, LIzt e e
3) BEXRCBAL BT S 4 T 3 1 R AR B R AR T AR A T
PIVESeR . fEIX e A, 2K & AR EE G R, 2
CEOK—HEET R AR, RS R R —E T KR AE T |
575 24~96/ N (¥ FRK RIS P A7 15 (b 2271,
4) WER VRS RIS, AR R . SRR
HIEZEAIL | RENEIE T R R SR AR A Ak
ARG BRI, BRSO e 30R A Y (3R1) , Hh248h oy Z4F
HEREAKEY) . TR O — AR RO . 8F O AR A LB R A

N

= OF o



3.3 Brmt g i is it

I i B AR A v S S s A (R At S Y
IR A RIS 22 BV B S 2O A R s Ah 28 ) iRl IL A= 25, LU
RTHHIBER A AU FRAEFFRE ST, ARSI A W) 2 HEE R 7 O
BEMRTRI AN . BOTFIERI NG RER L RARAE . Mt S . Bieg . 1l
B SEEOR IR R . B AR RARY), I i Bt
WA Ry B R Bt A B . M N B B B m AR L AR
FoUl AN CEHUREE” (I4) , I A — S B A A
Bea de, o H T SR GE A B e mO0EE [ R S AR I SR AL A R IR A1
WL BB ORI P A 35 o o — 7 B i AR BUS £ R B BB A Y
Mo, R ALY . Uk R RO & (K5) o DESFEK
T EAMAEAE ALY, AT AR O W 25 B R 4R R K 1 e 4 PR
(FE6) o ¥ “/Mey” RER . RAPTH . E kR TN
A, FFAEMT BB, AACREAR B ARAR, /N R
B EPEEMS T (7)o LiR— R ZHAER/NICESE, fE
IR 78: R 7/ Bl i Sl S R e S v T PARAEE A vk Y 6 g o VAL £ N
[B]_EAE IR A, DT B B Xt 4453 B HUR 1 S 55 S H i b 14 1 2
&0 B B A5 I 55 BE NS A AR B0 9 1A I B0 S R T
I3, /NS 5 2 U G ol A 40 o 145 SRS B AR A

3.4 Bl 2RBEE 4

ST PN SRR 23 N T REAS R R o A ) o B R, R A
P B AE Y B9 BEHES G AT w7 AL, AU Z A SRR
1T ELAT ] — 7o e A AR ) A6 393 40 TR e AR IR 2 S EOW B RCR T e, 8L
EAMBEERENG, 2PN TIRORLER FOWACR . 72 AR
FA R, ONELES AR RE R[] i e A 2 0 22 o R AS AL A LSS
A, BRORIE TR BCEL SR S O S IRy R A K, BB IR N E
ARIFHER L E I

FA R AV IC BN A R ) AR v mP AN TR R SRR A [R] ) £ 4% X
i )5, R =R R KPR (1K18) o R2R/R T W Tk REAAE
Wy 2 B HCXof IO 14 7K -2 T T K

1) 550 MY A — @ RIS 510 . IEHEE T . B
AN JTAERS RIS RS AR IS, Tl IR AT i S U Ry s RIS A
IR (4 TRCE, TSR R A M IR AR 2 & r o B LA
(EESTERIERY/ R S 46 el a1 ST o R Ea R RIUE 7R E S 7
AR A AE ] 5 B i M R A IR R]

2) BEHLE: B ASAAE R I o5 A 25 8] R BEAL B, AT A
MRBIFEAEA I HAB SRR Al o BERESE S . /MR R RS
BRECKR, DARRE R4 . KRS AET 5 P RR AR DL A Rk, Bl
B s AR R e, B RE AT R A% 5 4 RE 0 Bl AP S 9 A2 K

[, LR UL SRR A (Y R S I 7 1) S 2 M (B

3) ERER: AW AR . BRI B AR S A . MR BRI
PR . A . B RS RN TR R R, TR R, R
T G R T APO84S O 1
FARMFRCR , RIS T Ak B s SR AL 0k .

F SR B B VR 0 LSS R RIS B IR ARHIE, )R A5 MRS W
YA SRR RS, ZMAFERMEXE RS BT, AR
B VR — R 35N R SR R A I R L OB AAE
M5, B Mse i A28 & BA B e 2 R
SRV 2 DI s 1 T 1 8 1 A S A

Pk, PRI T A EAMYRELZE (K9) . B2
R P E E (50~90em ) . MHJp D R 2 E AT 76 g A AR, 4R
TR AW AR A A RO IR A RN, PR AT T AR B B
(90~120cm ) WIFRIZE, DAPRIEAEMISOZ R F 5 o 5 2 ks S5
BE (30~50cm ) . fEIAHC . SRARAEIT 55 BORAL P R BEHE I FP S, 55 =
WZBEREMPAL (10~30em ) | fEZEKE (20~30em ) . FEHHH HL B 19
P, PR ARG N e R AE Y B T, SRE DR UE R B B AIOCR
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1 WrhiE LR R

IEPIREN
e IR
TR TR 5 IRGE e 4 if 7Kk, TERL 24~96 /N FIK

EZCEES VN % (Achillea millefolium) ° °
e (Antirrhinum majus) ° °
¥ (Artemisia austriaca) ° °
KAEBIS% (Coreopsis grandiflora) ° °
EMiEE (Digitalis purpurea) ° ° °
FAS%§ (Echinacea purpurea) ° ° °
7% (Filipendula Palmata) ° ° °
k¥ (Gaura lindheimeri) ° ° °
W& T (Hyacinthus orientalis) ° °
J\ERK (Hylotelephium spectabile) ° °
& tig R (Iris ruthenica var. nana) ° ° °
#E (Iris tectorum) ° ° °
XJEAE (Kniphofia uvaria) ° ° °
W% (Leucanthemum vulgare ‘Short’ ) ° °
Ie#isg (Liatris spicata) ° °
Mgt (Linaria vulgaris) ° °
PIME (Lupinus micranthus) ° ° °
B ek7E (Physostegia virginiana) ° °
RH/IE (Primula malacoides) ° ° °
FUEE (Salvia japonica) ° °
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% 1: WiHhiE LR Rh

IENREN
IES IR
TR 83 Piisge At ik, IER 24~96 /NNFLK
ZARA IR M4 (Senecio cineraria) ° °
#4E/KJ5 (Stachys lanata) ° °
Wi i (Verbena bonariensis) ° ° °
BN (Veronica didyma) ° °
—ZAFAERAR R%4 (Centaurea cyanus) ° °
k& (Cosmos sulphureus) ° °
1628 (Eschscholzia californica) ° °
RKN% (Gaillardia pulchella) ° °
&3 N (Papaver rhoeas) ° °
¥eH% (Sanvitalia procumbens) ° °
Frisift. (Tarenaya hassleriana) ° ° °
EZaEn kil (Acorus gramineus) ] ° °
MB AR
“RIR” W7 (Calamagrostis X acutifolia ‘Karl Foerster’ )~ ® d i
i#% (Cortaderia selloana) ° ° °
W% (Festuca glauca) ° ° °
£1E% (Melinis repens) ° ) °
T2 (Miscanthus sinensis) o ° °
UNRTT IR ° o L

(Pennisetum alopecuroides ‘Little Bunny’ )

MZ5HS (Stipa tenuissima) ° °
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(%) (%) CYE ) CYEIE )

R 1.5 E 0.2 B 2~4 FH 2 2~4
Bk 60.8 Sfar 0.3 RS F 1~2 5 2~4
e L 9.1 KAESN%G 3.0 KAEAE 1~2 bk 2~4
RNFH 15.2 AR 2.5 g 1~2 J\ERR 2~4
EEIN 0.9 o2 Jokg 10.0 B3 2~4 ke 4~6
e H % 1.5 FE 10.0 T 1~2 B 2~6
MR 11.0 B 0.6 e 2~4 BT 4~6
Mieg e 0.2 EE 2~4 /G e 2~4

PR 72.0 UNRT R 1~2 e 2~6

R 5 0.6 “RIR BT 2~4

YN 0.6 1 2

e 4~6

FORELEREVR P AR ARG o SR B, B S5 FEAS I % 1 4 ol
FHEEREIRET, HAFRMEDE LA, 2H BN 25—yl —
" ACPER . Ry, BT IEE RAr a1 s ) (R R o Bk
96.3% ) , FEIL T TEPAHE, ABANE] T A 0T AR AR TR
AR

BEJEH 4, EAMDREREH 7KK A s (34
FRIESA T, MEEMAEE, WORMEET T p L i E (&
11) o Horp, SB=W2 Y (REY . BEASRE . IFE. £
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