https://doi.org/10.15302/J-LAF-1-020065 © Higher Education Press 2022

[
Research on Spontaneous Play and Environmental Characteristics
Related to Children’s Interaction With Plants

in Community Parks of Tianjin

TIAN Jingwen, ZHANG Qinying’, LI Jiaying, ZHANG Bolun 'CORRESPONDING AUTHOR

Address: Tianjin University, No. 92 Weijin Road,
Nankai District, Tianjin, 300072, China

School of Architecture, Tianjin University, Tianjin 300072, China
Email: ginying_zhang@163.com

GRAPHICAL ABSTRACT

————

- Samples ~

“It looks like a “Come on! The flowers “I'm brave!” “I'm fishing
trampoline.” are so fragrant.” tadpoles.”

“I can touch them “l can't hug the tree.” “I'm cooking “I'm making ~ “They are my
carefully.” vegetables.”  strawberryjam.” umbrellas.”

\l/ Environmental factors in the

Plant characteristics surroundings

VPSR FED

HIGHLIGHTS KEYWORDS
 Children’s play preferences vary in different spatial and plant design settings Children;
« Children prefer plants with distinctive leaves, flowers, fruits, and thick branches Community Park;

Plant Landscape;
Environmental Characteristics;
Spontaneous Play

» Environmental factors like soil and planting containers stimulate children’s interaction with plants to
varying degrees

 Children can make use of plant and site characteristics for challenging and adventurous play

» Design should create environments that can stimulate children’s spontaneous play and expand
affordances of plants

RECEIVED DATE

2022-04-20

VOLUME 10/ ISSUE 3/ JUNE 2022 038



ABSTRACT

With the advance of inclusive city and child-friendly city construction,
children’s opportunities to access nature have gained increasing
concern. This study explored the play preference of children

aged between 3 and 12 years old when they interact with plants,

as well as the corresponding environmental characteristics, with
four community parks in Tianjin as examples. It collected data on
behaviors, plants, and environmental factors in the surroundings
concerning children’s play with plants via multiple methods including
behavioral observation, behavioral mapping, questionnaire, and
semi-structured interview, which were examined under theories
related to cognitive development, children’s play, and affordance.
Employing methods such as quantitative analysis and cross
tabulation analysis, the study further obtained the frequency of
children’s various types of play and the affordance provided by
different plants in varied environments, as well as the specific

play behaviors in these environments. The findings show that due
to the biophilic nature, children are able to actively make use of

1 Introduction

1.1 Community Parks as Important Environments for Children
to Access Nature

The New Urban Agenda proposed by the United Nations

suggests that future urbanization should focus on dimensions of

M To build an inclusive

inclusiveness, equity, and sustainability
city, it is critical to seek common development for multiple interest
groups of different cultural backgrounds, ages or geographical
origins”"l. Of these groups, children, as vulnerable ones, need
places that can support their physical and mental development in
urban environments.

Early childhood and adolescence are important stages of
individuals’ growth, and alienation from nature will not only make
people be less aware of life, but also impact their physical and
mental health!™, Related social experiments and studies have shown
that being close to nature can positively affect children’s sensory
development®, attention and cognitive development'®, as well as
psychological restoration, physical activity and social cohesion!”,
which can enhance children’s experience of nature and life and

039

existing green spaces and utilize the perceived affordance, used
affordance, and shaped affordance of plants to play various types
of games in high-density urban environment. Children’s interaction/
play with plants increases their direct connection with nature

and can basically meet their daily needs for natural experience;
green spaces where there are plants with diverse species and
characteristics and varied environmental factors in the surroundings
can stimulate more plant affordances. Future landscape design
should pay more attention to how to facilitate children’s natural

and spontaneous play by creating diverse places for different play
needs, introducing rich and distinctive plants, developing supporting
functions of other environmental elements, encouraging challenging
and adventurous play, and strengthening safety and environmental
education.
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effectively alleviate the nature-deficit disorder, autism spectrum
disorder™ etc.

Although children’s direct contact with nature plays an
irreplaceable role in their growth", accelerating urbanization has

[10]

encroached a lot of natural playgrounds for children" ", resulting

in children’s less access to nature than their elder generations!"
and that their natural games or nature-based outdoor activities

d"“*). In response, more and more playground

noticeably decrease
design projects in urban environments begin to seek for a closer
integration with nature"'"*, Given the time constraints, distance,
and mode of children’s mobility, community parks provide
important places for children’s daily recreational activities'"® and
connection with nature”). Compared with comprehensive parks,
community parks are more accessible and can intensify children’s

. . 18
direct experience of nature™®.

1.2 Game and Environmental Preferences Encouraging
Children’s Connection With Nature
“Biophilic” means that humans have natural and inherent
emotional connection with other creatures. Due to their special
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Table 1: Summary of different types of play

Type Goal/intent

Characteristics

Exploration To obtain visual or auditory information from an object

Explore the object’s specific physical properties

Functional play To experience sensory stimulation through simple,

repetitive muscular movements

Simply for the enjoyment of the physical sensation the play creates

Games-with-rules To engage in a competitive game-type activity following

pre-established rules and limits

Child accepts prearranged rules, adjusts to them and controls his/her actions

and reactions within the given limits

Constructive play To create or construct something

Have obvious purpose, such as building or creating, and reading is included;

its main difference with functional play lies in the goal of play

Dramatic play To dramatize life situations or bring life to an inanimate

object

Child in a dramatic role or engage in some types of pretense play

NOTE
The types, goal/intent, and characteristics of play are mainly sourced from Ref. [28].

affection for and tendency to play with plants, children are willing
to relax and play in places rich of plants”””. American scholar
Robin C. Moore classified plants in children’s play places by their
functions””", providing a preliminary reference for the planting
design of outdoor spaces for children. Research also found that
tree roots and trunks in outdoor spaces can provide special
sensory stimulation for children”””; more trees and plants with
rich forms and colors can greatly enhance children’s interest in
outdoor play™®”. Moreover, spatial location of plants and barriers in
the space may influence children’s preferences when playing with
plants'; the disparity of environmental settings around plants
will also stimulate varied playing paths of children®. One study
further proves that children’s play takes place more often in some
“in-between spaces,’ rather than formally-designed playgrounds'*.
These findings corroborate that plants play an important role

in children’s interaction with nature and provide an important
reference for further exploration of the relationship between
vegetated spaces and children’s play. However, public spaces in
current high-density urban areas are increasingly losing their
natural qualities, and the integration of plants and children’s play
spaces in urban parks is also insufficient’. What is worse, planners
and designers’ lack of understanding of children’s interaction with
plants in urban environments limits the functions that plants can

VOLUME 10/ ISSUE 3/ JUNE 2022 040

play in children’s connection with nature.

According to some studies, spontaneous play is the game
that is chosen, directed, and communicated by children
themselves depending on their own interests and needs"®.
Adopting this concept, this study defines spontaneous play as
the free, non-facility play created and developed by children by
utilizing existing environmental elements of the site. Children’s
spontaneous play in traditional parks is a biophilic activity upon
their natural preference and needs, providing significant evidence
for the design of children’s play spaces. The relationship between
children’s spontaneous play and the environment setting can
be examined under theories related to cognitive development,
children’s play, and affordance.

Some researchers classified play as exploration, functional
play, game-with-rules, constructive play, and dramatic play by
the extent of perception and thinking, basing on the cognitive-

developmental theory!” (28]

and the Play Observation Scale
proposed by Kenneth H. Rubin. Specific descriptions of these
categories are shown in Table 1. This research employed this
classification to record children’s play behaviors and probe into
the relations with natural environment.

The theory of affordance, emphasizing the objective

information in the environment, suggests that any possibility



of interaction between the body and the environment will
generate “behavior”*°!, Marketta Kytta and William Gaver
classified the actualized affordance into perceived affordance,
used affordance, and shaped affordance®" " to describe the
characteristics and extent of children’s interactions with the
environment””. This theory expands the research perspective
of children’s environmental perception and clearly presents the
functions of environmental elements in children’s play, providing
opportunities to fill in the gap in cognizing types of children’s
interactions with plants in Chinese cities and the corresponding
environmental characteristics, and to enrich the application of
affordance in studying children’s connection with nature.

Based on the above theories and from the perspective of
children’s environmental perception, this study takes community
parks in Tianjin, China as examples to identify children’s
preferences of play types with plants and the corresponding
environmental characteristics, hoping to provide guidance for the
inclusive design of green spaces at community level and creating
better physical spaces for children to access nature.

2 Study Area and Sample Selection

Tianjin is an important industrial and trading city. It has
recently started a series of urban construction projects including
renewal of old residential communities and child-friendly city
construction. Choosing community parks from the central districts
with a higher density would be more representative to probe into
green spaces for children’s daily life in urban areas.

According to the Standard for Classification of Urban Green
Space (CJJ/T85-2017)"*, a community park is the green space to
serve residents living within a certain range for daily recreational
activities, with an area no smaller than 1 hm®. Considering that
green spaces in high-density urban areas are limited, this study
chose community parks covering an area of about 1 hm” and free
to the public. Research has proved that children are more likely to
use parks in the distance of less than 500 m™, thus community
parks within the 500-meter walking distance from homes or
schools were selected. Then a pre-research was conducted in
community parks of the central Nankai District, Heping District,
and Hexi District to learn the differences in landscape elements
and vegetation settings, so as to ensure that the selected sample
sites cover most of the common plant species and planting types in
the city. Thus, four representative community parks were selected
as sample sites for the study, including Fenghu Park in Nankai
District, Tonglou Park in Hexi District, and Tushan Park and Munn

Fenghu Park

Tushan Park .

Tonglou Park

1. Sample sites

Park in Heping District (Fig. 1). The vegetation in these four sample
parks keeps well-maintained condition; Fenghu Park and Tushan
Park saw a higher level of vegetation density and intimate spaces
enclosed by plants, while Tonglou Park and Munan Park had more
tree planters and shrubs, with more open spaces.

During the pre-research, it was observed that children who
interact/play with plants in community parks were mostly under
the age of 12. The preliminary interviews also showed that children
aged 3 years old and above had better language and expression
ability, higher cognitive and physical activity level, and were more
likely to express their ideas clearly and interact/play with plants
spontaneously. Thus, children aged between 3 and 12 years old
were selected as the research objects.

3 Research Methods and Data Collection

3.1 Research Contents and Methods

The research process mainly included three parts.

1) Collected basic information of plants in the community
parks: field measurements, site surveys, and plant inventories
(species, location, size, form, etc.), which can be used for children’s
behavioral mapping and analysis.
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2) Observed and mapped children’s behaviors: investigated

children’s play behaviors by methods of questionnaire***”),

semi-structured interview®”, behavioral observation!®!**),

P18 Behavioral observation made

and behavioral mapping
the researchers be aware of the content of children’s play.
Information about plants and the surrounding environment
during children’s play can also be recorded basing on Kyttd's
theory of affordances. Behavioral mapping can explore the
spatial patterns of children’s play.

And 3) collected further information from questionnaires and

2. Research framework

interviews: questionnaire survey combined with interviews can
obtain information about the research objects, frequency and types
of their activities, their preferences and ideal environment for play.
This step was to investigate the extent of children’s interaction with
plants and to supplement the findings of observation and mapping.
The triangulation method can effectively avoid the limitations
of a single research method and ensure the validity and reliability
of qualitative research™”™*", As can be seen from the framework
of the study (Fig. 2), after collecting data by a combination of
methods including behavioral observation, behavioral mapping,

-
Main research questions
+ What are children’s preferences of play during their interaction with + Which affordances can different plants and plant organs provide in
plants? children’s play?
+ What are children’s preferences when playing with plants in different types + What are the functions of environmental factors in the surroundings during
of spaces? children’s interaction with plants?
-

Behavioral observation + behavioral mapping

Non-participatory observation based on affordances in community parks

Questionnaire + semi-structured interview

Complement of data not available from direct observation

l’ A \\
I 4 ) [
. Recording the contents and types of play, X
| and surrounding environmental factors during children’s interaction with plants :
AN J
1 1
v N
! Recording plants involved, and plant organs, types, frequencies related to plant affordances in each play !
1 - J 1
1 1
L N
: Collecting children’s drawings of their ideal natural environments X
1 \ J 1

Data quantification + statistical analysis

Children’s overall preferences of play with plants and plant affordances
Children’s play with plants and plant affordances in different types of spaces
Children’s preferences of play with plants related to plant characteristics

Children’s preferences of play with plants related to environmental factors
in the surroundings
Characteristics of children’s ideal natural environments
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questionnaire, and interview in the field research, this study
quantified the data and used statistical methods such as
quantitative analysis and cross tabulation analysis. The research
analyzed the frequency of children’s various types of play and the
affordance provided by different plants in varied environments, as
well as the specific play behaviors in these environments. All these
can help conclude children’s environmental preferences during
their spontaneous play with plants.

3.2 Data Collection

The pre-research results showed that children aged 3 to 12
years old usually play outdoors after school for a short time,
so the field research was carried out between 16:00 and 18:00
on weekdays from late May to late June, 2021. To avoid the
interference of cloudy and rainy weather on children’s outdoor
play, field surveys were all took place in sunny days with stable
temperature.

During behavioral observation, one or two researchers
observed each child’s interaction/play with plants in the
community park, keeping a distance of 1 to 3 m away, while
recording basic information about the child (gender, age, etc.),
the type of play, the plants they interacted/played with, and
the affordance the plants provided. The behavioral mapping
can reflect the behaviors and the movements of children’s
interaction with plants and the length of time they spent.
To avoid insufficient or repetitive observations of children’s
playm]
5 ~ 10 minutes per day.

, each observation for each child was controlled around

4 Results and Analysis

4.1 Preliminary Results
The field survey collected data of the play behaviors of

132 children altogether®. Combined with semi-structured

@

interviews with children, a total of 125 questionnaires were

@ Of the 132 children, 26 were observed in Fenghu Park, 35 in Tonglou Park, 33 in
Tushan Park, and 38 in Munan Park.

@ Questionnaires and interviews were used to learn children’s self-reported
experience, which did not conducted on the same day with the behavioral
observation and mapping. This means that only some of the subjects attended
both of the two types of investigation. The study obtained the ethics approvals by
the Ethics Committee of Tianjin University.

returned (130 questionnaires distributed in the four community
parks), and 121 of them were valid.

Examples of children’s interaction/play with plants in
community parks and the observation results of their behaviors
are shown in Table 2, and the movement patterns of all children in
each park are shown in Figure 3.

4.2 Spontaneous Play Characteristics of Children’s Interaction
With Plants

As can be seen from the survey results shown in Figures 4 and
5, when children played with plants, they most preferred the used
affordance, followed by perceived affordance, and then shaped
affordance. In terms of types of play, functional play was the most
commonly observed, followed by exploration, constructive play,
dramatic play, and games-with-rules. The spontaneous play by the
type of plant affordance is shown in Table 3.

The frequency of used affordance was the highest. Children
took plants as tools (to complete the play) or as toys (plants as the
main part of the play for children to collect, place, climb, hug, or
hold). Used affordance was mainly found in the games-with-rules
and functional play (Table 3).

The perceived affordance of plants was mainly revealed from
children’s senses of sight, smell, and touch, including activities of
smelling the fragrance of Rosa chinensis and touching the exocarp
hairs of Prunus armeniaca. Other senses, such as taste, were
less invoked by children during their play. The plays based on
perceived affordance were mostly seen in the play of exploration
(Table 3).

The least frequent shaped affordance was observed mainly in
the dramatic play and constructive play. During their play, children
used plants as materials in different scenes, such as “swords” for
“battles,” “ingredients” for “cooking,” and “fishing rods” and “bait”
for “fishing.” The shaped affordance often occurred along with the
used affordance—in the shaped affordance, plants were imagined
(re-created) as other objects, and in the used affordance plants
merely being used as tools or toys (Table 3).

4.3 Preference of Children’s Play in Different Spatial and
Planting Settings

Although varied in landscape patterns, overall the studied
four parks cover three types of spaces, i.e., open, semi-open, and
enclosed. This research analyzed the occurrence of affordance in
different spatial and planting settings. The cross tabulation results
show that the occurrence of affordance in each type of spaces
was always used affordance, perceived affordance, and shaped
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Table 2: Observation results of children’s play with plants (excerpted)

Affordance of plant
L. Plant organ . Type of
No. Gender Age Description Type of . Plant providing Environmen- Type of plant
of play play involved tal element space . Perceived Used Shaped
affordance design
affordance affordance affordance
1 Girl 5 Compete in Games- Populus Trunk Planting Semi-open  Sparse forest Observe As toys
counting “eyes” with-rules tomentosa container
on the trunk
2 Girl 4 Push the tree Functional Fraxinus Trunk Pavement Semi-open Tree array As toys
play chinensis
3 Girl 6 Pickleavesand Functional Rosa Leaf Terrain Enclosed Dense forest As toys
fruits of Rosa play xanthina and fruit
xanthina
4 Boy 8 Observe Exploration  Rosa Fruit Terrain Open Group Observe
fruits of Rosa chinensis planting
chinensis
Pick up fruits Exploration = Melia Fruit Pavement Open Mass Observe
of Melia azedarach planting
azedarach and
observe the Functional Melia Fruit Pavement Open Group As toys
inside play azedarach planting
5 Girl 7 Pull leaves of
Rosa multiflora; Games- Rosa Leaf Stone Semi-open  Sparse forest As toys
compete in a with-rules multiflora
high jump to
pick leaves of
Styphnolobium
japonicum Games- Styphnolo- Leaf Terrain Open Sparse forest As toys
‘Pendula’; and with-rules bium
display leaves japonicum
by size on the ‘Pendula’
ground
6 Girl 5 Make Dramatic Rosa Flower Path Semi-open Flower hedge  Observe As “food Make
“strawberry Play chinensis and materials”  “strawberry
jam” appreciate jam”
Continued
VOLUME 10/ ISSUE 3/ JUNE 2022 044



Table 2: Observation results of children’s play with plants (excerpted)

Affordance of plant

L. Plant organ . Type of
Description Type of Plant . Environmen- Type of
No. Gender Age . providing plant
of play play involved tal element  space . Perceived Used Shaped
affordance design
affordance affordance affordance

7 Girl 7 Digaholewith Functional  Styphnolo- Branch Soil Semi-open Sparse forest As tools
branches of Play bium
Styphnolobium japonicum
japonicum
Taste and smell  Exploration  Buxus Leaf Path Semi-open Hedge Taste
leaves of Buxus megisto-
megistophylla phylla

Exploration  Buxus Leaf Soil Semi-open Hedge Smell
megisto-
phylla

8 Boy 6  Collect Games- Cercis Fruit Soil Enclosed Sparse forest Observe As “food
different “food  with-rules chinensis and materials”
materials” and appreciate
other “goods”
and who has Games- Duchesnea Leaf Soil Semi-open Sparse forest Observe As “food
the most wins  with-rules indica and materials”
the game appreciate

Games- Euonymus Leaf Path Semi-open Hedge Observe As “food

with-rules alatus and materials”
appreciate

Games- Rosa xanthina  Flower Path Open Dense forest As “food

with-rules materials”

9 Boy 6  Role play to Dramatic Cercis Fruit Soil Enclosed Sparse forest Observe As “food Create “new
cook “cilantro”  play chinensis and materials”  dishes”
and “beans” appreciate

Dramatic Duchesnea Leaf Soil Semi-open Sparse forest Observe As “food Create “new
play indica and materials”  dishes”
appreciate
Dramatic Rosa Whole Stone Enclosed Sparse forest Enjoy the
play multiflora shape intimate
feel

NOTE

Basing on Yoshinobu Ashihara’s Exterior Design in Architecture, this study categorized spaces into open spaces, semi-open spaces, and enclosed spaces according to the child’s sight withina 1.5 m
radium and in a cone-shaped range (approximately 60° in top angle) from the child’s eyes (Source: Ref. [42]).

045
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Munan Park Tushan Park
Exploration  Functional Games- Dramatic  Constructive
play with-rules play play
Table 3: Spontaneous play corresponding to different types of affordances
Affordance of plant Type of play Description of play Relations
Perceived Exploration Play through senses with Smell flowers, leaves, and fruits; taste fruits and leaves; enjoy the The diverse
affordance various plant organs sound of stepping on leaves; observe fruits, branch thorns, leaves, plants provide
and trunk textures; touch petals, exocarp hair of fruits, trunk, and a variety of
leaves to perceive the overall shade of plant; etc. affordances; the
three types of
Used Games-with-rules; Play with rules; play Compete in collecting fruits and flowers and counting trunk lenticels; affordances often
affordance functional play through physical jump high to touch leaves; dig holes with branches; hang arms blend with each
activities, using plants as over plant branches; climb trees; lean on hedges; encircle the tree other and occur
tools or toys trunks; etc. together
Shaped Dramatic play; Role play with Build “secret bases,” role play; “fishing” with branches and use leaves
affordance constructive play imagination; as “bait”; Weave garlands and knots using grass; make collage with

Creative work

leaves and flowers, draw by tracing shadows on the ground; collect

leaves and flowers to make plant specimens; etc.
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3. Behavioral mappings of children’s play in the
four community parks, which were generated
by combining all children’s movement
patterns (shown in lines) and the length of
time they spent playing with plants (shown in
circles, sourced from Ref. [39]). Considering
that ages of children, types of spaces, and
other environmental factors of the parks may
influence children’s play with plants, this
study chose different numbers of children to
make the mappings in different parks. The
larger the number of children were recorded,
the denser the lines of movement will be;
the more time children spent in one place,
the larger the circles will be—indicating that
such environments are more popular with
children.

Frequency of plants’ affordances
Frequency of different types of play

6. Frequency of affordances under different

types of spaces and plant design

35

30

-
w

Affordance frequency under different types of plant design

mmmm |solated tree

Table 4: Proportion of each plant organ that provides affordances
in different spatial types

70
-
S~ 60
\
_____ N
25 >
~
[
\‘
40
I I I 30

Perceived affordance

= Hedge

Type of , Whole
Flower Leaf Fruit Branch Trunk

space shape

Open 23.08% 20.51% 7.69% 10.26% 7.69% 30.77%

Semi-open 9.35% 32.71% 11.21% 15.89% 7.48% 23.36%

Enclosed 476% 26.19% 9.53% 19.05% 7.14% 33.33%

affordance, from the highest to the lowest (Fig. 6) . Moreover, the
shaped affordance occurred the most in enclosed spaces, while
the used affordance and perceived affordance occurred more in
semi-open spaces. In terms of the planting types, the perceived
affordance occurred the most in “dense forest,” around “isolated
tree” and “flowerbed,” while the used affordance and shaped
affordance were seen mostly in the “dense forest” and “sparse
forest.”

Further analysis was conducted on children’s interaction/play
with plants in different types of spaces to obtain the proportion of

047

90

80

50

5]
=)

s
Affordance frequency under different types of spaces

Used affordance Shaped affordance

mmmm Sparse forest = Dense forest Tree array = Flowerbed

mmmm Climbing plant mmmm Tree column mmmmm Flower hedge —e@- Enclosed space —e@- Openspace —®@- Semi-open space

the affordance provided by each plant organ part (Table 4). Results
show that the affordance provided by “flower” and “whole shape”
occurred the most in open spaces; children preferred interacting/
playing with “leaf” in semi-open spaces; and spaces created utilizing
the “whole shape” of plants were preferred by children in enclosed

spaces.

4.4 Plant Characteristics and Other Environmental Factors
Influencing Children’s Play
In combination of behavior observation and mapping results, the
comparative analysis on children’s play with the same plant species
in different places suggests that plant characteristics and the
environmental factors in the surroundings had a more significant
effect on children’s play.

4.4.1 Plant Characteristics

A cross tabulation analysis was carried out on plant affordance
and children’s play (Fig. 7). A chi-square test (Table 5) with SPSS
software reveals the significant difference (p < 0.001) between the
occurrence of different plant organ’s affordance and children’s play.

Supported by the analysis on the spatial settings through
behavior observation, the characteristics of plants preferred by
children during their interaction/play with plants can be summed
up as follows.

LANDSCAPE ARCHITECTURE FRONTIERS / PAPERS
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Table 5: Results of the chi-square test between different types
of play and affordances provided by plant organs
Frequency of affordances
Different Chi-square value 48.355
types of
play Degree of freedom 20
Asymptotic significance (2-sided) .000***
NOTE

*** means p < 0.001.

(1) Reachable plants with special tactility

Children preferred plants that are reachable and touchable
directly or by other tools. For example, some children leaned on
the Buxus megistophylla hedge and bounced from it, taking “as a
trampoline”; some others walked and touched the top leaves of the
hedge, enjoying the “tough and flat” feel. Another example was the
lateral branch of a Platycladus orientalis, which is about 1.6 m high
and grows horizontally—many children played with this smooth
branch to hang arms or jump (Fig. 8-1).

(2) Fragrant plants

Aromatic plants were favored by children—they are always
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Shaped affordance

curious about the smells of different plants or the source where
the smell came from (Fig. 8-2). In this process, children will be
stimulated to connect with nature and excited about unexpected
surprises: they discovered insects such as Aspongopus chinensis
and earthworms (Pheretima spp.) in the flowerbeds as they bent
over to observe the flowers.

(3) Plants with thorns or acicular leaves

Most of planning design standards for children’s playgrounds
exclude plants with shoot thorns. The study found that although
some children feared to be pricked by plants, there were still around
60% of children preferred such plants, including Rosa multiflora,
R. chinensis, and R. xanthina, as well as coniferous trees like Cedrus
deodara and Juniperus chinensis (Fig. 8-3). When asked if they were
afraid to touch these plants, children often replied that they could

” o«

“touch them carefully,” “slowly,” or “it is very challenging.”

(4) Trees with thick trunks

Trees with thick trunks were preferred by younger children. For
example, there were often three to five children circling around the
trunk of a Platanus acerifolia hand in hand or carefully examining
the texture of the trunk. Children also frequently gathered around
other thick trees like Juglans regia, Populus tomentosa, and
Styphnolobium japonicum to touch, lean on, or observe the trunks
(Fig. 8-4).

(5) Trees with low branching points and moderate branching
angles

Children aged between 3 and 12 years old are usually under 1.6 m



8. Examples
of children’s
interaction/
play with plants
related to plant
characteristics
in community
parks

in height. In the sample parks, they were often observed climbing
trees with low branching points or moderately angled branches,
such as Prunus salicina, Malus ‘Radiant’, and Malus x micromalus
(Fig. 8-5).

(6) Fallen branches

Fallen branches were also favored tools in children’s
spontaneous play. For example, the long and straight branches of
Salix babylonica and Lonicera japonica were used as “fishing poles”
and “kite lines” (Fig. 8-6).
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(7) Low weeping shrubs

Weeping shrubs can naturally form intimate enclosed
spaces which can only be accessed by children. In this study,
such plants were preferred by children about the same age to
play various games. For example, natural arched spaces created
by plants such as Lycium chinense, Rosa multiflora, R. xanthina,
and Lonicera japonica attracted children to enter and play
games such as “cooking,” “building castles,” and “passing through
tunnels” (Fig. 8-7).

LANDSCAPE ARCHITECTURE FRONTIERS / PAPERS

@ © Tian Jingwen

© © Tian Jingwen

@ © Tian Jingwen © © Tian Jingwen

@ © Tian Jingwen



H Soil
B Planting containers
B Platforms

B Elevation changes

~o © Tian Jingwen

Water bodies

9. Frequency of environmental factors in the surroundings in children’s interaction/
play with plants

(8) Blossoming plants with distinctive-shape or bright-color
flowers

Abundantly blossoming plants such as Rosa xanthina, R. multiflora,
R. chinensis, Syringa oblata, and Prunus davidiana were preferred
in children’s play. Funnel-shaped, spiciferous, and trumpet-shaped
flowers, including Portulaca grandiflora and Celosia cristata, were
also favored by children (Fig. 8-8).

(9) Plants with distinctive leaf shapes and textures

It was also found that pinnate, lanceolate, palmate, subcordate,
and serrate leaves were more likely to attract children. For example,
Duchesnea indica with serrate leaves (obtuse apex) were mistaken
for Coriandrum sativum as the children picked them and shouted
that “I found coriander.” For plants with palmate leaves such as
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Parthenocissus tricuspidata, children observed the veins and
carried out “biological experiments” on them. The larger leaves of
Hosta plantaginea were played as “umbrellas.” Children also cut the
fleshy leaves of Portulaca oleracea off for the sap. Some children
took curly and paper-like fallen leaves of Platanus acerifolia home
for a special collection. Older children used the leaves of Liriope
spicata to weave balls (Fig. 8-9).

(10) Plants with fruits

Children observed and collected fruits of Melia azedarach and
Cercis chinensis that look like edible fruits for games like role play.
Smaller, firmer, round, and smooth fruits or seeds of plants such as
Rosa xanthina were often taken as “bullets” or “materials” in their
play. Plants with bright-color fruits, such as Lycium chinense and
Malus ‘Radiant’, attracted children to engage in physical activities
(climbing trees, picking) and other creative activities. In interviews
about fruits, most children urgently explained that “these seem
edible but actually not,” and they hope to “plant some apple trees or
pear trees” in the parks (Fig. 8-10).

4.4.2 Other Environmental Factors

In addition to the characteristics of plants, environmental
features of the surroundings also influenced what and how
children’s play with plants. Observation results of children’s play
with plants in Table 2 have shown that when interacting with
plants, children’s preferred environmental factors varied. The most
frequently (from high to low) observed environmental elements in
children’s play were soil, planting containers, platforms, elevation

changes, and water bodies (Fig. 9).
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11. Examples
of children’s
drawings of
their ideal
natural
environments

(1) Soil

Bare soil can stimulate children’s imagination and creativity in
functional, constructive, and dramatic play. For instance, they can
“dig the soil to make a flower castle” or “make pots for cooking”
or “make tunnels to transport branches” (Fig. 10-1). In addition,
children preferred hardened soil in these plays.

(2) Planting containers

Planting containers include flowerbeds, tree beds, and
flowerpots. Younger children often crouched or stood on planting
containers to touch plants and pick leaves. Older children almost lay
on the containers to observe or smell plants, or sit on the containers
to enjoy the cool with friends. Others climbed onto the flowerpots
with decorated surfaces to observe the plants (Fig. 10-2).

(3) Platforms

Environmental elements with flat surfaces such as stones, bricks,
paths, tables, and chairs are often used by children as “shelves,”
“worktables,” or “stoves.” They placed the “materials” collected from
the environment on the platforms to count, display, or play creative
games (Fig. 10-3).

(4) Elevation changes

Terrains with natural undulation, rockeries, terraces, and steps
all form elevation changes in space. To children, exploring plants
growing high above the ground was a “very exciting” game or “an
adventure” (Fig. 10-4).

(5) Water bodies

Apart from Fenghu Park, there are fountains, small channels, and
pools with rockery (0.45 ~ 1.6 m in depth) in the other three parks.

Children were observed looking for plants in the water bodies or

using branches to paddle the water. For example, two nine-year-old
boys “fishing for tadpoles” with branches said that “it’s a pity that
there is no lotus flowers in the pool.” In their opinion, lotus flowers
can not only beautify the environment but also provide food for
tadpoles (Fig. 10-5).

4.5 Children’s Understanding of the Environment With Plants
Through questionnaire survey and the open-ended question—
“What other plants would you like to see here, and why?”—the
study explored children’s expectations of an ideal environment
with plants, either by verbal description or by drawings. The Word
Cloud result of the collected statements, combined with children’s
drawings (Fig. 11), reveals that children were most interested in “tall

” o« ” o«

grass,

”» o«

trees, sunflowers,” “apple trees,” and “pretty” “flowering”
plants. In general, children paid more attention to plants’ shape,
flowers, and fruits.

A small number of children expressed satisfaction with the
current community parks, while the majority provided further
expectations on specific needs, preferences, and perceptions of
plants summarized as follows.

1) Children’s requirements for planting design: children
preferred plants that are bright in color, edible, and with special
functions. For example, they stated that “I want more yellow

n, o«

sunflowers, they are so bright”; “I want to plant apple trees so |
can harvest apples”; and “I want to plant more flycatchers that can

eat bugs.” Children also hoped to add more design elements into
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vegetated spaces like “designers can set swings besides plants,” “I
hope to have a slide and a sandpit with more plants near them,”

and “I would like to plant grass on the trunk so that the tree would
look more interesting and lush.” School-age children wanted to have
access to plants mentioned in textbooks or on television, who stated
that “I hope to see jasmine and silk trees, which [ have learned from
my textbook” and “I wish I could see those plants in the park!” This
reflects that children are eager to learn knowledge more about
plants, which should be responded by future design of community
green spaces that extends the functions of plants.

2) Children’s awareness of environmental protection: some
children thinked about the relationship between plants and
environmental protection when interacting with plants. For
example, they said “the more trees the better, to protect the earth”;
“we can plant more flowers to absorb carbon dioxide and protect

n, o«

the environment”; “I want to plant lots of trees for birds to build
their home”; “I want to plant the northeast China ash, which is

a national second-class protected plant I've learned from the
television.”

And 3) plants are the bridge to connect children with the
outside world: several children mentioned their family members in
interviews when explaining their favorite plants. For example, some
said “there are apple trees in my grandma’s yard” and “my mum
loves roses best.” This suggests that plants are important elements
to facilitate parent-child relationships, where in-depth research is

needed by further efforts.

5 Conclusions

Taking four community parks in Tianjin as examples, this
study explores the play preference of children aged between 3
and 12 years old when they interact with plants, as well as the
corresponding environmental characteristics. The findings show
that children are able to actively use the perceived affordance, used
affordance, and shaped affordance of plants to play various types of
games in high-density urban environment. Children’s interaction/
play with plants increases their direct connection with nature and
can basically meet their daily needs for natural experience. The play
preferences of children explored in this study can provide new ideas
for design from children’s perspectives and real needs, so as to
create environments that can stimulate children’s spontaneous play,
expand the potential affordances of plants, and enrich children’s
play types. To demonstrate the concern for children in an inclusive
city, design should pay more attention to how to facilitate children’s
natural and spontaneous play while respecting their instinctive
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play needs with plants. Adjustment can be made in each stage from
planting design to maintenance and management to promote the
equitable, inclusive, and sustainable development of cities. Thus,
this study proposes the following five design suggestions.

1) Creating diverse places for different play needs

The degree of spatial openness, frequency of plants’ affordances,
and children’s play needs all varied in different types of spaces. In
enclosed spaces, children preferred dramatic play with their peers.
Thus, design can utilize low shrubs with no thick stem to create a
naturally intimate space, with platforms that can further facilitate
the shaped affordance of plants. Semi-open spaces saw relatively
high frequency of used affordance and perceived affordance of
plants, for which plants with distinctive leaves can be selected to
encourage children’s physical activities. In open spaces, flowering
plants can be introduced to encourage children to perceive plants
and to simulate more explorative activities.

2) Introducing diverse and distinctive plants

This study found that children preferred plants with distinctive
leaves, flowers, fruits, and thick branches, which is consistent
with previous research”??. In addition, children’s preference for
“plants with thorns or acicular leaves” contradicts the principle that
“plants with thorny branches and sword-shaped or thorny leaves
should not be used within the normal range of visitors’ activities”
according to the Code for Design of the Public Park (GB51192-2016).
However, relevant research has shown that with proper access
to such plants, “adventurous” play can improve children’s ability
to respond to various risks and increase their awareness of self-
protection[43]. Thus, while introducing diverse and distinctive plants,
it might be better to combine with more precise safety education
design (e.g. displaying information on plant characteristics on the
site), rather than simply excluding the use of plants with thorns or
acicular leaves.

3) Developing supporting functions of other environmental
elements

The assistance of other environmental elements such as soil,
planting containers, and platforms is also important in children’s
spontaneous play with plants. In common green spaces, children
can actively use existing environmental elements for creative play.
In comparison to other elements, soil, substrate of the natural
environment, was more attractive to children according to results
of this study. It can encourage children’s constructive play and
functional play. In view of this, design can provide soils of different
textures, or create special spaces to guide children to interact with
plants and soils if possible; for spaces with limitations in providing
soils, planting activities can be introduced to promote children’s



direct connect with plants and soil.

In addition, this study found that insects in community parks
also attracted children. Related research has shown that natural
environments with more diverse animals®” can intrigue children’s
play. Future research can explore how and whether insects
and birds, as important media in nature, can bring about more
affordances in children’s interaction/play with plants.

4) Introducing challenging and adventurous play

Results showed that children favored easy challenging games
related to plants. Therefore, plants with appropriate height can
be utilized to provide the perceived affordance and encourage
children’s more diverse interaction/play with plants. In addition,
children usually use words such as “be brave and go on the
adventure” for self-motivation when doing various physical
activities, as well as support and encourage each other and share
their “adventure experiences” in such plays—This also proves the
importance of adventurous play for children’s growth**, where
plants are significant environmental elements and favored by
children. Climbable trees, plants on high rockeries, and dense arbor
forests can be introduced into sites under careful management,
rather than being completely prohibited on the grounds of security
risks.

5) Strengthening safety and environmental education

[t is undeniable that safety should be given top priority in
both creating green spaces and children’s play. We need more
precise design to meet children’s demands of connection with
nature, especially under the promotion of child-friendly cities and
inclusive cities. Inevitably, children’s spontaneous play with plants
will break or damage plants more or less. Design strategies can
integrate challenging play with safety and environmental education
to enhance children’s understanding of life, encouraging them to
respect life safety and protect the environment.

There are also limitations in this study. For instance, the study
spanned less than one year and the children were not subdivided
into smaller groups. Future research could be carried out all-year-
round or even over several years to compare children’s play with
plants from a more comprehensive perspective. The children could
also be subdivided into pre-school and school-age groups for more
precise results. And further investigation can be conducted on the
influence of the characteristics in for example spatial structure of
plant communities and vegetation diversity on children’s play with
plants.
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R PR R OEaEE R WHENEIIE AR, HAnEEsRens, Rt SERS, SOtk 3: s
XAIET ) LE ST A2 AR A H AR

MR P X AT RO E LA T a i iR A At AR, PHEPEBRE )

E
AT RRE. BnEE R IIEESE B [28].

AL B IR A PR R BB OLE R, R B A R 2 R S Y T
RERD “A3ox PO TRELEE - AU - 6 00K S B T Akt S
SRy AT (perceived affordance ) . iR ALPE (used affordance )
IR AT (shaped affordance ) =28P5 0 HIDIE AR L #E 53R BEAH T
VeI RRAE IR B2, PTAEPE RS R T LB SRR S i i, B
PR T IR LE R P R DIRE, TR E X L S
H A R BRI R A /2, S8 S8 A B 7 L 35 A AR ST
AIFE

BT ERENE, AR LA AL XA FE S ], L PR A
f &, DI L 28 5 A B Sl IR A Ji ek 21 R Qi G K ORT I 1) A ) A
FHOE, DA AP IX SR SR A8 5, Fng JLE R B AR AT B9 W) 5
2SR

2 WX IS PEAS T

REET i H B A R, AR R B A SR Bl TH /N X s B
JLEE A F RIS T B A DG AR . H T PO 3 DX R SR 85 AR R A 8, DA
AT GAART o B IR X L H A4 0% IRBE (1 bt s [ o AR b

RYE O gkb - 2ebiE ) (CII/T85—2017) P, #HIX ANl 24
— 7 A DX R P R R T R HH R PR 2 I 55 kb, BB ELR T
Thm?® o H 2 5 5] 0 4 8 DX PA) 90 S e T AT IR, AR5 0 S g e X el
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(A b R B R T AR Lhm* 22 A7 H A S 1 A TP, E A BFFE R, L
B AFHI500m L P 2547 0T 328 B A T R B e, PR Ak 5 3ok 11 L EE A
EEseA i & . BAT500mBERS BIR AL XA BE . Z e X R IFIX Al
S DAL PG DX = A HR 3l DX 2 H 9 22 A A X2 Bl A7 S TR A9F 0L
NP N R LB R s (W) 2R 22 5, AR (R e 28 R A BE L RE S B0h
e THT Ml TR 2 30T R R DL AR PR Y . WP e A e E AR IR IX 2
el 7 g 8 A A 3t —— g TR X XU 2 Bl T G XA A Bl RSP X e 2%
Fel A R A BE (1) o XA FE AR BOIR O R4, XU Bel 7+
L2 el AL B, AL IRl RO RL R 2 (1 22 5 AR Bl T T 2
Pl DU 5 22 7 TR AR L . EARFPAE, 5 BT S Al 2

PR OIF i At W B DX Bl P 55 A ) 5 B R Y A N R AT e 2
TE12% VAR, WA G AERL Uigad B 2 3% DL Y LB S RE )
Bk, INRUKF . BRIESK-FE R, H5 A BRAAEE . ARS
MW JEITAZ AR, PR E 3~128 B JLEAR AR R

3 W5 IR S B

3.1 WIS fTi ik

WFE i e o =73

1) WIBaAL D2 el AR B A A R, - il S i i, 2 i 2 el
B ETEs (R, e R/ B , HITIJLE TR



SHRHES T

2) JLEAT R HIMEE ST s 4R E R J7 k%t L& i A7
PEAT A, AFR RSP AR pab i R A7 g PR T A T
EPS O R AT S AT WA L B A P A, B TR R T ik
2, AT SRR A AR I AR B A I BRI B o AT D 1 U B AP 1 S )
EERIEILE TR AR

3) HoAtaln) s R U5 kA5 B« g M A LS S UTRAIER, 2RI
FIFR ABERY LR (5 B . WGl | S NA . 1 sl i b BEAR BRI 2505
B W5OLE S WSS BRI RERE , ARSI 4 R

“HAHAE (triangulation ) J7 1% A A7 &4k G B — W58 05 0k B R BRI
PRAE RE PERF 72 PR RV B RIS E SR IAT L4 . AT i Ie J
[7) 5 8] A5 5 DR S5 O VR BEAT VR, P S M 9 T S Al A A A
B, ORGP T . SRR SE, LMRFLETT &
e X BN R RS AN [R) BRI B3 AR 25 28 T A ) K 2
0L, LRREAS ANHELEA R PR 5E T OT R Ui X i HAR NS B2,y e 45 i3 L
AL SN A R U P A BB RAIE . HAARBFFEHERR NP 2 7

3.2 VAW IR

PR LB, 3~12% JLE HELE P AN i R 2 A0 s, B
AR, WSz Es 202145 Ta1 26 H T TAEH AY16:00%
18:00 8 HFJi& o R HEBRBH R KA JLZE P AMIFERR 5200, IR 6 A KA
i R LR B A E I A T R4

11 RGN~ 22 TE N 5% LASS WL B 0y WUEEAE A B N B 4% L
T A BRI DL, WSS 5 LB R R 1 ~3m IR RS, W] s LB Ak
RE R CHEER . RIS ) RATERIG]  38 BAEY KAE Y AT (PG ol
SEMEAE B o AT AL R LE SIS B AT R BATE L . SHEY)
TR A5 BRI o Akt % JL Bt OO 1) e T R A Y X AL
R R IS R TES~ 1078

4 8515 5

4.1 W1 PR mrEs R
AR YR IF 5 2 i 4 9 52 WL 19 13244 LB [ e e A7 o i o 9
BIF A BRI 45 2 45 4 2F A TR A 7 bk et LB EAT AR 1], 44k

O 132 Z)LERREERNBAER 26 B, BREQREMN 35 5. LIIARR 33 ZRER
YNEISICISE =

@ [AEMHREARILENENFRLER, HERRENTANRNTECHIERE—
KEE, MEAZIXET, AWMIEFEIAHIF—NN, EEADES. AAREBIT
RERACEZERZHCEFE,

X s el N A & il 1300y, B M m & 1250y, ARG BN
1214y
b DX el N L 55 R 900 38 L R 1) 7 O R AT R RS0 53 TN 25 s 49

mER2fioR, A N A JLE R T R B0E s 3 s o

4.2 )L 52 EI H R TR FHIE

B AR S R Gt g nl s, L E S5 a8 HiE ket 5 f 4
R AT e, LR B AT HerE , SR e R Ml T b s Rk
RO R, BeR TFRARIIREMEREAR, S KU BRIk . B i
R K] P 9 R R DA K A eI i 7 1 L S )
=AY B RN N3 PR

0 00 (8 T T (SRR v, R AR B T . — )L EDKE A
WIVE iRk i T, 5 B o8 sl XD IR A s R LB R 1 i
PR, WSO . . B, . TR R GIE,
AP PP AR A 2 O 6 1) R R o 5 e T A DG SR R
k™ A CThREMEIERRT (K3) .

L) 0 S0 T (P R R ERAE LG . WS AN B T, G ) Ak
. A (Prunus armeniaca ) B, HoAE Wbk 58 55 )y 1 ) #/0
WL G . B A R SR TF AR S IR R PR 1 A &
(£3) .

PRI AR A S A s el M, EELR I xR RIME TR A
MUk b el R, JLE SR FAEAR RS T o,
57 o {1 B2 R RN 57~ At e = RN 2 <1
HEOCEET A SR AT HEPE A A S R AT R R R B, X AE T
H RTS8 TR, 5 ARE A R e i 3
A (%3) .

4.3 AR BRI RPRC R T34 R ) LA xR i

P41/ PR SR — (L L T TP B L kI e
2 ) R B2 I =0 A A . KBRS 40T TR I 2 KR iy
RUPEFOE T AT BEE R AL . 2SRRI 45 6B 7. T LR
i A T P B R 4 T G BRI (P
W3 TGP 9 T (AR 82 2 RO BRI s )
45115 B0 T QRO BTOHCAB A TR KT BRI (R PE R 2 b A B
BT CTRRLR R GERET ESUR L TG R T R
AR CHRT R BT

R 56 AT = 262 ) T L S R A TR L 5350
B e o PR A R TGP LG (4D o APBTAT L FFMCES
FIT “9E" A RUIBA" WA PERECRRS . kTR M T L e
D" RIFACHL, s TR AT A s SRS LR
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% 2: JLES MW BTG R Gk

FEPEE kR
- R HERITR i34 Wk PRty kg J&ih 2l ity]
- %) ik 25 kY] T FToE WIEE ey} AL¥E Tk A fEH s
[EESER e n e
1 £°8 5  FEFEERT E O B EHW (Populus + RfEASY  PIFRC Fipk PUE =S WA
1 “ARAE” tomentosa)
2 £°8 4 HEKHE DhREM: FiEm (Fraxinus + GRS TR TS B WA
chinensis)
3 £y 6 EERIEN DhREM: #HIEK (Rosa 1y S Hif A Gz W BT EL
. R xanthina)
4 5 8  WMILHAZEN  HRKRUME HZ{E (Rosa 2= HiF Tz N PUE =S
sk chinensis)
B EE  REMN B (Melia 2= GRS Tz B PUE =S
i b SR ST azedarach)
WER FLSZ AR
DhREM: B (Melia 2= GRS Tz B R BT A
azedarach)
5 £y 7 RHEEREM A FL T4 (Rosa i BH TR Bk W BT EL
PeZE Bk = ik e multiflora)
VT,
TEH iR/ HUM: e TR i Hife TR Bk W BT EL
HEZH F (Styphnolobium
Jjaponicum
‘Pendula’ )
6 @7 5 i “EEE piazilis HZ4t (Rosa i JE % TR & WLE R [l
chinensis) gkt “RERE P
SEE T
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% 2: )LE SRR BT g %R G

HY R v PRI
wE PR R TRRATR A% N pefieal et Jia ] Y
" %) fiiid &Sl Liik7 ] (b7 S L S & BCETE B i ig
Al Pk Pk
7 z 7 JAMIREdZHT ShREME ML (Styphnolobium % e I Gk MER T H
Jjaponicum)
SR E R’RE S RMEY (Buxus - TEHE I LRE ZIRIE
FHBRIE,  [E megistophylla)
FUS
AR KM#El (Buxus - e I LRE [ A A
megistophylla)
8 5 6 ELWES HE 50 (Cercis ES - FhEE Y Fk B W
x “am” M chinensis) “Erpt”
Pris,  ELUEUL
2 FutE k& (Duchesnea - +I% I Bk B W
indica) “Ert”
Mt ¥ (Euonymus - TE I B B W
alatus) “Ert”
ME  EARIE (Rosa 1t TEHE TR K 2
xanthina) “Ert”
9 5 6 KX, BT WEINE I (Cercis ES - FhE Y Fbk B W Ol “F”
1 “Gm” chinensis) “Erip”
Rt & (Duchesnea - - I Fbk B W Ol “F”
indica) “Ert”
boq e 7 (Rosa IR Bh FhEE Y Gk Kz
multiflora) 2 L ]
iE

SEFFENERN (SMEp=En0igit ) , BEBLULEREOR 1.5mSBERN, DRIUARAFOL 60° THAEETERINEELER, 5 LEFPINENZEEE S FFNZE). = EifAE=E (k
R 2EXE[42]) .
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2 30 AFIZARIAHEPE R 8 5 1 X

Pl 1 iR XL REA TR 333
RAIE R S RE SEY SR E Z FRIT e, ih SRR, ZRE, MRS WTERH TR0 T W) R AIE 2 A,
N384 WSS, B, R, T80, SEEAEE, SRECHE, e VIR ER T
BT MRS, ERAHEY RIS FE; —KAH
Pz B EMEE
ERnIHErE  RUUIPE, ShREMENXR W R RN, B LB B (R FERRWCER IR S, feok, BOW TR AL, BhmiEmnt; M e, AL
iEEh, FHEWIEN TASAEE WEAZHL; EEWECT EmE; Tew; SEsE L
FRIT IR MR-
pyEalE XREIE. AR RAFBRI AT RO, RKiE R R AT | RS MR T | AR N5

OGS BIEE A

H” 5 gmfedh, Smssh; MMM, fEaedfm, fiisth b
HIRSREAE D, R R, AEAtbRAR -

4 AR RE YR BEPER 25 88 b L

CUUEC VN 2 i BB @ T s
Fri= ) 23.08%  20.51%  7.69%  10.26%  7.69%  30.77%
EHMEH 9.35% 32.71% 11.21% 15.89% 7.48%  23.36%
i ] 4.76% 26.19%  9.53% 19.05% 7.14%  33.33%
50 WAk TR B AT OLPER A R dag it
AT TR
e i 48.355
I F 20
Wi EHLE ) 000%+
i

**x 2k p<0.001,
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4.4 50 ) LR XA RLPD A PR R AIE S S R RFAIE

BERAT NG ST ISR, W ORI B R L S5 AR R A
B RGO AL, ML, R AR B BORIE | 1 AR PR ST R
(DS PIN VSIS E: b AT ISR TE 38

4.4.1 HYAARRE

St Xof ST M R B 2o R AR P T A R R R LB i R A O AT 38 LR
gtk (A7), FEEEE S ASPSSIHAF I T X ER KK (%
5) , SR BIRAFIA Y E AT EEE R ARG B LI (B A A
FE#ER (p<0.001) .

SEAAT RS A VARIE, 23715 L2 S A W) . 3 e AR O 4
AR MAFFIE QR o

(1) T fish B 1) 0 FT A AT AR A f

JUEE i e 7T A3 BT PN AT LA fh R AR B A0 T AR o N, AT
ILE SRR S L HEE, DhaE REIK 8 BailiEsl
PEBR I SR TR0 B, Ak “RERERY, AR o n, —RRm
( Platycladus orientalis ) FIMIAZEEHBZ1.6m, S5HATH90° A K,
V2 LR IR G MR T T BBk rdiiexk (E8-1) .

(2) 5

AERMMEYAAEZELENERR, M7 IRTEA FAEY ISk
FRARMAE (K8-2) o X LIB A ILEX ARG L, EN S
WS ) R ik 2 R IAEIZ L JL& HL (Aspongopus chinensis ) |



M5 ( Pheretima spp. ) SFER AL, WOR RN Z AN R R

(3) AEOR S HRAEY)

L B8 i S DX 0 356 486 R O M9 TR 22 2 SR sl f A FH A A ) o AE R
ik 2 o A 3 43 )L B8 SRR S Mo L, (BT 297X iUy L B ROR
B RIREY) . A RO EE . e BB, DABE MR T R
( Cedrus deodara ) . [®#1 (Juniperus chinensis ) #BJe& JL 2 A & B FEL
Yy (1E8-3) o Hkin) Ko H M 5 Y e, JLEEERR 0]
UG RBE BRI “IRA SRR .

(4) FPHPMRRT A

WA B A KT AR S AZ AR R /N LB B 2 . i, 5 H RE L 8¢ 5]
354 JLEZE TAE KB K (Platanus acerifolia ) Wz b PS8 AF404T
w T, A, HAERSEARE (Juglans regia) . BHA . MERHRZE
WA LIS S LB, fasE . W ([&18-4) .

(5) IIBURARKE | BT AU B E T /N R

3~12% JLEE Gl H A2 1.6m, DRI H ULEE B Al ] 7 o0 A 4
%« BT UM BEAE /N TR R L BEAT A A5 TE Bl o SN R 6 2=
( Prunus salicina ) . #)WA7E% (Malus  ‘Radiant’ ) . PERFHESE ( Malus x
micromalus ) %5 ([818-5)

(6) &M 5%

O\ T v L B R BB Skt R LB AE BRI TR O DR T H . ]
n, FMI (Salix babylonica) . 2.4 (Lonicera japonica ) ik HbH K H.
B, TTHIME s LT S5 (EI8-6) .

(7) RSB ALY HEAR

WRAVEAR G T HEAG KRN . AN FAR BT,
TRl L Z (A 25 ik, BRI sz el . i, #fd (Lycium
PR . PEEL . A SERYIE U KRR A5 R4 5] L
HAEA, JFRE MR R CENHbIE SRR (B18-7) .

(8) ALHUMMRY | B €a S i 1) AL A )

XA AR YR L, dllE . Bk, H3e. $TF
(Syringa oblata) . UMk ( Prunus davidiana ) “5#8Je )L 1658 H 7k
ol G R o T SRR BOIR L ORI AR B2 LB S, AR R
Y5 (Portulaca grandiflora) . ¥4t ( Celosia cristata) 55 (&l
8-8)

(9) MR . BUBCRA IR IAEY)

BEPRENM . BEEIE . ERSH D EOIE . AR SR RRE R
FARS IR ILER . B0, wwdsny b Jeum B 4l A 4 v, B
¥, JLESHRAM XA EFERE o W THHE (Parthenocissus
tricuspidata ) FEHARSHM R, JLESWEH kY, ZJaxTHIFR 4
Y)se8:” . K% (Hosta plantaginea) WMk, JLESEHYME <

A7, B UE (Portulaca oleracea ) W AT, JLESIEIM FHIE®A

chinense ) .

AT . ZERERARIEM TG 2 ARG BURMatK, JLES
MR, AFRFE R ILE, SRHILZZ4 (Liriope spicata) WM R 4
Ahipk, IR TFACH “ZARM” (KE8-9) .

(10) RIAFFRIEY)

B BRI SIE R RS, JLE SIS . IR, It
— I SR GRS WA . BRI B A A SR L B FLIBE ) AR
CEERTOEL CWIRET  MoAD . Y ESEAEA) R S e, AT | L
FTNCHRE | SR 55 B R TE S A AR ETE 3 o AR DRk, KZ
BOLE AU R XS RRENZN” , ik “RpSERM . A
B (E8-10) .

4.4.2 HABIAIFRHE

BRAEDIAS B Rt oh ) R AR A 2 5 ) L 2 55 A ) 28 B3 A
PNAES I b R v, ARy, L EEX R 3 BB AR AE ) i
UFARRFEAN — o ASBIFSE rpic s 0 P58 25 AR s 1 i xk b B A B I HE T 43
S ML FMEZSSE . EWE. AR AR (E9)

(1) 3%

PREE Y b AT UL L E AR AN Ty, AR T IT R Rk
ARG PR R WX B, ZATar L e T S e A
W7 M E R AT AF (E10-1) o BbAh, fEIEEIEk S, JLEE
b M 5 1 148

(2) Mt e

FAE R AU AG AE3s . IR IR . AEPRSE . AR RE /Ny L 28 o B ag
S TERMAENE EPCBE Y . B B SRR RS R B LB S DTE A IR B SR
YL . WED SR, S5 R TER IS FaRE., A ILER
SPRIL BRI AT WS b i) (K10-2) .

(3) EWin

PWAHBCFRIME A . k. EEMER SR EHILENE &Y
rORAERT B RS o TR SRR YR
Yiin B S BT ME, BORNAE CEESRnkkE T (E10-3) o

(4) "tmAsfp

HAREMRHIE . HESM B S WO & 28 ) & B 252478 i
TasE] AR AR, PRR S A AR LA TR RS IR i
K, “REAERARET (E10-4) .

(5) 7Kk

B XU 2 Bl A1, oAl = A 23 Bl 23 S5 s SR KL . /NVK S L S K
W SCHLIEAE A EE, WIRTEE 40.45~1.6m. JLE S T8 FHOK A PR
FEAEREY), SRR SRR oK TE . B, AP FREL “Foiisl” 199
B AR K B ABAR T AT S K i A e A AL
RESEILINEE, EREILIRELE BRIz ([8110-5)
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4.5 JLE L PRRII R

i A [ A B TF R (R AR A B B 2 M — se 24 7 At
27 7 JLER LGB AR IR, da] DHEAR AR T mlk ) , oF
FERER T iy JLE X BAR R Y PR BT A 0 B o I TEORs WO ) A3 g N 2
frim = dr, FgiaILEEmEk (E1) 23, JLERZ
ST OUNEET Sl HZET CSERWT L, DR CHET CIRE” B
Yoo BRI, JLEXMEW R BAIEE KL . RSB .

AR LZE O DX Pl BR R 0, RZBOULE R T UL A
fr, HXPEYHATR . SRR AL BE5 N AR =5,

1) JUEXAEY BT oK L EE XA B A R A A, i
R TR AR R . N, AR M A
KPFHAE, BUEARGEH"  “REMSERM, ol DIz i B fh— Lo
W, MZiE T SR LB ALY AS (A YRR TR, A AR A A
WITE R, B, LB MK T R e —&"  “mEBA W
bu, SFMZFMEYT R T R, SN REEAEL . BE
B oo st LE A YR AR B . A B IR B, A BERE
SORFT ., AR, ESCRAR BRI XA E A AR LAY UL RIS L A
Pl 7 ke T LB XA A 2] B SK L D B R A X AR B
REFRAIE T3 10l

2) B SV E, Rl LB IR IR B L E AR
SR A L RN 2 B A ) S R AR P R A G A, i, A
U, XRERTURIPHBER " RSl Wl UR B TR ARRR, fRAPER
B A BEMARZ NS R LU R R CAAROK e, Rl LA R
(FEZ) BHE Ry o

3) MW L 5 A1 B RRHR A B B A . 207 32 U L B T i R A
BRI 8 R TR, BN, FRIERE ST BT AR R
7RI e R BBIAL” A . RWIRIAE R 116 b R T Al
H, Z e Al — 2 AR AT

5 &g

ARSCUARF AL AR B], HRIE T 3~12% L2 SHEY) B 3
G- Y XK TR R f L 1 ) PR AR o WIFTE 2 SRR IIT, 7 o 5 TR Bl Tl B
gerp, L RN B s PR (0 ORI n] |l P R LR A s
T A 28U . L S A Y 0 58 B i XR3g 0 7 5 B ARG B e fik, mT
P R L H R AT R A RR IR R . AIFTE IR R A L E T X
Piter Al B R AR B0 R B, F8 R BOTMOILEM A AT R R, GG R
WO LE A R ITRESE FARTIF XN, 3 A I Ay I b, 5
LB R . YIS R B A LB R AR A SR OC 2 ,
PPN SCTEJLERIR . ATV N T, S E LB S Ay i A

VOLUME 10/ ISSUE 3/ JUNE 2022

BT T 2R, AR N R 2 MR SR B R 404 B 45 AT, fE bk
T AT . A R TRt R . ARWFoE i DA S i

1) B X5 i 2 (1) S HU I L i ek 7 oK

ANTR) 2T ) 223 (R R BE N TR] A ) 1) 45 28 T b MRS —, JLEEAE
R 23 AR R T R AR TR . FAZE S (B, h TR £ LT sh4s [a)
BOREAT, U R T AR 5 R R AT T TR, PRI R R AR
TCH W F T I REARTE R SR FA R 25 1], [) A 4 T 5 40 1 46 i — 2B A1 2 98
T AR Y R A L 2T S ] PO 0 ol FH AT R R T 3
Bosem, U AT SR IO R A AR AN R A R B L T RAR s B . T
il 2 (] v a] B SR 22 (AR, R LEIRRACE, 513 L ERANE
Y, JRIFERE MR

2) GIAREEE B HAEEMEY)

AW R, LA GF R . REIFAEFNGS S L BT p A
Y, X HREEM SR8 A, JLEmWL A B SR R
Yoo, x5 (AREEIFIE Y (GB51192-2016) HESRIX T “WEA
TE 1 20 R P AN I 3 FH A A e ) RS TR AR S SR A AR R A A
Y7 X R ARTYE . HE AR, 76 IER X Y R T
HA B BRIk AE B L2 0 ek KU, 3R T B R AR
RO GE AR SR RE S e R AR i)
B, AR 2 E vt (e b RS AR R )
TR 58 42 2 BRI SSAR 7™ A 1 w] R

3) FFRHAIEE 2R B 2 he

FILE SR AR T, L5 FOAS . BV IS
R B ARTT D FEH WLk, JLEE AT LA A & R A 55
R, BIETEHZ G I AR . Hoh R BRI AR, TR
L HEA T 2 (1 A e AN D REME R AR . A AL RSB R, LA
F AR X IR O B ST, SR T AT R R R R [ 5
3, TEA R RIE L N A IFREL 1T 23 (0] 5] 5 L& ShE Y fn 3
Bl HIIESE, WP RAMEIRITE S, ek )L S AEY A R
e fih

BEAh, AFSE R B, R B R R S S L Y T
MW R, B 22 R M A i A Bl B B 22 4 i I R L 3 i e 2%
o SRR A SRR AR EZELA, XL SR AE B
AV T Aoy e e A Ok S8 2T b, WIEAROR IR — LAY

4) 5IAPRER B Bk

HIFSE A AT, L T 22 G AR A DG i L O R AR X AR ) Pk
o PR, AR LMY B A5 0F, BT e BRI AR, B 3L
B UFAT O, KR T 2 0 T e T R S e A S B R A
—ARME L SHEY) R AT 2R 2 B . IkAh, LRI 5
BB AR & K ARG, RIS A B PR R SR, 4



=OUERT ALY XD EIIE T B R ) L A Y 2
PEM TTERC AR | R TR LD R AL AR | RIS B S TR R AR R
JLE ARG PRET, X LE P RRT DA O B AR TR, AR RLZE 4
B, seediik.

5) BRESIEAH

AATARIN, TEER MRS B 3 5 L B b, 2 e N Y e
BALe AHAEMESE L ZE AL ST S A PR s R 7R, A 2l i
SRS HE B BT R T R L ZE 12K FAR TR TR . SRR, JL#E S5HEY)
SEH A R R B 2 B 2 R EOS R R0 B . Ik, KR
A PRERAER IS LT A EMA S, A ILEN A ik
0, fefl LB R AR A IO A RS IR C R

WS —E W R BRYE , QI VRIAITI ] 25 AN 2 —4F . R4 L
HREASE . RS IT R AF B 2 AR RO o0 i, B i LU R
JLZE SRR A A JEAG O 5 b ) 3~12% JLERE R A 70 2 A2 5 2
WL, RS OR E BE X s LR e — PR AR W I 25 A1 45 | Al
W RS AR SRR IE X L S AR ) T X ) R

E 1.
B 2.
E 3.

E 4.
E 5.
E 6.
E 7.
E 8.
E 9.

RIS

TEERS

M MR REF) LEERTECE .. EfARBES N LEZEIAETSHIIE—E{TIC
F, REENMEI/LEREDNERIKERTHECE . EPEERTTHNE. BRE
TEBEYIPRFEIK (2EBXHE[39]) . REAJLENEERFRER. 2ENEEEER
FIREZIN ) LE STEMFRAYER, RIS AEICRITAECAEF—. PRCRILEAL
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