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ABSTRACT

Natural plants would see a free growth in an idle

land after an absence of management, leading

to spontaneous biological processes that form

the wildscape. Such vegetation demonstrates the
characteristics of the ecological self-restoration. This
paper studies the spontaneous species found on a site
in Beijing Forestry University, inventories and analyzes
the species, site conditions, possible maternal plants of
them, and discusses the changes and characteristics of
the community in its early establishment. The results
show that several spontaneous plants sprout early,

and cover nearly 1/3 of the site 3 years later. Most of
spontaneous plant species are native, more of which are
herbaceous, while little difference is found between the
number of woody communities and that of herbaceous
communities. Their distribution is obviously affected

by soil conditions when the light is sufficient. This

paper concludes that once the human disturbances are
stopped or reduced, ecological self-restoration can occur
rapidly with essential conditions for growth (light, soils,
and seed sources), even poor as urban environment. At
the early stage of ecological self-restoration, native plant
species dominate obviously. It is worthy of attention

to and further study on the spontaneous native woody
communities as they emerge rapidly.

KEYWORDS
Ecological Restoration; Spontaneous Plant; Wildscape;
Urban Idle Land; Native Plants
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1 Introduction

Wilderness is not only a profound cultural notion in the western world but
also a correlate of the “harmony of man with nature” in Chinese traditional

121 "and the beauty of wilderness has been increasingly recognized

ideology
in the field of planning and design”*. Due to the important role it plays in
maintaining urban habitats and enhancing urban biodiversity, wilderness is of
positive significance to the improvement of urban ecosystems""®. Natural plant
and animal communities would see a free growth in an idle land after a long-time
absence of management, leading to spontaneous biological processes and natural
succession”). Such an ecological self-restoration will form the wildscape.

Idle lands are commonly found during urban construction, where plants
sprout spontaneously. Such plants are often regarded as weeds unfavorable to
both urban environmental management and landscape maintenance. However,
recent studies on spontaneous plants have helped change the public’s view: They
are an asset to sustainable city construction and development due to the low
demand in maintenance and management and the delivered ecosystem services
such as providing wildlife habitats and improving urban landscapes™"”. There

are studies on the species composition"' """ landscape characteristics'' ",

growth pattern'"? [oj21[14]

, and design feasibility of spontaneous plants under
different urban environmental conditions. The richness of spontaneous plants
varies between land uses (e.g., that in green buffers and wastelands is higher
than in attached green spaces and parks'"”), revealing the direct influence of
human management on the growth of spontaneous plants. Due to the absence
of human management, the high plant diversity in urban idle lands contributes to
the city’s biodiversity conservation'®. However, research on the growth condition
and pattern of spontaneous plants, especially the mechanism of ecological self-
restoration without human interventions, is not yet sufficient. This paper attempts
to inventory the species, site conditions, and possible maternal plants of the
spontaneous plants found on a site in Beijing Forestry University, and analyze the
changes and characteristics of the community in its early establishment, as well as
the influence of abiotic factors and seed sources, hoping to enrich the case studies

of associated research.

2 Study Area and Research Methods

2.1 Study Area

The study area, located in the campus of Beijing Forestry University, is to be
constructed for a building for teaching and administration. Due to the halt of
the construction, the site was temporarily idle without any management after
demolition, when ecological self-restoration quickly occurred and spontaneous
plants diversely appeared. It was therefore chosen as a sample where the
characteristics of the early stage of ecological self-restoration in urban idle lands

are studied.
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Table 1: Information of satellite images

Big o

Spatial resolution

RRERH

Acquisition date

20174E8H 238
August 23, 2017

0.23m x 0.23m

20185618 0.1Tm x 0.11m

June 1, 2018

2018585238 0.11Tm x 0.11m

August 23, 2018
1. HFEE

2019568148 2. BHMHFEREFKRE (KE: Google

0.17m x 0.11Tm Earth)

June 14, 2019 ar ‘ 3
3. BHEESHREE

2019898 22H

0.11 0.11 :
September 22, 2019 m x m 1. Site plan

2. Satellite images of the site in
different years (Source: Google
Earth)

3. Vegetation distribution on the site

2020%F8H28H

August 28, 2020 0.1Tm > 0.T1 m

The site covers a total area of 7,657.3 m?, of which about 2,774.6 m’ is
concrete pavement. A 3,696.4-square-meter temporary structure as a student
canteen was demolished in August 2017 where the interior paving of floor tiles
were remained with poor permeability, and thin soils exist in the gaps between
the demolished walls and the concreate pavement. The pre-existing green spaces
on the site, 1,186.3 m?, have deep and fertile soils for vegetation growth. Since
the demolition, the site has been enclosed and idle, without any construction or
maintenance activities on the site except for piling building debris (Fig. 1) till the
end of March 2021 (when the study began).

2.2 Research Methods
2.2.1 Satellite Image Analysis

To analyze the characteristics of vegetation distribution and growth on the
site, the research adopted the full-color historical satellite images from Google
Earth downloaded with BIGEMAP. The parameters of the images are listed in
Table 1.

2.2.2 Site Inventory

From September to November 2020, 6 full site inventories were conducted
covering the growth conditions, species, and possible maternal plants in- and
outside the site. The plant inventory included species identification and the
measurement of the diameter at breast height (DBH), basal diameter, height,
crown diameter, location, and the width and depth of soils. The distribution of
mature woody species, the possible maternal plants, in and outside the site were

mapped.
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2.2.3 Digital Simulation Analysis of Light

Existing study on the plant landscape of Beijing Ecological Green Corridor
reveals that strong lights may lead to lower richness and evenness of herbaceous
species of high spontaneity””. In this research, the impact of light conditions of the
site on the growth and distribution of spontaneous plants was studied. Referring
to the research by Xu Yi et al.*¥, the sunshine duration was simulated; and
according to the application advantages and scopes of different digital stimulation
softwares'"”""’! Ecotect Analysis was selected for sunlight duration analysis and
distribution of the site. Referring to existing phenological research findings of
herbaceous plants in Beijing and Hebei™”"*?, 5 days of representative solar terms
impacting plant growth, namely Vernal Equinox (March 21), Qingming Festival
(April 5), Summer’s Begin (May 6), Slight Heat (July 7), and Frost’s Descent

(October 24), were selected to analyze the on-site light patterns.
3 Results and Analyses

3.1 Characteristics of the Early Establishment of Spontaneous Plant Community

The satellite image taken in August 2017 showed that the vegetation coverage of
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the site was 15.5% before the demolition. After then, in June 2018, no identifiable
vegetation was found; but 2 months later, vegetation can be identified in the image.
Since June 2019, the scattered crowns could be clearly identified inbetween the
pavement, and the image of September 2019 showed a strip and clump distribution
of vegetation, which became more obvious and connected in August 2020, with the
vegetation coverage increasing to 30.7% and the tree-herb ratio of the vegetated
area was 1:0.65 (Fig. 2, 3).

Although concrete or tile paving surfaces are detrimental to plant growth,
the growth pattern of the spontaneous plants observed on the site is increasingly
obvious only after one year of being idle. They grew along with the gaps between
paving at the beginning, however, covering an area nearly 1/3 of the bare area of

the site only after 3 years.

3.2 Vegetation Characteristics
3.2.1 Spontaneous Plant Species

The inventories show that there were previously 17 plant species and later 35
species sprouted spontaneously (Table 2), and the latter ones include 8 deciduous
trees (Ailanthus altissima, Broussonetia papyrifera, Fraxinus chinensis, etc.); 1
deciduous shrub (Vitex negundo var. heterophylla); 11 annual herbs (Artemisia
sp., Chenopodium album, Chloris virgata, etc.); 10 perennial herbs (Carpesium
abrotanoides, Centella asiatica, Chrysanthemum indicum, etc.); 1 woody vine
(Parthenocissus tricuspidate); 1 annual vine (Ipomoea nil); and 3 perennial vines
(Cynanchum chinense, Humulus scandens, and Metaplexis japonica). Poaceae and
Asteraceae species are the majority, and herbaceous species significantly more than

woody ones. Except Erigeron canadensis, all species are native.

3.2.2 Dominant Plant Communities

The inventories show the variation of vegetation distribution on the site: there
are 9 plant communities (Fig. 3) respectively dominated by 1) Parthenocissus—
Humulus; 2) Ulmus—Paulownia-Salix-Chenopodium; 3) Paulownia—Ailanthus—
Ulmus; 4) Salix—Fraxinus—Ulmus—Chenopodium; 5) Cynanchum-Humulus—
Chenopodium; 6) Paulownia—Ailanthus—Fraxinus—Ulmus; 7) Ailanthus-Ulmus—
Fraxinus—Morus; 8) Chenopodium-Setaria—Eragrostis; and 9) Humulus—

Cynanchum.

3.3 Influence of Environmental Factors on the Spontaneous Plants
3.3.1 Influence of Soil Conditions on the Growth and Distribution of Spontaneous
Plants

The spontaneous plants are only found in the pre-existing green spaces, corners,
and the gaps between the demolished walls (Fig. 4). Except for the pre-existing
green spaces, the soils at the corners and the gaps are thin and mixed with building
debris, without soil supplementing or cultivating. None fertilization, irrigation or
other maintenance activities were conducted to the site. The overall terrain of the

site is flat that ensures rainwater drainage, no waterlogging being found.
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Table 2: Plant list of the study site

ESid) YFREFR 7 FE®BE ESid) TSR # FEHBRE
Life form Species Family Pre-existing or spontaneous Life form Species Family Pre-existing or spontaneous
[E4H aR BE INEE R SES
Juniperus chinensis Cupressaceae Pre-existing Erigeron canadensis Asteraceae Spontaneous
BERAK B AR} BA iz Exs B4E
Evergreentree | Pinus bungeana Pinaceae Pre-existing Persicaria sp. Polygonaceae Spontaneous
i4a QLS BE igTe DigtiRt BE
Platycladus orientalis Cupressaceae Pre-existing Portulaca oleracea Portulacaceae Spontaneous
TTEM TEFR BE —FEER HRERK BRE SES
Acer truncatum Sapindaceae Pre-existing Annual Potentilla supina Rosaceae Spontaneous
R HAEL k) HRE AR EES
Ailanthus altissima Simaroubaceae Both Setaria viridis Poaceae Spontaneous
1 7} —EHE wEE P BE
Broussonetia papyrifera Moraceae Both Solanum nigrum Solanaceae Spontaneous
Bit BFHE BH HEX i EES
Euonymus maackii Celastraceae Pre-existing Sonchus oleraceus Asteraceae Spontaneous
SEEE) RER B&E RENE i BE
Fraxinus chinensis Oleaceae Spontaneous Carpesium abrotanoides Asteraceae Spontaneous
ARSIV S Htk AR BH REE SRR B4
Deciduous tree | Juglans regia Juglandaceae Pre-existing Centella asiatica Apiaceae Spontaneous
£ &1 EES 5% ELE BE
Morus alba Moraceae Spontaneous Chrysanthemum indicum Asteraceae Spontaneous
E84R 7B —EHE LK Y BE
Paulownia tomentosa Paulowniaceae Both Cirsium arvense var. integrifolium | Asteraceae Spontaneous
NG el B4 TR RAE SES
Populus simonii Salicaceae Spontaneous Cynodon dactylon Poaceae Spontaneous
1 el —EHE FHEEER BT HER Sk
Salix matsudana Salicaceae Both Perennial Cyperus rotundus Cyperaceae Spontaneous
TR wE B&E HRE KRR BE
Ulmus pumila Ulmaceae Spontaneous Eragrostis ferruginea Poaceae Spontaneous
TR B BH E% PNRES S BA
Cotoneaster horizontalis Rosaceae Pre-existing Ophiopogon japonicus Asparagaceae Pre-existing
pe3 i RER BE AE RAR B4
Forsythia suspensa Oleaceae Pre-existing Phragmites australis Poaceae Spontaneous
S RER BH HhE LIS SES
FENEAR Ligustrum lucidum Oleaceae Pre-existing Rehmannia glutinosa Orobanchaceae Spontaneous
Deciduous
shrub FEE B BA AT ELE BE
Spiraea salicifolia Rosaceae Pre-existing Taraxacum mongolicum Asteraceae Spontaneous
O3 HETER BH (MES BHET ARERR BH
Viburnum opulus Adoxaceae Pre-existing Bamboo Phyllostachys propinqua Poaceae Pre-existing
EilES DHER B4 REEEAR b:uk ) HER EES
Vitex negundo var. heterophylla Verbenaceae Spontaneous Woody vine Parthenocissus tricuspidata Vitaceae Spontaneous
5 B BE —FEEREAR| T4 Mty B4
Artemisia sp. Asteraceae Spontaneous Annual vine Ipomoea nil Convolvulaceae Spontaneous
- iR BE Y Skt B4
A Chenopodium album Amaranthaceae Spontaneous Cynanchum chinense Apocynaceae Spontaneous
A l e -
nnae ERE FAHB CES SEEEREA | HE KR L3
Chloris virgate Poaceae Spontaneous Perennial vine | Humulus scandens Cannabaceae Spontaneous
FHE RAR BE B Setrikat Sk
Eleusine indica Poaceae Spontaneous Metaplexis japonica Apocynaceae Spontaneous
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4. Soil conditions on the site

5. Real photo of gap between interior
walls where spontaneous plants
thrive.

6. Annual sunshine duration contour

7. Sunshine variation on the site during
the vegetation growing seasons
represented by 5 solar terms

Existing shrub and tree species in the pre-existing green spaces are listed in
Table 2. In total, there are 20 spontaneous plant species observed, of which 9 are
herbaceous, 7 are woody, and 4 are vines, after the site was idle.

The corners and gaps between flowerbeds (as part of pre-existing green
spaces), steps, and the concrete pavement are extremely narrow, where the soil is
in a width of 0.5 to 8 cm and a thickness of 1 to 2 cm. 18 spontaneous species
are found there, including 10 herbaceous plants (dominant and represented by
Chenopodium album), 6 woody plants, and 2 vines.

Two types of gaps are found between the demolished walls: 1) the
30-centimeter-wide gaps between the interior walls, where the soil is 3-centimeter
thick and mixed with building debris. 22 spontaneous species are found there,
including 15 herbaceous plants, 6 woody plants, and a vine, among which
herbs like Chenopodium album and Setaria viridis dominate (Fig. 5); and 2) the
12-centimeter-wide gaps between the exterior walls, connected to the building
foundation, where the soil is about 20-centimeter thick. There, 17 species sprout,
including 8 herbaceous plants, 7 woody plants, and 2 vines, with woody plants
such as Paulownia tomentosa, Ailanthus altissima, and Ulmus pumila being
dominate.

The inventories show that the soil conditions significantly influence the
species and distribution of spontaneous plants on the site. Soils at the corners and
gaps are thinner, and more herbaceous plants sprout; the soil in the gaps between
exterior walls are thicker, where spontaneous woody species grow better than
those grow at the corners and the gaps between interior walls. Pre-existing green

spaces have sound soil conditions, however, species there are not richer than
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other places. The impact of other possible factors (e.g. the shades of the existing
vegetation) needs to be verified by further research—Since pre-existing plants
only grow in pre-existing green spaces, comparative studies on the shades on the

site is hard to conduct in this research.

3.3.2 Impact of Light Conditions on the General Distribution of Spontaneous
Plants

According to the annual sunshine duration contour map of the site (Fig. 6),
the total sunshine duration decreases from northeast to southwest, with the
maximum exceeding 3,400 hours. Subject to the shades from nearby buildings
and fences, the sunshine duration drops down in the belt zone along the south
and east fences and within the narrow corner adjacent to the building in the
west, southwest of which has the minimum of fewer than 200 hours. The
analysis of the light conditions on the 5 representative solar days suggests that
the sunshine duration is sufficient and roughly even across most parts of the site.
The north part has relatively better light conditions, while those along the fences
in the south and the building in the west are the worst, particularly on Vernal
Equinox and Frost’s Descent (Fig. 7).

The overlapping analysis between the light contour map and spontaneous
plant distribution reveals that the spontaneous plants were found in linear

patterns and larger clusters of spontaneous plants found in the pre-existing green
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spaces. Although the annual sunshine duration is short in the areas adjacent to
the fences and buildings, quite a few spontaneous plants grow. To sum up, the
distribution pattern of the spontaneous plants is not consistently related with the
annual sunshine duration contour map.

The overlapping analysis between the light contour map and the species
distribution reveals no significant correlation: The Ulmus-Paulownia-Salix—
Chenopodium community distributes from south to north in a linear pattern,
with the annual sunshine duration ranging from 2,400 to 3,200 hours; The
Chenopodium-Setaria—Eragrostis community scatters in east and west of the
site with different sunshine duration contours, and the distribution does not
correspond to sunshine duration.

The light conditions have no significant impact on the general distribution of
the spontaneous plants. Despite the differences in the annual sunshine duration
of the site, the sunshine duration during the growing season (from Vernal
Equinox to Frost’s Descent) is sufficient and roughly even generally in the site.
This explains why the distribution and species of the spontaneous plants are not
correlated to the sunlight duration. In other words, light conditions are not the

major factor that affects the growth of the spontaneous plants on the site.

3.3.3 Maternal Plant Investigation and Viability Analysis

In addition to the light and soil factors, the presence and distribution of
spontaneous plants depend on the maternal plants as well. Seeds are dispersed
via wind, water, fire, and other creatures, or by the mechanical force of the
fruits'. The analysis of possible maternal plants of spontaneous plants helps
reveal the environmental conditions for ecological self-restoration. As the
study site is located in a university campus that is intensively maintained, it
is more feasible to trace the maternal plants of spontaneous woody plants,
compared with herbaceous species. On the study site, most of the spontaneous
woody plants are trees (8 tree species, 1 shrub, and 1 woody vine), dominating
many communities. The survey results of the possible maternal plants in and
outside the site show that mature Paulownia tomentosa, Ailanthus altissima,
Broussonetia papyrifera, and Salix matsudana exist on the site; mature Fraxinus
chinensis, Populus simonii, and Ulmus pumila are close to the site; and the
nearest mature Morus alba is 154 m away from the site (Table 3, Fig. 8).

In terms of quantity, Paulownia tomentosa, Ailanthus altissima, and Ulmus
pumila rank the top, followed by Fraxinus chinensis, Salix matsudana, and
Morus alba. Comparing the crown diameter and height, Paulownia tomentosa,
Ailanthus altissima, Ulmus pumila, and Salix matsudana are dominant species.
Paulownia tomentosa and Ulmus pumila have the fewest maternal plants, yet
they sprout the most seedlings, with larger crowns and heights. The quantity of
the outside maternal plants of both Ailanthus altissima and Fraxinus chinensis
are large, while the seedling quantity, crown diameter, and height of the former
are all obviously larger than those of the latter. Despite the small amount of the

maternal plants, the seedling amount of Salix matsudana is second to Fraxinus
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Table 3: Possible maternal plant distribution of spontaneous plants
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5 /N4 Populus simonii
6 #itt Ulmus pumila
7 % Morus alba

© 8 824 Ailanthus altissima

1 8% Fraxinus chinensis

2 E£;8#F Paulownia tomentosa
3 2#) Salix matsudana

4 #31% Broussonetia papyrifera

8. MiEDHE

8. Possible maternal plant distribution

chinensis, with larger crowns and taller heights. Morus alba has a distant possible
maternal plant, though its seedling amount follows Salix matsudana, its crowns
and heights are relatively small. Populus simonii is of low competitiveness among
all indicators. In conclusion, except Populus simonii and Broussonetia papyrifera,
the other 6 tree species have stronger viability, especially Paulownia tomentosa,

Ailanthus altissima, and Ulmus pumila.

4 Conclusions and Discussions

4.1 Ecological Restoration and Human Intervention

This study analyzes the spontaneous vegetation in an idle site on a university
campus in Beijing. Despite the harsh soil conditions, plants sprout spontaneously
only after one year the site being idle and enclosed. The vegetation grows fast and

has covered nearly 1/3 of the bare land in 3 years. This suggests that ecological
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restoration occurs rapidly in urban idle lands when human interventions like
construction or maintenance reduce. Studying an abandoned railway station in
Germany, Ingo Kowarik and Andreas Langer found that the site was covered
with grass (dominant) and trees after being abandoned for 30 years; another

¢l n this study,

10 years later, tree coverage doubled, exceeding that of grass
several spontaneous woody and herbaceous communities were found at the
early stage of the ecological self-restoration; 3 years later, the former covered
a larger area than the latter, becoming obviously dominant. Although the
research findings are similar, the time diverges from those observed by Kowarik
and Langer. It requires further studies to explore the growth speed and impact
factors of woody spontaneous species during the natural succession.

Natural hazards, e.g. fires, windstorms, floods, and species invasions,
may damage natural vegetation and ecosystems'”’. Yet human interventions
are often destructive that can damage their self-restoration capacity®®. It
is suggested to stop or reduce human interventions, and / or to facilitate
vegetation development and ecological restoration based on the understanding
of the self-restoration mechanism. In this study, with sufficient light, the soil
conditions are what directly impact the growth of spontaneous plants—If the
soils are improved by increasing the depth or decreasing paving, the species

composition and vegetation coverage might change significantly.

4.2 Spontaneous Plants and Native Plants

A study investigating the spontaneous plants in 39 parks in Beijing recorded
242 spontaneous plant species, mostly native””. Only 35 spontaneous plant
species were found on this study site, which may be limited by the small site
area and the large ratio of hard paving on the site. Only one non-native species
(Erigeron canadensis) was found on the site, suggesting a dominance of native
species at the early stage of ecological self-restoration. However, this arouses a
concern that invasive plants can easily form absolutely dominant populations,
thus suppressing biodiversity'"”'"*!. This asks scholars to alert that robust
invasive plants can spread rapidly in the absence of management, threatening
the stability of ecosystems.

Among the spontaneous plant species observed on the study site, 10
are woody. The species diversity is thus mainly depended on the richness of
herbaceous species. Yet compared with inventories of urban parks in Beijing
(15 shrub species and 9 woody vines among 242 plants)*” the woody plants in
this study accounted for a larger share. An inventory of the spontaneous plants
in the built-up areas in Hangzhou shows a woody proportion of over 40%!"",
Besides, the number of woody communities and herbaceous communities is
close. The possible maternal plants and viability analyses of 8 tree species
indicate that most native woody plants have a stronger germination and growth
vigor, especially Paulownia tomentosa, Ailanthus altissima, and Ulmus pumila.
Trees species spreading via wind dispersal see a shortest distance of possible

maternal plants of nearly 100 m (94.7 m for Paulownia tomentosa and 98.7 m
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