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ABSTRACT

The current rapid urbanization leads to a
degeneration in natural ecosystems whose
regulating, purification, and production services
have been seriously damaged. Landscape
architecture focusing more on landscape functions
and processes in this context is significant to
urban environment improvement, by creating
more urban parks and green spaces to provide
ecological services as benefits rather than cities’
burdens. Therefore, Yu Kongjian defined Designed
Ecology as a constructed ecosystem or a system
of interactions between living creatures (including
human beings) and nature by human design,

also ecological processes formed by landscape
architecture and planning, and an interdisciplinary,
cross-scale, and empirical research in a form of
landscape. This research examined the landscape
performance of saline-alkali soil amelioration in
Qiaoyuan Park designed with the Designed Ecology
principles by ecological experiments. The results
prove that through micro-topography design, the
park’s constructed ecosystem significantly drains
away salt and alkali to the lower areas of the site,
both within the pond and across the whole pond
system, achieving its design goal. This case study
provides models for similar ecological landscape
design of urban parks and green spaces.

KEY WORDS

Designed Ecologies; Ecological Design of
Landscape; Qiaoyuan Park; Ecological Experiment;
Landscape Performance; Saline-Alkali Soil
Amelioration
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1 Introduction

The current rapid urbanization leads to an increasing urban
sprawl and land fragmentation. Primitive natural ecosystem is in a
rapid degeneration, whose regulating, purification, and production
services have been seriously damaged'!. Meanwhile, many

design cases of urban park and green spaces simply pursue visual
pleasure and tidiness, with less consideration ecological functions
eventually becoming burdens on economy and environment.

In this context, the man-made “second nature” has emerged to
increase cities’ ecological benefits, guided by the concepts of
“Designed Ecologies.”

The use of the term “Designed Ecology” can be traced back
to Kristina Hill and Yu Kongjian’s doctoral research in the 1990s
at Harvard Graduate School of Design (Harvard GSD). They
were trying to promote a new aesthetic of nature in landscape
architecture”. In October 2011, International Forum of Designed
Ecologies was held in the College of Architecture and Landscape
of Peking University, when Yu Kongjian defined Designed
Ecology for the first time — relative to natural ecosystems, it is a
constructed ecosystem or a system of interactions between living
creatures (including human beings) and nature by human design,
also ecological processes formed by landscape architecture and
planning"'. Based on Ecology, Designed Ecology is developed as
an interdisciplinary, cross-scale, and empirical research in a form
of landscape. By improving ecosystem services, Designed Ecology
is to create productive landscapes with low-cost maintenance.

It emphasizes more on landscape functions rather than forms.
Therefore, this new way of landscape architecture responds
significantly to contemporary environmental problems, especially
the chaos of urban sprawl.

Actually, similar concepts of Designed Ecology were adopted
as early as by Frederick Law Olmsted, the father of American
landscape architecture. He devoted himself to treatment of
environmental pollution and flood issues of his age. Since the Back
Bay Fens, natural functions have been considered in landscape
architecture'”’, So far, there have been a lot of urban ecological
landscape projects across the world. For instance, the Downsview
Park in Toronto, Canada built at the beginning of 21st century
was renovated from a wasteland to an ecological park; the
Waterford Jordan Bay project in the suburb of Connecticut, USA
integrated experimental design with ordinary social framework
and suburban footprint, which monitored rainwater collection
and evaluated the effect of diffuse pollution treatment”’; China’s
Turenscape, guided by Yu Kongjian, has been fundamentally
promoting the new form of urban parks and built up ecological
landscapes on different scales based on the principles of Designed
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Ecology to address environmental problems in and out of the 1. FERETEE
(6] . . , _ 2 AR

country'®. One of their works is the Houtan Park in Shanghai,

1. Site plan of the Qiaoyuan

Park

Aerial view of ponds in

the Qiaoyuan Park

a strip constructed wetland built along the Huangpu River with
natural water filtration and purification to support the water 2
use for its lanscapes'”.

At present, research of Designed Ecology focuses more
on theoretical concepts and primary application. The book
Designed Ecologies: The Landscape Architecture of Kongjian
Yu introduces Designed Ecology thoughts with 22 projects by
Turenscape team (primarily the Beijing Turenscape) and 11
professional review papers'®; less research is about whether
the designed ecologies achieve their design goals or solve key
problems based on landscape performance through ecological
experiments, which is the real core of Designed Ecology.
Landscape performance assessment was first applied in the
Landscape Performance Series (LPS) originally launched by
Landscape Architecture Foundation (LAF) in 2010 to explore
the value, quantification methods, and empirical experience
of sustainable landscape design”’. Assessment can be done
with both qualitative and quantitative methods, including
experimentation, historical research, anecdote description,
multivariate analysis, and so on'"" focusing on the performance
measurement of each program.

This paper takes Qiaoyuan Park in Tianjin as a case study

to test designed ecologies based on a field observation of saline-
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4. Ponds with different
designed elevations

SWMRITE /183

e : 18 IS BT T Bl 5L RE A A0 IR M sz 15 g L R alAl
P T}

2 WIS KIS 05Tk

2.1 Wbl 22 bel b s e

B el 2B F R EETT AR X, B A AR 22hm? (), 2R
MNE NN TR . AFEAN I, oK i RZ iR, TR
FREE | VIR R4, YuEz e P iE e (K2) .

AFFECHR AT, R om . 5K . IR el ™
(1#3) o L5 gefli Lo gk g gt [ Rl . A S5 B RS
%o 20054, KREWEGE S “WEESKE TR , ABELLRY
HONERL 2 A TETS , AT SR AR SS o 2 F st AT R
BATHRAFT, T20064EEITHRIBHE, T AR E T ARTTI

AP BOT ISR IR ARER, AR o EidiIE
B, fETNIE R B R RS TREA—RBUE (K4)
T A 8 B A 320 il DX K AT R A ST 0] L AT ], R SN 2
R N AHE N, 256795 (Phragmites australis ) . £13
(Polygonum orientale ) . Eifi (Acorus calamus ) %54 it Eh A 0T
Yy, XBNCEE R A PR AN LSRR F Y . MBS AR R
FUSEINRAL T 2R R, PRSI B R RS, B P
SFEE RS, ORI SEN R AR o R&E, )
Tl R Z SRS, M HNGE R — ARG A . A ARk
i AT 23 el

J

NS

W O R AFHMLRIERS

LANDSCAPE ARCHITECTURE FRONTIERS / PAPERS

alkali soil improvement performance. The hypothesis is that the
ecological landscape design can significantly mitigate the site’s

soil pollution and salinization of Qiaoyuan Park .

2 Research Area and Methods

2.1 Site Introduction

The Qiaoyuan Park is located in the Hedong District, Tianjin
with a total area of 22 hm” (Fig. 1). It is the first constructed
wetland park of the city. The overall shape of the park is like a
fan and the core zone is composed of many ponds with different
elevations, wetness degrees, and vegetation communities, inter-
connected with walkways (Fig. 2).

The park was originally occupied as a targeting field with
garbage, sewage, and unsightly saline-alkali soil problems
(Fig. 3). The purification and production functions of land
were severely damaged. In 20085, the city government launched
an ecological restoration project to improve the site’s image and
provide multiple services for the city. The park was designed by
Beijing Turenscape and constructed since the spring of 2006. It
opened to the public two years later.

The core design idea of the Qiaoyuan Park was to “turn on
the natural process.” It was realized by 21 ponds designed with
different elevations, sizes, and depths (Fig. 4) to use rainwater to
wash and leach the salt from soil and drain the saline gradually
away from the site. Some native salt-tolerant plants, such as
Phragmites australis, Polygonum orientale, and Acorus calamus
also help the water quality improvement and soil amelioration.
Meanwhile, ponds provide habitats for diverse plant
communities, building up various water sensitive landscapes.

In this way the site converts into a park with high ecological

performance and low cost of soil remediation and maintenance.
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Table 1: Classification of ponds in the Qiaoyuan Park

HiERS =EN%E BRI ES it
Number High or low Dry or wet Remark
1 B Tk TRER K/ NEYT 4
High Dry Small square on the top
2 iy Fiuyk
High Dry
3 B FoHisE
High Dry
4 By TFHuE ANARFE R
High Dry Irrigated pond
5 By Tk AR R DI
High Dry Irrigated pond
6 iy Fiuyk
High Dry
7 B TFHE
High Dry
o B Fousm
High Dry
9 B Foism
High Dry
10 {RYLHE Fousk T
Low Dry Low pond without water in the bottom
1 1R RYE
Low Wet
12 R TR
Low Wet
13 1Ry Fousk RSUHEEK
Low Dry Low pond without water in the bottom
“ Jizoe fickoe
Low Wet
15 1R RYE
Low Wet
1% R TR
Low Wet
2.2 W5tk 1 5 B
Low Wet
EHRAE TR FSUIE g LR, R AESTIE A p AR B . .
[z EHLE
s N . 7, — 3 N \ 18
DR E N BRRE R, RS BRI AR e T s, TIE T A% A Low Wet
fp HAE FTHL 48, R AR S S e 39 2k Bl AL AR B (Y 48 45 0T 43 B LB 19 s B
\ — —1 L LY Y o Low Wet
b, DARI R el 23 Pl B X Bl VK 2 8 s AE A A
2 R TR
Low Wet
e S =
221 i%ﬁﬂu*% ” sy SEHE
Low Wet
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5. Numbers of the ponds
and locations of all
sampling points

6. Photos and positions of
sampling points of the
high and low ponds
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D-sample
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2.2 Research Methods

Based on ecological experiment strictly, this research
measured and analyzed pH value and electrical conductivity (EC)
of collected soil samples in different ponds and control points
around ponds in the park to test landscape performance of

saline-alkali soil amelioration.

2.2.1 Soil Sample Collection

All soil samples were collected on July 7 and 8, 2015 in the
Qiaoyuan Park, since summer days the wash of saline-alkali
soil can be observed more clearly due to the intensive rainfalls.
21 designed ponds were numbered from the northeast to the
southwest (Fig. 5), and divided into high ponds (designed higher
than the ground elevation) and low ponds (designed lower
than the ground elevation), as well as dry ponds and wet ponds
depending on whether they hold water or not (Table 1). For one
pond, two samples were collected respectively in the high and
the low parts of one slope of the pond and denoted as U-sample
and D-sample (Fig. 6), and such sampling was repeated three
times in different directions of the slope side to get 6 soil
samples in total. In addition, soil in the top of high ponds was
also sampled, except Pond 1 reconstructed as a mini square and
irrigated Pond 4 and 5; the bottom of Pond 10 and 13 were also
sampled because there was no water. These samples collected
from the top and bottom of ponds were denoted as C-samples
(Table 1). The total number of soil U-samples, D-samples and
C-samples were 66, 63, and 21, respectively. There were 30 soil
samples as controls (ck) which were collected from the grassland
nearby the ponds (Fig. 5). 180 samples were collected in total.

Soil auger was used to collect topsoil from the ground to
20 c¢m underground for consistency of soil sample thickness,
depth, and width. Sampling follows “three points mixing”
method""'to reduce deviation.

2.2.2 Data Determination

After collecting, soil samples were taken to laboratory
immediately for determination of pH value and electrical
conductivity. The pH value indicates the alkalinity level of
soil; Electrical conductivity is positively correlated with soil

1[11]

salinization level" . pH value and salinity are two important

indicators for identifying salt-alkaline soil, also indicating the

factors which affect growth of salt-alkaline plants'?.

2.2.3 Data Processing
The R programming language and Microsoft Excel were
adopted for data and figure processing.
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Table 2: National classification of saline-alkali soil™

hee HEE pH{E
Salinity Emergence rate pH value
BEEBEM > 6% < 50% =95
Severe
PRI 3%0m6%0 50%-70% 85-9.5
Moderate
BEREN <3% 70%-80% 7.1-85
Mild
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3 Results and Analyses

3.1 pH Value Analyses

Determination results show that the pH values of all soil
samples varied between 7.6 and 8.8. According to the widely
used national classification of saline-alkali soil (Table 2), the soil
samples in the study area indicate a mild or moderate salinization.

The results show a correlation with pond properties of
designed elevations and whether to hold water. In boxplot
and violin plot figures (Fig. 7), pH values of control points are
relatively high (between 8.1 and 8.4). The median pH of U-samples
is lower than control points’, and D-samples’ is lower than
U-samples’ and control points’. The median pH of C-samples is
between D-samples’ and U-samples’ (Fig. 7a). Median pH of low
ponds is a little higher than that of high ponds (Fig. 7b), and wet
ponds’ is higher than dry ponds’ (Fig. 7c).

Wilcoxon rank sum test (Table 3) shows that the pH values
of D-samples and C-samples are extremely significantly lower
than control points’. U-samples’ are extremely significantly higher
than D-samples’ and C-samples’. The pH value of soil samples
collected from high ponds is extremely significantly lower than

(b) REIBITLIE RIS

Different designed elevations

(a) FUEAR R E

Different positions within the pond
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log,,EC log,EC log,,EC

3.5- 3.5 3.5-

3.0 — 3.0 3.0-

25- K] 25- 2.5-
L@ L4 2 s ] o] 5 g o
£i [ £ e i85 5§ i £
3 K 3 Bk 8B & e Ea & L]
IR AEm 40 5 H

4 = & z 3

VOLUME 7/ISSUE 1/ FEBRUARY 2019

@>
-

Wet pons

1
L

Wet pons

RIEREE T2
TEHRPHENEER
BRABEFAREEZN
NTEFRBSENY
EER

Boxplots and violinplots
of soil pH values with
different properties of
ponds

Boxplots and violinplots
of soil electrical
conductivity values with
different properties of
ponds

() REHK

Whether to hold water or not

TFHiE
ck
A

Dry ponds

() BBHK

Whether to hold water or not

FHusE

Dry ponds

FERS

~ o E

© © AWiE



%£3: FEELEpHEWIlcoxonFkFiaIe LR

Table 3: Wilcoxon rank sum test of pH value of soil samples in Qiaoyuan Park

FFELIR 1E1 #iE2 PE #HR
Item Mean Value 1 Mean Value 2 P-value Result
EERRMES - WRS TREZER
8.266 8.263 0.8824
U-samples vs. ck ’ ’ ’ No significant difference
TEREAREEZRTHRS
TERRAER - RS
Dn-::mples vs. ck 8.108 8.263 0.0011** D-samples extremely significantly lower than control
) points
b SRAL S — X FIDRHE SR EZ T RS
C—samphl;s ve ck 8.094 8.263 0.0079** C-samples extremely significantly lower than control
’ points
T ERRAE S - TERRAES IHREAREES T TARER
U—sample‘;\vs D»samp[;\s 8.266 8.108 0.001** U-samples extremely significantly higher than
’ D-samples
N EHREARBEES THRORESR
EEREER - PIORES
U-;a:ples v C—s:nples 8.266 8.094 0.0063** U-samples extremely significantly higher than
' C-samples
NIRSZAE 5 2 == T F
TERRE - RLRFER 8.108 8.094 0.6416 FEHER
D-samples vs. C-samples No significant difference
SHUE R BRERESEERTHRS
H'T] h ponde vsck 8.173 8.263 0.02* Samples of high ponds significantly lower than
ghp : control points
YU - R 2
Lkalals 8.171 8.263 0.06 EREER
Low ponds vs. ck No significant difference
B - R 52
_ ER - 8.173 8.171 0.97 ERELER
High ponds vs. low ponds No significant difference
FHREREAREZRTHRS
HiiE - WA
;: R d }Tk 8.124 8.263 0.002** Samples of dry ponds extremely significantly lower
ry ponds vs. than control points
SEYE - MRS e
ILE - 55 8.223 8.263 0.35 RREER
Dry ponds vs. ck No significant difference
THUE B FHRERESEEZRTERERES
Dry ponds vs. wet ponds 8.124 8.223 0.01* Samples of dry ponds significantly lower than wet
ponds

iE:

1. BHE AT LA SR A9E9ME, E2 AN LA R R AIE.

2."P<005, RTEFIHFLEEREE; ~P<001, RAGUHFLERNLEE.

Notes:

1. Mean value 1 is the average value of the first checked items presented here and mean value 2 is the average value of the second checked items.
2. * P<0.05 suggests a statistical significance, ** P <0.01 suggests an extremely statistical significance.
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low ponds’. The pH value of soil samples collected from dry ponds
is extremely significantly lower than control points’ and wet
ponds’. In terms of mean value, control points’ pH is significantly
higher than D-samples’ and C-samples’ by 1.91 percent and 2.09
percent, respectively. It is also 1.10 percent and 1.71 percent higher
than those of high ponds and dry ponds, respectively. U-samples’ is
1.95 percent higher than D-samples’.

3.2 Electrical Conductivity Analyses

Electrical conductivity values of soil samples vary from 0.21 to
6.26 dS/m. According to Figure 4, 4.44 percent soil samples in the
study area are in mild salinization and all D-samples. 1.67 percent
samples are in moderate salinization, all collected from the bottom
centers of Pond 10 or 13. Electrical conductivity values of most
D-samples are higher than the other samples on average.

To make the figures easier to understand, electrical conductivity
values were transformed with logarithm to base 10 (Fig. 8). It can
be seen that in terms of median, electrical conductivity values of
U-samples and C-samples are lower than control points’; D-samples’
electrical conductivity is the highest. Across the designed area
the electrical conductivity of soil samples of low ponds is overall
highest, indicating that the salinity of lower places is higher.
Electrical conductivity of soil samples of wet ponds is higher than
that of dry ponds.

Wilcoxon rank sum test (Table 5) reflects that the electrical
conductivity values of D-samples are extremely significantly higher
than those of control points, U-samples, and C-samples. Electrical
conductivity values of soil samples in low ponds are extremely
significantly higher than those of control points and high ponds. It
discloses that soil salinity correlates closely with relative positions:
the soil at a lower position has a higher salinity. There is no

&4 HIERBESRIARIEDAIEIET

Table 4: Classification of soil salinization and impacts on crops™

TSR HEEFIRIEESE (EC, dS/m) X EARIRZNE
Soil salinization Electrical conductivity of saturated soil Impact on crops
grade extract (EC, dS/m)
TEFL 0<EC<2 2
No salinization <Ebs No impact observed
BEHRMNL »EC<4 BOYREMER M
Mild salinization <EbS Salt sensitive crops are impacted
R RN 4<EC<8 REMHBIEMREBEK
Moderate salinization SEVS Only salt-tolerant crops can grow
FEESRNL RELEm SRR BEK
R 8<EC<16
Severe salinization A few salt-tolerant crops can grow
FEERFENETL 1% RERDHA RS EK
Very severe salinization > Very few salt-tolerant crops can grow
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Table 5: Wilcoxon rank sum test of electrical conductivity of soil samples in Qiaoyuan Park

YJELTR BE a2 PiE ©=R
Item Mean value 1 Mean value 2 P-value Result
EERMER - RS 9 644 2,745 0.2382 TREZER
U-samples vs. ck . ’ ’ No significant difference
S THRRESREEST RS
oo 3.004 2.745 0.0002** D-samples extremely significantly higher than control
D-samples vs. ck N
points
NRAE S — WHB & bied F
ILRAER - KRR 2783 . 09514 | EREER
C-samples vs. ck No significant difference
ERMRHERRBZET TERER
J:ﬁ Z ﬁ_ N S 7 ﬁ
BERAFR - THRE 2.644 3.004 0** U-samples extremely significantly lower than
U-samples vs. D-samples D )
-samples
ERBRAES - FORAER o 2783 o6 | EREER
U-samples vs. C-samples No significant difference
R bR THRHAREESTPORER
FPARTEAS TR 3.004 2.783 0.0007** D-samples extremely significantly higher than
D-samples vs. C-samples C-samples
S - 6B A 2 =3
L - X 2.699 2.745 0.6675 EEEZR
High ponds vs. ck No significant difference
TRAIE - A ERMREAREETHRA
Lc;w onds vsck 2.927 2.745 0.0105* Soil samples in low ponds significantly higher than
P ' control points
B BUERE AR E T ROUERER
. ) 2.699 2.927 0** Soil samples in high ponds significantly lower than
High ponds vs. low ponds low ponds
S - SR Bxre
TFHLE - MR 2.799 2.745 0.5169 EREER
Dry ponds vs. ck No significant difference
B - RS 2838 2.745 0.108 TREZER
Dry ponds vs. ck No significant difference
YR - 2.799 2.838 0.1617 RREER
Dry ponds vs. wet ponds No significant difference

=

1 IETAN A MR REIE, HE2HX EHA MR [RH9E,

2.*P<0.05, REFIHFLEEFEE; “P<001, RFHKITFLERREE,

Notes:

1. Mean value 1 is the average value of the first checked items presented here and mean value 2 is the average value of the second checked items.
2. * P<0.05 suggests a statistical significance, ** P<0.01 suggests an extremely statistical significance.
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significant difference between the electrical conductivity values
of dry and wet ponds. In terms of mean value, the salinity of
D-samples is 13.6 percent and 9.44 percent higher than those
of U-samples and control points, respectively. Salinity of soil
samples in low ponds is 8.45 percent higher than that of high
ponds.

3.3 The Relationship Between pH and FElectrical Conductivity
Statistics on the above Wilcoxon rank sum tests show that
in terms of the position within a pond, pH values and electrical
conductivities of D-samples are extremely significantly different
with those of U-samples and control points (Table 6). The pH

value of U-samples is extremely significantly higher than that of
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Table 6: Statistics on Wilcoxon rank sum test of pH value and electrical conductivity of soil samples

gt
Property

RBEER (P<0.01)

Extremely significant difference (P<0.01)

KEEZR (P<0.05)
Significant difference (P<0.05)

GUERRALE
Different positions
in the pond

EERAER-TEMREA (pHE. BSK)
U-samples vs. D-samples
(pH value and electrical conductivity)

TERRAER-EA (pHE. BS5XK)
D-samples vs. ck
(pH value and electrical conductivity)

EERAER-FORBER (pHIE)
U-samples vs. C-samples (pH value)

PO R-T R (pHIE )

C-samples vs. ck [pH value)

TERRHR-PORER (BSE)

D-samples vs. C-samples [electrical conductivity)

SYEMETE
High and low ponds

MTERER- B (BSX)
Soil samples of low ponds vs. ck
YRR R -RIUERMER (BSEK) (electrical conductivity)

Soil samples of high ponds vs. soil samples of low
ponds (electrical conductivity)

EHUERE - RS (pHE)
Soil samples of high ponds vs. ck
(pH value)

FHETLEIUE

Dry and wet ponds

FHIERE S-SR (pHE )
Soil samples of dry ponds vs. ck (pH value)

FHUERMER-BIUERMES (pHE)
Soil samples of dry ponds vs. soil samples of
wet ponds (pH value)
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D-samples, to which the electrical conductivity is opposite. The pH
value of D-samples is extremely significantly lower than that of
control points, and the electrical conductivity opposite as well. As
to the other properties, significant difference is not discovered in
both of pH and electrical conductivity at the same time. Therefore,
relative position in the pond plays a key role in affecting the
determination results.

A scatter plot (Fig. 9) of electrical conductivity values
transformed with logarithm to base 10 and pH values reveals
that most U-samples are in the zone with high pH value and
low electrical conductivity, while the most D-samples are in the
opposite zone. In other words, U-samples generally have a higher
alkalinity and lower salinity. C-centers and control points are

scattered relatively evenly.

3.4 Correlation between Designed Ecology Measures and Saline-
Alkali Soil Amelioration Performance

Given the park’s gently inclining terrain from the
northeast to the southwest and the designed water passages
connecting several ponds, there are two water flows (Fig. 10):
Ponds 10—>11—12—17—19—20—21 (Flow 1) and Ponds
13—-14—>15->16—>18—21 (Flow 2). Dry ponds and isolated
ones are not covered in the flows. The electrical conductivity
plot shows a stronger correlation with terrain, so the electrical
conductivity changes along the water flows and the mean values
of all samples from each pond are revealed in Figure 11. Though
the electrical conductivity values of the first two ponds in both

flows are decreasing, they tend to increase overall. It indicates that

4
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the salt tends to accumulate as the elevation decreases, which is
also consistent with the finding that the lower position in one
pond the soil is in, the higher salinity it is.

4 Conclusion and Discussion

4.1 Conclusion

The research results show that:

1) The soil pH in the Qiaoyuan Park ranges from 7.6 to 8.8,
which indicates light saline-alkali land. Its electrical conductivity

ranges from 0.21 to 6.26 dS/m, partly in mild and moderate
salinization.

2) The pH values of soil samples of control points are
significantly higher by 1.91 percent, 2.09 percent, 1.10 percent,
and 1.71 percent than those of D-samples, C-samples, and
the soil samples collected from high ponds and dry ponds,
respectively.
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The two water flows
connecting the ponds in
the Qiaoyuan Park

. Line charts of electrical

conductivity values
along the two flows
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1

0 spatial layout of ponds.
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3) The soil pH and electrical conductivity show a correlation
with relative position of the sampling. Within one pond, the
higher part also has a higher soil pH. The gradient of salinity of
different positions within one pond is D-samples > C-samples >
control points > U-samples. The mean pH value of U-samples is
1.95 percent higher than that of D-samples, and the mean salinity
of D-samples is 13.6 percent higher than that of U-samples. The
soil pH of high ponds is higher than that of low ponds, while the
electrical conductivity of soil in low ponds is extremely significantly
higher than high ponds, indicating that salinity of soil samples of
low ponds is 8.45 percent higher than that of high ponds. In other
words, the soil samples collected from relatively high positions are
with higher pH values and lower electrical conductivities, and those
from relatively low positions are opposite.

4) Overall, salt accumulates as the elevation decreases.

Based on the above findings, through micro topographical
design, Qiaoyuan’s constructed ecosystem significantly drains away
salt and alkali to the lower areas of the park, both within the pond
and across the whole pond system, realizing its design goal. The

pollution and salinization of the site have been mitigated.

4.2 Discussion

The above findings show that the soil pH values and electrical
conductivities of control points are both higher than those of
sampling points collected from the ponds. According to the park
managers, this is probably because that part of the soil filled on
the site was collected from the Dongli Lake of Tianjin during
the construction. The soil in the Dongli Lake area was suffering
from the worst salinization in the region due to the shallow
groundwater of high salinity, as a typical chloride coastal saline
soil and its pH value often ranges from 8.5 to 8.6'"", Besides, the
original site was low-lying with a low groundwater table, so the
salt in the groundwater was easy to permeate into soil. These mean
that the samples of control points can represent the original soil
condition, and the experimental results prove the designed ponds’
performance in saline-alkali soil amelioration.

Soil alkalinity is usually impacted by parent materials, climate,
vegetation, terrain, human disturbance, etc.""”In this site-scaled
research, only vegetation, terrain and human disturbance are taken
into account since parent materials or climate factors make little

impact on the soil alkalinity.

4.2.1 The Impact of Vegetation

Vegetation of control points saw a less diversity, in forms
of grasslands or bare lands (Fig. 12). However, the ponds have
various designed elevations creating varied wetness conditions, and
were planted with local saline-alkali tolerant plants such as Saliz
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matsudana, Fraxinus velutina, Penstemon campanulatus, Acer
truncatum, Robinia pseudoacacia, and Populus x canadensis
(Fig. 13). Previous research has found that the corruption of
organic matter of tree litterfalls would help soil turn acidic.
Besides, root respiration would produce carbon dioxide which

is easy to form acidity for soil ameolioration'”. By contrast,
grassland does not have this quality.

4.2.2 Impact of Micro Topography

Generally speaking, soil in a higher position sees a more
intensive eluviation and has a lower pH with the other factors
controlled the same. Soil of low-lying land has a higher pH and
tends to be more alkaline!®. In the Qiaoyuan Park, the results
among high and low ponds are consistent with this. The soil pH
of wet ponds is higher than that of dry ponds, while most wet
ponds are also in lower positions and the dry ponds in higher. In
one pond, however, the pH values of U-samples are extremely
significantly higher than those of D-samples and C-samples,
which is probably related with planting conditions and human
disturbance such as irrigation.

Soil electrical conductivity is also related with relative
elevations. Soil in a lower position has a higher electrical
conductivity and a higher salinity, to which the higher position
is opposite. In other words, the design of ponds can accumulate
salt in the lower area to mitigate the soil salinization of higher
positions. Similarly, in one pond the soil in a higher position has
a less salinity compared with the lower positions. Fundamentally,
soil salinity is resulted from horizontal and vertical redistribution
of soluble salt'"®. Additionally, the groundwater table in the
Qiaoyuan Park is so shallow that salt accumulation is aggravated.
Hence, soil salinity is higher in lower positions under impacts
of terrain, precipitation, and hydrogeology. Besides, Tianjin is
a city of typical salt and alkali land, where even small changes
in elevation may lead to a variation of soil physicochemical
characteristics including moisture, pH, and salinity.

4.2.3 Design Inspiration

In conclusion, characterized for micro topographies and varied
elevations, the design of ponds in the Qiaoyuan Park significantly
contributes to draining away alkali from higher positions and
accumulating salt in lower positions. It is also a commonly used
hydro-melioration method in saline-alkali soil treatment'"”),
Through plant identification and growth recording, it was found
that plants on lower positions of slope were in a poor condition,
so local plants with high salt absorption capacities are needed
here. Meanwhile, alkali-tolerant plants will help reduce the
alkaline in soil in the higher positions of slope.
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4.3 The Qiaoyuan Park as a New Paradigm

Data shows that the area suffering from moderate and severe
soil salinization in Tianjin is about 97 000 hm*”, accounting
for about 8.1 percent of the total land area of the city™"?.
In the Qiaoyuan Park, only 4.44 percent soil samples are in
mild salinization and 1.67 percent moderate, which is much
lower than the overall level of the city. The park has turned
from a derelict land to an ecological urban park with many
ecosystem services such as saline-alkali soil amelioration, flood
retention, and local biodiversity protection, providing spaces for
environmental education and aesthetic enlightenment as well
as recreation and entertainment. Compared with traditional
parks, it contributes more to development of both environment
and economy as a good case of “designed experiments,”*"
and its constructed ecosystem is proved to achieve the goal of
saline-alkali elimination through micro topographies of ponds
based on the concepts of Designed Ecology, which offers a new
paradigm for coastal saline-alkali site improvement and green
land design. In the areas with similar conditions, such ponds
can be designed to accumulate salt and alkali in particular
positions to simulate natural processes together with adaptive
plant design. Besides, experimental data and results in this case
also offer a scientific basis of further studies on the landscape
performance of the Qiaoyuan Park. LAF
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