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Abstract; Designed ecology is a new paradigm to address ecological challenges in the modern era. It involved a designed
landscape system harvesting the interactions between humans and the nature. We evaluated the performance of a constructed

wetland, a designed ecological landscape, in the Liaoning Administrators College of Police and Justice. The impacts of this
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landscape on environment, society, and economy were as follows: (1) The constructed wetland purified the reclaimed
water. The reduction ratio of total phosphorus, total nitrogen, ammonia nitrogen, chemical oxygen demand, and suspended
solids was 74.9% , 6.66% , 61% , 41.18% , and 64.71% , respectively; however, the water grade wasn’t improved. (2) A
strong relationship between total phosphorus and total nitrogen concentrations was observed in wetland soil and wetland
water, implying that the reclaimed water improved soil fertility. (3) The habitat types comprised broadleaved deciduous
forest, bush, grass, and shallow swamp; variations in their structure, dominant species, and undergrowth plants were
observed. Although the plant community revealed local characteristics, high biodiversity existed, which included 22
families, 37 genera, and 37 species. (4) The wetland landscape provided high—quality recreation as well as social and
scenic benefits to people, as reflected in the survey results, with over 80% indicating ‘satisfied’ . At the same time, the
wetland could save 67, 000 Yuan every year with low management cost. Therefore, we recommend that ecological service

proposals should incorporate the local characteristics in all future design considerations.

Key Words: designed ecology; constructed wetland; landscape performance; sustainable landscape; Liaoning

Administrators College of Police and Justice
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Fig.1 The constructed wetland and its lower part in Liaoning Administrators College of Police and Justice
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Fig.2 Location of plant quadrals in the lower part of the constructed wetland
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Table 1 Water grades of the constructed wetland

FE i Samples 1L 75 S = COD Z % NH;-N B TP BA TN
FiE/K Reclaimed water A £V EA E2A
T A K water at the inlet v £V £V £V
UK water at the outlet 11 %V £V £V

TP B8 Total Phosphorus; TN: &% Total Nitrogen; NH;-N:; 2% Ammonia Nitrogen; COD; fb2% 75 %5 Chemical Oxygen Demand
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Fig.3 Pollutants concentration of the water samples in the constructed wetland
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Table 2 Soil nutrients grades of the constructed wetland

i Location FEfh Samples B TP BA TN S TK FHHLFE OM
=
Eﬁiiryﬂ of the wetland ! 1tk Pk e —%
T L T 1 EE/d —% Eitd —4
Base of the wetland 2 =9 —% % g

3 U =% T —5

4 TR =% Ee/d —

5 g =% gk —4

6 ILIES3 =% Ene/d —%

TK: 24} Total potassium; OM; AHLFT Organic Matter
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Fig.4 Soil nutrients concentration of the constructed wetland
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Table 3 Analysis of the habitat types

B FH

Dominant species

TIZHY)

Undergrowth species

B2 A! A B4

Habitat types Habitat structure

VR [ 1 NN N

TR DL R BRI Y 3

deci i TR BRI JZ G &
ecldu()us f()resl

A WA BRI AR
ush

=)

A PRI

Grass

KB T b P 7K DX oA K i

Shallow swamp HEK )

EEB ( Populus tomentosa ) . F A
(Ulmus pumila 1.) | il BE ( Robinia

pseudoacacia L.) 55

LML (Amorpha fruticosa Linn.) |
M4 (Amygdalus triloba) %5

b B B ( Awonopus compressus
(Sw.) Beauv.)., & W ( Acorus
calamus L.) . 7 ¥ ( Humulus
scandens ( Lour.) Merr.) , # 3¢
( Viola verecunda) JHRE (Setaria
viridis (L.) Beauv.)%§

P35 ( Phragmites communis) 55

HIHL (Robinia pseudoacacia L.) | AT ( Syringa

. . ary
reticulata var. amurensis) %5

Ik ( Ligustrum obtusifolium Sieb.) BpH7 46 ( Weigela

florida (Bunge) A. DC.) %%

Hi# ( Rehmannia glutinosa) . FH JE 3% ( Chelidonium
majus) V632 (Amaranthus tricolor) | A1t ( Angelica
dahurica) HFfi%E (Eleusine indica (L.) Gaertn.) 1%
3% (Orychophragmus violaceus (1.) O. E. Schulz) |
JLEE (Arthraxon hispidus ( Thunb.) Makino ) | 1 ik
( Kochia scoparia ( L.) Schrad.) . B 3% % ( Oxalis
corniculata L.) P B ( Commelina communis) Fli¥
¥ ( Adenocaulon himalaicum Edgew.) | WO
( Taraxacum mongolicum Hand.-Mazz.) | 4 W 3
Cav.). # #
selengensis Turcz.) . % 95 ( Perilla frutescens ( L.)
Britt.) \Z22} ( Callistephus chinensis (L.) Nees) ,—4F
Y% (Erigeron annuus (L.) Pers.) 4§

( Galinsoga  parviflora ( Artemisia
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Fig.5 Habitat types at the surround of the constructed wetland
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N TR AR BAR SRR B E & (HI ARt TR N A TR, B AR 2R (3R 4) .
EEAEYIME D £ LRl AR R D HAB R BEE T R BRI L AR AR B2 IR HER Y R AR
ES L7/ TN 8 SRIN S Sk

Fx4 AILBHHFF4EY Shannon-wiener F55]

Table 4 Shannon-wiener index of the constructed wetland plants

FHBE AL Plant types A - AN HEEL Shannon-wiener index
FEARMEAR 51 FEJT 2 53 FEJ7 4 55
Arbor and bush 0 1 1 1 0
K76 FEJ5 7 K58 79 HJ7 10
1 1 2 1.58 0
HAR Grass 1 FEJT 2 K53 FEJ7 4 FEJT 5
2.43 2.21 0.36 2.19 1.82
76 K77 HIr 8 HJ9 KI5 10
2.66 0.92 1.14 2.15 2.01
711 I 12 713 FEJ7 14 I 15
1.99 2.45 2.11 1.81 1.67
HEJ7 16 517 FEJ7 18 HEJ7 19 720
2.79 1.97 2.23 1.85 3.03
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321 fHERHERN

XF 102 15348 R 4 il A B AR R T T T, R AR B, AR RS LA R (£ 5) . (1)
NG S OU A il FH 2 SR B2 NBCR 91 N, A R B AN B 89.22% LR 20 , NECh 7 N,
It 6.86% . AEWSZAE 19—35 % 6], 5 MK 88.24%, (2) iGN F BB EOE MK | & 9k
65.69% Fl1 48.04% , (3)2FH SEIMLE TAE H i N T8 50U i BEAEAE 22 57, 53.85% Y24 H AR RE Il
71.43% B Z0MTE 11:30—14:00 BFBAE . (4) KEB S 135 45 BR 5F ] 95, 54.909% 114 f FH 25457 B 1) [B) 7E 30
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Table 5 General situation of the constructed wetland users

i 4% T e o~ s
Characteristic Classification of people Ratio/ % Characteristic Classification of people Ratio/ %
PEH] Gender ] 38 37.25 IS Age 18 % K ULF 9 8.82

‘e 64 62.75 19—35 % 90 88.24
LY. Profession 2 91 89.22 36—60 % 3 2.94
o 7 6.86 60 % J L I 0 0
TA 2 1.96 SRR 1—3 4 44 43.14
S EIH L 1 0.98 Living term I MALA 36 35.29
A 1 0.98 6—12 1A 10 9.8
23137 N3 0 0 1—6 1A 7 6.86
s ESin] W 67 65.69 34ERL | 5 4.9
Activity types PN 49 48.04 A3 % (S 54 52.94
GRS 31 30.39 Frequency of use B 3—4 % 22 21.57
Eishis 26 25.49 BE1—2 1k 19 18.63
N 21 20.59 BH1—2K 1 0.98
oAb 17 15.69 /R 4 3.92
BAEMR 4 3.92 M 1—3 % 2 1.96
=z 1 0.98 KA 0 0
TAE B G S B ANEHT 52 50.98 [ NENERAFSIliNgE AFERT 82 80.39
Activity time in 8:00—11:30 14 13.73 Activity time in 8:00—11:30 7 6.86
weekday 11:30—14.00 12 11.76 weekend 11:30—14:00 5 4.9
18:30—20.00 12 11.76 6:00—8:00 3 2.94
6:00—8:00 9 8.82 14:00—1830 2 1.96
14:00—18:30 3 2.94 18:30—20:00 2 1.96
2000 L 0 0 2000 BLJF 1 0.98
= BE 1A 30 min LN 56 54.9 SR A1) e 1—2 h 14 13.72
Stop over time 30—60 min 29 28.43 Stop over tim 2h Pk 3 2.94

http ; //www.ecologica.cn



&
H

10 2 SO Eire 39 &

3.2.2 N T S O T A

N TR SR A PEM R RIS B SR pT, MUB 53 T M BT T8 B4, A D3k o, KT8
B A S LUK RS K,

N0 b J A B e RIeARROR B il e v AME TR AR RIR & 09 B 4K, 40 LU A% ( Crataegus pinnatifida
Bunge) | FlZ% ( Rhamnus davurica Pall.) ¥%#k (Juglans regia L.) 3124 ( Cosmos bipinnata Cav.) BB 4 65
( Rudbeckia hirta) fLAE 5 ( Tagetes patula 1..) , 85.3% WM & XY R B R “ W ,77.45% R
AR bR EE W EET,96.7% M FHE NS EF e s e,

AN TR s e s ma G, w22k, it S e b R R A IF R T A T . 77.45% 8 FH 24 %5 1
B WHE” . N TIRHLNGE [ 537 m vhis | By 200 1L I 78 R FNE A sk 5t [l i BT iy &5 FR KR
FAL KB TIRE . 84.33% MfH & R /K Z& S JEH 4 5 47, 65.69% 1 FH 5 D\ o N T8 b () 7K 5T
“HERAE B

ol FH A5 0T T ) 0 A6 A B A A AT R KR .

B A ARG S AR 1 80.39% , AT 4 A ——

HUI A A B0 T AL P RIR 6, 78.43% I % 2 focpn 3

PO AR e 7 2 e SR, 73.53% i % & AREe .
WA LM AR (E S0 3B ADEHEA T, £ R .
BT, 72.55% BRI AT IR 6% % i) —
TR ST, 74.51% W AR KT 650 < R HARR -

0 20 40 60

BIE” R AIE",67.64% B E DT G5 < B R Hofsl Ratio/%
BETHORE B 6 3 ALEHMIFMNAHER" U LHEREET SAILLGI
B, AR T 4507 TV RS Fig.6  Rato of the users indicating *satisied
P ¥, 80.39% (14 FH & % A T b B ARPEAN hy <k
B R B R R TR b Ry £ A PR AL T A A R AL A I BE SR 55
33 &TrEUk
N TR A Bl () —3B 4, JB AL 2N 25T H , TR AT 3k 2s . HArE R AR 8Es F 2R 5%
FUKSOAR LY 3847 AEr RS BSAAR . A TR B AF T R R K R AE /K 3231 10.38x10* m?, #e ik i i i
Ik B3 Jo R 2B 3 K Mk TRl 5 K B B FH K AR, 24 18.7 Ti 0T, EBRIBATHEY 3% 1, 2948 4F 15 4 7K iU 6.
7 G,

4 RIHREEW

(1) N3 M T i /K 4 K R 0 N TR 3z 47 HA SRR T 47 11 A R Ay K T IR 45
UK, BUARE 3 AP IR IR R . 2 IR EE R, M N A KA E N BLR 5 AR A RESE TR, SEZ R,
NIRRT RIS T AR J5 | ARS8 0a A7 Ik ) A . N T 388 M A P 40 s s S g 7K A T i 8 MK 2%
DAETE 4 2= b 3R /K S5 DK AT A Kl 2 (N TR s A7 I TR SE A b B rh oK Y I 4873 75 i SEE
EAZBOGE T F AT M AR S 70 H W1 28 fas 47 A B4R (R A, B 5 o0 Hr ot S B e A
CIEG /NRBRLTS: N DB s =

(2) N Jl i ke S O R, Sr LR DS R B Uil 7 25 ] ) 9 e 5, e ik B P R 0L
PIRAFE IR . BTN DA SC55 8 (0 25 i v 5L A S /K 1 55 0Lk U ke A 8 i P 2 PR 3
MRS 5L, DB S22 FRCBE A 1) S TR 220 A B 55N TR, ek N T i A8 it A A48 I S LY
B, A SN TR LA 0 ZhAE

) ViR, 7B TIRMTE 2013 4F 8 J 16 H AYFRFT h AR gl 35, MoK MoK AR @, Boitid 2

http ; //www.ecologica.cn



16 1 FET A AR A K B TR SR STROT A S A Bt i 11

N 445 A B3 R B K SRR 4 - B 3R Ry T B T R I S B0
5 Zhig

MIREE #E2 205 3 AN TR T2 % Al A B N TR SORBTRGEEAT T SoETaL
BRI T AN TR E RS 0E A S 2h 3 R 5 i i A 28 R G55 (8, EZRIAELL T LA 7 -

(1) 7K 38R S LA AR YIRE D7 A B 25 R W, N TR B 2 A Ak es , A 2 vk i 48
TR AR IR R 2R N TR A T A K A A R R T A K v T R R - AR S i AR R
A2 A JE S A K AR SR A i A

TR BEXT RN FH A A 36 V5 0™ A g B35 B0/, B Ak &g N TIRbIS | 4575 Yk i
P> SRR KA L WK g 4 K TP TN (NH,-N  COD | SS 351138 /b 74.9% .6.66% .61% 41.18%
1 64.71% (R FEAR K FZRB A AR

Vi 35 5T - HE R TN TP (1435 5 M b /K AR 5 05GP 2B K IR N T3 b T DA Jon v b 5 v 1)
e AR S R IEAR T,

b SR IR ) A 5 SR gV i RE AR E AN RN ROKIR R HLAS R RRF R R 2 R R A
TR JE A I 22 B 37 8,37 B, REREE S TR Z TR Z AH Y TS MR AE T2 I, S Ak
ZREER N,

(2) AT b 50 5 114 S5 X0t SRy A el Ui A Bt T A A Wi AN A 58 LS SRR 55, (3 5 N TR b )
257 PPN FE AN 455 5, #Ead 80% 1A il FH & %ok N T X8 (8 B AN 7 W 227 LA b TR, N TR iz
1T e AR, AR T A KA 6.7 0T,

(3) DARAIEA S R Gu M 55 DR Ry B AR (0 SOULTZE S0 10, 10 24 4 11 %5 B2 A7 4 3 RN By ThT 179 St
Rt TR SRR P BT S8 R R T ST L

5% 3Lk ( References) :

[ 1] S 2011 dbat KA S st b E PRt ts . it i2EZS. [2019-04-02]. hitp://beta.landscape. cn/special/2011bimu/index. html.

[2] #R. Bl AME, 58 HKIF—Em AL 8RR A HiE =/ B R GE R AR : 25 2013 21030 (M) . s H E XU
M2y, 2013

[37 ok, sk, BT ARSBMAT T FRKRGE AR SO0BTE, 2013, 1(4) ; 78-82.

[ 4] 5K$E, /R - PR SUBOTHER FRERSE . B0t AS PMESTRAZEE. T, KR8, P ST, 2018, 6(4) : 54-62.

[ 5] Felson AJ, Pickett ST A. Designed experiments: new approaches to studying urban ecosystems. Frontiers in Ecology and the Environment, 2005,
3(10) : 549-556.

[6] RossM RV, Bemhardt E S, Doyle M W, Heffernan J B. Designer ecosystems: incorporating design approaches into applied ecology. Annual

Review of Environment and Resources, 2015, 40, 419-443.

1 k. A X 5 Rt 4R AR, 2010, (1) 22-27.

[ 8] wrflu, Ems, KEM, EH. S AR 15 48R 55D . Wi FEEiit, 2013, 71(5) : 100-107.

] AL ARMAESRESESBRE. BB - M, B ROWBT2, 2016, 4(1) . 4-9.

] Landscape Architecture Foundation. 2010-2014. Landscape performance series. [ 2019-04-02 ]. https://lafoundation. org/research/landscape-

performance-series/ .

[11] Luo Y. Enhancing Quantification of a Landscape Project’s Environmental, Economic and Social Benefits: A Study of Landscape Architecture
Foundation’ s Landscape Performance Series[ D]. Texas: Texas A&M University, 2014.

[12] ArfL9, A, Wi sz i —— S i K AI3ch. dbat: RS Tl I A, 2003.

[13] Z=Hiw, fEd - HRE T, PR, D8 - Sl oS IR ARG A AR AR S Ak 0. IR, 2 R
4%, 2013, 1(4) : 56-68.

[14] X, Bt A SR OSSR 5T AR AT el 2 el Eh Bt 5 o 491, SeLseit=%, 2019, 7(1) : 68-81.

[15] BURE - S - S8 Bt AR, mfLRASO. dbat. PEES TR, 2013.

[16] XUk, #HT, Sais. #Hi A\ LR B A 65 K s i ek, EZoKkHEK, 2012, 28(17) « 33-35.

http ; //www.ecologica.cn



12 G 39 &
[17] B, SbE ATk BuREemot. 27KH0K, 2014, 40(S1) ; 79-81.
(18]  XIzci. Ahed A T oW e & M ——LAPU R N TR S0 GI[ D], 7924 . PR @fRH R, 2014
[19] XA, B 2 90 T B i A\ T3t R A A3 BB A bl A= v T K A B P A R RS [ D] 9% . WU R R, 2018.
[20] ArfLUE, SKERHE, SONMR. A4 AR M ER A BT LS 5 S ——I0 T A2 Rl T2 B ik X i, @M, 2012, (3): 13-19.
[21]  Arflie. WA —He SR (T). Juat. hERE T AL, 2016.
[22] TR, EH, KFil, EFE A TRBIEK B SRR AR, Tk B, 2017, 37(3) : 6-10.
(23] ok, BRA, T, 22MB08. RMA T COD LERm K EM. shEFRHE, 2017, (8) . 28-31.
[24] W5, #iE%, DA, Ml B, RN, 25, AT R 2R N H ARG e D R . STMRLRE, 2018, 46(1) : 137-142.
[25] XulJ, WuLS, Chang A C, Zhang Y. Impact of long-term reclaimed wastewater irrigation on agricultural soils: a preliminary assessment. Journal of
Hazardous Materials, 2010, 183(1/3) : 780-786.
[26] EhAT, MFBERE, XUERZE, X, BAR, Xe5R. 22N DCHEEAR KX v 2= A0 R P 5 4 e 0 i 52 . R0l A2, 2015, 32(2) .
182-187.
[27] SR8, SFa, B, 2. ARBEE/KT T RAE KM LM TR . K L0844, 2015, 29(3) : 311-315, 319-319.
[28] Z=3a, Theri, AR, P KA e Gl M i A B AR B SRR OS2 R K EORERIIESY, 2017, 24(4) : 70-T76.
[29] EPA (United States Environmental Protection Agency). EPA/625/R-04-108 Guidelines for water reuse. Washington, DC: EPA, 2004.
[30] WM, 2. FRAR KR R MRAE M A K i FoE . EMEHEZK 242, 2008, 27(2) : 98-101.
[31] SiPrug, Jalbeud, B, F AKX S AR Y R e A BIF T BRI . Bk 254, 2012, 21(4) : 300-306.

http ; //www.ecologica.cn



