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Comprehensive Evaluation of Soil Quality of Typical Green Spaces in Outer Green Belt of

Shanghai

YU Quanbo?!?*, ZHONG Qicheng*?3%", LI Rongxi*?, ZHANG Qi%?4, MA Yan®

(1 Shanghai Academy of Landscape Architecture and Planning, Shanghai 200232, China; 2 Shanghai Engineering Research
Center for Greening Technology of Challenging Urban Sites, Shanghai 200232, China; 3 Key Laboratory of National Forestry
and Grassland Administration on Ecological Landscaping of Challenging Urban Sites, Shanghai 200232, China; 4 Shanghai
Professional Technical Service Platform for Green Space Soil Quality, Shanghai 200232, China; 5 Shanghai Urban Water
Resources Development & Utilization National Engineering Center Co., Ltd., Shanghai 200082, China)

Abstract: To investigate soil quality of the outer green belt of Shanghai and promote the improvement of vegetation function, in
this study, 94 points were set up in the outer green belt of Shanghai, and the comprehensive evaluations of soil quality were
conducted in terms of soil fertility quality, environmental quality, and health quality. The results showed that: 1) soil fertility
quality was worrying, soil fertility quality indicators were mainly distributed in the fourth, fifth and sixth levels that hinder
vegetation growth, 78.7% of the sampling sites were in the poor level of soil fertility quality; 2) soil environmental quality was
good, with soil environmental quality indicators were mainly distributed in the first level without pollution. The proportion of soil
environmental quality classified as clean was 88.3%; 3) soil health quality was not optimistic, and mainly distributed in the very
low level (accounting for 72.6%). 4) soil bulk density, total porosity, non-capillary porosity, pH, organic matter, alkaline nitrogen,
and available phosphorus were the main factors affecting soil fertility quality, which also significantly affected soil health quality.
To comprehensively improve soil quality of green belt of Shanghai, organic and inorganic materials should be applied
combinedly.

Key words: Green belt around the city; Soil quality; Single factor evaluation; Comprehensive evaluation
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Fig. 1 Distribution of sampling points in research area of outer
green belt of Shanghai

1.3 iEtRNZE A E

+ 45 HE(BD) . S FLEREE (SP) Rk B A FLIEE
(NP)R R I 08, 1 pH R R AL E
EC RAH SR{UME, +HEAHLT(SOM)EE R H
TR SMIMIGEINE , A 2 (AN)R B i %
HIE, AREEAP) RSP L ke, AL
B(AK) SR CREEARBGEM ER, 4 Cu. 4 Zn,
4= Pb, 4> Cd. 4 Cr F14x Ni 2R kMR T st
JCEERIAE , 4> Hy SRS 5740 I SO B vk
MsE, 4 As RHIRFHECEN e R0, + 59k

(SR)R %% P i 1 7 SR ALBTE 5, IR (UR)
SR i 52 7)) R SR (XY L) 2R F et A Hb £
T el

14 TEREZEITM

1.41  IERE S R PESY PEPRARTE . BALBE .
EBEILBE . pH, EC., AHLR . WA . A 50
R HEAT R ) T T RZE A A . B
&, pH. EC. AL . AR A . AR08 A s 4
FRAr4% 5 6 DB3L/T 1191—2019 { &4k - 3EAe oy i &
ZEATE OIS ) B4 RSB RS SR [19];
BB ILEE /S CUT 340—20164 LR L AN +
He) O ELIRFEARAT L 1o

http://soils.issas.ac.cn



$ 5 TP SNSRI MR S L TR LR S A 1079
x1 DRENRERTUERTR
Table 1  Single indicator grades of soil fertility quality

£zt —% =Y =% L HH N

BD (g/cm®) 1.0~1.15 1.15~1.25 1.25~1.35 1.35~1.45 1.45~1.55 >1.55
SP (%) =55 45 ~55 40 ~ 45 <40 - -
NP (%) 15~25 10 ~ 15 5~10 <5 - -

pH 6.5~75 55~6.5 75~8.0 8.0~85 85~9.0 >9.0

EC (mS/cm) 03~05 0.1~0.3 O(fo; ?ﬁz 0.7~09 %‘%:'5?72 >1.2 5 <0.05

SOM (g/kg) =40 30 ~ 40 20 ~ 30 12 ~ 20 6~12 <6

AN (mg/kg) =200 120 ~ 200 90 ~ 120 60 ~ 90 40 ~ 60 <40
AP (mg/kg) =60 20 ~ 60 15~ 20 10 ~ 15 5~10 <5

AK (mg/kg) =300 200 ~ 300 100 ~ 200 60 ~ 100 30 ~ 60 <30

oh I B A P AR AR 2 AN 22 G, 2
DB31T1191—2019 { &r Ak + AL Ty Brid 5 5 5
L) DA AR IR g, R FISR R pREGE X £5-45 b
AR EIL . AT BALBUE | AEBESILBUE . AL
Jot . AR AT AR SR S LR 2,

x2 TRENREZESTNESHIR

Table 2 Grades of comprehensive evaluation parameters for soil
fertility quality

fehs Xa(%%) Xo('1) Xp(fE)
BD (g/cm®) 15 1.35 1.0
SP (%) 40 45 55
NP (%) 5 10 15
SOM (g/kg) 12 20 40
AN (mg/kg) 40 80 120
AP (mg/kg) 8 20 40
AK (mg/kg) 60 120 250

SR FHBCHE 1) A2 £ 4 18 R0E HEAT 3R IE T o
WEEG I, IHREARX T

—\2 2
J(ﬁ) ()’ (01 o
2 n
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5t 39 1 v e 25— TR A v AR g T A 5
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IR H ()82 T B
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(opfeFpio £33 ) 2O, 364 Cu, & Zn, & Pb, &
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= (2)
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it 1<SE<2, BV, 2<E<3, LY, E
=3, EmRETGY.
1.4.3 S {E R PR R4 B 4% /R - de fgt Bl
WM ITIEM, EBRUEY Yk . RAEIEIR | IR
ity FOA SROBE G 4 4845, HEAT IR T i 25 507
fro BARLERINT . RASHEFF 25, iR A1
P A Y5 e BEOASCE /INEI RIS, HEF 4546 5
THE AT BRI, 4 R <25% WHEhR,
WRME A 1; BBUIR>T5% Meks, WIE R 10; R
WIRA T 25% ~ 75% (48 4R, iR, K
THEBRAT R B AR ; 2 AR PR IAE AR A, BIA]
2] e f R B iR 25 5 R AU (H) o
IR R LR G AR BT AR . H<4.0, 1R
fi%; 4.0<H<5.5, fIk; 5.5<H<7.0, 14, 7.0<H<8.5,
e H=85, &,
1.5 HESITH
K H Excel 2021 44 HIFNE ) B se

http://soils.issas.ac.cn



1080 +

4 5 56 &

I B Jo R 5 AR I SE T AR AR AR, R T SPSS
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Table 3  Statistical characteristics of soil fertility quality indicators
in outer green belt in shanghai

TIAC Ty B R bR AR WMH « brifede BRAL(%)

&1 (%)

g

I

% % B WK HB A%
0r .-«
JSOM @ AN AP I AK
60 -

50

e (%)

30
20

10

0 _uu_lﬂuiEW I éﬁ L% e

2 T S WER N R
LR

e ]

& L (%)

BD (g/cm®) 114~171 1.42 +0.12 8.39
SP (%) 16.0 ~53.5 43.6 £7.1 16.2
NP (%) 0.16 ~ 3.98 1.17 +0.82 70.4
pH 6.43~8.99 8.28 +0.37 93.7
EC (mS/cm) 0.022~0.383 0.084 £0.050 59.5
SOM (g/kg) 3.74~34.40 20.30 £6.12 156
AN (mg/kg) 16.4~222.0 63.3*31.1 187
AP (mg/kg) 2.09~71.00 9.43+9.30 218
AK (mg/kg) 28.3 ~ 257 115 +455 249
F 0.298 ~1.750 0.791 +£0.224 27.4
60
FEpH BEC
50
40

- i

HH R

= = A

100 -
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40t

20r

1 1 £
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Fig. 2 Distributions of single factor and comprehensive evaluation levels of soil fertility quality in outer green belt of Shanghai
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It 78.7%. R4 EEHIRFEELIRIMERERRIRGEITEHE
N Table 4  Statistical characteristics of soil environment quality
2.2 iﬁ%ﬂ;iﬂ)ﬁﬁﬁzﬁl\ indicators in outer green belt of Shanghai
WF9E X IR BT AR bR e TR R WL 4, 4% EHSRBR IR g -

IS T AR R SRR A GO 25 G o LR 3. LSk
FREH4 Cu, 4 Zn, 4 Pb, 4 Cd, & Hg. 4 Ni, colmoke) 1407030 20187 297
4 As Fl4 Cr &t YR T GB36600—2018 ( + Zn (mg/kg) 71.0~214.0 118.0 +31.0 26.3
SRR AT M 3 IR A (3 Pomalke) - 180TT0 20T 24T
7)) FR 45 RIS, A 42 B2 o ouaoom o
ERSME—R, & Cu —Z LN 89.4%, 4 Zn ; ' ' T '
#Z&Hﬂ:{jj\j 85.1%. 2 Cd 2 5 1L 95.7%. 2 Ni Ni (mg/kg) 18.0 ~43.0 33.7x4.2 12.5

, ’ . As (mg/kg) 450~12.70  6.48 +1.30 20.1
—HUli Ty 94.68%, 4 Pb. 42 Hg. 4 As Ml Cr Cr (mglkg) 340~1010 69.3+13.0 18.8

Sk 0
¥ 100%. E 0.536 ~2.000 0.794 +0.194 245
C—Z e 8 om

100 - o S 100 -
sotd I [ f F 801
S 60} $ 60t

2 | =

40 o 40t
2007 | : 1 | : 20f

() -é I'E Il 1 :LB I. 1 .ﬁ 1 1 ] 0 — 1 "_-‘— 1 —— 1 — ]
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LTy I HEPRHE R 2%
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Fig. 3 Distributions of single factor and comprehensive evaluation levels of soil environmental quality in outer green belt of Shanghai

RS R LR IR EUNME N 0.794, R REL Y AR B A M A B T R 4 A HR B (E A
H 24.5%, ARG FHERET SR EEMEAE 3.84, MARER, S RECN 65.9%, AR
“WIE”, 1 88.3%. A R O R AR IR K, SN
23 TEERREITH 72.6%([%1 4).

VAN IR SR - B f B T 4R R G THRRAE WL 50
5. i Ah IR Sk LR S £ HENE I A 0.002 ~ 70}
0.022 mg/(g h), #{E 4 0.010 mg/(g h); TIERAEY 60
HE MR 2.67 ~ 114.00 glkg, Y{E K 0.93 g/kg; 1 S|
SRR T 0.24 ~ 9.86 mg/(g h), HE N 2.55 mgl(g h); 3 5l
TR BB/ T 0.001 ~ 6.060 mg/(gh), HIME K 20F
0.350 mg/(g h).. - HENPI | 4 PR Nl
R AR S KRR Ry AR S a LU R

+ e I Lt

x5 LEBINRFEHLIRERREBIEFRGITHE
Table 5 Statistical characteristics of soil health quality indicators in
outer green belt of Shanghai

B4 LEBIMFELRABEREFROH
Fig. 4 Distribution of soil environmental quality grades in outer
green belt of Shanghai

- B T i AR A gl ¥ifH s 5 A (%)
SR(mg/(gh))  0.002~0.022 0.010+0.012 98.3 24 LTEREEIRERIES T
SMC (g/kg) ~ 2.67~114.00 0.93 +0.69 73.9 BV ARG AT T B RV T oA
UR(umol/(gh))  0.24~9.86  2.55 +2.44 95.7 WFFE TR S B T R HERE g 5 8 R R o i 48 bR X
XYL(umol/(g'h))  0.001~6.060 0.350 +0.752 214 SRS (R 6). TIENE RS AL . dE
H 1.07~-942  3.84+253 65.9 BAEALBE AL O ARG RO R A G,
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Table 6 Correlation coefficients among soil quality indicators

BD SP NP pH EC SOM AN AP AK SR MBC UR XYL F E H
BD 1
SP -0.837" 1
NP -0.189 0.178 1
pH 0109 -0.061 -0.263" 1
EC -0.003 0.01 0.367" -0.036 1
SOM -0.320" 0.146 0.244 -0.503"" 0.028 1
AN -0.434™ 0.340™ 0.300° -0.276" 0.084 0.644™ 1
AP -0.072 -0.045 -0.088 -0.578"" —0.097 0.365™ 0.282" 1
AK 0.224 -0347" -0.058 0.178 0.082 0.039 0.004 0.149 1
SR -0.096 0.017 0.108 0.432"" -0.044 0.035 0.148 -0.244 0.115 1
MBC 0.176 -0.231 0.224 -0.072 0.048 -0.084 -0.095 0.153 0.161 -0.031 1
UR -0.268" 0.255" -0.283" 0.009 -0.351" 0.237 0.351" -0.013 0.103 0.007 -0.495™ 1
XYL -0.108 -0.021 -0.035 -0.014 -0.035 0.056 -0.066 0.108 -0.028 -0.171 -0.077 0.008 1
F -0.687"" 0.504™ 0.414™ -0.400™ -0.007 0.656™" 0.638™" 0.339™ 0.157 0.158 0.075 0.218 0.039 1
E -0.072 -0.028 -0.151 0.243 -0.142 0.061 0.082 -0.078 0.272" -0.01 0.059 0.176 0.331™ 0.073 1
H 0.006 -0.174 0.09 0.058 -0.109 0215 0.302" 0.17 0.277" 0.487™ 0.7 0.173 0.183 0.325" 0.192 1

e xR RN A G S P<0.05, P<0.01 il P<0.001 2% 7K.

H5EEM pH 2B FEAME, M RE50 5N
0.504(P<0.001) . 0.414(P<0.01) . 0.656(P<0.001) .
0.638(P<0.001) . 0.339(P<0.01) . —0.687(P<0.001) .
~0.400(P<0.01), -8 faf 52 i 5 55 4 e WF W A AL 7 i
R W EIEASC, MICRED 5N 0.487(P<0.001)F1
0.325(P<0.05).
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