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Investigation and evaluation of soil quality in green space in sea reclamation residential

areas of Yantai City, Shandong Province

DUAN Xiaoyang YANG Xiaoting HANLu WANG Shunli" SHI Shengwei"

( College of Resources and Environment, Beijing Agricultural College, Beijing 102206, China )

Abstract: This study focused on the soils for residential green spaces from reclaimed land in Yantai City. The soil properties
including 4 soil physical index and 9 chemical indexes were measured from 9 plots which were identified with the typical structural
characteristics of local garden plant communities. The modified Nemerow index method was applied for the comprehensive
evaluation of soil quality. The results showed that the soil aeration porosity and bulk density of the surface layer (0—15 cm) of the
green space in the residential area were 6.60% and 1.56 g/cm’, which were at the fifth and sixth levels, respectively; and the mean
value of soil organic matter, a proxy of soil fertility, was 14.74 g/kg, which was at the fourth levels. Meanwhile, the mean values of
total nitrogen content and soil alkali-hydrolyzable nitrogen were 0.58 g/kg and 16.66 mg/kg, which were at the fifth and sixth
levels. These evidences indicated the soil fertility in the surveyed area was poor. In addition, the results of profile measurements
showed no consistent pattern of change in soil properties with increasing depth. The averages of the modified Nemerow index in
the surface and sub-surface layers of the green space were 0.80 and 0.76, respectively, indicating that the soil quality was very low,
with the problems of poor aeration, compaction, and the lack of soil organic matter, which were not conducive to the growth of
urban garden plants.
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B0 OB B SR R L AR SR A B DLt
FHAEAE A 3, 4F 29t %080 B 24 300 kg/hm’, 56 R i
FHAEHLUIE . 59 A~ B >4 1 i 7Y bel BRAE 4 1 7% 25
FRAAE R4 (S1—S9) (3R 1) o BN FEHL ik e 3 4
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Tab.1 Information on sampling sites

(2 S

el b AL ) i 9% 25 4

FE b 4 5 . 154K /m Ak A W) A KA
Longitude and . Structure of landscape o
Sample number . Altitude L. Growth condition of green plants
latitude plant communities
°35 /50" LA Ginkgo biloba N T Hk, #F 2y BL 2K P " ‘o g e
s1 N7 50" 5 - o0 AR SR, % B BRI
E 121°21' 53" pratensis Y. FF
N 37°35'51", Tt 4 111 A& B4 Crataegus pinnatifida 0 J6 46 5% . v .
- e & e, K
82 E 121°21'45" 3 Ficus carica, MR by B ﬂEPoapratensis P th M’i‘TﬁEE $ . AR RS
N 37 935 149" MHE R A AR B, T RN T HE R Malus
S3 E 121"21'38”’ 0 spp., HE K & ¥ Euonymus fortunei, K F I H A $OAE, A KK
A R BOR Poa pratensis B
N 37°35'41" i HE 1L # B Crataegus pinnatifida, 5k f 5 24 .
s ’ m i - 2 #l:, (S {
S4 E 121°21" 47" 6 7K Poa pratensis & ¥ L I 3 B, R R R AR
N 37 °35 35", N R . .
S5 E 121921" 56 13.5 2R Poa pratensis % £ KT AR B PR ARG AL, 7 E R A
N 37 °35 34" LK Poa pratensis W £
s , 5 SR AL K
S6 E 121°21' 51" 11 K M- Populus lasiocarpa R RER AL, K5
7 N 37 °35 32", - B3R Poa pratensis LR A R A B i, PR A R, BB R
E 121°21' 53" : B4 K Platanus orientalis K # R4y
N 37°35'31" FLBR Poa pratensis % 1 .
, el s s 7 sk
S8 E 121°21' 54" ! B 4L K Platanus orientalis REETBBAS, FHBYL
N 37°35'31" - . .
, " o A
S9 121921 55 7 11.8 FLZR Poa pratensis ¥ 1 B RS —
N 37 °35 29" - . )
: L s 1 B BB 35—
Pl E 121921 58 8 1B Poa pratensis % H¥ R B — i
N 37°357'55 " M Salix matsudana N T Ak, KT RHEAK .
, A ) Ty SR B
P2 E 121°21'39 " 78 Poa pratensis & Y- Ll S S LE
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Tab.2 Methods for determining the physico-chemical
properties of soils

VRS
Method

eI 70
Indicator

B, LB
Bulk density, porosity

2R S

R A SRR A, e R CRROPR 1 3 g B T 0
(LY-T 1215-1999) ) W I 25 2 F1 AL B ¢ A, B A4 b
EHEIK.

T W SE b HE AR PR BT BE R Y R AL RRAE,
3 ) 3 R DX R B R TR R N TARRE #4514~ (PL R
P2) VB Sy 0 1w I A (% 1) o VA A ) 1 4 BE 0~20 em,
20~40 cm, 40~60 cm, 60~80 cm Al 80~100 cm HJF H T
M EoRAE I, 23 A1k, W dedn i bR )ZE
5, Horh ek 2 AR S U E 0~60 cm
AR

12 Gt +HBMEEBITEN A
121 2REERAFRBFN T ELIFE

SR ES R A AR 43 20(1979)
A % ¢4k - 545 7 (DB31/T 1 191-2019¢ &¢ 4k 1 15
B 3 o 25 A VEA O k) ), 6 SR b - 35 5% 40 38 BR AN

pHi Lk (K £ H2.5 1) B oA BRI A AR ) o N (R 3) o TR A
pH Value _ N — L
Iﬁ: 1= a] B 40 1 =] , 45 4 13
o okt s T 2 000002 . 0 530 ST
Electrical conductivity o i A BR A DR B 25 5 1 Bn 5, #R IR (R Al T I
} 2 B A Ak - ok = > y ST S M 4 b R N
S TR A s 1k A VR 7 0 ) M 1 T WA TR A, 5
2 Bl 6 B 8 6 I SRR MR B RS A (P, BRI S Ay etk
e N (2009) . Jil 4 4 (2018) J7 52 W . b e LI 159 2950
o2 Bl A . . L
Total nitrogen 4 398 o 4R ﬁﬁ{ﬁéﬂ\%ﬁ T 0~3 Z 1], A F T A [R] b s
W Wi -5 12 F X L 44T
Alkaline nitrogen
% 22 A ZCp N
29 BRI L G O i 122 rREeREFNT &
ot potassium 2% HEA (2004) DR 5, R AR 1 2 46 800
L I N N o ‘ N
Available potassium X AN [7] gt by = 438 2 01+ 498 ) B A G <L B BE FN2
13k HIB L LL (3 )R 7 WAL 28 AR (pH (E . 4 & B AL BALHR
Available phosphorus oy . N . .
A BB BCH M LA AL BEAT I o %07 1]
®3 TERERSRIRE
Tab.3 Grading Standards for soil indicators
ECHH/ HHLFT/ o B R A REE Y W/ R/ i <AL A/
5y 44 pH{H (uS-cm™) (eke)  (gkg) (mgkg!) (mgkeg') (mgke)  (gke) (kgD  BE/%  (gem)
Grade pH value I;LC | Organic Total Alkaline Available  Available Total Total Aeration Bulk
value matter nitrogen nitrogen  phosphorus potassium phosphorus potassium porosity density
& 6.5~7.5  300~500 =40 =2 =200 =60 =300 >1.0 =25 =15 1.00~1.15
Level 1
— Y
L4 5.5~6.5 100~300 30~40 1.5~2.0 120~200 20~60 200~300 0.8~1.0 20~25 12.5~15 1.15~1.25
evel 2
=
L -k 7.5-8.0 500~700 20~30 1.0~1.5 90~120 15~20 100~200 0.6~0.8 15~20 10~12.5 1.25~1.35
evel 3
[LE 8.0~8.53
Level 4 4555 700~900 12~20 0.75~1.0 60~90 10~15 60~100 0.4~0.6 10~15 7.5~10 1.35~1.45
T
Level 5 8.5~9.0 900~1 200 6~12 0.5~0.75 40~60 5~10 30~60 0.2~0.4 5~10 5~7.5 1.45~1.55
cve
N >9.08
Level 6 <45 >1200 <6 <0.50 <40 <5 <30 <0.2 <5 <5 >1.55

T+ 38 AL B B9 23 ZbR 1 R 0 10 Iuk i i X 2 UL A (o AR ) o

Notes: The grading standard for aeration porosity is based on observational data from green spaces according to the invesigated residential results from 10

cities (internal data).



90 )

A B ¥

%2%

DA SHE TS AN (L 5 5 HY i L B9 3 AU 22 P 1 3 05 o
8 AR AT

—2 )
pP= (Pl) +(Pimin) Xn_l (1)
| 2 n

e P oyl i A R A M £ S A G POl RE
i BRI 4 9 T S RbR E AR (0 S 34 (H 5 P, B BT
SRR EAC I e/ MEL n IS EA B

K Sk Mg 2 25 G 4R BOT M RIE =, 43
PARAEN 2 P>2.7, UL R A TR FOIR A, OR
FELERR I 25 24 1.8<P<2.7, U W] 3 i Ak T B 47
MR, FEARNBR AP E K 25 0.9<P<1.8, Ul B 11
JoT i — M, AEAE A ) IS AR AR A R BRI >
P<0.9, i B 118 B g AR 2%, R ER 43 1 48 o i 4R B N AT
HEOR, RHERE TR BORIR I A K
1.3 #iELIE

W 22 H4 98 24 5% F Excel 2019 % 3, 5% ] SPSS 26
B AT RS T 22 43 7 JF R B0 A [ A5 Ml ] 22 5 1 3
M (P<0.05),

2 HiRE0H

21 THEBUAMERSH
211 EIEH AR

e B AR BRI 2 A5 R R (R 4), R HEE AL
BRI H 4.62%~10.39% (¥{H 6.60% ) , 2555 250K 38.37%,
b T KOV B A LB Ry 29.92%~38.83% (1
3431%), 78 5 R BN 11.77%; 5 LB E N 37.00%~
49.23%(HJ{H 40.92%) , 28 5 R ER 13.28%; 114 H
H1.41~1.65 g/em’ ($41H 1.56 g/em’), 78 5 ZE N 8.62%,
A F S PR o P X R K LB L SLFL B

JE 2 T 0 2 S R R<15%, 2% B M i A7 AE ™
J. S RS B[R] A

F2 N E LS R B (£5), L3 pH fH K 7.93~
8.46( M 8.15), b F MUKV, A5 5+ R H N 3.24%, 1
Y 2 X PN - R B B o AR e Hos W oy A 4505 +
5 EC {4 )9 185.53~346.33 uS/ecm(“FH{#H 259.20 uS/cm),
IbF ZGOK O, AR R R R 26.76%, J& T H A B AR
S, ROBT - HERY S 3RS W] 3 A ORI A (BN fEAE
HEi G E; LA VLR G E8 6.53~22.13 ghkg(*F-3
{H 14.74 g/kg) , kb F MoK, 28 55 RECH 42.45%, )&
F o B AR R, 3R B R A X 4 A AL A R IS L
5[ oy A AN 5] 2 AJ S o 0.43~0.77 glkg(H
{H 0.58 g/kg) , Ab T K-, AR £ 2 Y[R R A7 7
V25 S TR A S Y (E h 16.66 mg/kg, Ab
FARYK, & TR ZRE; AN AT =
PAR, BEWZ X By - 8w AA fE R R = 4.
2.12 EIEALFIA

- S RO S N 13.02~34.33 mg/kg (411 22.34
mg/kg), &b F R OK 5 A E O & ok 73.21~
104.08 mg/kg( 1 86.28 mg/kg), Ab T VU K F . 4
8 R4 B S W b R BT 0 3R 4 KO o T A DX
B4 1R 0.09~1.39 g/kg(F1H 0.79 g/kg) , &b T —
Gk, HA W A2 W) 7 Bt 28 s 1529~
17.02 g/kg, &b T =K, WY 4 38 B o ol 0 2 1] 43
GRS RE RS e L

W2 et w5 )2 8 L, BC (B Ab
F YKV, LR Z BN BACER, A 3555 & &
WK TR 2, Hodh H8EE PU & = E UK 9.24 g/kg,
Wb F HYOKT, R AR 2 A & AT RGOKF

F4 TEWEBRSITR

Tab. 4 Statistics on soil physical indicators

FE Hh 4 5 W S AL BRE 1% B LI /% S AL B BE /% + 7 H /(g-em”)

Sample number Aeration porosity Capillary porosity Total porosity Soil bulk density
S1 5.22+0.99 b 33.09+0.99 abc 38.31£1.50 be 1.65£0.04 a
S2 6.04+1.60 b 31.86+3.97 be 37.91+3.12 be 1.61£0.07 b
S3 5.85+0.98 b 37.72+3.78 ab 43.57+4.34 abc 1.4740.10 b
S4 10.3942.20 a 38.83+5.51a 4923747 a 1.43£021b
S5 5.35+0.70 b 32.62+0.26 abc 37.97+0.88 be 1.57+0.02 b
S6 8.26+0.54 ab 37.61%3.96 ab 45.87+3.71 ab 1.41£0.15b
S7 6.60:£0.84 ab 32.77+4.19 abc 39.37+£3.37 be 1.59+0.12 b
S8 4.62+1.51a 34.40+1.93 abe 39.02+3.36 be 1.65+0.09 a
S9 7.08+5.64 ab 29.92+1.10 ¢ 37.00£6.36 ¢ 1.64+0.14 a

- 35 {8 Average 6.60+0.48 34.31+0.78 40.92+1.05 1.56+0.02

A 5 2B %
Coe fﬁy; 1:1 i ?i[,ariation 38.37 11.77 13.28 8.62
Z% 9% Gradation H Y - N

TE: R PR EbR B, 80 E — 48 bn b A R NS 5 B R A B ) 22 5 3 (P<0.05) .

Notes: Data in the table are presented as "mean value + standard error". Different letters indicate different significance between treatments (P<0.05).
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Tab. 5 Statistics on soil chemical indicators
N i g/ b s
i , Tk i 21, B BB A e A ke
%5 pHET  ECfi/usem’)  BAE aggighy  Weke)  oie)  mgkeh HP/eke) B /(eke )
(g'kg ) ; Alkaline . . Total Total
Sample pH value EC value o ; Total Nitrogen hydrolyzabl Available Available hosph s
number rganic matter ydrolyzable phosphorus potassium phosphorus potassium
nitrogen
S1 7.96£0.17b 185.53£36.51d  13.85£5.12abc 0.77£0.11a 21.4743.31 a 22.3443.61 bed 100.37+4.26 a  0.67+0.49 abc 16.16+0.68 ab
S2 8.46+0.08 a 326.67+17.16ab  18.75+1.50ab 0.75+0.11a 19.83+£2.91 ab 14.90+1.77 d 7321+l b 0.09+0.10c  17.02+1.22 a
S3 8.31£0.19 ab 249.004+48.54 abcd 15.07+3.54 ab  0.60+0.20a  17.73+£1.07 abc  27.01+4.55 abc  85.04+6.17b 0.72+0.46 abc 16.29+0.12 ab
sS4 8.28+0.03 ab 310.67+£83.03 abc 14.71x1.37 abc 0.73+0.09a 12.83+2.46 ¢ 31.16+4.62 ab  104.08+13.35 a 0.85+0.70 abc 15.98+0.63 ab
S5 8.21+0.38 ab 192.93+18.58 d 22.13+4.17a  0.55£0.37a 21.00#4.20ab  34.33£9.99 a 81.01+4.41 b 0.94+0.37 ab 15.62+0.48 ab
S6 7.93£0.36 b 207.20+37.88 cd 22.13£549a 0.67+0.12a 16.80+£3.90 abc 13.39+3.58 d 86.28+8.25b 1.00+0.54 ab 15.95+0.63 ab
B S7 8.05+£0.12 ab 289.33+45.01 abed 13.21+3.48 bec  0.55+0.04 a  17.73£0.81 abc  13.02+1.48 d 79.41+4.87b 0.43+0.16 bc 15.29+1.46 b
=
+ 1 ) S8 8.21+0.14 ab 346.33£79.11 a 6.53+4.47 ¢ 0.44+0.34a 14.47+4.55bc  33.5243.33 a 84.06+3.63b 1.39+0.15a 16.90+0.8 a
g—olp;é)rﬁ S9 7.94+0.16 b 236.53+58.75bed 15.56+5.95ab 0.43+0.12a 14.70+3.70 abc  18.75+6.58 cd  83.04+7.78 b 0.9440.05 ab 16.16+0.49 ab
il\;l/je{aéh 8.15+0.05 259.20+12.73 14.74+1.19 0.58+0.04 16.66+0.82 22.3443.61 86.28+11.05 0.79+0.08 16.15+0.86
CREUT 50 2676 4245 4085 2849 40.15 1281 58.00 533
of variation
5 9 i 2% — 5 I 2% i G NG — % 2% =2 =4
Gradation - . ” - ” 7 o
Sl 8.16+0.27 ab 247.80+50.93 a 4.72+5.05cd 0.27+0.05 ab 10.03£1.76 be 15234597 bed 72.85+2.56a 0.9140.03a 15.71+0.71 cd
S2 8.43+0.08 a  358.67+231.53 a 7.3443.62 cd 0.02+0.02 ¢ 7.00+1.85 cd 11.06+1.57 cde 61.30+1.53b 0.55+0.48a 15.59+0.24 cd
S3 8.34+0.37a 436.00£276.92a  6.88+4.11cd 0.36£0.23a  9.80+1.40bc  11.58+2.23 cde 62.52+3.55b 0.83+0.11a 14.86+1.04d
S4 8.44+0.26 a  469.00+205.81a 17.05+2.34a 0.37+0.04 a 8.17+1.76 bed 15.414£2.01 bed 77.40+32a 0.97+0.32a 16.88+1.42 be
S5 7.71+£0.08 ¢ 222.70+39.57 a 14.2044.15ab 0.36+£0.17a 14.00+2.42 a 21.32+4.86 b 61.44+548b 0.89+042a 14.40+1.01d
S6 8.14+0.13 abc 254.67+58.05 a 10.10+1.23 bc  0.19£0.12 abc  9.10£0.70 bed ~ 5.00+0.55 ¢ 71.86+11.02 a 0.69+0.04 a  14.28+0.55d
S7 8.26x0.09a 391.67£95.09 a 3.35+3.60d  0.06+ 0.08 bc 10.50+1.85b 9.14+2.31de 74.37+7.36a 0.66+0.41a 17.85+0.87 ab
gﬁlfu%acc S8 7.80+0.30 bc  551.00£215.59 a 5.95+0.88 cd 0.11+0.13bc  7.00+1.85cd  33.75+0.52 a 80.02+3.9a  0.55+0.52a 18.53+0.9 ab
15-30 cm S9 8.37+0.10a 234.67+24.58 a 7.16£2.99 cd 0.22+0.11 abc 6.07+0.40 d 16.72+6.65bc  78.98+3.67a 0.67+0.48a 19.13+1.05a
ﬁe{i 8.19+0.07 364.80+27.33 9.24+1.23 0.2140.04 8.95+0.57 15.4748.56 71.1948.57  0.71£0.07 16.36£1.9
7 5
C/f‘efgc/fm 3.82 50.53 56.79 77.56 30.15 55.73 12.26 43.64 11.86
of variation
AP — i N N =% 2% =% =%
Gradation . - -

T R RUE bR R 7, 5[] — 15 b5 AR R /NS 7 R R b B ) 22 5 W 3E (P<0.05) o

Notes: Data in the table are presented as "mean value + standard error". Different letters indicate different significance between treatments (P<0.05).

22 TERAEARERERENEWL
vl T R A 2 2R AT DA s e S o A B S ] L
B AR A LRI AN [R] L2 2 ) e A e R R . SR

03 393 5 s S A0 9T B R B A O o 1 Ak ) I e AL
B 1 L R SR BORH [],  fd EK
AN T 2 J2 B R BB 0 A 2 46 B A7 AR 2 5 22 57

R, GEEERNTR AR TS [R] )2 8] 9 4 498 2 Bl O
JEE R LT R A, AL B e R L B B TR
AW (B 1) o Xl A5 ¢ i R )2 - e i

+HEZH/(g-cm ) Soil bulk density

S FLBREE /% Air porosity

(P& 2) o 5 Ak 0 10 +- 596 pH (B 7F 3 7 1) b 19 28 fh 52
R E , Hid IR AR ATk 0~20 cm 1 40~60 cm - 1 pH
{E M @ 25 K T30 7 W 3 (P<0.01) . 4350 1 A ALK
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Fig.1 Changes in physical properties of soil profiles in lawn and tree plantations
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Fig.2 Changes in the chemical properties of soil profiles in lawn and tree plantations
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Fig.4 Modified Nemerow comprehensive index of soil quality for different sample sites
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Notes: A. Topsoil; B.Subsurface.

WK JE MBI N Y 25 G 58 BT . S5
(1.07), S4(0.85), S8(0.83), S1(0.82), S3(0.79), S9
(0.71), 82(0.69), P1(0.68), P2(0.67), S6(0.61), S7
(0.60), ¥I{H K 0.76, R AF s P BR S5 48, HAh 10 > FE
Ho B A (/N T 0.9, T BT K2 TR AR 25, K
3 b SR 7 i R A AR ) 0 A K

3 ZgSihe

3.1 EiEEMEE X &M T IEESE RIS

Yl T 2 M b A2 N T Bl T A sR 2L, HOE SO
Rk 5 B Ak i) B AR BR B TE B R R, AR R L — Ff
388 A7 A5 BN b BN T (CE BUESE, 20115
AR NI A, 2022) o R A 4R R, SO 3 R ST
i M b 0 A BT B R B 43 [ e A O R 7 o
TR B AR A B R o A L AR BT S i X
L e R AN TR 4, AR R Y B AR BB
T % JEE 72 Ak ¥ J0 — Bk 4 A2 A ML, JE OO0 )= i HL
TCHLAE R L A i o AR ST BRI T A 4 T A B A

JEA O WAk g T (pH . &40, WA . &8, &
W BRALHEN . A R . ECE M LA ML) 15 5, I
g5 4 5 B N oy GOV 4y BV g B 2R G B
X 8 25 3 PRI PN LV i B O R A b 4 18 HE AT 4 TR
K, % B0 A 38 AR R R R S R PR 2 b 1
T 0 T B )L 3K 4k Tk - M S TR s RN
AL B D /0N A5 A B R A R 2 R R — 3K
(71522, 2014; G2 5445, 2016) o S+ 3 2% 2 5 A
G B BRI, KBGO E RS, AR RN R A A
Koo R BT ALK S SO YT
AR ST R (8 W | o - Wl Tl i e o
1% X3 2t b, - 3985 3k A7 A BRI PR AR R R L X R
FH T I 3 il X 2 b - 8 C B L AR 0 OR A SR 1 1
J AN AR LAY o AR BRI 3 B X R Sk A
JEBR(>120 em) , {H AR 55 1900 T+ HESCBR 12
A WA B BRI, BZ A AL, RE AR, M
BB o0 2, A A W 2 K0 B PR R R B
A BT H AE RE M S3 F S4 1 S B A L AR A - R A



94 i

A B ¥

%2%

N S 1 < 5 S W 7 7 N g
AEEA L5 B R X L2 R AR A K
IR CRAE A, 2020) -

— RN Ry, S A R X R R Y 2 KR
15t 5% M (Chi et al., 2010) .+ 38 & 2K 43 28 & fi i iK
e AT AR R BB AL BT, T RE R Rk
2R RENER S . T B kR KR 4 i
HIERUNLBR R “ BAER 7 #EARE HESEOK
A= R AR Y kAR G IR 3 R XA ISR 2 ok R
FLBR Eb A1) v 9 B+ N b B 36, LA B B £k 43 Bl K T
(Chi etal.,, 2010) . ZRTMT, &1 1A 9] 2 45 2 7, P gt
AU 25 b £ €1 EC {5 AN pH i 3 B 25 7] 9 JC B &2 1 28
fkash, KEREE LTI HARRANSE . XK
W% % 35 38 O 3XRE 5 AT A% PR 4 3P0 3 B X2 3
SR LR, T R A R B R R A, (BRZE A
W3R )2 - S AFAE F7 57 TUHs ),

32 HEBESEHEEREM TIENRIER

M MR A R - R SR R ) A 4 R e (Y
LA, JE AT Ak b JE ROGE B A B R B B
I, R T RAE g X Ak i R S RN 2 —
(CRASE %, 2020) . HKJES AT RENH LY
AR, T B8 sh i Can i w5 At A= Y e =
At . HHES WS Bl LAAE + 58P BE A K AL
Wil 3 3, R e - M R IR T 0 AR R R T
AR 7R 45 40, DA 35 8 A 0 AR 3R 6 3 rp s SR )
JEFK 53 IR BURE 77, A1 i 48 0 fi B A K (Von Hertzen
etal, 2006) . A fif ok + 8% AP BRI 48 R S 1)
R, T B B K A ek b AR AT A GE I, O IR
TR R S AR 1, W N R BRI, B T R R AR
PR, R A R B R RS X T E
S 11 b B T B R B IS AL | T FL S IR R it 4
I - EsE A . st Ah, AT DU I kb A LA AN B T
i BV W IE HE i A B, S S W RN A
Vs sh 4 ptRE AL, i R EE A IR

REEYAERKLTNFRES, ETERA T L%
AT . TR EFE AT LS Y & R £
1 2R 1T, A A0 43 RS K (BN AR, 2021) 6
A X 2 A B Y 4 SRR AR R AL TS OKOF,
KHAHSMARNEARALE., ZHLEZ G %E
(2024) % BRI 17 $E g X 4 b - 1 66l A 20 A0 4 /™
ARG B B0, WA S AR S
it 5 B IR B O (X2E B AR, 2021) o R fifk ok
R AN R 0] R, P 0] A S i B D
FRZE . Z A0 22 B N0 BRI M N0 R} 45 5 AR AE,

PR G AR ) AR W oK o RO T it R T
FECAIEE ARG, JEAS e AR AS I i e - 8 i R
[, MWKWEE, B s Ie & +, & 1
HE “Al” geJ1, ARRMRA Lk AR A
JERY R B R AT, 9 X B A g Ak X LAt Ak IR
Ry, AR E R A HLIE, SU6E 5 BLBOHE DL K B
13 EHb 7 o JE ) AR B A [ A ) e E S W RE Y
LR A ) N7 B 75 Medicago sativa L., 252 B Lolium
perenne LA H 430 5 Trifolium repens L5, 1] A5 5438
- ESE Gy, P AE S R B E A BT

R 45 £ by - A7 A R S ™ L AP R 25 AL
Tk Z 0 A, AR AR R Gk | T S A AE A (5K
BRAE, 2021) o 7% i B I 1 Bl X RS B
1A BEPERCR, T ATE b M ik 4 |, e R 26
ol b 7 Sk PR 5L ER RO A, A AR A Ginkgo
biloba L., E M Sophora japonica Linn., FEM|l Salix baby-
lonica L., T3k Ailanthus altissima 'Qiantou’. 15 ¥ Albi-
A B L M Amorpha fruticosa L., £1 M8 Punica Gra-
natum L.; H SRR Y N K M5 ¥ Buxus megistophylla H.
Lév.. Jo#l Sabina chinensis L.; H 5 ¥ 0 120355 8 57 45
TH FE K 1Y 75 3£ 5P Festuca elata Keng ex E. B. Alexeev.,
B X A O P £ T R, A SRR B B R M AR ) B A
DX 3 Jmy S A 4 49 it 7R P e R R (AN R k), R
R 1 7K TS I SR o T 5 A5 [ A1 1 1€ pHL.
33 REEBERBERFMMTERENENX

TIEF RPN R TGRSR R AR . &
TE 1 P AR 2 8 B0 2 — P B B 1 S E B P
BRI, A A R RN, MR E T
VLMK S b S N Al B LR 1R B 2.02~2.24, B
Jot K B AL TR K (R A%, 2018) 5 K T S it + 1
JoT () N A 25 A 4R BN 1.5~1.8, 1 TR E Bk T 4%
Mo A HE MG B AR Bk 1.19~1.78, + HE R AL T i)
P LK - (R AR 45, 20185 850 J45, 2021) 5 1 AU IR
7B AR 4 3 Mg 2 255 98 BON 0.85~1.510F 1
1.19), e ab T — Bt I K7 (R 23 A2 25, 2009)
A B Al 385 T 2 b - 08, AS B SR T R A A 11 A4S b s
L, RZMWRZ LHEANEY A BEERN
0.80 1 0.76, Hr A7 3 AR JZ LI < —
M7, HABAE LA Ry AR 227 o N b At 3k T S
TR, M A I I R XA A 1 S
WA, B2

T 1] 2R FR I v b, DA AR R T AR T R U O A
AL IS AL . H T 7R AT DX bt el B ok B P AR AR



CERR

BeiGg BH A Ll 2R 4 A8 5 T SUIAE S i s A X 4 M 098 O DR R S5 95

“HEAEY . BT MR, B a A 1 AR A

J5 PR 5 B RS 2~3 a gt FT LG A 100 el SRR
b R A A AR R A ol T R R A AR R
FIFR I3 i =, S A XE DA OR 355 4 K A9 i B A IROIR 2
SFUIG 335 il DX b S B2 T Ao 8 o 0 1 ¢ Ml A A L
P o 1 A S R, DR S R A AN TR Y
KA o WAL, A i A BRI AR b S A A ALIE |
il 75 W0 M J5 i - R 5 B AR W 1 9 S BE B SR AR A
YA, W om g “ gt REJ, bR AR £ Bfk
i‘i?ﬁ%,ﬁ*ﬂ?i%ﬂﬁj:i%%o

2 % X ®
XISEJL,%ﬁ%,TZJW 42023 U R 5 M A B2 T
A EPI I, 44(7): 1497-1505.

(Deng X L, Yang A F, Yang L, et al. 2023. Soil nutrient analysis and
comprehensive fertility evaluation of four types of agricultural land in
Hainan Island[J].
1497-1505.)

Jr i 2% 2014, 3T LA AT RE S5 A UK F W AE A FI AT M]. B b
RS2 HOR R 10-19.

WAL, ZE W, Tk Ak AL, 55 2022, 3T ¢ - S A 5T ek il A 0 B[]
S A 52 4, 33(1): 268-276.

(Han J G, Li G, Zhang W W, et al. 2022. Problems and countermeasures of

Chinese Journal of Tropical Crops, 44(7):

soil health quality in urban green space[J]. Chinese Journal of Applied
Ecology, 33(1): 268-276.)

HIHSF, BEOG, B SC, %2021, R TR AT 4 b 3 T TP A
[J]. ML B, 60(6): 36-41.

(Huang L D, Huang X G, Zhao J W, et al. 2021. Evaluation on soil quality of
newly-established urban green space in Nanning city[J]. Hubei
Agricultural Sciences, 60(6): 36—41.)

T HZE . 2014, 1 MERTT S b - 3EAL I3 R AE 53 AT 5 PR (7] R AR 2
i, 30(1): 79-84.

(Hao R J. 2014. Analysis and evaluation of soil fertility characteristics of
Shanghai urban green area[J]. Acta Agriculturae Shanghai, 30(1):
79-84.)

ik, VPR, 22, A5 2020. 37 0T o R T 2 b A O = AR L TR
8T, P E LK, 36(6): 56-59.

(JiJ, Xu S X, An C, et al. 2020. Status, problmes and suggestions on current
urban Greenland management[J]. Chinese Landscape Architecture,
36(6): 56-59.)

Bedh, 72, BN, AR 2016, JE TN G b R A B A S EOR
5T B BE ). T E BE AR, 32(8): 14-17.

(Liang J, Fang H L, Zhang L, et al. 2016. Study and application of main
ecological technology based on soil security for urban landscape[J].
Chinese Landscape Architecture, 32(8): 14-17.)

BAR, 22830, EREN, 45, 2019, (L AR KH £ b IX 2 50 50 TH0RLJE 43 4 4
ﬁ&j{%fﬁﬁxm HuBRRB 245 R 24T, 41(5): 592-603.

(Li W B, Li Z W, Wang Z G, et al. 2019. Fractal characteristics of grain size
from Zhifu section in Yantai area of Shandong, China and their

environmental significance[J]. Journal of Earth Sciences and

Environment, 41(5): 592—603.)

X, AR, WAk, 5. 2021, R e AR AT X A LR R A
i AR i R ) A2, (4): 130-135.

(Liu X T, Zheng C L, Cao W, et al. 2021. Effects of long-term located
fertilization on soil organic matter, nitrogen forms and crop yields[J].
Crops, (4): 130-135.)

X5, AR A, N E S, %2006, 39 4 T R 4 AR K T
B[] A= 25241, 26(3): 901-913.

(Liu Z F, Fu B J, Liu G H, et al. 2006. Soil quality: Concept, indicators and its
assessment[J]. Acta Ecologica Sinica, 26(3): 901-913.)

Ea e, XIORHE. 2010, W 4 i AR 35 bR Bl b 0 R R O R S 4
B3] REAR L FLE, 16(2): 1-4.

(Mao J H, Liu T X. 2010. Effects of soil improvement greening on sea
reclamation land in Caofeidian[J]. Tianjin Agricultural Sciences, 16(2):
1-4.)

SO, 2011 iF I AL R P S S BTURE 19 5C RAFSE(D]. B e
TRMPHE I

(Ma W M. 2011. Study on the relationship between physical and chemical
properties of coastal soil and soil quality[D]. Yangling: Northwest A &
F University.)

FAVLTE, BRAES, FReTe. 4. 2014, 4785 5 TR T it Xof 152 183 56 + W Eh
R RCRATTTE [9]. B ARl R 2241, 37(4): 103-108.

(Nan J K, Chen X M, Wang X Y, et al. 2014. Effects of gypsum and fertilizers
amendment on reducing salinity and preventing alkalization of coastal
saline soil[J]. Journal of Nanjing Agricultural University, 37(4):
103-108.)

AR, GTOCHR, TR B, S5 2009. T AR £ IE ) R B 25 A AR (1]
K AR R ], 29(4): 186-190, 223.

(Shan Q H, Yu Y C, Zhang J F, et al. 2009. Comprehensive estimation of soil
fertility in urban forest[J]. Bulletin of Soil and Water Conservation,
29(4): 186190, 223.)

SR, FTEE, B, 55 2006.3
RHE (1): 153-156.

IR, 257 7, i =%, 45 2015, bt - 3L BT B2 AG I Jr vk B2 Hoxd +
HEAE 3 VA 1 T B [0, T AR MR R 2 2 4%, 32(1): 98-103.

(Wu H B, Li A P, Fang H L, et al. 2015. Green-belt soil testing methods for

TRYII T 23 M 4 3 e 2 AR BU A 5 (9], el b

porosity and the importance of porosity on soil fertility evaluation[J].
Journal of Zhejiang A & F University, 32(1): 98-103.)

F 1. 2015 AH R R F5 TR ES R AT R[] SERE,
17(6): 13—14.

(Wang M. 2015. Discussion on coastal ecosystem change dominated by
anthropogenic factors[J]. Journal of Green Science and Technology,
17(6): 13-14.)

FRE. 2016, HHEE G RAEZEMI. 4 BR. At st o EAKCRIK L A

S N3, 1998, [FE Mk T & b 1) & J T FR [0, I T BRI, 22(6): 39-43.

(Wu R W. 1998. Development course of urban green space in foreign
countries[J]. City Planning Review, 22(6): 39—-43.)

I, FE W, MR L. 2010, 30T Skt L BT T A TR AR BT ST R ],
o [ BEl 2 3CH, 27(7): 38-40.

(Wang S M, Xu Z M, Pan C X. 2011. Research progress on indicators of soil
quality evaluation of urban green space[J]. Chinese Horticulture

Abstracts, 27(7): 38—40.)


https://doi.org/10.3969/j.issn.1000-2561.2023.07.021
https://doi.org/10.3969/j.issn.1000-2561.2023.07.021
https://doi.org/10.3969/j.issn.1000-3924.2014.01.020
https://doi.org/10.3969/j.issn.1000-3924.2014.01.020
https://doi.org/10.3969/j.issn.1000-3924.2014.01.020
https://doi.org/10.3969/j.issn.1672-6561.2019.05.007
https://doi.org/10.3969/j.issn.1672-6561.2019.05.007
https://doi.org/10.3969/j.issn.1672-6561.2019.05.007
https://doi.org/10.3321/j.issn:1000-0933.2006.03.036
https://doi.org/10.3321/j.issn:1000-0933.2006.03.036
https://doi.org/10.3969/j.issn.1006-6500.2010.02.001
https://doi.org/10.3969/j.issn.1006-6500.2010.02.001
https://doi.org/10.7685/j.issn.1000-2030.2014.04.015
https://doi.org/10.7685/j.issn.1000-2030.2014.04.015
https://doi.org/10.11833/j.issn.2095-0756.2015.01.014
https://doi.org/10.11833/j.issn.2095-0756.2015.01.014
https://doi.org/10.3969/j.issn.1674-9944.2015.06.005
https://doi.org/10.3969/j.issn.1674-9944.2015.06.005
https://doi.org/10.3321/j.issn:1002-1329.1998.06.008
https://doi.org/10.3321/j.issn:1002-1329.1998.06.008
https://doi.org/10.3969/j.issn.1672-0873.2011.07.017
https://doi.org/10.3969/j.issn.1672-0873.2011.07.017
https://doi.org/10.3969/j.issn.1672-0873.2011.07.017

96 i

A B ¥

%2%

Tidslt, JrifE 24, 38, 45 2004, 1 ifE ST £ S 1) 308 B i EAN (D).
+ 3, 36(4): 424-429.

(Xiang J G, Fang H L, Yang Y, et al. 2004. Soil quality evaluation of some
typical newly-established green belts in Shanghai[J]. Soils, 36(4):
424-429.)

WK, B, BR T, A5 2019, 38T Ak 0T 38 AR S FR R 4 5 i F 50
[7]. A 2524 9R, 39(4): 1154—1164.

(Xie T, Hou Y, Chen W P, et al. 2019. Impact of urbanization on the soil
ecological environment: A review[J]. Acta Ecologica Sinica, 39(4):
1154-1164.)

A, SRH R, BEE A, 45, 2010, £ 3T EAR AR S PR (M), JLa: BR A
AL

VFi . 2005, F A 2 50 A0 2 b o3 A7 B HC 5 % TR Tl ¢ 3t 1) LE 8T 5 D).
=AM T RLRI, 20(6): 27-30.

(Xu H. 2005. The analysis and comparison study on Tokyo urban open space
and our country’s city[J]. Urban Planning Overseas, 20(6): 27-30.)
VRIL, VF L L v RE B, 4. 2017, U5 Bl X R 08 A8 5 AR A AL S

3 0], mE KA S K FIRHE, 15(2): 101-108.

(XuY,XuS G, Leng X Y, et al. 2017. Laboratory simulation and analysis on
the salt migration process of coastal reclaimed land[J]. South-to-North
Water Transfers and Water Science & Technology, 15(2): 101-108.)

AR, BB T, 24, A5 2024, HERIR IEE M - S 5R A0 R AE S IE T O
9] K L ARFR 2441, 38(1): 328-336.

(Xiong J, Zhao X R, Li W, et al. 2024. Soil nutrient characteristics and fertility
evaluation of wetland in the lower reaches of the Lhasa River[J]. Journal
of Soil and Water Conservation, 38(1): 328—336.)

R, IR ZE, WAL, 45, 2024, TR T ) A 5 i - B X 0 4 4
HALRHEBF T[], SO, 26(1): 1-6, 45.

(Yuan F J, Shi Z J, Pan S, ef al. 2024. Study on soil constraining factors of
green space in typical reclamation area of Shenzhen City[J]. Journal of
Green Science and Technology, 26(1): 1-6, 45.)

TR, AL, EARAE. 2021, BRAGKT 13 M BRI P A 3 A SRR Y 5
1. Rtk Bl 46(2): 30-36.

(Zhang L, Yang F, Wang Z C. 2021. Effects of alkalization on soil properties
and plant physiological and ecological characteristics[J]. Journal of
Northeast Agricultural Sciences, 46(2): 30-36.)

BT 7, R, WEORIL. 2010. 5T I X5 B 23 #r B0 IR AL eI LR 2
SRR IR 25 0], 1323, 47(3): 422-428.

(Zhao X F, Yang J S, Yao R J. 2010. Characteristics of soil salinization in
mudflat of north Jiangsu province based on canonical correspondence
analysis[J]. Acta Pedologica Sinica, 47(3): 422—-428.)

SRAR [, AR, B, . 2020. T PRI S + T B BUIR AT S
2R AT BURIE 2, (15): 30-32.

(Zhu B G, Wang LJ, Hu Y Y, et al. 2020. Analysis on the present situation of
soil quality of urban green space in Chongqing and suggestions for
improvement[J]. Xiandai Horticulture, (15): 30-32.)

of [ R A I A S 1979, A AR TR R A SR A A bR M. b
A0 EARO AL

A, TEE, T, 5. 2013, & 48 f R BT IX T HEREAR RHAEDTSE (1], 4
e 412, 44(2): 455-458

(Zheng L, Yu J B, Wang G M, et al. 2013. A study on the constraining
characteristics of the dredged filled soil in Caofeidian industrial
district[J]. Chinese Journal of Soil Science, 44(2): 455—458.)

i, T SCAR, fT 240, 45, 2018, W R IR SR T 4k i - 3EAL Iy B 5 IRl A
HE [ Mol Bl2%, 54(9): 9-17.

(Zhou W, Wang W J, He X Y. et al. 2018. Soil fertility and spatial variability
of urban green land in Harbin[J]. Scientia Silvae Sinicae, 54(9): 9-17.)

Pt T PR AR AR AR HE AL B AR TR 51 2% 2019, 2 Ak T AT T B 25 A VA
J5 ¥ DB31/T 1191—2019[S]. 4L 5T b = bz ofi th AR

AR R . 1999. FRAK 4 8K 73 -9 B 5 A9 I 22 LY/T 1215—1999[S].
Ae st R v A

Carter M R, Gregorich E G, Anderson D W, et al. 1997. Chapter 1 Concepts of
soil quality and their significance[M]. Developments in Soil Science.
Amsterdam: Elsevier: 1-19.

Chi C M, Wang Z C. 2010. Characterizing Salt-Affected Soils of Songnen
Plain Using Saturated Paste and 1:5 Soil-to-Water Extraction Methods
[J]. Arid Land Research and Management, 24(1): 1-11.

EK Biinemann, Bongiorno G , Bai Z , et al. 2018. Soil quality - A critical
review[J]. Soil Biology and Biochemistry, 120—105.

Jiang H, Du H, Bai Y, et al. 2016. Effects of spatiotemporal variation of soil
salinity on fine root distribution in different plant configuration modes in
new reclamation coastal saline field[J]. Environmental Science and
Pollution Research, 23(7): 6639—6650.

Li J, Pu L, Zhu M, et al. 2014. Evolution of soil properties following
reclamation in coastal areas: A review[J]. Geoderma, 226-227: 130—139.

Mausel P W. 1971. Soil quality in Illinois: an example of a soils geography
resource analysis[J]. The Professional Geographer, 23: 127-136.

Shi Z, Wang R, Huang M X, et al. 2002. Detection of coastal saline land uses
with multi-temporal landsat images in Shangyu City, China[J]. Journal
of Environmental Management, 30(1): 142—-150.

Von Hertzen L, Haahtela T. 2006. Disconnection of man and the soil: reason
for the asthma and atopy epidemic?[J]. Journal of Allergy & Clinical
Immunology, 117(2): 334—344.

Yt A, Jin W A, SI B, et al. 2014. Soil and soil environmental quality
monitoring in China: A review—Science Direct[J]. Environment

International, 69: 177-199.


https://doi.org/10.3321/j.issn:0253-9829.2004.04.017
https://doi.org/10.3321/j.issn:0253-9829.2004.04.017
https://doi.org/10.3969/j.issn.1673-9493.2005.06.006
https://doi.org/10.3969/j.issn.1673-9493.2005.06.006
https://doi.org/10.11766/trxb2010470306
https://doi.org/10.11766/trxb2010470306
https://doi.org/10.3969/j.issn.1006-4958.2020.15.016
https://doi.org/10.3969/j.issn.1006-4958.2020.15.016
https://doi.org/10.11707/j.1001-7488.20180902
https://doi.org/10.11707/j.1001-7488.20180902
https://doi.org/10.1007/s11356-015-5764-0
https://doi.org/10.1007/s11356-015-5764-0
https://doi.org/10.1016/j.geoderma.2014.02.003
https://doi.org/10.1111/j.0033-0124.1971.00127.x
https://doi.org/10.1007/s00267-001-2645-8
https://doi.org/10.1007/s00267-001-2645-8

