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AN X HHEAE S B, 5T T EHER bR I ) A5 B EAHSC M . 25 IRERW . O RT3 T LUK b4 5
WP, AER . AEBEILBERAL, FHES RN 1.43 g/kg F1 1.05%; 1% pH oy 4.97~9.07, ik L miirt; BT
Fahih, S Facia o, - 3.19~22.6 cmolkg; A SN, ARWE. M EE NPT, AU BRGE S 5k
Z . Qe NMER LE A TR EREM A R BRI T AR S SR SRR ECh 115, RS AR AG; AR i T M
AR T 0 R R, (BT R b - 3EAE e 3 . GRRERRL & AT S RN, IR T A A I HE AR SRR I 2R G
SRD A, SAME RS HAEZEIN RS, 430K 0.763 1 0.733; BALIERIALEELM, AR, IS o
ARMEC RSO, 25128 0300, 0.263. 0.256. £5 1, IR ARML - EAC S h AR AR, SZATBUX A EmT, A HLTTR SC s p
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Analysis and Evaluation of Soil Fertility Characteristics of Typical Urban Forest Land of

Shanghai

LIN Yong"*?, YU Quanbo'?*®, ZHONG Qicheng'**"

(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)

Abstract: The fertility of urban forest soils significantly influences forest quality enhancement. To assess soil fertility status
of urban forest land in megacities, this study selected Shanghai as a case. Utilizing a stratified sampling approach, 632 topsoil
(0-20 cm depth) samples were collected from 2023 to 2024. Eleven soil fertility indicators were analyzed, including texture
(ST), bulk density (BD), and others. And relevant standards from the Second National Soil Survey (such as soil nutrient
grading), the modified Nemerow index method, Pearson correlation analysis, and stepwise linear regression analysis were used
to evaluate the fertility characteristics, analyze the impacts of administrative districts (Chongming, Pudong, Minhang,
Fengxian, Jinshan, Songjiang, Qingpu, Jiading, Baoshan) and forest types (water conservation forest, protective forest,
environmental protection forest, open recreational forest, other forests) on soil fertility, and investigate the correlations
between soil indicators and fertility, along with their relative influences. The results showed that: 1) ST of urban forest land of
Shanghai was predominantly silty loam or silty clay loam. BD was relatively high, and non-capillary porosity was low, with

average values of 1.43 g/cm?® and 1.05%, respectively. Soil pH ranged from 4.97 to 9.07, being overall alkaline. Electrical
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conductivity (EC) was at moderate level, and cation exchange capacity (CEC) was at moderate level, in the range of 3.19-22.6
cmol/kg. Total nitrogen content (TN) was at moderate level, while available phosphorus (AP) and available potassium (AK)
contents were at moderate to lower levels, and soil organic matter (SOM) and alkali-hydrolyzable nitrogen (AN) were at
deficient level, available phosphorus (AP). 2) Comprehensive evaluation using the modified Nemerow index method indicated
that the overall soil fertility of urban forest land of Shanghai was at ‘moderate’ level but partly lower (comprehensive fertility
index was 1.15). Forest type had no significant impact on soil fertility, but administrative district significantly affected forest
soil fertility. 3) Except for clay content and EC, comprehensive fertility index of urban forest land was significantly correlated
with other soil indicators, the correlation coefficients with TN and SOM were relatively high, which were 0.763 and 0.733,
respectively. The results of stepwise linear regression analysis showed that SOM, CEC, and TN had the highest standardized
coefficients, which were 0.300, 0.263, and 0.256, respectively. In conclusion, soil fertility of urban forest land of Shanghai was

moderate but partly lower and influenced by administrative district, and SOM was the key soil constraint factor for improving

soil fertility.

Key words: Administrative divisions; Urban forest land; Soil fertility; Organic matter; Soil constraint factor
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LTI FUFA IR, B0, K GRS 5
o AT 2 AU, Ll PR A A S AT e i
M, AERIEASE N —2.8~37.7 °C, KR 17.3 °C,
AR K 1409.1 mm, AFFHZ8 % 1129.6 mm,
e FEOA KRG L . i iR+ R
2023 AFARNE,  RIEARMGE AR E] 192,78 E(1 H=
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BEASFHRES T REE 0~20 ecm HRJIRE . 3HTFE, 5
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1.3 MEEREFE

H T = R LB RE R B A AL B A 2 2R fb i Ak
FRUESCIE Y E AT, L, AT GRB e | 25
FAEEBAS FLERE RAF e p w7
(STR M EIFENE, £ EBD)., EBEFLIR
JE (NP)RFHER ] 0052 1) 4358 pH R A A7E 52
H1L R (BEC) R L S R {U(MP515-02, L IE1HLH
WA BRA F)INAE , BHES 384 i (CEC) R H L R B
e, L HEAHLT(SOM) F R FH H 4% R A1 41
INPGEIE, SR A (AN)R AR ok e, A
BB (AP) R ERBAPL b Ak , OB (AK) R H
LR R BGE I )

1.4 TIEEAHFEM

141 BHEAE S IHEAR AN ST MO £
BT JC IR 1Y) 3 bR AR LR G is AR
TR A [ - A R 53 4 PR R T S Ak 1 S
B AR Hop, R, SRS
DB31/T 1191—2019 {Z&fb +4ME ) B 22 BN I
W)W, KHE . pH. MHEFacH . AR, 2R,
B e L A RN RO S 2 R 4 [ 50 R
P i TR bR bR e AR BB ALBE
Z I8 CI/T 340—2016 { SRfbFpiE 458 ) 7, HAKTE R
SRR 1~3 3,

x1 TEEHORRERENK
Table 1 Grading and standardization of soil texture
bR —g 5 =% g HEH A%
7 ST Bt myEL . wEEL PR L. #i
. Bk, L. BHL. St
0 10 20km g Kb Bzt
. . - o RHEL RS 3 2.7 2 1.3 1 0
B1 LEsEE ke IR R A ST — -
Fig. 1 Distribution of sampling points in urban forest of Shanghai E: ST HHEF; .
x2 LTIREMEUMERSRIFE
Table 2 Classification standards for other soil physicochemical properties
B 37 FrUEfL R B
—% f—t’3 =% UIE73 Bt/ N X(%) X xdh
BD (g/cm’) <1 1.00~1.25 1.25~1.35 1.35~1.45 1.45~1.55 >1.55 1.45 1.35 1.25
(I HR) (&) (i %) (85) (15T (R52)
NP (%) 15~25 10~15 5~10 <5 - - 5 10 15
pH <4.5 4.5~5.5 5.5~6.5 6.5~7.5 7.5~8.5 >8.5 4.5 5.5 6.5
(R R) (1) () (k) (35 5) (B ) 9 8" 7
EC (mS/cm) 0.3~0.5 0.1~0.3 0.5~0.7 5§ 0.7~0.9 0.9~1.2 5% >1.2 8,<0.05 0.1 0.35 0.5
0.07~0.1 0.05~0.07 1.8 1.2
CEC (cmol/kg) >20 15~20 10~15 5~10 <5 - 5 10 15
@) (i) (h4) (i) )

[E: BD J%id, NP HIEBEILBRE, BC FiF3, CEC NHE Tic#im; T, 75 pH AR RECT, Rab*y%R7E pH<7
AN, WY FRRTE pH>T 5&1F T o 78 BEC FRIEFLRECT , A+ RR7E EC<0.5 mS/em &1, Hi*MFR/R7E EC>0.5 mS/em 44T,
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x3 TBEBNRFHRI DR
Table 3 Classification standards for soil organic matter and nutrients
iy R PRI R EL
WeEH FH 4 (3733 ez X.(%) X(H) X0
SOM (g/kg) >40 30~40 20~30 12~20 6~12 <6 10 20 30
TN(g/kg) >2 1.5~2 1~1.5 0.75~1 0.5~0.75 <0.5 0.75 1.5 2
AN (mg/kg) >150 120~150 90~120 60~90 30~60 <30 40 80 120
AP (mg/kg) >40 20~40 10~20 3~5 <3 5 10 20
AK (mg/kg) >200 150~200 100~150 50~100 30~50 <30 60 120 250

4. SOM A HIEFHLL, TN HEXA,

142 +EEJ) RGN A 2 A o A T
B A5 VRN T bn Z (R s 40 22 ), 3 bR v fb S
M8 DB31T1191—201K Ak - e J1 B it 27 5 7P
k) WIS IR AR R R (R Do RAIER
PRI 43 DR oAt 10 SR AR IEATAR AL (3% 2 RISk
3), Hi, | pH frifE b =00 SCw#k[20], HS
REREALA I SCHk[21], H AT FRARiEL A 2

SCHK[10]0
SR FHRACHE 1 P27 25 5 16 Bk AT S )
BEEEAIFE, THE AT
F= (Fl) +(F;',min)2 X(n—])
2 n

Kof: FONHIEE S i A48 8 F NS EirR
HEACBE I s Fin A& AR PRRHEACEUE 1Y /)N
B o R Fin OB TENAMGEE AKX Fppa N TR
Hh 8 P v B 2 — TR Ao R HEAE ) Y 5
BEIME IES (n—1)/n &R T RB{ERE, RIS+ 4
JEMETH )%, AI{E R

ARUFFOR IS B ok 4 N ER . F=
2.7, RABIK; 1.8<F<2.7, ABIK; 0.9<F<I.8, H%;
F<0.9, #5%.
1.5 BUESITHH

K] Excel 2021 £ Origin2021 #E47 + 308 J1 45
TEGEH A FIVEIE . 7E SPSS 26.0 f, FIFHEA N &Ky
22T TR AT X MR AR ) 25 G e B o 2

AN HIAFA, AP HARBE, AK W T,

P2 FKL, KA Pearson EHEAT HHEAE 1F5hr 5 +
WERE S 25 48 B A T, 18 B AR 2R m] )= 3¢
T 3B RE T3 F8 b X - SRR i) B

2 HEREHW

2.1 TEEASFERER ST

2.1.1 L IEY Hi 2 4 A 2 AT, b d
Tl - S TR B AR b F = 9 25 2%, LI + R
WRIE L N E, FLEHMAAE LM =G, 0
48.1% FlI 43.04%; 1 E45 E R AL TR S A g (T
%), RELMEE 1.43 glem®, FEAMGE ST
LAY, i EE 35.76% il 36.07%; HIEIREEE
FLBG B AR AL F DU 59, PIEICH 1.05%, Hrpg
P (FAREEG) N ik 99.68%.

212 HEEESEMERR il R
JRGEHRRAE WL 5 FNP 3. ik nl s, +3% pH #4(d
7.83, FERLL T HILEH), Hrh RS 53.95%:;
HHEp SARE T, B R F TR, REE A SR
=%, /b 57.12% 120.41%; 3% CEC %14k
AT (hAE), FEBSMLE LM =G, 30
27.69% i1 49.68%.

2.1.3  THEFRAMFRE I T AR M - R Ay e
THEFIEDLIE 4 g6 6. HHULATHN, HHEA LR &=
RAbF = 255, Hrplh= %% 5 ik 41.13%; 4
ROt (115 g/kg) IR TrhaEaEg, Hrprh s

Table 4 Statistical characteristics of soil physical properties of urban forest land of Shanghai

x4 LiBEm R IR IR M R T RHE

R EiEg /Ml IENIE ¥ifE PRz 75 5 R A(%) HARSER
Sand (g/kg) 47.52 839.02 194.71 105.41 54.14 =G (k)
Silt (g/kg) 60.82 758.00 541.29 106.38 19.65
Clay (g/kg) 19.00 485.10 255.79 72.84 28.48
BD (g/cm’) 0.79 1.68 1.43 0.10 6.99 U 2% (H52)
NP (%) 0.13 5.65 1.05 0.60 57.14 U3

TE: &M Sand, Silt. Clay 735IRATRL . Bk, Fkid, T
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Fig. 2 Distributions of soil texture frequency(A)and other physical property grades(B)of urban forests of Shanghai

x5 LiBEm TIRKFEREITHHE

Table 5 Statistical characteristics of soil chemical properties of urban forest land of Shanghai

Ei=tn He/ME K AEH ¥ifE FrifE 2 8 5 ZH(%) BARSER
pH 4.97 9.07 7.83 0.73 9.32 R (F)
EC (mS/cm) 0.02 0.77 0.12 0.07 58.33 =
CEC (cmol/kg) 3.19 22.6 13.19 3.64 27.60 PR (rh )
60 - 60 7SOM
BTN
AN

BAP

S
S

FE R LA

33
S

2% ltk43 h4% N

%2
B3 LEBmmHittBECFERERS S
Fig. 3  Grade distributions of soil chemical properties in urban
forest land of Shanghai

—% —%

4 LBEWHHETIRASERSH
Fig. 4 Grade distributions of soil nutrients of urban forest land of
Shanghai

Fo6 LEWmMAHE LIRS SR ITEHE

Table 6 Statistical characteristics of soil nutrients of urban forest land of Shanghai

Ei=tan He/ME R AH ¥l PRifE A8 5 ZE(%) RSN
SOM (g/kg) 0.38 64.54 17.29 9.8 56.68 =
TN (g/kg) 0.18 4.11 1.15 0.51 4435 Ak
AN (mg/kg) 5.17 689.00 71.04 44.27 62.32 ez
AP (mg/kg) 0.74 323.72 11.23 22.18 197.51 4
AK (mg/kg) 18.2 406.05 106.21 5225 49.19 g

Fb b 36.28%; A S R T Z FY,
FE ARG Z FIAR B = 5590, 4rdlh 30.22% Fi
32.12%; ARWBES RSEN 11.23 mg/kg, BAELT

ARy, FEERRZ MARBLZ 9, 205
36.08% Al 25.00%; AP EELARLE T A 25455, {H B
ZHEH SR E, N 44.3%;
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Tifk, EESMAEPEO0ISF<I2)%%, St
46.99% . FATTIX | 41l XFIH i XMl + 38R 1 25 &
FEHD E S TR I XS X, AR FATECX 4500 )
ZEA TR BN BRI R« FATEIX (1.30) >4 1l X
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Fig. 5 Soil fertility quality statuses of forest forests of whole city, administrative regions and forest types of Shanghai
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Fig. 6 Pearson correlation analysis among soil fertility indicators
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Table 7 Results of stepwise linear regression coefficients between soil fertility indicators and comprehensive fertility index of urban forest land

of Shanghai
75 A bRtk R %L BFEN Jrs s FREAL R AL M

1 Zscore(Clay) -0.104 0.01 8 Zscore(CEC) 0.263 0.00
2 Zscore(Sand) -0.152 0.00 9 Zscore(SOM) 0.300 0.00
3 Zscore(Silt) -0.074 0.034 10 Zscore(TN) 0.256 0.00
4 Zscore(BD) —0.145 0.00 11 Zscore(AN) 0.146 0.00
5 Zscore(NP) 0.130 0.00 12 Zscore(AP) 0.095 0.00
6 Zscore(pH) —-0.096 0.00 13 Zscore(AK) 0.149 0.00
7 Zscore(EC) 0.096 0.00

H: Erh Zscore Frn HIENE S FEARbREILATT .

TR E BB R*=0.793, AL . BHES T2t 4
RO HEAR Sy R AR A K, FRAEARAE A R ] T
0.300. 0.263 F10.256.

3 g

3.1 b AT i 1+ 8RR ST 4HE

AW K IR, T AR A A 4 0 | S
PEZE | A ML R0 e = A5 R ), D) A
J i, HHGEF] 1.4~1.5 glem® B, FYIR R EKZ
BRUOT, {H_F s AR - A (R 1.43 glem’,
SRS B ST LRSS 71.83% (3% 4), &R FH| T
MR ZMELATE A BB o I 5% 205 R 5 B 3l Ak
HAHE (142 glom®) U, (HIH 5 HARE(1.28 glem’)™
KA (1.38 glem®) . BA/IRIE(1.37 glem®) P 7 (1.30~
1.43 g/em’) ARG B (1.30 g/em®) AT A + 45
o AEBEFLB R KILBR, FRFLAEKT 1 mm 9+
HeALER, ARG T R IR 25, B AR B RKEE
J1, (BfefHHEES . EKPT, CI/T 340—2016 (4%
el 35 ) VERAEBELIRE =5%, HAMR
ZERALH 1.05% , AR T w5 0T AR L 4
(5.54%)%, TE TR, AEAY, H4Ha
BT 5 o T R 3 i MR IR A R, L T I
At A3 E AT FLIREE W ARG X Ah G A it —2F
WFSE o T Ak 3 I & R I(EN 17.29 g/kg,
e T RA L (13.84 g/k) MHS VI Ak 1 48(13.84 g/kg),
Skt ik 3% (18.29 g/kg)PHEiR, EAKT
K (34.51 g/kg) . M /R (34.26 g/kg) > VFITg B W i
R 4 35.(28.89 g/kg)!M . b IAE IR T AR - 9 A R
(62.32 mg/kg) b T PIRES, (R FHAR(133.04 mg/kg).
ME/RIEE(124.43 mg/kg) R L RT AR 1-358(75.99 mg/kg),
{H EE R VDI AR £ 4(21.17 mg/kg) i o

5 TR Y AR T A L, VAR T b 1 B R 2
P22 | 4R o AR AR B As - HH B D R T i 2

P25 H R M R RN AR AR A 56 o 11 RARAR A A e
b, 20 tHAd 90 AFEARTF IR KA AR, Forh ok
ZREMRHOR AR H . BigRE DK RERERE, £
SRR R S TobR M, dn 4T A I AR WU Rk
26.37 g/kg, BfHA SGHIA 167.1 mg/kg, A HIFER
oMb , GG R RS R R AR SRR, AL
PR o, - HERE R R e, g A g
A R R AL S AT Ay B B A, 2 5 B I B
PR AL (RIS, B AR AT LA b 2l Rk 32,
M 1R T WA E A T EeAE R, SRR T
B AP A bR , (U3 T 9 bt ik <7 b 2% PR A
fE, HHRAKRZEZ, IR ARG R A,
UEAh, B PR IR T T & g is, B4 T Ak b 27
PN RN NS, R B AL, itk —2
BRI T H: - SRR R A A A
3.2 i BNg T AR R AR
ARG R B, LI AR - SRR S SR A PR ECh
1.15, S5rgatdkmimih H 5T (1.19), (HEEKT
M E1.27) M K2 (1.55~1.65) BRI (1.41~1.59) 23]
ST D 39 L 33X T RE AN 9 i bR AR A ML
Frdrae Ak . MRARBR A A g A A O LR
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