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Soil fertility evaluation for urban forests and green spaces in Changchun City
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Abstract: The fertility of urban soil is an important factor for urban forestry and urban greening. There has been no
comprehensive evaluation of soil fertility at the city scale upon which to base greening practices in Changchun City. In this
study, 197 soil samples from the 0—20 cm layer were collected to determine soil organic matter ( SOM ), total nitrogen
(TN), total phosphorus (TP) , total potassium (TK) , available nitrogen ( AN) , available phosphorus ( AP), available
potassium (AK), pH, and soil bulk density. Variables analyzed with respect to differences in soil fertility were forest types
(roadside forest [ RF], affiliated forest [ AF ], landscape forest [ LF ], and farmland shelterbelt forest [ FF]) , districts
( Chaoyang, Lvyuan, Nanguan, Kuancheng, and Erdao districts), and ring roads ( 1—4 ring roads and outside 4-ring
roads ). Classification criteria for soil nutrients in the 2nd National Soil Survey (6 —grade evaluation) and a modified

Nemorow formula were used to compare soil fertility. Moreover, kriging interpolation was used to map the spatial distribution
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of soil nutrients and fertility using ArcGIS software. With reference to the 6 —grade criteria from the 2nd National Soil
Survey, SOM in Changchun was graded as no. 2 (high level ) with an average of 34.51 g/kg and most regions had >30 g/
kg. TN, AN, and AP were graded no. 3 or higher, with an average of 1.37 g/kg, 133.04 mg/kg and 38.47 mg/kg,
respectively. The spatial map revealed that most urban regions had TN 1—1.5 g/kg, AN 90—150 mg/kg and AP 20—40
mg/kg. TK and AK were graded the highest ( grade no. 1) averaging 58.7 g/kg and 255.85 mg/kg, respectively, and most
regions had 50—60 g/kg and 200—300 mg/kg, respectively, based on the ArcGIS map analysis. TP reached the mid—low
level (no. 4 grade) , averaging 0.51 g/kg and most regions on the spatial map had 0.4—0.6 g/kg. The pH of the urban
forest soil ranged from 5.43 to 8.89, and soil bulk density was in the range of 1.11—1.62 g/cm’. Spatial distribution of the
Nemorow comprehensive soil fertility index ( F') revealed that most urban regions were within the 1.5—1.8 range, indicating
medium soil fertility overall for Changchun City ( grade no. 3 in the 4 —grade system). In addition, forest type —related
differences were mainly found in pH, TN, TP, and TK ( P< 0.05) , and ring road—related urban—rural gradient differences
occurred in pH, SOM, and TP (P < 0.05), whereas administrative district—related differences were found in all studied
parameters, except soil bulk density, TK, and AK (P < 0.05). F differences in different forest types followed the sequence
LF > AF = FF > RF. In different administrative districts, the sequence was Lvyuan > Chaoyang > Nanguan > Erdao >
Kuancheng, whereas for ring road-related F differences it was 1-ring > 3-ring = 4-ring > 2-ring > outside 4-ring. Based on
these results, some measures to improve the urban soil of Changchun were proposed, such as loosening soil, reducing soil
alkalinity, litter compost cycling on-site, N-P fertilizer addition without the addition of K, and N-fixing using trees with low
P demand to maintain suitable soil fertility. These soil diagnosis-oriented measures could promote better development of
urban forests and green spaces, and our data provided an example of urban soil fertility evaluation for improving soil-based

urban vegetation ecological services for resident life.

Key Words: soil organic matter; soil N, P and K; soil physiochemical properties; soil comprehensive fertility index and

grading evaluation; spatial distribution map; urban forest types
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Table 1 The classification criterion of soil nutrients

gH o APLBiSOM/ AR TN/ 4Tk TP/ 241 TR/ TR AN/ HEE AP/ HRLHT AK/ LRk
Grades (g/kg) (g/kg) (g/kg) (g/'kg) (mg/kg) (mg/kg) (mg/kg) Comment

1 >40 >2 >1 >25 >150 >40 >200 R
2 30—40 1.5—2 0.8—1 20—25 120—150 20—40 150—200 [
3 20—30 1—1.5 0.6—0.8 15—20 90—120 10—20 100—150 Gl
4 10—20 0.75—1 0.4—0.6 10—15 60—90 5—10 50—100 LA
5 6—10 0.5—0.75 0.2—0.4 5—10 30—60 3—5 30—50 ik
6 <6 <0.5 <0.2 <5 <30 <3 <30 TR

x2 MEFREAEPIEERESRIRE

Table 2 Grading criterion for various soil properties in the Nemorow grading method

N W Sy e bR N IS S PG b
R ( Classification index of Nemorow ) LI ( Classification index of Nemorow )
Soil properties Soil properties
X, X, x, X, X, x,
AL SOM 10 20 30 4R TN 0.75 1.5 2
2 TP 0.4 0.6 1 24 TK 5 20 25
B AN 60 120 180 ML AP 5 10 20
BT AK 50 100 200 pH(>7.0) 9 8 7
pH(<7.0) 4.5 5.5 6.5 %5 ¥ Bulk density 1.45 1.35 1.25
%@E(Q)?l.“-s Hﬂ‘,Fi=1.45/ci(FiS1) (5)
2135 g/em’ < ¢,<n B, F, = 1+(¢,—-1.45)/( 1.35-1.4) (1< F,<2) (6)
241.25 g/em’ <¢,;<1.35 g/em’ i F,=2+(¢,— 1.35)/(1.35-1.45) (2< F,<3) (7)
2 1.14 g/em’ <¢;<1.25 g/cm’B , F, =3 (8)

4 pH<7 W 3& A 1—4, % pH>7 i, 3E FH A 5—8, 45 ifE pH {6 9.8.7 73 HIXT I 44T 1.45.1.35,
1.25,
H i R PO R N2 2355 PR B0 I T ARk i - RS 1y AR 5 0P . B IERI NS T A

FzJ(Fi)z + (Fu)’ (n - 1)
2 n

Kby PO RIS IR 85, FoON S R 850 (8, F, NS IR 38 B0 b B/ ME , n NS TR
AL
1.4 A B S 2 6 N 18 B0z (8] 430 A BUR

T B A E RS MG T ik BN A 22—, 3T X Ry ik HeA% 48 7 vk RS i S A R0 3kt e &R
iRz, ASCHRIESTRREIFLS G 4 E A R EHES A AR I N ArcGIS 10.2 KR i) - B IL 8 bR 2 25
AR HR FH A T v B AR (R, b pH RIS HAG(E X 4345 (pH 6.5—7.5, 455 1.2—1.3) "1 (pH 7.5—8,
1.3—1.4) 2 (pH >8, % H>1.4)3 MEYH AL B E L 0K 4 DNEH, 50002 TR (AP 14—20
&/kg, WA 70—90 mg/kg) 1 LA (AP 20—30 g/kg, Bllfi# A 90—120 mg/kg) | (£ HLBT 30—40 g/
kg, Bf# A 120—150 mg/kg) AR @ (A HLE >40 g/kg, Bl ff & > 150 mg/kg) ; 4815 2 K, 4352 &
(50—60 g/kg) FIEE (>60 g/kg) s 2RX 4 3 NEH, 4 HET T (0.9—1 g/kg) L (1—1.5 ¢/kg) i (>
1.5 g/kg) s WK 0 3 DG A3 HRR(0.3—0.4 g/kg) R (0.4—0.6 g/kg) 1 F(>0.6 g/kg) ; R
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RI93 3 NG, o R (150—200 mg/kg) AR (200—300 mg/kg) AEH 5 (>300 mg/kg) ; A HE 1115 %K
5y R25(1.4—1.5) P (1.5—1.8) B (>1.8) , ML T KA T ARAk 4 HEHfb 14 o S 255 I8 ) 48 8K
23 (| oA
1.5 ik

B JMP 10.0 X A [RIBRES FFECIX BR8] -+ e Ab 1 bR i 47 07 22 4047 F1 22 35 LB, Excel 2010 43 #7 +
PR R0 GE VT 2E RRAE I 2 A6

2 ZR5HH

2.1 AR BB SRR

KB RSk 380 pH {H0 5.43—8.89 ,FHI{E N 7.57, AR R509.26%, KETIEREN 1.11—1.
62 g/cm’ SEYE N 1.38 ¢/em’ BT REL6.99% , HHEH LT 6.58—124.74 o/ke, V40 34.51 ¢/ke, BH R
R 50.41%, HIERFTHEEN 1.37 g/ke, BATEH 0.35—3.4 g/ke, 57 R%039.03% , W& EN
0.51 g/kg,ZAbVEH 0.21—1.81 g/kg, ZEF R E 41.04% , A 550 58.7 o/kg, 2L TE Hl 29.27—87.32
o/kg, BT RAB6.12%, +HEm R A2 & B 133.04 mg/kg, A8 fL T Bl 28—402.5 mg/kg, 78 5 R KL 39.
67% . HRBEE-1 & 38.47 me/kg, ZEALTE I 2.83—302.65 mg/kg, 255 24K 94.71% , WAL -2 1N
255.85 mg/kg, ZBALTEH 69.99—1055.4 mg/kg, 255 2K 55.77% (£ 3) .

x3 KEHTHRNG T IERIERERERITE

Table 3 Descriptive statistics in various studied parameters of urban soil in urban forests and green spaces of Changchun city

3 E M ORAH f/MHE brif2 T {H 5 5 Z K %
Soil properties Maximum Minimum SD Mean cv
pH 8.89 5.43 0.7 7.57 9.26
%55 Bulk density/ (g/cm®) 1.62 1.11 0.1 1.38 6.99
AP SOM/ (g/ke) 124.74 6.58 17.4 34.51 50.41
2% TN/ (g/kg) 3.4 0.35 0.53 1.37 39.03
4 TP/ (g/kg) 1.81 0.21 0.21 0.51 41.04
441 TK/ (g/kg) 87.32 29.27 9.46 58.7 16.12
AR AN/ (mg/kg) 402.5 28 52.78 133.04 39.67
B AP/ (mg/kg) 302.65 2.83 36.43 38.47 94.71
R AK/ (mg/kg) 1055.4 69.99 142.68 255.85 55.77

2.2 ARFEIMRAL REFTEIX AS R ER T e B A 5

ANTRI RIS + S PR PR BT LU EORF pH A 20 Bl USR] T W E /KT (P<0.05) , pH 3R K 18 B Ak >
BAANE R TR AR > A FH 74P bR > B P, 4 R0 Rk B ULAR > A FH Bl 37 bR > B0 B > 3 6 A, 4 Bl 6 B M S bR >
BAAE R T > B AR>S A T B A B e R 2 B kg A FE 97 4 K > S bR > B [ IR >3 bR, LA e AR (L HE 2
BB O | A A SRS R AR ] 25 5 8 i (P>0.05) (K 4) .

ANRFTEIX + PRI FR PRBR 25 8 4 U A, 22 S IR 3 T B35 7KK (P<0.05) , pH 8 Ry 4l X
IR X > T8 XS PH X > X, A WL A 4k bl X > 81 BH X > 58 X >R IX > SE IR X, R RPN I8 X
ST R IX >SSk Bl X > EBH X > Fa 30 X, 42 0 R O X > B Bl X > 38 X > T 3 X > 53 B IX, B i 2 3% 0 A 9 B
[X.> B 5 X > G bl X > 18 [X > G 3k DX 80 2 30 R i G DX > &l X > Bk X > 3B X SEHRHIX (R 4)

TEIRTALBREE | pH M 3 354 3152 FR>4 40> 1 3R AP A 1 352 >4 >3 >4 340, 2N 4
H>1 ¥>2=3 >4 Hhb, REIRFEEL pH AR SRR N 2ZEF R B E(P>0.05) (F£4),

2.3 R[FEIMRES RFEATEX SRR 25 A IR 13850
KA FRARAS R AR IR 225 A0 F1 38 B MR AE 1.55—1.65, SULAK (1.65) > B3 B} Ak = 4 HH Bl 47 Ak
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(1.63) >IEFEMR(1.55) (£ 5) .
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Table 4 Comparison of soil properties among different forest types, administrative districts and ringroad—related gradients

s 55 AE ' AT 2R 2 el TR R HAUH
Classification Variables pH Bulk denilty/ SOM/ TN/ TP/ TK/ AN/ AP/ AK/

(g/em”) (g/kg) (&/ke) (g/kg) (g/kg) (mg/kg) (mg/kg)  (mgrkg)

A HREBK RF 8.04a 1.39a 36.26a 1.17b 0.50ab 59.78a 107.56h 33.57a 252.01a
Forest types B @Ak AF 7.78ab 1.37a 33.03a 1.39ab 0.52ab 60.10a 132.66ab 32.43a 283.16a
S LR 7.31c 1.38a 36.99a 1.44a 0.55a 58.43a 137.90a 45.36a 246.15a

Bk R 7.41he 1.36a 28.28a 1.40ab 0.44h 56.65a 153.38a 34.68a 255.23a

FTEIX R 7.41b 1.36a 39.73a 1.40ab 0.44b 57.88a 147.48a 28.31h 228.21a
Districts s ) 7.63ab 1.38a 34.37ab 1.45a 0.51ab 58.74a 123.94ab 36.89ab  271.39a
T 7.94a 1.38a 23.06h 1.05b 0.50ab 56.88a 110.69h 39.96ab  226.90a

=37 7.94a 1.35a 39.94a 1.42a 0.56ab 57.64a 127.40ab 40.68ah  299.14a

[:BS 7.37h 1.40a 32.78ab 1.43a 0.57a 61.70a 139.27ab 50.06a 271.25a

b7 i 1 5 7.26h 1.35a 44.87a 1.47a 0.55ab 59.27a 138.56a 53.05a 275.96a
Ring-road-related 23 7.51b 1.39a 38.26a 1.41a 0.53ab 58.82a 124.12a 40.95a 259.30a
gradients 3% 7.88a 1.38a 33.98ab 1.34a 0.53ab 59.94a 123.89a 34.70a 261.46a
4% 7.71ab 1.37a 34.75ab 1.38a 0.60a 58.97a 129.26a 49.78a 270.17a

4 4 7.33b 1.37a 28.49bh 1.32a 0.44h 56.91a 149.72a 31.94a 234.85a

P RF N Roadside forest 455 , AF i Affiliated forest 475 ,LF 4 landscape forest 455 ,FF i Farmland shelterbelt forest 475
F5 ETIEEABEENTERNDSEIEN
Table 5 Comprehensive evaluation of urban soil fertility via soil fertility index method
Fi
KA Vs i e IR BR AW AW M mE waw R F
density SOM N TP TK AN AP AK

A HEHEMRF 191 1.67 2.76 1.58 1.48 3 1.77 2.81 2.82 2.2 1.55
Forest types @Ak AP 2.21 1.78 2.62 1.8 1.54 3 2.01 2.78 2.85 2.29 1.63
BUARLE 241 1.75 2.59 1.88 1.58 3 2.17 2.7 278 2.32 1.65

Bk FF - 2.49 1.92 2.41 1.91 1.25 3 2.34 2.77 278 2.32 1.63

FRELIX 2P 2.05 1.99 2.76 1.87 1.68 3 1.95 2.9 2.89 2.34 1.69
Districts M 2.4 1.89 2.83 1.9 1.27 3 2.28 2.63 2.86 2.34 1.66
:BS 2.5 1.6 2.49 1.84 1.6 3 2.18 2.81 2.83 231 1.64

—if 2.29 1.72 2.65 1.91 1.53 3 1.97 2.85 2.82 23 1.61

FEI 2.04 1.72 2.15 1.42 1.45 3 1.84 2.81 2.69 2.13 1.51

PRI 1 5 2.57 1.93 2.81 1.92 1.68 3 2.18 2.92 2.92 2.43 1.78
Ring-road-related 2% 2.34 1.63 2.74 1.88 1.56 3 1.95 2.7 2.84 23 1.59
gradients 3% 2.1 1.74 2.63 1.75 1.59 3 1.94 2.79 2.86 2.27 1.62
45 2.11 1.8 2.51 1.74 1.54 3 2.1 2.89 2.76 2.27 1.62

4 34 2.39 1.83 2.42 1.8 1.23 3 2.32 2.57 2.67 2.25 1.58

ANFFTBUX LR HE T 18 80 1.51—1.69, 2 d X (1.69) >HIFH X (1.66) >F KX (1.64) > "3 IX.
(1.61)>FEIMIX (1.51) (R 5)
AR PR TR AR 3R K0 1.58—1.79,1 31(1.78) >3=4 3£ (1.62) >2 ¥ (1.59) >4 FFA(1.58)

(%£5).

2.4 KA RSk SR T 255 AT 18 5O 22 18] o Al
KA AR 4% PRALAR b S 255 BT D 48 By 25 1B o A an ] 2 P 3 iz, R o 8 pH AR R 7
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7.5—8 ZI0],6.5—7.5 Z[B) ) -3 32 BLAE v AE AR A AR BH R R DG 3B 43 DX, KT 8 1 X = AR v e P g £
FIERF R IXELH 1.3—1.4 g/em’ , KT 1.4 g/cm® (1 X585 3 b 7 g 35030 20 IX el A WLT AR 7 R
TAY X >30 g/kg , JLTHR AR FF X 25K 2030 g/kg; 2R RAL L TE W X AT /N3 K Ii<1 g/ kg Ab, KBSy
KIREETPTE 1—1.5 g/kg; BRI X IR 0.4—0.6 g/kg; SBT3 X I K 50—60 mg/ kg ; B fif A &B 43
XA TP AE 90—150 mg/kg; AR I BH XA /NER 3 X880/ T 20 mg/kg A1, KA 4 XA 20—40 S >40
mg/ kg ; SR A4 XIBN 200—300 mg/kg, £ AE 138 R AL 30 DX/ N4 X 30h 1.4—1.5, 51 FH X AR
INERAY IR T 1.8 A1, KR4 KIBAE 7 1.5—1.8,

A /(g/em’) ,:’ )
1213 B 1420
[ 13—14 [ 12030
[ ]>14 [ 30—40
[ ]>40
25/ (g/ke) 2B/ (g/ke) 24/ (g/kg)
B 0910 B 0304 I 500
I U B 10406 [ 1>60
L 1>1s ] >06
) R (me/ke) B/ (me/ke) /M (mg/ke)
y B 70— B 14— B 150—200
1 90—120 [ 20—40 1 200—300
[ 120—150 [ ]>40 1 >300

[ ] >150

B2 KEFTHRAKRGMARTEERZEAERSHE
Fig.2 Spatial distribution map of various soil properties in urban forests and green spaces of Changchun city
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