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Table1l Vauesof membership curve break of soil fertility indices
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Table2 Measured data
BEER MRSy

L5 % AL AR

kg kg kg kg kg N ; <L) <L) <L)
(mg - kg~) (mg - kg~) (mg - kg~) (mg - kg~) (mg-kg~) (G-kg) (mg-kgh) (mg-kgh) (mg-kgd) (mg-kg?)

1 0.216 70.02 4547 23.87 102.41 24.16 199.28 276.3 231.87 157
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E74 0 $E% TR R
I I<04 AR
Il 0.4<SQI<05 1%
n 0.5<SQI<06 h
1Y, 0.6<SQI<038 =
Vv SQI>0.8 e

3 EMISHR

KWK, ANE A 7 R AR A E
G JE 2= W, FEACHE R WS A SR KT, R
AREAR FH Hi 1y A i R e 1, IR SR X 2 i ok
YOAF 25 B PR A I 1 & SR B O B2 o AR ST SR FH I S
Bl K H ACIE TR X, FEARFERE T 5 LI AR F Hh s
R, K9>SR BUR 2 K20 sz b o, F kAT
RN FH ) F RO RS A A3 7 Bl R (Fe#FHh ok
R S CRRORIS K ve ) Vg (BfH
KB, =R R S K AR IR . BR
i, R (hEdb). Eh, wedh (CLAb ).
3.1 HIBRGITHHE

SRR TN 1) RS AR AT G b, AT
iR 4.

MWBMERE, WH BRI AE B SN fabs 3 & s i
T SO RAT R A Zn Ah, BT FRARIGE
R MR AR A S R . IR AR IR A 1 IR
i ] e SR AR R AR IR 2k, AR £,
TR 0 5 F A1 T X 5 Kt Pl e 200 3 b 9 i i
Mo Ay KB, Bt AR, AR S R R
HR FE el A 2 7 o 2 v T R R 7 5. 3R
PEGE TS 45 SCik ) I HE 2R AP, (HAE AT
GEX, 1T 4 Ll e bR P 2 A A 11 - 4
JEAR AR, AFXANTT DR A 5 K 1 e 7
i VLT A 0 E R 77 3, il ve RS R A 1) 32 22
FEWHE TG YT IE (I FEA R - EAET BRIk, IR AhIE
IR B R Fe b 1 22 e 1 S 20

B RE (CVD) IR /INR RS T R M 2 R A8 e 1 )
TN, BRRE CV<0.1 A5 RME, 0.1<CV<1 i
AR b, CV=1 I hysiAs kR, AT LUR



314 AN TR R

2010 4F

EOWLH A - ST 00 5 FiE br (1022 S5 2R 0 dl v T R
IR AT R TR AR, ATHURM R A2 7
Phtse/ s, AR (R A S PE K, SOHAT R AR AR
LF) 1.03, GRS, HIRID T 1, 4 0.92. gt
AR AL ST, TR RN 9548 . MH L e
T IEAT AN AR R O s R . S R ARAsT, Cr

JE AR bR, ARG ) F AR SV . G % PP
RSB DN o BARFRIAR R B AD HE 7 5 S0k
H A DR ABL, 2 LA S A TR L A S T L
HEER,

DRI, B R FR S 4810 23 A £ i 15 SOk P IR 2 o R
HERML, BEAR BRI, (LRS8O LRI,

A5 R MU /N, B g9, T Cd KRR RBAERE S W RE S OISR s A0, AR A

F 4 TIERERRNSITEHE
Table4 Statistical characteristics of soil indices
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(9-kg")  (mg-kgh) (mg-kg’) (mg-kg!)  (g-kgh)  (Mg-kg®) (mg-kg?) (mg-kg®)  (mg-kg?)  (mg-kg?)

SD. 523 42.79 88.84 60.17 0.30 0.02 281 320 182 10.16

AR AVE 11.20 28.59 140.82 36.57* 0.71 0.10 55.38 13.35 11.68 55.16
C.V. 0.47 1.50 0.63 1.65 0.43 0.23 0.05 0.24 0.16 0.18

SD. 9.74 10.36 65.32 4.15 0.49 0.04 470 554 3.60 10.95

PR AVE 13.16 13.63# 144.35 8.62 0.72 0.08 56.04 11.57 12.96 54.03
C.V. 0.74 0.76 0.45 0.48 0.67 0.48 0.08 0.48 0.28 0.20

SD. 16.03 7324 16454 067 103 0.10 172 6.07 0.78 16.77

Wb AVE 2634 63.63* 233.95% 833 1.64* 0.17* 58.26% 22.34* 15.09* 80.56*
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S.D. 1.43 18.42 67.60 3.85 0.05 0.02 0.10 0.85 0.82 7.00

B AVE 6.24% 18.02 119.10 4.19# 0.41# 0.08# 54.51# 10.12# 9.55¢# 54.78
CV. 0.23 102 057 0.92 0.13 022 0.00 0.08 0.09 0.13
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Table6 Soil fertility quality evaluation indices with different land
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W20 T A VPAN 5 b I A O R B B BT 8
WA e BB BRI L, RIS H 28 e A R H .
TR B A E R B AL, 4 15.15%; & & &, M 23.91%:;

M PR BRI R G, P s, 153
0.676, ik 2, } 0.484, HHuFIPEAN{E E A%, 24 0.211;

HHUFA 22.56%; %40k 21.81%; A 15.15%.
Ut BIAE LR ) PR b AR DTk oK, AR A D . AL
TR R 520 1 A B i R <l A <A Al < L
J<E%.

ARG R, AR A ) 5 & VPANEL 3 shya K,
TR/ s AR S RO R I, S AR ) R
RO, TR I D) T W s A3 — . IR
P RHEE A e i > S > R > A > S e > S >



%12 1 TRVEFFEE . AN LR 4T LIRS A VPN T 315
FEH siith, 0.635; Wb, 0.756; sEih, 0.792; Hiih, 0.552.

3.3 TIEEEEITEITM

%#% Cd. Cr. Cu. Pb. ZnfEAVEM RS, PEAR
HEM LS [T R T AR (1) B AR S AT 4
JETG RV o KB FF s R PR AR N T 0.7, U
B R EHEAREE R R 4, AT DRI S E S S
I AR R, B BE, BRI Fl
SR R IS YRR (P W T A - ORI O
FRHEKZ, BRI AR AP T3 R G
VRS AR B : M Cdy Cu. Pb. Zn ) PI
e, M Cr 8 Pl e o A T S S b S et 45 A -
I 77 3 ) SRR BRI, R A2 v G fia His
AT TR RV . B 2 TR AT LA iR i PN
g, 155 0.819, it PN 1%, b 0.524. MBS
g g (PND KBS A« b > S > 5 b >
B > bRHh > R > B,

Lor O rpiicd) O Pr(Cy)

09 } O pr(cu) @ PI(PH)
08 b W rr(zn) W PN

0.7
0.6 F ] M
05
04 H

aRiigit

0.3
0.2 H
0.1 H

0

O BE e M RE M FOf
SR T

W2 $ETRANETTREZHER
Fig.2 Average values of single factor pollution index and
Nemerow indices of heavy metal

3.4 ITERELZESTFN

DO BEE! £25% i §111B5) Wl o1 WO o we= <01 WK 1 B2 87
R AEA AT, T QI AR (WA (5)) BEATRY,
3 HUREH SQI {1k 0.848; #kHb, 0.704; ¥Eih, 0.966;

HeTrtEEL
£10.10~0.12
O =012~015 g
CI=015~019 e
s @>019~02 |
. o m>0x~03s
' B > 035~049
- 049~070
W =070~ 1.00

5 10 20 km

b. A R B

Frid, JEihir) SQI Fa it s, B i K. TSRS
TR Ay . Wb >R > S > 5L [ > ikl > 5%
i > B,

4 NSRRI EE

T EAFE SR e AFD KNS THER G, 5t
AR 3 PRV gt BT b (B 3D, REW
A H SQIFE BUAMIL T H 3 I A 4 g v Gk v .

B IFI R0, SQI SV & T3 K, (AfEfE
—EWH), TEPRSIATLIEEE] PN 5 SQI IR KR,
PN T K, fAE75s, QI T/ PN /N, HHEER,
QI T K AHIZ S0 EE SQI PR EAR & AT AU
%, FEJFEPABURE i i LR 7 2 G AR
FE 22 T PR RARIRE L (CREHIEE),

= 12 r 130
H —— SR (FD)
g 10+ —e— Pl R (PY) 1 25
b —— LHIRTEE (5D 5
Ly 20 &
& 08 )
:‘@ am
£ g6 15 E
= =
g 0 B
é 0.4 ]
Z 0.5
£ 02
= 0

0 10 20 30 40 50

FESL

B3 ZAN I AT B
Fig.3 Comparison among three evaluation methods

FER R ESEVPA 8 R RIS S, A T-HE)
I o SR HBGE T2 R 5 3200 3 R PP A 4 SR EAT LE
B, BT HdhE, SR RO B R (A AR
JURRPPAN G R R 22520k . ARAELR (1B 4D ) B E%
AL DR ER 13 R A e, RS DRI, 27 TR
AR <5 e PR Al KRR TR IS NS5 — SR T T S
A DO AL G VP T3k

N N
A\ I\
i) I
PGS {5 YR Bl
[1049~051
O =051~052 B e
. | O>052~053
o b E>053~054 O 14 (Bfis)
L= 054~057 [ 11%% (%)
B =057~ 0.60 1 101 ()
B = 0.60~0.70 IV ()
= 0.70~075 H B V4 (B )
=075~ 1.00 . &
10 20 km - ‘ 0 5 10 20 km

c. LI R

B4 BAFRN T kAL R
Fig.4 Comparison of interpolation results of each evaluation method



316 AN TR R

2010 4F

A e g R A RRUEERIXS B, AR B SQI
TREOTE R RIOLBAE, kAR S T LR A
R TTRRO, RSB i T B AR
PERIAR e, RS TR OGBS s KA, VR4S
RN

5 KHEEIREAYERIT

5.1 SiFIEFRAYIZEN

PEM AL L2 1) 2 LIRS e, A% BESS LR
orfebs M LR SRR bR, IR RAR RS AL
JRL B K. AR GERCE. AR, A
AR 8 Mtk TEESEIRbARES ARTEH 8 4
f&br, fU4%: Cd. Hg. As. Cu. Pb. Cr. Zn. Ni. #ig
AR AR EER 2 PP A R B, (HISE R AR R
FRECA B, B2 SEBR R R & 76 R A R £ 15
P I e T FUSEAFEE B, 2 1E RUOh W VP B AT &5 4
S R LR G IERE . 5 DLRTRERUAH L, i AS A m 4 A
PERE R, (HO4 TGRS, NASDT 6 MRk,
5.2 iFMEENERSEE

T AR SCHT R I s V5 R i b, M 30 5 G B P R
%, ZEF A ] T R 18 S0P M S5 10 B Pt AT 14
U O o1 4i%idls, M4H 5 AN 46ks, 8 AN ES
JEFRRR, A ntROAR AR, RO S N B R A
R 1), B AR R A5 Y YRR B DX RS . %
HESAFE SN DS Y4540 (PND K/NHTHE R IS, X
BT FE s ) 3 I s it Txt Lk (B 5), REMWE H
P KE S QI PEMHME B4 0~1 JEE N, H SQI Bi% PN
MIMER, R B TUNY, AR R AN IR 5
QI FLAT R BRI o IR AT DUE H iR T b 2575
YUFERE I X R B A

—— LHEI R (Son  —— MEATEE(FD

. —— PHEE S HIERL (PN) 13°
& Wit 123
ﬁ 08 | =
§=__n o M& 1 2.0 Tﬂé:
E oo | AL | { £
= A WY B 115 2
e fit : y =
g 04 F 4 1.0
4 it

0.2 0.5

0 20 40 6 80 100

R

B 5 #5543 RPN ket
Fig.5 Comparison among three evaluation methods in medium
polluted area

X AR G AT 15 Tk — 2D AT .
PETS RERE FEAR o DX, o ™ DX AR AR R B IS S 5
5.3 iFMraRERIXI S

AR TR “ A2 A, L R SR
S EB AT AR AR A bR Rl 2K, (e it

oA P St A B e 5 R R PO L S i A I A
BOK KIS DA A A 45 SR PR A AR B A7 AEAR K
TR o PN S5 R R o A R s> N O EW 3
FRISE M A SN, A5 ) A RO AT HE Y, 0 AR
gy, oHEER R —JbRitE, R RMELE S IR R
IHERE R =g, GRE RN R, KUK, R
TERC TR 3 WP bR D 1 o IR i oK i
7, ASCRH T SO0 EE RUZAE I X SCHR A A 1 $di 0t
TR VN AR, R EORAE

6 % it

BT AP RIS T R R BGE AV
TIELEA TR, AR A 3R 5 3R AR T ik
T TIRAE, SRV SR SRR FERERO AL T VEAY
PR E T 5 A AR Ay« ikt > St > AL FH >
>R > S >R, SR MR S QRO B e T
JERDLHAT PR, TG AR /N > 3¢
b > St > SR el > bRt > > w0 SR R i
Hodoxr LR TSR G VR A, A5 R R IR
MUYy = s >R P > St > SRl > AR > it > ol
T 28 T 0 B8RSR ] (RS B 0B B DR B e i 6, it
NP RICE S p G e e w1 W NI Rl R S /N
SEOLVEI A RE VR AL, BRSO T ARNE AR TR
TERIRBEAE L, 0 T AR A= R i ik bk 423
PRET DR S AT IR I ZE 0 R

B2, W T ulIe AR D R, A AR JE
X AT T RBVIRAE,  PEAbRAE o B P 5
RETTE M T A X R A 15 T30t — 2D k.

(& % 3 #f]

(4 HKIRA, sLoAiE, WRWEE, A& VLR IR RIEIL I
WS AR RRAE[D] . T 3E2Ed), 2004, 41(2): 315—319.
Zhang Qingli, Shi Xuezheng, Pan Xianzhang, et al.
Characteristic of spatio-temporal changes of soil fertility in
Jintan county, Jiansu Province[J]. Acta Pedolgica Sinica,
2004, 41(2): 315—319. (in Chinese with English abstract)

[2] Alexander M. Agriculture Responsibility in Establishing Soil
Quality Criteria, in Environmental Improvement-Agricultural
Chalenge in the SeventiesfM]. Washington, D C: National
Academy of Sciences, 1971: 66—71.

[3] Soil Quaity Management and a Gro-eco System Health[Z].
Proceeding of 14th International Conference, East and
Southeast Asia Federation of Soil Science Societies. Cheju:
Republic of Korea, 1997.

[4] BILHE, M, RBEAR. TIEpTE SRR, LI,
1997(3): 113—120.

[5) oK%, dKHR, BT [. SOTER ¥ufli /i s T+

R LA VT LA S o[ 1hih2Edk, 2001, 19(4):
377—380.
Zhang Xuelei, Zhang Ganlin, Gong Zitong, et al. Soil quality
indexing system and evaluation for Hainan Island based upon
haisoter[J]. Journal of Mountain Research, 2001, 19(4):
377—380. (in Chinese with English abstract)



12

SRIEAFS . ANIA) AR G0N H IR 2R P 7 ik

317

(6]

(8]

(9]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

AR, T, BB, 4. GISSCRE N 2B
IV 5[, LIS, 2000, 9(2): 99—102.
Ca Chongfa, Ding Shuwen, Shi Zhihua, et a. Soil fertility
evaluation based on GIS at town and township level[J]. Soil
and Environmental Sciences, 2009, 9(2): 99 — 102. (in
Chinese with English abstract)

ST S M w1 e B 1 = Y R R o W R e T R
RS REHAE. KRS, 2006, 13(3): 30—33.
Zhang Xinyu, Chen Liding. The progress and prospect of soil
quality indicators and evauation methodqJ]. Research of
Soil and Water Conservation, 2006, 13(3): 30— 33. (in
Chinese with English abstract)

Ditzler C A, Tugd A J. Soil quality field tools. Experiences
of US-DA-NRCS soil quality institute]J]. Agronomy Journal,
2002, 94(1): 33—38.

Kirchmann H, Andersson R. The swedish system for quality
assessment of agricultural soilgJ]. Environmental Monitoring
and Assessment, 2001, 72(2): 129—139.

Masto R E, Chhonkar P K, Singh D. Alternative soil quality
indices for evaluating the effect of intensive cropping,
fertilisation and manuring for 31 years in the semi-arid soils
of Indig[J. Environmental Monitoring and Assessment,
2008, 136(2): 419—435.

Sparling G P, Schipper L A. Soil quality monitoring in New
Zedland: trends and issues arising from a broad-scae
survey[J]. Agriculture,
545—552.

W, EAME, WEAINI, . RIS R R g
VM. Aok TFE2ER, 2009, 25(2): 228—231.

Han Ping, Wang Jihua, Pan Ligang, et a. Evauation of soil
quality in suburb of Beijing under field scale[J]. Transactions
of the CASE, 2009, 25(2): 228—231. (in Chinese with
English abstract)

FRERSSF, ZRes, Aofli, 2. R R R 7 skt
BOREMEM[. A&FE, 2006, 25(1): 59—63.
Kang Lingfen, Li Fengrui, Hua Wei, et a. The effects of
different land-use types on quality of urban soilg[J]. Ecologic
Science, 2006, 25(1): 59—63. (in Chinese with English
abstract)

TR, AEAS, WRITEN. 28220001 SR s A H X 4
R TEN[Y. R TSR, 2008, 24(7): 106—109.
Zhang Wenwen, Li Xinju, Chen Lili, et a. Soil quality
evaluation of plain land consolidation projects in Tai’an[J].
Transactions of the CASE, 2008, 24(7): 106 — 109. (in
Chinese with English abstract)

FMEHE, SREE, BTN AntT RS Uy 0 H P2 S
BEFRAIRBLA T SYEN . ARl B WS, 2007(10):
113—120.

BT, Bietr, A%, 5. dbatb X EEAR M IR
BRESI SN, AR TRE2EHR, 2006, 22(2):
60—63.

Li Xiaoxiu, Lu Anxiang, Wang Jihua, et a. Anaysis and
assessment of soil environmental quality of some farmlands

in Beijing[J]. Transactions of the CASE, 2006, 22(2): 60—63.

(in Chinese with English abstract)

Ecosystems Environment, 2004, 104:

(17]

(18]

(19]

[20]

(21]

(22]

(23]

[24]

Friendl, K2, 2708t e v H AN R ORIy 5 0R
F I S B N[, LG AL 2R R, 2009, 21(7):
97—99.

Chen Jingjing, Zhang Chu. Application of multivariate
statistical analysis in evauation of soil fertility under
different land use modeq[J]. Acta Agriculturae Jiangxi, 2009,
21(7): 97—99. (in Chinese with English abstract)

FEE, (A8, HEE, . REGTHH AR LA T
SO IR S [] . VR ORAE AR HARER IR
2010, 32(1): 105—110.

Guo Yanjun, Ni Yu, Han Jianguo, et a. Influences of land use
modes on soil qualities in agro-pastoral transitional zones in
North Ching[J]. Journal of Southwest University: Natura
Science Edition, 2010, 32(1): 105—110. (in Chinese with
English abstract)

GEMERE, ARWZR, WA, SRR 72U Rkt
BRI, AAHEE, 2007, 16(1): 152—157.
Hou Pengcheng, Xu Xiangdong, Pan Genxing.Variation of
soil quality with different land use change in Tai Lake region,
Jangsu, Chinaz A case study of soil quality survey of
Wujiang municipality in 2003[J]. Ecology and Environment,
2007, 16(1): 152— 157. (in Chinese with English abstract)
rRAE N RN [ [ R bR fE(GBIT 21010-2007). -3 B
R4rJ[S]. 2007-08-10.

B, AL, migle. A G MR T
FA M ARAELT. KL ORFF R, 2009, 23(5): 261—
264.

Jiang Wei, Bai Junhong, Gao Haifeng. Profile distribution
characteristics of living elements in wetland soils from
typical raised field in Baiyangdian lake[J]. Journal of Soil and
Water Conservation, 2009, 23(5): 261—264. (in Chinese with
English abstract)

ERR, Aek, AEH, 5. TR XA 1
MR 7 2R 38 IR 2 [ TR R 5 R
5%, 2010, 19(6): 634—639.

Wang Yuerong, Zhou Jinxing, Zhou Zhixiang, et a. Effects of
different land use patterns under converting polders back into
wetlands on soil nutrient pools in the Dongting lake region[J].
Resources and Environment in the Yangtze Basin, 2010,
19(6): 634—639. (in Chinese with English abstract)

Ak, SRR, BIRE, & dbstii RN X LR E SR
R AR . FREEREA AR, 2004, 24(3):
463—468.

Hu Kelin, Zhang Fengrong, Lt Yizhong, et a. Spatia
distribution of concentrations of soil heavy metals in Daxing
country of Beijing[J]. Acta Scientiae Circumstantiae, 2004,
24(3): 463—468.

I, SRR, B, 5. R Kriging fRE AR
AR 1 b S R 3 R A ) A AR R[] e BURlR
222y, 2004, 31(1): 76—81.

Su Wei, Nie Yimin, Hu Xiaojie, et a. Study on spatia
variability of soil nutrients in beima town of Shandong
Province by using kriging method[J]. Journa of Anhui
Agricultural University, 2004, 31(1): 76—81. (in Chinese



318 Al TRE2EF 2010 4F

with English abstract) University, 2009. (in Chinese with English abstract)

[25] ERFE. R A TRy (R () AR S o M SRR I 5T [26] SAF. AT ML TR A5 G R o3 Mt S IR A R[] . AR
[D]. Abxt: EHRIETE RS DI S iRl e, 2009. MR AR AR REERR, 2002, 12(1): 38—42.
Wang Fenchun. The Research on the Evaluation and Spatial Wu Qun. Grading cultivated land quality: underlying
Variablity of Soil Heavy Metals and Nutrients: A Case Study principles and basic thinking[J]. Journal of Nanjing
in Daxing District of Beijing[D]. Beijing: College of Agricultural University: Social Sciences Edition, 2002, 12(1):
Resource Environment and Tourism, Capital Normal 38—42. (in Chinese with English abstract)

Comprehensive assessment methodology of soil quality under different
land use conditions

Zhang Wangshou®?, Li Xiaoxiu?, Huang Wenjiang'*, Li Jianhui?, Ren Wanping?, Gao Zhongling*
(2. National Engineering Research Center for Information Technology in Agriculture, Beijing 100097, China;
2. College of Resource Environment and Tourism, Capital Normal University, Beijing 100037, China)

Abstract: As traditional method of soil quality assessment cannot meet the need of modern agricultural development,
the paper brings forward a comprehensive evaluation method of soil quality: Soil quality index (SQI), in order to provide
theoretical support and reference for agricultural production, field selection of farmland and the protection of agriculture
environmental. This method had been applied to the soil of seven patterns of land-use (grain fields, woodlands, wetlands,
wasteland, orchard, vegetable garden, lawn) in Beijing suburbs, and was compared with the conventional methods. The
results showed that the soil fertility assessed by Fuzzy membership function model was ranked as follows. wetland>
vegetable garden>grain crop fields>forest land>orchard>wasteland>grassland. The soil environment quality was
assessed by single factor pollution index and Nemerow indices of heavy metal, the contamination index in the order:
wetland > vegetable garden> wasteland> orchard > forest land>grain crop fields>grassland. The comprehensive
quality of soil which was evaluated by SQI, ranked as follows: wetland>grain crop fields>vegetable garden>orchard
>forest land>wasteland>grassland. In addition, some significant topics were discussed such as model scope, division
of evaluation results, etc. It was concluded that SQI model not only can be applied to different land-use types, but also
reflects the spatia variability of soil properties and soil critical information, e.g. fertility and pollution. It can achieve
qualitative and quantitative analysis of soil comprehensive quality, and meet the needs of agricultural production.

Key words: heavy metal, soil testing, environmental protection, soil quality index (SQI), evaluation method, fertility



