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Quality assessment of erosion soil on hilly Loess Plateau
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Abstract: Through establishing single factor and integrated assessment models, suitable assessment method for erosion
soil quality on hilly Loess Plateau was selected. Quantitative assessments of soil qualities in different land utilization types
was also performed in this paper. The results showed that soil quality evaluation with weighted integrated method could
preferably reflect the actual situation of assessed soils and effects the variation of land utilization on soil quality
sensitively. The 8 simple soil quality indicators screened out by factor analysis reflected the information of 29 soil
integrate assessment indicates well and results of assessment be of high representative. Furthermore, the criteria of
classification for erosion soil quality were studied out. Soil quality of research area was classified into 5 grades. The
research results also indicated that soil quality on the hilly Loess plateau was significantly different due to different land
utilization types. Soil quality in natural forestland was the best and was classified into should belong to grade 1. Soil
quality in natural shrub land and green house was classified into grade 2. The next one was natural grassland and its soil
quality grade was 3. Soil quality in planted woodland and shrub land was close to grade 3. Planted grassland, revegetated
grassland, cropland and orchard had a soil quality of grade 4.
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HTFARGEMAREDFFRY L RFREL FREHE. EAELRARBFORERRST
R, ERENEE LSRR AR TE B TRARRRSEAS TR SHEEE
GRB,TRFRAGHESHAZI SXEHR HEWLHREY AR REYHEOR AT

BN : 2004-03-11 5D B8 2004-08-03
ELTE: EF L AN SRS E (40301028; 40401026) ; HEMEB TR N AAHFHHHE ; +ER ¥ B REF A B (KZCX1-06)FE B -
HERMA: AR (1972—), B (DUK) BT R IKA LB, M+ FENEHINFRRERRRESREBRL T



286 HYEFRESEREHR¥# 11 %

HRABEAERE, BNEER L REEERER.
OO LR BIE A i s B R BSR4 £ R R
EBHEEEEEX L REREWETARTREN
BRUO ERFE—LAR, . REARFRY
REBRARINE S , X T REB M7k 855
HRRERREN FFEE; FELRBMER, W
SHEYERTRAS; IRELETELE HL.
BEAABEEY, BERBELEEFMLER
BRI N R AL B #T T REAKB
FElO-1 40 A s A 1k T B A SR RGB AL (R
BOU BHESBOBRMA T EEH X L BE
BOPWETE B ESKES BT L RFR
RS E(ER) HBEKEEES H RFEREWEZM
FAAE A AR AU R AR R R L
BV 18R RN T BT E T EFRAS
AT RFEERLIFNPEEERREFEIT®E
B SEERE A EBORITN BN PR
Hpkl102) gt i ST L R g 2 7 1
FPRTES S U E& R B A R |,
MRS A ER R, AZSREEE, MHEX -
RFEBH#ATEAVN. BENETHEEENRML
WHREFN TR, B R M+ R B R A
YA 1 3 R 7 o R B R e DA R E B
TERRERIEFEES RIS, HERILRZK
KR+ R B IR K AR 5 5 L R #
MR, E BIEAS A SIS I BRI 2B
FHTRERRT T RBOIRE

1 MREITE

1.1 HRRHER

PR T ZEE (FRZ 108°51'44"— 109°26'
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Table 1 Characteristics of the studied sites

B FMAFRX  BEECE) ¥ Y -t
Samples Landuse Gradient  Position Aspect Relief Vegetation
4 XW¥ GH FP
14  ATH¥APS 14—~34 U3,M9,I2 L1,85,514,5%4 GSt,HS13 ¥7 % Caragana
9 REOC 20~32 U3,M3,L3 2,851 GS2,HS3, TR4 ¥R Apple

# 16 # Sweet wormwood, B Bk %
46 WM WL 10 —~36 Ul4,M24,18 L13,S11,SL12,SS10  GS4,HS39,TR3  Oriental wormwood, ¥ ¥ ¥ Stipa
bungeana Trin, ##F % Tripoli sater,

28 AIFFAPW 15~35 U2,M2 14,54,SL10,S510 HS15,GS13 HI# Robinia
AT Milet, T X Maise,
73 EHMCL 3—~30 U6,L5,M62 L7,S19,SL20,SS27  HS45,TR21,FP7 A F Millet, T K Maie, 5 %
Buckwheat
l )
13 ATEMPG 7~34 UI,M6 L1,S1,SI9,5S2 HS12,TR1 iﬁ? Deghestan sweetclover, H %
ipoli sater, Sti
2  RAREM NG 12—40 U6,MI0,L6  SI8,S57,84,13 GS B & Tripoli sater KEH Stipa
bungeana Trin

7KA3F Cotoneaster acutifolius turcz. ,
4 3l Bt Rosa xanthina Lindl.

4 KRFANW 15~35 U3,L1 S2,812 GS2,HS2 ST ZR ¥ Vate oak, 1 ¥ Birch

4 KRMEANS 25 ~27 L 3,881 HS2,GS2

UM L AR B TR FPLGS.HS TR 4513 R il RIS 3 Vg3t A B 301 — 22 L.S.SL.SS 4 BIFRR MBI . ¥
BORBY; HE SN REFEBFRIEENE, TR,

Note: GH—green house, PS—planted shrub land, OC—orchard, WL—waste land, PW—planted woodland, CL—cropland , PG—planted grassland, NG—
natural grassland, NS—natural shrub land, NW—natural woodland; U.M.L means upper, middle and lower position; FP,GS.HS.TR means flood plain, guily
slope, hillside, and terrace. L, S, SL , SS in the column of aspect means light, shade, semi-light and semi-shade, respectively. The numbers in the description
of position, aspect and relief is the number of studied site,same as follows.
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=
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p(x) = {x
%o
R,z HIEHERG EEREUFRARRAF 1 .
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54 Mh B (M= 1) R A%, T FRB Tt |
R A B 3 47 18 19 725 4L X + 38 T 8 &9 B i 7R a b x
Mo tHBERESRRTUHE, ERTRBENR
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Fig.1 Distribution of “S” curve and ascending half trapezoid
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Table 2 Critical value of evaluation factors in membership function of “S” model

2% TN 2B TP AHHLE OM LOC WA AN W BE AP EHE AK  FHETFXHE
(g/keg) (g/kg) (g/kg) (g/kg) (g/kg) (g/ke) (g/kg) CEC(cmol/kg)
2.0 0.7 41.5 5.5 158.0 4.5 201.7 11.6
EHREY WMEAEKSE MicMWD KEBHERRE MWD EEL CP SR TP K
sC TMA (%) (mm) WSA (%) (mm) (%) (%) *

85.6 95.8 4.5 79.6 3.1 56.8 62.5 5.7
b WMEYH WEYE HRE TR AL BE Catalase  FEMEBF Invertase R 88 Urease W 0 3 B
AS MC MN Phosphatase (0.1mol/L [0.1mol/L Na,$,0, (NH; -N RI
[L/(min°g)] (mg/kg) (mg/kg) (Phenol mg/g)  KMnO, mL/g) ml/ (kg*24h) ]  g/kg-24h)  [mg/(kg-24h)]
21.7 256.2 54.3 6.8 8.6 6.4 5.2 1.0

¥ (Note) : LOC—1E A HL#% Labile organic carbon, SC—45# & # Structure coefficient, TMA— % Pl 3% # 35 & Total micro-aggregate, MicMWD—
MEARKER AR Mean weight diameter of microaggregate, WSA— 7K #4% i B4 Sater stable aggregate, MWD~—Hi B/A P E R E Mean weight diame-
ter of aggregate, CP— B TLIX Capillary porosity, TP— S FLEE Total porosity, Kyy—HEAB R Coefficient of infiltration at 10°C, AS—HiFHE Anti-scourabili-

ty, MC—%4E %7 BB Micro biomass carbon, MN— {4972 % Micro biomase nitrogen, RI—PFIR3REE Respiration intensity, T [} Same as follows.
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Fig.2 Distribution of reverse ”S” curve and
descending half trapezoid
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Fig.3 Distribution of parabola and trapezoid

AP S, pH IFEM B F a8 by by, FFIH
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2.2 EiEERMMLRERSESTH

2.2.1 FMFEHEE TREREETERHE
BAEANGR BNEN T RAREINZSE.®
ERAERIENEREEIHETFNMEFHRRN L
BERMESITM . RBFFRAER B B AL

1 b= 5= by P T U s ot

S PP Rt SQI A+ R B H43K (Soil quality index) , %
b —a @ : AT SRR R A, 5 § AR ML,
[ 0 rcaBiza TRERAS n BFHHER .
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Table 3 Value of turning point in membership function of parabola model curve

BT K q A Bulk density Py B PE R BL Physical clay #PR Sand *5B Clay
Turning point P (g/cm®) (%) (%) (%)
a, 4.0 - 0 0 0
& 9.5 1.8 100 100 100

b 7.0 0.9
8.5 1.1

35 20 15
40 50 25

ZERARESIFMEBNYEENLE: ¢ N
SN IR RBEE, EHRDRBT &0 545
HIRE; K ABTFMERONE, ERBT &5
WERNE; (KRBT HFNER L HREY
TR 5 3 Feis B AR B & VP4 45 47 18] 9 32 E AR A F B
AETRERE, ZEBFENERT IENEIRE.
PP SE R E A HE PR Rl B R B AR A B NE T
RR A R AR R B L R, R & SRR

AT BT B IEM 45R , & SCR R A T
BT - T B 15 BT

SQI = E(Kl) X C,'

K, SQI &+ 3 & 3 3 (Soil quality index) , C;
RENFMEIRORBEM, K, BE i NENH I
RAE, n RIFM BRGNS EG
ATLERME + LB X RMAGT 8K
BIER,EEAWABRSE Ra Ry £ A3
DABR B SE B9 29 T + 3R P 1E B 2 AR 147 (B 2%
Bi5). R, LM% EECE, 2828851
J T8 YR HUBR B AR R BB B 4P . CaCO,.
pH.CEC; VBRI OB R B R R B &

MEH BARGLABR.HEARKTIHERER
(MicMWD) KRB HEBAREK . BRETLHERER
MWD).BLE.EELE.FE.REABRYK
(Kio) BirbtE; £V REMEYR BEDE.
BERRES RENERS RS P BGRE . R, LELHETF
SPATEE TR E A 8 T + B XK@ 0h + MR BT
#rig 45 (B HLE . Ko T B H o ¥, CEC. B 45 B8 .
MWD % B% . MicMWD ) 1E g 5 fL P4 38 45 (R B2
#{I5). FRINALSE MR (E &R FEL
W (HE#RR), RA L AR EMNHAER
208 MERE 10 F LA A X T L RERH
[TEAWM XN FAHBRERRHETN F &
AT T LB,

mHEREERENNE, T-REAEMHX
REE, UERARPERAARITIRBEHT
BEZANEREW, ZAHFRXAZTEHEITHHTHH
ERSHTERTELAEFFE, ESHESSL
BFhrELARFFERRNELSE BABTFH
EHHR 0~1 WPUE X RITEM RN EE
K, (F4.%5),

R4 NEEMEEMTINGERGL TR EER) R
Table 4 Weight of simplified indicators for erosion soil quality on hilly Loess Plateau

4 815 Indicator EHLE OM  HmE AS CEC  PENHMY Invertase 2B TP MWD MicMWD
ABFHZ Communalities 0.949 0.947 0.937 0.914 0.795 0.714  0.564 0.556
WE Weight 0.149 0.149 0.147 0.143 0.125 0.112  0.088 0.087

Wi 2.1 FrEsr ) T 900 B B A RIPM R
BN EIFRRE 1L, BRI ERORBEME C, .

A 4 BAA R RS AFN BRI
HEIEMHRK 208 MEAHLRFRESENER
RIMERYE. SQI-1.SQI-2.SQI-3 1 SQI-4 4> Bl K i
FRLR A VA 1845 B9 10 BURD 35 | T 4L VR4 38 4% B9 B AR
ME GFEFNEEN NS S E U RN
BRMRESETEN L RRB A

B 4 B, ARG E % ER WA E L5
BEHERSHAERKITFNSERBERBENRIEMN
XA, T ELR DAL SR & IR0, R AR R R IF A0 55
ROBAXUEEE ERMREIR 1, RUAFBHEH
TRF BRI IR S RG-S TN IETNE
B ERRFHYR N RE. et 758 A
BEE®N, NN RN PN ERERESS
P IR o
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Table 5 Weight of integrated indicators for erosion soil quality on hilly Loess Plateau

FHER  HHR AR RRE REYR 2K ERE ML

Indicator oM AS  Phosphatase MN TN Invertase

WRR oo RE PPREE HRK LoC

Kio AN Urease  RI WSA

MC

AEFHE
Communliies 0-2°8 0-952  0.856  0.911 0.937 0.823

0.877 0.932 0.921 0.902 0.783 0.725 0.723 0.691

vﬁi 0.0441 0.0438 0.0394  0.0419 0.0431 0.0378 0.0403 0.0429 0.0424 0.0415 0.036 0.0333 0.0332 0.0318
; = , W R b
FIEE gy BELE BRE L, MR BE Me 2R o BER . B BAK SHAN DOR
Indicator CP AK Clay Sand MWD TP > ap P BD TP sc
aggregate

A

BETTE (015 061 0.447 0.592 0.634 0.698 0.627 0.594 0.633 0.65 0.512 0.817 0.877 0.8  0.531
Communalities

vﬁi 0.0327 0.029  0.0206 0.0272 0.0292 0.0321 0.0288 0.0273 0.0291 0.0299 0.0235 0.0376 0.0403 0.0368  0.0244

D)PC—4 BHE R BE Physical clay.

‘~0( y =1.3433x - 0.3011
2 =

08 R2=0.9638 .
a 0.6 4
g

0.4

0.2

0.0

0.0 0.2 0.4 0.6 0.8 1.0
SQI-1

Lo r y =1.1733x - 0.2062 o
0.8 R? =0.9825
0.6
04 |
02 |
0.0
0.0 0.2 0.4 0.6 0.8 1.0

SQI-3

H4 THMRBREAWFSHLEFNTNERHB XY
Fig.4 Correlation of soil quality evaluation result using integrated and simplified indicators
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THAUFIE A b, INAR SR A 35 B0 VRN 45 R M, 2 2
BKo IR+ PR B BB + 30 7 R
T XMEREMAR, KEKRT B/EFRH %
CIaR: Y58 §:u)- 28

1-0( OSQl-1 mSQI-2
0.8

0.6

SQl

0.4 H

0.2

0.0
OC WL CL PG PW PS NG GH NS NW

F A

BAR L3R A7 X5, AR Tk A
LM RNIFNERER —B. RHERRA
ARG AR R, 58 A 38 45 55 R 4L PR A 4545 9 3F
MERTELE—H,

BB, INALER & 35 B VRN 45 SR R £ s ) A
ZERNIER Vb o2 5 b -1 23 3 A S
MAFT BN L REREGE W,

1.0 - WSQI-3 mSQI4

L

OC CL WL PG PS PW NG GH NS NW
Landuse

BS FRLHAAFANLINER
Fig.5 Soil quality in different land use type
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BAT2ERBRHFAR L EFERAEAR L
AT A R B AR, 45 308 X R A mALE
A ENESTEM AR R B PR 45 R (SQI-3) #4T
o
222 ARLHABAFRANLEEE MNELE
BR 10+t FIHRBMYERE LRTREEIFH
ZR(FOFRW TEREEAR T HFAHLRBZ
BERBE WRERN . RA/TANKD > RAEK
it > KHISEH > RAREH > ATTEARMIM > AT
A > ATEM > BF > kit >R, HE

S REEHBRERZR, RE Kb ERMB A
TER T HFER B ERTATIFE M K3
WRRAFHES L HFR, ATFEKE XK
B KIS R R A M R R T AR E £
BEHEEEREERREE, MAE KM B
ATEHZEURATTRERSZ B L BEERER
ABE, FEUANE, AR EBE4H X RWEH
LR ERHETH,E R KRG L EIAEAE
RigFERBREE FHE—-ETR

KRITFAMM HIRFRIEHRERE R BK
WA TEME 2.6 ~2.9F, RALTFERBEY
2.2 %, A RARERK 1.9 .

%6 HIEBEXIMARBER(MAEEE—EETHNER)
Table 6 Soil quality index on hilly Loess Plateau (weighted integrated method with integrated indicators)

MAF K RHE A H

B ATEN ATHEA ALFiA RAEH AWRE XAEA RBFA

Land use ocC CL WL 2 PS PW NG GH NS NW
REZ B Samples 9 73 46 13 14 28 13 4 4 4
FHE Mean  0.295 Aa 0.309 Aa 0.310 Aa 0.324 ABa 0.387 BCb 0.390 BCb 0.457 Cc 0.650D 0.652D 0.852 E

H(Note) : RRAIAPNEFBRRERE 1% 5% BE/KT. Different capitai and small letters mean significant at 1% and 5% level.

AR LA HAEEE L BERBRBEERELT R
HEUEHBER, UATES KHRBAMXRT
A bkt 4 3 B B 1 S AR WE N, R /ME R BCRE
ZEMZE 1 EE; MR KAEHMATIFARMK
B EFEBEBTERRELR, HBR/MEMBEREZE
22315, RNFE LA M E - HEERHK
BRABK/NRFR: RAFARMAM < ALEH# <
RE < ANTHEARKD < B < KM < AT
Abcih < i < RIAFH < RAFEARMHA

B X + R 246 5P 19 0.358, A8 0.19
~0.93, ZREAENESEEREXR, BRAYE

36.8%, XMRBT LA AT AN L BEERHE
W

2.2.3 BHREIEFRESE HTENERHIEH
AR A ARB T RFEERA, BE LK
BREBEAN BHRARTERESN SRR MK
(VD) BE(V) (D BE (ML) AL
BH, RAFAMMLIERRBETH (1)K, KRHE
AR EFRERTRE (L)X, XA
B EERE T ()%, ALFEAD LR
BEED(ISR, ATES B R ARE L
BERRETEME(N)K,FERLES,

®7 RLEREIMRERSR
Table 7 Soil quality classification on hilly Loess Plateau

ot V5 €0t

Soil quality index 0—0.2 0.2—~0.4 0.4 —0.6 0.6 —0.8 0.8—~1.0

THREE SR & (VD) BME(N) Hr (D) B w(l)
Soil quality classification Low Lower Middle Higher High

MHAERAN T RERERESRESRTH
DB E (F8) HBRER,T5% K RRTFAMK
Wt EERERFH (LK 50% 5K REAMM
5% KRBT RERE TERH (D) K; LEKE

BEF o ()G FABAL (V)R A TIv A2 7
Y9 40%F 60%; HEFERE T (M) RAEMKE
(MR R BIHE 81%F 16%; ILEFAEKR
L ERBMATES L+ ERERTRE(V) X,
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#8 RiEBMETNEREZEIEPHIHRE(%)
Table 8§ Soil quality distribution frequency in different class on hilly Loess Platean

FAFR Kk RE B KH ATHEDL ATEAR ATHFA XA XRAEA XAFA
Land use type GH oc WL cL PG PS PW NG NS NW
% (VD) Low 3
K (IV ) Lower 100 96 81 100 57 64 54 25
& (1 ) Middle 25 4 16 43 36 23
8% (1 ) Higher 75 23 50 25
# ( I )High 25 75

BATIS FFRR SRR T S REKT,
3 4

(1) RAMMEE N L AR HITESEN
BEGE 4 47 o S e 1 4 5 B 9 SC BR R L , SOt R Bt
T AT L ERROEE., ZEBE
ER TN IBREEN IR E EM IR E AR
HEEAMB/NEFREEEX L HHEMHLRE
m, A A SLRR o

(2) REABEFAITEET LR 8 T+ A&
AL VE A 45 4 BB 45 1R 57 b R Bk 20 LR S M TE AR Y
BR,.HLEmERRAERR R EYE,

GHETELEBERXRM T EERIEG
BHEARXTBERSAEOD) BE(NV).F
(I BE(IMB(I)5%, ¥+EBRX 10/ +
WA RN+ HFRERBE, URRATFT AN
TRFREE,R 1R HREXAEKRAFIK
sy, tMERR 2% XARAEHLRFRRE T 3
FOATIMA R RET 3R, AT IZ
T RBFEE L RERRT 4 %o

$ X X W:
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