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Relationship between landscape pattern and soil erosion of an agricultural watershed

in the Mollisols region of northeastern China

WEI Jian-Bing'?, XIAO Du-Ning" ", LI Xiu-Zhen', BU Ren-Cang', ZHANG Chun-Shan® (1. institute of Applied Ecology,
Chinese Academy of Sciences, Shenyang 110016, China; 2. Graduate School of Chinese Academy of Sciences, Beijing 100049, China ; 3. Burean of Water
Management , Baiquan 164700, China).Acta Ecologica Sinica ,2006,26(8) : 2608 ~ 2615.

Abstract: In recent years, there has been an increasing concern over soil erosion in the Mollisols region of northeastern China,
which is one of the six water erosion regions in China. This region has become one of the most hazardous regions for potential
erosion and desertification for unique physical geographical environment and drastic human activities. There is a close relationship
between land use structure and soil loss. Land use changes can increase or reduce surface runoff and soil erosion. The relationship
between landscape pattern and soil erosion has been rarely studied.

A total of 30 sub-watersheds were chosen from Shuangyang river basin that is located at the eroded Mollisols region of
northeastern China for examining their landscape metrics and soil erosion modulus. Correlation between landscape metrics and
erosion modulus was analyzed using SPSS11.5 software. The objective of this study was to provide scientific basis for further
erosion controlling and landscape planning in this region. The remotely sensed image (ETM + , August 30, 2002) of the area was
classified into landscape map. We calculated landscape metrics with FRAGSTATS3.3 and soil erosion modulus with Revised
Universal Soil Loss Equation (RUSLE) for 30 sub-watersheds.

The results showed that the average soil erosion modulus was 6.58 in Shuangyang river basin. Erosion intensity is at low-

grade according to the Standards for Gradation of Soil Erosion Intensity in China. But it is higher than that of soil loss tolerance in
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the Mollisols region, northeastern China. Correlation analysis showed a significant positive correlation between Percentage of
Landscape (PLAND) of sloping tillage farmlands and soil erosion modulus; Contagion Index ( CONTAG) was also positively related
with soil erosion modulus. Significant negative correlation was found between erosion modulus and PLAND of shrub and grassland,
as well as Simpson’s Diversity Index (SHDI). Multiple correlation coefficients between the 9 landscape metrics selected in this
study and erosion modulus was 0.931, which was higher than single-factor coefficients between any landscape metrics and erosion
modulus. There was a linear regression relationship between the 9 landscape metrics and erosion modulus.

Farmlands are main landscape types under erosion in the study area, where more soil and water conservation measures should
be taken. It is necessary for soil loss control to increase forest and grassland patches and extend conservation tillage in farmlands.
Key words: landscape metrics; erosion modulus; RUSLE; RS&GIS; agricultural watershed; the mollisols region of northeastern
China
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Fig.1 Location map and DEM of Shuangyang River Basin
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2 RS54
2.1 RERER R K SIS B R

SRMAERIT & RS ERM T 225N kF
MHO0.3% FEEHERE0.13% EHAH 71.4% .57
KRR 7.42%  FE KPR 6.20% B #tb 7.67% . 7K 1K
1.1% MG R # 5.78% ; B 58 X 7K F- 5 W4 4E %0 1.347,
BEF 68.949, FR RN 1.043, B WE K K258
Sr IR R BEERE BORE (B 2), XUPH 0] 37 380 2 DA B e
HHE SR, AR AR R PR B R K R i
HRBE IR, T FOARHT iy JBR B A S R B O - RE SR - JBR S AR
I,
2.2 W HER R LA SR T LKA Soil types

FRLM(OM MR RA 0 PEp. K SEEIIERS
FONHERE A 16 M LF KBFRELERSE D o OEMERERELE Typ-aquic gryic cambisols
XK CSTUBITITE 1995 FF)HH R 4 M TR (HE 3), & W, EE R HOKEA L Typ-hap stagnic gleysols
PMERFELHE BT SEBCEY M) -850 ik H B3 A A
FTKERE L, KENVPHERO.245, X 5HAER™ Fig.3 Distribution of soil types in Shuangyang River Basin
B+ KENTIEE R (0.260)REE. BERNRK
XFESA XM XAPZMFTILE, “HFME BN DR RA 5,

#£1 WAARSELHUMERS K &
Table 1 Texture and K values of soils in Shuangyang River Basin

HHE(%) B (%) BB % ) KiRL( % ) K1{H

Organic matter Sand (2~0.1mm) Slit (0.1 ~0.002mm) Clay ( < 0.002mm) K vaule
RS R /K ¥R 18 21 8 £ Pac-Sta Udic Isohumisols 3.94 13.55 31.82 54.57 0.242
B AL T ¥ £ Pac-Arg Ustic Isohumisols 4.13 16.46 31.30 53.68 0.236
38 B8 R & Typ-Aquic Gryic Cambisols 8.60 14.53 35.33 50.13 0.251
% 38 71 & #i Kk W F L Typ-Hap Stagnic Gleysols 9.54 23.30 39.00 37.70 0.250

2.3 MBS LR EI A R AR 5 N T AOK LREE F

B X EZAE M R G EK, ENITERS B 55 5 22 R RS 22 4% B AP i 2 i 08 3, I T A 0 B
HAR C 1. RUEPTEHEMN T P RAER AT S 19 L3805 %k B 55 5% AU R f) £ S0 2k B
HAE, AL F 0~ 1 Z[8],0 REZPIGHMRE AR RERMAH X, M 1 ARR R LKA A 5> 4
R R . RS LR RN b R AR R F Rk R SEFR%E 2,

F2 WHARBERVEN CHPHE
Table 2 C and P values of landscape types in Shuangyang River Basin

7k -4 FEERH I3 224 Fr AR Mt AR Mot it 7k 3, fER
Terraces Contour tillsge Sloping tillage Forest Shrub Grassland Open water Residential land
C 0.2626 0.2626 0.2626 0.004 0.040 0.043 0 0.1
P 0.029 0.352 1 1 1 1 0 1

2.4 WHIEEWIRE

K8 7K FUFR AT & 1+ 3K S 12 1l 3R S 4 4% b o (SL190-96) , BT X K BB 4M 4 Feh BE R AT, A o5
BRI 94.5% (B 4), EF RIMBEXT N FREXBUHRE SR BB RE BEMRME., HREEY L
R MY 6.58, RMURERE HATHRILE L X HHAFRKLEIRMEQR),
2.5 THRESEWHERS L REHER
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30N FRBAFRMIEHM LR MERI TE 3, HEEBAER, X% 6 MIRB I RF, 5TR,#E 30 4
FHREPR/NREEN 2.58, B ARMEN 12.68, BMARAEH T 50% .

3 FRERREYESIMAMERCRH)
Table 3 Pattern matrices and soil erosion in sub-watersheds (partly)

FRE mmmm  oam  TRER ’gﬁfiﬁ FAME MANE B SRR ERE  BREEH
A Terrace( % ) . K Forest(% )  Shrub(9% ) Grassland(% ) PAFRAC CONTAG SHDI
Code tillage tillage( % )
3 2.58 0.00 0.00 68.00 418 539 1461 1.30 63.82 1.09
3 3.19 0.46 0.00 75.55 5.54 6.40 5.74 1.35 67.94 0.91
5 5.53 0.6l 0.38 69.42 7.51 5.38 8.75 1.36 66.56 1.12
12 7.67 0.28 0.07 74.07 8.39 7.19 3.03 1.35 70.58 0.99
50 10.80 0.00 0.40 82.02 4.01 5.11 4.06 1.4 73.64 0.73
61 12.68 0.00 0.00 87.70 5.51 1.05 0.00 1.42 78.02 0.52

2.6 FMEHS L+ FERMEL B E 1ML T

TE R84 9 > 5 YL 45 4 48 5 0T 38 4% g o A 5T DX A3l ASE 2805 i) 1) S [l AL 3B, VRT3 AR ) 2 ) 36 30 AN/
W EE LB ER, ARMEHS XN R RS BEEHTAE FHEASN(C T EEEBHX Y
W) G R R (K 4), 2R MR A E 4 R UL R SR B IE A G, M K bk | B b T R 4
oM EHESRMEEEEERMEX, MR SHZRE FTAKMERE S RMTERSRHERY
MXBERBE.,

BEHSRERENSAKSEER T EFMNAER L HER BEhTHHESHRAXNEHR TGS LR
/INGERIN 0.3%F00.13%), 3 H#E 30 S FRBH 5 51F 14 D 20 MAFEERF L KR, BT 5 RMmE
BEAHXHTRZEHEE FRRIEW, M XA TR B E; ZRET AR FE A, EESNTF
MR ERREE, A S RMERNAL T RERAHLER R AHRB AR TSR, A TTHRE
FETR , BESRTE R AL , 5 U825 (6] 49 2 {37 85, R 1 S s 0] A3 B A RR K, 55 R BB 6 38 Frok R
BRI M AR B BUR BB R E M R, FREFRREBBEOAR, A SMR At ER, S HX
T SRk R e B R[] 5 500 IR A B A R/ RO T B TR B B A 7 ) HE R R B, BB MO SR & AR D
BEMRHMBRARER, 0T L EREER BLTRBREFLERMAEREF S ASIENESREE
RE R A EE 2 G 1 o B, A bR | 25 3 R 2 PR UK 4 ) 0 B R LKA T AR AR M Kk
PR MKF LR KM EES

£4 TRFRERASHS TMOMRBMEXTH

Table 4 Correlation analysis between landscape patterns and soil erosion

BH(%) $HERE(PNBEERB(%)TFAKD(%) BAKDB(%) Ei(%) SreE¥ REX FREHFME
Terrace Contour tillage  Sloping tillage Forest Shrub Grassland PAFRAC CONTAG SHDI
R -0.022 0.064 0.857" " 0.200 -0.361" -0.489" " 0.184 0.474" " -0.700" "

* *» WERAHXER 8 ¥ (£ 0.01 KF L) Correlation is significant at the 0.01 level (2-tailed); * ¥ % & (£ 0.05 /K F L) Correlation is

significant at the 0.05 level

2.7 FMBEE L HE MR H L B F EIE 5

THEFHE -TEANMELER, EWRERRUAZIZIARER FHEEE W, A TH—SBRF
HRWENRWEHIT T HEBRMGE AR E EREERAIRAR v, RRERIENELSE(BEH2 N
%, ERHERBE% N x,, T ZBRE% J 2, , TEARKHS B x, , EARMN IS K x5, EH K x,, PAFRAC H x,,
CONTAG 2 x,,SHDI g x, ) 1T ZCRM BB, GRER, EHEXRFB R=0.931 ,R>08 AFEHX,
HERB R =0.867, EMARPARTFE—ETEMEEBZAMBEHXLER. FEMMFFKITE F=17.450,
MM EME p<0.001, BN EERSRLRBZHAFAELXKEHBLR, B TER:

Y =-0.29x, + 0.98x, — 0.22x, — 0.004x, — 0.29%, — 0.09x, — 10.75%, — 0.09x; — 4.439%, + 17.52
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Fig.5 Correlation between A and PLAND of farmland Fig.6  Correlation between A and SHDI

3 Wig

KERRMBMERDEASRREE, AR MOERFES K LREBRES —ERHAXE, KEKFEEH
BT, g ZREERE S LS TR MR B EEMK, BRI ME NS L RRMEREE X,
RUWKFEMERD  REFSEMERBEEEMX, MERSHAAEELSRBEREERAMAX, 9 IMHTF
EHARBRATRRTHEARE, 2FEEHX(R>0.8), ENMEHMEFSREERZRAIFELREREXR
(F=17.450, p<0.001),

HREXFH L REHER K 6.58, RHBRERRE, BEXTFAABIX T RAFREAERAE(2), R
RARMMLLFEW, KEEREGRUSERNY 71.8%, ME4HAUEED, ERRAR LI HEKBHFEIERENE
T, ANdEKERFNERT . HMEEMBES R B RPESESE R X R RS E S T R MK
BRNEZ—S

B RAEEAWIEREMEENRETEEM, AULARBIXWFIERUBRENATKRBAES
RE ZAGEEATLTREES LHEFER FEEDH LR - SWR FEMRSEAD WX+
MAMESREMBLHKEREFETEREW  @3ERWRE LK+ M A HIEE, 8k
BER AR MBEREARE, EE AR EH L WERD, AARUBRSM L BEREBEENHELXER,
A BT ANESE W LB + 3t 25/ E B8 7 m A0 BRI R WA R 25 (| KL & , T A B0t R & RIS
Xt + 48 121 4 ) i BRARAE A

THREHRNSHERESERE LMY LM A KK (FEW) BWEM L RELZRFLESERNS
R, AXH B TFHARAF MR8, AL THRAX DI, AKX AN B/, B&E 5 EER R
HHZEER, ARTHRERWSGH BN LBETRE R T REWE P REE M ELS 0, A2
F 30 Mot A B I A L AR B RE O AMANERFRERE F HRRBHAEER T HRRE
o, AT BRAFRERN —E X B RE P T REERMBEA B, BEEEN L AT HE
Wb tEd FEFERKE. B, FEH# - SHARAMETHORER (DEZHARXBEREL, FRYZ EHER
SHHRGERAEZREW? ) FERMAERFEW . LA F SbIE L KR 2 WHER LR EEEF,
3)ERFEE AN FRB S O RBARTIY L0, 54 CHBFRE R#TX HLRMBIED . 550, L TH I
BUMEHERS T BEHBEEARSOMEXYE, SUEREEFEIRR L REBRIGHEBCRE M IERZ—,
ARt—Hitie,
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