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1.1 HREER

W A TR LA PEALTR I v e 3 (48°12'~
48°23'N. 125°8'~125°37'E) , ik 240~340 m, @77
KPP 2 SRR B 2, 4E 347530 0.9 °C, K&
501.7 mm, FHZELE 1329 mm, IR E
oA, BRI, BRI KR, sz
M PP <4, FETRITPI RN, HHbdk
—MAE 250~500 m 2 (7], %X EAT I SEIALRE Y, #E
AL YRR B [ 250 0P 2 B T IR B A R i,
PR 20~35 emo Y S HHERLRS (1) 0 R,
EBEHT AR R 5 BRI A P b A 50 %,
SEEIYRIE 3.6°, HRHEE 7.2° (13.10%) , K 320 m,
HA7 R PERIAC R
1.2 REHE

HTYEORESEY, SR A A S RN T
(HAA 6~12 mm) 1EN/REER], WRIEHHEG AT
VERR AR AN ) BE B8 10 40 A ok o 8 SR B . AN )
Wl (1.82%~13.10%) A&, Lk 9 MHENX,
P1~P5 N FIHHE, P6~P9 4 EHHHE (B 1) . R
XK 20 em, FE 100 em (250 AR GEIER) 3 £5) . IR
35cm CHHERE AN 25 cm) .

PHENX MBS, H4a)EER (100 cmx20 cm)
LB AFHME (100 cmx20 cmx35 cm) 43 B/ EAERE
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ANANDR . FRELZ 90 kg CHEAA /N X P Jit - 258 FE R/ X A4
FUHED BHE DX A L3S 3.5 kg mE/ T OMXA
TIRETREM 5%) R, HEEAEBEAPUE, 7
HBWIEHRE. PNOBBREPRES, JHTRPHE AR,
HHETT 5T/ X 58 o FIHENHIMER ] 1ILYF-535 &
T AR A GRS RN SR AR , BAY
PATENR 30 cm, HHERIE 25 cm, BHEHEE 13.6 km/h, #f
YRR A2 7 T N B X

/) [X 137 {5 Plots in slope area

320
#EEJ7 I Tillage direction

s P1~P5 Jy FHHHENX, P6~P9 Jy EHHHE/NX : B {E A7 m.
Note: P1-P5 is tillage plot on downward slope; P6-P9 is tillage plot on upward
slope; Unit of value in figure is m.

B/l #ERAERTER

Fig.1 Plots position for tillage operations

BHERE, UlaEIRmn Bibs CREEHENLIEE K Ty
o)) RIS, TR . 0~100 cm HURE(A] R
10 cm, >100~200 cm EUEEA]FE 20 cm, >200 cm BJEUEE
1RG40 e FUHHER 0T MOESLERE,
W BT NESERE, AR /M k.
1.3 HHMEBITE

MR Lobb S22 57 + 3y B K 79, Kk /s
DX PN 7 B R 1R 2 ) 23 AT AR Rl SR AR it e . R SR AR it 4 i)
J77% (summation curve method) , A% T YBHEN 2 I
WP IRZE .

T,,=J.:(1—cs)dx—£;(cs)dx o @D

A Tp BB 98 BERAR 1T TSR B BB, m;
cs A BB ST RESF R LR, ke/kgs x ARFE

ﬁﬁ; mo

%100 o (2)
T,+L

pTLp

Lg+Lp
[J [1—cs|dx
g=|H—

X e MIRIIRZE, %; Ly WDKK, m; Lo NI RCREE
FEES, m.
1,=T,-D,/D; » 3

A T R BT S8 B2 3688, ms Dp R/
XYREE, BEAL 35 m: Dy AHHEREE, m.

T,=p-T,-D,=p-T,-D, o 4
X Ty I AL PHE TS B HIEA &, kg/m; p HIEATE,
kg/m®.

1.4 FHHEMIBEE
H TR AR IR AR 51 Ty S R R PESC R, |
T,=atf-0 . (5)
X o WEEE, kg/m: B WHHETE RH 10° kg/m; 0
HRE, Yo
1.5 HHERMERE

TR AR b ZR 40 5 SR s B A SR TR PR B
WS IR R R, R—HHE M, MHER R
CESuy

R ,=10-T,/L, (6)
b Ry M HHER B 2, Mg/hm?, L, WS EB K
B, m.

EZX 2 o B AE R HIEHE, Bt LA
e BN HHEM RS S . RN A AR 1
R AEBRE BN HIE, WA BT I BE ) R 3
WA IRE e VA ARy

Ty = (T =T )/2 7

R Ty, TR LRI R, kefm: Ty s FHHHE
IR, kgms Ty b BHEBHE HEGRS G, keg/m.
b, R o T 2k )

R=5T,, /L, o ¢))

P R g SRS R ER iR, Mg/(hm™a).
1.6 MENE

WEFTIIE K 320 m, %% 120 m, K 20 mx20 m M#%
R AR T 7 4okELk, WS T AT T 14 4%
BELk, JE 119 MR (B 1D, FRERLBERHE /N X 1 &
A s (Smx5Sm) o FIA NTS-962R 4234 (77
ZALIATPRA T I5E 119 ANARAE X K 9 ANSBEE /N
DX IIARRR, THEIERE, FHTHIHE N DX AR 1 BB 42 ek
K
1.7 HELLE

KH SPSS19.0 % # s BEAT G vk 73 s el T H ()
VRIS B m AR S, 2 P<0.1 I EPA I8 31 3%
IS LT Arcgis10.0 P65 S B B EA T,
44 PhotoshopCS5 H AT 2 Tl 42 it 22 % 1] 43 A P

2 HR5HH

2.1 REEFIEIER BRI iR

NS CILE SR (= B E SRS Y =D (DN
BHE N A7 B2, Hm R ml iR 2, doe
PHERIG e ERY . ARG ER E, TR
24.9 cm, STIBEAE 25 em —8. REEFIFICR 95.54%~
98.15%, V¥ 96.96% (£ 1) , bz 0.87%, MK
FARE, SRR B SRR B vl 5
2.2 FEFBSHHMERHELS

MUMBHE J5 7~ BRI RE 7 ) R AE ST 8L, Fiid 148
AL FIREE B ]IS 10~34 cm Fl 32.68~
134.14 kg/m (ZR 1) o AIRBHEJ7 01 2L A REAE 2 AN A,
PL P4, P6 Jyfl (B 2) , LIEHHENX P6 /REEFIGE T 4
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HiAE 0~20 cm Y5, 20 em J5 U HFE B A5 R B UG PR,
ot U P B /R RS TR 1) 2.5%. 5 EIHHE R
R BN, FHBME R REEFIRIES 2 e, o
AILE 0~20 A1 50~150 cm, JUHAE 50~150 cm 5[, 7

AR R B R T IE 8%. b N HHE JG /R B 57 o Ay
TEMZES, FECPPHEMRE AR, HE 1 a5, #f
YEZJG 50%/ N F (13900 % g 25~45 em, 95%/NA T
AR T 109~183 cm.

F 1 BHEMBREAFERER
Table 1 Tillage translocation and characteristic indexes
R Fid 4 Bz 11 PHER
R P S S AT 2 B
) Yl EES R PR foxcy SRR SRR *#1"5{\/*&31 @K
NX . . Bulk Average 450 75 90 s Average  Translocation  Tillage
Slope Tracer Experimental  Tillage . . N . .
Plot e o density  translocation ~ /em  /em  /em  /em  translocation in mass erosion
gradient/% recovery error/% depth/cm 3 . . 1
rate /% /(kg'm™) distance of distance of /(kg'm™) rates/ R
labeled soil/cm tillage depth/cm (Mg-hm™)
P1 5.02 96.95 13.34 27.3 959 22 36 65 99 128 28 72.48 36.24
P2 7.04 96.62 222 24.5 1080 20 40 74 20 158 28 74.63 37.32
P3 8.98 97.87 4.59 24.5 1018 22 44 81 22 149 31 76.77 38.39
P4 13.10 97.29 5.79 27.3 1017 34 40 67 95 113 44 134.14 67.07
Ps 1.82 95.74 227 24.5 1120 28 31 61 98 118 40 99.74 49.87
P6 -8.40 97.23 1.41 22.1 979 10 25 50 84 111 15 32.68 16.34
P7 -1.48 98.15 6.70 23.8 952 21 45 89 146 183 31 71.00 35.50
P8 -3.52 97.26 5.15 24.5 1010 24 37 69 108 137 34 85.15 42.58
P9 -8.70 95.54 2.01 259 1034 21 33 58 88 109 28 74.53 37.27

i

D50~ Aass Aoos Aos MR ARHHETG 50% 75% 90%- 95% IR, TIE.

Note: Aso, 475, Ao and Aos represent distance to which 50%, 75%, 90% and 95% of soil mass is translocated after tillage, respectively, same below.
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a. /MXP4, H%=13.10%, FHHHE
a. Plot P4, slope graident=13.10%, downslope tillage
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{7 % Translocation/cm
b. /NXP6, HiJE=8.40%, LHBHE

b. Plot P6, slope gradient = 8.40%, upslope tillage

B2 TIRARE AR B AL
Fig.2 Spatial distribution of the tracer after tillage operation

BT HHER BTS2 LA R T BN
31cem, ARFH027 (KD o FHHHENX P4 R 13
BHENX P6 73733045 T, 5 KAH 44 cm Al /ME 15 cm.
T, WHAIE TR ER L, AENUWRHE IR h b
HBRARARAL, HUPHEREE b2 &k, BT T,
ARSI, AHELZ R, Ty tb T, ST EE, DA T 2 iR
P /NXIREE Dp VF5EH, Dp £ /N DI RRG B I
(Dp=35 cm) , [MH. Ty FoR AR 58 E N IR RS it

B (kg/m) , BRALYRE S B p H g,
2.3 HHEMIR (8B) SHEMER

Ty STHHETT I, FIHHERS, BR/NX PS5 b,
Ty BEIEFE IR, MR 13.10%0, Ty, i Kl
134.14 kg/m (R 1 5 1 FWHHE T 5 0 FIREA LT
BHEE. LLP6. PO A (1), I, B2 T,
AHZE 56.15%  NIHHE Ty, FIME N 91.55 kg/m, 2 B3
fE (65.84 kg/m) (1) 1.39 £, R FIEHHE =L IR0
ST EIHME, GBS RO R .

Ty 538 2 RE EAKKR (P<0.05) (E13), H
URAF 2 B HHEIT RS R BN 234 kg/m,

Z 160
£ 140 ¥=2.34x+76.22
o 2 .
£ 159 R=0.44 n=9
@5 100 P=0.0498
&3 60
BE 404,
g 20
25 e
Z -0 0 5 10 15

3 /55 Slope gradient/%

B3 S ERENXE
Fig.3 Relationship between tillage translocation and slope
gradient

gy EROHHE . EHHERT N BHHER 250 A7s+ Aoos
dos G FER ST L PERIA T RE, AR K 2 Pros. Aok
F CENBRHED |, SR 7R ER R 70 A1 i 5 e 2 24
LERT X (Aso) > MIXEX (g5, dog) ~ BBIX (Ugs) FEM
AT W EOHHE, SR W SR s B R R 20 A RN
B (P<0.1) , HAERKEW R K. 5 EWHHEAR, 3
FEXT T BBHE IR oR BRI TR e A K, BB 7 B
7% BE 1G5 e R N o 3 RERE B SR RIS
FRY 52 KT R M
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Table 2 Regression analysis of translocation percentiles and slope gradient
BRI ks B PR el B PUERE P
Tillage direction Translocation Sample number Intercept Regresglon Coefﬁgen'g of P value
coefficient determination
Aso 9 0.360 0.005 0.335 0.099*
T Azs 9 0.671 0.007 0.180 0.254
Upslope and downslope tillage o0 9 1.056 0.006 0.063 0.513
Aos 9 1.330 0.006 0.032 0.644
Aso 4 0.464 0.021 0.815 0.097*
F 3 HEE Aas 4 0.908 0.044 0.866 0.069*
Upslope tillage o 4 1.475 0.074 0.878 0.063*
Aos 4 1.846 0.090 0.884 0.060*
Aso 5 0.310 0.010 0.562 0.144
TR s 5 0.637 0.008 0.153 0.516
Downslope tillage 9o 5 1.058 0.002 0.002 0.938
Aos 5 1.357 -0.003 0.004 0.918
e ARIRTE 0.1 KPR,
Note: * Means significant at 0.1 level.
2.4 BERMTENE EETINN

X (6) THEAFEIT 9 ANIATHIE N X FIBHER 1
HWHER, (KD, HARMMESHHENBR (T, —3:
NIHHERS, BR/ANX PS Ak, Ry BESE R MIIGR, M3
JEH 13.10% (/NX P4) I, BHER MR K, A
67.07 Mg/hm®.  FIHHE Ry S RA K R AHE
WA, /NX P6 RUIE RN, hy 16.34 Mg/hm’.

BT HHEN B & 5 R RESTHHER B (K]
3, A (D) ~ (8) LU 119 MFEAI %, il
RET 119 NS IHHER BOE R ; 158 Arcgis10.0 15 %
PR BN A ¥ 22 ) B ORIV A7 42 ol T 236 2% (] 43 AT ]
(B 4> o B R, PHER B AR 8o, B
Y 4E A7 b 3R bR fE 2 2.66 Mg/(hm™a) , {E 0.4 ~
11.0 Mg/(hm*a)Z [H1 45 4k, o ARk K TR T e 138
B, W BOFAL, AR T 3L AR B AR X A
No BHER BRSSO REY), RSB E, 2
PEECR, WHHENX P4 (R 1. K 4) , WEEK
(13.10% ) B HFEF R s R M e, K8 T
11 Mg/(hm®-a), TLELRL T H/NX PS, BHEFIR o
FAL K 5.27 Mg/(hm™a).

BB A 2 i

Annual tillage erosion rate/ BTF

(Mg-hm*a") Summi
= =04~1.3 Wom
o =13~19 Shoulder slope
0:=19-24
0 =24~28
= =>28-33
= >33-38
- >3840
= =42-47
@ =47~53 -
= =>53-58 J
= >58-63 Foot slope
= =09~74 T Lo
=>7479 ¢SO
- =>79-83
= =>83-87
= >87~93
=@ =92-98
= =98~103
0 =10.3~11.0

E: ek 20m.
Note: slope length is 20 m.
B4 BEFRARE R Z A

Fig.4 Spatial distribution of annual tillage erosion rate

WA 7N BRSO EAR Bl O v CAE S R N iz
SRR 0s SRERPIAALL, 7 v AR RO A e JiE
WA, MRS A0 KRR A HAE 6~
12 mm, 4 Tiessen 25 P2, Li 250 BF9eAHAL, A T Al
HIBIE 95%, FRAE T AUHHEIRE 45 Je iy Stk

T BRI LR TR AT IR IR 25 T 4.83% (R
D, T CARE TS5 20, 15238 T4 SURRFE I
FEAFE MBHERE CTYIRIE 24.9 em, ST HIHHE
WEE 25 em —HD o HEATEEMRL, DX PL AR RAE
(13.34%) WEE T PRz, (HREFBARRIEAR,
R 3 BN DX P R 2 A e PR AN S s B R PR 3 2K o
XF/ANX P AHEE— D i R (Bl AR D, 28 1
552 KAEX (0~10. >10~20 cm) % [ [P HIA4T 7 i
MIZEE 2.2 £, HHAD/NX BB, o AR R 5
R 22 0] BERUR TN N IR B0 A SRR ERS . 55 Li
A — 5, BIY O BRE R G 5 2  BOR IR TR A,
IR TULE T R ABL I IRD BV E IR I, AR T R s i
NI RERAEAE

CLIF B4R ThBF 5T IA A 5 5 A2 5 i B B e B
AR EDA, AR R R E S B S
BREEMEXR (K3, FESEEHEL. £
VEHISE K T HHENLMON 3 ) FE B e, Tk
[l IS T 1 B rs 7, B SRR, N
PR, 1 _EYEHHEN R BN, S EGR A
NI . Tiessen 2572, Li 25T R B, B REX R
FUo A IR BT e RBIX, ARBFURILA E3Ht
VEA I AU, 10 B 705 B 90 25 i) 0 A7 32 3
JERRE RN (R2) , BT 5 R Hh AR by
Fl/NE ehh, BT RES AN ZE 5 i As AR A
Ko NYHHERS, BHETT L )5y S U
M7Es) IR, SRR NSO RN, Rk
WUMAE S| T KT )53 01, DRI b 5 1
53 F150F AR (AN K HUBO S A
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R PR I LI 78 2 R R RN B S . T
EBHERE, BT RHETT 1R B D4 0 SO I
A IR, HI89 T HUAR S| e H TR R, AT
P X AL RS (1) 5 5 5 2 3

T RE DX b S SR (1) o TR 9 R A e
A, CPIRHENI R N 32.68~134.14 kg/m, SRLIRBHELT
B &N 234 kg/m, 5 De Alba™” (204 kg/m) . Govers %
24 (234 kg/m) . Van Muysen %8P (245 kg/m) 4
LBV EAR iR e 45 SAABL, {H 5T Kosmas %52, Quine
SEBRE K18 . Logsdon®*17E 3 8 52 fif e 3 T 1 2L B
ERG AT T HHMER RS, PR X E (3.3%~
10.2%) H5ARIGAHEL, EPHET R RIS A4 R
M) 44.5% o R F8 L X R FE /N, AR T FdR i FEIX
{EARBIF TR R 1 o TR At AL R AA R it VR PR B K,
TP, 0 RIEAN IR, DRI AR R E A B T R
PR L T LIRS X . B EAL A AR
(I T BV AR ok 3 0.4~11.0 Mg/(hm™a), /M T
Hh [ e B DX R A5 el U2 R B X B AR A
G W A N SRy s T o NN 11 5 P w2~ A 1P E g
PR, AR AR R OGN BRI S RHE, IR
Ry =z 22, DRG] R 35 ) i) B B AR OCRE
JE bostlim) E3OTT 1) BFOHHER RS SR, TR R,
T AR U B R DGR AL AT &2 O E R A 2 T K R
R o AWML E I FHER BOR 22T 20 m K
i, IFEARMEE—RMAHMER MR, AW T
TR 28 BN, R AT AR AT UE I 2 1 X SR A A ™ T (1
BHER

FALSE A+ XOK Lk A P e A T, DA
FE AR KU PO R VR A2 O, it 2 T Bk
X208 L FER N SR vk, BHER bt 2 R
DX IR b - S5 R O () A B 4y o AR AR T
A A An v A, B ARE et 7 PR A 4 T R A
(K 4>, X575 SR B7Cs B AT 1) 5 44t
AR PR AR s A E MR & R, 1K
DT RS AE RN, A 3 A7 BRI K AR AN A2 B AR A
SRELFI KT E PO ST B DO B K el
e} SRR DTk EE, DA R TR ik S A IR,
FE Al ST Ry SR R B AR, 1xIX
T IR 5 R AR ER Hir] 752 60 Mg/(hm*a)P®l, HL
PHVEAR i 5 A e S TR B 2 R 3 A0, by Al 39 00
A2 AR Bl RS 1), AR phal e 3= 2R
PRSI, 2% DX RO AR Bk ) DT R 26 A% AN Je 32.6% - 1E
A JE WA TAE, w7 B R L DX AN [ kS 1Y
S 0T AR i ook 2 R ki pe, DLgE— 2 T AN
PR R S HLEE, XA 776 R XK e B
xR o

4 % it

PAAE 9% T PR A DXCSBOBE 3t AR o 3 8091 DR 7 Bl AT R
T, IFARIGEBEAR 1, A SCE R B AR A 2

TESE T B A2 it 2 12 DX 3B R A ol 1) EE A7 AR T 5
BN G, BEE LI FIBEE A R ] Ik
10~34 cm F1 32.68~134.14 kg/m, HHETH RECH
234 kg/m. HHETT A EEX BHEM B 23, HXF B
AR BOE R N T P E . B R X B
PR AN, AR THUBRBHER B, MR B, BHE
R E, FIBHEER MR K 0.4~11.0 Mg/(hm*a).
HEVEAR s o 7™ B A B BT 3R ™R A S 3
FERCRN I E e ARRNIRATRIHHET ) RS N
EEAHE) « WLEEI, BB (EY RS AR
HRF 0 R B E AR s AL, DA R AR iR
HK . YRR B AR RS HAE T, A BR K Rk
SIS A R YR 1 AT R T 24 AR SR

st Bl BRI ) R AR AL AR I A BT
ENAREA B IFR LT o) LF;, Rt ERARLS
R audf LA Z AR S AR A . VLR R Ak K AL
SRR IR s X AR R IR AL 32 it A2 o 40T 6 DU R
F B4R RS AR AL AR L K FARF IR K ERETF LS i3
s FAMRAE FHEE. Bk, VAR, T, F
B RS — A E 6 IR A LA AT 6 = AT
8] FaAfy s o7 AE
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Quantitative assessment of tillage erosion on typical sloping field in black
soil area of northeast China

Zhao Pengzhi, Chen Xiangwei, Wang Enheng™
(College of Forestry, Northeast Forestry University, Harbin 150040, China)

Abstract: Massive research on soil erosion in northeastern China has focused on quantifying the rates and patterns of water
erosion. Soil transportation caused by farming equipments or tillage erosion, however, has largely been overlooked as a
significant geomorphic process in the black soil region. The objectives of this study, therefore, were to 1) quantatively
determine tillage translocation value due to moldboard plowing, which was the predominant implement of soil preparation in
this area; 2) to examine the effect of slope gradient and tillage direction on tillage translocation; and 3) to investigate the spatial
distribution of tillage erosion in a typical sloping cultivated land. Tillage translocation process was determined by labeling
method in this study. White quartz gravel with 6-12 mm in diameter was used as the tracer for all the plots. A summation curve
was generated to calculate mean soil movement based on tracer redistribution along the path of tillage. Tillage operations were
conducted in both up and down direction of the sloping field separately, and the mean slope was 3.6° with maximum up to 7.2°.
Speed and depth of tillage were set as 13.6 km/h and 25 cm, respectively. Prior to tillage operation, the terrain following
coordinates and elevation of study area were measured at 20 m intervals along 7 transects, and these data were to produce
digital elevation model of study area (320 mx120 m). The results showed that the ratio of tracers recovered after tillage
operations to that applied ranged from 95.54% to 98.15%, with an average of 96.96%, showed that the tracer recovery rate was
high. And tillage depth estimated by summation curve was 24.9 cm which was consistent with pre-set tillage depth (25.0 cm).
These evidences indicated that the technique used in this experiment could appropriately estimate tillage translocation. The
average experiment error (4.83%) was lower than reported tillage translocation and erosion studies, which credited to the
accurate sampling process. A further analysis was conducted to the first plot (slope gradient 5.02%) with the highest error of
13.34%. We found that variability within the original tracer-labeled plot contributed to the high experiment error. Moldboard
plow operation moved great quantities of soil resulting to potential erosive. Tracer concentration at 0-20 cm within plots
maintained at a high level in upslope tillage direction while the tracer concentration at 0-20 and 50-150 cm were both higher in
downslope direction, indicating that tillage implements translocated more soil and took it far away in downslope direction.
Mean soil translocation varied from 10 to 34 m and translocation in mass ranged from 32.68 to 134.14 kg/m. Tillage
translocation was significantly affected by slope gradient, especially for upslope tillage. The rate of tillage erosion depended on
the interval length of 20 m flocculated in 0.4-11.0 Mg/(hm*a). Severer tillage erosion was observed on back-slope, shoulder
positions and the greater slope positions, comparing to summit and toe-slope positions. The slope gradient of cultivated lands
in black soil area is generally smaller, but the tillage erosion could be serious because of the higher tillage depth and speed of
equipment operations. Results from this research can be of benefit to set targeted measures to reduce soil loss and maintain soil
fertility in this area.

Keywords: erosion; soils; transportation; tillage; spatial distribution; sloping field; Mouldboard plowing
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