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Analysis of Soil and Water Conservation Effects of Different Straw Returning
Patterns in Sloping Farmland in the Chinese Black Soil Region
HE Yunfeng, SHEN Haiou, ZHANG Yue, ZHAO Zhanjun, MOU Tingsen

(College of Resources and Environment , Jilin Agricultural University, Changchun 130118)

Abstract; The objective of this study was to reveal the soil and water conservation effects of different straw
returning patterns at croplands in the black soil region of China. Based on simulated rainfall experiments at
field croplands in situ, effects of three representative straw returning patterns (deep application of straw,
smashed straw turnover, and no-tillage with straw mulching) on the processes of runoff rates and soil loss
rates, total runoff and soil erosion amount, runoff and sediment reduction benefits at 50 and 100 mm/h
rainfall intensities were analyzed. The traditional up- and down slope tillage was used as the control
treatment. The results showed that: (1) The runoff rates for treatments of different straw returning patterns
increased as the rainfall amount increased. Both the runoff rates and soil loss rates decreased in the order of
up- and down slope tillage (CK)>>deep application of straw>smashed straw turnover>no-tillage with straw
mulching. (2) The straw returning treatments delayed the runoff yield time for 14.0 min at 50 mm/h and 4.8
min at 100 mm/h compared with the traditional up-and down slope tillage treatment, which could reflect the
soil and water conservation effects of these straw returning measures. (3) The mean runoff reduction benefits
for deep application of straw, smashed straw turnover, and no-tillage with straw mulching treatments were
36.8%, 53.9%, and 65.8% , and their mean sediment reduction benefits were 84.9%, 90.3% ., and 96.8%,
respectively. Therefore, the pattern of no-tillage with straw mulching had the best soil and water
conservation effect in this study, which was followed in descending order by the patterns of smashed straw
turnover and deep application of straw.

Keywords: deep application of straw; smashed straw turnover; straw mulching; runoff; erosion

ARICBEXERFEEZORE X MG Ee ™ E KR B2 R AR Tk 0.4~
FE K b2 i F e X O b R kA R 0.5 em™ ERUE SR R R, LR R

%% B #9:2020-05-05

BRI [H K E AN LRI H (2016 YFE0202900) 5 [€ 5 A 8RB 4 T H (U19A2061,41601281)

FE—EF BB 1996, F WL A 8GR LA A ST R SE . E-mail: d130929@163.com
BEESE LGRS (1986—) , 2, M4, PJRIW, BTN F LR B 5P SY . E-mail: shensusan@163.com



90 KPR 2= R

5 34 &

B, DI P S i) 24 7 2 A X R Al A 7= R 55 & e
B G E S S MR T Fre kR . AR
A KRS AR R AT AR — TR 2K £
PRFFRE G, BRI R RS A BRI EE R R 2
— FEFRH R ERZ O R REEY, R
FEAEFFURIE (G FF W IR 6 RS FF 3 55 6 10 L HE X 38
F B8 A HHOAN ok I 3 4D A R R,
A 3 B W] A 28008 40 R A 0 L B YA R R il X
AR E A EORE Y A 5R , AaE  HEAh R R v AT
715 DA 3 ) 2B 43R Ak L B b it O el g
MAESKEE., B XMETR" KW, 5E5HHE
Qb BRAR HE L R AT R B 3 FH Ak AT 35 1A AR O = 2
60.0% ~66.7 % , {21l I > 85.4 % ~86.4 % ; S b +
il T 7 2 Ak AT (5 338 1T AR B Rk D 97.7 %0 4 AR ok U
> 98.9 961 . AT ML, R[] A% AT 8 FH 7 20T 3 B b 0k
TV VD A2 Y R M R — o 2 5. A, A OF
FEH S B A W Ty 1 AR IR A DX B b AR 3
IR Dl i/ A% AR Tl A s R E O AR 5 B
BTN TR0 B8 W 3 580 vk OF R i A e i gL R
SR BE S AR IUAR It 4 1ok 19 ol e PR B0 A St D BT A
JEASE 39 Hb 5 1 T ORI S IR . ST AR R 5 OR
FEI ) JE A7 A5 400 o8 T 3 260 592 o) ) = DX 0 s AN [
Tl A A4 FH =) 3 0k M A2 3012 phoaod B L AR 0 i LR Tk
o R LU U VD 8 2 R R, LA R AR G 2R A X
Hb AR TR B A SR HE R 4

1 MRS )k

1.1 REEESHR

AT GEMR AT AR M R 2 - HE 2= B AR 2 S
B2 (R K R R R IE 3 M (125°217E, 43°52' N) JF J#
R TAE, T 2018 4E 7—8 H 58 s T B 400 [ 7 3k
5. WFST IXJE TR OB 2 KU BT R A
69 H.AE¥FEKE 617 mm. ¥ 4.8
CH R TR R A SR A B T Sk o R L B
T 8 R 6 m, B T 34 5 B =85 94, B T 5 3 o L
T VA Sy i A Sk AL AR (5~ 12 mm) S 35 i L B TR
555 JE AT JH 1Y Y 30~165 mm/h,

Y048 L /N DX AG SR B A D A7 3 B I, A 3/
XHAE R 5 mOK PR B X2 m(BE ) . RI/D
DX B A ek e FH 50 P 04 B F HC 3 A M 30 em, H
T LKA A B RS0 % B 20 em H T B AR
T 97 o 0 LA B b 2 458 Yk 5 DT CRAIE T JAH X 5 3
MR /N, NIRRT A R TR
L TR O e RN EEb TR e T B R A N P o= 7S B S i
FCURE ZH B8 N BP R (50 pm) TR 8K 18.4 % . B
K (2~50 pm) T FE 38 78.9% , Bk (<2 pm) IR
SYE 2.7V AL R 25.9 g/kg.

1.2 RIiEit

AL /N DX 33 T Ak L 45 R A R I RS A R IR L SR
B+ B3R 25 55 RAL e 284 O IO 4 B, 254> b 3
Wit 2 ANEE . AR E R RRNX
SRS FF RN 12 t/hm? . (D REFFREIR R R /N X
50 26 Fili AR 38 o AL A AT 8 18 (I EE <5 em) 485
BTN 0—15 cm + )2+ BEBOE , Bk 2R R 1
FEFF 5% /NX 15—25 cm T2 HIEH SR A MG
W AR /N DXL 28, S5 S B AR AR 1 50 06 B AT BB
i, (ORFFRIE R TN XN 4 F5 8
SEHUBE AT R B (K <5 enm) & T AR W /N IX 0—
25 cm +)2 BHERUH , IS TR RS 2535
em +2 0 SR A B R E B SR D
IR 22, )k + 587 35 . 42 Wi/ X 78 Bkl
Je AN TEAT BRBE AL BE , R A2 /N X PN 43RG AT B4
TR (OGN 22 R - Ik T Ak 2 BHAE AR R 4%
HELHF A1 3t B b 22 0L A S 000 5k R AH 6 BIF 5 RRSR
Vg I35 5 B2 FAR B 1y 2815 15 cm, ZE[H]JH 65 cm,
B TSE 20 em, A ERSFFRRIR RS FF IR I8 A% S
B2 3 Bk BT AR b, A e g o A T Y kR
il A E HMEZ P LA E N 1.20 g/em® s
BB AL PSR R P H AR E N 1.26 g/cm’,
BEAPL IR 50 T R T R] , Sy 1 B ok A 5 e R 0 T4
PN N JC I EAED A . BT AR b R R 4 X
W RE LRy 37~ R MR B0 AR /N X B B iR
H 5%, MR AR [ g B e A A il 1983—2012 4F 1Y & [
OB B B 3 B 5 1R 50,100 mm/ W, Sy R Fs FE
S (50 mm)AH[E], R 433 60,30 min,
1.3 REFHE

TE R AP 3 R 198 2 117, SR FH 30 mm/h B R 5
JE AT A RN S AR T /N X H 1T R AT 3 22 K O R
b/l = O P T L 1 ol N P w7 & i Y <
— PR WD T BT S ] AR R TR R A RS
SRR AR /N X 5 8 24 h R AT IE R

S B R 85 RT3 6 190 A e A R I I R R 1 38 AT 1
o YR A I 70T 6% I AR E AT R, Y L R T R
b B T 58 ) 22 1B <5 %6, ELI T 2450 B =85 0 it
Jr AT HEATIESURE RN . AR W/ TR IR P2 S S 0 SR i
i [6] , 422 BUAR Bt e VD A o BOCRE [E] B 28 1~ 3 min,

AR W 230 45 BRI AR BUAR It JE v 1Y) A T o L i
JE ks HH S 6~8 h 5 Bl LiE BT R B O 2R BUR
A& BE A AR L 7E 105 °C R LT RREUT
VIR =308 =15 AR i A2 k™
1.4 BHItHE

AN 355 28 1 Ak 380 Ay ot B 3R v 38 2ok 3o Eb LA X 56



5 6 3

A= S g N T T Y B W e R L 91

AbFRR AR P i Rk i, R AT R UK [R) A AT A O
2BV B AR VD AL 25
R(‘K *Rl

KR, N S (90 s R ok A % 28/ b 31 42
it (mm) 3 R, AW FE FF 40 AL 3304 728 3 i (mm)
i NFEFFRIES RS AT IR B e bk R I
S _Sex—S,
" S
K S, MRV RS (Y0 5 S ex M 28 1 Ak 3 1) 42
P (g/(m® « b)) S, g HAWRS FF b FH Ak 2 i 4=
(g/(m? « h)),
1.5 #HELE

{d ] Excel 2010 H1 SPSS 19.1 #4740 Ak 31 5
G3HT s R Excel 2010 R4S I i A2 Dl U800 20 25 A
VDR R - 22 T 77 AL 238 R 1 248 B oA i o 11 728 b it 72 ]
DA K 50,100 mm/h [ERT5R T A [R5 FFE H 7 L0
T X HE IR 5 SR SPSS 19.1 8 4 5 22 20 Fr fl &2 8
HeA (LSD) , AT AS [RIAS FFAA H 7 =0 R R T 56 88 428 i
AR i i PR OK PR I (p<<0.05)
2 R 50
2.1 AREIFEFEE A K3 R RS 0 2R AR
2.1.1 Fa kx4 WK 1T LUE AR5 A

R, = X100 % (D

X 100% (2)

14
50 mm/h
4;12 -
o 10 —o— I EE
8oL —o— RFRZE
° —— RFRE
I 6 G ERE R
+§§+
'}g 4 F ¢ OO
oot
0
0 10 20 30 40 50

% &/ mm

B 7 i S 357 I A TR A1 38 ifi 2 0 B K. 7E 50
mm/h BT T RS AR RS AR IR Bk + R A
T w5 AL G0 I3 28 A Ak B 1 7 3 R AR I R 440,
3.45,2.50,1.94 L/(m? « h);7F 100 mm/h [ FF 58 &
T HAE i RAK IR N 9.76,6.54,4.49,3.51 L/
(m” « h), RO, 77 3028 KN R Bk 1% G I e 28 A =
FEAFIRIE > AP AR IR > e bk + R 2E B 5 . o B A
S G Bk o B T AL PR AR U D £ 2 Bl 0 - 45
FALTT 3t s A L B S HT i, SCRE S in Hh
FH S W/INE T AT A T B UH £ K A A
B A X I I T 7 A R A A 5 R AT AR TR AL B A
Bl T ok A R L B A e A R R U RS AT
WHEE MR /NX 15—25 em 2, W 1w 5
50 %6 B A% FF 2 2 BE 0% 1 U5 T U S AE L L BB A2 I
S0 - EK Sy A8 A i U B B T 7 IR % 5 T A
FFUR A Ab P B3 SR BE A% 2 R 4 398 FL B 235 4 B K 43R
SEU B T LR R E O AR TR /N X 2535 em
A2 X R 3K 53 A B 195 AN B G B+ A%
TE 7 o ARG AF R IR AL B, BT DAAE 3 AP RS AT L Oy X
o R R R A 7 O B T R A e B/ . 25 BT
UL, FEFF I8 B A B T 98 15 4200 36 i - HEE K sE L L
G B+ SR A B AT SR R A L LR O R A
PEIR FAS AR R e 7 X

4 r o m3ZE
~12 |—o— BHER
_.:| & BEFRR 100 mm/h
g 0F o sshRiEE
. 8 F
[
S 6
o2}
0 L L L L J
0 10 20 30 40 50

f& W B/ mm

1 AREFEEAXTEREBERENTWL

Wit 5 Ik 568 52 P9 S o AR TR AT 3 P77 P 3 v
D3RI T 39 A, L™ I R e 9 22 e P 90 5 W 1
I 1o X2 i TR R 5 RO, A S N TR P
Y e B BE ) 32 B B 52 W) AR DT 5 50 O A
N, A A B A e T 58 £ 46, S TR RS A A FH 7 X
[F1) 777 5 i e o ) 78 1 22 e B S R, 0 T D PR
28 TR 5 32 B s AT s P17 ) 28 A T A 428 3 7K 3l ) R AR
S HE AR AR K Bl 72 2 B0 RN X 35 T A I 4 Akt
REJTRIER VD RE 1 9 K/ RS Y e 4 AR AE
7L i b BRI T BT T 100 20 1S FF 5 RS AF TR AL B
TR FH I B2 AE 6 53 . L3 T 52 A7 50 D0 B F AT
T X SRR T RE S A 25 1 A 3R 2 RE L 7€ 20 9 1 3 1
AU LI T 55 JEE B A X R R AT AE 1 AR O A
TAERDBUE R FF A AL B A TR R

SRS B FLAS AT 2308 ABREZ LT L (5 2 H
T JC R FF 78 55 S B A RUCTH 8 T T 20 g S 5 3 T A
T BT DAL A R B T 0 AR A S e B AR
B MRS FP AR IR AL FEAH b 22 SR AR R . SRR RN
558 JE X AS [ A AT A0 B O s = i R AL B — 2w
SR, L R R 7 O RN S Bl R

2.1.2 oA er ) bk 3 Ak W8 Z 3 A R A R &
L AE AT 36 FHORE 05 A &5 HE K 3 T A g I A IR (R
2)., 5iyg 284t BAL B A H, 50,100 mm/h BN
5T bk -+ % 7 56 A ) 3 T 7 IR A () 43 S SiE
J& 20.1,7.2 min, F5FF A IR AL 3804 3% 1T 7 3 B R] )
FEJF 13.9.4.8 min, ff FFUR I b PR 3% 18 7 3 I 18] 43
BIIE S 8.1,2.4 min, FIAFEHF L B 5 = XF 77 i i 1]
452 W) 3% B Ry S B+ 5% 7 26 = R AT AR R > RS A IR



92 PRt N

5 34 &

30 > I 3 ZE AR RIS B - Bk A o Ak TG 7 O I (] £
TEZEAE T e WA o o3 A D DR G A 4 A i H o
BLGE AR R U ORI 3 HORS AR T
X 7 UL IR 8] 9 3 2 A B A AT 8 T 4R A9 RSCR T
L RIVRS AT FRT A 38 K 0 A8 FIRF K RE ) 35 5
M S8 0T A 30 A 39 TR 452 B s [R] 3o o 7 30 P (] £
T 5 R R AT IE F R K AR SOR i A

30 1
BT O R
‘q20 MR
= B RARE
157 SBHRER 5
B0+
£

|2
r:—:—:—l/
50 100
F% 9 58 %/ (mm * h™)

2 50,100 mm/h FEMREE TARBFEHTXH
7= i Bt 18 % bE

BB AR R 5 2 B, R FE B 25 04 H X A bR
DL S ) EL AR — 2 i S T o L i A6 TR e 52 %) 48 i
D ARG IR G Z AR, 7E 50 mm/h FERERET,
i A I FH AL 3L ) 7 A B ) 2 T3 28 AR AL R 2.4 ~
4.5 £% 3 7F 100 mm/h FERT SR BE T 55 FF 34 B Ak 27 AY 7
T B[] 2 G 3 2 MR AL B 2.0~ 4.0 fiF (] 2), F£ W
Wit o 93 T e B T G0 7 A I TRD S A . LA [ R
FF 3 T 5 20T 77 3k B[] (%) 928 22 4 FH 3 i ek /) . 3 2
P T 5 T 5 B B, T AT o RN AR A ol R T RO
BRI T R R R L ke A b 3 B (]
F14) 52 Wi 328 9 e o s 3 FH ) =X ) 5

(=T

45
~a0 t
< 35 | 50 mm/h
E3.0 —o— JRBZAE
w25} —o— RF®E
220 —— RATHR
15 —— RIREES
Loy M
s 0.5 i
o A P PO
0 10 20 30 40 50
B &/mm

25 b nr UL, A RS AT a4 FH 2 2 R AR B T O
11 Y T e w3 € /NS Nl 151 P I B S A TET R ol
SRR ARk 7 5 FLI 8 TR 3 B K, 28 1 %
DL S B) 7 Az R S VR AN . TR S ST T A
(1) 5 AT 3 FH Oy 2B, 7 32 4 BF 9 IX 8 T AR A0F 1 Sy o 22
NS =g N
2.1.3 Fir &L W 3 AAEL &G0 8 2 A Ak
L= 0 23R i o T A 1 72 A S R e P B S e I
T T X R I A A L 3 S F T 2B A bk v Ry
AL b 3L 68 R B E e TR A R R A HACRE i A
TR ez 13X 2 i, 5 0™ V0 SR O Jin ot 3k 2
W (B s FL T L Bl A B RN Y R SR R AT, B T AT s
(18 ) o3 T ek 2> S B5CHL 7 VD S W ek N - 1) T AR
xR . 50,100 mm/h P58 T L 28 7R kb
) FRE TR U A 2 0.644,1.958 kg/(m® « h) .,
H15 1 B 002 RS AT 8 H AR PR 7= Vb ] AR F 1L 48
I3 284, 5t 30 L B RS 1 AR A B s (U, 3 R RS T
W Oy 322 8] 7 Vb R B R W e 1 AR A B —
2258 R /INR I Ry 7 FF R8> R AP IR R > o B + 5%
R R e W TR AR P 26 A BT R RN AR
LA S5 %) T DV N R T VR L R R R TR A B R
Z R R IR A AL 5 TR A A TR R R, 3T
FEFFRE 35, BT L L 428 90 1 52 i RE G 358/ 0N . AR /K 8l
FIRRAE I 25 55 3 SO R Bl R 1 AN VD BE T 14 22 5% L R
FF A HH A B ) 7= 0 5 e SR B S KG9 3k 28 1 b 3L (H
& 3 RS AR I 5 N2 MK SR AEAE 22 57 . RIAFEFF
A P il 7 18 0 30 T A Ao R Y (] s e BB A
Pl - A b AR

45
_.':4,0 - 100 mm/h
. 3.5
"5 3.0 F
w23 35 22 A
$20F —o— FEFFHE
+zs+ 1.5 | —— RERRE
R0t SRR S
o5
0 T H
0 10 20 30 40 50
P& B/ mm

B3 FAREBEHFEEFXNTTDEHEERENEL

Wi 5 3% R e R P 185 00 4 [) S S T Y 3 T
PR FE IR, HL VD 32 b o S Ak R U B i A
Bl 38 R (T 3) it PAT Az A T i R A A, L o 9 42 et
FIRAR B A ol 1 B, 3= v R B H i
e 2B A Ak B 7 b AR R S B Y S4B FE 50,100 mm/h
FEM R E R 22 S & ., 50 mm/h FERSRE T,
I IAE] 8 mm I 28 AR A BEIF b5 7= 1 L 72 1D R
W E A KAH 1,394 kg/(m® « h) ., S 3T VD

RGNS N R, 2 38 B A X AR OE B B, ML B VD R
0.644 kg/(m?* « h);100 mm/h B )E T, F W&
IKE 6 mm BT 28 4 A0 BRI 4f 72 70, 7 v 58 R b
FHRAH 4.123 kg/(m” « h) . IR B I8 7= V0 508 #i
/0N o L 2R 3k B R X AR E B B, LR U #E k1,958
kg/(m* « h), 5 100 mm/h B F 58 B 4 L, 50 mm/h
R RRISHE I S5 A7 V0 2 R R 7 U 43 7 Bl /s 66224
F67.1%0, WLAb, Bl e RIS BE A 3 0 AS [R) RS A3



5 6 3

A= S g N T T Y B W e R L 93

A7 2R B A R ek )72 1 22 St W A o L2 184
W T S /N T e 22 A A B i PRI S T R T R
BRI F 77 3 A2 Al vl fe 39 T 422 9 £ ok E T3 B v
GPA 4 R AN TR AL WG e (2 S (S
B I T 5 38 o A [) A 38 T 5 2 7 1 AR AR A Ay
—SERIREI Y PR 7 O ok B AR ATl B 5 S
IO FE 73 i HE X T R i 20 AiE LA B AR i A= ok BE ) Y
TH AR FH S DT A 2809 3 6 DX P+ e 4= ik
22 AEBHEAEHARMEHMBEREREHEN

A

M 1 AT LA 5 0 H A [ R AT 3 5 3R
FR) SR b A AT B AR o i ke B HL R/ IN I P 2 3R By
I 35 28 A = Tl AT T 3 = T AT TR = S + S A ot

®1 AEAHEHAEHAXTHEANZREMESHE

fift MEWRE/ B B/ B ED

FHEL (mmeh™)) WB/mm(gem 2oh b)) /U /U
- 50 42.2Aa 884.4Ba 0 0
; 100 44.5ha  1850.0Aa 0 0
— 50 26.6Ab 113.6Bb 37.0 87.2
100 28.2Ab 321.7Ab 36.6 82.6

— 50 18.1Ac 77.8Bbc 57.1 91.2
100 22.0Abe  197.4Ac 50.6 89.3

- 50 14.1Ac 28.1Ac 66.6 96.8
100 15.6Ac 59.7Ad 6.9 96.8

VE ¢ ) 9 R[] 55 5 R 2 AR [RS8 7 2 A [ I 4 b
B FEHRE p<0.05 /KT 125 5 13 5 ) 9K [ N 55 o 4
7 M 7 I 38 2 S [RS8 1 7 2% 9 45 46 47 46 p <<0.05
KT E2RRE,
XFF AR A 50 mm/h B RS EE T 03 28 1 4b
P B 0 ) B FE VR AA RS FF TR RN G B+
HEAL IR 1.6,2.3,3.0 £5;100 mm/h FEWGRE T,
B KAy O 1.6,2.0,2.9 f%, X TR, 50
mm/h [R5 BT 28 4R Ab 3 Y 422 o i 3 ) o
FRERIE 5 FF 5e R R 00 Bk -+ ok 78 s Ab LAY 7.8, 11,4,
31.5 ;100 mm/h F& W58 B T . 3X 26 4% 5003 i ol
5.8,9.4,31.0 %, R UIA[E) BT 98 B T, 55 FF 6 H i
Jite 35 B A A5k 2 3p A b AR I R ol i, FEXHR ok
(4 37 A VE FH B S 0 A O IR R AE . R
BEALEE 3 AT — S 5 T M SR A R AT R 65 0 RN
T4 B e . R AT 7 55 R B R . LT e R VR B0 e A R R
FOO R T R BUE ST T RS FE AR 42
T Hb R AR A A A R I AR I I O A e A AR I AR
Ty A U et =R RS FE AR HORE S ol A
o B S FL R 25 4 1 - S KRR P A SR AR
ESNTE: b IR £ i a R | 0 NN U B <l
JE B30 AR RS A1 3 H 5 2T 4= il i 00 3 o e 2

B R T AR A 1 AR Ak i R 3R b b KRS AT
M FH 5 A e AF o 00 25 A L

R T 250 BT AS TR RS AT 8 H O 306 3Bk b A%
T S AR R A R ) DA S8 28 AR Kb B A 3 v L 43 )
THE RS FRURIE (RS A R TR L e B - 3R 7 Ak B
TRL R A VPR 25 (& 1), 50,100 mm/h [T 58 &
3 FREFE A8 FH A B 98I AR 25 430 A 37.0%6 ~
66.6 %0 F1 36.6 %6 ~64.9 %0 . W VD 8K #5435l S 87.2%6 ~
96.8% Fll 82.6% ~96.8% . W Fifi & [ TN 58 i (1) 3%
s ASTRVRS FF 34 77 =X 0% 980 U 28 4 e 1D A% 25 4 e
VNN ER 3 WAN Y N T = N i T U A A e Y
IR VD 55 25 fo G () 6 A 38 FH 7 X8 Sk B Bk + Bk 7 7
oL HUCHREAF IR . B Ja M RS FF IR . Xt 5 RN
55 SR A3 7 =X R Ak 5 | R B T AR I AR il g
FH VD RE ) Az AR A AT OG220 DT 5% M 35 Bk b N
[7i) 3 56 4k BER ) 9 38 9 V0 R 4 R AE . AS B AR TP AR B
RS E TR R E TR S AP/ AT 3 U S eR AL 41
U7 5 3R BBCA o 07 BAF AH I, A GBI g R B,
FERRIR 38 H 7 5 S B+ 6 FF 2 25 5 7 X0 ok o
B35 3 3k 60.0 %6 ~66.7 Y0 1 97.7 %6 I VDAL 2% 43 il
h 85.4%~86.4% 1 98.9% . LA ASIRIAE AT ik H oy
WD R 25 2 TR A AR, XS R 5 T A
EDRRETE Y < Ol ] 51 I o 2 Y B W S T O T
TR E R o e b+ AR R T R E TR
b 2B DBk b ) 3 O X K DRSO SR
PRI 3 SO AT R A S F 5 A T 4 80 A AT 3 1 4
Jiti 7E 2 b 2B A DX it 1) Rk 2 1 R
3 5w

(D) AS[RIRE R B 7 =0 7 O 2 2 B o4 19 34 o
7320 T 1 K LI W o 3 AR, JL AR (b 22 kB . 5
IS ZEVEAR HE . 50,100 mm/h FETR 38 BT % A8 H b
T3 590 42 2% 77 5 i 1) 14,0, 4.8 min, F% AT i H &b 3
B4 77 9 238 BT /0N G 3 2 A A 3L B A6 R S L LL R
FoE AR b g, T UL, R FF I HE R 8 9 15 39 v AR
it 3z R A [ B A R A A0 o 3B T AR ke R

(2RI 5T, A RS AT I8 1 7 X2 R A7 &0
/U S b AR A e R4 ol A T L G 38 T - AR ok Y
B/ FH B 8 e 1 6 AR ik B 9 22 /6 . 50,100 mm/h
R TRIBIR B L RS FE A4 FH Ak B A9 06K 370 55k 25 43 1A 37.0%6~
66.6 % 1 36.6 %6 ~64.9 % , Wk V>R 45 53 5l Ky 87.2 % ~
96.8 %01 82.6 % ~96.8% ., H ., b+ 3R A 5 AL
L) VOl U VD A A e B, LR R R AR TR RS AR IR A
AbEE. P, S+ R R T AGE T AR R
- DX b ) 5 AT A O X



94 PRt N 534 %
EH. YT A 5k e BB [ 17K e AR AF S 42, 2016, 36 (1)
11-16.
(1] XUSETC. Al 2% DR, A5 AR AL B b IR MoK B i 2k BUIR 5 [17] XuXZ, XuY, Chen S C, et al. Soil loss and conser-
CEATREIN R L] A E K PB4, 2008 (1) 1 1-8. vation in the black soil region of Northeast China: A
[2] Nearing M A, Xie Y, Liu B Y, et al. Natural and an- retrospective study[ ] ].Environmental Science and Poli-
thropogenic rates of soil erosion[ J]. International Soil cy»2010,13(8):793-800.
and Water Conservation Research,2017,5:77-84. (18] 25 X5, FBIDFT . M 47 40 o 55 . R T ARV O %) 8 4 X T
[3] Cui M, Cai Q G, Zhu A X, et al. Soil erosion along a IR i R R T ] A A 4L 2017.37(24)
long slope in the gentle hilly areas of black soil region in 8207-8215.
Northeast China[ J]. Journal of Geographical Sciences., [19] XA, 5kF . BER, FRKETH —REWREARX
2007,17(3):375-383. 19 R A5 L] B 25 7K HE 2K . 2014,30(9) : 147-150.
(4]  Flidk e 36 =% 10938 1k o) 8 K m] $e 2k [T K £/ [20] LHGES, M 8595 . b, 55, 8 L 3 A R kL 21 U v il
Fp 4 ,2001,15(2) :53-55,67. RAFAEA M LT ] ARl T AR 4% ,2019,35(20) . 111-117.
[5] Yao Q. LiuJJ, YuZ H. et al. Three years of biochar [21] MG, seameid B2 7 45 2R A6 B 4 XK ) B B 45 ] i
amendment alters soil physiochemical properties and FEL W 8 D I v A AE [T K AR 4524 4, 2019, 33(3)
fungal community composition in a black soil of north- 22-35.
east China[ J].Soil Biology and Biochemistry,2017,110; [22] TEIEH QWA &R0, 25 Ak i T 2+ X HF b+
56-67. HERL T3 BRI [T AR LA Ml R 2% £ 4, 2019, 50(5)
(6] IR, Ahfg 8, 1=, 4. T OK RS FF i 1 i ol 2 %o 7R 43-54,
B R R e R AR B S [ ] AR Ml TR 24 4R, 2019, 35 (23] PRUGRSG X4, 5, 46 8 9 S8R B8 R 3 ) B B X
(22):161-169. I [ 3 T R TR AR B S [ ]K b DR RS 4, 2017, 31
(7] Wb, 205, 5k 52, 55 R R # AR I F AR 0% PR 45 1 1T 2R (6):123-126.
PRFHIE A2 IR LT )oK+ AR FF2441 . 2019, 33(1) £ 75-79. (247 PRIERS O A L 47 A5 R AT o X 3 - 35 1 40 9 £
(8] EB O FFAIEL B 75 20 e iy K - 3828 K ek PRFE 52 LT AR BLRR 441 . 2015, 46(8) : 104-112.
152 [ ].7K L R4 4z . 2009, 23(6) : 224-228, 251, [25] E%& MUIE, £330 AN TRER &M N AR S X B AEm
(91 TEZE, £ . sk A, 4% 5% St 4 i 5 AT i 105 2000 A 2 K L ARO[ K L A5 1 . 2012, 32(2) :26-28,34.
X M s 3R W B2 R L) K AR 55241, 2010, 24(5) ¢ [26] ZEBAFF.H WP . Muhammad N K, 25K [F] [ 5 L 9%
40-44,62. b A T4 i O A7 K 1 AR B S [0 K R R 2 AT
(10 475 A% KSR AT . I 4% 4% . 55 R AP B S X AR L JR 11X 1 2016,30(2):131-135,142.
AR i S IR 03 W R S L) ] OK PR 41 . 2011, 31 [27] Parsons A J, Stone P M. Effects of intra-storm varia-
(2):1-5. tions in rainfall intensity on interrill runoff and erosion
(110 Vrmeds, BEBRIE . T3, 55, 28 b DXOR R B 7 15 i 1 7K 1 [J].Catena,2006.67:68-78.
PREFACER [T ] DK R F5RE7 . 2018,11(3) . 12-16. [28] Jourgholami M, Abari M E. Effectiveness of sawdust
[12] kAR 5624, Xbe vk, 4. A 1 4 =2l XA [6) #F 75 and straw mulching on postharvest runoff and soil ero-
I 7K 2 AR D) O 5 [T ] K £ AR 48 22 4 - 2009, 23 sion of a skid trail in a mixed forest[]J].Ecological En-
(3):11-15. gineering,2017,109:15-24.
(131 & B A Dh R, 453 Sk 5 FF 2L 55 0 AR 4L 2B (291 JE¥ M7, 2 RUBE . N TR TR 2% 11 R A 2 5 0
DX 35 A9F b v ot % 5 e SR IR B S LT ] D WP AF 5, 2014 K e RO BF IR LT ] K AR FEDFSE, 2008, 22(1) .
(6) :73-80. 9-11,40.
(1] ZRWk, S22 BRI 2 85 1 08 36 X 4 HE [T 3% 44 b ) B 7R [30]  SRIEIE, 2L 30 ATk , 5. 6 KA FF AL a6 % 3l 1 7™ 3k 7 v
SEMY R AE ) B2 R ) ], £33 41, 2015,52(4) . 747-758. AR L) ] A TR 4 . 2015, 31(7) . 118-124.
C15] WA, A0 A . i . I T R o X 7R b ot 280 PR 4 IX 4= 4 [31] R RWREE O RN 55 RS FF B35 X 8 1 XS B

[16]

Wb R[] A 252 .2016,36(15) :4708-4717.
PR FT R 5, & AR A0 B A OB 28 R G 2

PR R [T K £ R R ), 2017, 31(2) : 22-
26,32,



