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Abstract: [ Objective ] The Northeast Black Soil Region, a vital grain production base in China, suffers from serious soil erosion
due to natural and anthropogenic factors. Numerous studies on soil and water conservation measures have been conducted by
scholars both domestically and internationally. However, most existing research focuses on evaluating either specific regions or
individual measures, while lacking a comprehensive assessment of both the combined benefits and practical applicability of
different conservation approaches. [ Method ] We collected 414 sets of research data from 59 published papers on slope erosion of
northeastern black soils during 2000-2023 and conducted a comprehensive meta-analysis to evaluate the efficacy of 18 soil and
water conservation measures. Our analysis focused on their capacity to mitigate slope runoff and sediment, while examining their
responsiveness to variations in slope gradient and soil characteristics. Furthermore, we assessed the regional applicability of these
conservation measures based on their performance across different environmental conditions. [ Result ] The analysis revealed that
soil and water conservation measures demonstrated substantial effectiveness on black soil slope cultivated land, with average
control efficiencies of 63.1% for runoff reduction and 73.2% for sediment control. Integrated measures consistently outperformed
individual interventions in terms of overall effectiveness. Among the evaluated measures, all except biochar improvement (Bi)
and adding sand (As) demonstrated statistically significant impacts on both runoff and sediment reduction. Particularly
noteworthy was the performance of bamboo trenches between ridges (Bt), which achieved exceptional control efficiencies of
98.9% for runoff and 99.9% for sediment reduction. This was closely followed by the combined approach of subsoiling tillage +
straw mulching + ridge-furrow intervals (SSR), which yielded control efficiencies of 92.4% and 99.4% for runoff and sediment,
respectively. The effectiveness of these conservation measures showed significant spatial variability, being strongly influenced by
slope gradient and soil characteristics. Optimal performance was observed on slopes ranging from 4-6°, where average control
efficiencies reached 66.4% for runoff reduction and 80.6% for sediment control. Soil-specific analysis indicated that dark brown
forest soil exhibited the highest runoff reduction capacity (78.7%) while chernozem demonstrated superior sediment retention
properties (96.4%). Furthermore, the most consistent synergistic relationship between runoff and sediment reduction efficiencies
was identified in mid-slope sections with gradients of 7-9°, suggesting an optimal range for implementing these conservation
measures. [ Conclusion ] This study evaluates the applicability of various soil and water conservation measures for Northeast
China's black soil region, based on their effectiveness in reducing runoff and sediment yield. Based on the Relatively Reduced
Evaluation Index (RREI) for runoff and sediment, ridge plant belt (Rp) and five other highly effective water conservation
measures were prioritized for implementation from a soil and water conservation perspective. For comprehensive consideration of
both conservation effectiveness and socio-economic feasibility, three measures; bamboo trenches between ridges (Bt), no-tillage +
straw mulching (NTS), and subsoiling tillage + straw mulching + ridge-furrow intervals (SSR), are recommended as priority
conservation practices for cultivated slopes in Northeast China's black soil region. Future research on soil and water conservation
measures should simultaneously consider their long-term ecological benefits, economic viability, and social acceptability, as these
factors are critical for ensuring the sustainable implementation of such conservation practices.

Key words: Black soil; Slope farmland; Soil and water conservation measures; Runoff; Sediment; Meta-analysis
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Table 1 Classification and statistics of the data included in the meta-analysis
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Fig.4 The coupled runoff and sediment reduction effects among different soil and water conservation measures, slope gradients, and soil types
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Fig. 5 Effects of major soil and water conservation measures on runoff and sediment reduction under different slope gradients and soil types
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[FIPEEAL (RRS =0.60 ); F7RIEEAS I AR VD A 3 48
PINEAR IR 39.8%, WIPACR: 66.3%),
VBTV VD G R TRt 45K ( RRS = 0.60 ). Dt BHZEA
Y, AR A 4 SRR R A A X, EE
AR S P RO EE
24 AEKITRFRIENIEREITEN
ARWF5E R AR TV VS RREL, £8P 4028+
SR b T kK R S, RREL > 1 356 % 4

R2 FRKELREFER

Jit A A5 R T A b D K, AR I e v
MY RRELI BT 1 B, WA R iz it /E A X
I by B 7K AR G

k2 fion, i 18 Mok R ORFsitEh, B
6 F it ) 42 7 AR D PR 48 5 ( RREL ) KT 1,
Ay R MR A (1,27 £0.16 ), KFERAH (1.36 +
0.28), ZBMEATHEE (1.62 + 0), BEVEZB/E + Hilf
PR (1.42 + 0.12), Sl + FEFFER (133 +
0.21) FIGEM + FifFER + B XH (1.51 +
0.06 ). BEAL, A 7 Bhok AR it A4 Y8 V0 A ek 1>
WM FE% (RREL) KT 1, fUdF gty (1.19 +
0.14), BUR + B4 (129 + 0.07). AFEH (1.29 +
0.11), ZBMEAFTH8E (139 + 0), BEWZB/E + b
P (1.29 £ 0.03), ffk + FEFFEE (135 +
0.01) IR + FEFEIE + ZmXH (138 +
0.01).

RIRAN I HEXE TN HE

Table 2 Runoff and sediment relatively reduced evaluation index (RREI) of different soil and water conservation measures

T iR e bt
RREI, RRE]J,
Type of measures Treatment
HuYERI YT Rp 1.27+0.16 1.19+0.14
FEFF M R AR Sc 0.6 +0.49 0.8 0.4
AWt BM )
FEFFE S Sm 1.01 £0.5 1.16 +0.34
HYE Hd 0.99 +0.7 1.17 £0.26
B As 0.33+0.54 -0.33+1.75
B[ X 1 Rf 1.15+£0.39 1.02 +0.33
YU R Bi 0.16 +0.1 0.02 +0.01
TREHiE EM -
B+ 4 Sp 1.16 +0.43 1.29 +0.07
JKFEA6 H Ht 1.36 £ 0.28 1.29+0.11
ZE[RIFTHTIE Bt 1.62+0 1.39+0
KW 2B 1E Ct 1.19 £ 0.47 1.07 £0.36
Gk Nt 0.86 +0.31 1.09 £ 0.36
HHER i T™ i
VA St 0.48 +£0.22 0.61 +0.24
TCZEAE Nr 0.98 + 0.05 0.92+0.11
KB ZBE + HUIE A CR 1.42+0.12 1.29 +0.03
ARG ERE BM + TM G+ FE AT 55 NTS 1.33+0.21 1.35+0.01
RAN+HFEFFE 35 STM 1.11+0.47 1.09 £0.38
A i+ TR RS i E S E BM + EM + TM URANHFEFFE RS +m X 1 SSR 1.51£0.06 1.38 £0.01

. BRI N EARMEZE, TR, Note: The data in the table are means = SD. The same below.

http://pedologica.issas.ac.cn



6 1] IR FET Meta 70 BT AYZR AL M LR HK T AR RS IR AR DT 1675

ZE TR, RWAYEYS RREI BIKT 1 M
A 6 B, Sy HIEAE YA . AKSERR I 2B AT
W MY EE + HOEREYAY . bk + REFPE
GRS + FEFFES + B X, X e ARt
FE A BBk b3 TR I A K PR e R R Y
FAPERA R, Ik, MK EARRFRLRE A R vT A ik
IR A5 6 Ff e SR AR R il

SR, FE KA it S PR S it o A v 2 B, I
R i T — 2 R A, S EOk T Bk A
WD A PR SOV a4 v, I 2 % W gl 4
Fi; ACOPE B SRGER BAR, AR  HN 22
SME LU AT Rk 9, B PR R (5 b B AIG T 3% J BF
TERR ., Bk, MoK OREERIAE 22 U nl A7 X
YeFE 2 18, AR AU A - B AT (I S 2B R AT T
TbF + FEFPE SRR + FiFFES + X H
3 Fhdeit

3 W ®

310 KEIRFBMEREERMEFE

AT R BN, RIGE LK + AR
WS- Y AR R 63.1%., VbR 73.2%, H
R s W = T A EAKCE R 52%A1 70%, ST A 4
FKAZE], KRR A AR R E S, WHE
v M XA AR VD U D R A I 16.4% Fi
324%™ MILZ R, M 2088 FEbg XK AR5k
250N B, RS R AR SRR 3%
92%, IXAJRE5 A HLIX M . MY 25 S5 KT R B
BRYER it AR 262 2%, Xiong ZEPUHE ) Bk RUE
TAEPHE R K AR R S B (DR : 55%,
WIPRCE . 88%), i Zhao ZEUMIFSRLE R R, 1E
SERET, TR A WG B E R iE
AR ARG RER, ERICELYH, 54
YR it FORHVE RS M AR e, TR AR K AR R 2
IR TR R TR RS Y O AR R
5 R 7 £L A XA A2 A A IR B, X 1 W 7K
- R R it A X R PR o 4R T ek g B
EM .

ARG R R, YWE/NT 6°8F, K L ARFFRE
Ji P BUARCR R R  BE (B 3a), [AZEAYHE
A T AR P 45 R IR —3 (& 4a). JERTHY

— BBTIF 5 A A2 AL ik 8 37 e AN v ) B ik
HAR—2, s L 5Pk Al WEPP BUAIE /R T 12
TEEAFERIE T LW B25, b EfEARR
WepE . WOE 2SR, SR, Maetens 2% 3
Yo SR R FERAE Z R R E ALK R, A
F 9% K B3R 2 R e 7K = PR RS i 07 P %) = 22 R
Z—, 0 3o~ Seul ki H R ISR AT . HY
B K RO, KPR B it 22 W T
8° LA LAYBES Bk, X 55X 75550 Chen %P7
MR 45 R —50, L, ST 5 PR h
YOG 2R ] I 75 2875 TEK R A Tt B A 52

MO, ARG EAR, A0 E 3k
KA Tl 7 5 P bt e P U S SR R e, T A B
+ e IR VSRR b . X T e R A O,
Fi A 9 1 A Lo 00 I e 39 8 T SR A P45
e M VED A K BT S R 2 i, ML BT
1) 7 25 B R R B AR AR R, NI B8 o - A Bt okt
AE 109, e Fe AR R DT
3.2 KETRIFREERBIRBD X R

KWLk, K AR it — B AN 2R +
BEVRUR | dEPr A BB RA T B Hu PR K
TR FRIKS RS RS R R RE RS
Pl EAEGLR , Ve Vb 25 AR i 4 D 17
A, ABIERFRIREL AT, Wb A R e v i i 75 22
W/ A T B AR EIS 2 AR ST A R
b S P B 1= Tk o K A 1 R i LR b
HOK A ORI s VD R D [l R AR . AN ]
PeBE 5T, hik B 7°~9°19 RRS i, milkk
10°~15°HY RRS ik, K5 hiB 70~9° i A
b, R 100~ 1545 il M [ U v i Ar > A 42 3
B, X5 Chen EPIMFFTLs RAML, BLAL,
HYEBE 7°~9° il 4°~ 6° M R AR I R AR VD I /D R
Z IR E R SC R —3K, X AT BE A i TR R X BE
S8 398 ve w  9i JRE E AC P R R 3 SR FH AR K AR R
TR T Uk A S PR v 2 e ) e R B
I, TR K - PRRER R AR O B A
R RIERC &R
3.3 FILE L EHHEIEEMIE ARk T REHE

BT RV AT DM 85, AR b
IS FH RS 5 . AP . I PTITE RS
WeZBfE + HOIEREYIHS . GbE + RERTFEE R RIS +

http://pedologica.issas.ac.cn



1676 + i1

62 %

=

FEAFAT e + 28 1) DX it B 39 i = et

AWFSE P R R 2 O K 2, s Y
s R 3 22 A 5 i B T g i e g L BRI
R eh ) S AEU R T, Liu MR BT 5 3 1
190 39 28 A 7 S 3 B b A S S8R B A o KPR
Z 78 8°LL LR BESEH L EoR AT, TR 2T
IR b T T AR SBE TR 4% A1 DA R X1 3H A9 3 T, ek
AT IRAT AR B AR Y, R, BEB e K7 B
FET A 2 5t R ) L 4 8 R B A 2 . 2 i) X
18 Tt 7 35 2 /N TH B L AR i BCR B e, 221
Py SR A SR BE M R LA B 8oLl B, X
TROpE AR FRI B IS AR ML, FER
JEBEX, FKk . REFRER™E S EE" &
() 30%Lh U7, SR AR IR R AR A T TS R i A
BRI, P, 5 AT 2 15 0 mT LA O 24 o — 3
Bhy WK L AR R - A i S R o (AR
TR, A FF B S A 0 A P 2 RAR T 3¢ L
R X (e ), S oo i N E AR
TR, AE SR FOK 1 O 5 R 3 Y, %
Ml 3 A T, A S s DXOR ) SR B
PR, AT RO e KBS
34 FLETHHHISEEMARNKREEARRE

HHTAK LRI, QKPR s BEAE )
A B ARG R E SR P 2 B B HOR B
B, IR ZRAC R LA 2] Tz M . SR
W, B TCADLE R, Pk R0 I8 S BOR B 4 g
FEZ MG PR ANRIERIEK LR ) %F—
FHNSHFBORD ), oK L OREER G 1 S 4R L T
AR SCAFFIBLR AR B o JUAE 7K O 15 Tt ) 107 TS5 ]
HAESERRAfE) i R i 2 Pkl . H—, Kb
B XARAERR 22K, WIBE 2L, Mo T #itE i
TEASEHERIXMERE o L=, FAP 0 E 23 K AR e
e R R, KPR AR A AR R 2
PR UEAE WD K LR T I BCR B , (H P A
B SR RME S AU A 1l S IR AR TE A
POAR R, AN, AR ) A R S T
—E P TEAR, HLAE BRI AT B, (H R
3 b X Z B AR SRR BB, e LR AL
EH, SR, ik, BHCTARE MEUN AL
IR ZEO T . ) & B ROK R, B
IO AR S BE T MK R S 0t T A 4 B DR, 1A
B PR K L DRI 04 T R et

4 & ik

IR AR Bt U R VD I R B
Boas , U5 e v 0y BHAE R 2 B 63.1% F
73.2%, AR TR S L T — Rt . BRAEY)
JoT A R B VDR A1, A it X ek 2 4% 3 5 e
RS RTEy  NANS = K 23 1 K v o3 R AT R U
Rk, HUCHTRIS + FifrES + Zm X EGY
B o 7K - PRRER A 1 B 5 4 % kB R
RS2 2 . 4o~ 6°Hi ki, K - RIFR it Y 7
PR 5 g de e 5 A DA Y DX RV R,
BEVESE TG 7R AR BE R 25 1 0385 W s X A Ui
DR, RS AR R IR A . BRI
VIR Vo P [R5 e de v, R BE 70~ 90l 40~
6OV TLIL VPR IR OC R TE — 8, B TREED
AHXHIR D PEA FE B, MK AR RR84 25 F B v] AR 26 b
HEREYA A 6 R ROK AR (H K AR EEFIA
ST E A B R, ARG SR - S T AR
Setfer ZEATE. b + RFPE S AR + R
M + ZBmXH 3 B AR K R R
Jiti FE AR AU 2 - Bk b () Bk 2 S R B AL T RS
WG FIEE S, (HARAT R i — PSR i i <
W s M AT A St 12, DSEBR 4%
PR T RESE R

£ 23k ( References )

[ 1] LiuXB, Zhang XY, Wang Y X, et al. Soil degradation:
A problem threatening the sustainable development of
agriculture in Northeast China[J]. Plant, Soil and
Environment, 2010, 56 (2). 87—97.

[2] TianZY, LiuHZ, MaR, et al. Spatial differentiation
characteristics of soil erosion and degradation in black
soil cropland of Northeast China[J]. Acta Pedologica
Sinica, 2025, 62 (4): 931—945. [HIE, /&,
S, 4. ARIGE A XOHE R R Ak 2 ) 43 S AR (D]
T HE2EHR, 2025, 62 (4): 931—945.]

[ 3] Zhang XY, Liu X B. Key issues of mollisols research
and soil erosion control strategies in China[J]. Bulletin of
Soil and Water Conservation, 2020, 40 (4): 340—344.
(IR, XUMEPK. o R R BSR4 TR MK 4 3
RBIR A R[] K AR FFE AR, 2020, 40 (4):
340—344.]

[ 4] LiuDW, Wang ZM, Zhang B, et al. Spatial distribution
of soil organic carbon and analysis of related factors in

croplands of the black soil region, Northeast China[J].

http://pedologica.issas.ac.cn



6 1

RS BT Meta 20-HT R 4L

PR BB & 10V LU 1)1 0%V €0

1677

[ 10 ]

[12 ]

[ 14 ]

Agriculture, Ecosystems & Environment, 2006, 113
(1/2/3/4): 73—81.

Zhang G H, Yang Y, Liu Y N, et al. Advances and
prospects of soil erosion research in the black soil region
of Northeast China[J].
Conservation, 2022, 36 (2): 1—I12. [3K6#¥E, #%1%,
XUEEME, 5. ZRbR X R i o ik J 5 R ).
KRR, 2022, 36 (2): 1—12.]

Zhang XY, Hu W, LiJY, et al. Control of soil and water
losses is the critical issue for black earth conservation[J].
Chinese Science Bulletin, 2024, 69 ( 11): 1401—1405.
[R50, 8AME, ZEEhl, 4%, K LA e 1 1
PR BT T[], BRI, 2024, 69( 11 ): 1401—1405.]

Wang J L, LiZ Z. Research progress on water erosion in

Journal of Soil and Water

the black soil region of Northeast China[J]. Journal of
Agricultural Resources and Environment, 2018, 35(5):
389—397. [Eil4%, ZEFH. RALB LXK R
PEIR]. FLFEIR G4, 2018, 35 (5): 389—
397.]

Chen J L. Method of soil-repairing terrace on sloping
farmland[J]. Liaoning Agricultural Sciences, 1965 (5):
19—20. [FREEK. BB AE 88 D7 % (0], 1D TR
LR, 1965 (5): 19—20.]

[Xie J. Soil erosion and its control in the central part of
Heilongjiang Province[J]. Soils, 1990, 22( 3 ): 128—132.
(45, FR e VA48 v A b IXC - B8 42 otk B0 B A BT,
£, 1990, 22 (3): 128—132.]

Shi S X, Jiang D S. Experimental study on the influence
of several soil and water conservation measures on
strengthening precipitation infiltration and reducing
sediment[J]. Research of Soil and Water Conservation,
1994, 1 (1): 82—88. [f4EHT, #d. JLAR LR
REAE T X 5 A R TR A8 R 13 M B B 2 [D]. K
T ARERFSY, 1994, 1 (1): 82—88.]

Han X Z, Zou W X. Research perspectives and footprint
of utilization and protection of black soil in Northeast
China[J]. Acta Pedologica Sinica, 2021, 58 (6):
1341—1358. [#iEHG, 48055, AR ACER L H G4 R H T
ST SRR R AT]. 3R, 2021, 58 (6):
1341—1358.]

Yan Y, Zhen H C, Zhai X Y, et al. The role of vegetation
on earth bunds in mitigating soil erosion in Mollisols
region of Northeast China[J]. Catena, 2021, 196: 104927.
Zhao Y S, Wei Y X. Soil and water conservation effects
of protective tillage measures on sloping farmland[J].
Science of Soil and Water Conservation, 2009, 7 (3):
86—90. [IX AR, BUKEL. BHrb IRy LB ERT It Y /K
LARFFROL[I]. T E K LR RERE, 2009, 7 (3):
86—90.]

Liang A Z, Zhang Y, Chen X W, et al. Development and
effects of conservation tillage in the black soil region of

Northeast China[J]. Scientia Geographica Sinica, 2022,

[ 21 ]

[ 22 ]

[ 23]

[ 24 ]

[ 25 ]

[ 26 ]

42 (8): 1325—1335. [REL, WKIE, KX, F. K
A 28 A DR AP BV 9 2 R BR 5 W 5T (7], M
Bl 2022, 42 (8): 1325—1335.]

Chen D, Wei W, Chen L D. Effects of terracing practices
on water erosion control in China: A meta-analysis[J].
Earth-Science Reviews, 2017, 173: 109—121.

Wei W, Chen D, Wang L X, et al. Global synthesis of the
classifications ,

benefits and issues of
2016 , 159 :

distributions ,
terracing[J]. Earth-Science Reviews ,
388—403.

Liu H Q, Yang J H, Liu C X, et al. Flow velocity on
cultivated soil slope with wheat straw incorporation[J].
Journal of Hydrology, 2020, 584: 124667.

Zhang Y F, LiHW, Hel, etal. Effects of maize straw
mulching on runoff and sediment process of slope[J].
Transactions of the Chinese Society of Agricultural
Engineering, 2015, 31 (7): 118—124. [fk3 Kk, =it
S, Tk, AF. FOKFEFFEE w8 I R VD R R Y 5
W[T]. gk TAE2AHR, 2015, 31 (7): 118—124.]
Zhao J L, Yang Z Q, Govers G. Soil and water
conservation measures reduce soil and water losses in
China but not down to background levels: Evidence from
erosion plot data[J]. Geoderma, 2019, 337: 729—741.
Gurevitch J, Curtis P S, Jones M H. Meta-analysis in
ecology[M]//Advances in Ecological Research. Amsterdam:
Elsevier, 2001: 199—247.

Xiong M Q, Sun R H, Chen L D. Effects of soil
conservation techniques on water erosion control: A
global analysis[J]. Science of the Total Environment,
2018, 645: 753—760.

JiaL Z, Zhao W W, Zhai R J, et al. Regional differences
in the soil and water conservation efficiency of
conservation tillage in China[J]. Catena, 2019, 175:
18—26.

ChenJ, Xiao HB, LiZ W, etal. How effective are soil
and water conservation measures ( SWCMs ) in reducing
soil and water losses in the red soil hilly region of
China?A meta-analysis of field plot data[J]. Science of
the Total Environment, 2020, 735: 139517.

Maetens W, Poesen J, Vanmaercke M. How effective are
soil conservation techniques in reducing plot runoff and
the Mediterranean?[J].
Earth-Science Reviews, 2012, 115 (1/2): 21—36.
Liu Y F, Dunkerley D, Lopez-Vicente M, et al. Trade-off

between surface runoff and soil erosion during the

soil loss in Europe and

implementation of ecological restoration programs in
semiarid regions: A meta-analysis[J]. Science of the Total
Environment, 2020, 712: 136477.

Wallace B C, Lajeunesse M J, Dietz G, et al. OpenMEE:
Intuitive , open-source software for meta-analysis in
ecology and evolutionary biology[J]. Methods in Ecology

and Evolution, 2017, 8 (8): 941—947.

http://pedologica.issas.ac.cn



1678

+ o i

Eibd 62 %

—

27 |

28 ]

29 ]

30 ]

31 ]

32 ]

33 ]

34 ]

35 ]

36 ]

[27]

soil organic carbon and soil moisture in the Three

Wang H R. Effects of vegetation restoration on

Northern regions-based on Meta-analysis[D]. Lanzhou:
Northwest Normal University, 2023. [ 4. =dbiIX
LA IR 20T 398 HLA AN K 43 1 S M —— 2 T Meta 43
Fr[D]. =M. PEALImRER:, 2023.]

Sun Y N, Zeng Y J, Shi Q H, et al. No-tillage controls on
runoff: A meta-analysis[J]. Soil and Tillage Research,
2015, 153: 1—é6.

LiMM, XuGZ, Yang K C, etal. Effects of ecological
soil and water conservation measures on soil erosion
control in China’s typical regions: A meta-analysis[J].
Science of Soil and Water Conservation, 2024, 22 (6):
163—175.

Wang X K, Ouyang ZY, Xiao H, et al. Distribution and
division of sensitivity to water-caused soil loss in
China[J]. Acta Ecologica Sinica, 2001, 21 ( 1): 14—19.
[ESHRE, BRHEZ, B8, . EUK L sk st
AL RO KRB SE (0] AR A 2R, 2001, 21 (1):
14—19.]

Zhao Z Y, Fang HY, Wu Y B, et al. Simulating the
impact of slope shapes on soil erosion for the black soil
region, Northeastern China[J]. Journal of Soil and Water
Conservation, 2022, 36 (6): 23—29, 40. [ %z,
G, WALVK, 45, WIE R+ K+ R iR A
RERIBAUAT 2 [J]. 7K AR 352440, 2022, 36( 6):23—29,
40.]

Liu HF,Shan Z J, Qin W, et al. Review on soil and water
loss control techniques and models in the black soil
regions in the Northeast[J].
Research, 2020, 45 (4): 74—80. [XIFF35, A,
Zfl, A5 ARAL R L XOK 23 R VA B R 5B 5T
R[] RVHISE, 2020, 45 (4): 74—80.]

Chen L D, Wei W, Fu B J, et al. Soil and water

conservation on the Loess Plateau in China: Review and

Journal of Sediment

perspective[J]. Progress in Physical Geography: Earth
and Environment, 2007, 31 (4): 389—403.

Tian S Z, Zou Y J. Study on the composition and
properties of several main soil humus in Jilin Province[J].
Chinese Journal of Soil Science, 1987, 18 (1 ): 23—26.
[, 48K, AR JURN 32 1 38R 58 5 20 hii
JREIBFFELN). s, 1987, 18 (1): 23—26.]
Wu L L, Liu X Q, Zhang Z X, et al. Forms and
availability of phosphorus
Province[J]. Acta
Sinica, 2021, 30 (5): 737—745. [ BB, #M/hIL,
FREERG, AL AR MR SR FOR A R Sk I].
el 24, 2021, 30 (5): 737—745.]

Wang B, Zhang G H. Quantifying the binding and

in typical soil of Jilin

Agriculturae  Boreali-occidentalis

bonding effects of plant roots on soil detachment by
overland flow in 10 typical grasslands on the Loess

Plateau[J]. Soil Science Society of America Journal,

[ 37 ]

[ 38 ]

[ 39 ]

[ 40 ]

[ 41 ]

[ 42 ]

[ 43 ]

[ 44 ]

[ 45 ]

[ 46 ]

2017, 81 (6): 1567—1576.

Zhang BJ, Zhang GH, Yang HY, et al. Soil resistance
to flowing water erosion of seven typical plant
communities on steep gully slopes on the Loess Plateau
of China[J]. Catena, 2019, 173: 375—383.

HuJ, Li Y H, FuBJ, etal. Quantifying the effect of
ecological restoration on runoff and sediment yields[J].
Progress in Physical Geography: Earth and Environment,
2017, 41 (6): 753—774.

Zhang Y G, Wu'Y Q, Liu H H, et al. Effect of topography
on ephemeral gully erosion in Northeast China with black
soils[J]. Journal of Soil and Water Conservation, 2007,
21(1): 3538, 49. [3KAOL, fIUKEK, XIPLH, % &K
Uit b M X b DR 0 P 9 4R ol B4 e 43 BT (D). K
R, 2007, 21 (1): 35—38, 49.]

TuAG, Xie SH, YuZB, etal. Long-term effect of soil
and water conservation measures on runoff, sediment and
their relationship in an orchard on sloping red soil of
Southern China[J]. PLoS One, 2018, 13(9): €0203669.
Lu SN, LiRR, Yao C, et al. Study on the effects of
counter tillage on runoff and sediment yield and process
of nitrogen and phosphorus nutrient loss on sloping
farmland[J]. Acta Pedologica Sinica, 2024, 61 (5):
1271—1283. [RE T, 2E58@h, Wb, 5. B EMEX
ek b ™ U B B IR Ar  R A R AT )]
HeeEH, 2024, 61 (5): 1271—1283.]

Ran L S, Lu X X, Xu J C. Effects of vegetation
restoration on soil conservation and sediment loads in
China :
Environmental Science and Technology, 2013, 43 (13 ):
1384—1415.

Liu X B, Zhang S L, Zhang X Y, et al. Soil erosion
control practices in Northeast China: A mini-review[J].
Soil and Tillage Research, 2011, 117: 44—48.

Bai L L, Shi P, Li Z B, et al. Synergistic effects of

terraces and check dams on runoff and sediment yields in

A critical review[J]. Critical Reviews in

a slope-gully system in Loess Plateau[J]. Transactions of
the Chinese Society of Agricultural Engineering, 2023,
39 (13): 96—104. [FI85%, WINS, 2=k, 5. B4
e DA el P R bt 338 1) 3 TR X 7 R 7 U 1) B ] AL
RNE[I]. Al TR 24, 2023, 39 (13): 96—104.]
YuJ L, Wang G X, Yang H L. Application of hillside
cultivated alleg directed regional field technique[J].
Journal of Heilongjiang Hydraulic Engineering College,
2004 (1): 114—115. [F5de, LEE, ik, Sk
Mo ZE 1 X AR [9]. BRIETIOK T 241, 20040 1):
114—115.]

Niu X L, Qin F C, Yang Z Q, et al. Efficacy of several
tillages in conserving soil and water in slopping areas at
the black soil in Northwest China[J].
Irrigation and Drainage, 2019, 38 (5): 67—72. [4
Lok, ZEC, Bk, . B L XYL BEHE

Journal of

http://pedologica.issas.ac.cn



6 1

RS BT Meta 20-HT R 4L

PR BB & 10V LU 1)1 0%V €0

1679

[ 47 ]

[ 48 ]

MK L AR R B AT 2 ()], WEMEHE K %40, 2019, 38
(5): 67—72.]
LiHL, Zhang WF, Zhang F S, et al. Chemical fertilizer

use and efficiency change of main grain crops in China[J].

Plant Nutrition and Fertilizer Science, 2010, 16 (5):
1136—1143. [ZF£L4], KT, skEH, % PEER
HWEEY RN SRR ). MY ERS
BEEL24R, 2010, 16 (5): 1136—1143.]

Liu S, Zhang X Y. Effect of conservation tillage on soil
temperature, water content and yield in arable black
soil[J]. Soybean Science, 2011, 30 (1): 56—31. [X|¥K,

[ 49 ]

[ 50 ]

K24 S PRIV X B e T R 3K B AR 7
RIS MR[T]. KERE, 2011, 30 (1): 56—61.]

Liu XY, XinLJ, LuY H. National scale assessment of
the soil erosion and conservation function of terraces in
China[J]. Ecological Indicators, 2021, 129: 107940.
Han X Z, Zou W X. Effects and suggestions of black soil
protection and soil fertility increase in Northeast China[J].
Bulletin of Chinese Academy of Sciences, 2018, 33( 2 ):
206—212. e, 483055, FRE AR b S5Ae
FIEETH R S L), P ERME BT, 2018, 33
(2): 206—212.]

(RERE: AHHE)

http://pedologica.issas.ac.cn



