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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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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
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0.21) FIGEM + FifFER + B XH (1.51 +
0.06 ). BEAL, A 7 Bhok AR it A4 Y8 V0 A ek 1>
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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, RREI,
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 WA & +22 1 X 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.
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