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Effect of corn-cover crop intercropping on soil erosion resistance in the

rolling-hill black soil region
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(College of Forestry, Northeast Forestry University, 150040, Harbin, China)

Abstract: [Background] In Northeast China’s black soil region, prolonged traditional farming coupled with

multiple erosive forces, hydraulic, wind, and freeze-thaw, has intensified sloping farmland erosion, resulting in
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thinning and degradation of the fertile black soil layer. To address this challenge, establishing a conservation system
focused on “prevention first and integrated utilization” is essential. Cover cropping has emerged as a promising
strategy to improve soil structure and erosion resistance. This study explores how intercropping maize (Zea mays)
with cover crops affects soil erosion resistance, aiming to identify optimal crop combinations and planting patterns
for sustainable black soil management. [Methods] A field experiment was conducted on a typical black soil slope
cropland in northeastern China with five treatments: 1) bare control; 2) maize monoculture; 3) maize—white clover
(Z. mays—Trifolium repens); 4) maize-ryegrass (Z. mays—Lolium perenne); and 5) maize—white clover-ryegrass (Z.
mays—T. repens—L. perenne). The erosion resistance of the soils was systematically assessed by three complementary
methods: the wet sieve method for analyzing aggregate stability, the flume test for measuring scour resistance and
the direct shear test for quantifying shear strength. In addition, a comprehensive assessment framework was
developed using principal component analysis (PCA), integrating 12 key soil quality indicators was used for
comprehensive evaluation and pattern selection. [Results] 1) Intercropping maize with cover crops significantly
improved the physical properties of the soil. Maize + white clover + ryegrass treatment was the most effective,
increasing total soil porosity by 14.39% and water-holding capacity by 6.4% compared to bare ground (CK). 2)
Corn + white clover intercropping achieved the highest aggregate stability in both 0 - 10 cm and 10 - 20 cm soil
layers, with aggregate crushing rates of 22.26% and 17.18% respectively, significantly lower than those in other
treatments. 3) Surface soil (0 - 10 cm) erosion resistance improved markedly, with scouring resistance coefficients
reaching 61.93 L/g (maize + ryegrass) and 50.86 L/g (maize + white clover & ryegrass), representing 96.5% and
95.7% increases over bare soil. 4) The maize + white clover & ryegrass system also demonstrated superior shear
strength, with a 5.4° internal friction angle and 15.4 kPa cohesion, 25.5% and 13.5% higher than bare soil (CK). 5)
Overall erosion resistance ranked as: Maize + white clover + ryegrass > maize + ryegrass > maize monoculture >
bare soil > maize + white clover. [Conclusions] Intercropping maize with cover crops, especially the combination
of white clover and ryegrass, substantially enhances soil erosion resistance on sloping black soil. These findings
provide a scientific basis for cover crop selection and configuration, offering valuable guidance for the sustainable
utilization and conservation of black soil resources.

Keywords: intercropping; cover crops; soil aggregate; soil anti-scourability; soil shear strength
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Tab. 1 Physicochemical properties of the soil under different treatments with different cover crops

. T N\ THAAEK R BRI
TER pOsE] TR KE LI AFLBRE
Soil bulk density/ Saturation moisture Soil organic matter
Soil depth/cm Treatment Soil moisture/% Soil total porosity/%
(g €m3) capacity/% content/(g-kg™")
CK 31.8840.64Aa 1.2240.07Aa 445432 37Ab 36.49+1.29Ab 38.7940.34Ab
Y 33.4240.58Aa 1.1240.01Aa 50.2944.84Aab 45.1034.70Aa 39.3240.25Aa
0~10 Y-8 32.51#+.75Aa 1.1740.08Aa 47.8843.23Aab 41.2045.15Ab 38.3340.45Ab
Y+H 33.92+1.90Aa 1.1640.07Aa 49.73+1.94Aab 43.1743.45Ab 32.8140.23Ac
YB+n 33.0440.18Aa 1.1540.09Aa 50.9542.03Aa 44.2942.20Aa 32.6640.20Ac
CK 34.8440.93Aa 1.2240.06Aa 47.1145.58Aa 38.8345.09Aa 40.4449.44Ba
Y 33.63+1.02Aa 1.2240.05Ba 46.8542.65Aa 38.5643.57Aa 39.7840.43Bb
10~20 Y 31.6040.20Aa 1.2340.05Aa 40.1044.44Aa 32.91+2.01Aa 39.3240.17Bb
Y+H 33.8241.56Aa 1.2240.01Aa 48.2344.92Aa 39.70#4.37Aa 32.2140.23Ac
Yip+n 32.4140.49Aa 1.1840.04Aa 40.5144.35Aa 36.6245.09Aa 31.2440.42Bd

e AFRVNG RGN F L2 AR G B 2R W) 22 57 B3 (P<0.05) 5 ANF RS F-BHAFRAH R AT B 2R BAN R £
2 0] 22 57 5. 2 (P<0.05); T [Al. Notes: Different lowercase letters indicate significant differences between different vegetation
configuration types in the same soil layer (P<0.05); different uppercase letters indicate significant differences between the same
vegetation type (P<0.05). CK: Control, bare land; Y: Maize (Zea mays) monoculture); Y+p: Maize intercropped with white clover
(Trifolium repens), Y+n: Maize intercropped with ryegrass (Lolium perenne); and Y+s+u (Maize intercropped with white clover and

ryegrass polyculture), the same below.
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Tab. 2 Soil aggregate stability under corn and different cover crop intercropping modes

HIRR i

Soil depth/cm

Treatment

TR A

Mean weight diameter

JURTF- 3 EAR

Mean geometric diameter

i

Ro2s & &

Ro.2s content/%

P S A <

Percentage of aggregate

(My)/mm (Gw)/mm Destruction (Pw)/%

CK 1.0140.05Aab 0.7720.00Aa 72.45140.79Aa 26.00+1.08Aa

Y 1.11+0.06Aa 0.7910.05Aa 71.7445.54Aa 26.4434.98Aa

0~10 Yin 1.1440.07Aa 0.8210.04Aa 76.5044.05Aa 22.2613.93Aa
Y+H 0.9120.04Ab 0.7510.02Aa 73.97H.22Aa 24.6610.18Aa

Yipen 1.0940.15Aa 0.7940.04Aa 75.994#4.57Aa 23.15#4.37Aa

CK 1.3240.05Bb 0.9040.03Ba 81.98+2.07Ba 17.4742.15Bb

Y 1.5040.05Ba 0.9040.04Ba 78.7542.40Ab 20.49+2.7Aab

10~20 Y- 1.4340.03Ba 0.9410.03Ba 82.38+1.56Aa 17.18+.47Ab
Y+H 1.1740.01Bc 0.8440.01Bb 78.41+1.40Bb 21.04+1.55Bab

Yip+n 1.0540.06Ad 0.8040.03Ab 76.5942.90Ab 22.6543.04Aa
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Fig. 1 Soil anti-scourability index under corn and different cover crop intercropping modes
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Fig. 2 Internal friction angle (left) and cohesion (right) under corn and different cover crop intercropping modes
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Tab. 3 Principal component results

F i) Principal B .
g : ek o P, AR TTRk® Cumulative
¥H1E{H Eigenvalue  TT#k=Z Contribution% contribution/o

component
1 5.360 44.667 44.667
2 1.677 13.971 58.638
3 1.514 12.614 71.252
4 1.203 10.027 81.279
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Tab. 4 Component matrix

4 Principal component

}8¥5 Index
1 2 3 4
X1 0.094 0.611 0.097 0.635
X2 -0.507 -0.079 -0.380 0.654
X3 0.752 0.388 0.425 -0.181
Xa 0.692 0.470 0.329 0.147
Xs -0.837 0.232 0.339 -0.072
Xs -0.916 0.295 0.190 -0.125
X7 -0.846 0.423 -0.112 -0.238
Xs 0.844 -0.403 0.083 0.253
Xo -0.478 -0.204 0.719 0.198
X10 0.499 0.443 -0.521 -0.285
X11 0.662 -0.081 0.307 -0.170
X12 0.410 0.446 -0.136 0.164
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Tab. 5 Comprehensive scores and ranking of soil erosion resistance

b3 4
Y1 Y2 Y3 Yq Y
Treatment Ranking
CK -0.21 -0.09 0.11 0.27 -0.08 4
Y 0.01 -0.03 0.51 0.07 0.09 3
Y- -0.68 -0.24 0.11 -0.17 -0.42 5

Yain 0.38 0.17 -0.39 0.00 0.18 2



YiBn 0.51 0.19 -0.34 -0.17 0.24 1

VE: Yiv Yoo V3 H0 Ya s BOAERGY 1L 20 3A14 19435y, Y9 5 AMARTE 12 AMERE BB IS A 44135 . Note: 11,
Y>, Y3 and Ya are the scores of main components 1, 2, 3 and 4, respectively. ¥ is the comprehensive score of soil erosion
resistance of 12 indicators in 5 treatments.
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