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Effects of Different Straw Returning Approaches on Land Surface
Roughness in Croplands with Different Degradation
Degrees in Black Soil Region of Northeast China
XING Shukun"?, ZHANG Guanghui'*
(1.Faculty of Geographical Science, Beijing Normal University, Beijing 100875, China; 2.State Key Laboratory of

Earth Surface Processes and Hazards Risk Governance, Beijing Normal University, Beijing 100875, China)
Abstract: [ Objective] This study explores the effects and mechanisms of different straw return approaches and
land degradation degrees on the seasonal variations of land surface roughness (LSR). [ Methods] Croplands with
non-degraded, lightly, moderately, and severely degraded soils in the typical black soil region of Northeast China
were selected as the research sites. Four treatments were applied: straw removal (control), strip mulching, rotary
tillage, and deep plowing, resulting in a total of 16 monitoring plots. During different soybean growth stages in
2023, periodic measurements were conducted on LSR, soil physicochemical properties, and litter accumulation.
[Results ] LSR was significantly affected by the straw returning approach, land degradation degree, crop growth

stage, and their interactions. For different straw returning approaches, strip mulching yielded the highest LSR
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(7.41 mm to 7.93 mm) , followed by deep plowing (6.25 mm to 7.43 mm) and the lowest under straw removal
(4.85 mm to 6.68 mm). Land degradation caused a significant decrease in LSR, decreasing from 6.68 mm to 7.93
mm in non-degraded cropland and from 4.85 mm to 7.41 mm in severely degraded cropland. With the progression
of soybean growth, LLSR tended to decline overall but fluctuated sharply due to farming activities. LSR showed
extremely significant positive correlations (p<C0.01) with soil cohesion, aggregate stability, organic matter content,
and litter accumulation but had extremely significant negative correlations (p<C0.01) with straw decomposition
percentage and soil bulk density. [ Conclusion] Straw returning approaches should be chosen considering the land
degradation degree of black soil croplands and based on local conditions. For non-degraded cropland, rotary tillage or
deep plowing helps loosen soil, improve aeration and water permeability, and alleviate waterlogging stress in flat

terrain. For degraded croplands, straw mulching can reduce soil structure damage, enhance aggregate stability and

LLSR, more effectively regulate slope hydrological processes, and lower soil erosion risk.

Keywords: black soil region; land degradation; straw return; microtopography; seasonal variation
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Fig.1 Measurement process of LSR and comparison of DEMs under different treatments
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Fig.2 Rainfall characteristics and measurement times of LSR and its influencing metrics during soybean growing season
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Fig.4 Seasonal variations of straw decomposition percentage under different straw returning approaches
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Fig.5 Seasonal variations of soil physicochemical properties and litter accumulation under different straw returning approaches
®4 REEKZFAEAZTHARLETEENERNGEYERELEREEEILR

Table 4 Significance comparison of soil physicochemical properties and litter accumulation among different straw returning

approaches during soybean growing season

Bk e j:*%ﬁﬁﬂ?i%/ B2k ) /kPa PIUERIKTRE T/ Wy PREs B 51/ FHUE/ (g kg D) 1‘5%%%}5%/
e (grem™) mm mm (g'm™)

CK 1.164+0.01Ca 5.69+0.40Aa 2.54+0.12Aa 9.29+0.75Aa 40.724+0.65Ab 36.42+14.63Aa

i SM  1.20£0.02Ca 5.96+0.34Aa 2.73+0.19Aa 9.41+0.89Aa 41.334+0.69Ab 47.064+14.02Aa

SR 1.16+£0.02Ca 5.86+0.42Aa 2.994+0.12Aa 8.77+0.61Aa 43.39+0.82Aa 48.71+15.93Aa

SP 1.16+0.02Ca 5.824+0.47Aa 2.70+0.23Aa 8.94+1.00Aa 42.124+0.54Aab  48.134+15.10Aa

CK  1.2940.02Ba 4.474+0.30Ba 2.12+0.12Ba 8.6610.98ABa 30.89+0.62Ba 41.134+15.06Aa

AL SM  1.27+0.03Ba 5.62+0.30Aba  2.54+0.11Aba 8.394+0.95Aa 31.91+0.84Ba 45.53+14.18Aa

SR 1.27£0.02Ba 5.154+0.45ABa 2.59+0.07ABa 8.52+0.79Aa 33.00+1.06Ba 42.26+16.24Aa

SP 1.24+0.02Ba 4.77+0.49ABa 2.42+0.15ABa 8.30+0.75Aa 31.96+0.76Ba 40.66+12.86Aa

CK 1.264+0.02Ba 3.80+0.25Bb 1.744+0.21Bb 8.22+1.12ABa  29.15+0.37Ba 35.94+10.14Aa

A— SM  1.29+0.02Ba 5.14+0.25Ba 2.19+0.14Ba 7.60+0.90Aa 30.85+0.81Ba 43.894+11.65Aa

SR 1.2840.02Ba 4.67+0.38Bab  1.86+0.06Bab  8.384+0.68Aa 29.26+0.90Ca 39.82+10.61Aa

SP 1.28+0.02Aba  4.16+0.35Bb 1.78+0.08Bb 7.814+0.89Aa 29.15+0.92Ca 35.94+12.10Aa

CK  1.3940.02Aab  2.9440.16Cb 1.0840.10Cbh 6.58+0.58Ba 21.06+0.75Cab  28.89+8.72Aa

AL SM  1.40£0.02Aa 3.94+0.14Ca 1.6740.09Ca 7.12+0.80Aa 23.4940.86Ca 35.44+10.85Aa

SR 1.36+0.01Aab  3.15+0.14Cb 1.50+0.07Cb 6.284+0.49Ba 21.30+1.13Dab  31.52+7.91Aa

SP 1.34+0.03Ab 2.86+0.10Cb 1.49+0.14Cb 7.044+0.77Aa 20.33+0.86Db 32.83+9.26Aa

TE AR RS 5 B 3 7m AH [ 348 1 77 2 Ak PN )G Pt 3 A 4 i) 22 55 W 38 (p<T0. 05) 5 AN [RI/INE S8 3 /s A )R Al it 8 Ak SEAS T 6 7 i 1

=[] 22 7 8 3 (p=<0. 05)
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Fig.6 Relationships of LSR with soil cohesion, aggregate stability, and organic matter content
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