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Responses of Erosion and Carbon Loss to Full-growing-season Maize and Soybean
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Abstract: [Objective] This study aimed to investigate the erosion characteristics and sediment carbon loss patterns at
different slope positions in the long and gentle slope farmland of the black soil region in Northeast China. The research focused
on the full - growth - period coverage of soybean and maize, and at the same time, optimized the cover management factor (C

- factor) model to provide a theoretical basis for erosion control and carbon sequestration in this specific geographic area.
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[Method] The research was conducted in the Fuhe small watershed of Bin County, Heilongjiang Province. Runoff plots
were established at three distinct slope positions: the upper slope, middle slope, and lower slope. Through in situ artificial
simulated rainfall experiments, the study systematically analyzed the impacts of soybean and maize coverage on runoff
generation, sediment yield, and sediment carbon loss. The dynamic relationship between water and sediment was explored.
Furthermore, by integrating two key vegetation parameters, crop coverage and plant height, a comprehensive and optimized C
- factor model was constructed to improve prediction accuracy. [Result] The results demonstrated that under the coverage
of soybean and maize, the runoff and sediment yield in all plots followed a "V"-shaped trend, initially decreasing and then
increasing as the crop growth periods progressed. The optimal stages for reducing runoff and sediment were identified as the
beginning of the grain filling stage for soybean (with reduction rates of 33.76%~40.33% and 89.96%~94.54%, respectively)
and the tasseling stage for maize (46.32%~54.23% and 92.67%~96.29%, respectively). Comparatively, maize exhibited
superior erosion resistance capabilities to soybean. Regarding spatial distribution, the erosion sensitivity across different slope
positions followed the hierarchy of lower slope > middle slope > upper slope. Statistical analysis showed that runoft volume,
sediment yield, and sediment concentration in runoff were all highly significantly negatively correlated with both crop coverage
and plant height. The optimized model integrating these parameters (C = -0.595log(0.01V)%(0.00491H+1.65048))
demonstrated a significant improvement, reducing the root mean square error (RMSE) by 59% compared to traditional models.
Additionally, sediment carbon loss was significantly negatively correlated with crop coverage and plant height. Maximum crop
coverage was found to reduce total sediment carbon loss by 91.04%~96.12%, with the most effective stages being soybean
grain filling and maize tasseling. Notably, 32.65%~69.91% of the total sediment carbon loss was contributed by large sediment
particles (> 0.25 mm). [Conclusion] This study successfully reveals the specific patterns of soil and sediment carbon loss
under the full-growth-period coverage of large-grain crops on long and gentle slopes in the black soil region. The research
highlights the critical role of crop phenology and slope position in influencing erosion processes. The findings and the optimized
C-factor model provide a robust theoretical foundation for developing effective erosion prevention measures and enhancing

carbon sequestration strategies in the long and gentle slope farmland of the Northeast China black soil region.
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Table 1 The basic physicochemical properties of soil at different slope positions in the study area
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Table 2 Vegetation coverage and plant height of soybean and maize at different growth periods

K S E=E Soybean coverage/% EKEEE Maize coverage/%
B
Growth period _ I _F Upper I s Middle
I F Upper slope i Middle slope 3T Lower slope ¥ T Lower slope
slope slope
Pl 1071+1.11 11.6+0.66 12.33+1.02 22.12+3.07 27.47+0.94 18.18+1.11
P2 28.32+1.32 35.14+2.28 31.06+0.46 55.18+3.00 47.74+0.85 48.23+1.32
P3 50.57+2.63 53.08+0.24 51.96+0.28 71.96+0.74 75.41+0.75 72.72+2.63
P4 89.94+0.78 89.34+0.66 89.48+1.60 91.49+0.28 92.46+0.37 90.35+0.78
P5 44.78+2.23 46.49+2.38 46.11+£1.59 85.49+0.65 85.18+0.29 78.96+2.23
KE#5 Soybean plant height/cm EK# S Maize plant height/cm
+EH
Growth period % I Upperslope 3 # Middle slope 3§ T Lower slope B Upper ek Miadle T Lower slope
slope slope
P1 6.22+036 6.33+0.36 6.92+0.30 1261041 13.30+0.06 11.93+0.36
P2 35.00+£0.54 42.64+0.17 37.5+041 143.58+4.29 102.63+3.43 117.15+0.54
P3 61.43+4.67 61.57+0.12 58.00+1.52 163.79+3.32 181.86+11.31 171.43+4.67
P4 101.03+1.12 100.05+0.45 100.03+2.27 228.58+0.48 234.58+0.34 220.78+1.12
P5 92.50+2.04 95.00+1.36 98.75+0.61 221.92+1.56 233.33+2.72 220.00£2.04
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concentration/(g-L-') Sediment yield/(g-m?) Runoffyield(L-m2)

Llog SXCOXP**(F=10.9)

P 1 P2 P3 P4 P5 Three way-ANOVA

W Ul ML DR B Johy 30K, By Sy M iR R, KRS, oK. PL: #iEEHA. P2: KEBUH/TOKIRWRTIA. P3: K
SRR G P4: KELERI T K IEE . Po: M. =R EMHF S, Co P ARIMEEAL. BintA. A8, EF
ANFING FRREE AR A S 5 M b ) 22 R B3 (P<<0.05) , ARIKEFRMUERAFAE N ZEREE (P<005) . *®niEE (P
<0.05) , **FRMEFE (P<0.01) , NARRAEE. FH,

Note: U, M, and D represent the upper slope, middle slope, and lower slope, respectively, and B, S, and M represent bare land, soybean, and maize,
respectively. P1: Seedling Stage, P2: Soybean Branching Stage / Pre-Stall for Corn, P3: Soybean Flowering Stage / Post-Stall for Corn, P4: Soybean
Pod Initiation Stage / Tasseling Stage for Corn, P5: Maturity Stage. S, C, and P in the three-way ANOVA represent slope position, cover type, and
fertility period, respectively. In the figure, different lowercase letters represent significant differences between different slope positions and coverage
types (P<0.05). Different capital letters represent significant differences between different growth periods (P<0.05).* indicates significant (P<0.05), **
indicates highly significant (P<0.01), and NA indicates not significant. The same below.

B 1 XKEMERTEEFHMN A EIRECERMFHENZE UARELXR)

Fig. 1 Effects of different growth periods of soybean and maize on erosion characteristics of different slope positions

*® 3 EHEEE. e SRERMEFEREX M

Table 3 Correlation analysis of vegetation coverage, plant height and slope erosion characteristics

MEHREY  HET MR R e R

B 1 0.91%* 0.94%* -0.93%*  -0.85%* -0.83%*
T 0.91%* 1 0.9%* -0.88%%  -0.76%* -0.74%*
IEG = A 1A 0.94%* 0.9%* 1 -0.94%*  0.87%* -0.87%*
PR -0.93%* -0.88%* -0.94%* 1 0.89%* 0.85%*
RS -0.85%* -0.76%* -0.87%* 0.89%* 1 0.98%*
BhRED &R -0.83%* -0.74%* -0.87%* 0.85%* 0.98%* 1

i *FREHE (P<0.05) , *FREZEFN (P<0.01) . Note: * indicates significant (P<0.05), ** indicates highly significant (P<0.01).
(O Vegetation coverage, @ Plant height, & Runoff Initial time, @ Runoff yield, ® Sediment yield, © Sediment concentration

AR (BB S RAEEIT, (EY7E & S il 2 Bs. IR 3G 3 B2 /5
AHIARRN, BEEA IS, ORI RGN, TE P4 IR BB OME, TEAEY R
. Hob P4 BHIK B EORE RS, IR A B 33.76%~40.33%. 46.32%~54.23%, IHIb Rk w53
155 89.96%~94.54% 92.67%~96.29% . AN I A 2 7] (UL Ik D R4 2 22 7 B A T R A B 2 IRl 22
S, X RPFERK G R b, IS5 (1) 22 S 0L 78 55 R D3R Dk D R SR AR BN o B4, FEVEY B
ANMEEW, FRD a8 E TR A AR, X R B 50 I R VD IR A E KT M AR
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Fig. 2 Runoff and sediment reduction benefits of crop coverage under different slope positions and growth periods
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