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Effects of tillage practices on soil CO, emissions in red soil sloping farmland
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Field and Carbon Emission Reduction Engineering Research Center of University in Yunnan Province , Kunming 650201, China)

Abstract: [ Objective ] This study aims to investigate the effects of various tillage practices on soil carbon
dioxide (CO,) emissions in red soil sloping farmland in order to establish a theoretical foundation for
developing a sustainable, low-carbon farming model and optimizing agricultural practices in this type of
terrain. [ Methods| By setting up experimental plots for four typical tillage practices, including cross-slope
ridge tillage (RT), down-slope tillage (DT), plastic mulching (PM), and conventional tillage (CT), a
structural equation model was established to explore the relationship between soil physicochemical properties
and soil CO; emissions. Additionally, a comprehensive evaluation model was utilized to quantitatively analyze
the carbon reduction and yield increase benefits of different tillage practices. [ Results] The soil organic carbon
and total nitrogen contents of the soil in the RT treatment were generally higher, which significantly

increased the total porosity of the soil and reduced soil bulk density (p<C0.05). Conversely, these parameters
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were the opposite in the DT treatment. The soil temperature and moisture content in the PM treatment were
significantly higher than those in the other tillage practices, and the soil temperature and moisture content in
the ridge treatments represented by RT and DT were significantly higher than those in CT. During the crop
growth period, the soil CO, emission flux under different tillage practices ranged from 60.53 to 818.90 mg/
(m* + h), showing a fluctuating trend of first increasing and then decreasing. The cumulative soil CO,
emissions among the different tillage practices decreased in the order; PM > DT > CT > RT, with RT
significantly reducing emissions by 3.4% to 22.4% (p<C0.05). The emission levels during the crop growth
stages decreased in the order: granulation stage”>ear stage”>seedling stage. Rainfall erosion had a significant
Birch effect on soil CO, emissions in red soil sloping farmland. After rainfall erosion, the soil CO, emission
flux among different tillage practices decreased in the order: DT >PM > CT > RT in red soil sloping
farmland. Soil CO, emission flux was mainly influenced by adjustments in soil temperature, soil moisture

content, total nitrogen, and bulk density. [ Conclusion ] RT plays a positive role in reducing soil CO,

emissions and increasing crop yield, is a favorable practice in southern red soil sloping farmland.

Keywords: soil CO, emissions; tillage practices; red soil sloping farmland; crop growth period
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Table 1 Arrangement of experimental plots for different tillage practices
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Fig. 3 Dynamics of soil nutrient content under different tillage practices
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Fig. 4 Dynamics of soil bulk density and total soil porosity under different tillage practices
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Fig. 5 Dynamics of soil hydrothermal factors under different tillage practices
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Fig. 6 Dynamics of soil CO, emission fluxes under

different tillage practices
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Fig. 7 Cumulative soil CO, emissions during crop fertility

under different tillage practices
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Table 2 Z-scores for each indicator under different tillage practices

HEE B WL/ 2R/ K/ BAL + 4 + 4 CO, HE il i &/ PR/ Z5E
it (g+kg') (gekg) (geem™™) BE/%  ®WE/C HFKK/Y% (mgem?+h!) (kgehm?) HH
PM —0.93 0.97 —0.98 —1.20 1.33 1.39 —1.18 0.69 0.09
RT 1.18 —1.00 1.32 1.08 —0.35 —0.14 1.17 0.94 4.19
DT —0.72 0.73 —0.48 —0.37 0.07 —0.98 —0.34 —0.44 —2.55
CT 0.48 —0.66 0.17 0.50 —1.05 —0.27 0.36 —1.20 —1.68
R*=0.026 R*=0.467 0.8
0.065 0.039 0.6 I
= 0.4
) ® 02 r
R=0.844 2] =
R=0.697 G L
-0.835" 0, E-02f
rs%% —— 3| HEROR & 0 I
1 -06 C 1 1 1 1 1 ]
_ oW o = B M
R*=0.248 m o k4 = B
R E % @ 4o
0.645° 0.468" 8 A %
x2=8.956,df=8.000,P=0.346 CFI=0.993 RMSEA=0.058 FA S

T ARFRAM SRR AR p<<0.01 B FMEAF UMD, ARFACFEEEAE p<<0.05 W MEAKF UMD . & 60 RIZL 6 3 Sk 7331 4R 3 1 16 280 1oz 1 67 1)
RO 5 S 2 1 M 2 2 i) ARG 3R 0 25 280 I AT AS B 25 80 RE 5 T AR b o B A AR 5 7 Sk T BE 0GR SR 5 I LE s RA AR SR I AR R
9 AIEEE M+ BRI CO HEM B I B0 S5 4 75 IR AR B (SEM) R iR B

Fig. 9 Structural equation modeling (SEM) of the impact of soil physico-chemical properties on CO,

emissions in red soil sloping farmland and standardized total effects.
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