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Abstract: [ Objective ] Cover crops are very important for regulating soil structure and enhancing soil organic carbon. Cover
crops can improve soil pore structure by creating biopores through root penetration and subsequent decomposition. However, the
effects of different cover crops on organic carbon accumulation and microbial communities in biopore sheaths remain unclear.
[ Method ] A field experiment was conducted in a typical Shajiang black soil, including four winter cover crop treatments (fallow,
alfalfa, rapeseed, and a mixture of radish + hairy vetch) in rotation with summer maize. Soil organic carbon (SOC) and total
nitrogen (TN) contents in the biopore sheaths of the 20-40 cm soil layer under different treatments were determined, while
bacterial and fungal community structures were analyzed via high-throughput sequencing. [ Result ] The results showed that,
compared with bulk soil, SOC content in the biopore sheaths increased significantly by 33.4% under the alfalfa treatment, while
TN content increased significantly by 24.6% and 18.5% under the alfalfa and radish + hairy vetch treatments, respectively.
However, no significant differences in SOC and TN contents of the biopore sheath were observed among different cover crops.
The microbial community structure varies significantly with the interaction between cover crop species and soil habitats. The
bacterial a-diversity indices and niche breadth indices in biopore sheaths were significantly higher than those in bulk soil,
particularly in the radish + hairy vetch treatment, whereas no significant differences were observed in fungal communities
between the two soil compartments. Furthermore, microbial communities within biopore sheaths exhibited a shift toward
copiotrophic taxa compared with bulk soil. The relative abundance of Pseudomonas and Bacillus was higher in alfalfa-derived
biopore sheaths than in other treatments. Correlation analysis indicated that the relative abundance of core microbial taxa
involved in carbon decomposition and transformation was significantly positively correlated with SOC content. [ Conclusion ] In
summary, SOC and TN contents in the biopore sheaths under the alfalfa treatment significantly increased. SOC content may
regulate microbial community structures within biopore sheaths by influencing bacterial a-diversity indices, niche breadth indices,
and the relative abundance of core microbial taxa.

Key words: Cover crop; Biopore sheath; Organic carbon; Microbial community; Shajiang black soil
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Fig. 1 Conceptual diagram of biopore sheaths (a) and schematic illustration (b )
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TR EL AR S5 M, JF H PCoATl 2 BB T 4lis
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MK 4 s, ZIEFI] ( Proteobacteria ). FRFT
Hi 1] (Acidobacteria ). 225 ] ( Chloroflexi). JiX

F1 FELBIFFLRBNENIREPHRASE

Tablel SOC, TN, C/N in bulk soil and biopore sheath under different treatments

TGPk SOC/ (gkg') 2R TN/ (gkg') C/N
Qb3
AL B A AL LB A LI A FLBR A /BN
Treatment
Bulk soil Biopore sheath Bulk soil Biopore sheath Bulk soil Biopore sheath
Con 6.17+1.64Aa 5.56+1.93Aa 0.78+0.15Aa 0.73+0.19Aa 7.80+0.61Aa 7.47+0.65Aa
Alf 4.64+0.50ABb 6.19+0.19Aa 0.65+0.05ABb 0.81+0.16Aa 7.10+0.34Aa 7.07+0.37Aa
Rap 4.26+0.42Ba 5.59+0.85Aa 0.61+0.06Ba 0.69+0.13Aa 6.93+0.40Ab 8.17+0.31Aa
Rhv 4.71+0.45ABa 6.48+1.19Aa 0.65+0.02ABb 0.77+0.04Aa 7.20+0.45Aa 8.39+1.25Aa
1-3% Soil P<0.05 P<0.05 ns
YE4#) Crop ns ns ns
T3 fEY)
ns ns ns
SoilxCrop

TE: Con. AIf, Rap I Rhv S lfCRIKM . B . im3FE MBE TR, FIAR RS TR AR LB 8 P4l
B AR S A BN 22 R B3 (P < 0.05), ARRVNG PRI R — B S Y A LB AL AL p 2 R B35 (P <
0.05 ). L3RR AR LIS 5 A 4 7L B Ak 3000l A X PR A i (5000 5 P ) 3R 7S DU e Ak 2L P X PR A (5 5 S AR RO
WiE S HEAE XA BRI . ns fCRZEF AR . TR, Note: Con, Alf, Rap, and Rhv refer to fallow, alfalfa, rapeseed, and radish
+ hairy vetch, respectively. Different capital letters indicate significant differences between the cover crop treatments under the same soil
compartment ( P < 0.05 ) . Different lowercase letters indicate significant differences between the soil compartments with the same cover crop
treatment ( P < 0.05) . Soil denotes the main effects of bulk soil and biopore sheath treatments on the dependent variable; Crop denotes the
main effects of four treatments on the dependent variable; SoilxCrop denotes the interaction effect between these two factors on the
dependent variable. ns indicates that the difference is not significant. The same below.
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Fig.2 Alpha diversity and niche breadth index of bacteria ( a-c ) and fungi ( d-f) in bulk soil and biopore sheath under different treatments
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& Con Alf ~
Rap Rhv
—02 -0.2
+-3 Soil: R*=0.113, P <0.001%** 45 Soil: R*=0.055, P> 0.05 ns
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Fig. 3 Principal coordinates analysis ( PCoA ) of bacterial ( a ) and fungal ( b ) communities based on Bray-Curtis distances in bulk soil and biopore

sheath under different treatments
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