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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 2040 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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BRI R L T BESCR, HMAEMEYE. WM Z R AT RE AR AR, SR, ST
FLB ST E A RS D RE IR TN PR, AN TR i A AR 28 2 1 A 7 L 5 88 o 24 1 R 0 1
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T DNA SR AEY) mid &7 . AN 70 DU R G R 40 DG e ik & B3R R T E U S &,
KREF AW EE L 20~40 cm T2 pH 2, THUBTTEREN; IF H IO LRGE AN
S RGRE OB, A= FL IS o 39 X AR Ak 3 e A LR B B

http://pedologica.issas.ac.cn



+ %
Acta Pedologica Sinica

a) EERE | b)

Decaying roots

IRFRIEEBL
Root legacy effect

REREIR
Rhizosphere soil 7L PRy
Biopore sheath

HjEmBﬁéEilf/siE"ﬂ Fdh fitt [BFRDetritusphere

47| BRdHBiopore sheath
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Diagram of biopore sheath sampling range.
Bl 1 AL E () S55RFE (b)
Fig. 1 Conceptual diagram of biopore sheaths (a) and schematic illustration (b)

{4 Ff] Fast DNA Spin Kit J2BUR77 & (MP Biomedicals, ZEE) $2H M) DNA J&, FIH 1%
JIg W S e FL K ASE I DNA Y Se 8t f4ti &, [R]BF Ff NanoDrop One ( Thermo Fisher Scientific, 3[H)
Kl DNA (IR EERZERT . A% 5190541 (5°-ACTCCTACGGGAGGCAGCA-3") Al & %t 5| ¥ 7 )

(5’-GGACTACHVGGGTWTCTAAT-3") M T4 H 4 iF 16S rRNA V3-V4 [X . Al 5| ¥ 5 51

(5’-GCATCGATGAAGAACGCAGC-3") Mg 5| ¥)fr41 (5°-TCCTCCGCTTATTGATATGC-3") Hi
TP EEE ITS2 [X. KH BioRad S1000 PCR 1X (Bio-Rad Laboratory, JS[E) #7414, ¥ L
N: 94 °CAEME 5 min; SRIGLNT 30 MEH——94 °CZEME 30's, 52 °CIE/K 305, 72 °CHEfH 30s;
Jai 72 °CALEE 10 min B2 E0. I 48 V)M FI BRI B e 24k . %  NEBNext® Ultra™ II DNA S
il & 307 & (New England Biolabs, ZE[E) AREFiFEEAT @ FEHAE. 8/ lllumina NovaSeq 6000 -
G R I 3G 7 SR EAT PE250 I FP .

XERAT A P S 3EAT W N A2 MU fastp BPF (RROAS 0.14.1) XX R 46551 (Raw Reads)
BHTIRE PR (3% -W4, -M20), ERRICFEEE X, 454 cutadapt TATEBRTI Y51,
FAR 15 Ja B X iE 7 P 41 (Paired-end Clean Reads). P )18 usearch T B (ARA 10D #E4T X
o, BN B R/ NES KRN 16 bp, HE XK VFHERCECN 5 bp, W IEATTE &M IF1,
PAFIRIEPHEFR TS (Raw Tags). FRIRFIA fastp BAFXT Raw Tags AT %, ARG EHER
WA (Clean Tags), HT /4RI SRE SIER M. FEIEREMI B, fiiH] UPARSE 7774} Clean Tags
AT IR, A pi#eEr 250 (Operational Taxonomic Unit, OTU). ¥EA~ OTU FIRE M FI S
SILVA (41 16S) A UNITE (H i ITS) #dls FEit AT X, o BAEEERMEDY 0.8, FRAFHXI N
SRERGE (7. M. BH. B B K. bR, KRR SR 2Rk (163
P55 UULTCEERREH K OTU. T ERERANHEEE D I —XP OTU. k& ik
M54 OTU 510 OTU 3£, 1331& kit i 2T 0 A ZUFFI A & OTU 5 B . AWFFTHr, dE
T I 1R B 23 BN BRI REAS T2 84 008 F1 66 596 4% reads, i/ Pl REME TR W%
Pa CLHR A & [ S K 0 B 5 0y (Genome Sequence Archive, GSA), JiH %5 PRICA039549.
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K H SPSS 25.0 it AT BLK 207 Z 53 (one-way ANOVA), FF /MR % 7% (Least
Significance Difference, LSD) #ATZ HE L. LA ARIEE (Simpson) FIIESJEE4EEL (Pielous)
AWM BEE T o ZFEME, FIFH R 4.3.2 B “vegan” G HF f5 I 7 B 31T o ZFEMEFESL
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BIE; FIH R 4.3.2 K “WGCNA L iR ILIL 2%, 1%+ Spearman #H M R 3L |r > 0.65 H 2%
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WAL OTU 5EWK. 2R G &, AL Z AR R, 1/ R 4.3.2 #4H Graphpad Prism 9.5 3K
P2 T

2 45 W

2.1 FEIBZEEVMEMILIRERTSENER
FHER 1 alhn, SaESLBRERAELE, B B ) A LB A MUK S = B 35 1R T 33.4% (P <0.05);
EfE & MEY FRBCE AR SRS B0 R 24.6%H 18.5%; M EEIAEY)
FLBR AR A BE IR 17.9% (P < 0.05). WK S, AVFLBEECAEFLB IR I H 56 S A Lk
MeERGE. WHCEAEDILRET AR S EY LR EESR .
=1 TREIBIEFLEEEFAE YIRS RS 8
Table 1 SOC, TN, C/N in bulk soil and biopore sheath under different treatments

TIEA BB SOC/(gkg™) 4% TN(g-ke™) C/N

Triifem AR FLER G/ BN L] LI AW FL B LI G/ BN L
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 0.7340.19Aa  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 5.594+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
-3 Soil P<0.05 P<0.05 ns
{E#) Crop ns ns ns
A
ns ns ns
SoilxCrop

7: Con. Alf. Rap I Rhv 73 HMREMIA . EHE . s b+ TR . FHARRE FRERE SR FLBR s A 7L A
[FI78 a (E DAL R ] 22 5 38 (P < 0.05), ARNSFRERIRE—E i (EAL B A JEFLIR A AL LRI 2 R B (P <0.05). HIERIRAE
FUBREH 55 AR 7L B 9 Ak 388 B A X R AR AR 0] ()R s D o Ack 38R B A R X R AR P s s 338 AR IR 9 3 28 LA P OGS R AR 1)
. ns REZERAEE. FH. 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.

22 FEEBEZFIEVFERREDREEEONESR

1P 2 AT, B N+ IR AL B ) AR WAL RS AR b AR FLRR 20 1 3 AR 4R HUR 2& 1 n 5.76%.,
AR AL B AR BRI N 372% (P < 0.01). SARSLBEHAREL, IRRAE M TR LA L
B (R 4T 1 350 0 FE PR ) S 35 1 T 7.79% 1 12.9% (P < 0.05) . BB [ 2334 AR5 A0 38 20 B HR e
FACH TG R R, DA PRI AL PR A=Y FL RS B0 AE 257 58 P FaHORH L AR FLIR A 2. 2 02D 68.6% .
B S, SARFLBIHAREL, AR R B AR R X S B R R BN AR AL v AR HUY B3
SN, TR B 5 BEAR BN AR S AL S TR ORI, E IR RERARE . AN, R
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AbPE Treatment Ab3 Treatment Kb EE Treatment

#E: A Gini-Simpson f88E R ¥ ki85, Bl 1 EZR M

[@. Note: The Gini-Simpson index is used to represent the Simpson index, which is obtained by subtracting the value of the classic Simpson

Simpson f&EEH/EHE]. *, P<0.05, **, P<0.01, ***, P<0.001, T

index from 1. *, P <0.05, ** P <0.01, *** P <0.001. The same below.
B 2 R IRAEFLB A LB R B (ac) RIZLE (d-D 10 o ZREMERIA: A5 0r 58 FE S 3K
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
Kl 3 %M, BREWRZE (P<0.001). HIFEASE (P<0.000) PLEPERAZEIEN (P<0.0D)
PR E AN E RS . (VB SEDRZE (P<0.05) EKHE5HEAERKNZHERN (P<0.001)
BE W RS AR, JF H PCoAl 73 mllfif ke T 4B A B V& T 36.4%H1 15.6% )28 5+
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+HESoil: R2=0.113, P <0.001 ***
VE¥)Crop: R2=0.415, P <0.001 ***
i VEHSoilxCrop: R = 0.204 , P < 0.01 **

+HESoil: R”2=0.055, P>0.05 ns
YE¥)ICrop: R*=0.349 , P <0.05 *
L3 EISo0ilxCrop: R? = 0.202 , P <.0.001 ***

-0.2

0.0 02 0.4
PCoA1l (36.44 %)

-0.2

0.0 0.2 0.4
PCoAl (15.55%)

B3 AR A B AL B A A AL AR (2) FIELE (b) BEVEIET Bray-Curtis B85 () 1 A4KR 07 (PCoA)
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

WK 4 s, R (Proteobacteria) FRATE [T (Acidobacteria). £ [] (Chloroflexi)+
FUZETHE ] (Actinobacteria) FIHUATEE ] (Bacteroidetes) AT EAHEE 128, HAHXTFE & o510
44.0%~52.9%- 5.14%~18.9%. 7.70%~11.6%+ 5.61%~16.1%  2.06%~12.3%. SAEfLERHEALL,
KA LB R AT B 1) RS- 25 B 1) AR 32 BE 43 e Zb 6.17%~59.5%H1 15.0%~31.4%, 41l
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FFBE T TIARXS FEFEIE N 30.5%~450% . LN B BIEA AT E B (Acinetobacter) Bl 14 )&
(Pseudomonas)~ wb1-A12 FIZEHIATE )& (Bacillus), AN FE N 24.4%~43.6%. SAEFLBEY
AHEG, B A BRAE ) FL IR R AN ST B AR 3 BE D 15.2%~77.4%, T/ F2 BE B B S AR O AR
N SR B M B TIRBAEE . SRNAL, B EY AR B T B R RS
FEAEFL RS A AE M FLRR A b 2 B 0 13.8%~49.7%H11 33.7%~186%; JEEER ] (Firmicutes) K4
XPEEWA PR, WEIE 30.8%~53.7%, HEEMKIKICNEE . 2 MEE IR, R
7% A7 HEH 1] (Ascomycota) FIHFE 1] (Basidiomycota) AT, AHXTFEE 435N 66.5%~90.8%F1
4.05%~26.4%. SAESLEREHAHLL, R ah, Hoa a2 A AL B 1 3 B 1) A X 3 B2 3 hn
6.16%~15.3%, 1515 [ THIAEXT FE BRI D 24.2%~29.1%. TR 518 5 A3 b 325 |1 A X 2 R 8
W TSRS MBI AR B, T H T 5 [T A SO o DU Ak 3 ) B K A R SRR
B[R] — b B FEFL B A 5 A= LI S ) L e K A RS A

a ["TPhylum b) J&Genus
o [ Proteobacteria o 100 ["] Unclassified
N — . . & _———— — .
] Acidobacteria 2 Acinetobacter
e 8 Chloroflexi wE 80 Pseudomonas
# 5 Actinobacteria # 5 whil-A12
z8 p '3
Z3 [] Bacteroidetes = s 60 Bacillus
K| I Rokubacteria e I I Kouleothrix
& 20ﬁ ‘ H H ‘ H ‘ H Firmicutes & ‘ztgﬁ ‘ ‘m‘ | ‘ ‘ ‘ Achromobacter
Unclassified 0 Pseudarthrobacter
Con Alf Rap Rhv|Con Alf Rap Rhy| Patescibacteria Con Alf Rap Rhv|Con Alf Rap Rhv| Stenotrophomonas
AL LI ks - ErLbes | AL o e
Bulk soil Biopore sheath errucomicrobia Bulk soil Biopore sheath spningomonas
Kb Treatment [7] Others Jb ¥ Treatment
c) 100 ["IPhylum d) 100 J&Genus
< = = | | Ascomycota - 1 Unclassified
3 ‘ I Basidiomycota 3 Fusarium
28 gl Unclassified & sof Minimedusa
# 5 Mortierellomycota # £ — Ceratobasidium
= o m = 71 Glomeromycota =5 60 H Hi Mortierella
= 3 = 2
ERd I Others g W Aspergillus
2 ol 20 | e
0 0 Talaromyces
(Con AIf Rap Rhv|Con Alf Rap Rhv| ICon AIf Rap Rhv|Con Alf Rap Rhy| Funneliformis
FEFLERES AL 1EFLBSHY PEM LIRS > : '
Bulk soil Biopore sheath Bulk soil Biopore sheath Preussia
Mk 2 Treatment 4k ¥ Treatment

] 4 A EIAEEE AR FLBU A AL P AN (ab) FIELEH (c—d) 15T AR 3
Fig. 4 Relative abundance of bacterial (a-b) and fungal (c-d) phyla and genera in bulk soil and biopore sheath under different treatments

2.3 VTR O MENFE R ES BN RES SEXM
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Fig. 5 Differential expression analysis of biopore sheath and bulk soil under different treatments
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Fig. 6 Identification of core microorganisms in biopore sheath
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Fig. 7 Relationship between bacterial a diversity, niche breadth with soil organic carbon content
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Fig. 8 Spearman correlations between the relative abundance of core microorganisms with SOC, TN, C/N in biopore sheath
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