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Abstract: [Objective] To investigate the effects of straw returning combined with microbial
agent on soil nutrients and microbial community diversity in degraded cinnamon soil, and to
provide effective and feasible restoration measures for soils degraded due to long-term intensive
cultivation and insufficient maintenance. [Method] Using untreated degraded cinnamon soil as
the control (CK), straw was applied to the degraded soil (T1), and a combination of straw and
microbial agent (Bacillus subtilis and Metarhizium) was applied (T2). Soil nutrient indicators were
measured, and metagenomic sequencing was used to analyze differences in soil microbial
communities across treatments. Key microbial taxa associated with soil organic carbon (SOC)
were identified. [Result] The addition of straw and microbial agent improved soil pH and
increased the content of soil organic carbon (SOC), available potassium (AK), available
phosphorus (AP), alkali-hydrolyzable nitrogen (AN), and microbial biomass carbon (MBC).
Metagenomic sequencing results indicated that the combined application of straw and microbial
agent enhanced the o diversity of soil microorganisms at the species level. The relative abundance
of Proteobacteria, Actinobacteria, and Bacteroidetes in the soil significantly increased. Correlation
analysis revealed that soil organic carbon is closely related to microbial community structure.
Among the microbial taxa with significant differences, Nonomuraea (Actinobacteria) was
significantly correlated with changes in organic carbon and may play a key role in the restoration
of degraded cinnamon soil. [ Conclusion] In the process of restoring degraded cinnamon soil, the
combined application of straw and microbial agent can significantly improve soil nutrient levels,
alter the composition of soil microbial species, and enhance o diversity at the species level, and

screen Nonomuraea as the keystone microbial taxa.

Keywords: degraded cinnamon soil; straw returning; microbial agent; Ssoil nutrient; keystone

microbial taxa

oy b R RIS L AN ) A b M 0, B R R SRR E AR R T ARE, 2040 T
Hh A A R i IR U X S ORAT s AR A L e R M . TR A e R T AR O 27
970.5 km?, & [ H B (ol AR, RSN A R SR A e i A E R,
fy LA “E AR FHHER T I 7R ARAILR, FERI N . AL
R B BV R BT B AR R B . SR AR s ™ 2 R
Jo A X gAML T HE S e, BRI T R iR A B AR 72T B . RS ATIE FAE iR Ak LI &
A1 LA M, % AR T LSRR R BT R W, REATIA FH Bk n -1 3845 LB Csoil organic
carbon, SOC) M. %M C(available phosphorus, AP) FIHEZ4H (available kalium, AK)
JRENE, AR AR S KT, SRT, FEATIE H i E AR 2 3 2 0 m R . e,
- ST PR R 80 1 240 A T K B0 Lk, b X SR AR (R I S SRS FT /0 12
TEFE N IR BB ARE S BOR . oA, R 584 MR RS FT T RE A 1R 55 ORI 5 B P 4



ST, SEIPEE RS DR, AERSFTIE FHEA A A LA A BT b R
THEA HIRHME R AR S EIE R 52— R e B S AR E A e TR R IR,
HAZOIAR RAMRAREER Ao B, PO ANZEORIHTIB L L IRB R, AL Ik
ERAME LAFIE . BEP I T B AN R S A IR« Ve 00 P9 SO BB A e o 2 1 ) g
PR A A DOREE S E DG BT B B SE AT B D SRARL B 55 o A R R SRAT R A RE I 2
FEREAT R MR A YRR, T HL A R FIE LR s SO e Ae e . S (B B B
e EANSE A 7 RO g o B FUREL, SRR IS REAT S8 SN WL M0t ] 2 5 vy - 3 Rp K
fe ), FERn-EaER Ol R, REFFIE S A A B 70 R A T RS, — T RS
FIBEREBGR o, DRE TARMEYIRII . RR, A R0 LIRS 5T, F5
F) A MLBR MR 40 B A O B K S, e T s SR B, IR SO S A R KB kgt
A AR B — BRI B L IR T AR 01, [ B OR MR S e B R 2Rk,
WESRPURYE, SCEREHEPIARCR

TIERAAAE T PRV, AR AT 1 1] (Bacteroidetes) . 4% ¥ B | ] ( Proteobacteria)
LR TE 1] (Actinobacteria). V7] (Planctomycetes). JEBER ] (Firmicutes) 2%, #Rif
AR R A IR R SRR . B0, R TR R L3R G e, SRR A
A F IR PREE A i 52, TR AT 1 (Acidobacteria) M SeF R 1 48 e B i o s A 41,
IXEC T ] AR AT ARy LR R FE bR o OSBRI P PR 44 LI D R AR L A 7 1) B A
FE TR, BB AL 2 SR EME SRR, AN MCEYIRE (R e v T L,
SR, G T IR ME - R B AR R A T sk = R 7L . DR, A Sl I 2 4
FERRAE (FRAHRbR+ 23R R %) HR7R T 1% ot A id F e it B 7R S X 4 BRI AR ) D e
SRR, 38 I U e R A SO T ) AR IR A A A AR A, HE IR B R R
AP e S RIS, 07308 128 52 I R v SGBR AR AR A, iR LB S FR AL IR R4

1 MRS EE

1.1 X3S HoE

RIS, T I T AP B 92800l (41°42'N, 119°33'E), @b KR T MU %, 0%
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1. 2 X%t

T 2023-04-19 J@ i F AT HUREVE BEATT ARG Hh H R BUHEZ B3 (20 cm ), G BRAEYI R
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JR B4y BN 7.55 gekg ™, EALRE T E /> H0A 11.79 mgekg™, Bfi# % (alkali-hydrolyzable nitrogen,
AN) JFi %)y 81.08 mgekg™, WEYEE (microbial biomass carbon, MBC) &40 4N
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1.4.2 »A4r7 % {47 fastp X} reads 3 Al 5% 1) adapter F# 3BT R EETY), L&A
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A EEAFE MY clean reads 5 AETUARFERIAE AT LN (95% B, Guih ZERITEXRT AT it
R FEREAE R ZETH B reads #0 H RIEFAKCRE, THEAS 20 & 28 RTE & FE 0 1 BEAS
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KHI SPSS 25.0 X LIEFRRIREAT N T Z 0 Hr (ANOVA) MRS, 8
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Table 1 Changes in the soil nutrients of degraded cinnamon soil under different restoration treatments

AbE

Treatment

CK T1 T2

pH &

pH value

6.2040.05 cC 7.1640.05 aA 6.67+0.08 bB




AHBTR R HU (gokg™

14.2040.82 cC 16.461.03 bB 21.74+#1.65 aA
Soil organic carbon
TR R K (gekg ™)

8.2440.52 cC 9.730.86 hB 14.56+.20 aA
Available kalium
SRR 80 (mgekg™

12.80+1.04 bB 9.67+1.37 bB 160.2047.02 aA

Available phosphorus

Bl R B K (mgekg™)

Alkali-hydrolysed nitrogen

L R BRI B4 (mgekg™)

Microbial biomass carbon
e FAARFNEFERRESIFE N EERRE (p<0.05); FAAFKREFELRERITEE L LE
FREFE (p<0.01).

78.794.42 cC 120.4443.23 bB 243.52425.36 aA

87.65#21.05¢cC  315.00#24.16 bB 688.20476.99 aA

Note: The same group of different lowercase letters indicates significant differences in statis(p<0.05); the same

group of different uppercase letters indicates extremely significant differences in statis(p<0.01).
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ANOSIM analysis at the phylum (class) for soil total microorganisms (a), bacteria (b), fungi (c), archaea (d), and



viruses (€). The p-value represents the result of the difference test, with significance indicated at the p<0.05 level.
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Fig.1 ANOSIM analysis of microbial phylum/class level in degraded cinnamon soil under different

restoration treatments
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Fig.2 Principal Coordinate Analysis (PCoA) of microbial phylum/class level in degraded cinnamon soil

under different restoration treatments
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The p-value represents the result of the difference test, with significance indicated at the p<0.05 level.
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Fig.3 ANOSIM analysis of microbial species level in degraded cinnamon soil under different restoration

treatments
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Fig.4 Principal Coordinate Analysis (PCoA) of microbial species level in degraded cinnamon soil under

different restoration treatments
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Fig.5 Analysis of a diversity at the phylum and species levels of soil microbial communities in degraded

cinnamon soil under different restoration treatments
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Fig.6. Analysis of microbial composition in degraded cinnamon soil under different restoration treatments
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Fig.7 The impact of soil nutrients on microbial communities during the restoration process of degraded

cinnamon soil
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Fig.8 Selection of organic carbon-associated microbes during the restoration process of degraded cinnamon

soil
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