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Abstract: This study aims to explore the effects of vegetation restoration on the structure of soil microbial
communities, the variation in soil organic carbon components, and the interaction between microbes and
organic carbon in karst plateau canyons. Soils were collected from 0 to 20 cm depth in cropland (control) and
under typical vegetation restoration (Zanthoxylum bungeanum and natural secondary forests) in the Guizhou
karst plateau canyons. The contents of soil organic carbon and its components and the composition and
diversity of microbial communities were determined. Changes in soil organic carbon and its components,
microbial diversity, and community composition after vegetation restoration were investigated. The
relationships between soil organic carbon components and microbial taxa were analyzed. Results showed that
(1) Vegetation restoration significantly increased the content of soil organic carbon and its components,
particularly in the 0 - 10 cm soil layer compared with the 10 - 20 cm layer (P<0.05). (2) Vegetation
restoration significantly altered the S-diversity and relative abundance of soil microbial species, although no
significant change was observed in a-diversity. (3) The dominant bacterial phyla in all samples were
unclassified.knorank.dBacteria, Actinobacteriota, Proteobacteria, and Acidobacteriota, and the main fungal
phyla were Ascomycota, unclassified.kFungi, Basidiomycota, and Mortierellomycota.(4) Bacteria closely
related to soil organic carbon and its components mainly included Asanoa, norank f 67-14, Solirubrobacter,
norank_f llumatobacteraceae, and Streptomyces from Actinobacteriota and wunclassified p Ascomycota,
Setophaeosphaeria, unclassified o _Helotiales, unclassified o _Pleosporales, Cladosporium, Setophoma,
unclassified_o_Sordariales, Metarhizium, Codinaea, and Exophiala from Ascomycota. The results showed
that vegetation restoration in karst rocky desertification control could promote the accumulation of soil
organic carbon and change the microbial community, among which Actinobacteriota and Ascomycota were
the key speciesaffecting the change of organic carbon and its components.
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TR R M ER R 2 R G e AT T AR SR 2 —, KT 4ERERE Mo AR S R 40 RORRT- i A
HEAEH(Z 52014, X MR EEZE 2018) . T34 HLE% (soil organic carbon, SOC)HR Hi& Fo A e FE 5 v LL4r A
T 1A WUBR RN 14 HLR% (Patton et al., 1987)o i PEAG HURR X 358 PR 5 AR A g i 97 B M RS, 5 A4y
IR (1) ER A5, 2015) . RERF IR TR Z X SOC K40 AL I FEma (25 1E 7, 2006; 9 354, 2020;
DRI, 2023, 5K BRIAE, 2023). SR, FEPEKE X SOC K4 7 120 7 1a) Ffg FEAEEA — 2L,
A M2 R M . A8 K B 258/ (Rong et al., 2020). 14 /1(Deng et al., 2016)2% % 5 2048 (Chen
etal, 2017)SOC & & . X e 5 IKE 5 1 &M AEVFAYIRZ, W -BIBRE . 2R E (Xiao et
al., 2021). SOC #4143 (175 4k,(Schwendenmann et al., 2006) 5 3 5 HGvE P (B GRS, 2023)ME VI AH H
KHFR. TEEFAEDXN SOC MEhAA EE W (Z e, 2023; fFEES, 2023). Kk, GAEMRKA
S RH = 5 DRUAR A P 52 1T 6 A A8 Ak o] e % 38R 4H 75 B S, Rz, TIBEmR A oy 2 i 14
TAEPIRETR S5, B VIR EE R T A K B S IR RUE TS S SOC KA R R

TUAEPD A RS MoK B BRI 3Rk ) R 5, DR, RCEVIBRE 4502 A4S R AR AT RR s
1) 5 ELHR AR (Lewis et al.,2010), VKR 250 LIRFCEBRIE 1704k, dGE LA S RRMAERE
IRBAR, HETT SEme 138 4 25 R GE A2 € M (Xu et al., 2014; Qiu et al., 2020). 3R] FH ARk 51 A2 04 0 Fn
SOC 284k, ARTIAN A LRI A g E M2 5 520 SOC K ZH 4 B A A AE A E T o T K
SR RN, IR 0 K& G ] DU IR AR Y AR K B SR AR ) 2 R, T S
SOC fififf . FHR, REAEYDTRARER 1N DT 6 2 B AR - 338 AR 450 B X 1) FH R 3 B8040 it - 438 A LS 1)
M, RARECREAE R DR, 20205 ZEAEGE, 2023; BEEGESE, 2023). AT, FEHIK
G LIRS VIR TR S R 4 1A AE AR AT R 2 /D (Zhao et al., 2018). 7T 5a R RAHEFR AR T
VR SOC I 1oy I G M ARIE 2, JUIAEMESS IR v ke A2 2 R G DL IE .
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H ] 7 g X R 5 28 iR AR T AR 51.36 5 km?(GR1E %6, 2008), BT A58 L5 8 son EAE
PR ORI &5 RS S, IR R R R A E, S ECH AL R R S8 H (Jiang et al., 2014). H
£ 1999 UL iR HHEMRA A BTG B TRERI S0, K LR 20 Az, AR R isIs 21A 3%
I8 il CFF R A, 2016) 0 HELARE P 0T iR 1 IX - A LB AR B2, g0 R IR RS AE S R AR
B ] 47 1) 32 B4 i (Hu & Lan, 2014;Hu et al., 2018;). [Aitk, 38 5o il 1 &2 [ 47 H 38 e A A A2 /b K
AR AR I — T 3 EL AR, U AR AR A & 8 HE R B (Deng et al., 2014). A AF 703 B B
XA Pk R 2 1 SOC Bt £ AR B XI55, 2016; Yang et al., 2016; Hu et al., 2018; Lan et al.,
2020; S #ESE, 2022; B GR45E, 2023), B8 SIRGIAE VIV 4514 (Xue et al., 2017; Zhao et al., 2019; Li
etal., 2021). ZRIM, IXLLHFFTFFAR I YK E 5 HIRMAEM# A S SOC LA F B KR, HIL,
AT 5T A5 PN P 00T 4 v JER O A A BT A SR AL SR B VR BURTE XON AT X, DABF 3 X B, S O b 32
B MK E AL O TACABAR AR IR I HIERJZE(0~20 cm) BB TIN5, @i IE SOC K H 7
[ 5 S8 A LB (easily organic carbon, EOC). Rk LAk (particulate organic carbon, POC). H™ )45
£ A4 Pk (mineral associated organic carbon, MOC)| & &, K H il & 7 HoAR o b L3R E Vit ix
MR ZRENE, WIRSTCUR A (1D MEEIKE RS2 0UE HIRMA R RS, (2 LIEAR
SRSy e AR AR, X SRR T S RUE R AR G, SRR RUE A G . AL R
RV TR A A DX A AR 3 I AR S R SR S AR
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9T XA T 5 M ES P R VA M ol 3= B 522 ity Qs B2 AL ) b B VT8 8V By, Sl TR 51.6
km?, HAUEIEHI L 88.1%. WFFTIX Jy MY e il iy JRL R A M 500, g4k 450~1 450 m, A #RER, 1H
P78 T RS, N —REEAEA X . PR X AEE T RPN RRR SE, FIIR 184 C,
EAPREKE 1100 mme BIELUA KN E, LRBRE B mAES:, TSI ORoKME . I RE%E, K
TR E, AENERERE, SN

H 19994 [ 5 5 8 1 iR #HFEM 1K1 10 H (Grain for Green Project)f5, KEWHHHIBHI N N AR, &
AR o ASHIE T R M S T I, DL RIS IR AR AR L N TR AEARUR 1) L33 9 T 0T 5 (
F1) e RARKAEARFN TACABR BB AE R 20 N15~20 a0 RIRKAEMBEIE MG TR BEARFIEL A Y)
, F B W N A R (Toona sinensis)~ 28 W (Koelreuteria paniculata) & i (Mallotus barbatus) & 3%
(Viburnum dilatatum)~ FHESE(Mallotus philippensis)&5 . TEMIRPE NN 1Z X A FEAL R EE B A S TR E 1T
e B AT R (8 X F855,2020) o AEARARI & BB did B 47 e ST 18 24 B BY
EHLRUEAEARRE S A RO RO X, FH A Z IR AR, EAIERAARZ . Hih 3 2R £k, R
AR GRHETT AT RECE B, e R MEE(IE. EE AR ). B L SEE P,


https://chinaxiv.org/abs/202412.00303V1

[ 115 (i
| Il L L

230 000
]

Pt ‘.‘Z'i)\gnl'u Couhgy

460 000 m
|

T T T
1053607 105°3807°E 105°40'0"E

25°40°0°N

Legend

Bty

{EMLHI  Zamthoxylune bungeansm forest

28737 30°N

Cropland

FISICENNM  Natral secondary forest

R

JE2iT  Beipan River

T
105°42'0°E

e  14095m

fli: 440m

875 1750 3500 m

Bl 1 S e B IR A el — LA B R X AL B

Fig.1 Location of Guanling - Huajiang rocky desertification demonstration zone in Guizhou karst plateau
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Table 1 Basic information of the vegetation restoration plot

KA Hh R N a7
, PR 25 i , LHEE Soil i i) ,
Sampling ] ¥ Latitude Altitude
) Land use types Longitude types Slope (°) Aspect
sites (m)
1 Bt 105°36'36"E  25°42'00"N fikt 24.8 921 iif 758
Cropland Limestone soil West
FERUAR 105°36'36"E  25°42'00"N AR 28.1015 ] 754
Zanthoxylum Limestone soil Southwest
bungeanum forest
A 105°36'36 "E ~ 25°42'00"N VEp 25.3238 Fadk 738
Natural secondary Limestone soil Northwest

forest
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Bt 105°37'12"E  25°42'00"N Fikt 17.6 311 (] 842
Cropland Limestone soil Southwest
TR 105°37'12"E  25°42'00"N ARt 16.1 846 ] 846
Zanthoxylum Limestone soil Southwest
bungeanum forest
KA 105°37'12"E  25°42'00"N AR+ 14.5 675 ] 820
Natural secondary Limestone soil Southwest
forest
Mt 105°38'24"E  25°41"24"N AR 15.9 807 [F] 735
Cropland Limestone soil South
FEHUAR 105°38'24"E  25°4124"N AR+ 11.7 086 R 731
Zanthoxylum Limestone soil Southeast
bungeanum forest
KA 105°38'24"E  25°41'24"N ARt 11.329 [F] 739
Natural secondary Limestone soil South

forest

1.3 SEI6R 7 M 7 1%

1.3.1 LA LR & 5 Ak

FIERE ST EE L 0.25 mm 67 5 FIFS HCL(4 mol-L) BTN, {8 FH 0 R M A -8 A &=
A (Vario ISOPOTE Cube-Isoprime, Elementar A "], &) 17l SOC & & . 2 Cambardella 1
Elliott(1992)) 77 &l & POC F1 MOC & &, HAREAEM T : FREGE 2 mm BT EFE3E 20 g, TN 250
mL =FH, AN RBEERANGS g L-)IL 60 mL, F#E 10~15 min J5 AEE IR 818 T, 90
rpm-min) AR 18 h, #3Held 53 um i 5 H 2 8K BE R0 NKEE, 15 Lo AR A YL,
SrEJETEEN T 80 CHET 24 h TR EIF TR I 2L E o, BEHED 0.149 mm §f,
HOE 1 BRI e YUK & &, SRR e LM E 2 g POC &, i N4 (<53 um) A
WA HIR, H MOC && K8 SOC /Y5 POC FEZE.

3% EOC & &% H 333 m mol-L"! KMnO4 %At L {1172 (Cambardella & Elliott, 1992) : FRHUL 0.25
mm 5 B KT EAERBON 50 mL &0, 1A 25 mL 333 mmol-L! KMnO4 & G THE% AL E1RE 1 h,
RN 472 ARG, 3 IREE . R% /50 5 min (4 000 r- min) , B EEB R £ 5 T/K3## 1:250
ikt o F 3 GG ETHIE 565 nm A ALIEAT L5, ARIE W AER) KMnO4 B AIA 5 35 13 AT LU,
1% EOC & &
1.3.2 HIERAY) (AHEME D BEE T

WAEY) DNA 2SI %E . MR FastDNA® Spin Kit ( MP Biomedicals, United States ) DNA fili#2i:
PV EEAT AR vE &L DNA 82, FIH 1% B2 558 vk A Il DNA SR (L% 5 Veem-1, I [A]
4 20 min), DNA & B 14l B4 45 #0436 % FE 1+ NanoDrop2000 (Thermo Fisher Scientific, US)#E 47l
JE o

Illumina Miseq Wl /5 : & F A7 51 % 338F(5’-ACTCCTACGGGAGGCAGCAG-3°) fil J5 5| ¥
806R(5’-GGACTACHVGGGTWTCTAAT-3")%} 3B B 16S rRNA FE[F V3-V4 XPEATH 1S, 1% FH Al 5
) ITSIF(CTTGGTCATTTAGAGGAAGTAA) M 5 51 ¥ ITS2R(GCTGCGTTCTTCATCGATGC) X 1 3% 5
ITS1-ITS2 X #E4T PCR §48 . Kt [Al—FEA ) PCR P2 0¥ 45 J5 18 FH 2%Ex HE B e A [m1 Ui PCR 72471,
FI ] AxyPrep DNA Gel Extraction Kit(Axygen Biosciences, Union City, CA, USA) 34T [l =¥ 4tith,,
2% I BB s FL KA I o B PCR P=#) H Quantus™ Fluorometer (Promega, USA)EATHI . B & . MRHE
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BENFEA I P 2R, BEAT AN LI R & 8 ) NEXTFLEX Rapid DNA-Seq Kit #47&%, FIH
[lumina 2 7] ] MiseqPE300 - & #E47 I (R 36 5 AE IR 5 RHE A A )

JE A PR, . A Fastp 3R IR GG 7 2 )47 i 4%, A Flash 3 AFEATHHE. ff
Fl Usearch #2E, #R4E 97%HIARMLE X 513847 OTU %24, F4E ] UCHIME 4 AR IR &1k, 153
OTU RREF%, FHAEK OTU 4% . FIH RDP classifier (http://rdp.cme.msu.edu/) %} & 2% 7 F1 AT 0 5
KR, WE LRI N 70% 5 Silva BdE E(SSUL32).

1.4 48t ¥

SIS KR KA Excel 2019 A1 SPSS 26.0 B {347 4b 3, FIH Origin 2021 22| K . RHBF KT
7 57T (one-way, ANOVA)FI % H# [V #E LSD A M4 6T SOC K 70 & I (P<0.05) o il
LWV 2 FEVE (Shannon AT Simpson). #EV%& & £ (Chaol) M #E V4 78 5 K (coverage) ] o2 FE 14 48 £
Mothur (version v.1.30.2 https://mothur.org/wiki/calculators/) i1 %, F£# H One-way ANOVA Fll LSD 744}
e AN 7] = i R A TE] ) 22 57 (P<0.05) . 87 32 A8 #5173 #7 (Principal co-ordinate analysis,PCoA)fl ANOSIM 43
HT(P<0.05), FCAAS [F] 3 0 FH S8 2 2 TR] R Ak A= W e Vs A ABAME - Kruskal-Wallis H-test (P< 0.05)H T4
WEAMFSPMEYEEER AR EEZR . KH ¥ /K 2 (Spearman) i 70 # T IR B 5
SOC K253 1R £ (P< 0.05), F1% ] Heatmap A4k . & PCoA. ANOSIM. Kruskal-Wallis H-test.
Spearman #H <73 #7 Al Heatmap $31# F R 1& 5 (Version 3.3.1)SZ8

2 &R 50H

2.1 LAY KA & B RN

T K W2 52m SOC A H A 73 & 8 (MOC R4 (B 2, % 1), fFEADLJZH(0~10 cm, 10~20
cm)SOC M HA NS EIIBNEAIEARZI: RAEMRSTERMSH. /£ 0~10 cm 12, SHHAEL,
MR ) SOC. EOC. POC & &3 HIHEH 1 8.7% 19%. 47.5%, MOC & R T 5.3%; AR
) SOC. EOC. POC. MOC & &7 A3 T 38%. 53%-. 118%-. 9%. fE 10~20 cm /2, FEHUBK.
KAMRE SOC. MOC & &5 A SE 8N, H POC & &4 HFEmE T 69%M 45%. 5IRAEMFLL,
TERURIYT POC. EOC & ik H2 T B/

#tH#l Cropland FER I A HR A Natural secondary forest TEH AR Zanthoxylum bungeamon forest
35 A g "
a
£ 30 T ~ 301
& iy
5 254 L = 254
k=] b o F 2 a
il I # 3 Sl
& 4 I
= 20+ a 4 = 204 T
& -2 a * 5
== 15 a . ® S 15 Ly g
5 E ) Bl ;
o ab §
g 10 B '—5' 104 a b
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0 : : : ‘ : 0 : : ‘ . :
THAHLES BE AR WAL TS ENLSR HIEALR BEAAR AR TFhEaas
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A, LERE 0~10cm; B. LEHE 10~20cm. SOC. HIEHH:; EOC. HIRGEMAGHER: POC. kA LK
MOC. WEANER. AR/NGFREREEEZR (P<0.05) .
A. Soil depth of 0-10 cm; B. Soil depth of 10-20 cm. SOC. Soil organic carbon; EOC. Easily oxidizable; POC. Particulate

organic carbon; MOC. Mineral associated organic carbon. Different lowercase letters mean significant differences vegetation
types (P<0.05).
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Fig. 2 Effect of vegetation restoration on soil organic carbon component content
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Fig.3 Effects of vegetation restoration on the beta diversities of soil bacteria and fungi
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TETT 2 KOK-F R, B o T8 BUAR R IR AR AR = B AR B4 B X O ok 4 2K gl T
(unclassified knorank.dBacteria) « i £k # [ ] (Actinobacteriota) « 4% J& [ |'] (Proteobacteria) « B2+ ']
(Acidobacteriota) F1%# 25 1 '] (Chlorofiexi). fE0~10 cmt 2 (El4: A), ROBUMETT. WLHEIT. &
TEBE 1] SR B TV FNER AT 18 I EE R FEABUR RN YR AE AR () LA 2 331 R 64.40%  13.07% 6.21% 6.22%
4.50%, 62.50% 13.48%- 5.70%. 5.65%- 7.07%H143.37% 25.32%. 12.32%. 6.26%. 4.24%, HF
Actinobacteriotaf)ZB ALK . 7£10~20 cm )27 (F4: B), KRAZRME T MEET. BRAFE], &
TETR T TSRS B T IERF L FERUPRFN R A AR (R BG4 43 00 963.03% 11.48%- 7.11%- 5.60%- 5.75%,
64.36%- 12.67%. 6.23%. 6.01%. 4.88%H158.44%. 15.52%. 6.78%- 6.00%. 5.25%.

TENTA SR T, i TR R K 1 35 ZOR 35 FLA 99 T B T ] (Ascomycota) . A4 K FTH]
I J(unclasified kFungi). 57 51 J(Basidiomycota) 144 {1 1% | ] (Mortiereomycota). £E0~10 cm ] 1= JZH (K]
4:C), TEEBE TR HHF B TR AR T TEE R Hb L FERUMR AT A AR 1 B 51 5371 91 88.37%
1.89%. 1.73%- 6.89%; 76.56%- 7.27%- 3.94%. 10.49%; 56.40%. 26.32%, 14.59%. 2.20%. ££10~20
emfIHZF (E4: D), FEE]. £AOXAEET] HPETTPAE T IERH . TERUBR AR A
L5173 531 M82.93% 5.49%- 2.82%- 8.05%; 84.28%- 2.46%- 9.27%- 2.82%; 67.82%- 19.50%, 9.77%-
2.29%. SR, Bk, FEABURFIR AR EEANEE . BEY AL, (ERE I 2 RO

A B

W 4348 Unclassified i rorank; d bactenia

< z & m— FRE] A= te
100 W R Adiobacterion d : SR e bt
— — — ] FTE®( T Protechacteria W F4ERE Unclassfiedk Fngi
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A. ZE(0~10 cm); B. JIH(0~10 cm); C. AHE(10~20 cm); D. FLE(10~20 cm). CL. #fHi; MF. fefibkit; NF. K
RIRAMR . Tl

A. Bacteria (0-10 cm); B. Fungi (0-10 cm); C. Bacteria (10-20 cm); D. Fungi (10-20 cm). CL. Cropland ; MF. Zanthoxylum
bungeanum forest; NF. Natural secondary forest. The same below.
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Fig.4 Effects of vegetation restoration on the composition of bacterial and fungal communities
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Veen KI5 B = Fh R 2R 2 (8] 1) OTUs fErE 25 (B 5) o 7E 0~10em B2, =Fh L F)
FHZRAIR LA 1791 NHTE OTUs, st OTUs 1) 28.64% (B 5: A)o B, FERUPRAN KR vk A= Ak o gk
HH OTUs B 2058 929, 1123 #1795 N (B 5: A), 1E 10~20 cm 2, =Fh R B 25A 1
A 1681 N4HE OTUs, ikt OTUs 11 27.36% (K1 5: B). #FHL. FEABUMRAN KR IR AE MR BT 1) OTUS
BE 5N 1097, 836 11080 4 (K 5: B)o fE0~10cm L2, = -H3f FHRAIILE 414 NI
B OTUs, (55 OTUs ] 15.29% (] 5: C). #F . FEMURAIR IR AE MR P 1) OTUs & 73008 441,
440 A1 717 A~ (B 5: C) o 1€ 10~20 em [ H 2, =FhEHUA H SRR 344 ASEH B OTUs, 5 OTUs
(1) 13.82% (¥ 5: D). #FHE. FERURFI AR K AE MR 3A (1) OTUs % 73008 491 374 1 720 4 (A 5
D). H B A YA L A7) BE S5 LA T S A PR A

A . B

cL MF cL

CL

NF

Bl 5 3R . HE YA Venn B

Fig. 5 Venn diagram of bacterial and fungal species in soils
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Table 2 Effects of vegetation restorationon soil microbial alpha diversity

T2
Soil RS LRAINEE| WED Chaol 5% B 5 AR HL AR TR
layer Land use Microbe Chaol Coverage Shannon Simpson
(cm)
0~10 it i) 722.31446.1a 0.997+£0.0002a  4.10+0.24a 0.053+0.013a
Cropland Bacterium
HH 3081.70+£111.36a 0.97+£0.001 la 6.38+0.04a 0.004 3+0.000 3a
Fungus
FERUAR i) 760.52+17.51a  0.997 1+0.000 2a  4.34+0.2a 0.037+0.008a
Zanthoxylum Bacterium
bungeanum HEE 2 651.97£124.73a 0.98+0.001 2a 6.26+0.08a 0.004 9+0.000 4a
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forest Fungus
KA ] 948.25+133.79a  0.995+0.000 02a  3.51+0.34a 0.12+0.02a
Natural Bacterium
secondary HHA 2565.88+111.51a 0.98+0.001 2a 6.16£0.11 0.01£0.001a
forest Fungus
10~20 B Gl 620.25+55.38a 0.997 9+£0.0003a  3.91+0.27a 0.062+0.018a
Cropland Bacterium
HIH 3081.7x111.355 0.97+£0.001 la 6.38+0.04a 0.004 3+0.000 3a
Fungus 8a
FERUPR ] 631.91+20.36a  0.997+0.000 008a  3.17+0.11a 0.210.02a
Zanthoxylum Bacterium
bungeanum HH 2 857.62+163.64a 0.98+0.001 5a 6.21+0.12a 0.01£0.001 2a
forest Fungus
UK ] 79435495982 0.996 6+0.0003a  3.43+0.48a 0.15+0.05a
Natural Bacterium
secondary HHA 2 661.34+110.82a 0.98+0.001a 6.12+0.09a 0.01+0.000 9a
forest Fungus

v MFEVNE FRERORTE R E 2 7 (P>0.05).

Note: Same lowercase letters indicate no significant difference (P>0.05).

2.3 BHEAHUBRA DAL S LI R R

Spearman FAAH ST B, SOC. POC il MOC &= 54 (Kl 6: A)H Asanoa. norank f 67-14.
Solirubrobacter norank f Ilumatobacteraceae Streptomyces F norank f Xanthobacteraceae (1%} 3=
[ 2 IEAISR(P<0.05), 5 norank f Gemmatimonadaceae WAXT & T 35 Fi A0 52(P<0.05); 5 H# (K
6 : B) ' unclassified p Ascomycota .  Setophaeosphaeria .  unclassified o Helotiales
unclassified_o_Pleosporales T unclasified k _Fungi WX} = JE B35 IEAH 5%(P<0.05), 5 Cladosporium .,
Setophoma unclassified_o_Sordariales .  Metarhizium Codinaea -+  Exophiala
unclassified_p_Mortierellomycota WX 3 B 225 FAAH IR (P<0.05). Sk b, KE 756 WLEKAH 73 %)
FHRI BB T i 1] (Actinobacteriota) F1 T HE B ] .
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Fig. 6 Heat map analysis of soil bacteria (A) , fungi (B) , and soil organic carbon fractions at genus level
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it
3.1 LR 0T - AR A R £ H F) i

AR, B HCIRAEMR . RS 2 5 1 IR B R T TR ] BT 1A SR
T X5 LLATWE rRe X O¢ TR P 52 5 B 7 45 R —FU(Li et al.,2021). 540 FRUERFHLL, 1]
AKP b, =R R SR LR R I DL TR ) ORI REE . 1 T VR A R T AL R,
PR T RHE 73 1T (5 EE I 7E 80% A0 A o X 5 LAt et X O BF 2 &5 R — 3. R s e 45
(2021) &I PEIAVL I Re e M EHBBEAR AR . RAEMR, JRAEMR =P Rk LI B i T3 ) T
Ty BB T IR R T TR, Forh 3 3 T TAE TR T DT o BU 3230 80%. AR ER#755(2020) K
Al AR 5 Bl R 7 AR W A TR D LA, TR T RIEA . IRUA
W FC X AB AR S S5 AN A2 DAY 25 52 RO A A E 2 R, 3R X Sl AR W) e 8 AR 4 () 3 LA [R] (1) 1
BEIAET . 5 — U7 T AT Re R FH P seonk R M s e g — N KRR R R R OG . AR
SR AR WA U ) SR P BEAE A I [R) Y R AE (SR ER IR, 2019) o FEMUMRAT A RIS 2 Bk
teimisk, A I3LE R R 5. SR, Qiu Z5(2020) N kBl 2 5 W 4 it [ 7 b A ) - i A Y 280 1
HELL Verrucomicrobiota Ft -8 o X 1] A A2 K A W8 TR A 853 i B35 1) 2 B S o 1 2 & o 2 R I 3
(Jiang et al., 2014). E K S J5 L IF 4 BAT ST R AR 35 B 1T AR R AE AR AL, (EARTIF F 3% BH HAH X 3=
FBEVE AR R T IR ARAL o IX U B EAE A SR . L B RN 3R I 45 IR X L RAE B R (Xue et al.,
2017; Lietal., 2021; BREESE, 2021), U8 7 LIRASH T, 2500 S 80 5840 5 A0 5 B 1B 4504 1)
B AR, IR N E I P KRS ANE], A R AR R A E, R
WEARATTRT R (R P AR JR B B R AR, S B e R AN R R S AR . Al
PR L B ARV G A0 22 S AR TLLE 2 B BP0 2 BE I 22 5 o MRV B2 0 4 T v TS R D AN 25 1 1) KD A
X BEARAL B K o AEABUMRA IR AR PR 38 TECE B 1T AR O = B s TR, RO BT R e R S
AW, REAERREE B i 1 3% v K B AR 7 (Tripathl BM et al., 2016). {6 A AE KB SR A & &
(Lan,2021) 1 58 & 3 BB B [ AR =F B RO = 1 i ] o SR [ R — et IRE 1], WS
7 Z 1) 138 (Costello EK & Schmidt SK, 2006). i #A B 7 & B AT FERURR Hh ) L 388 95 /01K TR AR AR
(Lan, 2021), K ULHFHUFITERRAR 381 Chloroflexi F=FEm TR AEM . MK E 5 LI B EHL AR T
FHX AL ECK o Proteobacteria J& T FeME 8 F7 AT 4 57 77 AL 41 14 (Griffithsand Philippot, 2013), &
A WU &= ME FRFEE ) I3 17 (Fiereret al., 2007). —SEHF 7 AR SE T B BB AR S B 0 T
AT TIARRT R o (R TR A K B S5 A8 T B T TR = B AR AN K, X W] R 2 BN AE Y B
TR 2 B8 R )2 A S, 2 SR AR i K 79 32— (Gupta, 2000).  tb Ak, #f it H 46
NEANFEAE S AT B (1) 7F B (Yan et al., 2020) FEAEVKSE FEAK 11 BB T 1 AR XS 3 (62.06%~85.71%)
AR 2R T L AR . X152 SE 55 (2019) 11 & It 55 HE 4 K 55 3 11 1) AN =5 & BESB T T B
TREFERNBAR, & LEhIEMRESE RS T AN EE R, AR S EMEE
YKIR = 1 g, LA T B (BREE 4, 2021). X S5 AR 45 FAH I, X 7] g5 i A2
JE AP R R Can B3R AR AR o R E G0 75 R 11 (3.61%~17.02%) AR 3= B2 .
X 0] B S AEARRART A bR A R 4F, H 338 pH EEURA R T 32 S48 7 B T T F RS FR 5%, 2022).
TH 1T [ ] Re 08 B AR AR ot 2R 55 HE LA il AT L L (R AR 95 58, 2023) 0 BFHBAR B TR B2 BT A O FH0K,
ANRT I OR B 3 1 R AR, MR RS R R AR S NI AR A ) 22 A () 38 0 BB A R T4 T
KEE I ERKGKEIHSE, 2019). ABFFH RS RME N G m, ROBEE A —Ebf], ]
AR, HBTIGESEE, 7R ARG R X RN FT ) S8

TR 5 IR0 R A L B A IR o 2 FEPEIY O R 25704k, R B o 22 R PG - Rb R FH 1) 2 A e 2 AN i
. X5 Sun 55(2020) 15K I AE(2019) IS5 18— 2. FRI(2021) AT 78 A B 7 v A AL XA
()AL A P 3 A 2 B 2 P L P AV 2 A AR AN IR, SRR AR A B A B R A DG 1 . A
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Fid, BT AT, Bt IR g A SR AR S AR A R, N E R A () e g it T
6], TAEARUMR T IR MIBER B 2 NN T, IRAEMILFRA NATHL, IR S RG] REAEXT
Feasg, 0 EARE LR by sk I sg e, S8 T AR TR 2 A E SRR R R BRI AR B
T IR R TE 2 BRI RS T RETE B I (8] N RRSRAFAE . A EIUR I, BEEMEIKE, HIEgE
TR Z FEVE PR IR IR I SE, 2021), TIEE B BEVK 2 FEVEIZETHY N (Liu et al., 2021).

3.2 FEM IR 0 T3 L S 2 7y B i

SOC 5 B ZJHTEY) « HRZR 53 WAt CA B A 8 5 (PO R N R L 3B L AR S B HH TR~ 5 (O
et al.,2020). AWFFLERER, BPRE B4k FEERES T SOC L4 & (MOC FR4b) , Fiile R
YA U & S48 N d o 2 3 . IR AT RS2 DROA L8 is A AU T 2505 B T A FIAR R 4
W) (Cambardella & Elliott, 1992); A MR LR A V) 5(2278.32 g-em?) K T e UK H 2% A= 4)) 5 (681.39
g-em?), MM RIR KRG WU & SN 0 . AT IR 2 3 A RN MOoC & &, X5
FL A g 17 R b DX AIE T 45 R —B(Xiao et al., 2021). X ATHERZFN—J7TH: BT MOC & 5K b FE i)
G WA WK 5y, AR e HARME i, X)L R 122 A6 AU (Cambardella & Elliott, 1992); 75
—J7MH: RS KIAREEIRE, AR5 A fEk BAE P, BRI POC A 21
FE 1) MOC A4k, M MOC & & IN(LAR S, 2018). SIS, AEAE S 38 hn L85G WLk
BB AT 2 E R WU 5)

3.3 FEBR R 5 IR E YIS IR AT WK 1

TIEFEYRAESRELEN EEREH R, HFEEAPTE, ERAES RS LY
BRAL 22 5h G b R 15 %5 5 B AE H (Zhao et al.,2018;Wang et al.,2019). MAEMAES 5 SOC #4k, i
HAe#84s SOC & il A B S ML, I LA A LI rh AR R, ol IR [ B 1) 3= )
(Ma et al.,2018) . SR X Tt s )82 7] §E Fifi 5 1 470 78 i 5 M1 28 Y 1) 28 46 1717 AN 6] (Zhao et al.,2018; Yan et
al.,2018) KL 5 T 1 L IRFAEWIRRE A4, AT REZXFENT SOC HZH ORI 5 528K (Zhao et al.,2018).
AR TR IAE K J5 SOC. EOC. POC & & 58 T IR W 118§ Asanoa . norank_f 67-14 .
Solirubrobacternorank_f Ilumatobacteraceae . Streptomyces , 1% | 1/1)& norank _f Xanthobacteraceae,
J& T ¥ % W ] W J& unclassified p_Ascomycota . Setophaeosphaeria + unclassified_o_Helotiales
unclassified_o_Pleosporales VL% unclasified_k_Fungi FIAHXS = F i 35 1EAH G (P<0.05) . R HHIX LU pR B 1T
Re (et SOC M A0 7 N . MK S I ]+ unclasified k_Fungi. 53511 ARXS 3= 0 2
o, AN T SOC R & &, RUIXLER et SOC Ay, M, ZFHMnE
K JE J& norank f Gemmatimonadaceae « ¥ % W |1 W J& % #1 & Cladosporium . Setophoma .
unclassified_o_Sordariales . *%1BTH J& Metarhizium . Codinaea . Y% )& Exophiala F1#% 5 K € J&
unclassified_p_Mortierellomycota WIAHXT = FE 1525 F1AH G (P<0.05). R BIX LB [ SOC HIBNAT
i AEAIK 5 K IR 5% B i N T e 2 PR AR e B A o0t Bk ¥ 01 FH RS Rt L 338 ML 1) 4
B 2% 3B IR & & ¥ /D (Fontaine et al., 2007). E4F B, 5 SOC K415 A6 B UIAHOC - AR A A 1R
AN LR TR T 1A T 1w [, R B IX P SR SC B R e 22 T R BB PT RES R AL K R e SOC A 4H. 73
SRR AL OB SERE . B, MK BN | LIRS VA AR 2RI T, X Lepph
ThRE T LLIE I s WL i S 24 475 ok T 47

4 4L

(AT FE X ARl A Pk VG B AT UR 4R THSOC LA 7y & &, HAmPEA B 7 527 SE oI, L
WEAT PASRAIE 4 38 it B 15 2 A8 19
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