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Abstract: [ Objectives] Rhizosphere microorganisms affect the availability and transformation of soil nutrients,
which are closely related to the growth and health of plants. Changes in rhizosphere microorganisms with plantation
years of Fructus aurantii were studied for better field F. aurantii management. [Methods] The rhizosphere soil
samples of F. aurantii planted for 4 (Y4), 20 (Y20), and 40 (Y40) years in Chongqing were collected on 2020. The
changes in diversity index and community composition structure of bacteria and fungi were analyzed by high-
throughput sequencing technology, and the correlation between rhizosphere microbial community composition
(bacterial and fungal) and soil properties was explored. [Results] Soil organic matter (SOM), total nitrogen (TN),
available N (AN), available phosphorus (AP) and available potassium (AK), except pH, were significantly higher
(P <0.05) in Y40 than those under Y4 and Y20. The Shannon and Pielou indices of fungi were significantly increased
with the increase in plantation age (P < 0.05), while those of bacteria had no significant changes. The principal
coordinate analysis (PCoA) indicated that the rhizosphere bacterial and fungal community structures under Y40
significantly differed from those under Y4 and Y20. At the phylum level, the dominant bacteria phyla were
Proteobacteria, Acidobacteria, Actinobacteria and Gemmatimonadetes, and their total relative abundance accounted
for 61.07~87.79%. Also the dominant fungal phyla were Ascomycota and Basidiomycota which accounted for 64.70-
85.75%. At the genus level, the abundance of beneficial bacteria and fungi in rhizosphere soil under Y40 was
significantly lower than those under Y4 (P < 0.05). For example, the abundance of Sphingomonas, Ochrobactrum,
Nocardioides, Pseudomonas, Trichosporon and Chaetomium were decreased by 51.21%, 91.32%, 78.60%, 81.87%,
70.58% and 60.74%, respectively. Furthermore, the abundance of pathogenic genera including Fusarium,
Plectosphaerella and Ilyonectria, were significantly increased by 117.6%, 323.9% and 1631% under Y40 compared
to Y4 (P < 0.05), respectively. The mantel analysis showed that soil pH and nutrient availability were the important
abiotic factors influencing the composition of bacterial and fungal communities under different . Aurantii planation
years. [Conclusions] Long-term plantation of . Aurantii altered soil bacterial and fungal community structures.
Specifically, the fungal diversity index and the abundance of pathogenic fungi increased, while the abundance of
beneficial microbes in the rhizosphere soil decreased. These alterations were the main reasons for inducing an
aggravation of the related disease and then a worse plant growth with the increasing age of F. Aurantii plantation.
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1 #RES 57k

1.1 XN

TS A7 T8 R X AN A LA B PR T R 24 A ST B AR A E R (30° 07N, 105 ° 89 'E ),
JE PRy 2R KGRI S, DYZR50 B, R 7ih, FHIREKEN 900~1 082 mm, FIHJHME 1
091~1228 h, ¥ 17.9~22.8°C, JAEIH 319~360 d, FAFERIEMATIE 3 mx 3 m, FA
HiZ) 1050 Pko #oks: HIENOARER T, EEHGRAEK, EEPOYHA KRS NS B
JREAL, ARGERMEAL . WP AR 25505 B A 2 I T ) R AR AT

R el it AT 43 A FE AR AT AR, AR A HLIE 15 000 kg-hm? (35435 & 2.0-1.4-1.8, AL
=40%) « EAENE 600 kg-hm? (FR43E & 15-10-10) 1EAFEAE, FERTERKL AN FM) 10 cm
WEFFFEXS IR 2 2%, 8 A FAIRAESEE 11 A BRI ARSI G M, FE A48 750 kg-hm'
2, AR Y AR T 258 pH 3 A N AARSE T B /R 2 300 kg hme?, BEEE — %% 150 kg-hnr
2 FIBRERER 75 kg-hm?, 6 H AR Fe4s MHE K HIE /R Z 150 kg-hm2, BRERHF 255 kg-hm™2.
1.2 HIEHARE

T 2020 £ 6 A N REMIEERN 4a. 20a. 40a FARFARPR LI (500 Y4, Y20
Y40 ™) o A RIEBCE RRIEMFGER, W5 E T 10~50 om BI7E ] P92 s L
FEERFE, BrEHRTTEY) BT IEERY), ¥2H 20 cm AR 138, SR BMRIZERR 2
ZRTIE, WEERFEMEERR L 0~2mm M1, &EEFRES, BATLEAEMLE, If
PRAF UK SRR 3000 =, AN 3 ANEE . R HURI R R S NS o, — S8
fEAE-80 °CUKFEH A T J5 4L DNA 20, #HTmBENT; 5 —HoIHETENZERTH
MIRT g, BRERIARE, HEE 20448 1 mm. 0.25 mm A1 0.15 mm FIFRAETT,
FA - e Ak 1 5 0 5
1.3 HIEMENE

TIEE ML (Soil organic matter, SOM)  pH. 2% (Total nitrogen, TN) . 24§ (Total
potassium, TK) . 4f# (Total phosphorus, TP) . BHf#% (Available nitrogen, AN) . #ZK
£ (Available potassium, AK) FIH XL (Available phosphorus, AP) eSS (LIFER
o A SIREE MY BAH AR VAN, Horh SOM R FH B AR PR AR ARt R Y fif— o M I #4
pH KBS MRE (dKE 12 2.5) 5 TN RAULKGE B TK R ABIE KGR E: TP
RAEAHE a7k, AN RS 805 AK R KIEEEETE (NHsAC) 5 AP SRAI4H
Bt taik,
1.4 1% DNA $2BX. PCR # &K MF

K H PowerSoil® DNA Isolation Kit i G2 T35 4E47) 5 DNA, {8 FH 3 IR Bt e (1%
FLUKA I DNA K&, F{#H NanoDrop2000 JII5E DNA ZEEEAIKEE . 4H5E 16S IRNA JE

hoV3+V4 X g % 2. 57 -ACTCCTACGGGAGGCAGCA-3 ', 5 -
GGACTACHVGGGTWTCTAAT-3 ' ; H ITS2 X ¥ # 351 % N 5 -

GCATCGATGAAGAACGCAGC-3' ,5' -TCCTCCGCTTATTGATATGC-3' [31,1g F Phusion
®EPRE PCR 38 2H A 55 40 B AL 1 77 #1317 PCR §73%, PCR N2k fF 2% Huang %514,
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B f5 X PCR =4t AT € 2 A AN 35—l T8 BGll 7 S8, TR 4% 1 SCEE BioMarker
PG R FFEARER AT (FRFEJEE)  Iumnina MiSeq “F & TIF . BHFH 4 4
F NCBI FA B B4 %€ (SRA) Hfi &, o579 PRINAL017124.
1.5 MFHHRER S

Bt R P A3k T HE % (FLASH, version1.2.7) , Ji&EidJ€ (Trimmomatic, version
0.33) , L£FkikA1A (UCHIME, version8.1) , #5320 [l TR 870 M) Tag Fpals 150, SR)5
TEFAPE 97% BI/KF LXF Tag J¥410i#t47 OTU (Operational Taxonomic Units) 3, A3k
324> OTUs. ffakik &> OTUs MK 741, 2T RDP Classifier (VIR E, BIE
FEBRME 0.8) BHEAMEFE SR FF150 75 Sliva 128 Hi4EE 1 Unite £4EZE (Release 8.0,
https://unite.ut.ee/) AT LX) FpiE RO,

FIFH R 4.1.3 BAF) vegan BTl 5 B0l 7 E0dl AT o ZFEMERR BT B B ZFE1E S
73 linkET A1 dplyr €13£4T Mantel 7347, psych £ 1H5 Spearman #H5¢14:; ggplot2. patchwork
1 paletteer ZEE AT ITALAL . KA IBM SPSS Statistics 26 # 4 #E4T H.[R & 75 % 40 ¥7

(ANOVA) Al LSD #i%: (P<0.05) .

2 4 B

2.1 FEIFHEFRAFTIRFRTIFEMRTL

FHEE 1 %N, 1338 pH BEARC AR 3G I 225 N, Y40 41EE Y4 F1 Y20 41537
BRI T 1.03 A1 0.87 (P<0.05) o TIEEHUR. RFBRAREE S 5 BE R AF FRIG b 238 ik
B, Y40 5 FIEE Y4 F1 Y20 415 E RN T 425.03%F1 107.28%CH LT ), 431.45%F1 113.42%
(R 5 413.69%FH1 127.97% (BMEE) (P<0.05) . Y40 R340, HRmE. S8
WS B EIN Y40 HEF ST Y4 F1 Y20 4H (P<0.05) , {HLE Y4 ZHA1 Y20 4H 1) T &
EES. G AT, AFMEERS I pH. AR, SRR SRR E.

x| FRMEERAETIEMRNEL

Table 1 Changes properties of Fructus aurantii soil in different planting years

- AN gl AR X A R £l A
PIX
pH Organic matter/  Total N/ Available N/ Total P/ Available P/ Total K/ Available K/
Year
(g'kgh (g'kgh (mg-kg") (g'kgh (mg-kg") (g'kgh (mg-kg")

Y4  8.67+0.03a 7.45+1.05¢ 0.43+0.06¢ 49.1+9.4¢ 0.80+0.04b  5.36+2.70b 25.1+0.43b  615.0+59.2b

Y20  8.50+0.00b 18.87+1.98b 1.08+0.15b  110.7411.2b  0.84+0.02b  5.83+1.57b 23.2+0.36b  661.7+44.8b

Y40  7.63+0.03c 39.11+1.49a 2.29+0.08a 252.4+15.4a 1.36+0.04a 205.87+5.22a 22.5+0.44a 2 766.7+30.0a

e Y4: FUAE 4 4E; Y20: FIHE 20 ;Y40 FHE 40 4 RPEIEFIME EARHERE =3) . R—AIAR/NEFREE
JNARFR A 22 57 52 3% (P<0.05). R [H. Note: Y4, soil from cropping for 4 years; Y20, soil from cropping for 20 years; Y40, soil from
cropping for 40 years. The value is the means = standard error (#=3), and different lowercase letters in the same column indicate significant
differences between treatments (P<0.05). The same below.

2.2 PEMIEFRIAFTIRFR IR S AL

A AR S IR AL T 4018 16SIRNA FARL IR ITS JE R il &7 ol 0, 9 A 145
FEARIIRIGH A P51 664 242 2%, &AL 97% HIZK-F-XFPA1IEAT OTU %2, OTU
BN 13 007; T E BT REARIARUT I 706 583 5%, OTU M2 444 5. SR T A FE
AKHIE 5 FRAE 99.55% A b, HEEERSCEE %95 99.91% (£ 2) , Ui Fr 45 R Br
RN, RERERIMEEAE R
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AN F AR AR BRAR T T IR AE M VR Z AR PE AR LR 2 o, A 2R T 45 R B
7N, #%-¢H1) Shannon $8 40T i 3% % 5, Chaol $BEUE Jetlna BRI S, 178 Y20 4K,
KUTMAE 20 F AR FEARBR L AR B F 5 fE ey, BEFPREFE R4S K, HAFE B GH Y
2N Pielou T %t A FRIG I 2 FEARKIE S, 2 B4 B 4340 35 50 P It R 47 PR 3G N 46 sk
b BRI SRR, F4M Chaol ToEUTLREZE T, RUINRPRER = E &2 FiE
FERREZMAAK, {H Y40 2 Shannon 1 Pielou fE403% MR, 5 Y4 4. Y20 HFEREER

(P<0.05) , FRUIFPRFLEH 2 5 1 BE AR AF BRIG hm 34 .
%2 FREMEERDIEME MBS SRR BTk

Table 2 Change of diversity index of soil microbial community under planting years

274 Bacteria HE 1 Fungi
G \ N i % \ N W
2R Y5 FEE 2R Y5 FEE
Year Coverage Coverage/
Shannon Pielou Chaol Shannon Pielou Chaol
1% %
Y4 8.77+0.20a  0.88+0.01a  1359.3+211.0b 99.66 5.94+0.13b 0.94+0.03b 768.7 £100.4a 99.91
Y20 9.30+0.14a 0.87+0.0l1ab 1 852.4+83.5a 99.58 6.28+0.07b 0.99+0.01b  656.6+60.1a 99.95
Y40 8.73+0.17a  0.84+0.01b 1 546.5+50.6ab 99.55 6.70£0.11a 1.14+0.0la 566.1+£19.7a 99.89

2.3 FREIMEFERIAE IR E MESE ST

5F bray-curtis Bk, FIHEAFR (Principal Co-ordinates Analysis, PCoA) #473:T
OTU 7K Il 2 e 0 2 AR ALLEE 7 b o S5 SRR, 4B A0 B 1 £ A4 4% PCL AN PC2
I3 MIFERRE 62.22%F1 70.93% ARG E (B 1) o [FIR, £ ADONIS f&5:R I, AFEFHE
ERRAR T IR AR TR 45 B B 2 7 (YU : R?=0.543, P=0.005; 14 : R?=0.667,
P=0.004) , Y40 445 Y4 2. Y20 IR0 A IR 22 O, EE AR Y
AT, R YA0 LA B AN L TR S5 AR LA R AR T IR AR . X IR R S
Y4 HA Y20 HIIFEABE R ARG, Ui AP BB — @ AR . A, T AR
% (Analysis of similarities, ANOSIM) 43#r, KA [FEFEFR T H2EHME (R=0.621, P
=0.004) MEE (R=0.712, P=0.008) FEV& /4RI

a) b)
03k . 1 0.2+ 1
1 1
1 ' 1
o 1 1
1 1
0.2 1 1
1 1
1 1
1 1
L | e @ e® 1 o

& 0 1 = 00p=m=m == Fom mim mom i e e e (]
g 1 X 1
& 1 8 1
3 1 ) 1
S 00— - - - - - r--=—=—=--====-- & i

<<

3 : 3 | o :
o ] o 1
-0.1F : :
] 1 -0.2[ 1
1 1
1 1
%! :
1 1

| Adonis:R*=0.543** | Adonis:R*=0.667**

—03fF @ ] Anosim:R=0.621** @ ] Anosim:R=0.712**

L L L 1 L 1 L
-0.2 0.0 0.2 -0.2 0.0 0.2 0.4
PCoA 1(37.30%) PCoA 1(60.97%)

® Y4 @ Y20 @ Y40
e 44, 20 4EFN 40 SRR BRI AEMIRE TR S 4G L TR I 22 53 S o AR R0 I F B4 2 507 2 (ADONIS) A58 AIAH {EL
S HT(ANOSIMDFRTS, *Fl** 43 FIFRIRFE 0.05 A1 0.01 /K 122 57 1.2 . Note: The significant differences between soil microbial
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community in Y4, Y20 and Y40, and the grouping interpretation rates were obtained by Permutational multivariate analysis of
variance(ADONIS) test and similarity analysistQANOSIM), respectively. The significant differences are marked with * and ** at
the levels of P<0.05 and P<0.01, respectively.
B 1 AR RARAE R AT () AL (b) BEVE I AR AT
Fig. 1 PCoA analysis of soil bacterial (a) and fungal(b) communities in different planting years
2.4 EIFEFEPRANE TIBME MEHE AR T
P AR PR - S AN i JLAG I 2] 28 7. 84 44, 189 H. 308 Bl 540 J&, Hrr, L]

(Proteobacteria)  FEATH ] (Acidobacteria) « JUZEF ] (Actinobacteria) F1ZEELHUTH ]

(Gemmatimonadetes) AMHEE T CPEIMIEE>5%) , P FEE 53RN 34.20%;
27.67%- 7.88%- 5.65%, iMFEEM 61.07%~87.79%. HEF 12 1. 34 4. 80 H. 152 ¥},
314 )&, MBEBTRATEERE] (Ascomycota) FFHTH [ (Basidiomycota) , “FIJFHXSF
P& N 59.54%. 18.87%, 15t FFE 1) 64.70%~85.75%

AN FAERRARBR LI AE R AP —E 2R (B 2) o Hdr, Y40 BB TR
BB T TROARG 2 BB KT Y4, 25 FBE T 59.51%F0 47.68% (P<0.05) o Y40 T HE 5
IR R EET Y4, FFET 39.49%, {H Y40 FFJHEFBE T TAPHIE ] (Mortiere-
llomycota) 3 & T Y4, 43 AN T 93.68%41 279.9% (P<0.05) -

a b
) 100 ) 100
—
s - - phylum e . — phylum
. Unknow . Unclassified
o - Others = Others
% B sacteroidetes g B zoopagomycota
g bl
g Planctomycetes =4 5 Blastocladiomycota
5 pus-S
‘5@ . Verrucomicrobia ;‘é . Olpidiomycota
*% 501 Firmicutes 5_? 50 Chytridiomycota
2 . Chloroflexi L4 . Glomeromycota
Rokubacteria Mortierellomycota
. Gemmatimonadetes . Rozellomycota
Actincbacteria Mucoromycota
. Acidobacteria . Basidiomycota
Protecbacteria Ascomycota
25 25+
0 0
Y4 Y20 Y40 Y4 Y20 Y40

Bl 2 AFEIFPEAE R AR () FERE (b) FEHEM KT, (77 10D
Fig. 2 Changes of soil bacterial(a) and fungal(b) communities composition at the phylum level (Top 10) in different planting
years

FAGE LR P S AH G = FE> 1% 0 540 1 8 9 2 BE M 1% )8 . MINDI. Haliangium .
Candidatus_Udaeobacter . 5L 45 1% J& (Nitrospira) « Bryobacter~ RB41, 55 F W)

6.95%~16.51%. L7, Y40 20N 51 8 IR E LR F R T Y4 41, IR T 51.21%.
PL3s H B VT B 8 i B (Mortierella) « W55 )& (Aspergillus ) « Apiotrichum- Saitozyma-
AR, R 7.99%~25.56%. e, Y40 HERTIEEAN FEREE ST Y44, &
H 117.6% (P<0.05) , {EEEA L& ARXT N B Z T Y4, BEIKT 73.49% (P<0.05) .
Ak, #E—B G R (R 3D, PN FEEEN 0.05%~1% 2 8] I 4H B F1 L B
B, A 19 MEEM 16 MEEREKERERN. Kb, Y40 AGEETEE. RS
J&. Pseudolabrys. WJE )& (Allorhizobium- Neorhizobium-Pararhizobium-Rhizobium)  Z5if
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RIKE. BERIKE)E. Microvirga. Marmoricola JERIMXTFEREZFMT Y4 H, BT
91.32%- 81.87%- 92.81%- 66.96%-+ 78.60% 96.37%- 70.37%#1 81.67% (P<0.05) . EH
JEH, Y40 41 Plectosphaerella. Ilyonectria J&WIAXTFEEBE T Y4 41, S 323.9%.
1631% (P<0.05) ; {HEH T H)E. lodophanus. E5CH & Tomentellas Acrophialophora-
Preussia~ Mycothermus~ Geminibasidium~ Clavulinopsis. Paraphoma. Hirsutella J& A%} 3
FENNEZACT Y4 40, BEIKT 70.58% 99.86%- 60.74%- 77.78% 99.86% 93.24%- 91.01%-
99.55%, H. Geminibasidium . Clavulinopsis Hirsutella J&{E Y40 2 BIAH R 25 A 0%(P<0.05) .
Rl , Y40 24 20 40 0 AN B0 1R 8 B RO £ 55 B 38 TR, (0 55 R ARG 32 B B S5 1
73 MERR IR EYREENEEERKTE ENTK
Table 3 Relative abundance of soil microbial communities in the rhizosphere of Fructus aurantii

at the genus level

FHXT=E & Relative abundance/%

J& %I Genus 432 Taxonomy
Y4 Y20 Y40
M & WS W B TR J& Sphingomonas 3.19+0.28a 1.88+0.11b 1.56+0.27b
Bacteria genus Dongia 1.15+0.22a 1.34+0.02a 0.30+0.01b
Steroidobacter 0.67+0.22b 1.37+0.16a 0.38+0.04b
B AR & Ochrobactrum 1.48+0.33a 0.21+0.08b 0.13+0.04b
Subgroup 10 0.71+0.25a 0.76+0.09a 0.15+0.05b
(B B )& Pseudomonas 1.09+0.18a 0.13+0.06b 0.20+0.02b
Candidatus_Solibacter 0.22+0.11b 0.27+0.06b 0.86+0.16a
Pseudolabrys 0.57+0.22a 0.10+0.03b 0.04+0.01b
Allorhizobium-Neorhizobium
0.34+0.09a 0.24+0.04ab 0.11+0.02b
-Pararhizobium-Rhizobium
Christensenellaceae R-7 _group 0.67+0.31a 0.01+0.00b 0.00+0.00b
Candidatus_Alysiosphaera 0.27+0.03a 0.29+0.04a 0.04+0.02b
Solirubrobacter 0.19+0.06ab 0.33+0.05a 0.06+0.02b
KR IKH )8 Nocardioides 0.27+0.10a 0.12+0.01ab 0.06+0.01b
& K )8 Pseudonocardia 0.30+0.08a 0.11£0.03b 0.01£0.00b
Microvirga 0.19+0.05a 0.13+0.04ab 0.06+0.01a
D E AT & Mycobacterium 0.03+0.03b 0.16+£0.01a 0.12+0.00a
Roseburia 0.06+0.03b 0.01+0.00b 0.15+0.03a
Oerskovia 0.01+0.01b 0.02+0.01b 0.16+0.02a
Adhaeribacter 0.01+0.01b 0.09+0.03a 0.09+0.02a
Marmoricola 0.12+0.03a 0.05+0.01b 0.02+0.00b
BB ik J1)E Fusarium 4.25+1.91b 6.16+1.14ab 9.25+0.45a
Fungi genus W HI B Mortierella 1.94+1.27ab 1.15+0.26b 4.79+0.62a
Apiotrichum 0.02+0.02b 0.05+0.03b 5.12+1.58a
Witk )@ Alternaria 1.74+0.33a 1.13£0.17ab 0.46£0.21b
LA )& Trichosporon 1.37+0.34a 0.98+0.11ab 0.40+0.28b
Candida 0.26+0.08b 0.18+0.04b 1.434+0.13a
Exophiala 0.04+0.02b 0.10+0.07b 1.27+£0.21a
Plectosphaerella 0.18+0.02b 0.25+0.08b 0.76+0.14a
lodophanus 0.35+0.08a 0.45+0.03a 0.00+0.00b
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L5 E Chaetomium
Tomentella

Ilyonectria
Acrophialophora

W% #F @ Stachybotrys
Trichothecium
Preussia
Ceratobasidium
Mycothermus
Geminibasidium
Clavulinopsis
Paraphoma

Hirsutella

0.35+0.02a
0.34+0.08a
0.03+0.03b
0.36+0.08a
0.19+0.09ab
0.25+0.06a
0.34+0.09a
0.09+0.02ab
0.27+0.10a
0.17+0.01a
0.124+0.04a
0.11+0.04a
0.14+0.03a

0.28+0.02ab 0.14+0.09b
0.35+0.07a 0.08+0.08b
0.04+0.03b 0.55+0.03a
0.24+0.11ab 0.00+0.00b
0.33+0.07a 0.04+0.04b
0.27+0.03b 0.00+0.00b
0.14+0.08ab 0.02+0.02b
0.39+0.18a 0.00+0.00b
0.15+0.05ab 0.02+0.02b
0.09+0.03b 0.00+0.00c
0.10+0.03ab 0.00+0.00b
0.05+0.02ab 0.00+0.00b
0.02+0.02b 0.00+0.00b

2.5 HERFRLIBERENESE S HIENER A
% Mantel test S iPAl 3885 R 1% OTU 7K~F 140 6 F1 2 3 BEVR LR S, JExS
T BEIREE N 7 14T Spearman AHICIE /3 #r. 45 R WK 3 R, pH 52 EMEEEMAX, 5
B R TR 0. AR B U E (P<0.01) o AL 54
AR AR (P<0.01) , 545 Bl &L A A3 Rl s 200 2 42 2 IEAH 9% (P<0.05) .
ERESEWEMREZE MG, SRR A RS R R E AR (P<0.01) o BlfE
BG4 A R A R B B3 IE A (P<0.05) o 4HTE M ELH AEVR 5 3% pH. AL

R R R A REBEAE A R BB (P<0.05) .

<
s & 3

i .

d .

Bacterial community.

Fungal community

Mantel's p
— <0.01
— 0.01-0.05

>=0.05

Mantel's r
0-02

— >=04

Spearman's r

. 1.0

0.5

0.0

. =05
-1.0

T RN E Mantel FHKE r fH; LZENAER Mantel MK P {H, HEFEE Spearman MK REL,
IR BEREATH IR, Spearman i FE V2 FAE P<0.05. P<0.01 A1 P<0.001 [{I7KF_E4rIFH*. #*F1***r7E . Note: The

thickness of the line represents the related r value of Mantel; The line color represents Mantel correlation P value, and the heat

map color represents Spearman correlation coefficient, which is expressed by numerical values. The significant differences of

Spearman are marked with *, ** and *** at the levels of P<0.05, P<0.01 and P<0.001, respectively.

B3 A MRS S IR R T A DGR A
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Fig. 3 Correlation analysis between microbial community and soil environment factors
£ Mantel 7347 (BERE 1, 30— 23 0 10 b XoF 240 T AT 3 B ARV 52 ) 35 10 - SBR[ 1k
ITIRF AR ORE DT, SRR, AR RRET (B 4a) , 27 FIE T IRTBE 0N 5
IR SANB . R BUE R R E A S pH &F IEAK (P<0.05) .
Candidatus_Udaeobacter J&S5H N AR WA AR EAHX, M5 pH A 237
R (P<0.05) « ERBEHES (B4b) , TERESEE. WFE. 20, A28
PR S UG, T pH R IEADE (P<0.05) o HFEITSAENR. 2R, A, HU
BRI Rt 0 35 IR ARG TS pH &3 FAHE (P<0.05) .« I &M Apiotrichum J&- 56 HL
Ji A RNAR S0 35 IS, T pH B35 1AHSR (P<0.05) . BEMSTLR S AN, 2%

AR At A R RO 2 OO, TS pH R IEASR (P<0.05)

a) b)

Alternaria|

Candidatus_Udaeobacter | Apratrichum|

Spearman_r

B 0.5

Haliangium
Aspergiilus|

7
MND 00

Iy
-1.0

Mortierella
Sphingomonas

Gemmatimonadetes Fusarium

Actinobacteria
Basidiomycota
Acidobacteria

Proteobacteria mycota

AK AN pHsoM TN TP
M AL EMEE AR RR ARG R R, BFAMRMELE P<0.05. P<0.01 F1 P<0.001 /K25 *.

ok kxapRil, Note: The red or blue color in the heatmap indicates a positive or negative correlation, respectively. The sign of

AK AN AP pH SOM ™ TP

* ** and *** indicates significant correlation at P<0.05, P<0.01 and P<0.001, respectively.
B4 HIAE (a) FERE (b) FHES LIRIRESE R AR R A

Fig. 4 Correlation heatmap between soil environment factors and soil bacterial (a) and fungal (b) communities

3.1 NEFMEFRIATRER IR FRAVEH

FHEFR G RAIRDLE R AR T AR B B AR R = A TR, 5 40
FEANTEAR PR AN A% B A RO R 2 B b ey, 235 e AR AR PR,
{H 3 pH BRAR, HARMRUHEE 52 0 B AN SE B3 OB Fo 4 R — 8. —Jr i PO KIR R
HIBEAE, ARSERtIE R I 1 FE &, 3G R A IR AR 3R, TR fil 2 b S TR B
3 pH NEE. S3— U5, EARGERRIIRE AR T, A LR AN RS AR R 2 W) A - s
AWIFRR, M SE pH KN, MAh, 5 (R IR EIR D HbsiE) UTRLE,
55 40 FEANTE IR RO AE A I v 0K, XS H RTREIE AT AR A e
Ko
3.2 NEMEFRIAFRIR LIRS M REHEEMRA TN

TR Z AR T GOV TR OSBRI A R ERR Y
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FASEARBR I AE MR VA md S P R I, 40 ) 2 ARV TG B 2 ARk, X S A S USIEE e AT
F R IUEF R AERR A0, HAH R 2 AV 2 T R AN, H 5900 LA I T 2 M
AR P - R 40 B 22 1 1 MR 4 R 38 I T 6 2 25 A8 A AH — B30 0 1R 1) 5 5 2 A A PR P S K
BN SRR, fE55 20 i . B IE 2 VA S JEAERGEE 40 4 P B A AR
PRI RZE TG, 50 BRIV I A AN [RI A 47 B A B AR Br 3 L A 2 AR VE AR AR AL, 36
BB AR AR BRI N, ARSEAR b 38 b A 2 REPE RS N, 1S IR AR S R A AR AL .

TEYIAR R AR DB VR 1) Bh 45 P 2 SRR (B R B I S L R 051, AR 7 3R,
FAFEMAEAFAERR S, AREr IR M B A A RO 4 T B &, AN, PCoA 7-#rfl
ADONIS £ 5 5 7= A [F] o i 4 B[] - 398 20 B M L TR Vs S AP AE 8 22 5, Ul Wb 4 PR
R TS IR AR IR S5

FEBE 1K b, BB ERR AN, T T2 R ) 2 T s, ARk
PR A 1Bk 3 AR B, 72 IR M T FEBIG (LY A KT K
PEE R0, HAES 40 FEFERE TR, TR AN TR FERAK . WERE KT
AE , TR BT TR R R R, X5 R B ECIEA R R A
PR AT IR 35 E A RO 7 45 AR — B e T3 0 i, (EFR AR R
st RAEEERRY, Horp, 357 TR AR 40 s, 5 HEn T AT
EE N RS RGP AT K, S5 A R — B TR 40 R FE iR
iX, N 41.22%, WRES BIRIRE A % N B 71 18 HAR R T R R 5, 36
(R B ] 7 3 T ) L AT PR AL 21220 S0 A R R L B S AP e BT B, B AR PR 3G, 28
40 FARBR -G 25 4 B A EL B B AR SR B LUEE 4 ERE D, TR TSR A HLER A
Py R S5 A 2R 3 WA AE 38 R AW AR R T R EOABR AR AL, — LePU A AN Rl X A A2 A0 AT
D o i HA R BRI ER - A IA A S B AR S FH Y Pseudolabrys J&23), TEAK T
92.81%; HAWEBE. P EREARAIIE RARE IS8T R IR P, FRIR T 78.60%; 5 F T i &
SR GL e~ AR OR (TAA) FI ACC AR, MR, FRICT 91.32%; #
AN R B B A R IR B R A KA W b, SRR R B4 TAA
SR ARERKE, BiERREES S LRGN BRI, XA G E 730
T 51.21%H1 96.37%;: FAERT . WEBEME SRR, SGoRar EHomR e, ek KRR e
JEES, N T 81.87%. LB BT 5T B PR RO 22 AR 0 TR R R IV AE B AR
TEVERT, =g bR B 2 s B A I TS R TR 5, FRAIK T 60.74%; Tomentella J&POW] 5 22 Fi e
VI RAMERER, (R, REEYRPURIERSSTE, B8 T 77.78%: RA4E
BRERIR . A4 REEANE AR IR B R ERY, FRK T 70.58%; Acrophialophora JEPFE
B IGSRAEY PR R, 15 S RGBS, IR REr A AR Y R B R, A
MAETHEENEKEE, BFIKT 99.86%; Geminibasidium J&PNEAG 53 ARSI g™
IR HIRE S, RETIEARGES NG R, A LIRESRETRIEEREEIEN, £ 40 Ff%
RZ 0%, B4R, FAE 40 SRS B E M 7 XY E K AR R T JE . Plectosphaerella £l
Ilyonectria JERIABXTFE . BEFLFRI, HRJ)JER R 0] 5] 2 a2 AR B s A, Semn 4
BRAN[F) St XA, g Fea i 0 T 51 RS A MECAIAR B 0 1) R A2 07 A Bl ) 1 D~ DUBE S 2 1
JEFUREERY, FEEWEMN T 117.6%. Plectosphaerella J&1 7] 5| 22 MY B, NZJE v f#
SGAEIZE AR =0, M s AR ZEE BT, F N T 323.9%. Ilyonectria J& V] 51 K VUHS
SIS, FREIGIN T 1631%. Kk, FSEAEE PRGNS 3% pH (B RS, TRk 45
KA, A EY) AR BURT A A= FE R N, 125 R e A KA R G
3.3 TEIFMEFRATRIR IR E IR S TR R B

T IEERANAE PO IR AE R R W R, Hoh pH E B IA N 2 3 R R AR )
T H BN BN 70 fEARHE T, KRR ST 15 35 pH P, 225 15
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20 R A L VR ARG T . S MO E b B, IR T] . R ] R
[TAHAFE TS pH EEAMIE, pH e I 40 5 A H I BEE I F A 2 FE . b At
AR pH 2 4h, HAth HIBIRE R AU . 2% 2. T, SR fa L
il 19 1 AR AR o 5 20 R R L TR A VA A ) R R

FEAHFEH, IR DR 1 5 2 B R L T A 0 45 ) (B A AEAH AR E R oG R, AR
FobREL A PR AR 2 AR o~ 188 40 1 0 0 T A 0 1) 08 5 3 M I 2 ) B AN AR B ) DR R«
B PR B R S IR AL . A TR A R A R UM OC, R A AL
FEATENEMARN THARELREBERAEK, U T HEEES 40 FHiK.
Candidatus_Udaeobacter JEF ) @5 3% pH 28 FAHK, Ui pH B0 N BRI ik
JIHEBWERE, 55 40 £ 11 pH SRESR ) H B FE R m M a R —8. 25 Bk, &
R AE PR 51 3 TR0 & B AR R HE S I AN A B R R B R R 2 —

4 4 ik

=

BEFRE PRGN, ARFERR bR IR B 2 PRI e W A, IR B 2 A AN 5
Bhn, WERERREE. TOMEE. BERREE. BfrwE BN EREESA i E A
X B PR, T8k JIJE . Plectosphaerella 1 Ilyonectria J& %5 3 H 1A J& AT 3 B 0 & 08
I, A R 5 B A S PRI R R 2 — o ARFEELEME 40 £ )5, 1% pH BECTH
MM R, pHY AL 2% BARE . 0. A R AL S 2 52 AR 5 T I A Mo
T AH ) A R T
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