55614 46 M + o W) Vol. 61, No. 6
2024 4 11 A ACTA PEDOLOGICA SINICA Nov., 2024

DOI: 10.11766/trxb202308140224

R, HE, AN, IMEE, 25 AR IRXBUSEAR PRECE VI RES N P BN R[] AR, 2024, 61 (6): 1729-1740.
WU Weiwei, HAN Xue, WANG Jipeng, SUN Nianxi, LI Yong. Alterations with Plantation Years of Fructus aurantii on Rhizosphere Microbiome
and Soil Properties[J]. Acta Pedologica Sinica, 2024, 61 (6): 1729-1740.

PIE £ PR X AR R AR PR A M B TR AN T IR M R S m

Eum', & F', 4R, iEE, 2 Fgh

(1. PR RSFRIEIEE 0, TR 4007155 2. ERTTAP2HFIERE, HEE 400065 )

& E. WRBRRE Y R A R A, IR A R KA R DA DG . BRI [R) R AR FRAR SEAR PR A A+
Fevk B ARAk, AT ARG A R GRS . SRAEFE TR 4. 20 140 a MUARFCHRBR T30, 38 il P AR 43
N [ R A B - S 0 P RN BT SRR AR S A A (LR, i — DS M E e 5 I TR A DG . S5 SRR, S
40 a BEEH HIEAPUT . A BAFA . AR & i = T 4 a f1 20 a, 1 3 pH W R 2EFEAT (P<0.05), Fifi
EFEAERIG N, AR 2R RO WAL, A 2RI S BRI RGN (P<0.05 ), FEARbRHT IR, Fh
H 40 a FARFEARPR 124 B AN EC PR 74 25 K A2 o 5 A AR R B R T) . 7R IKOF b, DRBRANTR T TSI ] RAFFRAT ]
T T IFZE ML), AR 61.07%~87.79%; EHEE I FREE T IR TR, (HEFEER 64.70%~85.75%.
TEJEACE- |, BERMRTAERRAGIG N, 40 AEALSEHLBR + 50 o5 4 pRVF EL TR 3= BEACER 4 AR08l (P<0.05), ANl a2 o
WIS, BAMFEE . B RICHE . R . BRFRERBMELEE, 20 FHET 51.21%. 91.32%. 78.60%. 81.87%.
70.58%7F1 60.74% MAh, SR EE R B ERIN, WHRITE | Plectosphaerella JE M Ilyonectria JE43 HIBEMN T 117.6%. 323.9%
1 631%. Mantel 434720, 48 pH 17 35 5 2252 0 241 DA AN BL TR ARV 2L S0 B BRI o AR e K IR 3 iU AR B
A YRR SR LR, G FIREAE RGN, ECR 0 AR RO 30N, A 45 AR PR 40 R RN BT = BE Ui/, MIVEE 2L
o TR = BE RN, 3P B R AR ST A SRR B R $A A 2 R 3 W I B ) R A

KRR BT, FMEARM; LIRS mnE R MUEMIEE

FESZES: S567; S154.3; S153 XEFRERG: A

Alterations with Plantation Years of Fructus aurantii on Rhizosphere
Microbiome and Soil Properties

WU Weiwei', HAN Xue', WANG Jipeng®’, SUN Nianxi’, LI Yong''

(1. College of Resources and Environment, Southwest University, Chongqing 400715, China; 2. Chongqing Academy of Chinese Materia
Medica, Chongging 400065, China)

* ERE DL RIBE (SQ2020YFF0422412 ), MR BHRMIAII F ( cstc2020jxjl-jbky10001 ) HVE P £ A H 55 8L % L it
( cstc2019jscx-gksbX0078 ) 3 [f] ¥¥ B Supported by the National Key Research and Development Program of China ( No.
SQ2020YFF0422412 ), the Scholars Project of Chongging Science and Technology Bureau( No. ¢stc2020jxj1-jbky10001 ), and the Key Project
of Technological Innovation and Application Development in Chongqing ( No. cstc2019jscx-gksbX0078 )

+ M IR/E#H Corresponding author, E-mail: wjp@cqacmm.com; liyongwf@swu.edu.cn
YERTRIA . RO (1994—), 2, WRAEMA, BRI A, EEMAE P2kl &R LA YWFE . E-mail: 3038210050@qq.com
Wk H Y 2023-08-14; W HIMEHORT H . 2023-11-21; M4 % H I (www.cnkinet ): 2024-04-08

http://pedologica.issas.ac.cn



1730 + i

4

i 61 %

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 F Aurantii planation years. [ Conclusions ]
Long-term plantation of F. 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.

Key words: Fructus aurantii; Cropping years; Soil nutrient; High-throughput sequencing; Microbial community

tR5¢ ( Fructus aurantii, FA ) RHZEFRHEE
FE YIRS B HOAR RGBT i) T R A R 52, 2R
RS REh ek, FE S FEE . I, 9
T rE S X U2, SRR 24T R, B 6
AR E BRI, RIoRAL 40 4F, (HBE A AR BRI
o B S PAEE o T B L A AR R AR R A
FAEN, B RS R = R AL EE Y, H T
FRFE 7 b W AT R A i o

R B A S8 AR W) o b A A A A A R
gy, BARMELIERREITRM C. N, P K&
FT AL, P BRI I, B AR O PR A
YEREC, [lms, MR BR 4= et A 9 ZRE v R AU i
YRR AR ENE, R R R g R L
54 gemam via e, HIERUE Y s Bl £
AT B — DA BEEERPT, AR AR RS AL X
FE AR BRI A VDA T AR NS5 M 20 i 1 25 77 R 3R
KA o 0T A AC AR s - 198 4 B HE 7% 76 A [R]4F PR

TR RE, [EAEERE LR E NHEF ]
AR PRI 2 kS - A W A0 T 5 R A A R A
A i R R BEIBD MR AR MR 20 1 A5 2L
PR IR 50 B OB RE ST 5 T DO = B A
Y2 e AL R 9 XURS: , AR T AR R S R i
VEAFFRTT 2 L 40 B 2 AR V48 BB b A 47 PR 2 3% 1
T, HWZ R E TR HATE N E
W ER P2 IR . 25 AR08 Fin T4
PERARAE T 1 SR R SR AR A I AR
T AR L TR X AR AR A S T T SR 4R g AR5
FERE T 1 o (ENS AR PRAR AR W) A v 235 A B o A 4
R AR, DL 5 S o ) A ST 58 3k 20 LA
o AHFFER AT E R EOR, XA R4 R T A
Fe MR PR - S A Wyt v AL S Z ARV RE AT 20 b, OF
N5 - SV T, 4 75 5 Wi~ 98 20 R EL T REE  110 5%
SEPRIEEIN T, S ARSE B4 T ()8 BEORT R A SR ER)
R

http://pedologica.issas.ac.cn



6 4] R FIARAEBRXTARTEAR PR i A My e v A P 5 14 52 1) 1731

1 BPRHS

1.1 HARXER

6 A7 T3 X A A LR ER B T P 25
FEBERRSEFIFE KM (30°07'N, 105°89'E ), J& I HiHF
RIS, U], W, AEYREKE
7 900~1 082 mm, 4EHHI 1091~1228 h, 4
S 17.9~22.8 C, JCFEW 319~360d, tHFcHkKE
BRATHE 3 m = 3 m, BAWIZY 1050 #k. ks 50
ke L, EAMEAK, EEPOY A KR
Fofest; RSN, BFEaBE . WA 25 505
HE A F Y 2 B ) RS AR R T

b A2 el it BIES 3 Sk 56 A Fn 3B AR, Hop o HLAE
15000 kg'hm™ ( 24 & & 2.0-1.4-1.8, HHLIE =
40% ), AN 600 kg-hm > ( F#73% & 15-10-10) fE
RFHEAE, FERPIE KN AN 10 em AbFF AT IR TE
24,8 A LARERE 11 A LAIRHRA R,
] IF FHAL WS 750 kg-hm 2, %b 5545 4 ] IR 5 45
pH; 3 A FAIBGEH 258 /R % 300 kg'hm . BER
—H 150 kg-hm > FIGLAREN 75 kg-hm?, 6 H _EAJM
Fo 45 FOE K W8 R £ 150 kghm . B B A
255 kg-hm 2,
1.2 TEEARE

T 2020 4 6 H T AI:REFEAEIR N 4a. 20a,
40 a YA FEAR PR - 58 430 H Y4 Y20 Fl Y40 2% ).
o3 R A AR AR SE , I T 10~
50 cm {78 FEL N SR LS ORE R A, R b2 0
TEY) B KA HREE W), 321 20 em 2247 TR 15
FKHAEHMRER L2 m 1, WERENEERR L
0~2 mm Y+ 4, FJaBrEiRAT, R ATCHRIAE
8, IR FIUKER BT s, RAEE 3 A4
WA R IR SRR S A R PR ER Ay, — AR AT
E-80 CUKAHHT A FIG5: DNA $#He, 17
Wry; H—fnrtHEETFEAEETARKTE,
bR L KB ABRSE, B0 fLAEA 1 mm.,
0.25 mm £ 0.15 mm PYFRAET, T - HEbPE B
A
1.3 TEMRNE

+HEH ML ( Soil organic matter, SOM ), pH.
%A ( Total nitrogen, TN ), 44 ( Total potassium,
TK ). 4§ ( Total phosphorus, TP ). §fifi# & ( Available

nitrogen, AN), HZ(#f ( Available potassium, AK)
I3 ( Available phosphorus, AP) JE&%
(s Ak 3 b S5 IR B W ) A AR G bR ik, 3
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Rk TK R FHIE JHEIEEE s TP SR R A0 i
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Kitk &K (UCHIME, version 8.1), 153|al 1T /5
SEHT ) Tag FPa01 0 SRIGEMIME 97% AYK
F X} Tag FF3)#E4T OTU ( Operational Taxonomic
Units ) RJ, A3k 2A4 OTUs. e/ Pk 464>
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https://unite.ut.ee/ ) AT H X4 BRI

FIAH R 4.1.3 KR vegan A5 l1°FJ5 A9 7
BARHAT o ZFEERRECTHA A B ZHEME50 0T ; linkET
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2.1 AEMEERRERELEERTH

M 1 alg, 3 pH BEACA K AERR 1S
78 25 R W, Y40 2155 Y4 F1 Y20 4153 A% T 1.03
F10.87 (P<0.05). TIEAHLT . 4= F F0EAE A & it
BE R A BRI 0 238 Ik, Y40 A3 nl% Y4 Hn

Y20 4 EHIN T 425.03%H1 107.28% (A HLFE ),

431.45%F1 113.42%( 2 A ), 413.69%F1 127.97%( ik
it A ) (P<0.05). Y40 Upyt3Eaws. A3, &
AR AN S IR Y40 AW EET Y4 M
Y20 41 ( P<0.05), {HAE Y4 4HH1 Y20 416 JC 3 2
So ZE LA, R FE AR RT3 pH . AP .
Wl s e AT T

*1 ARMEERAFLIEERTN
Table 1 Changes properties of Fructus aurantii soil in different planting years
. AL o WA KR AR Exil R
pH Organic matter/ Total N/ Available N/ Total P/ Auvailable P/ Total K/ Available K/
ear (gkg!) (gkg!) (mgkg!) (gkg') (mgkg!) (gkg') (mgkg™)
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 110.7£11.2b  0.84+0.02b 5.83+1.57b  23.2+0.36b  661.7+44.8b
Y40 7.63+0.03¢c 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

TE: Y4: FiE 4 4 Y20 FPAE 20 485 Y40: FhAH 40 4 RPEIEN-PIE 2 fpERE (n=3); F—FIARR/NG 8RR b
B[] 22 5 . 3% ( P<0.05 ). T[], 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( n=3 ), and different lowercase letters in the same column indicate significant differences

between treatments ( P<0.05) . The same below.

2.2 AEMEFERRERETIEYFSHEETL

X AR ST AR ARSE T AN TR 16SIRNA A1 E
ITS S A md sF AL, 9 A AR
PAEA TS 664 242 4%, FEAHMIYE 97% BIK
SEXTEAI#ET OTU 2, OTU B4CHh 13 007; 1
HLIH A REAR A SUTH) R 706 583 4%, OTU Ak
JE 4 445, AT T REAS W8 55 R AE 99.55% A I,
LB FE DR SCE T 7R 0K 99.91% (32 2), PRI P45
RA BRI, BB RFEAREE .

AN [P A7 FR AR 5 1 R A W e v 2 AR 1k 1 AR
sk 2 PR, AR R B, 4410
Shannon 8500 I & 22 7, Chaol 8405 e N5 [

=2

ey, 78 Y20 K, RUIFME 20 A<
HRPR TS A0 TR o B sy, MR AF PR AR I8 K
HEFEIFEA P TR, Pielou F8%UkEA: R in
SRR M, RN 53 A 345 FE B A AE AT BR Y
NG . B 2SI a R, £41
Chaol FHE(TLI 25, RUIMRERHE F5H B2 fh
AR AN K, {H Y40 2H Shannon 1 Pielou $5 %X
Wk, 5 Y44, Y20 AAFAE R %S (P<0.05),
FEWIAR B L TR 22 9 1 i A A IR 185 o T 4 41
23 AEMEERRTTEMAEMERLEHMTL
BT bray-curtis %, FIHF AR (Principal
Co-ordinates Analysis, PCoA ) #4173 F OTU /K

FRFMEFRIBEMEMRIZNS FEERTL

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

474 Bacteria E T4 Fungi

SR ,

LR ¥y i R o R WA R W%
Year

Shannon Pielou Chaol Coverage/% Shannon Pielou Chaol Coverage/%
Y4 8.77+0.20a 0.88+0.01a 1 359.3£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+0.01ab 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
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ELTH PG A BR PCL AN PC2 Bl 5 AL A BE 62.22%
F70.93%MFEARFE (K 1), [FEF, 2 ADONIS
RO FBH AN [) R A R AR 52 - 498 1% fl 2 0 A 5 245
MEAREXES (HMKE: RP=0.543, P=0.005; H
H: R*=0.667, P=0.004), Y4045 Y44, Y20
2H TS TR R TR A A 22 S RO, TR AR

a)

03 @

02+

00-----=--—--- ey

PCoA 2 (24.92%)

—0.1+

-0.2 Y

Adonis: R*=0.543%*

_03h- (] Anosim: R=0.621**
|

~0.2 0.0 02
PCoA 1 (37.30%)

BB Ay TIF, FHH Y40 2 405 A EL T IS S5 A A L
Hfth e %8 7 AR, X AT S, Y4 4
Y20 ZHAREAEE B AR X RGE , UL AN AL B ELAT
—E AR . IEAh, BT AN (Analysis of
similarities, ANOSIM ) 43#7, & BUA[RIFHAEAE R T
T HEAE (R=0.621, P=0.004) FIELE (R =0.712,
P=0.008) Hfyx s 20 i BE R o

b)
02+ I
F :
I
I
I
I
I
I
_ eo® °®
S 00b------- R — B
O
X I
SO I
N I
< |
S ® |
A I
I
-02+- :
I
I
I
I Adonis: R*=0.667**
() | Anosim: R=0.712**
| | | |
-0.2 0.0 0.2 0.4

PCoA 1 (60.97%)

®Y4 @Y20 @ Y40

T 447 20 4R 40 AFARBROLAE IR 7 21 =2 1) 14 22 5 K S AL 3 40 P - 4 2 507 22 ( ADONIS ) G 36 HIARAE 5387 ( ANOSIM )
AT, =Fx43 5 R RTE 0.05 A1 0.01 K- 22 57 52 2% . Note: The significant differences between soil microbial community in Y4, Y20 and

Y40, and the grouping interpretation rates were obtained by Permutational multivariate analysis of variance ( ADONIS ) test and similarity

analysis ( ANOSIM ), respectively. The significant differences are marked with * and ** at the levels of P<0.05 and P<0.01, respectively.

K1
Fig. 1

24 ARMEERAT TEREVEZARTH
FASEAR PR A HE A P LA 2] 28 7, 84 44, 189
H 308 #.540 J& , HHr, ZZJE T 1( Proteobacteria ).
TR #T 7 1 Acidobacteria ). it 2k % | 1( Actinobacteria )
FIZE B PR 1] ( Gemmatimonadetes ) AV ] (F
BIMX EBE>5% ), ~FBAEX B A h 34.20% .
27.67% . 7.88% . 5.65%, B FEEM 61.07%~
87.79%. L 12 1. 34 49, 80 H. 152 Fl. 314
&, RHEFT TR T2 ( Ascomycota ) FlIfHF
W 7 ( Basidiomycota ), ~F # A1 Xf = & 4> %] K
59.54%. 18.87%, i FEEM 64.70%~85.75%.
AN TR AF BR AR R A S5 P A 0 20 LA AR — o 22

AR AR R AT (a) FIECRE (b) BEF R EARAR T

PCoA analysis of soil bacterial (a) and fungal (b) communities in different planting years

S (1 2). Hrb, Y40 BB TR ZE ALY
AR F B B ERT Y4, Bl FRET 59.51%F
47.68% ( P<0.05 ), Y40 T4 [T AHRE 4252 3
XF Y4, TFET 39.49%, {0 Y40 AT 1
W] ( Mortierellomycota ) & =T Y4, 435
BT 93.68%F1 279.9% ( P<0.05 ).

FRFE B IERE SO A E B> 1% S A T &
B MUTA 8 . MNDI . Haliangium . Candidatus_
Udaeobacter . TR J& ( Nitrospira ). Bryobacter
RB41, 5 EFEM 6.95%~16.51%., Hd, Y404
i T P TR AR R R T Y4 A, FRAIR
T 51.21%. B EWE AR FIE . HAESE
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Fig. 2 Changes of soil bacterial (a) and fungal (b ) communities composition at the phylum level ( Top 10 ) in different planting years

( Mortierella ). MEJE ( Aspergillus ). Apiotrichum .
Saitozyma . RGOS FEER 7.99%~25.56%,
Forbr, Y40 AT TEEARXS TR W T Y4 4,
il 117.6% ((P<0.05 ), fELSEA% AL (14 AR 200 fik
FIRT Y4, KEIRT 73.49% (P<0.05),

WeAh, #E—B Gtk (% 3), 1M
XFFEEER 0.05%~1%Z B AEAEFEE T, A 19
MR 16 DEERE A RES, Hrb, Y40
SRR . BEPMIEE . Pseudolabrys . HUIE S
( Allorhizobium-Neorhizobium-Pararhizobium-Rhizobium )
Kt RINE | Bk R IKEE . Microvirga . Marmoricola
JEBHN FERERT Y4 4, FHET 91.32%.
81.87%. 92.81%. 66.96% . 78.60% . 96.37% . 70.37%
M 81.67% ( P<0.05 ). & T, Y40 41H)
Plectosphaerella ., Ilyonectria J& WARXT =1 8 2 & T
Y4 401, B 323.9%. 1631% ( P<0.05); {HEA
F W J& . lodophanus . &5t H J& . Tomentella .
Acrophialophora

Preussia . Mycothermus .

Geminibasidium . Clavulinopsis

Hirsutella J& WA 3= B0 5 &K F Y4 41, FRIKT
70.58%.99.86% . 60.74% . 77.78% . 99.86% . 93.24%,
91.01%. 99.55%, H. Geminibasidium , Clavulinopsis .
Hirsutella JEAE Y40 ZHRFIXS L 0% ( P<0.05 ).

Paraphoma

P, Y40 Z1AT % 40 TR R EL TR 8 O AR 425 B35 T
R, AEA 3 B Jm AR = B 2 .
25 HERBRTEMEMEES TERERFH

KERHE

KM Mantel test K IPAL 1 BB FXF OTU
IR - 20 TR RN B A TR VR AL RS, O A
A F#£47 Spearman #4041 o 25 R WA 3 Piow,
pH SRl B EEMEE, 5SHIE. 24 . W
fiff A . AW L AT RN R ALOBR S R R G
( P<0.01 ), A BB 2B R U (P<0.01),
525 . WRA . S8 AR RSO 5 E
K (P<0.05), A SEMERBEAML, 5§
el A A . A R W RN AL A 2 W S IE AH OC
(P<0.01), BlffR -S40 . A XA 2 03
IEAEE (P<0.05), ZHEFIEERE S L% pH, A
ML . 2% . WA . 2. AR 2 B
FIEM (P<0.05).

1£ Mantel 4387 A 56 A I, E— 2506 0% 1 X 20
FVECTR BV 52 ) d 25 1) H RS I A T L A T
PAHCHE AT, S5 R, TEARmRREE T (& 4a),
T AR AR S AR . 2R . W
il BN B O OC; TS pH BEFIEA XK
( P<0.05 ). Candidatus _Udaeobacter J& S5 H WL . 4
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Table 3 Relative abundance of soil microbial communities in the rhizosphere of Fructus aurantii at the genus level

FXT F JFF Relative abundance/%

J& %I Genus 432§ Taxonomy
Y4 Y20 Y40

R AR AN S Sphingomonas 3.19+0.28a 1.88+0.11b 1.56+0.27b
Bacteria genus Dongia 1.15+0.22a 1.344+0.02a 0.30+0.01b
Steroidobacter 0.67+0.22b 1.37+0.16a 0.38+0.04b
EHF R 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
A % )R 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
Fiti R IV Nocardioides 0.27+0.10a 0.12+0.01ab 0.06+0.01b
& R IR &R Pseudonocardia 0.30£0.08a 0.110.03b 0.010.00b
Microvirga 0.19£0.05a 0.13+0.04ab 0.06+0.01a
ST R 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
H)E Bk J1)E Fusarium 4.25£1.91b 6.16+1.14ab 9.25+0.45a
Fungi genus W75 )R 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
BRI )R Alternaria 1.74+£0.33a 1.13+£0.17ab 0.46£0.21b
£ TFH)E Trichosporon 1.37+0.34a 0.98+0.11ab 0.40+0.28b
Candida 0.26+0.08b 0.18+0.04b 1.43£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
E5CH B Chaetomium 0.35+0.02a 0.28+0.02ab 0.14+0.09b
Tomentella 0.34+0.08a 0.35+0.07a 0.08+0.08b
Ilyonectria 0.03+0.03b 0.04+0.03b 0.554+0.03a
Acrophialophora 0.36+0.08a 0.24+0.11ab 0.00+0.00b
HWHBEBEIR Stachybotrys 0.19+0.09ab 0.33+0.07a 0.04+0.04b

http://pedologica.issas.ac.cn



1736 + o IR 61 &
gk
FHXT B Relative abundance/%
J& 5 Genus 432§ Taxonomy
Y4 Y20 Y40
Trichothecium 0.25+0.06a 0.27+0.03b 0.00+0.00b
Preussia 0.34+0.09a 0.14+0.08ab 0.02+0.02b
Ceratobasidium 0.09+0.02ab 0.39+0.18a 0.00+0.00b
HAE Mycothermus 0.27+0.10a 0.15+0.05ab 0.02+0.02b
Fungi genus Geminibasidium 0.17+0.01a 0.09+0.03b 0.00+0.00c
Clavulinopsis 0.12+0.04a 0.10+0.03ab 0.00+0.00b
Paraphoma 0.11+0.04a 0.05+0.02ab 0.00+0.00b
Hirsutella 0.14+0.03a 0.02+0.02b 0.00+0.00b
Mantel's P
— <0.01
— 0.01-0.05
=0.05
Mantel's r
— 0-02
- =04
Bacterial community
Spearman's »

Fungal community

1.0
. 0.5
0.0

05
By

e RARPHAIEE Mantel #H3C r fH; LABIENAE Mantel MHE P, HEBIENEL Spearman HHIEREL, I HEUA M
17327~ , Spearman i & P ) 22 S5 7E P<0.05.P<0.01 F1 P<0.001 FJAKE 43 51 * | ** Fl***4R7F . 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 SRR Y S A N A SR 2 A

Fig. 3 Correlation analysis between microbial community and soil environment factors

. EUEMEA L F LM, M5 pH B3E
X (P<0.05). TEHEREET (K 4b), FRETS
SR BA . AR RO U R A OG
M5 pH & IEAH S ( P<0.05), HTHT T 5HHLE .
SR MR . SRR RO B EA S S

pH & A (P<0.05). #iJIH IR Apiotrichum
B SHE VLR . SR AR EEME, 5 pH
BERME (P<0.05). HifgM)ESHILE . 2A.
B . AL AR A L OGS
pH W IEAE (P<0.05 ),
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a)

RB41

Bryobacter

Nitrospira

Candidatus Udaeobacter
Haliangium

MNDI1

Sphingomonas
Gemmatimonadetes

Actinobacteria

Acidobacteria

Proteobacteria

AK AN AP pH SOM TN TP

Alternaria

Saitozyma
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Aspergillus

Mortierella
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Basidiomycota

Ascomycota

Spearman_r
1.0

| Iy
0.0

i,
-1.0

AK AN AP

pH SOM TN TP

e PR R AT A 65 B FR R IEAH SR A SE R R, A SEMETE P<0.05. P<0.01 F1 P<0.001 AR B HI* | #5 | #kxpiy

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

significant correlation at P<0.05, P<0.01 and P<0.001, respectively.

K4 MR (a) FIETE (b) Bk TS 1 i e A

Fig. 4 Correlation heatmap between soil environment factors and soil bacterial (a) and fungal (b ) communities
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LR RN, L3 pH R, 55, EAR
FeR RIS AR, A PLRR R R S5 AR AR i)
TE AP R R, e SE pH B TR, B,
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5540 ARRSE A A RO AN R e T —
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LA PR A SEE K 22 SR G I R AR e 35, #2565 20 4F i
151 o T FL R 2 FEVE RIS &) BEXEARZE 5 40 4F P oA,
AERRI R E T, SRR AR R B R R R A AR
FRAE B AR PR 1 3 LR 2 FE VAR AR DL, R WIBEA:
KARBRIG I, AFeHRBr 43 b L 2 e 3
A g R S R AR 1

FE PR R - S A WD v 10 3 2851 2 PR IR A
Vil B EER R, AR, HreRiA
[FIAERR S, AR PR 2 o B AR A kA T I
234k, [RIEF, PCoA Z3#T 1 ADONIS 2553 /R ARl Fh
AT B[] - SFE A TR FH EC RV 5 A AP A i 35 25 5, T
R RE AR FR 2 25 520 1 AR e TSR IR 454 o

TEART TR b, BEEERRIGIN, L ET]
FIZFRRRDE T2 TR, ARV
Rt - AR, FE RIEFR IR L IR
EWiih . (R E RS R E AR, K
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T E P B R, X 5RPaERE

http://pedologica.issas.ac.cn



1738 + b1

=

61 %

A [7) b AR A R A e 7 - S3EO0 4 EL wR 1) R ATF 5 445 R AH
— 5, BTN TP, TEFR R R
RE R s B EEAECY, Hoh, P T
X EETESS 40 S dy , 5 A ) T ARV TR S B TR
F ARG A P, SR A A — B
TR TT5 40 S0 FRERAT, O 41.22%, WlfE
5 R AR A G FEN A R AR A
BT R B Sl , LRSI T F R R
FE 122 A R RN LT B KA BT R R, B AR
FRAEYIE N, 265 40 4EHLPR 13564 45 4H Pa AN EL 3 s A AH
YRR 4 FERFWD, ATReEh T A LR
I TR S5 AR AR S A ) A L 3 v AN W AR R T R BOA B
AR, — BB W) AN BB 1 IV 3X b A8 A DT 982>
WMEA PR BR . YIS A K B
VEFHIY Pseudolabrys J&™, KT 92.81%; HA%
B PRk MAORIE RURE T SR IR R Y, BRI
T 78.60%; & [IAT TR POV 5 R ™ A 1 O R
(TAA) #1 ACC %M, MmifEHERPIRIER, K
IR T 91.32%; 5 22 P B 1 T AR A ER T 2 e
PEREW AT 2 B o o, A e R T s i
A TAA FFESFRAAERKPY B RREES S 5
Fe RN A S54RSS BR JE 43 0 R R T
51.21%F01 96.37%; HATAERT . BRI AR, 1
SRAF YUY, AR B R EEDY, TR
81.87%. FLIH R P it E 5T 1 P L 5 X 2 A AR Y
R R LA E MBI ME T, S SRR R 2
R RS, FEIRT 60.74%; Tomentella
J& PR 5 Z Y A E AR, R A K
PE Y BT E BT R, BEIR T 77.78%; B
AR 2R YE R AR A R ) i B AT
HEBY, BT 70.58%; Acrophialophora J&PHH:
A B R Y BT B AR Y, S A RGBT
VSN, IR RE ™ AR 21 2 2% il FR e, AT AT B T
MHAERKET, BT 99.86%; Geminibasidium
JE PV EAG S MBS R D IR A R Sy, 4R
THEAYG NG R, ETEESRGE D AEEE
TR, 7E 40 4ERRARE 0%, AL, FiE 40 4EA0RHTE
EEREIN T XA AR ARG IS . Plectosphaerella
Fl Ilyonectria JEWIFHXT L . AF9E KRBT, ik J) & 1 B o1
A5 Z MY AR B R A, SR A RO [F]
i X AR , G200k 70 T 15 | 7 e AR I 14 2 A
55 7 0D TR AT DL RE S 2R R O Y, S R
T 117.6%. Plectosphaerella J&1 1] 5| L 2 FhAEY) &

W, AR T A AL 2R A CO b AR
FEELT D FEEERINT 323.9%. Ilyonectria J& W 5%
PETES RS, FERINT 1631%. Hit, 5%
FRREAF RIS NS 145 pH (EFRAR, RUEMRER S5
JM, A g SR ) R R AR B0 T AR ) R B Y
J, R AR ST AR RN R OCHE
33 AEMEERRERETEMEDEES T

MR KB

TRV BN TSR E IR A R, H
H pH R IA AR M - ST R T 2 Y
BB T, fEARBTE T, KR RAR S (15 11
pH FEAK, 0355 0 - 198 v 200 TR RN EL TR ARV I AR X =
FEo Gt HOME T R, PR3 IETT . 2
1. FREET TS pH WEAH5C, pH BRI
IR AN A SRR R FE AR, s, ADF
FERMER pH Z4h, HAb - HEAREE KA b . 4
A e, A . BRI RO R R E AR
o - S 240 R AR L TR ARV A I R R R

TEABRGE D, HHEIREE A 5 40 T R L VR
S5 M A AFAEAH AR E B A &R, A [R) R A 4R R
P FE MR IR 1 38 40 T R L B AR K A ek S R R R
] HL A AN [ R Y OGP . i e BB o s 5 Y
AP, 2R A . AR B T
K, R EEHER I B 0 HGINASF] T 2 5
R A, BNE TR AR 40 AR,
Candidatus_Udaeobacter J& Fig I T & 5 1- 3% pH 2 It
FIMOG, U] pH A9 R 2SR i )] i s ry
5555 40 4 3% pH S I e ] 11 ~F B da e O 25 R AH
—2, LB, MRS LR e
SEARESh T RN A LR VS AR B RN 2 —

4 & ik

BEFPFEAEBRIG N, AT PR - e R 2 AR PE T
WELA, AR SRS R B, 8
AP REE . EOEE. BiERREE. B
T R R 7 A S AT 4 TR R X = B I R A
Mi%k J1J& . Plectosphaerella F Ilyonectria J&5546 %
FLA JR ARG B N, R AR 5T 7 i R T
FEARA RN 2 — . BSE S Mg 40 4R )5, +3% pH
B EAR T HABFAE LR, pH. AU, 2% . Wi
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