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Effects of Burkholderia sp. SX9 inoculants on Trifolium repens growth and soil
improvement
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Abstract: The development and application of microbial inoculants is of high importance to addressing the decline in
cultivated land quality in China and implementation of biological remediation technologies. This study investigated
the plant growth-promoting traits of Burkholderia sp. strain SX9 and evaluated its effects on white clover ( Trifolium

repens) growth, rhizosphere soil physicochemical properties, and microbial communities in pot experiments.
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Treatments included varying concentrations of bacterial inoculants (original solution, 500-fold dilution and 1000-fold
dilution; T,—T,, respectively) , culture solutions (original solution, 500-fold dilution and 1000-fold dilution, T,—
Ts, respectively) , and purified water (CK). It was found that Burkholderia sp. strain SX9 exhibited multiple
growth-promoting characteristics, including cellulase, protease and ammonia production. Compared with CK and
T,, T, (original inoculant) significantly increased soluble sugar content in white clover by 60.6% and 31.3%,
soluble protein content by 43.3% and 15.5%, and root length by 20.3% and 5.48%, respectively. White clover
cultivation improved the pH of rhizosphere soil. T, enhanced electrical conductivity, with available phosphorus and
potassium increasing by 27.2% and 9.27% compared to T,. Additionally, T, and T, accelerated organic matter
decomposition; T, organic matter content decreased by 5.23% relative to T,, and T, by 2.07% relative to T..
Alpha diversity analysis revealed that T, significantly reduced fungal and bacterial richness, diversity, and evenness
in rhizosphere soil. High-throughput sequencing indicated that T, decreased the relative abundance of Ascomycota,
Penicillium, and Aspergillus while increasing Humicola and unclassified fungi. For bacteria, T, reduced
Actinobacteriota, Acidobacteriota, Unnamed genus 67-14, and Acidothermus, but elevated Proteobacteria,
Burkholderia— Caballeronia— Paraburkholderia, and unclassified bacteria. Correlation analysis revealed that pH
positively correlated with Acidobacteriota but negatively with Basidiomycota. Available phosphorus and potassium
showed positive associations with Basidiomycota, Actinobacteriota, and Gemmatimonadota, but negative
correlations with Ascomycota, Glomeromycota, and Chloroflexi. Organic matter content was negatively correlated
with Proteobacteria and Gemmatimonadota. The research results show that Burkholderia sp. SX9 enhances white
clover growth, improves soil fertility, and dynamically reshapes rhizosphere microbial communities. These findings
provide scientific data to inform further research and underpin development of soil improvement strategies.
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BB 3o A 098 0 A0 B 2 & 43 I B T 21, 5090 .26, 14 %6 R 36. 3054, IR T P4 5 T 38. 6426, [F) A BEAIR T R 4
pH AL S 38, AR ARl ZE W) 38 ek R BOR N T 5058 00 H 2 35 0, 0 2 88 th2 TR, 28 R oy iR — 5 v
ROCRART B FH B /N TR B o R R 0 R e LA AT H 25 32 2R R . Wel ST I R B BN A R OK B
(Trichoderma harzianum)ST 02 {# 15 Hif 55 5 AR bR 4 58 G AL 0 A7 & A R8BS R 308 & 15 DLPE T AR 32
A BE 2 088 0 T 30. 60% .101. 60% \44. 80% F162.00% .
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6 HE Y BB i 2 R R AR HEAE Y AE K SR R PR AR RE 0 L A0 B R R A IR TR A O A AR B A A
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AE A% 73 W 4% 2 A (siderophore ) , I HL& 5 ALY = AE DU AL B A UL B R SR ZE R . Naveed 55
W 5% & B, 5 7 Burkholderia phytofirmans PsIN 3 ¥ % J& ( Enterobacter) FD17 8 5% 1 -1 5 W 38 X £ K (Zea
mays) W 5Z M, 258N T A i AR AEY R AL e R L DU RS OGRS RCR Y
ARG F5 7K b e xt BE 29 3096, T AR 12 TR R PR I R AR X O R 45 40 U i 43%0 . A IE R VST R,
Burkholderia sp. YZU-S230 %F P8 JK ( Citrullus lanatus) ¥ 2% 55 55 J5 B RS F0 8 3R 8 82. 80% , & Burkholderia sp.
YZU-S230 435 30 d, & KN 8. 70 em , MR HE N 3. 00 em , My [ Al 5 5 i 6. 90 g, R B2 .

F =W (Trifolium repens) XFR R0 5, ZAE A SR RARFE Y MR R R 151 254 MR, 0T T 48 & 500 7 A
R HEZE A AR . Wang SRS R B, 1 = RO S AR S AT R0 R 2R 1 (0~20 em) v B TR AR X
B ,0~40 cm + 2 8RR B G M WE R T . Y AT, O T H i — PGPRERG 2 R 3N H IR 380 Rt 58 )
A O ok R EE R AR T A5 B A AR L S G ) I R 26 AR F 5 LA IR A i BT AR
Burkholderia sp. SX9 bl Bk , 1% MR MR 5, 4% 7K 1 M B4 (siderophore units, SU) Ky 93. 7% (& & 77 4k
K T YL 05 ) 5 7 i) B 24 R (indole acetic acid, TAA) & & | 1- 2 3 3 N Fi -1- & R (1-aminocyclopropane-1-
carboxylate, ACC) il % Bl i 1 F0 JC Lk %5 #2050 0 9. 50 mg+1. ', 19. 13 pmol a-KA+h '-mg ' 1 106. 60 mg-
LSRR RE S Fe' \Zn" \Cd* S5 &8 B T A R4S &, Pb* (Cu® [ Zn® Fl Cd* 1Y fie /N R 2 43 531l 2 4000
500022000 1 2000 pmol-L'; Cd* Wil 1% &L F , Burkholderia sp. SX9 15 RE 45 41 #F 22 22 ¥5 (Lolium perenne) Ff -+
W&, AW B FE I Burkholderia sp. SX9 7= £F 4 K 4y fif it 25 LG, 450 R0 7= 20 BE 1 L0l 1, REATF ST 3L
PO = AR (AT M T s 1 AR bk B E AT ) AR PR e At T (pH L FL S 3R AT AL |
RO A R HLIBT) | AR AR A W 2 R B S ) A DR AR AR ) — TR P I B B R A L T A OGS R 5T
P2 55 g FH S BB, DA BT 2R AR ol A A A o 5 5 R ) B Bl T Rl R R R T
1 HREHE%

1.1 R

{350 & A% : Burkholderia sp. SX9.

PR =R A RS AR

LB 85757 5 R WY IR T 4 22 0 [ 1 55 3 6 | A 0% T A 5% 7 R B0 Aoy T4 % 3 R R0 AR 1 e K i 7 R TG 5 IR
R R R X

FRFR W WA M5 00 g- L R EE 2.00 g- L AP ERR AN 1.00 g+ L', L /KGR AR EE 2. 00 g- L, B 2 & — 47
4.00g-L ' Wi &M 6.00g-L ', pH 7.40,121 ‘CKH 30 min,

Burkholderia sp. SX9 ®# 5 ¥ Burkholderia sp. SX9 4% A2, 28 °C . 150 r-min '5% 3% 24 h; i A, 8 77
ODy 4 0. 60,

A3 HE I H B T I 2 DX VT A MR R 25 AR A X (30°157 227 N, 119°43" 44" E) , + e B4 % T 43 B = R
(R B ) 2 47
1.2  Burkholderia sp. SX9 % A& 5 M 5 #7
12,1 =204 253 i i 2R 1 R B RE PR 5 B AR I RK R FR A, 28 °C (150 remin 'HE 3R
24 ho W FE ODg K 0. 60, B30 L BA VAT 122 55 2 HH 35 2F 4 28 0h [ A 05 35 3 2 7 [ 1R 5% 3 3 AR K A [ 1R i
FRILR A I EIEAC R (9=10. 00 mm) I, 7§ PR W S 1 B T 28 CREFRAA T 8537 72 h, WA JC i W Bl .
1.2.2 P& ARE e F2.0.50% (v/v) FZ R U B ZE 10 mL 85 (R K RE 3R %6, 28 °C 1150 remin ' 8%
348 h. 10000 r*min "B5.0> 5 min, B _E I 5 Nessler’ s il | S R BUR &, 40 A3 R WA &7 4 .

1.3 &K E

1.3.1 R CRASAEE R, 78 WU 5L mb L ok B F PR B B 4l K X IR (CK) |, AS [R] e 8 3 7
(T2 JEM 5 T, 500 A% s A T W 5 T = 1000 A% s 88 T W) ANVBS TR W (T, SO 5 Ts 2 500 15 i B 5 T2 1000 A5 s BE WL ) 7
AAEEE, A3 ER L2148 2024 4FE 4 9 HAERN, B AR RN 2060, 55 7 RN B, B AR A 124k 5 45 R
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KA HEIG B AR R OBk NI ST 90 o 4B Fh Y K A& A0 B A ALER N 300 mL Ak B (ZEK AN [a] ik B2 T ) B8 AR
B, Z A EE 10 d R 1R, 40
1.3.2  H =M AERKISIRIE TR Z5 A (90 d) , B RO SE Bk i AR 5 B 10 s AR b b | 35 AR % fif o
J& ,105 ‘CA T 30 min, 80 CHE T FE 10 5 , B fak 5 225 48 [ SCH R B B 257 A% O 3 00 7 38 T 3 A R T 9
HAE
1.3.3  HLPR 3 Ak 1 ol ISR (90 d) , B 4 3Bk , BRI S WO AR AR R R 1 0~2 mm -3 TR 5),
- SRR A S5 23 A 5 % R
1.3.4  ARBR - IERUAE Y 2 AR 50 B 53 50 R A A A2 V55 45 R0 90 RARBR - AL i L TR 5 5 A TS TR B L
B LIERE S DNA SR P8 EALI P =46 B IR AR AE MR R A BR A W 58 i, HEY Y ITS1 A28 X,
19 H ITS5F : 5-GGAAGTAAAAGTCGTAACAAGG-3ITSIR: 5-GCTGCGTTCTTCATCGATGC-3 s 4@ §~
1 16S rRNA B [H V3~V4r[ 48 X, 514} 338F : 5'-ACTCCTACGGGAGGCAGCA-3';806R:5-GGACTACHV
GGGTWTCTAAT-3'. R HFR#E Hlumina TruSeq DNA S #5775 FHL SR .
1.4 HKIELH

fd ] Microsoft Excel 2016 i# 47 $ 4 % B 5 G2 1173 #r , >R JH DPS 7. 05 i 5 XU 2 J7r 22 43 M il Duncan $7 &2 4% 22
OB AT W O N 2 EE LA, B MK O P=0. 05, 7EIR AR5 = (www. genescloud. en) i
QIIME(2019. 4) i fF 47 Wy Fh 28 )8 AN Alpha ZREPESE 30T o DL REATUA WA T 1K P B AR X 3 B2 (HE4% 1l 9 78
I ARERSIERETT, 3N YR B, T35k K o 7228 a5 2 i DCHRE A 43 B 8T

2 HBREHSH

2.1 Burkholderia sp. SX9AE & 4 M 57
Burkholderia sp. SX9 43 8 H Wi L. L EETEED™ X
T AR R AR, A BRI A MR O R R
Yy 5 R s W (&L L), T 95 52 BUE , 30 S RN, 3R Tm DG
LR, BB A (K 1b) o 7R 2R 4E R )
fiff ik R0 ) T DN K B b TR R AR R R LY T A :
WIRE (&l 2a,b) , 1T fif B0 A8 g D A b T8 2 W 1 s 81 T -
([ 2¢) , 3 B Burkholderia sp. SX9 F.4 7 4 4k % 4% 1 EHBEFEMETHEERES(a)FMLBIERE LHEE

7% (b)
B L X BB Bk FIERE
ff Bl G YRR ) o AN B B A I Fig. 1 Micrograph of Burkholderia sp. SX9 under

s L2k X VE A N 22 RN
Nessler” s i 5 #i & )i R LR (] 2d) » HE 5% transmission electron microscope (a) and photograph of the
Burkholderia sp. SX9 HE&TH T, strain on LB plate (b)

2 Burkholderia sp. SX9 18 &£ 45 5

Fig. 2 Analysis of growth-promoting characteristics of Burkholderia sp. SX9

a: 77 LF 4k R 43 i i RSP AR Cellulolytic enzyme test dish; b 7= 2 (H i U 3 5F- #% Protease-producing test dish; c: fift £f I i - #% Potassium solution
test dish; d: 7= & M & Ammonia production test tube.
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2.2 Burkholderia sp. SX9st& = vt £ K#gFvh

Jit FH R0 0 3 AR B CT, (T, Ty) b 4 & 1 = M A Al bl & &, T~ T b BUR [R] CK AR (&1 3), T,
Ao BT ) D V) T P R A CR(Al7K ) R0 T A 3 (5 F2 MR ) 2 3 15 1 60.. 56 %6 #131.26% . Al
2 7 1, 45 A0 BEAIOR 3 0 T CK, Hih CRL T~ T Ab B ] 4 57, T oAb BT s P2 (& S 48 CK AN T, B 35
HEAN T 43.32% F115.52% .
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Fig. 3 Effects of different treatments on soluble sugar and soluble protein content in aboveground parts of 7. repens

A /INE FHEFIR 25 5 8.3 (P<<0.05) . Different lowercase letters meant significant difference at 0.05 level.

MFE IR, 5 CKMEL, T, T, AT AbH X =48 2 B B AR A VE AR K 20 il 36 K 20. 31% .8, 33% A1l
14.06% ; B 4% H 1000 45 5 B Ab P AN (T, A1 T ), it B8 750 RN 155 3% 0 WH 8 A A TRk & A0 3 T s b B3 A i i, T,
F1T A G 25 B0 T (AR CK 23 S 88 hn 148. 79% #1102. 70%) , T HAR T E M A T.>T,>T,>T.>T,.

x1 AELEWB=ZMHAEEKERHZMN

Table 1 Effects of different treatments on various growth indicators of 7. repens

b3 LiiSN R = Hi_L- #6245 P14 Aboveground biomass (g-plant )
Treatment Root length (cm) Plant height (cm) 8¢ Fresh weight T Dry weight
CK 19.20=+0. 59¢ 22.4340.42b 3.7140. 13cd 0.5240.07d
T, 23.1040.87a 26.17+1. 34a 7.52+0.19b 1.36+0.03b
T, 20.80+£0. 89abc 23.7740. 23ab 4.3440. 37c 0.9240. 11c
T, 20.27+0. 09be 23.13+1.19b 3.79%+0.42cd 0.6340.02d
T, 21.90+0. 75ab 24.9740. 38ab 9.2340.27a 1.99+0. 12a
T, 20.23+0. 52bc 23.67+0. 22ab 3.72+0. 36cd 0.6240.13d
T 19.7740. 98be 22.4040.96b 2.8640.32d 0.4540.07d
[E] B AN [l /NG B R 25 5 8 3 (P<<0. 05) , T [Al . Different lowercase letters in the same column meant significant difference at 0. 05 level, the same

below.

2.3 Burkholderia sp. SX9*f & Z vt A& I 135 22 4L 04 69 % v@

W3 2 fros Pk 11 = RE 6% i3t + E R BRA B . SR R M H, 2 B BT BR AN ) 45 1 58 pH A T
5, UL TR T AN Ry 835 o T AL BT 8 F o A RO R RO o AR T 3 A R I 1 ) )
PETF 1. 94 .32. 08 F1 6. 7545 , FH# CK 20 #2 T 3. 15.16. 92 1 5. 5245 . T,45 T, AbBRAH Fb , 4 HEA 2w Fn e g4 &
AT 27,229 F19. 27% . AHES CK, T, Hl T, Ab BEAR Br + 384 AL & &t 43 SR 2. 00% F11.50% 5T, 5 T,
SIR K T, 5 T AR B, A AL BT & i 43 ] 10 & BRI 5. 2300 M1 2. 07 % .
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R2 FAELEBE=ZHRELEBLERSH

Table 2 Analysis of physicochemical properties of T. repens rhizosphere soil under different treatments

Ak 3 pH HL AR A T R A LB
Treatment EC (pS+em ') Available P (mg-kg ')  Available K (mg+kg ')  Available N (mg-kg ')  Organic matter (g-kg ")

S 4.79+0.01e 44.87+0. 24bc 0.1340.03c 37.3740. 8% 79.0641. 55a 36.57+0.13b

CK 4.97+0.02¢ 31.83+9.37¢ 0.24=+0. 05¢ 44.38+0. 13d 66.1443.20b 36.05+0. 22bc

T, 5.014+0.03bc  132.07%+0.52a 4.3040. 17a 289.44+4.84a 68.0145. 15ab 35.33+0.08d

T, 5.06+0.01a 48.63+2.52b 0.24+0. 06¢ 56.09+0. 36¢ 78.914+1.37a 35.51+0.03d

T, 5.0440. 00ab 44.00+1. Olbc 0.3540.03c 54.9740. 85¢ 60.8943. 15b 35.84+0. 06¢cd

T, 4.77+0.00e 126.5348.43a 3.38+0.09b 264.89+2.63b 71.42+2.37ab 37.28+0.23a

T, 4.93+0.01d 45.27+0. 27bc 0.3240.05¢ 50.014-0. 86¢d 77.7741. 30a 36.26+0. 29bc

T, 5.0240. 02bc 39.10+0. 17bc 0.28+0. 08¢ 47.30+0. 26d 66. 69+ 5. 94b 35.81+0. 10cd

S: ik £ 4 Test soil; EC: HL 53 Electrical conductivity. T[] The same below.

2.4  Burkholderia sp. SX9 5 & Z v AR IR LIE A ) % A0 % R

2.4.1 Burkholderia sp. SX9 X1 = M HE PR 1 54 ) Alpha 2 #1419 52 i Alpha Z#E M H] T 7 25—+
i (BUEZS R0 AR RN 28 00 -F w8 B A3 A0 B2 8 FI 4R A4 5% Chaol 48 41 . Shannon 48 £ A & Simpson #5805 .
WS 3R, 45 d Iy, BB 7, T, T, AR B Chaol 88U IR T CK, H Al db 5 CK 22 53 JF A . 3 4 i 5 T, T,
AT b B Chaol 48 B8 , Hok O Tof CK, T A 3 Chaol $5 8URAR . Bf #5 050 19 #E 47, 203 40 8 119 Chaol 4
Bl BB 90 d I, & 40 PRI Chaol #5405 CKAH LS FEAK, T~ T, 4b L 40 B Chaol 48 B8 B %% T

®3 B=HRELEPEESHE Alpha S

Table 3 Alpha diversity of fungi and bacteria in rhizosphere soil of 7. repens

Jog: ! . # Fungus 417 Bacterium

Treatment Chaol 8 %% Shannon 1§ Simpson 15 # Chaol #5 % Shannon 1§ Simpson 15 %

Chaol index Shannon index Simpson index Chaol index Shannon index Simpson index

S 483.31436.73a 6.144+0.007a 0.9659+0.0019a 4115.56+87. 27de 10.9240.03a 0.9989+0. 0000a
45d
CK 453.6745.95ab 5.3840.006¢cd 0.93294+0. 0046¢cde 4725.574+45.97bc 10. 5440. 04b 0.9965+0. 0001b
T, 371.52+15. 59de 4.38+0.115g 0.8338+0.0195¢g 3815.45+133. 84ef 9.46+0. 10f 0.97610.0030f
T, 391.15+6. 62cd 5.1940.001de 0.9255+0. 0010e 5235.024207.02a 10. 6440.09b 0.9962+0. 0005b
T, 415.22416. 26bc 5.00£0. 110ef 0.9022+0. 0066 5028.46+91. 21ab 10.7240. 10b 0.9971+0. 0005b
T, 438.26419. 20b 4.86+0. 112f 0.8928=+0. 0075f 4165.87+91. 16d 10.0140.03d 0.9925+0. 0003d
T, 438.04+3.23b 5.2640.007cd 0.9284=+0.0041de 4517.85481.49¢ 10.63=£0. 10b 0.9973-+0.0006b
Ty 432.84412. 54bc 5.4440.005¢ 0.9455=+0. 0025bcd 4802. 64+ 146. 65bc 10. 6640.06b 0.9974+0. 0003b
90 d
CK 422.7941.87bc 5.82+0.003b 0.94974+0. 0010abc 3682.22492. 50f 10. 1640. 09cd 0.9958+0. 0005¢cd
T, 331.68+0. 85ef 5.43+0.002¢ 0.9367+0.0009cde 3335.01+122.81g 9.7340.09e 0.9932-+0. 0006e
T, 270.76+6.71g 5.744+0.005b 0.9593+0. 0019ab 3127.094107. 29gh 10. 2040. 06¢d 0.9972+0. 0002cd
T, 310.53+2. 31fg 5.70=+0.003b 0.9479-+0. 0014abc 2995. 654 34. 85h 10. 16 0. 02cd 0.9972-+0.0001cd
T, 303.74+3.61fg 5.1840.003de 0.9235+0. 0019¢ 3134.88+47.67¢gh 9.50+0. 05f 0. 9900+ 0. 0005f
T, 268.95+18. 25¢g 5.66-+0.005b 0.9494-+0. 0008abc 3794.99+88. 12 10.32+0. 03¢ 0.9972+0.0001c

T, 364.52+4.47de 6.03£0.001a 0.9635+0. 0003ab 3670.78£34. 531 10.3040. 03¢ 9969-0.0001c

<
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CK. Shannon il Simpson $& % FH - i i Fh B 10 2 FE v X 51 5 45 d i, B i, T, T, 81 T, 40 BE Shannon F1
Simpson & £ 34 i F LT CK, LA T b ¥ 5 AIC; 48 78 J7 i, T, F1 T, 4k 3 Shannon #1 Simpson & £ 2 LT CK.
Bifi %5 1R 5 1 47, 90 d B, L Shannon Fl Simpson 48 80 Frik & (B A5 LA T, A1 T, A0 3K ; 4 18 J7 17, Shannon F1
Simpson &£ (T, BRI 5 52 T R a9
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Fig.4 Relative abundance analysis of fungal community at phylum level

Asc: F % T "] Ascomycota; Basi: 1 F T [7] Basidiomycota; Mor: # i1 % '] Mortierellomycota; Chy: aF I [] Chytridiomycota; Kic: #i % [
Kickxellomycota; Roz: # 25 K] Rozellomycota; Glo: ¥4 # ] Glomeromycota; Muc: %% ] Mucoromycota; Bas: 2§ # '] Basidiobolomycotaj;
Others: A 4325w ] Unclassified fungal phyla.

i 5 s, B & (Penicillium) | W 5% J& (Aspergillus) | Saitozyma J& K18 J& (Cladosporium) i 7] 1 J&
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(Alternaria) Wi IR B & A L& A B2 BR 18 B J& (Solicoccozyma) 590 d B}, J& Jii % J& | Saitozyma J& .Melanconiella
J& WM& JE . Cladosporium J& K% J& 5 58 9T W& Knufia J& R T JE B0 A8 F 8 51 Rl & B 77 0 3% 225t
FH T8 5 25 J AR = i 5 T v e B, 9 R ot A A S R U ] R R e A R, 22 A A e OKOF s R A 2R
FLA & (Others) AT = B 52 1 FH 8 3 3 90 45 A A 45 4b 348 ] AL 4 1= 3R b 22 S0 22 B 25 KO O TA] T 1143 280K 1
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2.4.3 b HE A0 R RE v 2o A W E 6 B, AR T 28 FE O i 4 W T (Actinobacteriota) | 228 B T 7]
(Proteobacteria) , iR T B '] (Acidobacteriota) , 28 25 B ['] (Chloroflexi) . 2§ FJd i '] (Gemmatimonadota ) F1 J& B¥
I (Firmicutes) . 5 sl M L0, 1 = AR PR - 398 v s 2 T 1) 0 4 257 T 0 AR R = 38 Wl 38 R AR, TN 228 DB 51 171 0 2
P TR AR S U . A5 0 90 d I, T Ak BR AR T AR 6E A B R 3 R T CKOR T AR, T Ak B A AR TP
BRI AR X = e T CRORI T A 5 T AT, A B R vl B T T 7 1D A 6 25 BT TR 2 38 J 3 1 B, 3 Al e
WFE 2S5 CKA M, TR T, &b B 28 F M6 B 1A X 2 BE S e I I, T b 38 4 3 v T T, A B, G At b 1 2% 53 AN
.

MK 70058 ,67-14 )8 AR & (Acidothermus) .Candidatus-Udaeobacter J& .KD4-96 J& .55 W )& ( Gaiella) .
B 2 B MR W 8 (Sphingomonas) | W K K W JB (Nocardioides) . W 2 1 J& (Conexibacter) F 5 % W J&
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Fig. 5 Relative abundance analysis of fungal community at genus level

Hum: J& i % J& Humicola; Sai: Saitozymas; Fus: #i J) W J& Fusarium; Alt: 38 %% # J& Alternaria; Tri: K % J§ Trichoderma; Pen: 75 % J&
Penicillium; Asp: W % J& Aspergillus; Sol: F& ¥R B £} J& Solicoccozyma; Cla: ¥ # J& Cladosporium; Tal: ¥ K W J& Talaromyces; Mel:
Melanconiella; Knu: Knufia; Sta: Staphylotrichum; Pur: IR 8803 5 )8 Purpureocillium; Others: A4 J$ H 1 J& Unclassified fungal genera.
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Fig. 6 Relative abundance analysis of bacterial community at phylum level

Act: L £ % ] Actinobacteriota; Pro: 7% ¥ & ] Proteobacteria; Aci: & #F i ] Acidobacteriota; Chl: %% 25 & ] Chloroflexi; Ver: ¥ fik & [
Verrucomicrobiota; Gem: #f FiJifi 1# | ] Gemmatimonadota; Fir: J&BE B[] Firmicutes; Myx: Hi 3k & '] Myxococcota; Bac: f8L#F & '] Bacteroidota;
Others: A4 28417 7] Unclassified bacterial phylum.
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Fig. 7 Relative abundance analysis of bacterial community at genus classification level

Bur: Burkholderia-Caballeronia-Paraburkholderia; Sph: 5 2 B %. i % J& Sphingomonas; Gem: *f ¥ i 1 J& Gemmatimonas; Bac: % #i ¥T 15 J&
Bacillus; Aci: AR @ J& Acidothermus; Str: %% 75 B J& Streptomyces; Ram: £ 18 R ¥ 6 J& Ramlibacter; Mas: 3§ % J& Massilia; Can: Candidatus-
Udaeobacter; Gai: w5 W18 )& Gaiella; Noc: i R KW & Nocardioides; Con: WHTEJE Conexibacter; Others: A 434N J& Unclassified bacterial genus.

(Streptomyces) FAE 5 FZAN W JE . 45 d W, Burkholderia —Caballeronia —Paraburkholderia J& 5 % I 9. il
W E | 2F MR 8 (Gemmatimonas) 2 KT B & (Bacillus) AR & B0 W R FF 5 I8 (Ramlibacter) 2 %8 H &
(Massilia) 5% % W JB 1 Candidatus —Udaeobacter J& 8 N F E W )& . 90 d B, = B # J& I Burkholderia —
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Caballeronia—Paraburkholderia J& % 2 B 500 6 8 . 2F B0 P61 s L 2F 0 AT B )8 AR T J8 B 18 R AT 1 ) A
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T HEAT R B, A5 R B 8 TR . T 2R [T A ERFE B 1] (Glomeromycota) 5 ¥ %R | L 3 3 A 200 &2 g 3%
R ¢, HFE TS R R A O ((EH pH & 8 3% A ¢ ), B % '] (Mucormycota) Fl #% 71 1 []
(Mortierellomycota) 5 1= S8 # Ak K JC 1 2 OCHK (B 8a) o ABTE W] 5 A HLIT 2 10 2 A G R TE T 5 A 0k
5 A OC BRAT ] S5 HLBTAT pH 2 35 1EAH G (5 A ol 2 0 35 0ORH O ), 2 25 T 1) 9 A B0 L rlg 5 8 A AT
Rt 52 2 SO OC 2R B TR T S A S 3 A OC (5 A ML £ M 3 R O ) PR ] S - R IR T T
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Fig. 8 Correlation analysis of relative abundance of rhizosphere soil microbial communities and soil physicochemical factors at
920d

AP: A %W Available phosphorus; AK: H4{ 8 Available potassium; OM: 4 #LJ& Organic matter; AN: Bif fift & Available nitrogen; & H fiF 78 Ay A XF
FREHEZ AT 9B T OR & R4 2B 1) B0 (B~ 4b #1345 & ) The figure shows the data of the top nine phyla (excluding unclassified phyla) in relative
abundance (three replicates per treatment) ; *: P<C0.05, **. P<C0.01, ***: P<C0.001.
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SR . B SR (Lycium barbarum )i P 85 w5 B, A0 ek i, A REAR G Hb 412 BE 4 A0 2R
KRE A aa m i e Ml A . ARG ER M i A Burkholderia sp. SX9 B0 1 =i 2B 4 A7 B 5
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PEHEAVE D o 0 A 3R FE (T, VT, T M CK A T~ T b B 3 42 5 7 (1 = b nl i vl Fn n i e 1
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