AEY A4l

Acta Microbiologica Sinica

2021, 61(11): 3686-3704
http://journals.im.ac.cn/actamicrocn i e
DOI: 10.13343/j.cnki.wsxb.20210109 TR el paa

Research Article RIS =

HinBA SESERRUEYFEERENIRFE T IEMEYEZHN
ARG
Brd !, 48>, HEat, peRd, f2n2 ken"

PPN KRR AR A S RS EF E A SRR s s, Bl 220 730000

P EBERE M E YIRS AT, P R B PR A PR SR, TR KR EL
SegeE, HOR 22 730000

SR G R R S Sk Al T ARG BE, A M 264006

VLIRE B TS S S E A G, YIIR BERT 210000

S

BE: [ HWY ] B IR (Stellera chamaejasme L) N i & FHR 8 )& (Stellera) Z4E - FEAAEY) , J&FRE
IR AL BR A Y 2 — o ABIESE B TEIR ST H A o € B it 3 B g A R 1 M PR U W R v 4
Fo) Ko 5 IR B IR ARG PR 2 (B 56 3R, WA PRI B A IR B AR 518 19 5 R fh 32 4L BSR4
[ 71 ] &M lumina MiSeq s il 1 ) 7 £ AR XS H o8 A ] 4 DX 5 58 250 B 7 AR 25 AR B R 38 U2 E 9
W e Z RV T o8, IR — 2D oA L A v B RS M S CE RS A e [ 452 ] R
[Fi) 3, X Fig 7 AR FEAR s 3 pHBE SR T SR 9 BT M, 13 vh R AR B 3R u 3R % & LA S 1 S g
HHR LSS FETTK¥E B, FEE] (Ascomycota) . 16 W 1] (Zygomycota) Fil 1 F 4 ]
(Basidiomycota)TEMR b + 3 B o 5 P RHAL 5 IR B 1] (Actinobacteria) . ZETE W1 ] (Proteobacteria) .
M2 HF 1 1] (Acidobacteria) TEAR PR A0 8 h & T OCHIERE . 18952964 mAf i Y E 1 A1 41 [ OTU
(operational taxonomic unit)¥{ & fllShannonZ £ V£ 38 K02 & T HA 44 R A &5 (42373 . 2608, 2733,
3280 m). RDA (redundancy analysis)7 45K BoR, G R e PR LMY AN, 2 - HR5EA
FREWAE; MHXREBERY, AR S T B 2. 5. . k. ik i
SAALYIBG R IEARDG, SR W el . BEEE . REVEEE . BRrE R L O OC; LA
HsEpH, B BE. B 85 RMOKETMC, SZEmALEE . WAL YmE . DR, BEEE . R

EE&ME: ERAKRP RIS (31772668); o EFF2=BE 22 M Be LA ETH 5 b B B2 B SRng e SR 0 A 2%
(XDA26020201); X & HRHEHM RS S0 T B ARSI BERHEAHT 5 H (AMGCEO013)

“BIEIEE . Tel: +86-931-8913447; Fax: +86-931-8910979; E-mail: 4:#%, comefine@licp.cas.cn, 3K&:Mk, jlzhang@lzu.edu.cn
WS HEA: 2021-02-18; fEEIHHR: 2021-08-22; MLEHARAH: 2021-09-09



TR | kYR, 2021, 61(11)

3687

W . PRVERERRME . Bk DR AR T S IR ARG o [ 4538 ] H R4 AN [l M X v 28 s i B 7 AR B AR B I 2B Wy 7
AN ZAEEZ A, TP S IR E R B BRI IEAI GO AR, i - S U B 2 5

Wi 5 - 598 A0 1 A v 1) LI 2 R

KA EeAREE, MRPR, GAEYIEEST, TIEERR, maEEly

T & A 7% (Stellera chamaejasme L.) N ¥ & Fl
TW5EE (Stellera) Z4F - EAK YY), | 125040 T3
TR e T AR XA 23004200 m
AR LR 2 °C W Ll B g 1 e FE R R
BHRAMKHMATKR, 2%A%, XRIRERE
Gyl gmint | Y5 . HURIR I BETCIESE TR EE U,
ML E R ER T Rl etk P AR
PEIR R, 2 S TE A FLAN H b8 S IR R A R
B, A REGEROPL AN B IR AR R
5, TEBEYCRERE, HORIRMIR R BA S m )
I AR TR AR, BETEE
FEW BT S S EOREE, e )5 B A A
MRS 5 — i, AR BE ALK AR &
T2 Bl 3K 3 K ATHLBA Wb, ) 1
R ARG, SRR T w2 T
B PO KR A, B AR 2 3K
Jb oy m R AR bR R 2 ), 5
T =175 A0 R 19 A8 7 g LA K 7 Ol 1 & R .

HAT, IR imacEiiss, 5%
KA S WSO . PrR ISy AT R AT
TR, D I AR B AR R EE P EHIES
ALY T . RS U, ST
MR R AR PR s A= W 5 - S AR o R 3 R A DG
PRI S SN P T oA R B AR
2R DL SARBRGA D B9 A B, B B AR AR B
A5 A PN A A ZE ORI, (BRI 25 LA K%
T ZREE AR R 22 5 JR AR o o Bk
PRIZHIN Y 7 %, X i A AR TR AR s 138 DL R AEAR PR

IR AT, RIS S AR PR A
AR R L 4o TIN5 9 1 i ok A AR AR
PRANAR SR A0 TR & T 7S K L, 3w . pH., 4
JE R HORER S AR BR RN B R IE S OE ARG ]
A3 K AT v 2 i I A AR AR PR LT % 4 T 4
i 55 4 P Ak T R T M 2 I A A O 6 R AT
SREEZ AR R GEFSE

PR R . B G A 9 L B AR B A 358 (4 AR
TER, FRRT — MRS R, BIRYIAR
PRES RGN MR Y R AR H IR &
BRI 2 —, MRBRI A PR R MR A 38 DX
AR RUE YR, H s R R s
FEAER, RER HIEMEY S A R
ERAEMYAERES . AN EEREZ
—, WA CHREOR 2 M ERY, g
J 5 - S R S e SR E M REE RO . A5
FHEREZ ", R R AR S A
AR Z PO LR SRR LI P YR AR
AR AR B — A A YRR R
Pl . A 1K ES HEMAEY EY R
BEEMEKRP, AR, HHREH
=, BlmER . pH, AHLT . 2% A #
FOB . AR SR, 5 R E YRR B A NS
LA I 2 REpEA S 1 el AE 3RS R g
JEWIEIR, HHEPA . B BRI RIS
FEAL R TR AT 4 2 50 SR R 2B Y
W ST AR AR rh A6 L Ml 5 P — B R P R AR
2 RIS Z L, A R X R AR fb H S i

http://journals.im.ac.cn/actamicrocn



3688

Jinan Cheng et al. | Acta Microbiologica Sinica, 2021, 61(11)

R BRI A T3 LA R T T T 1
W5, ZEP BN BB IGA I XHE
Y KA TR s, (S T IRBUE YRR
R IR D T R B S AR X B 2 2520,
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1.1 HRfER

A% S 36 8 AR 3% 111 AR i R A AR R R Y R AR
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I Jii A AR BE 4 KSR 3 A BRI AN 4% B R 5 A
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Table 1.

P RBURETS: 2 B e 1) B 4 AR B 5 B LA
P, FIJCH BRI R 2.5 mm 5 P 135,
RIS AR PR 139 o SRAE R/ Y B 75 AR BE ALK
g B m Al 3.0-45 g, TN AEYEAR
45.0-55.0 go KRR FET SRR 5 BRAR PR 1- 54
iR ST, AR M SE %, A4 °C UKFE A .
BHR ST BR L3R AL 0 3y, — Oy Tl
T EIARE S, — O TIE RIS, 5 Ah
— T A A n Eam Y, B
FEMIEE 3 NEE
1.2 33 2 A e o % T 1 s

38 pH H R AR BN Y e Ak
SR FHBE P90 5 5 - S Uk 8 Al Y - 9 U R 3
S5 R E IR H e HLR S i R
FHEE B IR IR R AR e H IR A A i &
e f# A o€ & 49 ¥ {¢ (Vario EL/micro cube ,
Elementar, Hanau, Germany)E; 4 &0k H
NH,OAc 12 #- K IECREVENNE 5 L3 iR ]
WP AL ; + MR ICE (Fe. Ca,
Mo. Mg)®& K HF-HCIO,-HNO; {§#, FiH
IR B R R SHEREEPY (1ICP-OE Sl iE .

mEERSXHEHERSR

Information table of Stellera chamaejasme L. sampling

Serial . ) . North East Average annual  Average annual
Sampling location Altitude/m . ) .
number latitude longitude temperature/°C  precipitation/mm
2.3KS  Huangcheng Grassland, Sunan County 2373 37°59'47" 101°56'42" 2 260
2.6KS Machangtan Grassland, Sunan County 2608 38°50'31"  99°53'40" 2 300
2.7KS  Mati Temple Grassland, Sunan County 2733 38°27'58" 100°2427" 2 425
2.9KS Zhaxi Xiulong township Grassland, 2964 37°07'19" 102°50'08" -2 400
Tianzhu Tibetan Autonomous County
3.2KS  Zhaxi Xiulong township Grassland, 3280 37°07'18"  102°46'40" -2 400

Tianzhu Tibetan Autonomous County

2.3KS: soil sample from 2373 altitudes; 2.6KS: soil sample from 2608 altitudes; 2.7KS: soil sample from 2733 altitudes; 2.9KS:
soil sample from 2964 altitudes; 3.2KS: soil sample from 3280 altitudes.
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HERFREL 1.0 g HEBR 1 HEAE 5 T L3
DNA 21, i34 DNA 250 &
(ZR Soil Microbe DNA Kit™, Zymo Research,
Orange, CA, USA)#EHU DNA, HifES W™= il
B . SR 1.5%35 IR W BE I Ha Dk G2 0 DNA (1) 2
JEFHRRE . FHICTRK M BEAE i 2 1 ng/uL AEH
FE R ZH DNA B A , X 717 b1 25 7 51l (Barcode) ) ITS

79715, PCR ¥ 3R M 514¥) ITSIF/ITS2R
(ITS1F: 5'-CTTGGTCATTTAGAGGAAGTAA-3',
ITS2R: 5'-GCTGCGTTCTTCATCGATGC-3")P%,
PCR W& % 50 uL: DNA #itk 3.0 uL, 514
4 2.0 uL, 10xPCR Buffer 5.0 uL, Taq i} 0.4 pL
(Promega, Madison, WI, USA), dNTPs 5.0 uL,
ddH,0 32.6 uL.PCR ¥ 14 551+ :94 °C 1 min; 95 °C
35s, 55°C55s, 72°C45s, 35 4MEFR; 72 °C
10 min, 4G J7 0, FIAAE 16S rRNA )
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TATCTAATCC-3")B%, 4" ## 544 94 °C 3 min,
94 °C305,45°C 20s,65°C30s,5 PMEH, 94 °C
72 °C 30 s, 20 MMEH, 72 °C
i 51 Hluminn Hr 2 PCR e 7851 ¥y it

20s, 5°C 20 s,

5 min, 1H

s ey 3, YA %R: 1 mL 10 pmol/L Ay
Primer F, 1 pL 10 mol/L {9 Primer R, 3£ K21 DNA
20 mg, 15 pL 2xTag fiff, /il ddH,O #ME % 30 L.
PCR “WIfH I 1.5 Yol BE (Y Si IR WHE S 324 7 FL Uk
K, GeneJET (Thermo Scientific) A1 5] &
[15 PCR j=#). it NEB Next® Ultra™ DNA
Library Prep Kit for Illumina % & 257 & #1712
AL, Xt SR 2 Qubit A8 it AN SCEAG A 4% I
di F MiSeq #E47 EHLINF .

14 FART

H4E Barcode 741K T AL ST 70 4 A [A) 4
i EXE , #% 2 Barcode J7 41 I PCR 145 ) )7 4915
{li ] FLASH XJ 45 il B9 reads JEA7 9%, 152
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i R AR, B IR 4G Tags B U8 AL BEAS 2] 5
J it () Tags £4#E(Clean Tags); Hrilli A 14741
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Qiime (Version 1.7.0)8 ', #H47HE 1Y Beta 24
PEAT . LLHORAZ A it 2Z 18] 4 22 53 o 6 ] Qiime
H1#) BLAST J57%15 Unite_INSDC %45 it 114

http://journals.im.ac.cn/actamicrocn



3690

Jinan Cheng et al. | Acta Microbiologica Sinica, 2021, 61(11)

M R, B AR AEA R KE A 28 HUER
LA S NS S N SRR i (TR A A S P |
Qiime FAARAFHY . S T 0 Hr LI T 5
A WiEvE Z OGRS IR R 7E AN /K

TR EFRAED 1 KF- b AR = B B s )
PR, 3 i PR 5T AR i R A O L Y
B AR i # A Canoco 4.5 HEATICA T
(redundancy analysis, RDA).

2 HERAAAT

2.1 IREIRFTHRER TP R R RS

M1 % 2 AIA, 2.3KS Fl 2.6KS FFHb A% 5 A IR
FEAPR -4 pH 2P MR, FLARCRAE A
SRR, R ITER . Mot c R AR
&5, BARLE, £3 pH. LS KRRHERE
b VA A R S TR, L ) R B B

B, HHEAHS AR ST RENNESE ., &
Ao, 398 K VR D0 3R o AR A B i K
o SR N e IS T &S, 1E 2.7KS A
5 2.9KS FEHLGABIIEAE . 1380 S AL Y B A
VR 1 BN S SN R R BRI, FE 2.7KS
FE LA N EAE, T oA 6 Fi 1 SEEEI 2 20 R R )R
MR, 78 2.7KS B 2.9KS Ff Ak 5 A%
fH(ER 3).
2.2 GERERE LIEAEYREFE

A5 I PP LA RE i 7 55 B TR 94% D 1
G RE O 7 5 A 84% LA b, HLRE LR R i 2R
N, B DU RS ECE B3, 5 ARSI OTUS
MRt T2, RUIARSLI Iy 040
HEA B, REH A T b S WO PR A RIS
AR, BRI 20T RN OTU B H W
TTERZE /N (EL 1)

R2. TRHXHERSREIBERTRERSE

Table 2. Contents of nutrient elements in rhizosphere soil of S. chamaejasme from different regions
Sample plot 2.3KS 2.6KS 2.7KS 2.9KS 3.2KS
pH 6.75+0.14c 6.69+0.09¢c 7.70+0.05a 7.35+0.05b 7.524+0.11b
SH/% 18.61+1.86¢ 9.65+0.71d 29.53+2.12b 39.00+0.84a 36.68+1.21a
ST/°C 11.65+1.04b 14.19+0.93a 11.42+0.17b 9.77+0.89¢ 8.43+0.58¢
TN/(g/kg) 0.3040.07b 0.74+0.22a 0.41%0.17b 0.73+0.02a 0.73+0.04a
SOM/(g/kg) 3.85+0.24c¢ 5.57+0.31b 2.57+0.14c 8.85+0.31a 9.62+1.26a
H%/(g/kg) 0.65+0.05¢ 1.18+0.03b 0.42+0.14c¢ 1.63+0.01a 1.77+0.16a
K/(g/kg) 16.14+0.50b 15.92+0.31b 18.93+0.35a 18.19+0.86a 15.03+0.63b
P/(mg/kg) 9.30+0.34b 7.34%0.28c¢ 10.52+0.42a 9.41+0.30b 7.51£0.45¢
Fe/(g/kg) 24.58+0.98d 34.95+0.27b 32.60+1.76¢ 80.55+1.19a 31.64+1.06¢
Ca/(g/kg) 5.81+0.46¢ 3.01£0.01d 10.83+0.56b 24.56+1.47a 10.77+0.25b
Mo/(ng/kg) 33.53+0.96¢ 76.96+0.09¢ 134.63£8.05a 62.03+6.25d 96.06+4.74b
Mg/(g/kg) 10.76+0.53b 7.18+0.35d 11.7840.29a 8.65+0.18c¢ 8.17+0.56¢

pH: pondus hydrogenii; SH: soil humidity (%); ST: soil temperature (°C); TN (g/kg): The nitrogen content per kilogram of soil;
SOM (g/kg): the content of organic matter per kilogram of soil; H% (g/kg): hydrogen content per kilogram of soil; K (g/kg), P
(mg/kg), Fe (g/kg), Ca (g/kg), Mo (ug/kg), Mg (g/kg): represent the content of potassium, phosphorus, iron, calcium, molybdenum,

and magnesium per kilogram of soil.
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FE I X iR & IR SRR L IREEE T

Table 3. Soil enzyme activities in the rhizosphere of S. chamaejasme from different regions
Sample plot 2.3KS 2.6KS 2.7KS 2.9KS 3.2KS
PPO/[mg/(dg)] 24.61+0.02¢ 34.18+0.07a 20.94+0.03d 11.46£0.01¢ 27.18+0.01b
POD/[mg/(d-g)] 39.24+0.09¢ 52.21+0.01c¢ 65.11£0.01a 57.84+0.01b 51.41£0.01d
UE/[pg/(d-g)] 254.24+0.14b 225.39+0.10d 169.55+0.05¢ 423.33+4.36a 238.69+0.09¢
DHA/[pg/(d'g)] 25.78+0.03a 21.82+0.01b 20.27+0.02¢ 21.97+1.00b 19.46+0.04c¢
SC/[mg/(d-g)] 29.79+0.02b 32.33+0.02a 17.77+0.01e 24.33+0.01d 25.13+0.01c
ACP/[pmol/(d-g)] 22.80+0.01b 11.53+0.02¢ 16.88+0.01d 24.81+0.01a 20.46+0.01c¢
AKP/[pmol/(d-g)] 6.56+0.45b 9.83+0.01a 3.67+0.01d 1.26+0.04¢ 6.07+0.17¢

PPO: polyphenol oxidase; POD: peroxidase; UE: urease; DHA: dehydrogenases; SC: invertase; ACP: acid phosphatase; AKP:

alkaline phosphatase.
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Figure 1. OTU sparsity curve of rhizosphere soil fungi (A) and bacterial (B) of Stellera chamaejasme L..
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Figure 2. Rhizosphere soil fungi phyla level (A) and class level (B) composition.
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LA OTU K-35 A RAEHh Fieg Fr AR AR P £
SEIUR BRI AT F AR BT, 221 PCoA [,
WA 4-A Frow. HIAHEE E4458 PCoAl 5
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Figure 3. Rhizosphere soil bacterial phyla level (A) and class level (B) composition.
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22 I Ay BV R B HG U VROIR AR Ak
2.3KS #f#h Chaol #6%UKm, 2.7KS ##h Chaol
fEBUR AR . ARPR T 3EANTE FY Shannon ZAEME 2 Hr
R KW, 29KS > 3.2KS > 2.3KS > 2.6KS >
27KS, SVA F SRR B, 2.9KS FE 40
T Shannon 8% =, TMAE 2.7KS F:H# Shannon
e R AR ; Chaol #EEUAr#T 45 . 2.3KS >
2.9KS > 3.2KS > 2.6KS > 2.7KS, LI JHEHEIR =
JE 0 S PR TRARAE AL #A#, 2.3KS FEHL Chaol 8
Bfcrm, 2.7KS FEHL Chaol F8EURME, ZEfLia®i
HEEERML. &6 LRGSR LM, 2.9KS #
Hb P LT S A TR TR R B e AR R
24 IERERER HIEBEYB R KD

R 8 o - 3 AR A= 0 A S KT 1 P R i R

FAFFEER, R 35 )8 M HAE R
ASFE T R B IR, IR EME B
B 22 5 2 B H T RIS, R ER, A
b By 7 R BE AR s 13 LT R VR Z IRl AF 22 57
Capronia Fl Cadophora J& Y] IR 1€ 2.3KS FEM
e #e, S W B R (Exophiala) F1 4 % F 7
(Stachybotrys) J&EHEIFAE 2.6KS FEHbJE T 2
KB, W JE (Sclerodermo) . 12 4> &
(Hygrocybe) . B % % J& (Pseudogymnoascus) .
J& i 2 8 (Humicola) . T % J& (Penicillium) Fl
Tetracladium J&ETE 2.7KS FEHAIXTE 4, 2.9KS
e A, Z2KE TR 8 (Schizophyllum) . Y TE B ¥ &
(Ophiocordyceps) . ¥ T J& (Trametes) . 3 fLFH &
(Funalia) . % 4> J& (Coprinus) . % fL H &
(Ceriporia) . ¥ H M5¢ & (Ophiognomonia) . %
fL & (Irpex) . %2 3% 4 J& (Inocybe) . %2R T J&
(Cortinarius)55 19 )& B H & YA B & E %
B, 3.2KS tEH, BiAIEE R (Mortierella) . FekL
)& (Verticillium) . W% J& (Lecythophora) .
W B (Armillaria) M 22 75 J& (Geomyces) B i
Dt AL A A (8 5-A),

R4, RERTIRFEY Alpha ZHMES R
Table 4.  Analysis of alpha diversity of rhizosphere soil microorganisms

Sample plot 2.3KS 2.6KS 2.7KS 2.9KS 3.2KS

Fungi Effective tags 69879+695b 96426+948a 57402+1146¢ 24290+397¢ 38715+£553d
OTU (97%) 299+5¢ 286+9¢c 325+48b 386+3a 331+6b
Shannon (97%) 3.35+0.01e 4.03+0.02c 4.66+0.03b 5.60+0.03a 3.96+0.01d
Chaol (97%) 425.56+6.01a 379.12426.29b 361.74+6.30b 394.00£27.67a 365.20+1.18b
Coverage (%) 96.55+0.76a 96.59+1.30a 96.53+0.59a 94.34+1.41b 97.14+0.37a

Bacterial Effective tags 54166+382a 36394+1180c 17314+790d 41378+1754c 510454+2022b
OTU (97%) 1747+177a 1013+103b 925+92b 1818+188a 1734+169a
Shannon (97%) 8.81+0.35a 7.79+0.36b 7.53+0.29b 9.16+£0.38a 8.99+0.37a
Chaol (97%) 2330.36+404.07a  1241.76+£180.29b 961.62+106.90b 2229.90+354.69a  2170.34+285.14a
Coverage (%) 88.69+4.39a 88.77+3.24a 84.20+2.83a 85.32+4.02a 86.28+3.91a
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Figure 5. Cluster map of the abundance of rhizosphere soil fungi (A) and bacterial (B).
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VEREAI FJEHEZ T 35 MAEE, 23
A ARFEAR PR L A0 TR R IR . SRR,
TF 2.3KS FEHL A, (BP0 1 & (Pseudomonas) . £
4t 9N B J® (Cellvibrio) . & # H
(Pseudoxanthomonas) W b 5.l 1% J& (Polaromonas)
1 Methylotenera <5 8 ~J@ W40 S 7
2.6KS FEHLH , Amycolatopsls. Rubroacter Fl43 3
¥ 1 J& (Mycobacterium) 41 18 J& T UL # o, 7E
2.7KS BEHurp, HERE S (Streptomyces) . WAfL
BRI (Nitrososphaera) . /NWHAIE W& (Pirellula) . 17
% MK J8 (Planctomyces) Fl J& /N . 1 &7 &
(Promicromonospora) WMHEB %L, 7£ 2.9KS ¥
A, DA101 J&F1 4105 J& (Pedomicrobium) J&
TAOCHIEHE, 76 3.2KS Frsthrh, B i e i v
(Sphingomonas) M1 Skermanella J& W) 40 T 5 0
(& 5-B).
2.5 HIEBAEY S TIERAERIAE

M4 DCA sr#rg i, HB LGA=0.73 < 3,
T LGA=0.83 < 3, A W5 R LRI K RDA
orBTe GERFEW, B B HET A R
Gl 43.4%0 K 28.7%, BIMEREER 72.1%
(3 5)0 BHER— | 28 AR e Bl AR A1 b Sz et
AV 5 IR P BT | TS P 2 TR AR AR DG
KR RIEKE, P<0.05, RUFIER T S5HER
TIREAMAAELME R hE 6-AL 3£ 6 nAl,

X T EE R R UL, YR S R HE Y
SR —HE Al 5 58 T HE Al 2 ) R DG R RO
1, ZWIPIHAEAT, R RDA HEF A8 40 47 i B
PFh SRR . FREATIMHRER ., #H5
H IS5 P, Fe. K, Ca, pH. SH &3k
] — B IEADG, 5 RERRE(SC) . T
BERR A (AKP) ., 38 2 B S {0 B (PPO) & =k J7 [l A
JAR DG FRET BRI 49 5 + 1 AU
(DHA) ik 5l — B2 IEAMHE, 5 pH. SH.
Altitude. Mo ik AHR R ARG Moh, FRE
FTAECRE R A9 5 ST I REMERE(SC)ff Sk — B2
IEAE, 5 K. P, Fe. Ca, SH. pH. Mo. Altitude
sk AR RS, BAR E, B 6 ATAI,
K 5 TEEREMCREEm, REUEN 0.907,
HUCH pH (0.904), HAeER TR EYS 1%
FLIA R S5 A B EAHDG IeAh, Y
PPO MG REURAK, REMEHN-0.919, Br ACP 5
UE WIRIEASCPEZ AN, HAREG R A .3 7
FH G o VR FRORN M8 B 55 TR I 7 45 2 TR G
KRFR, BN R IEA R 1 TN,
SOM il H% 5 + 4% EL 1 M V& 25 14 TG Wi 25 52 )
(P>0.05) 5 MFEM G B IR TEAR bR 4 45 B R VK
(AR A S 5 - 3 B A 1 o Sk O ) — 3R
EASE, FEAMAR—. HURR, R+
BRAR TN - S EL TR AR

%R 5. RDA HEFHHFE(E K ERE LB

Table 5. Eigenvalues and explanation percentage of RDA axes
Fungi Bacteria
RDA axes
AXI1 AX2 AX3 AX4 AXI1 AX2 AX3  AX4
Eigenvalues 0.434 0.287 0.188 0.090 0.688 0.252 0.043 0.017
Species-environment correlations 1 1 1 1 1 1 1 1
Cumulative percentage variance of species data 43.4 72.1 91.0 100.0 68.8 94.0 98.3 100.0
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B 6. TIRWEMERFMES LIRMIEEFHIHEXE RDA 5547
Figure 6. RDA analysis of the correlation between soil fungal community characteristics and soil
environmental factors. A: Fl: Archaeorhizomycetes; ¥2: Dothideomycetes; F3: Eurotiomycetes; F4: Incertaese
disscape; F6: Leotiomycetes; F7: Orbiliomycetes; F8: Pezizomycetes, F9: Saccharomycetes, F10:
Sordariomycetes; F11: unidentified; F12: Agaricomycetes; F13: Exobasidiomycetes; F15: Microbotryomycetes,
F16: Tremellomycetes; F19: Glomeromycetes; F21: Incertae sedis; F22: unidentified. B: B1: Unclassified-Other;
B2: Crenarchaeota; B4: Bacteria-Other; B5: Acidobacteria; B6: Actinobacteria; B7: Armatimonadetes; BS:
BRC1; B9: Bacteroidetes; B10: Chlamydiae; B11: Chlorobi; B12: Chloroflexi; B13: Cyanobacteria; B16:
Firmicutes; B21: Gemmatimonadetes; B22: Nitrospirae; B23: OD1; B25: Planctomycetes; B26: Proteobacteria;
B30: TM7; B32: Verrucomicrobia; B34: WS3. The red arrow and the blue arrow represent the relative position of
soil physical and chemical properties and enzyme activity on the horizontal plane, the angle between the arrow
and the sort axis is different, the correlation strength is also different, the smaller the angle, the greater the
correlation. The longer the length of the arrow, the greater the effect of the environmental factor; The black arrow
represents the species distribution at the class level, and the longer the arrow, the greater the impact of the

species in the sample.

WPr MRS F ARG F AR 5 RSSO . MR (AKP) . 1
RDA 7t &5 R KW, S —HpMiny B2l 2B AL (PPO)FT 3k Jr 1n AH S 52 ARG o i
68.8%, F _HIF B REREN 25.2%, RiHERE KW SRS Mo #isk i — B2 IEARR,
B 94.0%, RYITEAE S LAV, B b IR 0 R T (ACP) i Sk U ) AH Sz 5 AR
PR Z ] AR DGR RE K o 534 RIE K B 3R W] Ko JEREDETY HHE RO (SO Sk Oy i — B2
P<0.05, RPIRIEH 7 5P M A /AL IEMSE, M5 pH. Mo. K i sk R 2 HAHG
KF. K 6-B 53k 6 UlHHHET BRI AR FD WA DA S IR BRI B (AKP) . HIEZ MR
SIWBRMRER AR R FEET. EFRCPPO)Hi Lk —B R IEAHX, 5 SH. Ca. P,
WS3 5 pH, K, Mg, P#iskm—aLiEMsE, Mg 2Rtk Bk b, £e6d, SCHXRLR
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Fzo. MERFERANHIFMZ BRIHEXRE
Table 6. Correlation coefficients of water environmental
factors and the first two axes of RDA

Impact Fungi Bacteria
factor SPEC AX1 SPEC AX2 SPEC AX1 SPEC AX2
SPEC AX1 1 1

SPEC AX2 0 1 0 1
ENVIAX1 17 0 1" 0
ENVIAX2 0 1" 0 1™

pH 0.904"" 0.407 -0.248 -0.803""
TN 0.279 —0.181 -0.162 0.339
SOM 0.390 -0.120 0.345 0.192
H% 0.328 -0.178 0.269 0.290

K 0.078 0.907"" -0.167 -0.833"
P 0.030 0.820" 0.094 -0.873""
Fe 0.020 0.711" 0.336 -0.331
Ca 0.328 0.780" 0.401 —0.624""
Mo 0.736"" 0.060 -0.820"  —0.481"
Mg 0.069 0.466" 0.035 -0.718"
Altitude  0.852" ~0.048 ~0.060 ~0.199
SH 0.746" 0.492" 0.282 —0.685""
ST -0.7317"  -0.188 -0.427 0.461°
PPO —0.188 -0.919™  —0.476"  0.791""
POD 0.556"" 0.514" -0.624"  —0.639"
UE -0.173 0.537" 0.691" -0.106
DHA ~0.858""  0.078 0.639" 0.256
sc -0.714"  -0.588"  0.270 0.937"
ACP 0.109 0.500" 0.874"  —0.445"
AKP —-0.387 —0.882""  —0.339 0.876"

SPEC AX1: zooplankton species ordination AX1; SPEC AX2:
zooplankton species ordination AX2; ENVI AX1: environmental
ordination AX1; ENVI AX2: environmental ordination AX2. *:
P<0.05; **: P<0.01.

#1(0.937), P AHCHR BURAK(-0.873), fiF 15 1%
MR B AR MIEMEXEKER, K. P, Ca,
Mo, Mg W55 38 20 G R 7% A B0 iy B AH 26 OC
Fo TIERESEEHRSENERAALR,
- L ) e R I A OE O R MR R L TN
SOM. H%. Fe 5+ 40 oh V% 45 ¥4 0 I 5%
] (P>0.05).
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X TR B EL B AH A A R A S . B i AR T
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SERIEADG, MARPR HEAMFEN T pH, K. P,
Mg, Ca %2, T &R R bR -3 pH X T
AR REN . HFE SN2
1IEAIZE, K 6-B s pH X FAHEBRITET] . R
W AR R IR, X5 Jin U H G
ARFEAR B L3 PR AL BT 0 B ST 25 AR . AT
W g A AR FEAR PR LR & R LR SR ITR
) 5 ik i A b T A v R B O e KR B B
HykaF, Alpha ZAEPE T RS & 4 b 3 & R B
R PR S5 35 A 0 1) 22 A e A e, T 3 o i 3
hn, R EFREGRS TEERTR S LM
Y F&E B LR EZ AR IEAC R, X
KA S X T o B 203K [A) N bR - S8 7
YRR G RAL . 73 h, i IR AR PR
MEAIERIT TS 13 P 7 RDA Bl ik Je M/
T 900, £ P HAERIRIEMK, X5 Jin
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FEW . A, XN TEE RS LIEMAEY S
IR B DG P RIS A il IR AL
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20 A 2 N UM G . i BRI A R i v
A5 b TR A A TR A8 ) O R . 22 A5 RS B AR
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Effects of degraded plant Stellera chamaejasme L. on the rhizosphere
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Jinan Cheng', Hui Jin>*", Zhongxiang Xu®, Xiaoyan Yang® Bo Qin’, Jinlin Zhang'"

' Center of Grassland Microbiome, State Key Laboratory of Grassland Agro-ecosystems, Lanzhou University, Lanzhou 730000,
Gansu Province, China

? Key Laboratory of Chemistry of Northwestern Plant Resources of Chinese Academy of Sciences, Key Laboratory for Natural Medicines
of Gansu Province, Lanzhou Institute of Chemical Physics, Chinese Academy of Sciences, Lanzhou 730000, Gansu Province, China

? Yantai Zhongke Research Institute of Advanced Materials and Green Chemical Engineering, Yantai 264006, Shandong Province, China
* Animal, Plant & Food Inspection Center of Nanjing Customs, Nanjing 210000, Jiangsu Province, China

Abstract: [Objective] Stellera chamaejasme L., a perennial herb of Stellera, is one of symbolic plants of grassland
degradation in China. The purpose of this study was to explore the microbial community structure in the
rhizosphere of Stellera chamaejasme L. and its relationship with soil environmental factors and enzyme activity in
Gansu alpine steppe, so as to provide a theoretical basis for controlling grassland degradation caused by Stellera
chamaejasme L. invasion. [Methods] The Illumina MiSeq high-throughput sequencing technology was used to
analyze the composition and diversity of rhizosphere soil microbes of Stellera chamaejasme L. in various regions of
Gansu, and further analyze the relationship between soil physical and chemical properties, enzyme activities and
microbial communities. [Results] The results indicated that the pH value of the rhizosphere soil of Stellera
chamaejasme L. in different areas increased with altitude, showing an upward trend. The content of macro and
micronutrient elements in the soil, and the changes of soil enzyme activities were different. At the phylum level,
Ascomycota, Zygomycota and Basidiomycota are dominant in rhizosphere soil fungi. Actinobacteria,
Proteobacteria and Acidobacteria belong to the dominant groups in rhizosphere soil bacteria. The numbers of fungi
and bacteria OTU (Operational taxonomic unit) and Shannon diversity index of altitude 2964 m are higher than the
other four sample points (altitude 2373 m, 2608 m, 2733 m, 3280 m). Redundancy analysis showed that the soil
microbes in the rhizosphere of S. chamaejasme are different and are affected differently by soil environmental
factors. The correlation coefficient showed that the diversity of soil fungi is positively correlated with soil
potassium, phosphorus, iron, calcium, molybdenum, altitude, soil moisture, and peroxidase, as well as soil
temperature, polyphenol oxidase, dehydrogenase, invertase, and alkaline phosphatase is negatively correlated. Soil
bacteria are negatively correlated with soil pH, potassium, phosphorus, magnesium, calcium, and soil moisture, and
positively correlated with polyphenol oxidase, peroxidase, urease, dehydrogenase, invertase, acid phosphatase, and
alkaline phosphatase. [Conclusion] The composition and diversity of the rhizosphere microbial community of
S. chamaejasme in the alpine grasslands of Gansu Province are obviously different. In addition, the physical and
chemical properties of soil have a strong positive correlation with soil fungi, and the soil enzymes have more
influence on the composition and diversity of soil bacterial communities.

Keywords: Stellera chamaejasme L., rhizosphere, microbial community structure, soil environmental factors,
high-throughput sequencing
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