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Analysis on community structure and diversity in rhizosphere microorgan-
isms of Paeonia ostii under different planting patterns
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Abstract: In order to explore the rhizosphere microbial community structure and diversity of Paeonia ostii under dif-
ferent planting patterns, high-throughput sequencing technology was used to sequence the rhizosphere soil samples of Paeo-
nia ostii collected from three different planting patterns, namely Zelkova serrata (ZS) , Quercus nattallii (QS) and open-air
planting (OS) and blank soil( CK). The results showed that compared with the blank soil, planting Paeonia ostii increased
the richness and diversity of rhizosphere microbial community, and the rhizosphere microbial community structure of Paeo-

nia ostii was different under different planting patterns. The dominant phyla of bacteria under three planting patterns were

Proteobacteria,  Acidobacteria,  Actinobacteria  and
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Verrucomicrobia, but the relative abundance of each

LA M 7l B A 2 H 05T [ JATS(2021)507 ] phylum under different planting patterns was different. A
BB (1996-) 5B BEPTIL b L B BF50E , £ B R total of 12 fungal phyla were detected in all samples. The
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quite different at genus level, and the dominant genera in ZS group, QS group and OS group were Exophiala, Thelephorace-

ae_unclassified and Ascomycota_unclassified, respectively. The growth indices of Paeonia ostii under three planting patterns

were measured, plant height, leaf length and leaf width of Paeonia ostii planted under forest were higher than those planted

in open field. The aerobic phenotype, Gram-negative phenotype, forms biofilms phenotype and potentially pathogenic phe-

notype in cultivation pattrerns under forest were higher than those in single planting mode. In this study, the effects of dif-

ferent planting patterns on Paeonia ostii were analyzed from the perspective of rhizosphere microorganisms, so as to provide

reference for understory planting of Paeonia ostii, and provide theoretical support for subsequent screening of probiotics and

development of bacterial fertilizer.
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AR XA SR FH S R AR 72 H A R XU AR | SR
FHRMR RS, Fi IRAH R D5 vk, 725 |- 2R 4k
H1F10~15 em RS +IEME 3T B4 (CK) , B4
F1 HEBUEE

Table 1 Physical and chemical properties of soil

FEARIIBE 6 A EY A, IR AR AL H
BHAR, UK RAT 4 S S A, AP B
x1,

= 7 4 2

FHB pH i o o ton o
7S 3.65+0.09 0.09+0 0.27+0.01 12.76+0.53 11.03+£0.52 90.10+1.28
QS 4.39+0.06 0.09+0 0.38+0 14.23+0.67 11.21+0.58 99.97+3.60
0S 5.00+0.09 0.08+0 0.29+0 12.92+0.26 10.22+0.60 55.93+1.04
CK 4.43+0.07 0.06+0 0.30+0.01 14.14+0.83 8.61+0.39 28.77+1.15

7S FORPER TR, QS SRR IBEEHR T ARAE , OS /R g2 KAIE , CK 28 X I,

1.2 RAEKERNE

ARARIRT 2021 4F 6 ARRIE , B/ NX L
TR 10 BRRUHE A%, 14 RO OREBE 0.1 em) Il &
PRim, B 1 bR BEER 3 R A T AR /i
ROOHEEE 0.1 em) D A (I R 900 28 T < )
At vE (R SR TERE ) R 3 IR RTFHIE,
1.3 RERMEWEESA DNA (IR I IBURS
BENFE

AR DP712 150 & ( KRR AR IR A
AP ) SRBURBR A PR 4 DNA R 19%38 5
R PR ARG ) L 5 e | SR A 6 B A )
WeRERILERE , 59 F.5'-CCTACGGGNGGCWG-
CAG-3",R:5'-GACTACHVGGGTATCTAATCC-3'4" 1%
B 16 S tDNA [ V3+V4 X (54 F.5'-GT-
GARTCATCGAATCTTTG-3', R: 5'-TCCTCCGCTTAT-
TGATATGC-3'¥" 34 LB A9 1TS2 X3k, PCR K {&
% M. Phusion® Hot Start Flex 2% Master Mix 12.5
pl, 1 wmol/LIYIE R [ 51445 2.5 pl, DNA Bt 50
ng, fil ddH,0 % 25.0 ul, PCR JZ W 5144 :98 °C
30 5;98 °C 105,54 °C 30 5,72 °C 45 5,35 PDMEH ;72
°C 10 min,

PCR =2 4l AL F e 2 2 J5 A 8 DNA %,
VAL AA% I SO (el 61 AR PRk A RS w42
) 7€ Tlumina NovaSeq -5 LTI %,

1.4 HELE

i % AF Cutadapt (v1.9) Z5Bk barcode 545 Fll
1975, i Fqtrim (v0.94) Fl Vsearch(v2.3.4) 43
Sl ok UEARC BT 2 4 A A A, AT DADA2 4T i
W B BNRE (feature ) P2 FRRNE 5 ks

XHRRAEF B 647 0 — Ak 5, 8 ] QUIME2 35

FEA ) a ZFEEFE %0 ( Chaol F5% . Observed species
F8%X . Goods coverage 5% . Shannon $5 %X, Simpson 4§
BB ZHEVETE &L, 1 SILVA %445 (htps://
www.arb-silva. de/documentation/release138/) 7F Be 4
MRS, BRI I 22745 B, 18] Excel 2016 1 SPSS
26 AEREHE , B AEAE B % & BugBase (https://
bugbase. cs. umn. edu/) , 7 Il 40 5§ A, i H R
( VennDiagram ) Z: il F#1iE43 7 Venn &1, {1 FH R (veg-
en 2.5.4) 2| PCA &, f# i Origin Pro 2021 2 il 4
LI ZE

2 ER550r

21 MEFE£RFBEFME

JRUG AL PR et s B A . 16 S tDNA
W BN E 1 717 754,47 99. 88% 1Y JF 51 < J
1400~ 500 bp , AR 5 F G EAE Z L (Valid ) ¥
54 85.31%, Horh i KAE R 94.01%, f /MEH
73. 87% ; TR FEAS (1 Q. BITE 80. 00% LA I, - (4
$91.76% .

ITS2 1 FE 5 A0 R 1969 418, 70. 10% 1Y
JF 31 K ¥ 7E 200~ 300 bp, 29. 18% K ¥ 51) K B 7
300~400 bp, Vaild F:/MEH 94.26% , Q. HITE 95%
DL b, BEHH, R DU ot AT
22 AEMEEXTRARGRMEDEETEMS
M

SHEGARVEAY 230 (OTU) A 1, DADA2 #3:
AT 8 FE R 2T R B IE | R UTa 15 B
TEECHE , BCEAS  E F h o BE R KR T, ik
2 0] W, 7E 16 S tDNA 1 ITS2 W) rf , ZS 2H (R fE
iz, QS 411 0S 41k Z , CK WFRIFER D
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o ZREVEFRECRT LR S AR AR 1) ) b e
MZREME, 7F 16 S tDNA U, 4 4 A% Observed
species TR A Z M JC b 2 22 7 ;4 4119 Simpson f5 %k

R2 TRAMERXTRIMENEEENSHG

¥k 1.00, £ 1TS2 M FH, ZS . QS 08 41HY Ob-
served species F8 55 T CK; &-2H [H] Simpson F54L
F1 Shannon $850 =7 AN B3

Table 2 Abundance and diversity of rhizosphere microorganism under different planting patterns

16 S rDNA Jll ITS2 i
ECLASN pgpp Observed species  Shannon Simpson pepp Observed species  Shannon Simpson
o i eI £ R TREL eI £
78 16099  2566.7+453.1a  10.30£0.40a  1.00+0.00a 2 076 334.7+53.5a  5.08+0.52a 0.90+0.06a
08 13969  2216.2+866.4a  9.95:0.80a  1.00+0.00a 1 983 314.5469.9a  4.47+0.57a 0.85+0.09a
08 14287 2276.0+881.9a  9.97x0.77a  1.00+0.00a 1982 324.7491.0a  5.18+1.92a 0.84:0.28a
CK 13484 2154.7+608.8a  9.96+0.39a  1.00+0.00a 1189 195.0+44.6b  4.68+1.00a 0.88+0.09a

7S.QS.0S .CK W3 1, F—FEHE 5 A FaFRRZE S BE (P<0.05),

LT AT B LA D, B 2 A o A AR A
(IRRERCH . 7E 16 S tDNA M F 4 4k i3t
FRRE Rl 839, 7S 2 QS 2H . 0S 41 . CK ¢4 1 4
TEE 3 54 .4 631 .4 635 .5 316 /15 239, 1TS2 I )%
4 ZHRE S A O RRIE R 124,78 41 QS 4,08

SR8

7S.0QS.0S .CK W3 11,

#H CK R A MFEE s 318 670,562,582 il 378,

LA EE T LB A H T2 (1 R4, 3 R
RS B = T RPHAR PR A= 9 1) = & 2k
P 53 FAS ] A AR A S e, JRUPH AR o &40 27 R L 14 1)
F & EMEE AR 2E R,

B 1 16S rDNA U/ (A)#0 ITS2 Ml (B) 451E5 % Venn &
Fig.1 Venn diagram of feature distribution in 16S rDNA sequencing ( A) and ITS2 sequencing (B)

2.3 AEMEER TRARRARERESEN
BCRFF AR B 40 1 1 K CF AR SR R 10 2
(TOP10) = HIAEARHE R I (] 2A) o AETTKF 40
HREEGE ), ZR T2 R T] ( Proteobacteria ) 75 4 41
FRERT,ZS 41,08 41,08 H¥E T CK; Hik &M
FF 511 ( Proteobacteria) , £ ZS ZH A1 CK i) 3 EEAH
2T QS 4R 0S 4508 4L R B 1] (Acti-
nobacteria ) [ 3= B K F HAh 3 41 PEi R 1] ( Verru-
comicrobia) 7£ ZS 4 H1 QS 2R A =E B & T 0S 4l fn
CK; #4FT 1] ( Bacteroidetes ) 7 OS ZH H i) =F B 2

THAD 3 4H; 2% 5 ] ( Chloroflexi ) | & B 1 [
( Rokubacteria) L1 f fil§ 16 2 7€ 1 [ ] ( Nitrospirae ) 7E
CK HFAY=ERE /3R 12.9% 4. 6% F1 3. 0% , Y7 T
TEHAl 3 PR

Kl 2B & & 7K b XUPH AR B 240 B V% 4544, TR
IV BRI Z IR BER 7 AR TR, 76 ZS 40
QS 40, Candidatus_Udaeobacter WX} = J3 14 4 f¢
53R 7. 80% H1 6. 07% , HVK N Subgroup_6_un-
classified , FIXT FBE 50500 6. 19%H01 4. 8% , HEFESE =
LS Rokubacteriales_unclassified , #i %} =F B 43 51 4
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3.0%F 3. 1%, 7 OS H Subgroup _6_unclassified
AR AR = BE B i, 2205 e B O = B v AR AR Tk 2
Rokubacteriales_unclassified . KD4-96 _unclassified | Acti-
nobacteria_unclassified , 7£ CK ", ¥ B8 3= Ji = IR 4K
VG : Rokubacteriales_unclassified , Acidobacteriales _un-

classified . Subgroup _6 _unclassified . Candidatus _Udae-

A
1.0p
0.8]
0.6k
H_
&
Z o 04f
0.2F
0
zs Qs 0s CK
R A

obacter

F ST DL A ] ) e A 0k IXUP AR s 40 T
TR LA AT — E SR Y R AT ] AT
FPEMEET], 128K L, Subgroup_6_unclassified .
Candidatus _ Udaeobacter 1 Rokubacteriales _unclassi-

Sfied TEA R RIREAR AR 22 0K

FHXS 2

zs Qs 0s CK
ke

FAH, T4 | ] (Proteobacteria); BRFTT 7] (Proteobacteria); 5 JZKER ] (Actinobacteria); EX JEfF# '] (Verrucomicrobia);
T 25 B[ J(Chloroflexi); ZEHEE ] (Gemmatimonadetes); T CLEHA [ [ J(Rokubacteria); ==1 V%73 % | ](Planctomycetes);

E& L IRER | ] (Nitrospirae); B8 fUUF B4 ] (Bacteroidetes); = HAth

B, T Subgroup 6 unclassified, Candidatus_Udaeobacter; Rokubacteriales_unclassified; [ Actinobacteria_unclassified;
KXY Nitrospira; B8 Acidobacteriales_unclassified; (= KD4-96 unclassified; =21 SC-1-84_unclassified; B8 Pedosphaeraceae_unclassified;

BB Gemmatimonadaceae_unclassified; =21 HAth

75.QS.0S .CK W# 1,

B2 AEMEEXTHEE]EKEHESEN

Fig.2 Bacterial community structure at phylum and genus level under different planting patterns

24 AEMEEKXTRARREEFESEN

HilE 3A AL £ ZS 20, 0S 40 F1 CK ¥
FEBE ] ( Ascomycota ) AH X =F B ¢ 5, $HF 18 1] ( Ba-
sidiomycota) i J& 55—, M 7E QS AT F 5
W H, OS 4 ' Fungi _ unclassified, Bk %% T ']
( Glomeromycota ) LA S #5251 ( Zygomycota ) B AHXT
F R T HAL 3 H, BE] ( Mucoromycota ) F#k
%51 ] ( Mortierellomycota ) 3% A H BLAE CK

HIPE 3B Al 1, 78 4 AR = TOP3 AR U
IMIEE IR ( Exophiala) )\ 75 5¢ )& ( Nectria ) , Ascomy-
cota_unclassified , o AN J@ A X F IR R T
22. 5% ; QS 4 Thelephoraceae_unclassified BJFIXT=F
BB, N 21. 3%, O AR 5EJE ; 08 4, Asco-
mycota_unclassified W) B iz /5, oK Fungi _un-
classified ; i 7 CK ™1, #H X 3= BE TOP3 iy /N 4% J&
( Mycena ) ( 16.6%) . Chaetothyriales _
(12.2%) SR I J&E ( Fusarium) (9. 0%)

unclassified

ANFEFPHEAT , KPR bR B A RS A &
BRMZES, TKFE L F2EW ] T Fungi_
unclassified 25 B 7135 22 S8R, i 78 & K
2RI FHNREIEE AR,

25 AEMEEXTRARRMED B SHEES
#

X AN RIS X JRUP AR o 200 T 0 L D R 45
FHEAT Lo 30T, 5 R LI 4 AR P AR S AR 1
FE PCA I (I B, m] DL W7 A i 22 80 A A BB
[F; PCA A4 H T 3T Anosim FHE BB H
) R AR, R BT T 1, A1) 22 F ok 41
E5,

M 4A T DL Y ZEAS R FRAR A 20 RUPHAR
PRANE B PCA B AT 2 4> a5 Bt stk
KB T 48.58%, 7S U411 QS HLEE S X R A5 A
PCA P s v | L 4R I B 43T, U B ZS ZHL Al
QS AR RV AL B AR L, OS 4 rb i K 43
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S5 ZSH QS HAr B, CK 5 7S 41, QS 0] Wy
B, Z5GR=0.729 SATHN, AR Z 0] 22 K,
VLRHAH LT CK, R XU AE T MR B i B i V% 45
3,2 FeobRTS b RS X % 00 R A i 4 R M AR AR, L
S RMER S

A
1.0 e

0.8F

0.6r

TR R

0.4

0.2

ZS Qs 0S CK
P A

] 4B 2 A [R) i AR A 5 RUPH AR PR B B VR
PCA 8,78 #H QS ZH 1 OS 2K 5 % 157 6 A5 7E PCA
P B S A, DA 3 A L R R T A R s AR AL
CK 5HAM 3 HA —EmsmrE, 455 R=0.65297]
AL AT CK, R XU 202 T AR B L P RV 2544

B
1.0r ==
0.8
B o06F |
A .
=
E 04t
0.2}
0
ZS QS oS
e A

EAT, 3745 ](Ascomycota); -7 [ ](Basidimycota); Fungi_unclassified; & $ 41 [ J(Zygomycota);

3 P2 B (Rozellomycota); E=8 Bk#¢ B[ | (Glomeromycota); =1 FE [ J(Mucoromycota); =1 4F E [ J(Chytridiomycota);
£ #7125 ] (Mortierellomycota); =3 JHi4E [ J(Olpidiomycota); H33 4ifi U1l J(Zoopagomycota); BEE Aphelidiomycota
EBH, [ Ascomycota_unclassified, 4 f#ﬁ%%@xophialu); /‘Ai'ﬁ'ﬁ')%(Nectria); BXd Thelephoraceae unclassified,
=1 Ceratobasidium; WV R B (Fusarium); B3 Fungi_unclassified; Ga /N & (Mycena); &8 Chaetothyriales_unclassified;

R W15 8 (Mortierella); =0 HAth

75.QS.08.CK WL 1 1,

B3 ARMEEXTERIT BKFHEEN

Fig.3 Fungal community structure at phylum and genus level under different planting patterns
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Fig.4 Principal component analysis of bacterial (A) and fungal (B) communities under different planting patterns
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AN AR AT RO A KR BN 2 3 IR,
7S Pk T QS 41A1 0S £, Hirp /1 0S 4 24 5
7S A QS AR I 5T 0S ;7S 4
1 QS L iynt v = 0S 4.,

2.7 AEFEER T KRR E =B

2 2 TN 235 51 ( J&] 5 ) FeBH | AS [) ol A A X
T RPHRPR A0 B R B Z MR KR 22 5, ZS 41
QS AT AR W E ST 0S ;v Bl F R R
£ OS i, W& T ZS 4R CK,HY5 QS 4
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WA 2R IR E R ARRIMA 7S 41,08 415
T CK, QS Ml CK %A & 25,78 41.0S 41
HEYIRIE R E = T CK, 0S 45 CK i # 2
S 2 [C R PEFAIAE ZS 4 .QS 40 CK B 3
E5 H 7S L E = T 0S 4 ;A 2% 1K P 2 A )
TN OS HBFEET 7S 41,78 A QS 2H i B
W ST CK;ZS A it 3z KT 0S 44/
CK, JREFRMALE 4 A B EER.

®3 FREMERATRAERKRRL
Table 3 The growth indices of Paeonia ostii under different plant-

ing patterns

Rl AL B (em) & (em) M 5E (em)
78 109.90£10.19a  12.59+1.47a 5.08+0.47a
0s 98.70+7.89ah 12.80+1.31a 5.12£0.76a
08 92.30+12.07b 9.86+1.40h 3.66+0.52b

75.QS.0S .CK W3 1 1, F—3HIRE MR TR RR2ER BE
(P<0.05) .

0.80

0.05

0.707A a 0.20rg . .
a .
0.65- ) . a 0.75 .
o 0.15F ™ 070F
= 0.60F ab ¥ X ar
ﬁ o & 065F b b
= L juang
g ¥ = 010 é = O.60-ﬁ i
0.50F 0551
045 0.05 0.50
0.09p 0955 . 0.951 &
0.08F & a . b
a L ab 0.90F b
%% 0.07F N g 090 = =S b
- -
= 006 b T ossh b = 085f
= oo junss
oo I == - == =
0.80F 0.80F
0.04f
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0.30rg 0.80( 1 0751
- a L _a
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% 0.20F ab b W o.7o—j b i
= = ¢ = 065 2
5 0.15F Z 065F i ﬁ o
z - b :
010 = 0.60F 0.60H
1 J | | | | | !
0.55 0.55 o5 05 ok

Zs Qs 05 K T z8
ks

ds 05 K 2Zs
Pk A=l

Tl

7S .QS.0S . CK WL 1 ., K A~T 205K AR R BN 7 A R AT BhontE et R4 A= W A 22 TR 3 22 IR PR (B
T3 T 52 5 [5)— P] HAS ) A AR B AR [ = R 3 s Ak B ) 2 e 835 (P<0. 05)
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