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Planting years affect endophytic bacterial community of
Cerasus humilis (Bge.) Sok. from karst rocky desertification
control areas
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1 Institute of Biotechnology, Guilin Medical University, Guilin 541004, Guangxi, China
2 Key Laboratory of Karst Dynamics, MNR & Guangxi, Institute of Karst Geology, Chinese Academy of
Geological Sciences, Guilin 541004, Guangxi, China

Abstract: Endophytic bacteria in the roots of a healthy plant not only form a symbiotic
relationship with the host plant but also promote plant growth and enhance plant uptake of
nutrients, being of importance for maintaining terrestrial ecological balance and improving the
comprehensive management of karst rocky desertification. [Objective] To explore the
endophytic bacterial communities in the roots of host plants and provide a theoretical basis for
deeply understanding the interaction mechanisms between host plants and endophytic bacteria.
[Methods] The community structures of endophytic bacteria and physicochemical properties of
rhizosphere soil of Cerasus humilis (Bge.) Sok. introduced for the control of rocky
desertification in the karst graben basin with different years were studied. [Results] Planting
years of C. humilis had a direct and significant influence on the rhizosphere soil quality and an
indirect effect on the bacterial community in the roots. The endophytic bacterial community
was mainly characterized by symbiotic interactions. The top three dominant bacterial genera
identified by the co-occurrence network in the first year and third year were Streptomyces,
Burkholderia-Caballeronia-Paraburkholderia and Chitinophaga, and the top three dominant
bacterial genera in the fifth year were Streptomyces, Chitinophaga and Haliangium, which had
biocontrol effects. The endophytic bacterial community was shaped by stochastic ecological
drift processes. [Conclusion] The differences of endophytic bacterial communities along the
planting year gradient are due to the microbial diversity endowed by stochastic processes. The
interactions among endophytic bacteria and the dominant bacteria with biocontrol effects could
promote the colonization and growth of C. humilis, thereby enhancing the ecological and
economic benefits of C. humilis for the comprehensive control of rocky desertification in the
karst graben basin.
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The physicalchemical characters of rhizosphere soil from Cerasus humiliswith different planting years

Type Planting years
Gl G3 G5

pH 5.96+0.06a 5.71+0.14a 5.80+0.17a
SOM (g/kg) 45.93+4.23a 47.07+£2.44a 52.73+5.15a
TN (g/kg) 1.80+0.15a 1.67+0.57a 1.53+0.09a
TP (g/kg) 0.53+0.09a 0.52+0.14a 0.72+0.02a
C:N 15.1542.39a 20.12+5.85a 20.07+2.23a
C:P 53.09+9.50a 60.89£15.77a 42.47+5.07a
AK (mg/kg) 36.51+4.58a 24.9+1.70ab 19.74+3.89b
Na* (ng/kg) 5.80£0.01a 5.00£0.10b 0.45+0.30b
A Fe™ (mg/kg) 2.01£0.55a 1.43+0.37a 1.25+0.32a
A4S EC-Ca (mg/kg) 6.94+0.33b 6.36+0.29b 9.05+0.28a
ZHbEEE EC-Mg (mg/kg) 1.26+0.07b 1.012£0.04¢c 2.2240.09a
TR AP (mg/kg) 3.62+0.29b 7.53+1.53a 3.58+0.63b

The different lowercase letters (a, b and c) on each line indicate a significant difference of rhizosphere soil with different planting

years (P<0.05).
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Top endophytic bacterial phyla in the root of Cerasus humilis. A: The relative abundance with

different planting years. B: The relative abundance in each sample. The endophytic bacterial phyla with a
largest relative frequency of less than 0.1% are included as others.

*2 TRIMEFRISRRAEAED o SHFMEER

Table 2 The alpha diversity index of endophytic bacteria in the root of Cerasus humilis with different planting years

Type  Chaol index Shannonindex Simpsonindex PD wholetree Observed OTUs Good’s coverage (%) Fisher index

Gl 435+£27b 1.41+0.14b 0.49+0.02ab 26.77£1.67b  299+24b 99.93+0.00a 35.4243.27b
G3 476+28ab 1.37+0.14b 0.45+0.02b 30.07+2.87ab  359+43ab 99.92+40.00a 43.68+5.86ab
G5 557+43a 2.14+0.26a 0.61+£0.07a 37.31£2.52a  472+39a 99.92+0.01%a 59.67+5.56a

The different lowercase letters (a, b and c) on each line indicate a significant difference of rhizosphere soil with different planting

years (P<0.05).
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Figure 2

PCoA plots and ANOSIM analysis based on Unweighted UniFrac and Weighted UniFrac

representing the endophytic bacterial community similarity/dissimilarity in the root of Cerasus humilis. A:
PCoA plot based on Unweighted UniFrac. B: PCoA plot based on Weighted UniFrac. C: ANOSIM analysis
based on Unweighted UniFrac. D: ANOSIM analysis based on Weighted UniFrac. Between is the result
between the three type planting years, and the other three are the results within their groups, respectively.
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Figure 3 Characteristics of endophytic bacterial
community construction in the root of Cerasus
humilis with different planting years.
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Figure 4 Theco-occurrence network of endophytic bacteria in the root of Cerasus humilis with different
planting years. The red line represents a positive correlation and the green line represents a negative correlation.
The nodes are colored by phylum. The size of each node is proportional to the relative abundance of specific

genus.
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Figure 5 Heatmaps of functional characteristics of endophytic bacteria and top OTUs in the root of Cerasus
humilis with different planting years, and the influence of rhizosphere soil properties on functional
characteristics and top OTUs. A: Heatmap of functional characteristics. B: Heatmap of the relationships
between functional characteristics and rhizosphere soil properties. C: Heatmap of top OTUs. D: Heatmap of the
relationships between top OTUs and rhizosphere soil properties.

P<actamicro@im.ac.cn, #010-64807516



WS | YRR, 2024, 64(6)

2065

Sreptomyces 1) OTUs (OTUS, OTUS82, OTU513
I OTUL77)FR I B AR XS £ B b 4h , OTUSs
(OTU5., OTUS2 Fl OTU177) 525 Hulk4s . A4
PEEE B & IEAHSE ; SOM 5 OTUs (OTUS ., OTU9
19, OTU24, OTU26, OTU82 ., OTU177 Al
OTUS13)E & IEM&; Na™xF OTU23 & OTU16
HAMEBER, W AP OTU7 B2 0E .
2.5 FRELEPRXTE5 SRAR N LR Y 5200
PLS-PM 3Hr&s R UnE 6 FioR , P AR BR XA
br+H VA BiEGER R E=0.79) . BF

(P=0.04) ()5 , T XHAR P9 A4 B AR 2 (14
(E#2 2%0=0.58). & (P=0.02)15 0, JL&Hp
LA R T 3 3 5 M AR o - P A SR () 425 5 T AR
WAERIFIE 254, (A2 X PIsgm 0w 21k ik
Hh, LN AR TR VR 45 A BE A% {2 25 (P=0.001) 52 MRl
HRAETE o ZFEMERMINREIE B B2k, MR 2
RIS INREXTAR N AE TR o ZREMEAT & BEEGEE
Z8=0.31). WEP=0.001)FI50, M
AP REMER S 2R | R A S
FREYIAHC

Planting years

»  Alpha diversity

Rhizosphere
soil properties /
R*=0.62
l —
-
- P=0.001%*
Community 7 034
composition
L5 P=0.001%*

A > R=0.95
w
P=0.001*
031

Gene function
prediction

R*=0.91

1.10

Goodness of fit=0.65

6 MEFRITIERBAEMEEMMAY PLS-PM  Goodness of fit {H4 0.65 A AR F) T GE 17 &
65%. W OAKIURIEMSG; A OURURTMG; ELRIURERCR,; BAMREHELCR; LAHH
IRFR RN, R R HA 55 0 B A2 R A0 P E

Figure 6 The PLS-PM of planting years effects. Rhizosphere soil properties: pH, SOM, TN, TP, AK, Na’,
Fe’, EC-Ca, EC-Mg and AI’*. Community composition: Main phyla with the relative abundance higher than
0.1%. Alpha diversity: Chaol, Simpson, and Shannon index, observed OTUs, Good’s coverage, Fisher index
and PD whole tree. The path coefficients and the explained variability in our study were calculated after 999
bootstraps. Blue solid arrows indicate positive direct effects, red solid arrows indicate negative direct effects,
and blue dashed arrows indicate positive indirect effects. The thickness of the lines represents the size of the
effects. Models with different structures were assessed using the goodness of fit (GoF) statistic, a measure of
the overall prediction performance. For the PLS-PM represented here, the GoF was 0.65. Only the path
coefficients and P-values with significant influence are marked in the figure.

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



2066

HUANG Yadan et al. | Acta Microbiologica Snica, 2024, 64(6)

3 ik

I 25 LR L4 BRI, 8 A A
e R AT R A e R e A A L
HIEFETE, Rl RN | SRR
Wy AN LA AU ST e | Ak
45T 2 1 SR P T RR I Ak 0 A ) b BR AL 2 0
AT, DRI AE B 2k M b BRAL 224 PR AR S,
TR T XA o 23U T R 0 P S 3 3 8
BRAEAR R o 1 5 ik AR R3S EAh, e
M a2 B A EEE () 1200 mg/kg)!', NI
[X. +- 398 420 I 25 6 SR o P A1 B8 0 7 8 166 T i 15
Wb 2 R S Bl it S R R kA
30— 4 Al 5 W TR 7 V3 B XA Uk 5 )
WIEHEAEAE N BRI B2 S A0S, B BT
ZELRI, - C:IN<30 ML (1 IR itk i
JXURR U0 R b 8 080 /0 . 5 3074 38 5 ik
VT AT S I B i 72 2 3 P
i 1361, MASHFSY C:P YL Ti%l, tik—4
FINZIX A HEAEAE N 24 )5

AR AR AR PR A (LS 0 L8 e, 17 LI o
SR WU RETE R T A S L G TR R A
Al AEZSIR A X 30T LS ) L AR B
VA AL TR IR © A R A T RF SR 015160 i 56
T B L A B A X S AR P S
S RIST 0, A, DARE 6 TR P A= 4
51 6 R AR 2 A T At g 7 oA
LA TS0, 5 R Py A 0 A A
SRR AR | SRR | A B IA )y TH
(PR IS, DRI RIFSE AR AT P A T2 5 0
HEL LA AR A T S 4 T8 5 B 458 B
SEA . IR YRS T Rt L A
ST L5 W], W2 FiRLAE PRI , 45 SR Py 2
OB PR30 D 8 R A AR AL , T 2 7 AT ] P 4
T A i R R AR TS , N AR AN 2R 2 T

P<dactamicro@im.ac.cn, #8010-64807516

FAKHBEMSm A, X415
Kuklinsky-Sobral 22156 F K E N A4 FE
i EAEY AR DL SRS N A TR A
K LA A o

T 22 WE A 2l TS O 2 R B R A
WRREESREMEELLR, A S5AEA 5
FUIM R, Wik, MEEFERYAERK, W
AR Z AR S R AN AR . AFIE 3R
WY, E5 AR N AR R I AP S I kA
1 ik 2R 2 FE M B0 BB U 1 1 2R 00 3R R
e B Wk, BEE W EMAER, NE NS
TR, A T SR R Y
L HE— 2543 HT & B, 5 SRR PN A 20 T TR R —
o ZREVERS PRI AS B3, ORI o 28R
HHEHIRYFN S R 2R S
b, T B AR R R 1T 5 PREE A AN R R
Z AR B 22 R, e, T B 2R
P£ PCoA I ANOSIM Zr#Hra &M, A A E
AR AR PN AR A TR TR A7 TR B 25 5, IR
B P9 A N R FR S SR AR I R R 5P
T P9 A T T T AR R AR IO AR T S ]
K324y, P 2B A BE S AE P U R 2k 4k, D
TE I P9 P35 16 % T B A et sk A 20T, 3 ol 1 [
HEAR 114 56 28 3 AR AS ) oA 4 PR 5 SR AR PN A 4 B
T V5 285 0 S HL Z2 R 1y B AL 3o A v 1 2 2
ARG, IR BEALE R T R G &2
BRI,

T 5 AE 0 A i Xt AR D A 200 B R 1) 52 )
R IE AT ELAE P 45 S e ok o I 2 R ke 4 PR
FRBE TN, AR P A B B AR I 445 1 359 B S 6 ks
B I HARNAEREZ B LIS 32, s
A= A RV SR AR AR VAR DG, I RE R AR
WAE T Z I EAE G R , B om HAE 85 Hh i A A7
S IR BT AR AT Sk P A AN R
RS, T P9 AR B U (R R AR AR G | SR



WHEST | MAEYSER, 2024, 64(6)

2067

I IR R A 2, A R A R R
R S F5RY, Rk, R I R 2% 25 F 1 — 2
PN H B9 DX R 575 — 4 R0 20 — AR A =24
)& A Sreptomyces., Burkholderia-Caballeronia-
Paraburkholderia Fl1 Chitinophaga, % 74k
B HT =78 #JE k) Sreptomyces,  Chitinophaga
A1 Haliangium, i % 1Ak Sreptomyces HA 7=
Fi tE Z i Bk 1 ¥ | Burkholderia-Caballeronia-
Paraburkholderia 5 B T 2% fitt i% 1F & 65 20 |
Chitinophaga 51 #H 11 )2 Haliangium E.
BIBTEMAPITERRY. T g 7e ik
AR A EAER, RS B e b A Y,
PRL I AT A0 Bl 2 o A R A 4, B T A
B VE P AR A A A 200 T B 2 T 805 S X g T e Y
R AEAFRE ST, HETT B LA S0 4R N4 AU
fit o X — 2 A 5 0 AR TR ] 1Y) v FE M IX 5 | Ak
5 15X 6 IUAS 3 e i SR DA B LA AR i 1 3 7 M AH
w10 2 R B S AF A R ) B A A R A S ER R
FAFRN N AE B AHSER 2 22 i E M R Ak
W SO R ) Y A A AR AR VR T, DR A — 2
W A TR i AR K (H R R T
15 FEAEYR N B TR Dy AT it 7 A A AR iR A
FRRAME -

BEE AR 5 1 A PRI, N A R
A EAVH BRI SRR Y AR R, B AR P (AR RN
AWy, AT DA B AR R Y5k, ST YT
BIRICRCCE, ey remll wak,
AR R AR N ) RE R DR A #8577 3, DR P 2 £
A RO S A AR T RE 8 38 2ok Dl R 2k Y
JE L AMERTFE SEFRIOTR MR RME LR, il
R RS ST BB S EA 4
b4 K GE S )R T Sreptomyces 1 OTUs
(OTU5, OTUS2 1 OTU177)EIEAK, M
Ul B B B 3 Y A R ) e T R 5
H 0 i S1) g s - R A B L B

Tl R R U RS SR E R AR R, T
AR A YRR IR AR o IeAh, wE
R 0 P B B BB AR D OIS R el 4T 4k R B A
RPEECY A T R S AR A
T B AL BRI AR R i, i
HPER AR E . ik, HPA Anoxybacillus Y
H B AE NS 1 S D G2alt FE RUBR AR P 38 1 ik
] 3 A 1 A7 L AR T Y A
pH<7.0 B o JS A5 44 25— 1 38 o A% ) A0 MR 1 iy
Bl s E LAY, 1 RUE
F G Rz B . BETE PR TG  C AR Z B
M 24501 (L2 Bt 2 A 4 ) A K R - 98 o A
e BN AR PN A T £F 4 2K @R A
Fr . AFREIREMINEIE SR A,
T SQreptomyces fiEWs A 4L 4P Dyella
AERS 2 5A ML FEA#PY . Actinoplanes BEf% = 4:
B - B BB ) K2 Rhodanobacter F1 Burkholderia-
Caballeronia-Paraburkholderia(OTU9) & ¥t 1 75
Oy TR R SAE T B AR RN AR 25 AR FRE RS
P HERR R SR AL BB AL &

M A A K R 7R A 2 s 3700
=, Bk, FAEDERR TR SNAERZ
(] 1 OC R AN RE 42 TH S 1 5 A ) Z TRl i O¢
FIP, i, ABFSEEN PLS-PM ORI, 5
oo A PROXE - 498 T T R A o B S T

SN B — - LR bR AN B3 A5 SR Al E
AERRIA ) | B RN A W 2R . BT
TAE YD Z R0 TR A 8 S D REVEIR 25 I AH
K, Ik, WARBESSEAEHRARNIOE TY
FhZAEPERN T REEAR , IF B AE TR I8 A6 Xt
AR RGN EEE Y, hE
1o 5 | R ) B 22 B AR AN, 75 2555 SRR )
B RIS AR E N R XT N A A 15
me), TR S N A IR R AR BAE R
T A 5L B 55 SR MR A A T 7 e B i) RUE

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



2068

HUANG Yadan et al. | Acta Microbiologica Snica, 2024, 64(6)

TN (S5 AR RYREDS RRAE , TT7E 4 P ) RUBE RIS
W B Ak SR bR A AT )RR A R A T IR
ABIBFSE o SR, JCIRanfa], 7645 T R g ks
A AR P AR T, 55 B BE T 1E AR
PR £ R 7 B e A R T A BE A Bl 4 AR
B R o

4 Hik

(1) 5 SRR 4F BR S 13 B i R R B
i BYEZI , X AR i B — - R R PRI A
B

(2) PN A= 2 TR 45 1 5 A ) A 0 4 TR
RA R, ORI 4l b T SR LR R rp A A 2
TR R X RO REALIE I FE T 1 A )
i ZHEL

(3) BEH PSR FRAVIE N, MR AT
T I AR, HF B R RA A B0
AE , LA DA A 4 e X 1 5 4 2R 2 B AE ) A e
PEVEIT, ST S W B 2 A AL 2R i BEIX
(A A s M B8 4

SE M

[1] LU H, ZOU WX, MENG JC, HU J, TAN RX. New
bioactive metabolites produced by Colletotrichum sp.,
an endophytic fungus in Artemisia annua[J]. Plant
Science, 2000, 151(1): 67-73.

[2] WIEWIORA B, ZUREK G,
Endophyte-mediated disease

ZUREK M.

wild
populations of perennial ryegrass (Loliumperenne)[J].
Fungal Ecology, 2015, 15: 1-8.

[3] MONTEIRO RA, BALSANELLI E, WASSEM R,
MARIN AM, BRUSAMARELLO-SANTOS LCC,
SCHMIDT MA, TADRA-SFEIR MZ, PANKIEVICZ
VCS, CRUZ LM, CHUBATSU LS, PEDROSA FO,
SOUZA EM. Herbaspirillum-plant
microscopical, histological and molecular aspects[J].
Plant and Soil, 2012, 356(1): 175-196.

[4] VERMA SK, KINGSLEY K, IRIZARRY I, BERGEN
M, KHARWAR RN, WHITE JF. Seed-vectored

resistance in

interactions:

P<dactamicro@im.ac.cn, #8010-64807516

[10]

[12]

endophytic bacteria modulate development of rice
seedlings[J]. Journal of Applied Microbiology, 2017,
122(6): 1680-1691.

JI SH, GURURANI MA, CHUN SC. Isolation and
characterization of plant growth promoting endophytic
diazotrophic bacteria from Korean rice cultivars[J].
Microbiological Research, 2014, 169(1): 83-98.
CARPER DL, CARRELL AA, KUEPPERS LM,
FRANK AC. Bacterial endophyte communities in
Pinus flexilis are structured by host age, tissue type,
and environmental factors[J]. Plant and Soil, 2018,
428(1): 335-352.

WOLINSKA KW, VANNIER N, THIERGART T,
PICKEL B, GREMMEN S, PIASECKA A,
PISLEWSKA-BEDNAREK M, NAKANO RT,
BELKHADIR Y, BEDNAREK P, HACQUARD S.
Tryptophan metabolism and bacterial commensals
prevent fungal dysbiosis in Arabidopsis roots[J].
Proceedings of the National Academy of Sciences of
the United States 2021, 118(49):
e2111521118.

YUAN DX. On the karst ecosystem[J]. Acta Geologica
Sinica (English Edition), 2001, 75(3): 336-338.
WA, EEAE, AENR. 25 Ve KT 7 - R ]
T3 ZOR AL T AR L R VR S5 A RS2 [T, A
W, 2020, 47(9): 2771-2788.

QIU JM, CAO JH, LI Q. Influence of land use patterns

on arbuscular mycorrhiza fungi community structure in

of America,

the karst graben basin of Yunnan Province, China[J].
Microbiology China, 2020, 47(9): 2771-2788 (in
Chinese).

/AT, 230, A, Bk, RN, 2|AE. b
AEAE AR ST BURAE IR [7]. P E AR 2233, 2021, 37(4):
56-61.

HU XK, LI'Y, YAN ZZ, YAO Z, LI YK, JIANG SX.
Research status of Cerasus humilis[J]. Chinese
Agricultural Science Bulletin, 2021, 37(4): 56-61 (in
Chinese).

TANG Q, LI Q, TONG LC, WU R, XU J. Rhizospheric

soil organic carbon accumulated but its molecular

groups redistributed viarhizospheric soil
microorganisms along multi-root Cerasus humilis
plantation chronosequence at the karst rocky

desertification control area[J]. Environmental Science
and Pollution Research, 2023, 30(28): 72993-73007.
G, BRI M]. dbas h RSk
MRk H AL, 1999.



WHEST | MAEYSER, 2024, 64(6)

2069

[13]

[14]

[15]

[22]

YAN JH, LT Q, HU LN, WANG JQ, ZHOU QH,
ZHONG JX. Response of microbial communities and
their metabolic functions to calcareous succession
process[J]. The Science of the Total Environment,
2022, 825: 154020.

STEGEN JC, LIN XJ, FREDRICKSON JK, CHEN XY,
KENNEDY DW, MURRAY CJ, ROCKHOLD ML,
KONOPKA A. Quantifying community assembly
processes and identifying features that impose them[J].
The ISME Journal, 2013, 7(11): 2069-2079.

AR5, A 2O T I e 9 A T A B
B WV S A ROSZ I [T]. R4, 2021, 42(3):
417-425.

LI Q. Land-use types leading to distinct ecological
patterns of soil bacterial and eukaryota communities in
karst graben basin[J]. Acta Geoscientica Sinica, 2021,
42(3): 417-425 (in Chinese).

LI Q, SONG A, YANG H, MULLER WEG. Impact of
rocky desertification control on soil bacterial
community in karst graben basin, southwestern
China[J]. Frontiers in Microbiology, 2021, 12: 636405.
MORFORD SL, HOULTON BZ, DAHLGREN RA.
Increased forest ecosystem carbon and nitrogen storage
from nitrogen rich bedrock[J]. Nature, 2011, 477:
78-81.

GUNDERSEN P, CALLESEN I, de VRIES W. Nitrate
leaching in forest ecosystems is related to forest floor
ratios[J]. Environmental Pollution, 1998, 102(1): 403-407.
TIAN HQ, CHEN GS, ZHANG C, MELILLO JM,
HALL CAS. Pattern and variation of C:N:P ratios in
China’s soils: a synthesis of observational data[J].
Biogeochemistry, 2010, 98(1): 139-151.

ML, THAE, XK, Tt MYARA LN A 4l
W 2 AR IE S A AEAE (D], P R A aE 4, 2015,
31(13): 169-175.

YU J, YU ZH, LIU XB, WANG GH. Diversity and
growth promoting effects of endophytic bacteria in
plant roots[J]. Chinese Agricultural Science Bulletin,
2015, 31(13): 169-175 (in Chinese).
KUKLINSKY-SOBRAL J, ARAUJO WL, MENDES R,
GERALDI IO, PIZZIRANI-KLEINER AA, AZEVEDO
JL. Isolation
soybean-associated bacteria and their potential for

and characterization of

plant growth promotion[J]. Environmental
Microbiology, 2004, 6(12): 1244-1251.

SHARMA SK, RAMESH A, SHARMA MP, JOSHI OP,
GOVAERTS B, STEENWERTH KL, KARLEN DL.
Microbial

community structure and diversity as

(23]

[27]

(28]

[29]

indicators for evaluating soil quality[M]// Biodiversity,
Biofuels, Agroforestry and Conservation Agriculture.
Dordrecht: Springer, 2010: 317-358.

RLLE, EUE, ZRBEte, HOTHE, L. BRI
WEFE R e EAL AR A 45 B R RIS 15 R 451
WEFT[0). ¥ ZFREE, 2011, 19(3): 275-283.

NIU HY, WANG ZF, LIAN JY, YE WH, SHEN H. New
progress in community assembly: community
phylogenetic structure combining evolution and
ecology[J]. Biodiversity Science, 2011, 19(3): 275-283
(in Chinese).

GENRE A, LANFRANCO L,
BONFANTE P. Unique
mycorrhizal symbioses[J].
Microbiology, 2020, 18: 649-660.
MORI AS, ISBELL F, SEIDL R. B-diversity,
community assembly, and ecosystem functioning[J].
Trends in Ecology & Evolution, 2018, 33(7): 549-564.
ZHANG DN, XU HL, GAO JY, PORTIELES R, DU
LH, GAO XY, BORROTO NORDELO C,
BORRAS-HIDALGO  O. Bacillus

altitudinis strain uses different novelty molecular

PEROTTO S,

and common traits in

Nature Reviews

Endophytic
pathways to enhance plant growth[J]. Frontiers in
Microbiology, 2021, 12: 692313.

DELAUX PM, SCHORNACK S. Plant evolution
driven by interactions with symbiotic and pathogenic
microbes[J]. Science, 2021, 371(6531): eaba6605.
CARRION VIJ, PEREZ-JARAMILLO J, CORDOVEZ
V, TRACANNA V, de HOLLANDER M, RUIZ-BUCK
D, MENDES LW, IJCKEN WEJ,
GOMEZ-EXPOSITO R, ELSAYED SS,
MOHANRAIJU P, ARIFAH A, van der OOST 1J,
PAULSON JN, MENDES R, van WEZEL GP,
MEDEMA MH, RAAIJMAKERS IM.
Pathogen-induced activation of disease-suppressive

van

functions in the endophytic root microbiomel[J].
Science, 2019, 366(6465): 606-612.

QIN WJ, YAN HY, ZOU BY, GUO RZ, CI DW, TANG
ZH, ZOU XX, ZHANG XJ, YU XN, WANG YF, SI T.
Arbuscular mycorrhizal fungi alleviate salinity stress
in peanut: evidence from pot-grown and field
experiments[J]. Food and Energy Security, 2021, 10(4):
e314.

LU ZJ, INMAN A, ERGENLIOGLU I, RAMGARD C,
SARA MCKEE L. Strategies for glycan acquisition by
Bacteroidetes in the soil: the carbohydrate enzymology
of Chitinophagapinensig[J].
2020, 2(7A): 290.

Access Microbiology,

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



2070 HUANG Yadan et al. | Acta Microbiologica Snica, 2024, 64(6)
[31] BAUSKA TK, JOOS F, MIX AC, ROTH R, AHN J, extrusion[J]. The EMBO Journal, 2023, 42(13): ¢113004.
BROOK EJ. Links between atmospheric carbon [37] ELNAHAS MO, AMIN MA, HUSSEIN MMD,
dioxide, the land carbon reservoir and climate over the SHANBHAG VC, ALI AE, WALL JD. Isolation,
past millennium[J]. Nature Geoscience, 2015, 8: 383-387. characterization and bioactivities of an extracellular
[32] TRIVEDI P, LEACH JE, TRINGE SG, SA TM, SINGH polysaccharide produced from Streptomyces sp.
BK. Plant-microbiome interactions: from community MOES®6[J]. Molecules, 2017, 22(9): 1396.
assembly to plant health[J]. Nature Reviews [38] KONG CL, WANG LJ, LI PP, QU YY, TANG HZ,
Microbiology, 2020, 18: 607-621. WANG JW, ZHOU H, MA Q, ZHOU JT, XU P.
[33] ZHANG LX, SHI T, XU ZC, BAO ZY, LI J, LI GX, Genome sequence of Dyellaginsengisoli strain LA-4,
YUAN J. Effect of lime and calcium magnesium an efficient degrader of aromatic compounds[J].
phosphate on gaseous emissions, maturity, and Genome Announcements, 2013, 1(6): e00961-13.
bacterial dynamics during food waste composting[J]. [39] SCHWIENTEK P, SZCZEPANOWSKI R, RUCKERT
Environmental Technology & Innovation, 2023, 32: C, KALINOWSKI J, KLEIN A, SELBER K,
103306. WEHMEIER UF, STOYE J, PUHLER A. The complete
[34] WANG W, LEMAIRE R, BENSAKHRIA A, LUART D. genome sequence of the acarbose producer
Review on the catalytic effects of alkali and alkaline Actinoplanes sp. SE50/110[J]. BMC Genomics, 2012,
earth metals (AAEMs) including sodium, potassium, 13: 112.
calcium and magnesium on the pyrolysis of [40] MA XL, LIU J, CHEN XF, LI WT, JIANG CY, WU M,
lignocellulosic biomass and on the co-pyrolysis of coal LIU M, LI ZP. Bacterial diversity and community
with biomass[J]. Journal of Analytical and Applied composition changes in paddy soils that have different
Pyrolysis, 2022, 163: 105479. parent materials and fertility levels[J]. Journal of
[35] BERIS FS, de SMET L, KARAOGLU H, CANAKCI S, Integrative Agriculture, 2021, 20(10): 2797-2806.
van BEEUMEN J, BELDUZ AO. The ATPase activity [41] LOPEZ-ECHARTEA E, STREJCEK M, MUKHERIJEE
of the G2alt gene encoding an aluminium tolerance S, UHLIK O, YRJALA K. Bacterial succession in
protein from Anoxybacillusgonensis G2[J]. The Journal oil-contaminated soil under phytoremediation with
of Microbiology, 2011, 49(4): 641-650. poplars[J]. Chemosphere, 2020, 243: 125242.
[36] CHEN CX, HE GF, LI JF, PEREZ-HORMAECHE J, [42] ESCALAS A, HALE L, VOORDECKERS JW, YANG

BECKER T, LUO MQ, WALLRAD L, GAO JP, L1 J,
PARDO JM, KUDLA J, GUO Y. A salt stress-activated
GSO1-S0OS2-SOS1 the
Arabidopsisroot stem cell niche by enhancing sodium ion

module protects

P<dactamicro@im.ac.cn, #8010-64807516

YF, FIRESTONE MK, ALVAREZ-COHEN L, ZHOU
JZ. Microbial functional diversity: from concepts to
applications[J]. Ecology and Evolution, 2019, 9(20):
12000-12016.



