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Cultivable bacteria from the rhizosphere of Indosasa acutiligulata:
isolation, evaluation, and SynComs for promoting plant growth

YANG Fu', YUE Jinjun®, YUAN Jinling?, SUN Qiwu', LIU Lie""

1 State Key Laboratory of Efficient Production of Forest Resources, Key Laboratory of Tree Breeding and Cultivation
of National Forestry and Grassland Administration, Research Institute of Forestry, Chinese Academy of Forestry,
Beijing, China

2 Research Institute of Subtropical Forestry, Chinese Academy of Forestry, Hangzhou, Zhejiang, China

Abstract: [Objective] The rhizosphere of plants hosts a diverse array of microorganisms that play
a crucial role in plant growth and health. This study identified functional bacteria in the rhizosphere
soil of an economic bamboo species Indosasa acutiligulata and assessed the effects of synthetic
microbial communities (SynComs) on bamboo growth. The results are expected to provide
implications for enhancing forest quality and utilizing beneficial microorganisms in bamboo
cultivation. [Methods] Rhizosphere soil samples of In. acutiligulata were collected from the Jiuyi
Mountain National Nature Reserve. Bacteria were isolated by the dilution culture method, and a
phylogenetic tree was established by the maximum-likelihood algorithm based on 16S rRNA gene
sequences. Specific media and colorimetric assays were employed to study the functions of strains.
The strains with plant growth-promoting effects and no antagonistic effects between each other
were combined. The effects of SynComs on the growth of Phyllostachys edulis seedlings were
examined by re-inoculation experiments. [Results] Seventy strains of rhizosphere bacteria were
isolated, representing 35 genera belonging to 21 families of four phyla. The dominant phylum was
Pseudomonadota and the predominant family was Burkholderiaceae. Functional analyses revealed
that 30 strains produced indole-3-acetic acid (IAA), while 16 strains produced siderophores.
Among those with dual functions, there were four strains capable of solubilizing inorganic
phosphorus, four strains capable of mineralizing organic phosphorus, and three strains capable of
solubilizing potassium. Strains TRS5, TN6, and TN26 exhibited capabilities to produce TAA and
siderophores, as well as solubilize inorganic phosphorus and mineralize organic phosphorus. They
were identified as Burkholderia pyrrocinia, Burkholderia paludis, and Paraburkholderia
kirstenboschensis, respectively, based on physiological and biochemical properties and 16S rRNA
gene sequences alignments. Re-inoculation experiments demonstrated that the SynCom FH,
comprising strains TRS5, TN6, and TN26, significantly enhanced the root, leaf, and rhizoma growth
of Ph. edulis seedlings. [Conclusion] The rhizosphere of In. acutiligulata harbors diverse functional
microorganisms capable of producing IAA and siderophores, solubilizing phosphorus, and
releasing potassium. The re-inoculation experiments confirmed that the SynCom FH promotes the
growth of Ph. edulis seedlings.

Keywords: Indosasa acutiligulata; synthetic microbial communities (SynComs); isolation and
culture; Burkholderiaceae; functional assessment
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Figure 1  Phylogenetic tree of cultivable rhizosphere soil bacteria of Indosasa acutiligulata and functional
evaluation of IAA-production and siderophore-synthesis. The outermost circle represents the number of strains at
the phylum level, and the inner circle represents the number of strains at the family level.
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3 ARANG AT T R R A AR % g,
b — 25 Ky g B OBV DA % Il 2 A ) et 5 4
feA: T Re PR Bt A S R
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P RREE IR 1, 3 NER R 2R
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x1 BRFR LIRSS AR A SRR TN

P o AR 25 3B, Rtk TRS REAZ A
JRAEmREL , TRk TN6 BERS & eI A v AUK i L
R, {HEERE TN26 7E3X 2 ARSI 35 SR B 1
AR TRS, TN6 Fl TN26 BRI [FIfL 22 F 45
R 2,

W s LI, HRk TRS. TNG A1 TN26 43
5 BT B kg R T e e K 7 IR
(B. pyrrocinia) LMG 141917, {841 78 8 /R 15 1%
P (B. paludis) MSh1" 1 v 17 5 471 397 @7 v 2 /R
5 [ B (P, kirstenboschensis) Kb15" {14k Hi Ak {45
FA—82T, g5 G Y2 RRE . AR AR AR
BRIl 16S rRNA JEHFF A X455, mT LA & A
Pk TRS. TN6 FIl TN26 435l Ayt 211 o /R 1
FCRA . T8 58 22 R 18 EG T8 R 5 307 S 1A r il 1A
TR R LCTA

Table 1 Evaluation of phosphorus-solubilizing and potassium-dissolving abilities of cultivable bacteria in the
rhizosphere soil of Indosasa acutiligulata

FEmZS  ARRIRE R HARME THUBHARE S AL ILRES)  fRETRE

Sample Top-hit taxon Similarity Inorganic Organic Potassium-

(%) phosphorus phosphate dissolving ability
solubility solubility

TR4 Dyella terrae 99.15 - - -

TRS Burkholderia pyrrocinia 99.87 1.90+0.15 2.67+0.42 -

TRS Paraburkholderia acidiphila 98.85 - - -

TRO9 Dyella amyloliquefaciens 99.29 - - -

TNS Paraburkholderia azotifigens 98.94 - - +

TN6 Burkholderia paludis 99.78 1.25+0.22 2.33+0.17 -

TN7 Kitasatospora kifunensis 99.78 - - +

TN22 Microbacterium dextranolyticum 99.61 - - -

TN26 Paraburkholderia kirstenboschensis 98.94 1.70+0.29 3.23+0.24 -

TN35 Paenibacillus uliginis 99.58 - 1.70+0.21 +

2MLWN Bacillus siamensis 99.93 1.27+0.16 - -

2BKWN Kocuria oceani 99.68 - - -

3BKWN Jeotgalicoccus marinus 99.93 - - -

+o KRR RE S OB - IZRRORAGIN A R RE o

+: The strain had a positive ability of potassium-dissolving; —: The function was not detected in the strain.
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2 BHKTRS. TN6. TN26HIRBUHFES

Table 2  Differences in phenotypic characteristics of strains TR5, TN6, and TN26

Characteristic TRS TN6 TN26
Phenotype
Colony color Yellow Yellow white Yellow white
Colony morphology Round, smooth Round, smooth Round, smooth
Cell length 1.0-2.0 pm 1.6-2.1 um 2.1-2.5 pm
Cell width 0.6-0.9 um 0.6-0.8 um 0.6-0.8 um
Gram staining - - -
Optimal temperature (°C) 28 28 28
Optimal NaCl (%) 0.0 0.0 0.5
Optimal pH 7.0 7.0 7.0
Enzymatic activity
Esculin hydrolysis - -
Glucosylation -
Nitrate reduction + - -
Assimilation
2-keto-gluconate + - -
5-keto-gluconate + - -
Amygdalin + -
Arabinose + - +
D-gentiobiose + - -
D-lactose - +
D-maltose - +
Erythritol +
L-rhamnose - +
Mannitol + - +
Mannose + - +
N-acetylglucosamine + - +
Xylitol + -
+r RONASROBAME: —: REA I,
+: Positive reaction result; —: Negative reaction result.
2.4 FHRXIUIFRLE BRA G, W8 TG MR FH, JFi i e

HikE TR5, TN6. TN26 F- VARG HI I 45
R 2 i, SRR, BEE S EERE R Y
K, F—REEFEESRE 2, JFARZH
AN TR BRI BE B AR TR s . PR, ] LA
X3 BRAN Z RIAAEESS BRI, 185 46 Al
BEE I TG 220015 .

25 EREFEMIREEER
B ERR TRS, TNG6, TN26 [ 2R I% % 1

¥ 25T A NS FH X BATAE A KR .
SRR, G TS 60 d SR BATY R
R, WMAREKN, HallE LN, HE
BRI BT ET I R K B R (11.70£0.98) em,
58 M ET A L XS KT 65.96%; tk o M
mmwwmm,%ﬁanwhﬁN%@
CK UK T 19.35% Fl 14.47%. G5 RE0,
FH AbFRZH 1) B AT 4 i bk e A 4 B 34 B 2 v
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&2 BEHRKTRS. TN6. TN26HIFERIFIINIE. A: HEFRTRSMITN26; B: EIRTNOFIHEKTRS; C: Hfk

TN26FIHEFRTNG

Figure 2 Antagonism test of strains TRS5, TN6, and TN26 on the medium. A: Strains TR5 and TN26. B: Strains

TN6 and TRS. C: Strains TN26 and TNG6.

TXFHRZ] CK (P<0.05), H Ak m 1K S b o %
ZF(P<0.01) (K1 3), IRMFFTas Rz, & uliht
7% FH XS BATAE A K BA W nO e e

8 30 %
ﬁ
~ 6 —
8 5
5 = 20r
2 o
XK: llﬁf
Yo 4L Ny
HE HE
e 2 &
4 2L [}
1::‘5 :"tﬁ;
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Figure 3  Growth 60 days condition of Phyllostachys
edulis seedlings after inoculation with SynComs FH.
*.  Significant difference (P<0.05); **: Highly
significant difference (P<0.01).
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Figure 4 The rhizome 60 days growth condition of
Phyllostachys edulis seedlings after inoculation with
SynComs FH. The red arrows pointed to the rhizome
of the Phyllostachys edulis seedlings.

MARCR . Wik, DIRPREAR AR, T2
PRREWUE S BEIR, X TRTHEY - IR SR
IR L SEBAT Ml i A e A E R
o

ARk, P2 L RFHFX BP0 EH
PR VR EEATA L ZEMAT A A
PO Z R PT IER ) AR BR E 0 RT s SE AA
PEAT THRIE . WRICA R AL, ISt AR br
TIERTEGRAE T, SRR R
TR TR PR, ZF AT BB 2 %0
A2 AT [ R S B e AT AR AT
FBRFEXRS G, WIHARBR A 3L o0 B304 70 Bk
Aer, FEETEOAMET . FRATET.
R TR WBOKFARE, E3EATIR
Pr R LB A se B AR BRI R, R
N EFAUFT R ZF AT A X5 A AT 26
LR B ] 15 77 240 B PR (9 20 A 45 R A — 2K
BRI ZATE TS

TEARAT AT G SR A0 1 Al b, AR5 ik —

R T HA T IAA L BRE R . TCHLEE I
A LB LR ER DI RE Y B bR . LR BE RS 37
WRIIBEAN B, 4@ T 2T iRl . A v AR /R 1
QAL B A AR ER RS . BRTx T
X L6 TR BT BE PE A AN AR BIL T A ATF 5T 2 AN TR
A, JUHREEA W 1 00 ZE 1K 1 (Bacillus) »

TR RIERA Z R IRe, 1Fo8 B R+
E A B e B 2 PR AR 2 —, F B Tl

YRR AL, T2 ARG . YA
R AR AN 4 ek ) AR AR R A AT 45
B, ZFAFEN Z R Bt
T LR WY, R € B 2F 1R T (B,
amyloliquefaciens) JL-B06 g% it 3 £ = B AT 4)
BT 5 22 KRR A e B 2F AT 1 BO1-2
SRR ZEHIAF R (B. subtilis) B23-1 10, K IH
X ARIATREZ R A Ba R, [R5 S R A%
SEA i AL T (peroxidase, POD)A By Al 14 17
PEo AW ILIERTT T 3 SR A AR TEAE Y A
A DIRERY 2 AT I AR, A N R BT R AR
B AR TR AR T AR TR AR TR AR R
(EAFTEER A, AL ERTS T 10 B
FAT A W A AR D RE A1 5 B /R T T TR R 4
o HIIAESEAE SRR, A v R TR IR R
(Burkholderiaceae) " ) — 2L At AT YL 21
Uifig, Jf Hik SeIERE Ry A Dy RE RE I8 i N 2
AL, VB, R A IR R AR
i TIPS Burkholderia sp. GD17 2 F
T RG i, iR B R A A A ds bR Ko 56
BERRIR W T, faan T HAR 3E A AR KN 2%
fife T SR AE B HL] . ASBIFSE A2 (0 T A i g
AR RTEIRTR , HER PR JK-SHO07 B4 P 41
SEUOVRIE 5 UE S R % 18 1E B AN i 19 A K i
TR s vE RS A0 S A v R T I T PR
RyA SHY-3 REWS {1 i K A AR Z i (1 6 AL (i
IR, AW E ARGE 1R E A R

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



1568

YANG Fu et al. | Acta Microbiologica Sinica, 2025, 65(4)

R EA TR A TIRE

A W A 0 S A ) A 55 T T R A
HEAEH . AR, ARSI S AR
X7/ NIDR TN | NI NS QR S ia J oy
PRI AL, B A AT 5T L0 T
AT S SR AT T N A2 A B T
JR BT LM B RS, KREEE
FIBEMS IR LA FOCER . R L8 pH; X
MR SE ) BATARBRAEFABE R 2 A WK, W
FRIN T BRI R AR AR ARE 5, A
IR e wk = S U R QI N U S L)
REPEHT RLAF Y 3 BRAA AR R IER W 24T T &
B, RIS R & BLE R FH X AT 40
AR EA RN, RN BT B ARy
ke

TESEAT AR A ROV Y R, AT ST
KT R AIRR S 2 AR bR . AR )R ZRIESE T,
1 R BE I AR B A SR bR A T 225 DA
I, ABFTEAUZE T HAT TAA L PRk
AR D BERT BRI T AR B Uk
DIRERYBRIAR , AT AE I A2 25 0 R EAF TR A
Wt Ji5h, MTHERAT AR AR K S A A
LT, XFA R FH AR E &R 5T AL
AT TIRANIE . BIERIRT LA, A
WFFE AT A7 52 A B R AT i . 7 ) 22
e, R LUERATHEAE RO BTSN &R, i %
I RGPS U AT AR KR, T
RASEATICHLE] ; [RImE, e %
BN A Ao i A RN T g 5507k, it
WEERE .. Bem e R Y S W
V&

B

R ) S 2 i AT 9 B A SO e A
PR BERYTRZI R A BEE S5t

—

P4 actamicro@im.ac.cn, 7% 010-64807516

1B STk =

Boti . BETEBETE . BRI A BT, R
IR s A SRALBIETE I T 0 O B BT IR AR
B, IFRPIEA R AT RAE; R 5%
Wikit, AT 7O E AR, IR B EEE
IV SCIREEIE, JEX TS T R iR it 1ok
SEAEI; XIE . OFEMIE S B0, S 58w
B, XSS LB TTR AL T H

B& A 35 0¢ RATE 7 A

VRS 75 BN A AEAT ] AT RE 23 B2 M AR SCRT i
& LAEE AT el AR R

SE W

(17 P EPEER T ER Y EZE R hEREYREM]. LA
B2z i, 1996: 208
Chinese Academy of Sciences Flora of China Committee.
Flora of China[M]. Beijing: Science Press, 1996: 208 (in
Chinese).

(2] T#%, Ex%, B, sk, TEIIRA, By, i, —
PRAE AT R AE N AR 4R TRT B 23 85 i e RIS A2 [T]. P
ML R 2= 2= R (FARERE ML), 2019, 43(5): 81-88.
DING S, WANG Y, LU LX, ZHANG YF, JIANG MM,
WEI Q, YE JR. Isolation, screening and identification of
an endophytic bacteria in Ceresas with resistance to
Agrobacterium tumefaciens and phosphorus solubilizing
ability[J]. Journal of Nanjing Forestry University
(Natural Sciences Edition), 2019, 43(5): 81-88 (in
Chinese).

(3] HUEESE, FIVE, F3rh, SR nA, =2 04T, kbR, ARG, DA

PO, FRAR . AR BRAE AL A DR B IR PRI
LAY AR S S ATHT ] R, 2021, 58(4):
805-813.
SHENG JB, BAI Y, WEI Z, CHU CC, YUAN LX,
ZHANG L, CUI ZL, CONG WF, ZHANG FS.
Rhizobiont: an interdisciplinary innovation and
perspective for harmonizing resources, environment, and
food security[J]. Acta Pedologica Sinica, 2021, 58(4):
805-813 (in Chinese).

[4] SANTOYO G, MORENO-HAGELSIEB G, DEL
CARMEN OROZCO-MOSQUEDA M, GLICK BR.
Plant  growth-promoting  bacterial  endophytes[J].
Microbiological Research, 2016, 183: 92-99.

[5] EID AM, FOUDA A, ABDEL-RAHMAN MA, SALEM

SS, ELSAIED A, OELMULLER R, HIJRI M,

BHOWMIK A, ELKELISH A, HASSAN SE. Harnessing

bacterial endophytes for promotion of plant growth and

biotechnological applications: an overview[J]. Plants,

2021, 10(5): 935.

BRI, JRAA, JAIRAD, SBHE, T, K-RAE . FIH

B R BEAE ) A B - R S R R [0]. B A A

—
)}
=



ZEi

E“E I, 2025, 65(4)

1569

[7]

(8]

[10]

(1]

[12]

[14]

2, 2024, 35(3): 847-857.

WENG LY, LUAN DD, ZHOU DP, GUO QG, WANG
GZ, ZHANG JL. Improving crop health by synthetic
microbial communities: progress and prospects[J].
Chinese Journal of Applied Ecology, 2024, 35(3):
847-857 (in Chinese).

LIU YX, QIN Y, BAI Y. Reductionist synthetic
community approaches in root microbiome research[J].
Current Opinion in Microbiology, 2019, 49: 97-102.
JAT557, e, A . S R R AR TS D RE R B
DERE[T]. +3%, 2023, 55(6): 1170-1175.

ZHOU FF, LI XT, TANG L. Growth promotion and stress
resistance of synthetic microbial community: a review[J].
Soils, 2023, 55(6): 1170-1175 (in Chinese).

RN, XUDY, b, BRitte, SREy, WS, EEUL,
FIELE, WM . BT AR AR AR ORIV ) X AR R 40
I DA A 200 T R v 2 ) B 2 REE IR S R 0. AR Al 2
2, 2023, 38(2): 1-9.

YUAN ZS, LIU F, ZHANG JF, CHEN HH, GUO JF,
ZENG ZH, WANG SF, WANG YZ, PAN H. Rhizosphere
and endophytic bacterial communities in years of
alternating growth of Phyllostachys edulis forest[J].
Fujian Journal of Agricultural Sciences, 2023, 38(2): 1-9
(in Chinese).

Wb, S, Bl 2RO, BT, 2508 R, WAy . e L
TR R A AT AR B 5 AR AR R S AN R I A (D).
JPERlE, 2023, 30(3): 455-467.

YAO SX, LIANG AH, LU SF, PAN ZH, LI QQ, PAN
YM. Characteristics of soil bacterial communities in
rhizosphere and bulk soil of Bambusa pervariabilis
McClure in the riparian zone of Longjiang River[J].
Guangxi Sciences, 2023, 30(3): 455-467 (in Chinese).
sl TR, 1= 0F, e R, T TR PR
iR e 2 S AR o T AR W HewNE = = (1 {{
SRBLFR), 2016, 34(2): 56-59.

YIN TT, WANG GZ, YAN Y, GAO XL, WEN HY.
Seasonal variation of bacteria community in the
rhizosphere of Phyllostachys bambusoides forest[J].
Journal of Jiangsu Normal University (Natural Science
Edition), 2016, 34(2): 56-59 (in Chinese).

Wt, £, B35, 2900, U0, 20 . Wi THIX &
P ARAR PR - SR A= 200 TR i 1 L2 At A= 2800 BF 5 [J/OL].
R UMl R 2224 (F SRR R), 2024, hittps://link.cnki.
net/urlid/32.1161.S5.20240312.1126.002.

YANG F, WANG H, WANG Q, JIANG CQ, ZHOU YX,
LI LB. Screening of growth promoting bacteria in the
rhizosphere soil of Phyllostachys edulis and study on the
growth promoting effects in Zhejiang Province[J/OL].
Journal of Nanjing Forestry University (Natural Sciences
Edition), 2024. https:/link. cnki.net/urlid/32.1161.S.20240312.
1126.002 (in Chinese).

ERUL, X7, Bk, Brtte, SRy, FR, 5oRE,
W . DA A AR A 20 X B T 0 A R S RS P Y
ST, BAP MR, 2023(4): 24-27, 82.

WANG SF, LIU F, ZHANG JF, CHEN HH, GUO JF,
WANG YZ, YUAN ZS, PAN H. Effects of endogenous
growth-promoting bacteria on growth characteristics and
enzyme activities of Phyllostachys edulis seedlings[J].
Protection Forest Science and Technology, 2023(4):
24-27, 82 (in Chinese).

SR RHE, WhH, BOHESE, S5, AT, E/R . PR kAR
PGPR & i 156 K HT 9 i BT ) 54704 T (0. A Ok,
2011, 37(1): 59-64.

RONG LY, YAO T, ZHAO GQ, CHAI Q, XI LQ, WANG

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

(27]

XL. Screening of siderophore-producing PGPR bacteria
and their antagonism against the pathogens[J]. Plant
Protection, 2011, 37(1): 59-64 (in Chinese).

RAJAWAT MVS, SINGH S, TYAGI SP, SAXENA AK. A
modified plate assay for rapid screening of potassium-
solubilizing bacteria[J]. Pedosphere, 2016, 26(5): 768-773.
LANE DJ. 16S/23S rRNA sequencing[M]//Nucleic Acid
Techniques in Bacterial Systematics. New York: A Willey
Interscience Publication, 1991: 155-175.

KUMAR S, STECHER G, LI M, KNYAZ C, TAMURA
K. MEGA X: molecular evolutionary genetics analysis
across computing platforms[J]. Molecular Biology and
Evolution, 2018, 35(6): 1547-1549.

EDGAR RC. MUSCLE v5 enables improved estimates of
phylogenetic tree confidence by ensemble bootstrapping[J].
Journal of Evolutionary Biology, 2021, 34(2): 123-134.
FEARIE, YT, sKOT I, S, #7R, TR, K ZLEN,
TR Ak . R AN B 2 REVE AR BT SR A TAA BRI
G BE[T]. P E 4 S0, 2020(1): 223-231.

CUI WG, YIN YS, ZHANG FB, CUI M, YANG M,
ZHANG SQ, ZHENG HL, GAO M. Analysis of potato
bacterial diversity and screening of high-yielding IAA
strains[J]. Soil and Fertilizer Sciences in China, 2020(1):
223-231 (in Chinese).

PAYNE SM. Detection, isolation, and characterization of
siderophores[M]//Methods in Enzymology. Amsterdam:
Elsevier, 1994: 329-344,

X AR, AN . B 1 Mgk 4 15 PSB26 Y Ui
U E T B BT IR (D). 22 B 2 AR, 2009, 15(7):
59-62.

WANG Y, YU XM, ZHENG FC. Screening of phosphate
solubilizing bacterias (PSB26) from the tropical soils and
the study of its antagonism[J]. Anhui Agricultural
Science Bulletin, 2009, 15(7): 59-62 (in Chinese).
RTEIR, HRAbYE H ULANTR 2R G4 T M/ T Al
PR S E vk . e st Bl piat, 2001.

DONG XZ, CAI MY. Handbook of identification of
common bacterial systems[M]//Common Identification
Methods for Bacteria and Archaea. Beijing: Science
Press, 2001 (in Chinese).

WICKHAM H. Ggplot2: elegant graphics for data
analysis[M]//Build a Plot Layer by Layer. New York:
Springer, 2009: 89-107.

CORP 1. IBM SPSS statistics for windows, version 26.0
[M]. New York: Armonk, 2019.

VIALLARD V, POIRIER I, COURNOYER B, HAURAT
J, WIEBKIN S, OPHEL-KELLER K, BALANDREAU J.
Burkholderia  graminis  sp. mnov., a rhizospheric
Burkholderia species, and reassessment of
[Pseudomonas] phenazinium, [Pseudomonas] pyrrocinia
and  [Pseudomonas] glathei as  BurkholderialJ].
International Journal of Systematic Evolutionary
Microbiology, 1998, 48(2): 549-563.

ONG KS, AW YK, LEE LH, YULE CM, CHEOW YL,
LEE SM. Burkholderia paludis sp. nov., an antibiotic-
siderophore producing novel Burkholderia cepacia
complex species, isolated from Malaysian tropical peat
swamp soil[J]. Frontiers in Microbiology, 2016, 7: 2046.
STEENKAMP ET, van ZYL E, BEUKES CW,
AVONTUUR JR, CHAN WY, PALMER M,
MTHOMBENI LS, PHALANE FL, SEREME TK,
VENTER SN. Burkholderia kirstenboschensis sp. nov.
nodulates papilionoid legumes indigenous to South
Africa[J]. Systematic and Applied Microbiology, 2015,

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



1570

YANG Fu et al. | Acta Microbiologica Sinica, 2025, 65(4)

38(8): 545-554.

(28] = Sz, FESCIH, TR, xR, BRI, 0, k. 11

K3 FIFR 3 SR AT AT AR S RA AR S I N ] S 1 5
Wi [J]. 772741, 2023, 42(1): 1-10.
WU YY, DONG WY, PU C, ZHONG H, XIA L, YUAN
LL, CHEN X. Anatomical characteristics and adaptive
plasticity of Qiongzhuea tumidinoda rhizome under
different soil moisture and nutrients conditions[J].
Journal of Bamboo Research, 2023, 42(1): 1-10 (in
Chinese).

[29] EWgwh, 2=k, Tk . P2y AR s e (], 17
T4, 2020, 39(4): 34-39.

WANG XJ, LI LB, WANG T. Research progress of
endophytes in bamboo[J]. Journal of Bamboo Research,
2020, 39(4): 34-39 (in Chinese).

[30] ZEiisE, XU, A7 UT, X5, 2R, L, s4kR) . BT
AR A] 55 3R A Wy R 2 REVE 0BT (0], AR 4R,
2008, 48(6): 772-779.

LI LB, LIU M, YANG SZ, LIU L, MIAO K, YANG K,
HAN JG. Cultivable microbial diversity at the
rhizosphere of  Phyllostachys  pubescens[J]. Acta
Microbiologica Sinica, 2008, 48(6): 772-779 (in Chinese).

(317 FIK . A [F) 47 KR AL 5 7 P bk - Sk o A2 A o i b

X A ) Jo 23 (AL AT Jmy B 520 [D]. A6 5 v AL R 2= b
FEBEAR -2 083, 2017.
ZHAI WL. The changes of soil properties and its effect
biomass allocation pattern of Phyllostachys praecox in
different mulching cultivation periods[D]. Beijing:
Master’s Thesis of Chinese Academy of Forestry, 2017
(in Chinese).

[32] X, 2, ell, EhaRMI, A, s R EEATAR

P - 38 v Rl 15 SR A0 R A 2 REPED]. AR Z AR, 2008,
16(1): 91-95.
LIU M, LI LB, YANG K, HAN JG, ZHU BC, PENG ZH.
Culturable bacterial diversity in rhizosphere of Bashania
fangiana[J]. Biodiversity Science, 2008, 16(1): 91-95
(in Chinese).

[33] w530, {HObK, U, ZR4E, PRI HE, JEIR K, IREKDY .

SR PN A 40 T 45 R R 2 R AT 5 (0], A 1
2, 2019, 38(3): 39-46.
GAO J, FENG GL, YAN SX, QIN H, CHEN JH, LIANG
CF, XU QF. Comparison on structure and diversity of
endophytic bacteria between three species of bamboo[J].
Journal of Bamboo Research, 2019, 38(3): 39-46 (in
Chinese).

[34] 258, XUTRBA, SCEAE, W, R4, 5iosy  /NETTR

R - 3R] S5 55 A A 2 AR D], A 4R, 2016, 56(7):
725-732.
LI P, LIU JM, WEN AH, GAO P, WANG JC, MO HY.
Culturable bacterial diversity in the rhizosphere soil of
Bambusa multiplex[J]. Acta Microbiologica Sinica, 2016,
56(7): 725-732 (in Chinese).

[35] EAF, ZEUIEE . SR ) R TR i IE G 0 i) 1o A

FEE R LA R I [0]. Ok P 2= 4, 2024, S1(11):
4394-4415.
WANG J, LI MC. Research progress in the application of
microbial fertilizers in chemical fertilizer reduction and
efficiency increase in orcharding[J]. Microbiology China,
2024, 51(11): 4394-4415.

[36] ZEUELE, EHrE BRIk, MrE, SR, REDORE, £72%.
W AR B Al 2 T 22 it el 224 ) AR A 0 T 3 0 5 ik

P4 actamicro@im.ac.cn, 7% 010-64807516

[37

[38

[39

[40

[41

[42

[43

[44

JE[T]. 224, 2024, 51(8): 1964-1976.

LI YD, WANG HX, HU BG, YANG H, HU XX, XIONG
XY, WANG WX. Research progress on plant growth
promoting rhizobacteria to alleviate abiotic stress
tolerance of horticultural crops[J]. Acta Horticulturae
Sinica, 2024, 51(8):1964-1976.

1 2R X2, FYD, XN e . S 02 FRLAF TR0 4 S e A8

YIRS ZE 9 1 AE B IR SORIETE D). L sl R 22741,
2018, 40(12): 76-84.
LI F, LIU HT, TIAN S, LIU YG. Biological control effect
of compounded bacillus on wilt disease of Bambusa
pervariabilis X Dendrocalamopsis daii[J]. Journal of Beijing
Forestry University, 2018, 40(12): 76-84 (in Chinese).

1 RN, 52/ . 2 WA v R IR PR TG R WS-FJ9 X Aok

9o D DAL AR R B FH AR W i R PR D], B
AR, 2021, 48(6): 1985-1996.
XIE XL, WU XQ. Antagonism against forest pathogens
and stability of fermentation broth of Burkholderia
multivorans  WS-FJ9[J]. Microbiology China, 2021,
48(6): 1985-1996 (in Chinese).

1 B3 W, Wk, 206, AR Ak RIER T GD17

Xof I &)y i T 5 0 9 N [0, AR W R GE iR, 2023,

39(3): 163-175.

WANG Q, HU Z, FU W, LI GZ, HAO L. Regulation of

Burkholderia sp. GD17 on the drought tolerance of

cucumber seedlings[J]. Biotechnology Bulletin, 2023,

39(3): 163-175 (in Chinese).

P, SR8, A TRERRR A S ML A1 v

IRFBIC R JK-SHOOT e AE A FIAILAIDFE[T]. #E bl

AR (A ABIERR), 2019, 43(6): 165-172.

MIN LJ, GUO L, YE JR. Mechanism of Burkholderia

pyrrocinia JK-SHO07 growth-promoting to plant via

siderophore-mediation[J]. Journal of Nanjing Forestry

University (Natural Sciences Edition), 2019, 43(6):

165-172 (in Chinese).

] CHEN C, YANG BY, GAO AX, YU Y, ZHAO FJ.

Transformation of arsenic species by diverse endophytic

bacteria of rice roots[J]. Environmental Pollution, 2022,

309: 119825.

UGG, UK, A, XA G Y 35 b g

WHET]. S 2-im i, 2017, 44(4): 881-889.

LIU WW, WU B, XIANG MC, LIU XZ. From

microbiome to synthetic microbial community[J].

Microbiology China, 2017, 44(4): 881-889 (in Chinese).

1 2R AR W RN BT L AR TR VR S R 1

SEMR[T]. AR 4, 2024, 39(4): 438-447.

YUAN ZS. Soil microbiome at Phyllostachys edulis

forest affected by application of bioagent[J]. Fujian

Journal of Agricultural Sciences, 2024, 39(4): 438-447

(in Chinese).

XM, BErT R, 2 4o, JVHTT, £3E, BRIk, 5K E L,

B4R, RSO0 . BRI TR 1SR R Y iEE BT

KBS I [J]. V0P ARk R S 2 i), 2023, 45(2):

298-310.

LIU YH, SHENG KY, LUO JR, ZHENG QY, WANG F,

XIU YB, ZHANG YW, HU DN, ZHANG WY. Effects of

phosphorus solubilizing bacterial compound suspensions

on growth of moso bamboo (Phyllostachys edulis) and
soil microbial community structures[J]. Acta Agriculturae

Universitatis Jiangxiensis, 2023, 45(2): 298-310 (in

Chinese).

—_—

—

—_



