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Isolation of plant growth-promoting rhizobacteria and arbuscular
mycorrhizal fungi from the rhizosphere of Bupleurum chinense
and characterization of their synergistic effects on plant growth

YU Jing, MA Yaxiu, ZENG Jing, LIU Yongjun"

College of Ecology, Lanzhou University, Lanzhou, Gansu, China

Abstract: [Objective] The rhizosphere microbial community plays a critical role in plant growth,
development, and quality formation. Therefore, this study systematically isolated plant growth-
promoting microbial resources from the rhizosphere of Bupleurum chinense and evaluated their
application potential, aiming to provide excellent strains for the development of microbial
fertilizers to reduce the use of chemical fertilizers and pesticides. [Methods] Plant growth-
promoting rhizobacteria (PGPR) and arbuscular mycorrhizal fungi (AMF) were isolated and
identified from the rhizosphere of B. chinense by the culture-dependent methods. Functional traits
of PGPR strains were screened through in vitro assays, and the synergistic growth-promoting
effects of PGPR and AMF were subsequently evaluated by a pot experiment. [Results] A total of
25 PGPR species and 2 AMF species (Funneliformis mosseae and Entrophospora etunicata) were
isolated from the rhizosphere of B. chinense. Functional screening of PGPR revealed that
Lysobacter antibioticus, corynebacterioides, and
Methylobacterium marchantiae exhibited outstanding abilities in indole-3-acetic acid production,
organic phosphorus solubilization, inorganic phosphorus solubilization, and nitrogen fixation,
respectively. The pot experiment showed that co-inoculation with PGPR and AMF significantly
enhanced the plant growth, biomass accumulation, and nutrient uptake of B. chinense, with plant
growth-promoting effects markedly greater than single inoculation treatments. [Conclusion] This
study isolated and identified some plant growth-promoting microorganisms from the rhizosphere of
B. chinense and demonstrated the synergistic effects between PGPR and AMF, providing valuable
microbial resources and theoretical bases for the sustainable cultivation of B. chinense.
Keywords: medicinal plants; rhizosphere microorganisms; mycorrhizal fungi;
inoculation; ecological cultivation
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Figure 1 The maximum-likelihood phylogenetic tree based on 16S rRNA gene sequences of plant growth-
promoting bacteria isolated from the rhizosphere of Bupleurum chinense. The species names and strain numbers
in bold correspond to those obtained in this study, with species names representing the molecularly identified
species and K-2, N-2, etc. referring to the strain numbers. The GenBank accession numbers are shown in
parentheses. Numbers at the nodes indicate bootstrap support values, and the scale bar represents 0.05 nucleotide
substitutions per site. The vertical line area on the right side of the phylogenetic tree indicates the categories of
each terminal branch at the phylum level.
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Figure 2 The maximum-likelihood phylogenetic tree based on the SSU-ITS-LSU sequences of AMF isolated

from the rhizosphere of Bupleurum chinense. The species names and strain numbers in bold correspond to those

obtained in this study, with species names representing the molecularly identified species and c-8, c-7, etc.

referring to the strain numbers. The GenBank accession numbers are shown in parentheses. Numbers at the nodes

indicate bootstrap support values, and the scale bar represents 0.05 nucleotide substitutions per site.
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R SEHARPRMEE AE A BT
Table 1 Functional characterization of plant growth-promoting rhizobacteria isolated from the rhizosphere of
Bupleurum chinense
PGPR performance parameters Strains Results
IAA concentration (pug/mL) K-1 (Pseudomonas chlororaphis) 5.96+0.16b
K-2 (Agrobacterium tumefaciens) 6.85+0.44b

Organic P solubilization index (%)

Inorganic P concentration (pug/mL)

Acetylene reduction activity [nmol C,Hy/
(h-mL)]

K-3 (Microbacterium imperiale)
K-4 (Erwinia tasmaniensis)
K-6 (Microbacterium phyllosphaerae)

K-7 (Lysobacter antibioticus)

K-9 (Streptomyces caeruleatus)

K-10 (Anoxybacillus flavithermus)
M-2 (Methylobacterium marchantiae)
M-3 (Bacillus litoralis)

M-5 (Novosphingobium barchaimii)

M-7 (Pseudomonas germanica)

M-9 (Arthrobacter celericrescens)

M-10 (Streptomyces novaecaesareae)

25.80+2.33ab
12.70+0.37ab
21.34+0.63ab
30.90+1.00a
16.42+2.87ab
10.04+1.56ab
118.67+4.10ab
119.00£5.00ab
120.67+5.81ab
239.00+10.03a
125.33+5.78ab
144.33+8.09ab

M-11 (Streptomyces aureoverticillatus) 110.67+0.33b
N-1 (Anoxybacillus flavithermus) 0.60-+0.05bc
N-2 (Mesorhizobium amorphae) 0.49+0.02¢
N-3 (Variovorax paradoxus) 0.72+0.03bc
N-4 (Rhodococcus oxybenzonivorans) 0.84+0.05ab
N-5 (Caulobacter soli) 0.78+0.03ab
N-8 (Rhodococcus corynebacterioides) 0.98+0.04a
F-1 (Anoxybacillus flavithermus) 0.81+£0.07b
F-2 (Streptomyces plumbiresistens) 2.934+0.16b
F-4 (Methylobacterium marchantiae) 8.19+1.58a
F-5 (Agromyces aureus) 3.37£1.29b
F-6 (Williamsia muralis) 2.2541.27b
F-7 (Streptomyces peucetius) 0.75+0.02b
F-8 (Streptomyces rameus) 0.71+0.12b

The performance parameters of each strain are shown as the mean+SE. Within the same functional group, different lowercase letters
indicate significant differences among strains (P<0.05). The strains with the highest functional activities in each group are shown by

underlining.

WIS A AR PR AT B SR A AR R A R R B A AL T
BAE®SZHME. AR D, EEER
(Streptomyces spp.) F T& & ZF 4 FF Ja

(Anoxybacillus spp.) [ TR 73 B AR, &
TSR CAMIEERN, X2 MEri
Yy re Z2 MR AR B v ik AR e AR 7 0y, nlad
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Figure 3

Effects of rhizosphere microbial inoculation on the biomass, root: shoot biomass ratio, specific root

length, and shoot N: P concentration ratio of Bupleurum chinense. Control, PGPR, AMF, and PGPR+AMF
represent non-inoculated, PGPR inoculated, AMF inoculated, and PGPR and AMF co-inoculated treatments,

respectively. Values are presented as mean+SE. Different letters indicate significant differences among treatments

(P<0.05).
I ECE RN | 43I A ) S5 A T
PR R A PR

AR KRB, PUA R B 3 (Lysobacter
antibioticus) K-7. 18 H & & & ¥ B W
(Pseudomonas germanica) M-7. ZSHEFF £ BRI
(Rhodococcus corynebacterioides) N-8 Fll 1 4% H
I B4 (Methylobacterium marchantiae) F-4 43 %)
15 TAA 7 . A LB AR . JCHUBE % R I
REI 7 MR MR i, s i RAF AP fe
AW T R T IR EEF PGPR T BRI DI RERHE
C AT AR T STl 1 AR A A B M
B0, Daid %COHEIE R W], B A R H AT A

(Lysobacter antibioticus) 2.4 TAA & . B &
YL FOK S Z M INEE, REfE B e oK
(Zea mays L) KIFf4e m R ™ 5. R E
(Pseudomonas spp.) [ 22 i R Ak O 9% IE 52 HL &%
A LB AL STCHLBE I e 01, ARG T4
[ &5 B M PP M 18 (Pseudomonas germanica) WA
FHEY BT FEAE A 1 R WL HGE o ASWEFEUE SE% R Pk
BATHGR A VIR fRE S, W2 Honl fead i
SRR MR S AN AL, ALK
TEFINLEA TR AR IS, Khan 55253,
BT ZLER T (Rhodococcus corynebacterioides)
] 38 o $E LA KL (Avicennia marina)RFr +-
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A6 v Wl 1 I M A - RS RN, DA R
SRS G S AR K SR D
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