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Rhizosphere complex microbial agent of Dicranopteris dichotoma
regulates the growth and rhizosphere microbial community of mung
bean seedlings

HE Fen**3; ZHAO Rui**?, HUANG Wanfeng'??, ZHANG Qiying', SHI Mingtao', WU Yating',
WANG Ya'!:?

1 College of Life Sciences, Jiangxi Science and Technology Normal University, Nanchang 330013, Jiangxi, China
2 Key Laboratory of Natural Microbial Medicine Research of Jiangxi Province, Nanchang 330013, Jiangxi, China
3 Key Laboratory of Microbial Resources and Metabolism of Nanchang City, Nanchang 330013, Jiangxi, China

Abstract: [Background] In the context of sustainable agricultural development, complex
microbial agents have emerged as a potent means for enhancing plant growth, attributed to the
synergistic effects of diverse microorganisms. [Objective] To investigate the rhizosphere
complex microbial agent of Dicranopteris dichotoma regarding the effects on the growth and
rhizosphere microbial community structure of mung bean seedlings. [Methods] Four plant
growth-promoting strains isolated from the rhizosphere soil of D. dichotoma were used to
formulate two complex microbial agents: BBF and BFF. The agents were inoculated into the
rhizosphere of mung bean seedlings, and the physiological parameters and soil physicochemical
characteristics of the mung bean seedlings were evaluated after 36 days of cultivation. The
community structure and diversity of rhizosphere microorganisms were assessed by 16S rRNA
gene and ITS amplicon sequencing. [Results] BFF increased the plant height, aboveground
fresh and dry weights, and underground dry weight of mung bean seedlings by 29.38%, 81.47%,
175.73%, and 936.49%, respectively. BBF increased the aboveground fresh weight and dry
weight of mung bean seedlings by 92.64% and 179.67%, respectively. High-throughput
sequencing results revealed that both BFF and BBF significantly boosted the bacterial diversity
and richness, while reducing the fungal diversity. At the phylum level, the two agents increased
the relative abundance of Myxococcota while decreasing that of Zygomycota. At the bacterial
genus level, the two agents decreased the relative abundance of Rhodanobacter while increasing
that of Mucilaginibacter and Bradyrhizobium; at the fungal genus level, the two agents
increased the relative abundance of Cryptococcus while decreasing that of Mortierella and
Gliocladiopsis. Functional prediction indicated that the application of complex microbial agents
notably enhanced bacterial nitrogen fixation in the rhizosphere, increased the relative abundance
of pathogenic-saprophytic-symbiotic fungi, and decreased the relative abundance of saprophytic
and saprophytic-symbiotic fungi. [Conclusion] Inoculating complex microbial agents increases
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soil nutrients, regulates rhizosphere microbial community structure and diversity, boosts
beneficial bacterial count, and suppresses pathogen presence, thus creating a favorable
environment for the root growth and promoting the growth and development of mung bean
seedlings. These findings offer new theoretical support for the growth of mung bean seedlings
and establish a basis for applying complex microbial agents in agricultural production.

Keywords: rhizosphere; complex microbial agent; mung bean; rhizosphere microbiome; growth

promotion
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Figure 1 Side view (A), top view (B), seedling
morphology (C) of mung bean seedlings grown in
pots for 36 days in different treatment groups. CK:
Control (no microbial application); CF: Chemical

fertilizer; BFF: MQBI2+MQF9+MQF11; BBF:
MQBI12+MQB7+MQF9. The same below.
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Figure 2 Growth indexes of mung bean seedlings grown for 36 days in different treatment groups. A: Plant

height; B: Root length; C: Number of leaves; D: Number of primary lateral roots; E: Average number of
yellow leaves; F: Above-ground fresh weight; G: Underground fresh weight; H: Above-ground dry weight; I:
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Table 1

Effect of different treatment groups on soil physicochemical properties

4151 £ X el A R0 A

Group Total nitrogen Total phosphorus Total potassium Available phosphorus Available potassium
(g/kg) (g’kg) (g/kg) (mg/kg) (mg/kg)

CK 0.77£0.11 1.45+0.07 24.454+0.15 2.90+0.07 57.17£2.14

CF 0.74+0.09 0.61+0.03 13.90+0.11 3.51+0.09 38.96+2.69

BFF 0.81+0.02 0.55+0.02 22.50+0.11 2.34+0.05 74.48+4.87

BBF 0.86+0.05 1.66+0.02 23.48+0.09 3.06+0.10 80.95+4.23
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Figure 3  Alpha diversity of rhizosphere bacteria (A-D) and fungi (E-H) in different treatment groups. A, E:
Shannon index; B, F: Simpson index; C, G: Chaol index; D, H: ACE index.
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Figure 4 Principal coordinate analysis (PCoA) of rhizosphere bacteria (A) and fungi (B) in different

treatment groups.
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Figure 5 Venn diagram of rhizosphere bacterial (A) and fungal (B) communities in different treatment
groups.
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Figure 6 Effects of different treatment groups on rhizosphere soil phyla level microbial community. A:

Bacteria; B: Significant changes in the relative abundance of bacterial phyla; C: Fungi; D: Significant
changes in the relative abundance of fungal phyla.
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(Zygomycota, 5%—13%) 4 £5 Ab HL2H A iy 7
W], B 6D FW, ANRIEIRA P45 10
X F A 255, M T CK 4], CF4l.
BFF 2l BBF ZH42:45 T [ A0 AE D6 = B I 25 R AIK
(P<0.05), 23R T 7.00%. 7.70%F01 7.44%.
235 EAREYEFINRIRLIERKFE
ME B ER 0

K TA BoR T A TER KT B R 45
TN R T A 45 2 AT 1 (Rhodanobacter,
1%-10%) . 9 24 5 5 e 7 J& (Sphingomonas,
1%-3%) . B2 1§ 4 7% J& (Acidothermus, 1%-3%)
FIUME £E M 97 1 J& (Bradyrhizobium, 1%—4%)%
& 7B-7D R, TEAFEIRA, BT EE
FHUWFF T J& (Mucilaginibacter ) F11E A AR 9% B J& Y
AHX A 25 22 57(P<0.05) . AHELT CK 4,
CF #1. BFF #1fl BBF 2143 g &A% T B T
B AR 2, SRR T 8.88% . 13.79%FH
8.54%; [}, BFF 441 BBF 40 & E T 3K
FF 5 & A0S A AR TR 1 A 3 8 (P<0.05), 4%
SRR T 0.82%. 0.63%710.51%. 0.93%.

K 7E B T B TR KV B REE 454
F= 2L A1 6 R 42 45 B2 2K 7 J& (Cryptococcus,
10%—-39%) . #i#1%% )& (Mortierella, 1%—6%). &
il 7 B J& (Trichosporon, 1%—5%) #1 %t 7] # J&
(Fusarium, 1%—5%)3%. &l 7F-7TH £, 7EARR]
PR, BEEREJE . #EfE R A Gliocladiopsis
AR S BEA7AE B35 22 5 (P<0.05), T CK
41, BFF 411 BBF 210 46 & T FEK i JE A xT
FRE, AR T 28.59%7H1 24.98%; CF 41 . BFF
21 A1 BBF 410 %L 1 917615 1 Gliocladiopsis
FIAXTERE(P<0.05), il T 6.97% . 7.59%.
7.46%F1 12.30%. 9.78%. 12.37%.
2.4 RERE IR T R UM

fii [l FAPROTAX V-5 % 41 & L BB #EA T 43
FUERE, JFEECT SRR 10 B9 ThRESE G, 45

REH], TP A B ARSI RE A
1k BE 5+ 7 (chemoheterotrophy) . A % 4k fiE =+
(aerobic chemoheterotrophy) . 819 7 A= A Py sl 4t
A {K (animal parasites or symbionts) . & [#
(fermentation) . 24k 43 f# (cellulolysis). [l %l
£ H (nitrogen fixation) . FK %K 43 fi# (ureolysis) |
il ER i6 JF (nitrate reduction) . i &1 BN A=
Y (predatory or exoparasitic) . 4 4 N FF 4=
(intracellular parasites)& (I8 8A), FE4AALFEIZH
B, B E IR EE LS TARE R
(39%-43%) . f1ALHESTF7(38%43%) . SNHFF
Az A B A AR (2%-5%) K [V EUAE T (1%-7%)
. MHETF CK 4, BEMESMAY R
BFF Fl BBF & 1 E/EM, 25 1
4.46%H1 3.44%.

i F§ FUNGuild “F- & XF B RES T 743
Br, JFARE % B 0y O - A - 2 A R
(pathotroph-saprotroph-symbiotroph) . J& 4= 7l
(saprotroph) , Ji§4:-3E4: 7l (saprotroph-symbiotroph) |
HUH - 8 4 A (pathotroph-saprotroph) . 2 il
(pathotroph) . EtJ-H:4: Y (pathotroph-symbiotroph)
N34 A (symbiotroph)-£ K2 (F 8B), BR A4
KRR, 16 CK A, HEFLELUFER
(17.26%) F; TifE CF 41, BFF 44#1 BBF 4
W, LR SR U 3 A O - A - AR R
S0 H 34.14% ., 45.00%F1 37.30%. AHALT
CK 41, #ME 4 A Y7 BFF Hil BBF .3
P T BOR - AR - A R LT B AR R B, 430
P T 33.56%H1 22.87%; [ i 5 FRAK T I 4=
T SR G A - A Y BT AR R B, il e
ik T 8.83%. 14.80%% 7.54%. 7.43%.

3 Wik
B G 25 460 F1 4 (Bacillus aryabhattai)#% ) 72
IR — PR O PR R AR TR, A R
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X E

Figure 7 Effects of different treatment groups on rhizosphere soil genus level microbial community. A: The
relative abundances of the top ten genus of bacteria; B-D: Significant changes in the relative abundance of
bacterial genus; E: The relative abundances of the top ten genus of fungi; F—H: Significant changes in the
relative abundance of fungal genus.
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Figure 8 Prediction of function of rhizosphere bacteria (A) and fungi (B) in different treatment groups.
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