2025, 65(2): 567-581 A 224
CSTR: 32112.14.j.AMS.20240566 Acta Microbiologica Sinica
DOI: 10.13343/j.cnki.wsxb.20240566 http://journals.im.ac.cn/actamicrocn

Research Article Bt &S

AL RBRARERRSRBHEMER MRER
[E & RE T

E'Hja 1,2,3#, /E—H-—H- 123#, ?%{EEI 123 I}iJ:XEJ 123 %%fj‘q\ 1,2,3, ﬁﬂij‘a 1,2,3,
4\\\';(]'»] 123"

1 FFFFMRRE ARl Rkt BRIBTL SFFFIIR
2 BT A D HH A AR BB L, BRI FF5FIR R
3 RIETTAAAED R AL PRI QF oG, BT SFFFIR R

AN, TEI507, AR, BROCH, WER, M a e, EENT . ZRAC e TR B -5 AR S A= ) 25 S SR e [ 2URE D) [J]. T
1%, 2025, 65(2): 567-581.

SHI Qing, WANG Fangfang, XU Weihui, CHEN Wenjing, CHANG Chunling, HU Yunlong, WANG Zhigang. Differences of
rhizosphere and root nodule microorganisms between early and late maturing varieties of Phaseolus vulgaris in northeast China and
nitrogen-fixing capacity of rhizobia[J]. Acta Microbiologica Sinica, 2025, 65(2): 567-581.

i 2. X & (Phaseolusvulgaris L)Z AR AETRZGRME L —, RIFMADEHEMN LR L
A, BRI HENERBMEROGETEZRE, Rin, fTH A 2 XA ME D AITHEDE K
HIEEHERL., [B)] 2 ¥ BHERESWRTFERBaHAAEEME RO LR, Hik
RBRA TR LB A AL AR, [FE] AR 16S RNA KB R FH AR, o 2 E2/IFL
RB@ME ) E7F; RAFRRKEFLARBE, FALRESL ZHKExT 11 HRAREE 69 B 5ok

A AZREIT L. [BR] EZZ MR FLEMAHLSIEMI IR TLEEE2, R
QAR ARG @ME ZHMEE S TRBES, b, X 2RERE % T ARE F & (Rhizobium).
¥ R E: ¥ R H B (Sphingomonas). 18 % & Ri& K H /E%(Burkholdena)#?ﬁ‘ B /&. &%, Rhizobium
A2 RERB Y RS EHE. Gephi WAL R, RIFLHRBEAAZZEMK, &by dl
7 75.52% #= 86.67%; PICRUSt2 ) A2 T 45 R AW, R ZARFR 0 @) B K F KA S . BIR B Aw
JERARMFIEFERSG, LEARSGHARMBARARFE. LAER 2HAB ALY,
Rhizobium lusitanum NZ5 #= R. etli GLJ10 2 Z 3 m T ¥ A £ 2 T F £, 4538 T 43.21% F=

WEHIUH . MOEILE 3 AR5 4 (JQ2023D001):  HE IR VL A4 44 & o 45 2 RS B AR Ak 55 9% (145309401);  FE VL4 4 &
AFHEAL P F5 T A BUNEERI 7SR 1T R (YQJIH2023099)

This work was supported by the Heilongjiang Provincial Natural Science Foundation (JQ2023D001), the Heilongjiang Provincial
Colleges and Universities Basic Scientific Research Business Fund (145309401), and the Heilongjiang Provincial Undergraduate
Colleges and Universities “Outstanding Young Teachers Basic Research Support Program” (YQJH2023099).

*These authors contributed equally to this work.

*Corresponding author. E-mail: wangzhigang@qghru.edu.cn

Received: 2024-09-14; Accepted: 2024-10-29; Published online: 2024-12-04



568 SHI Qing et al. | Acta Microbiologica Sinica, 2025, 65(2)

48.15%; R. lusitanum NZ5. R. etli GLZ1 #= R. changzhiense GLJ12 #t R Z ¥ mERZ X 2T F £,
SR T T7.37%. 68.42% #» 67.37%. [45i6] R LS FM M LR v R 2 M dd, AL
ARERE Z—ANEFWHE LR KA MBE %, BN TEARB A E L9 RABRGEZ57.

XA Ra; RIAES RBE; B RENRE

Differences of rhizosphere and root nodule microorganisms
between early and late maturing varieties of Phaseolus vulgaris
in northeast China and nitrogen-fixing capacity of rhizobia

SHI Qing*?*, WANG Fangfang®?%*, XU Weihui*?3, CHEN Wenjing'*®, CHANG Chunling*??,
HU Yunlong"?**, WANG Zhigang'***

1 College of Life Science and Agroforestry, Qigihar University, Qigihar, Heilongjiang, China

2 Heilongjiang Provincial Technology Innovation Center of Agromicrobial Preparation Industrialization,
Qigihar, Heilongjiang, China

3 Heilongjiang Provincial Collaborative Innovation Center of Agrobiological Preparation Industrialization,
Qigihar, Heilongjiang, China

Abstract: Phaseolus vulgaris L. is one of the key edible legumes in the world. Rhizosphere
microorganisms have mutually beneficial interactions with plants, being important factors
promoting crop growth and health. However, studies are limited regarding how to utilize the
microbiomes of legumes to promote crop growth. [Objective] To investigate the structural and
functional differences of microbial communities in the rhizosphere and root nodules between two
varieties (“Ziguan’ and ‘Juguan’) of P. vulgaris, screen rhizobial strains, and evaluate their
nitrogen-fixing and growth-promoting properties. [Methods] We employed 16S rRNA gene
sequencing to analyze the bacterial community structures in the rhizosphere and root nodules of the
two varieties. The rhizobial strains were screened by the plate streaking method. Pot experiments
with nitrogen-free vermiculite were carried out to evaluate the nitrogen-fixing performance of the
11 rhizobial strains screened out. [Results] The bacterial diversity in the rhizosphere soil of
‘Juguan’ was significantly lower than that of °Ziguan’, and the bacterial diversity in the
rhizosphere soil samples of both varieties was significantly higher than that in the root nodule
samples. In addition, the rhizosphere of P. vulgaris harbored beneficial bacterial genera such as
Rhizobium, Sphingomonas, Burkholderia, among which Rhizobium was dominant in the root
nodules of both varieties. Gephi network analysis showed that bacterial communities in the
rhizosphere and root nodules had positive correlations, with the relative abundance of 75.52% and
86.67%, respectively. PICRUSt2 function prediction indicated that the bacteria in the rhizosphere
mainly had the functions related to carbohydrate, amino acid, and lipid metabolism, with abundant
genes involved in nitrogen metabolism. Pot experiments showed that Rhizobium lusitanum NZ5
and R. etli GLJ10 increased the underground dry weight of ‘Ziguan’ by 43.21% and 48.15%,
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respectively. R. lusitanum NZ5, R. etli GLZ1, and R. changzhiense GLJ12 increased the
underground dry weight of ‘Juguan’ by 77.37%, 68.42%, and 67.37%, respectively.[Conclusion]
P. vulgaris possesses ability to selectively enrich a variety of microorganisms in the soil,
establishing a closely coordinated and highly functional microbial community in the rhizosphere.
Moreover, different rhizobial strains exerted varied growth-promoting effects on P. vulgaris.

Keywords: Phaseolus vulgaris L.; rhizosphere microorganisms; Rhizobium; nitrogen fixation;
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Figure 1 Alpha diversity and PCoA analysis of rhizobia bacterial communities. A: Analysis of alpha diversity
among different root nodules of Phaseolus vulgaris; B: Analysis of alpha diversity between the rhizospheres of
different Phaseolus vulgaris; C: Analysis of alpha diversity between nodules and rhizospheres; D: PCoA analysis
of bacterial communities in the rhizosphere soil of Phaseolus vulgaris. ZG stands for Phaseolus purpurea, and JG
stands for Phaseolus megalombis. * represents the level of significance between different varieties (*: P<0.05),
and *** in Figure C represents the significant between nodules and rhizosphere (***: P<0.001); The error bar
shows the standard error of four replicate pots.
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composition at phylum level; B: Bacterial community composition at genus level.
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Figure 3 Differences in rhizosphere bacterial communities between the two Phaseolus vulgaris L. (P<0.05).
A: Differences in bacterial communities at the rhizosphere phylum level; B: Differences in bacterial communities

at the rhizosphere level. *: Significance level (P<0.05).
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Figure 4 Co-occurrence network at the level of dominant microbiota in rhizosphere soil (A) and nodules (B) of
Phaseolus vulgaris. Node size indicates species abundance, different colors indicate the corresponding gate level
classification, line color represents correlation, red represents positive correlation, green represents negative
correlation, and thickness represents correlation value size; Draw connections between nodes that are
significantly (P<0.01, Spearman rank correlation test ) and highly correlated (Spearman |r|>0.70).
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