118—129 ok % ¥34% Ho5i
20254 5 A ACTA PRATACULTURAE SINICA Vol. 34,No. 5

DOI:10. 11686/cyxb2024255 http : //cyxb. magtech. com. cn
W, VPV, AR, SF O BRSNS VR A A AL L L AL 2, 2025, 34(5) : 118—129.
LI Xue-ping, XU Shi-yang, LI Jian-jun, ez al. Bacterial diversity and community structural changes in rhizosphere soil of naked barley disturbed by root

rot. Acta Prataculturae Sinica, 2025, 34(5): 118—129.

ERREFEREIEAESHIERBEEEHNTALNE

FEHLVUFHELFRE B ALT

L. HR A R R 2 B A Y AR T 0S8 B, H 220 73007052, 22 K2 B e b BH B 27 B, H R 224 730020)

T PR A E T, A A R AR B e S R T VR S AW UIAROC o Oy WIS BRARB R 9 A A o AR
P - S 2 B 20 P R R A R 2 AR TF 5 30 3o X H R R RORR i P T RR R DX AR e AT R G A A R AR
ANTR] K 993 26 75 BRAR B L BERE T, SR JH im0 T 42 D00 3R A5 O AR PR L S 20 T R S A% 15 L, 20 BT R R AR O
it COG HE R B AL R D aE o A5 2R 3, 5 BRAR B - 33 40 T 0 o 2 0 o 7, 29 20 R JBE vy, B 4 T 2 R AR o 200
TEVESEM o BERE i 5 R R0 504 T BRAR PR - M A0 B 30 9% 10 8 S a0, A RSB R, U5 e R AR i P L B BOK i
T BRI R0 3T, S () 0 o AR A A o R S e T U R B 5 AR T B T TR U R S T R R AR, S 4Rk
BT RRAT T 1] AU B T ) R 8 100 25 B0 1 1D A A AT S 5 20 AT B B AL SR v B, 2 PR M B R 2 FR AT R
it P SR B S 0T E 4 24 B0 T 2 AT T A A G T TR A X B Sl T R i R AR R ST AT S
Th g e W ARG T R P2 %5 AN Sl AT T AR B R RN T S AR T B e AR S T o T RRAR B e M A T S R e s ARt
e s I i e 2 AR B B R A M LR BT A R PR AR B S R R TR Y S B TR AR ) R A T AR £ S R AL
i BE Sk £ ORI 4 25 T R R P Y o U

SRERIR R MU BRI A5 W R AR s

Bacterial diversity and community structural changes in rhizosphere soil of naked
barley disturbed by root rot

LI Xue-ping', XU Shi-yang’, LI Jian-jun', QI Yong-hong"

1. Institute of Plant Protection, Gansu Academy of Agricultural Sciences, Lanzhou 730070, Chinas; 2. College of Pastoral Agriculture

Science and Technology, Lanzhou University, Lanzhou 730020, China

Abstract: The occurrence and spread of naked barley (Hordeum wvulgare var. nudum) root rot are known to be
closely related to the dynamics of the rhizosphere soil bacterial community. This study systematically investigated
naked barley root rot in fields of the Tibetan Gannan Autonomous Prefecture, Gansu Province, to clarify the
influences on the diversity and structure of the rhizosphere soil bacterial community disturbed by naked barley root
rot. Rhizosphere soil samples with different root rot incidences were collected, and genetic characterization of the
bacterial community was obtained by high-throughput sequencing. The structural dynamics and the diversity of the
bacterial community were thus analyzed. Additionally, the various bacterial functional genes were annotated using
COG databases. The results revealed a rich and evenly distributed bacterial species composition in the rhizosphere

soil of naked barley, which comprehensively mirrors the bacterial community structure of the samples. The bacterial
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community of healthy samples was closest to samples with 5% incidence of root rot. Additionally, as the incidence
rate of root rot increased, the bacterial communities diverged more significantly from those of healthy samples. The
number of bacterial species in diseased rhizosphere soil samples increased initially and then decreased, as the root rot
incidence increased. Also, the relative abundance of Proteobacteria initially increased and then decreased with
increased root rot, incidence, while a contrasting trend was observed for Chloroflexi, Acidobacteria, Bacteroidetes,
Actinobacteria and Gemmatimonadetes. Similarly, the relative abundance of Bacillales, Nitrospirales, and their
commonly-present families Gemmatimonadaceae, Bacillaceae, Nitrospiraceae, as well as the genera
Gemmatimonas, Bacillus, and Nitrospira, including Bacillus simplex, showed an initial increase followed by a
decrease. Conversely, the relative abundance of Acinetobacter calcoaceticus and Stenotrophomonas rhizophila
initially decreased and then increased. The abundance of functional genes related to bacterial amino acid transport and
metabolism, transcription, lipid transport and metabolism, posttranslational modification, protein turnover,
chaperones in the rhizosphere soil of naked barley decreased due to the occurrence of root rot, while the abundance of
genes involved in signal transduction mechanisms and energy production and conversion increased.

Key words: naked barley; root rot; community structure; species diversity; high-throughput
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Table 1 Bacterial diversity indexes in rhizosphere soil of naked barley with different root rot incidences

B WRZEME REEMITRIER O WRRERE AOREREAE T FHAI
Samples PD _whole _tree Chaol Goods _coverage Observed _species Shannon index Simpson index

AH 54.95 1975. 18 0.96 1598. 00 9.25 0.99

AR, 54.70 1892. 30 0.97 1598. 60 9.32 0.99

AR, 54.52 1889. 42 0.97 1597. 20 9.26 0.99
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AR, 54.67 1926. 21 0.97 1608. 90 9.37 0.99
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Fig. 2 Bacterial species richness and evenness in rhizosphere soil of naked barley with different root rot incidences
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Fig. 4 Bacterial community structure at phylum and class level in rhizosphere soil of naked barley with different root rot

incidences
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Fig. 5 Community structure of bacteria at order and family level in rhizosphere soil of naked barley with different root rot

incidences
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Fig. 6 Bacterial community structure and correlation analysis at genus level in rhizosphere soil of naked barley with different
root rot incidences

o, R[] J& 8] A 56 Mk % B % (P<C0.01) The correlations among different genera are extremely significant (P<20.01); *. A [a] J& [d] 4 56 o i & (P<<
0.05) The correlations among different genera are significant (P<<0.05).
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Fig. 7 Bacterial community structure at species level in rhizosphere soil of naked barley with different root rot incidences
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Fig. 8 Functions of the annotated bacterial genes in rhizosphere soil of naked barley with different root rot incidences

AH %t 3= ¥ Relative abundance (%)

ENENEND
pn
]

EERERERN
<ENWFOZ
S
*EEmQ

3 itie

FE W) AR B 2 ) 2 Rk B RE TR 25 K S i 5 HAE R E M R A S R R R — R B AR PR A ) 2 R
TR G R AT 2 DU R AR R A S I fe B A R AR B g Y AR RO R BT BRAR B R & R B e R v, 4 4
AT REVE OT Us Bifi & 55 256 10 T = 2 S 38 i J5 eIt 38 o o0 LR BT, 2 AR s % s A 0 e DA oI5 2 i &
AR I 590 40 T 0 577 0 ML o), A1 ol 473 35 T 22 00 S0 40 1 LA 084 I 02 0 T 6 5 A 1) R R R AN o 22 R 9 T 1K A
g B AR 2 (A () 400 B 28 BTG BB 0 A — L 38 40 B s 81 R B T 8 A0E ol 3 4 o 5 L AR R - 9 A S A SBfl 4
HREVE ZREVERRAR a5 Jefig ™ AL 1] (Proteobacteria) 4% 25 1 ] (Chloroflexi) B2 #T i I ] ( Acidobacteria)
FLFT B 1] (Bacteroidetes ) |32 434 T 45 Fh Az i, 7E AT MR AR PR - 396 5% 40 8 6 A i AR op % 9 25 S B4R, i
MR LAY RE M EEIRGES SR IEASRE ™ . LR ] (Actinobacteria) | 2 2 il 1 ]
(Gemmatimonadetes ) "1 2 £ 41 B 28 B 2L AT 40 i+ A5 905 SR 2B A AL HE S SRR BUR MRS AR BIFSRE
KB, T TR T ART = E E AR TS o 2 03 3 T o S 0 o i AR, T 4 T R TR T AUORT BT R R T R 2
JLTR 1A X = B AR A A B2 o FLHLEE T B A « 78 950 JR (2 Y 1, 5 D Oy o ol B K R B R A 3R L I A RE A B
Ry FR ARG S AR G R DR AR I PR A AT B T4 O 32 R SE T AR B R AR AL M AR S BT 0 R AR YA AR
VB TR R AR R A B TR 1) B0 A0 TR L R A 1) 2 R TR ) R A L e SR e A AR P T, Sk
DETT RRFF A T R BR TR B B R R . (R A T L 2E ST 1) 40 TR R B AR A B, L R R
SN R I R AR . R AR AR AR B e RN T AR R O R 2 20 06 IR BT RS TR T U B DL A R AR
A, A TR B TV A B R 08 IR A N W A T I T o T R AT BRI BBUAT BT 1D R R TR 1D AR R S R A
AH A D PH AT B R e T A PR D ASTE B AR T S RRAT R T T TR ) 2 R R ) S 2R M
ZIRAEA — e e BT BT R T TR 8 1) 2 8] SRR B ] BT B8 1] 2F BB 1] Z IR AP — 5
AN . 2)98 T AE AZ Y AR PR RS R T AR R R 1] VAR )40 e A RUR R a2 T 4 R
LW B

AW ST % B 75 BRI -+ 398 P 5 15 B 8 74 H (Sphingomonadales) 35 15 2 B+ ( Sphingomonadaceae ) | #5 i #.
J B )& (Sphingomonas ) ¥ %t = B 349 Ry fic i, 3 T A 2 PR o G EL A oo 30 1) A1 i 80 4 ML ol 0 356 81 90 4 BB 7, 70 7 BRAR
B - 18 41 T T V5 T Ak R 5 A S A [ R D I HG A 2 R R B T A i IR B I XA i A 2R S AR
T i 32 AR B AR A R R ek S R K 2R AT I H (Bacillales) AHE B H (Pseudomonadales)



126 ACTA PRATACULTURAE SINICA(2025) Vol. 34,No. 5

Y LA WS 25 R MRS IR P A K o R R G A AR AR Y 8 SR AL RE T AR Th 2R AT TR H
FVE R TR H AE S ) R 00 7 BRAR R A 38 b A 0 T B AR AL AR — 0, M AR 2 B IR AR e AR R A S R A A
JIt T A R X = 3 B 2 99 6 T v A Wik 3, AT R ER T R R S R R A A R R R 45 R 1 T e b R F
WD SRR R RO o S — 7 T AT WE S I AT R B R B R E b O R XA ) AR K R B IR AR
BTN, 554330 Rg 5 R AR W0 AR B 99 0 & A, s vl e 2 JL rP A 25 1R BF 5 A 3 TR R ) S DB 2l 25 1 467 LA 3 I & 6 T
FREE A 45 1Y 28 B B AL (Gemmatimonadaceae) | 25 #1 4T & £ (Bacillaceae) | il 1k #2 i€ i £ ( Nitrospiraceae ) Bk
WEX Y ALK ET AR F 252 H A I AN A 25 R AR A A FE R 5 B R—
—Xf . 1Y) 2F B TR ( Gemmatimonas) 2F HUFF & (Bacillus) GE LR 5E B & (Nitrospira) A0 2 H AT F5HUAR E
o o S AR R AL O . AR SY  BE LR B | A B R R T A X o AR R A — B, e T R R
G, U8 W BRI 6 1 & A R AR T AR PR A A AR R A LR T T | R X T R AR T 5 1Y
TR ERARE AR AR E S YR EF S EE - ERER SR RARN R BB AR BB AR
TR DR B AR PE T I SRR PR - 540 A R VR T A AR T R R

it 2 55 S Sl AT T T L 5 7 P T 6T B 2 R AT O 22 L (R R AR W 2B K R PR, L B 2F AT TR R HL A B IAR
VED)HR B o5 1 T g+ RO R, AR 53 v S 2 5 S Sl AT DA AR S 7 B T R TR B 2 R T TR T RRAR AR
I 48 v = B T TR R TR R S N B R TR L R R A M D AR X S R B R R SRR AR S T, S R R 2R
FETR S AU AR S, 33X AT AE B T 7 BRI R 09 1 & AR A 075 T TR S 2F T TR S R 8 VA 800 TR R 1Y A AR X
9o L AR R A A A S A B 1) YA N S 2 R . (H R R R T R 9 A A DT 2 S o ¢ O ) AN gt B
T 3 A, 3CTRT B 2R FRAT PR A5 2 PP SE R AIC . rl ST L, DA RRAR T 9 s SR A AR P B Ak ) AR B A g
BT Ui e A S HL A = R0 A A A B4 T B8 TR K 5 [R) R 38 A it FH 2% 288 AR A TR A TR ) T RE G R AR B 4 4
BB A A 5 T T A B IR T RRAR R &R e B S AR BLRAT TR i — 2B E S R E

4 &R

TR 5 1) A A AR B 1 HE A0 B 2 e 1k SR TR dh A 3 A T OR IR R B 0 AR A, AL R SR R LR
R R, AR A 0 22 SRk . Hodp AR JE 1 1] (Proteobacteria) FlZE AT B H (Bacillales) | fi§ £k 18 i€ i H
(Nitrospirales) , 2f B il B§ £} (Gemmatimonadaceae ) \ 2f i #T 5§ B ( Bacillaceae) | it £k 12 Ji€ B £ ( Nitrospiraceae ) , 2§
i & (Gemmatimonas) KT B & (Bacillus) A8 AL IR TE H J& (Nitrospira) , & H 28 f AT B 45 A0 X 32 52 Bl & 9
RIS TE E AR R 2855 B 1] (Chloroflexi) (BRFT i '] ( Acidobacteria) (U FT 5 1] ( Bacteroidetes ) il £k
B '] (Actinobacteria) f1 2F 51 g 1 ] ( Gemmatimonadetes ) S [ifs 2 45 AN 2 FF 187 L 8 A S 3% 50 M0 17 258 AR 0T 3 8 D 22 o
REA S T v e A A o 7 BRAR P 498 A 1 2 5 1R B as AT e ik PR Dy e s A SRR S 1 L B 1 B AT S R
PR B A5 2 e 5 DR A S B DR T v 1) R A T RIS, A5 5 B S ML L e S A BRI 2 4o 45 )y i R DAL 1 = B U T e
IS R T TR G 4 7 3 SR e B 5 PT B R B

5 % ik References:

[1] LiX P. Naked barley root rot diseases and influence on its rhizosphere microecology in Qinghai-tibet plateau, China. Lanzhou:
Gansu Agricultural University, 2017: 1—3.
M e AT BRI S0 S H AR PR S A A S R L 2 HR RO R, 2017 13,

[2] LiMJ, Shan L., Tong L. T, et al. Effect of pearling on composition, microstructure, water migration and cooking quality of
highland barley (Hordeum vulgare var. Coeleste linnaeus). Food Chemistry, 2022, 395: 133581.

[3] Gong W F, Wei L P, DuJ, ez al. Structure and diversity of the bacterial community in the rhizosphere of highland barley in
Xizang. Acta Microbiologica Sinica, 2023, 63(10): 4034—4050.
DUSCWE, BRENAE, LA, AR . VU BRAR PR AN G A A R AR . SR, 2023, 63(10) : 4034—4050.

[4] LiXP,XuSY, Wang X M, et al. Field survey and pathogen identification of naked barley root rot in Qinghai Province. Journal
of Plant Protection, 2021, 48(4): 757—765.



534 B 5 W Fll2F 3 2025 4 127

[7]

(8]

[9]

[10]

[14]

[17]

[18]

[19]

[20]

[21]
[22]

(23]

[24]

FENE, VPHIETE, VRS, S A TR U A RO A . AR P AR, 2021, 48(4): 757 —T765.
LiX P, LiuMJ, XuS Y, etal. Investigation and pathogen identification of common root rot of Qingke barley ( Hordeum vulgare
var. nudum). Acta Prataculturae Sinica, 2021, 30(7): 190—198.
BN, XA, VRIEVE, AF L TR E AR R Y M A S A . Bk AR, 2021, 30(7): 190—198.
LiXP, LiMQ, XuSY, eral. Pathogens identification and pathogenicity analysis of Fusarium root rot on naked barley. Journal
of Triticeae Crops, 2022, 42(9): 1149—1161.
IV, AL, VPR, AL 5 RIS AR I e e SR E B BOR A T . AR ER, 2022, 42(9): 1149—1161.
XuSY, LiXP, LiuMJ, et al. Study on the screening of disease prevention pesticides for naked barley root rot. Journal of Cold-
Arid Agricultural Sciences, 2023, 2(5): 458 —463.
VRHETE, 2R, XM, . T BRAR BN B A 2550 Bl e BF 5 . JE AR R, 2023, 2(5) : 458 —463.
XuSY, LiMQ, Liu M, er al. Screening of highland barley root rot resistant varieties. Gansu Agricultural Science and
Technology, 2022, 53(3): 25— 30.
VR, 2B, XM, 45 . BRARE R BUIE M AR R 2t . R AR, 2022, 53(3): 25— 30.
XuSY, LiMQ, LiuMJ, et al. Screening of bacteria with biocontrol effects against naked barley root rot accompany with plant
growth-promoting properties and the biocontrol effects of the bacterial inoculant. Microbiology China, 2022, 49(7): 2575—2586.
VRURTE , 2RO, XM G, 2 . 75 BRAR BN B0 018 2 200 1 A O 56 S L0 By 28 . U o alale , 2022, 49(7) : 2575—2586.
Yang Z, Dai C C, Wang X X, er a/. Advance in research on rhizosphere microbial mechanisms of crop soil-borne fungal
diseases. Acta Pedologica Sinica, 2019, 56(1): 12—22.
W, W, £, S MEY T B RN R A R BRRCE W PRI PR BE . IR, 2019, 56(1): 12— 22.
Ling N, Wang T, Kuzyakov Y. Rhizosphere bacteriome structure and functions. Nature Communications, 2022, 13(1): 836.
De Corato U. Soil microbiota manipulation and its role in suppressing soil-borne plant pathogens in organic farming systems
under the light of microbiome-assisted strategies. Chemical and Biological Technologies in Agriculture, 2020, 7(1): 17.
LiuJ W, Li X Z, Yao M J. Research progress on assembly of plant rhizosphere microbial community. Acta Microbiologica
Sinica, 2021, 61(2): 231—246.
XEAG, 22, R . AR BRI IS A R B FE R e . B Y oA, 2021, 61(2) : 231— 246,
XuSY, LiXP, LiMQ, et al. Effects of root rot disease at seedling stage on bacterial community structure in the rhizosphere
soil of naked barley. Grassland and Turf, 2023, 43(5): 120—128.
VRIS, 2T, 2RO, A R UDAR IR 0 AR B AT T U A R B S e . IR RERR 2023, 43(5): 120—128.
Shi X, Zhao Y, Xu M, ez al. Insights into plant-microbe interactions in the rhizosphere to promote sustainable agriculture in the
new crops era. New Crops, 2024, 1: 1—17.
Fang Z D. Research methods of plant pathology. Beijing: China Agriculture Press, 1998: 6—18.
Jrefak . ARSIk . dest: R E O RRAE, 1998 6—18.
Bolger A M, Lohse M, Usadel B. Trimmomatic: a flexible trimmer for Illumina sequence data. Bioinformatics, 2014, 30(15):
2114—2120.
Magoc¢ T, Salzberg S L. FLLASH: fast length adjustment of short reads to improve genome assemblies. Bioinformatics, 2011,
27(21): 2957—2963.
Caporaso J G, Kuczynski J, Stombaugh J, ez al. QIIME allows analysis of high-throughput community sequencing data. Nature
Methods, 2010, 7(5): 335—336.
Edgar R C, Haas B J, Clemente J C, et a/. UCHIME improves sensitivity and speed of chimera detection. Bioinformatics,
2011, 27(16) : 2194— 2200.
Rognes T, Flouri T, Nichols B, ez al. VSEARCH: a versatile open source tool for metagenomics. Peer], 2016, 4: e2584.
Wang Q, Garrity G M, Tiedje J M, et al. Naive Bayesian classifier for rapid assignment of rRNA sequences into the new
bacterial taxonomy. Applied & Environmental Microbiology, 2007, 73(16): 5261—5267.
Desantis T Z, Hugenholtz P, Larsen N, ez al. Greengenes, a chimera-checked 16S rRNA gene database and workbench
compatible with ARB. Applied &. Environmental Microbiology, 2006, 72(7): 5069—5072.

Langille M G, Zaneveld J, Caporaso J G, et al. Predictive functional profiling of microbial communities using 16S rRNA marker



128

ACTA PRATACULTURAE SINICA(2025) Vol. 34,No. 5

[25]

[26]

[27]

[28]

[29]

[30]

[34]
[35]

[37]

[38]

[39]

[40]
[41]

[42]

gene sequences. Nature Biotechnology, 2013, 31(9): 814—821.

Zhang J, Wei Z, Chen J. A distance-based approach for testing the mediation effect of the human microbiome. Bioinformatics,
2018, 34(11): 1875—1883.

Santoyo G. How plants recruit their microbiome? New insights into beneficial interactions. Journal of Advanced Research,
2022, 40: 45—58.

Qi Y H, Cao SF, Li X P, et al. Study on the relationship between root rot disease and nutrient content, enzyme activity and
microbial quantity in rhizosphere soil of naked barley in Lintan County, Gannan State. Acta Agrestia Sinica, 2018, 26 (4) :
877—884.

BOKEL, BRI, FHN, 5 RN G 25 BUR PR 1 5 57 00 & i NS VR RO W B S AR R R G R AT . R
2, 2018, 26(4): 877—884.

Liu H, Dong Y H, Shen M C, et al. Characteristics of rhizosphere microbial communities in a disease suppressive soil of tomato
bacterial wilt and its disease-suppressive transmission mechanism. Acta Pedologica Sinica, 2022, 59(4): 1125—1135.

XYL, TR, BRI, S T R 00 b AR B W T R R AR B A R P AL ML . R R, 2022, 59(4) .
1125—1135.

Sharma V, Vashishtha A, Jos A L M, et al. Phylogenomics of the phylum Proteobacteria: Resolving the complex
relationships. Current Microbiology, 2022, 79(8): 224.

Xian W D, Zhang X T, Li W J. Research status and prospect on bacterial phylum Chloroflexi. Acta Microbiologica Sinica,
2020, 60(9): 1801—1820.

B SCAR, SRUNRE, 2230y . ST BUR KRB . Rl SR, 2020, 60(9): 1801—1820.

Wang G H, LiuJJ, YuZ H, ez al. Research progress of Acidobacteria ecology in soils. Biotechnology Bulletin, 2016, 32(2) :
14—20.

Fobse, XRA, T, & LA R TGRS AT R . Y HORER, 2016, 32(2): 14—20.

Pan X, Raaijmakers J M, Carrion V J. Importance of bacteroidetes in host-microbe interactions and ecosystem functioning.
Trends in Microbiology, 2023, 31(9): 959—971.

Yang Y, LiH L, MaK L, er a/. Actinomycetes and their metabolites: visual analysis based on CiteSpace. Acta Microbiologica
Sinica, 2022, 62(10): 3825—3843.

Wb, 2R sE, UL, S R B R AR O 5 T — B T CiteSpace WML A3 AT . BUAE W 24, 2022, 62(10) -
3825—3843.

Mujakic I, Piwosz K, Koblizek M. Phylum Gemmatimonadota and its role in the environment. Microorganisms, 2022, 10(1): 151.
LiuH, Wei L L, Zhu L F, er al. Research progress of Sphingomonas. Microbiology China, 2023, 50(6): 2738—2752.

X, B, RE, % SHE R MR AP SIEE  BUE YaEd, 2023, 50(6) : 2738—2752.

Liu G H, Liu B, Wang J P, ez a/. Advances in taxonomy and application of Bacillus. Microbiology China, 2017, 44 (4) :
949—958.

XL, XV, EBF, 5. ZFMFF R 285 ROHBE IR . BUEY#id i, 2017, 44(4): 949—958.

Zhou Y F, Bai Y S, Yue T, ez al. Research progress on the growth-promoting characteristics of plant growth-promoting
rhizobacteria. Microbiology China, 2023, 50(2): 644—666.

JAEWL, AR, B, . AW AR PR IR AR AR A REIE R SR R R . RUE AR L 2023, 50(2): 644—666.

Wu H M, Sha B C, Zhang J Y, et al. Effects of bacterial root rot on photosynthetic characteristics in Panax notoginseng.
Chinese Journal of Eco-Agriculture, 2020, 28(11): 1739—1752.

UL, VA, skaie, 4. AN PEARIE W =B B R R sz . b A S RO A 4, 2020, 28(11) ¢ 1739—1752.
Boussageon R, Sportes A, Lemaitre J P, es al/. A bacillaceae consortium positively impacts arbuscular mycorrhizal fungus
colonisation, plant phosphate nutrition, and tuber yield in Solanum tuberosum cv. Jazzy. Symbiosis, 2023, 89(2): 235— 250.
Daims H, Lebedeva E, Pjevac P, ez al. Complete nitrification by Nitrospira bacteria. Nature, 2015(528): 504—509.

Sun Y, Wang M, Mur L. A J, ez al. Unravelling the roles of nitrogen nutrition in plant disease defences. International Journal of
Molecular Sciences, 2020, 21(2): 572.

Huang C, Jiang L, Liang Y P, ez al. Acinetobacter calcoaceticus promotes the seedling growth of Lespedeza daurica under



534 B 5 W Fll2F 3 2025 4 129

[43]

saline-alkaline stress. Acta Microbiologica Sinica, 2023, 63(8): 3264—3278.

BOEL, AR, RN, S BERRAS R ST 0 UM 0 T 3k 5 R A ROV T SE . BRI A4, 2023, 63(8) : 3264 —
3278.

Wu W, Zhang P F, Zhang G P, et al. Screening, identification and growth promoting characteristics of high efficient organic
phosphate-mineralizing bacterium from rhizosphere soils of Forsythia suspensa. Journal of Southwest Forestry University
(Natural Sciences), 2018, 38(3): 93—100.

S, RIS C, SREERE, AF . AR B O A DL AN R B o 8 R AR KRR IR SY . BE R AR R AE R R (A SRR
2018, 38(3): 93—100.

Song M, Yun H'Y, Kim Y H. Antagonistic Bacillus species as a biological control of ginseng root rot caused by Fusarium cf.

incarnatum. Journal of Ginseng Research, 2014, 38(2): 136—145.



