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Effects of strawberry root rot on rhizosphere bacterial
community structure and screening and identification
of strains with biocontrol potential

MENG Panpan'?, ZHAO Juan’, LIU Yayong?, LI Ying?, ZHANG Taotao’, WANG Jinhui'",
QIN Wentao®”

1 College of Plant Protection, Hebei Agricultural University, Baoding, Hebei, China
2 Institute of Plant Protection, Beijing Academy of Agriculture and Forestry Sciences, Beijing, China

Abstract: [Objective] We investigated the characteristics of rhizosphere bacterial communities of
healthy and root rot-infected strawberry plants across different plots, as well as their correlations
with soil physicochemical properties, aiming to discover and isolate beneficial rhizosphere bacteria
with significant inhibitory effects against strawberry root rot pathogens to support disease
management. [Methods] We utilized high-throughput sequencing combined with bioinformatics
analysis to elucidate the differential characteristics and influencing factors of rhizosphere bacterial
communities between healthy and diseased strawberry plants. Then, we employed the dilution plate
method and dual culture assay to isolate antagonistic bacteria. Subsequently, we determined the
taxonomic status of these beneficial strains by combining morphological observation with multi-
gene phylogenetic analysis. [Results] The bacterial community diversity varied across different
cultivation bases. Compared with that of healthy plants, the rhizosphere soil samples of diseased
strawberry plants from the Xinzhuang and Kangshou bases showed decreased bacterial
InvSimpson, Chaol, and Shannon evenness indices (P>0.05). Conversely, the rhizosphere soil
samples of diseased strawberry plants from the Taolin base showed increased InvSimpson and
Shannon evenness indices (P<0.05). Beta diversity analysis revealed that root rot significantly
altered the microbial community structure. The complexity and stability of the rhizosphere bacterial
co-occurrence network decreased in the diseased samples. Redundancy analysis indicated that soil
total organic carbon, available phosphorus, and total potassium were the primary physicochemical
factors shaping the bacterial community structure in strawberry rhizosphere. We isolated two
bacterial strains, N2-10 and N2-18, that exhibited significant antagonistic activity from the healthy
strawberry rhizosphere. The two strains demonstrated inhibition rates ranging from 55.6% to 62.2%
and 54.5% to 66.7%, respectively, against the tested strawberry root rot pathogens. We identified
strains N2-10 and N2-18 as Bacillus cereus and Bacillus velezensis, respectively.[Conclusion] We
clarify how root rot affects strawberry rhizosphere bacterial communities and identify two
beneficial rhizosphere bacterial strains with strong biocontrol potential. These findings provide a
theoretical basis and valuable strain resources for elucidating the mechanisms of strawberry root rot
and developing microbial-based green control technologies.

Keywords: root rot; rhizosphere bacterial community; antagonistic bacteria; biocontrol; strawberry
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Table 1

BEAR . B 3 A3 b 74 it SR AR 976 % 06 o
R o A 39 rpr S 6 0 30 40 1 A ROF 51 3 775 386
%, FHENEEARMST 53934 4. 1E 97% ML)
B~ R, PrfHEARSEERTE 11 002 4~ OTU,
RIET 43 M4BT, 38 159 44 399 H 640 F}
1258 J& 2909 Ff

3 A FH Hi RN IR B AFAR PR AN T o Z2FE 1
SIPTES IR R, SRR, S ERRRER
F b K 95 A RR AR PR 40 B InvSimpson, Chaol 1
Shannon evenness T8 4034 Fr N, H e
Hb & 995 B i /Y InvSimpson il Shannon evenness
TR AR R RE ) 25 5 1 35 (P<0.05), BhdkIE b
R FEAAY InvSimpson, Shannon evenness $5 4%
B A il W 2 42 5 (P<0.05) (18] 1)

T Bray-Curtis #5255 B4 9 32 5855 4 B
(PCAYZER IR, FARRARBRAS [FIAEAS 8] 40 R
GERAEAE B R (K 2). 3 ALY RE L FE
PCI1 (53.27%)5 PC2 (22.32%)F4 BRI A B 23 ] v
% [ %25, PERMANOVA f 8ot —3Fss, K~
Ivi) 35 b 1] 14 200 B0 % 445 40 22 Sk /K (RP=
0.809 23, P=0.001), iXFHASFEH A Fak 115+
JEIR B RAREAR PR A R 258 T R 2R
222 EERREEIMEARES ST

X A (1) 5 o i SR AR ARS J3 9 % 7 AR o 24

Physicochemical properties of strawberry rhizosphere soils from different bases

Soil properties XZ TL KS

TN/(g/kg) 2.90+0.45a 1.74+0.11b 1.91+0.22b
TP/(g/kg) 2.38+0.04c 3.09+0.16b 4.08+0.27a
TK/(g/kg) 19.39+0.08b 20.02+0.38a 19.4940.16b
TOC/(g/kg) 57.54+6.43a 31.02+2.14b 34.53+2.95b
AVK/(mg/kg) 651.67+27.54b 353.33+89.63¢ 798.334+35.12a
AVP/(mg/kg) 270.18+15.74b 294.34423.43b 367.63+17.52a
NH,"-N/(mg/kg) 3.29+0.09a 4.46+0.14a 4.16+1.17a
NO;™-N/(mg/kg) 4.35+0.70b 8.48+3.18b 17.17£2.69a
wWC 9.76+1.78b 13.99+1.3a 15.16+2.06a
pH 8.27+0.12a 8.01+0.25a 8.25+0.07a

The data in the table are presented as mean+SD; Different lowercase letters in the same row indicate significant differences among

treatment groups (P<0.05).
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Figure 2  Differences in bacterial community
structure in rhizosphere soil of healthy and root rot-
affected strawberries from different bases based on

PCA analysis.
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Figure 3 Relative abundances of bacteria in the rhizosphere of strawberry from different production bases at the
phylum (A), class (B), andgenus (C) levels.

x2 =AEMEBEERIRARER R LIMEMEAIMER

Table 2 Topological properties of co-occurrence networks of rhizosphere bacterial communities in strawberries
from three bases

Sample Degrees Degree Closeness Network Total Positive edges/% Negative

number centrality centrality density edges edges/%

XZH 20.2449.22 0.41+0.19 0.41+0.19 0.413 506 252 (49.80) 254 (50.20)
XZD 18.20+7.30 0.38+0.15 0.38+0.15 0.379 446 221 (49.55) 225 (50.45)
TLH 17.3945.83 0.36+0.12 0.36+0.12 0.362 426 206 (48.36) 220 (51.64)
TLD 16.64+3.59 0.34+0.07 0.34+0.07 0.340 416 201 (48.32) 215 (51.68)
KSH 16.16+2.81 0.33+0.06 0.33+0.06 0.330 404 199 (49.26) 205 (50.74)
KSD 15.9242.03 0.32+0.04 0.32+0.04 0.325 398 204 (51.26) 194 (48.74)

(Nitrolancea) F1 5% W J& (Variovorax), ~FIEHEML  SRELAFFEAMATIOR T, 45REW], RDA1
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Figure 4 Co-occurrence networks of rhizosphere bacterial communities in healthy and diseased strawberries
from three bases.
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Figure 5 LEfSe analysis of rhizosphere bacteria in healthy and root rot-infected strawberries from three bases.
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Figure 6  Redundancy analysis of rhizosphere

bacterial community structure and soil physicochemical
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Figure 7 Plate confrontation effects of two antagonistic bacterial strains against the pathogen of strawberry root

rot.
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3 EFRN2-10FIN2-183HE I R R EINE XX EEZ M

Table 3 Inhibition rates of strains N2-10 and N2-18 against tested pathogens and significance analysis

Strain number Fusarium proliferatum Fusarium oxysporum  Colletotrichum Colletotrichum siamense
gloeosporioides

N2-18 61.5+1.2a 58.2+1.5a 54.5+1.1a 66.7+0.9a

N2-10 59.5+1.3a 58.8+1.4a 55.6+1.2a 62.2+1.0a

Values followed by the same lowercase letter are not significantly different (P<0.05).
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99 AN2-10 (NMDCNO0009VFC NMDCNO009VEF)
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= KC990823 MW401277
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Morphological characteristics and multilocus phylogenetic analysis of two antagonistic bacterial
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Figure 8

strains. A: Colony morphology and Gram staining of strain N2-10; B: Colony morphology and Gram staining of
strain N2-18; C: Phylogenetic tree based on 16S rRNA and gyrB gene sequences. Numbers in parentheses are
GenBank accession numbers of the corresponding strains for 16S rRNA and gyrB; T: Type strain; A : Strains

isolated in this study; The scale bar indicates evolutionary distance.
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