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Screening, identification, and control efficacy evaluation of
biocontrol strains against maize stalk rot caused by
Fusarium graminearum
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DONG Jingao"**

1 State Key Laboratory of North China Crop Improvement and Regulation, Hebei Agricultural University, Baoding,
Hebei, China
2 Key Laboratory of Plant Physiology and Molecular Pathology, Baoding, Hebei, China

Abstract: Maize, an important food crop in China, directly affects national food security. In recent
years, due to climate change and shifts in farming practices, maize stalk rot has become a major
threat to maize production in China. [Objective] To screen and identify biocontrol bacterial strains
against maize stalk rot, determine their optimal fermentation process, and develop eftective
bacterial agents, thereby providing theoretical support and a material basis for constructing a novel
green prevention and control technology system. [Methods] Antagonistic bacterial strains against
Fusarium graminearum were screened through a combination of dilution coating and plate
confrontation methods. Candidate strains were identified through molecular biological techniques
combined with physiological and biochemical characterization. Fermentation conditions were
optimized via single-factor experiments, and seed coating agents were developed with the selected
biocontrol bacteria. Indoor pot experiments and outdoor field plot trials were carried out for the
biocontrol bacteria to systematically evaluate their maize growth-promoting effects and control
efficacy against maize stalk rot. [Results] Two biocontrol strains, HS104 and HS107, with
inhibition rates of approximately 70.00% against F. graminearum, were successfully screened out
and identified as Bacillus velezensis. Both strains exhibited broad-spectrum antagonistic activity
against major maize pathogens, including F. verticillioides, F. oxysporum, and Bipolaris maydis,
with inhibition rates of around 60.00%. After optimization of fermentation conditions, indoor pot
experiments showed that HS104 and HS107 not only significantly promoted maize growth but also
achieved the control efficacy of 75.00% and 71.00% against maize stalk rot, respectively. The seed
coating agents developed with the selected biocontrol bacteria performed well in field trials,
significantly promoting maize growth and achieving the control efficacy of 63.93% and 77.33%
against maize stalk rot, respectively. Moreover, they increased the yield of susceptible plants by
8.20% and 9.20%, respectively, compared with the control. [Conclusion] Strains HS104 and
HS107 possess multiple excellent traits, including broad-spectrum antifungal activity, strong plant
growth-promoting effects, and high disease control efficacy, demonstrating broad application
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prospects in the biocontrol of maize stalk rot and the enhancement of crop yields.
Keywords: maize stalk rot; Fusarium graminearum; Bacillus velezensis; seed coating agent;

biocontrol
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Figure 1

Antagonistic effects and inhibition rates of strains HS104 and HS107 against Fusarium graminearum

and other pathogenic fungi on plates. A: Antagonistic effects of biocontrol strains HS104 and HS107 against four

pathogenic fungi of maize; B: Inhibition rates of biocontrol strains HS104 and HS107 against four pathogenic

fungi of maize.
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Bacillus subtilis (WP_148964433)
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95— Bacillus badius (WP_063384344)
N Bacillus wudalianchiensis (WP_065409923)
Bacillus ectoiniformans (WP_204558136)
Bacillus benzoevorans (WP_184529558)
87 Bacillus tuaregi (WP_071396724)
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98- Bacillus thuringiensis (WP_086421857)
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Figure 2  Identification of strains HS104 and HS107. A: Colony and microscopic morphology of biocontrol
strain HS104 (bar=2 pm); B: Colony and microscopic morphology of biocontrol strain HS107 (bar=2 pm); C:
Phylogenetic tree constructed based on 16S rRNA; D: Phylogenetic tree constructed based on rpoB gene
sequences. Numbers in parentheses are GenBank accession numbers; The bootstrap values are shown at the node;

The scale bar indicates 0.010 and 0.050 substitutions per nucleotide position.
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=1 FFRHS104F0HS107804 B4 143

Table 1 Physiological and biochemical characteristics
of strains HS104 and HS107

Determination index Characteristics Characteristics

of strain of strain
HS104 HS107
Methyl red determination ~ + +
VP assay - -
Indole test -
Utilization of citrate +
Nitrate reduction +
Starch hydrolysis + -
Hydrogen sulfide - -
production
Glucose catabolism + +
Lactose catabolism + -

+ indicates that the reaction result is positive; — indicates that

the reaction result is negative.
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Figure 4 Effects of strains HS104 and HS107 on maize in indoor trials. A: Pot experiment phenotypes of HS104
and HS107 in the laboratory (bar=30 cm) and statistical charts of plant height, stem diameter and fresh weight; B:
Stem lesion phenotypes (bar=5 cm) and statistical chart of lesion area. * means significant difference at P<0.05,
** means significant difference at P<0.01, *** means significant difference at P<0.001, and ns means no
significant difference.
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Figure 6 Effects of strains HS104 and HS107 on maize in field trials. A: Disease spot phenotypes of field-
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P<0.05 level, ** means significant difference at P<0.01 level, *** means significant difference at P<0.001 level

and ns means no significant difference.
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