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Combined application of brassinosteroid and Metschnikowia
pulcherrima against controls Botrytis cinerea on grape berries

QU Jiayan, ZHOU Runyu, WANG Xiao, XIE Jiashu, XI Zhumei', WANG Xuefei’

College of Enology, Northwest A&F University, Yangling 712100, Shaanxi, China

Abstract: [Background] The yeast for biocontrol is characterized by rapid growth, strong stress
resistance, and absence of antibiotic production. However, their biocontrol effects are easily influenced
by environmental conditions. Brassinosteroid (BR) regulates the balance between plant growth and
stress response and efficiently controls the occurrence of gray mold (Botrytis cinerea) on grape berries.
[Objective] To investigate the effect and mechanism of Metschnikowia pulcherrima combined with BR
in controlling B. cinerea on grape berries, and to provide a theoretical basis for the development and
application of new biocontrol agents. [Methods] The berries of ‘Red Globe’ grape were treated with M.
pulcherrima PO1C004 (Y), PO1C004+BR (YBR), and P01C004+brassinazole (YBZ), respectively. The
spore suspension of B. cinerea was inoculated on the grape berries 6 h after the Y, YBR, and YBZ
treatments. The efficiency of disease control, the activities of antioxidant enzymes, and the content of
13 phenolic compounds were evaluated 7 days after the inoculation of B. cinerea. qRT-PCR was
performed to quantify the expression of the genes related to BR signaling pathway and pathogenesis
under different treatments. [Results] Compared with Y treatment, YBR increased the control efficiency
against B. cinerea by 23.64% and significantly improved the activities of polyphenol oxidase in grape
berries. YBR significantly increased the content of chlorogenic acid, protocatechin, caffeic acid,
epicatechin, and apigenin, and activated the rapid synthesis of phenols 2 days after inoculation. YBR
activated the BR signaling pathway and up-regulated the expression levels of genes VvBZR1 and VvPRI
at the time point of 48 h, which sustained the plant immunity and induced strong defense responses of
grape berries to the pathogen. [Conclusion] The combined application of M. pulcherrima and BR
triggered multiple defense mechanisms of grape and improved the control efficiency against B. cinerea

on grape berries, demonstrating a promising prospect in the postharvest disease control.
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Table | Primers used in this study

Primer name Primer sequences (5'—3")

VvSTS-F TTAGAAACGCTCAACGTGCCAAGGG
VvSTS-R AATCAGCATAATCAGACTGGTAGAC
VvPR1-F ACTTGTGGGTGGGGGAGAA
VvPRI-R TGTTGCATTGAACCCTAGCG
VvBZR1-F GCCTAAGCACTGCGACAACA
VvBZRI1-R ATCCATGCGTTCCACAGGTT
VvActin-F TCGGAACAGGACGGTTCAAGTGCC
VvActin-R TCCTTCGCCAGCCTATCAGCCAAG
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Figure 1 The disease diameter on grape berries
treated with Metschnikowia pulcherrima and
brassinosteroid after 7 day-inoculation of Botrytis
cinerea. Error bars in figure represent standard
deviation, and different letters indicate significant
difference (P<0.05) among treatments at the same
time.
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Figure 2 Effects on the activities of peroxidase (A) and polyphenol oxidase (B) enzymes in the Red Globe
grapes of different treatments after Botrytis cinerea inoculation. Error bars in figure represent standard
deviation, and different letters indicate significant difference (P<0.05) among treatments at the same time.
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Table 2 The effects on the components and contents of the monomeric phenolic compounds in the Red
Globe grapes of different treatments after Botrytis cinerea inoculation

Monomeric phenolic Days after Content/(pg/g)
compounds treatment CK Y YBR YBZ
Chlorogenic acid 2 0.16+0.01b 0.21+0.08ab 0.26+0.03a 0.14+0.06b
4 0.09+0.06a 0.15+0.01a 0.09+0.07a 0.14+0.02a
Gallic acid 2 0.09+0.02a 0.04+0.03a 0.12+0.01a 0.11+£0.03a
4 0.02+0.02b 0.17£0.27a 0.07+0.08ab 0.10+0.03ab
Protocatechuic acid 2 1.15+0.14b 1.09+0.47b 2.22+0.56a 1.19+0.56b
4 0.51£0.39a 1.06+0.08a 0.58+0.49a 1.04+0.26a
Ferulic acid 2 0.04+0.00bc 0.08+0.03a 0.06+0.01ab 0.03+£0.01¢
4 0.02+0.01a 0.04+0.01a 0.03+0.03a 0.03+£0.01a
Caffeic acid 2 0.03+0.00b 0.04+0.04b 0.08+0.02a 0.04+0.02b
4 0.03+0.02a 0.05+0.00a 0.03+0.03a 0.03+£0.01a
Resveratrol 2 0.08+0.03a 0.14+0.07a 0.08+0.02a 0.08+0.03a
4 0.05+0.04a 0.11£0.05a 0.09+0.08a 0.03+£0.01a
Trans para coumaric acid 2 0.01+0.00a 0.01£0.00a 0.00+0.00a 0.00+0.00a
4 0.01+0.00a 0.01+0.00a 0.00+0.00a 0.00+0.00a
Kaempferol 2 0.09+0.03a 0.07+0.02a 0.11+0.02a 0.08+0.02a
4 0.05+0.03a 0.09+0.03a 0.09+0.06a 0.05+0.02a
Myricetin 2 0.01+0.00a 0.02+0.01a 0.02+0.01a 0.02+0.01a
4 0.01+0.00a 0.02+0.01a 0.02+0.01a 0.02+0.01a
Catechins 2 0.11+0.03b 0.48+0.14a 0.42+0.08a 0.17+0.08b
4 0.15+0.11a 0.24+0.01a 0.18+0.15a 0.20+0.03a
Epicatechin 2 0.02+0.02b 0.08+0.06ab 0.10+0.02a 0.04+0.02b
4 0.04+0.03a 0.04+0.01a 0.06+0.00a 0.03+0.02a
Quercetin 2 0.03+0.00ab 0.02+0.00b 0.04+0.01a 0.03+£0.01b
4 0.02+0.01a 0.03+0.01a 0.03+0.01a 0.02+0.01a
Apigenin 2 0.04+0.01b 0.02+0.01b 0.15+0.20a 0.02+0.01b
4 0.02+0.02a 0.02+0.01a 0.01+£0.01a 0.00:£0.00a

Different lowercase letters indicate that the same phenolic substance has significant differences among different treatments
(P<0.05) at the same day.
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Figure 3 Effects of different treatments on the
gene expression levels of VwBZR1 (A), VvPRI (B)
and JvSTS (C) in the Red Globe grapes after
Botrytis cinerea inoculation. Error bars in figure
represent standard deviation, and different letters
indicate significant difference (P<0.05) among
treatments at the same time.
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