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Changes of microbiome in wheat under head blight stress and its
correlation with disease occurrence

WANG Chuhan', WU Chuanfa?, YANG Jian?, CHEN Jianping?, GE Tida?, DENG Yangwu*"

1 College of Resources and Environmental Engineering, Jiangxi University of Science and Technology, Ganzhou,
Jiangxi, China
2 Institute of Plant Virology, Ningbo University, Ningbo, Zhejiang, China

Abstract: [Objective] To investigate the plant microbiome changes in response to wheat head
blight and the correlation between the abundance of differential microorganisms and the pathogen
Fusarium graminearum, and elucidate the intricate interplay between plant microbiome and disease
occurrence. [Methods] We collected samples from both healthy and diseased plants in the field,
combined with high-throughput sequencing to analyze the characteristics of plant microbiome
changes, and the abundance of pathogen was determined by RT-gPCR to reveal the response of
plant microbial community changes to wheat head blight. [Results] The alpha diversity of bacteria
in wheat spikes and fungi in the rhizosphere significant increased under the disease stress, with
enrichment of potentially beneficial bacteria in spikes of diseased wheat plants. Healthy plants
displayed higher stability of microbial community and network than diseased plants. Plant
microbial diversity can predict alterations in pathogen abundance. Notably, the microbial diversity
and community stability explained the most (76.95%) variations in pathogen abundance. High
fungal diversity and community stability were associated with reduced pathogen colonization.
[Conclusion] Significant discrepancies of the plant microbiome were identified between healthy
and diseased plants. The stable microbial community and network interactions in the spikes of
healthy plants facilitate the resistance against F. graminearum infection. Additionally, the “call for
help” phenomenon was observed as wheat plants recruited beneficial microflora in spikes,
expanding the applicability of the “call for help” strategy. By examining the connection between
plant microbiome and disease occurrence, this study presents crucial data and a theoretical
framework for the targeted manipulation of plant microbiome to enhance disease prevention and
control.

Keywords: wheat head blight; Fusarium graminearum; plant microbiome; microbial co-occurrence
network; community stability
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Figure 2 The differences in rhizosphere soil and panicle microbial diversity between healthy and diseased
wheat. A: Bacterial richness index; B: Bacterial Shannon index; C: Bacterial variation degree; D: Fungal richness
index; E: Fungal Shannon index; F: Fungal average variation degree; G: Bacterial beta diversity in wheat
rhizosphere soil; H: Bacterial beta diversity in wheat panicles; |: Fungal beta diversity in wheat rhizosphere soil;
J: Fungal beta diversity in wheat panicles. Principal coordinate analysis and “Adonis2” function were used to test
the differences of beta diversity among healthy and diseased wheat. The different colors represent wheat with
different disease conditions, and the asterisk (*) represents the significant level of influence of different disease
conditions (*: P<0.05; **: P<0.01; ***: P<0.001). ns stands for non-significant effect.
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Figure 3 The relationship between plant pathogen abundance and wheat microbial diversity. The correlation of
pathogen abundance and the richness index for bacteria (A) and fungi (E), the Shannon index for bacteria (B) and
fungi (F), the PCol values for bacteria (C) and fungi (G) based on Principal coordinate analysis, and the average
variation degree for bacteria (D) and fungi (H) were performed using linear regression analysis. * represents a
significant level of correlation between the diversity index and pathogen abundance (*: P<0.05; **: P<0.01; ***:

P<0.001).
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Figure 4 The composition of bacterial and fungal communities between health and disease samples. Bacterial
taxa (A, B) and fungal taxa (C, D) were analyzed at the phylum and class level, respectively. The phylum of

rhizosphere soil and class level of panicle of healthy and diseased wheat were analyzed by t-test.
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Figure 5 Key microorganisms in rhizosphere soil and panicle under different disease conditions of wheat and
their relationship with pathogen abundance. A: The volcano plot performed the difference of rhizosphere bacterial
ASVs; B: The volcano plot performed the difference of rhizosphere fungal ASVs; C: The volcano plot performed
the difference of wheat panicle bacterial ASVs; D: The volcano plot performed the difference of wheat panicle
fungal ASVs, the numbers in parentheses represent the number of microorganisms enriched in the healthy or
diseased wheat rhizosphere soil and panicles; E: Correlation analysis of rhizosphere soil biomarkers and pathogen
abundance, yellow and blue represent bacteria and fungi, respectively; F: Correlation analysis of panicle
biomarkers and pathogen abundance, the different colors represent different genus. The edges in red and green
represent positive and negative correlation pattern.
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Figure 6 Visualized networks of microbial co-occurrence patterns in rhizosphere soil and panicle of healthy and
diseased wheat. A: Visualized networks of microbial co-occurrence patterns in rhizosphere soil; B: Visualized
networks of microbial co-occurrence patterns in panicle. The pink and blue dots represent bacteria and fungi,
respectively, and the red and green edges indicate positive and negative correlations, respectively; C: Differences
in microbial network stability in rhizosphere soil and panicle between healthy and diseased wheat; D: The
relationship between plant pathogen abundance and rhizosphere soil microbial network stability; E: The
relationship between plant pathogen abundance and panicle microbial network stability. * represents the
significant level of influence of different disease conditions and correlation between network stability index and
pathogen abundance (*: P<0.05; ***: P<0.001). ns stands for non-significant effect.
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Table 1 Topological properties of microbial networks

Network Wheat panicle Rhizosphere soil
Health Disease Health Disease
Number of nodes 389 452 2457 1922
Number of edges 1170 1940 22020 15099
Positive (%) 83.13 88.67 95.15 9551
Negative (%) 16.87 11.33 485 4.09
Bacterial ratio (%) 59.64 86.06 8156 73.73
Fungal ratio (%) 40.36 13.94 18.44 26.27
Average degree 6.02 858 1792 1571
Network diameter 18 14 9 10
Network density 0.02 0.02 0.01 0.01
Modularity 122 093 062 0.63
Average clustering coefficient0.51 056  0.27  0.29
Average path length 6.01 550 371 3.80
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Figure 7 Random forest prediction of pathogen abundance by microbial diversity and network stability.
A: Random forest prediction of pathogen abundance by rhizosphere soil microbial diversity and network stability;
B: Random forest prediction of pathogen abundance by wheat microbial diversity and network stability.
* represents the significant level of influence of different disease conditions and correlation between network

stability index and pathogen abundance (*: P<0.05; **: P<0.01).
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