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Plant microbiome is the collective genomes of microorganisms living in association with
plants. It has been demonstrated that members of plant microbiome contribute to plant growth,
plant nuwition acquisition and productivity, as well disease suppression. Soil as an enormous
microbe reservoir closely touches plant roots and provides an opportunity to establish root
microbiome. Soil microbial community has been suggested to play roles in promoting plant
growth and suppressing soil borne disease. However, our understandings on plant root
microbiome, soil microbial community and their effects on plant productivity and health are still
unclear.

The purposes of this study were to (1) clarify the assembly rules of root microbiomes by plants,
(2) to investigate the effects of soil and root microbiomes on plant productivity, (3) to understand
the mechanisms behind suppression of soil born disease by crop rotation from activity of
microbiome belowground. Addressing these questions will provide important information on
basic science such as plant science and ecology as well as development of sustainable agricultural
system.

(1)Soil productivity and structure of bacterial and fungal communities in unfertilized
arable soil: Structure of microbial communities in soil and root was analyzed with
next-generation sequencing (Illumina Miseq) using 16S rRNA V4 region for bacteria and ITS II
region for fungi. We investigated microbial communities in 11 unfertilized arable soils extending
over 1000 km in eastern Japan. At the same time, maize was grown in each of these soils and the
relationships between soil functions including maize dry weight and microbiomes in soil and
maize root were investigated.

Soil bacterial communities shared many operational taxonomic units (OTUs) among farms.
An ordination plot based on correspondence analysis revealed convergent distribution of soil
bacterial communities across the farms, which seemed to be a result of similar agricultural
management practices. Although fungal communities showed lower richness and a lower
proportion of shared OTUs than bacterial communities, community structure between the farms
tended to be convergent. On the other hand, root communities had lower richness and a higher
abundance of specific taxa than the soil communities. Two soil functions, decomposition activity
and soil productivity, were extracted by principal component analysis (PCA) based on eight soil
properties. Soil productivity correlated with N mineralization rate, P,0s, and maize growth, but




not with decomposition activity, which is characterized by C turnover rate, soil organic C, and
microbial mass. Soil productivity showed a significant association with community composition,
but not with richness and mass of soil microbial communities. Soil productivity also correlated
with the abundance of several specific taxa, both in bacteria and fungi. Root communities did not
show any clear correlations with soil productivity. These results demonstrate that community
composition and abundance of soil microbial communities play important roles in determining
soil productivity.

(2) Phylogenetic history and root microbiome structures in twenty plant families: Twenty
plants from different families covering the most range of angiosperm phylogeny including
monocots and dicots, crops and flower plants, were planted into identical unfertilized arable soil
and structure of root microbiomes were examined. Bacterial root microbiomes have distinctive
composition from soil community, while fungal root microbiomes have similar structure to soil
community. Plant root microbiomes largely diffised among plant species even when grown under
identical soil. Twenty plant species preferred different OTUs and this preference characterized
the interspecific difference in bacterial root microbiomes. The assembly of bacterial root
community is more strongly regulated by phylogenetic hierarchy than fungal community.
Beta-proteobacteria and Gamma-proteobacteria showed a close association with host plant
phylogeny. Although plant phylogenetic evolution didn't play important roles in the assembly of
fungal microbiomes, the present study suggests that symbiotic association with mycorrhizae
seems to play important role in structuring fungal microbiomes across plant phylogenetic
evolution.

(3) The effect of crop rotation on clubroot disease resistance through changes of soil
microbial community and root microbiome: Chinese cabbage seedlings were transplanted in
soils after the growth of 20 plant families in the previous chapter to imitate crop rotation and
spores of clubroot pathogen (Plasmodiophora brassicae) were infected to each soil. Preceding
crops had great effects on constitution of soil microbiome, which also altered structure of root
microbiomes in Chinese cabbage. The differences in disease damage (DSI) of clubroot among 20
preceding crops were the most evident at the 4™ week. The pathogen density at the earlier stage
(the 3™ week) was the main cause of differences in disease damage among preceding crop
treatment. The pathogen density (the 3" week) was mainly determined by the two key microbes,
Bacillales and Rhizobiales, which were mutually exclusive in the root community. The former
bacteria had a negative effect and the latter bacteria had a positive effect on pathogen density. In
addition to these two key microbes, many bacterial groups were involved into suppression of
disease damage through two mechanisms: competitive suppression of pathogen proliferation and
activation of plant immune response. Our results demonstrate that crop rotation can work as
defense mechanisms by inducing changes in microbiome structure in soil and root.

The results in this study prove that microbiomes in soil and plant root are very effective
means for the development of low input sustainable agricultural system.
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