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Studies on reconstruction of a functional duckweed holobiont to reduce nutrient competition

with microalgae for high-yield biomass production
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Duckweed (Lemnaceae) is a small floating aquatic plant. Due to its significant high-rate growth and

potential nutrient value, duckweed has become an important material for both basic studies and applications for
low-carbon industries. However, the outbreak of microalgae is one of the problems in decreasing duckweed
production yield especially under strengthened nutrient condition. Thus, reduction of microalgal growth for
enhancing duckweed productively is a critical challenge.
All the animals and plants, including duckweed naturally forms a holobiont with its associated microorganisms.
The goal of this research is to design and reconstruct a bifunctional duckweed holobiont that enables duckweed
growth promotion and microalgal growth inhibition. In this study, I targeted a treated wastewater pond of a food
factory where a duckweed Lemna aequinoctialis was naturally growing,

Sixty-nine bacterial strains were isolated from L. aequinoctialis and a microalga, Coelasterella sp. KC10
was isolated from the pond water. It was found that the growth of L. aequinoctialis colonized with four plant
growth-promoting bacteria (PGPB) was significantly enhanced in both suspension and attachment conditions,
while the growth of microalga, Coelastrella sp. KC10, was inhibited in co-culture with two microalgal growth-
inhibiting bacteria (MGIB). Moreover, in triple co-culture of either single PGPB or MGIB with L. aequinoctialis
and Coelastrella sp. KC10 in MA medium, the growth inhibition of L. aequinoctialis by Coelastrella sp. KC10
was successfully relieved. Two PGPB Kinneretia sp. KLaR20, Runella sp. KLaDT11 and one MGIB Rhizobium
sp. KLaR 16 recovered the growth inhibition of L. aequinoctialis by 65%, 36%, and 33% respectively compared
to the co-culture without bacteria. Additionally, triple co-culture of either of the two selected PGPB with L.
aequinoctialis and Coelastrella sp. KC10 or the quadruple co-culture of a PGPB and a MGIB with L.
aequinoctialis and Coelastrella sp. KC10 recovered the growth of duckweed to the similar level as the culture
without microalga. This observation indicated that these bacteria could maximize the beneficial plant-microbe
interaction. This study has demonstrated for the first time that the duckweed holobiont can be reconstructed to
tolerate against growth inhibition by microalga.

In the last part of study, the mechanism of MGIB Rhizobium sp. KLaR 16 was analyzed by characterizing

algicidal compounds. It was shown that the functional compounds were produced in the spent medium of not only



co-culture of KLaR 16 with KC10 but also single culture of KLaR16. The compounds were suggested to be in
small size but not extractable by ethyl acetate. Understanding the mechanisms helps to elucidate the role of MGIB
KlaR16 in the holobiont of duckweed and lead to the development of natural and environmentally friendly

methods for controlling algal bloom.



