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oReport summary (English)

Principal investigator: Masaaki MORIKAWA, Prof. Dr., Hokkaido University
R & D title: Effective aquatic biomass production utilizing mutualistic microorganisms

1. Purpose of R & D

In this research and development project, aquatic plant duckweed Lemnoideae subfamily,
which has protein content of up to 40% and starch content of up to 50%, is considered as a highly
functional carbon-fixed water purification device. We discovered symbiotic microorganisms (PGPB:
Plant Growth-Promoting Bacteria) that promote the growth of duckweed, and methods and
microorganisms (PMR (B): Plant Metabolism-Regulation (Bacteria)) that improve photosynthesis
and the amount of useful components. First, a symbiotic microbial library containing beneficial
microorganisms will be constructed. Next, we create next-generation aquatic biomass production
technology by deeply understanding the mechanism of action of these beneficial microorganisms on
duckweed, developing technology for practical use of PGPB and PMR (B), and overcoming the
problems, such as reduction of CO, emission and increase in economic efficiency in industrial
wastewater and sewage treatment processes. Although the primary goal is the development of the
efficient production of duckweed biomass using wastewater as a fertilizer as described above,
efficiency of the microalgal biomass production will be tried to increase by applying the microalgal
growth-promoting bacteria (MGPB) to microalgae. Through the above, direct carbon reduction by
CO; recycling and chemical fertilizer consumption required for aquatic biomass production and
indirect carbon reduction through reduction of water treatment energy will be realized.

2. Outline of R & D
(1) Contents:

This research and development project has been promoted by seven research institutions,
with two cooperating companies, and one local government from FY2011, from the basic science to
applied and practical technology (right figure). The development was accelerated by adding two
research institutes after transition to the enabling technology project by passing stage gates during
the development period, and reducing one research institution in the final year. In addition, we have
established cooperative relationships with overseas universities and companies.

(2) Achievements:

In total 241 strains of PGPB and PMRB and 130 strains of MGPB were discovered. We
selected duckweed varieties and PGPB suitable for different effluent water quality, and built a
technical foundation for practical use, such as devising a two-tank biomass production system. It was
confirmed that the protein content of duckweed increased with the growth rate by PGPB. On the
other hand, to improve the starch content, it was necessary to reduce the growth rate such as by
applying stress, however PMR technology and application of PMRB were developed to increase the
starch content while maintaining the fast growth rate. On the other hand, a novel plant growth-
promoting factor produced by PGPB and the gene were identified, and a new plant-microbe
symbiosis mechanism was discovered. The number of original papers that published relevant results
was 60 (including four Japanese journals), the number of awards received from academic societies
and associations was 14 (international) and 31 (domestic), and the development technology rights
were granted one domestic patent registered and pending one international and one domestic patents.
(3) Future developments:

In addition to ongoing joint research with companies, many of the pioneering results
obtained will be widely disseminated both domestically and abroad, and put into practical use in
various forms including licensing and consulting. We will continue our efforts for technology
transfer and social implementation in Southeast Asia and Africa where have abundant aquatic plant
species and favorable weather conditions. These are not only expected to have a high carbon
reduction effect, but can also contribute as international technical cooperation activities. Actually,
“The Project for Development of Duckweed and Associated Microbial Resource Values towards
Bio-Circular-Green (BCG) Economy” (SATREPS FY2020-2025: Low carbon society fields) has
been adopted.



