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Strategic International Collaborative Research Program (SICORP)
EIG CONCERT-Japan Joint Research Program
Executive Summary of Final Report

1. Project title : Innovation Network to Improve Soybean Production under the Global
Change|

2. Research period : April 2017 ~ March 2022

3. Main participants :

Japan-side
Name Title Affiliation Role in the
research
project
Pl Naoko OHKAMA-OHTSU | professor | Tokyo University of Work Package
Agriculture and (WP) 1,2,3
Technology (TUAT)
Co-PI | Tadashi YOKOYAMA professor | Fukushima WP 2,3
University
Co-PI | Soh SUGIHARA associate | TUAT WP 2
professor
Co-PI | Takuji OHYAMA professor | Tokyo University of WP 1
Agriculture
Co-PI | Takashi MOTOBAYASHI | professor | TUAT WP 3
Co-PI | Yoshiharu FUJII professor | TUAT WP 3

Total number of participants throughout the research period: 10
Partner-side

Name Title Affiliation Role in the
research
project
Pl Sonoko.D. professor | Leibniz Centre for WP 1,3
Bellingrath-Kimura Agricultural
Landscape Research
(ZALF),
Co-PI Knut Schmidtke professor | Dresden University of | WP 2

Applied Sciences
(HTWD), Germany

Co-PlI Etienne-Pascal researcher | Centre National de la | WP1, 2, 3
Journet Recherche
Scientifique (CNRS),
France
Co-PI Osman Erekul professor | Adnan Menderes WP 1, 2,3
University, Turkey
Collaborator Moritz Reckling researcher | ZALF WP 1,2
Collaborator Richard Ansong researcher | ZALF WP 1,2
Omari

Total number of participants throughout the research period: 14

4. Summary of the international joint research

Soybean cultivation is expanding especially in Europe. In Europe, few indigenous
soybean rhizobia, sulfur deficiency in the field, and dry stress due to light rain are problems
in soybean cultivation. On the other hand, in Japan, the problem is moisture damage by
heavy rain. International joint research was conducted with the aim of solving these
problems.

In Turkey, the effects of changes in soil sulfur content and water content on soybean
growth and rhizobial symbiosis were examined. In addition, the model rhizobia used in the
world are confirmed to form nodules in soybeans and improve their growth even in the
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Turkish dry environment. France and Germany modeled soybean growths in response to

environmental changes.
Our Japanese side took the lead in conducting research on the following work packages

(WP).

» WQP1 Effects of sulfur deficiency and water stress environment on soybean growth and
yield

» WP2 Effects of sulfur deficiency and water stress environment on soybean-rhizobial
symbiosis

» WRP3 Interaction between soil environment and crop growth

5. Outcomes of the international joint research
5-1 Scientific outputs and implemented activities of the joint research

In WP1 and 2, Japanese group demonstrated (1) the decrease in yield due to sulfur
deficiency can be alleviated by deep fertilization of slow-release nitrogen fertilizer, (2) sulfur
fertilization increases secretion of organic acid from soybean roots, releasing phosphorus
fixed in the soil which leads to the acquisition of phosphorus for soybean plants. In addition,
it was found that the induction of citrate-secreting transporter gene expression by sulfur
fertilization is involved in this mechanism. (3) application of Bacillus bio-fertilizer developed
from TUAT promote soybean growth without inhibiting rhizobial infection by applying it one
week after inoculation of rhizobia. One report each for (1) to (3) has been accepted
international journal, and another report is being prepared for (2).

In WP3, the effect of subsoil crushing on soybean root development was investigated.
Subsoi crushing has been carried out to solve the problem of moisture damage in Japan,
but the physiological effect on soybean was unknown. Researchers of HTWD taught us the
method and we conducted a joint survey at TUAT field. It was shown that the soil hardness
decreased by subsoil crushing and the root density increased at the depth of soil crushing.

In WP3, in order to development inoculants with few indigenous rhizobia suitable for
European fields, German soil was sent from about 10 fields through phytosanitary
procedures, and the isolation and analysis of rhizobia were conducted on the Japanese side.
We were able to isolate and identify multiple strains that maintain high nitrogen fixation
activity even in a low temperature environment. The results were published and elite strains
were applied for a domestic patent. In addition, after removing the restrictions on plant
protection, these strains were sent back to Germany, and soybean inoculation tests were
conducted in the German ZALF field. Good nodule formation and nitrogen-fixing activity
were conferred by inoculating these strains and especially effects were high under dry
conditions. This result was also submitted and accepted as an international journal.

The soil of the Polish field was also sent through a visiting researcher at ZALF, and the
rhizobia were isolated and identified from them. Strains that have not been reported as
rhizobia were identified, and it is possible that nitrogen fixation-related genes were
horizontally transmitted from the rhizobia used in the field as an inoculum to these
indigenous bacteria to acquire nitrogen fixation ability. Since this new rhizobium has a great
academic impact, we also performed whole genome analysis. In addition, several strains
including this strain were found that promote the growth of Polish soybean varieties under
drought and low temperature stress. These results were presented at an international
conference, and a paper is being prepared.

5-2 Synergistic effects of the joint research

By combining the molecular physiological analysis method of microorganisms and plants
possessed by the Japanese side with the field test technology using 0T etc. on the
European side, we were able to obtain many results leading to international co-authored
papers and a patent application. During the period, we held three joint workshops with all
project participants in Germany, Japan, and France. By visiting local soybean fields and
research facilities as well as research meetings, we were able to obtain a deeper
understanding of the current situation and efforts to improve cultivation reports in each
country.
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In addition to the workshop, in the study of WP3 subsoil crushing, a joint survey was
conducted with researchers and students from HTWD in our field. In addition, a graduate
student from Japan visited ZALF and conducted a joint research of soybean inoculation
tests with rhizobium isolated from German soils. These research exchanges greatly helped
to broaden the international perspective especially for young researchers and students.

5-3 Scientific, industrial or societal impacts/effects of the outputs

Based on the results of this international joint research, we obtained the Grant-in-Aid for
Scientific Research (B) in 2020-2022. Also on the German side, BMBF's Bioeconomy
International project FisBea (2021-2024) is being carried out with TUAT as a partner. We will
continue our corroborative research to apply rhizobium from German soil into practical use
as an inoculant.

We built a strong relationship with ZALF through joint research, and ZALF has become a
collaborative institution of WISE program in TUAT. We are conducting international
education through student training and joint classes between Japan and Germany.
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